ACTA
MICROBIOLOGICA

ACADEMIAE SCIENTIARUM
HUNGARICAE

ADIUVANTIBUS

I. DOMOK, E. FARKAS, J. HORVATH, S. KOTLAN,
R. MANNINGER, I. NASzZ, A. PELC, K. RAUSS, J. SZIRMAI,
J. WEISSFEILER

REDIGIT
G. IVANOVICS

TOMUS XIl1lI FASCICULUS |

AKADEMIAI KIADO, BUDAPEST
1966

ACTA MICROBIOL. ACAD. SCI. HUNG.



ACTA MICROBIOLOGICA

A MAGYAR TUDOMANYOS AKADEMIA
MIKROBIOLOGIAI KOZLEMENYEI

KIADOHIVATAL: BUDAPEST V., ALKOTMANY UTCA 21.

Fészerkesztd

IVANOYICS GYORGY
akadémikus

Szerkesztd
DOMOK ISTVAN

az orvostud. kandidéatusa

Az Acta Microbiologica német, angol, francia és orosz nyelven kozol értekezéseket
a mikrobioldgia targykorébél.

Az Acta Microbiologica valtoz6 terjedelmd fuzetekben jelenik meg. Tobb fizet alkot
egy kotetet.

A Kkozlésre szant kéziratok a kovetkezd cimre kuldendék:

Acta Microbiologica, Budapest, Keleti Postahivatal, Postafidk 64.

Ugyanerre a cimre kildendd minden szerkesztéségi levelezés.

Az Acta Microbiologica el6fizetési ara kotetenként belféldre 80, kulféldre 110 Ft.
Megrendelheté a belfold szamara az Akadémiai Kiadénal (Budapest V., Alkotmany utca 21.
Bankszamla 05-915-111-46), a kulféld szdméara pedig a ,,Kultara” Koényv és Hirlap Kul-
kereskedelmi Vallalatnal (Budapest 1., F6 utca 32. Bankszdmla: 43-790-057-181) vagy annak
kulféldi képviseleteinél és bizoméanyosainal.

Die Acta Microbiologica verdffentlichen Abhandlungen aus dem Bereiche der Mikro-
biologie in deutscher, englischer, franzdsischer und russischer Sprache.

Die Acta Microbiologica erscheinen in Heften wechselnden Umfanges. Mehrere Hefte
bilden einen Band.

Die zur Veroffentlichung bestimmten Manuskripte sind an folgende Adresse zu senden:

Acta Microbiologica, Budapest, Keleti Postahivatal, Postafiok 64.

An die gleiche Anschrift ist auch jede fur die Redaktion bestimmte Korrespondenz
zu richten.

Abonnementspreis pro Band: 110 Forint. Bestellbar bei dem Buch- und Zeitungs-
AuBenhandels-Unternehmen »Kultdra« (Budapest I., F6 utca 32. Bankkonto Nr. 43-790-057-
181) oder bei seinen Auslandsvertretungen und Kommissiondren.



ACTA
MICROBIOLOGICA

ACADEMIAE SCIENTI ARUM
HUNGARICAE

ADI ITVANTIB US

I. DOMOK, E. FARKAS, J. HORVATH, S. KOTLAN,
R. MANNINGER, I. NASz, A. PELC, K. RAUSS, J. SZIRMAI,
J. WEISSFEILER

REDIGIT
G. IVANOVICS

TOMUS XIIlI

AKADEMIAI KIADO, BUDAPEST
1966/67

ACTA MICROBIOL- ACAD. SCI. HUNG.






INDEX
Tomus XII1
Fasciculus 1

Hernadi, F., Nagy, Zs., Kovacs, P., Mucsi, 0.: Die Strahlenempfindlichkeit von E. coli
B Kulturen. Il. Die Wirkung der Behandlung vor, wahrend und nach der Bestrah-
lung auf die Strahlenempfindlichkeit der Zellen ...

Herndadi, F., Nagy, Zs., Kovéacs, P., Vailyi-Nagy, T.: Sensitivity of E. coli B to Irradiation.
IV. Dependence of the Protective Effect of Cysteine-Cysteamine-Type Compounds
on Preirradiation Oxygenation and on Pre- and Postirradiation Conditions of Cul-
BUE NG e s bbb bbbt

Nagy, Zs., Hernadi, F., Kovacs, P.: Sensitivity of E. coli B to Irradiation. VI. Effect of
Cysteine on DNA Breakdown by lonizing Irradiation ...,

Serény, /).: Breakdown of Amino Acids by Enterobacteriaceae. V. Breakdown of Glycine
in Simple Medium....

Jokay, /., Szabolcs, M. : Stability an

urification of Antiphosphorylase

Farkas,Kiss, I., Andréassy, E. : Reduction of Heat and Radiation Resistance of Bacillus
cereus Spores by Initiating Germination ...
Szabé, /., Marlon, M., Buti, I., Partai, G. : Intestinal Microflora of the Larvae of St. Mark’s

Fly. 1. A Comparative Study of Streptomyces Strains belonging to the Griseus
Group Isolated from the Intestinal Canal ...
Voros- Felkay, Gy.: Incidence of Rhodotorula Species in Urban Air ...
Voros-Felkay, Gy., Novaik, E. K.: Organic and Amino Acid Assimilation by Yeasts as
Studied by the Replica Plating TeChNigQuUE ...
Szilagyi, T., Miltényi, L., Lévai, G., Benko, K.: Intravascular Precipitate Formation
during Anaphylactic Shock in the Guinea Pig ...
Véiczi, L., Kiraly, K., Réthy, A.: Lipid Composition of Treponemal St
Koch, A., Gyorgy, E.: Studies on the Initial Phases of Poliovirus Reproduction Cycle
A Statement Concerning the Use of Names for Antibiotics ...

Fasciculus 2

Nyerges, G., Hollos, /., Barsy, G.: The Significance of Serological Tests in Controlling
the Success of Smallpox REeVACCINATION oot
Pusztai, R., Béladi, /., Bakai, M., Mucsi, L, Kukan, E.: Study on the Effect of Flavonoids
and Related Substances. 1 The Effect of Quercetin on Different Viruses ............
Téth, M., Honty, A.: Age-incidence of Haemagglutination-inhibiting Antibodies to
REOVIFUS TYPes 1, 2 @GN0 3 ottt
Vajda, Gy., Téth, J., 'Lax, V.: Simultaneous Determination of Erythro- and Leuko-
CYTOTrOPINES TN VIVO oottt bbb bbbttt
Hollés, /.: Effect on Influenza Virus of a Modified Francis Inhibitor and its Acetone
Soluble Fraction. I. Studies in Roller Drum, and in De-embryonated Eggs ...
Hadhazy, Gy., Lehel, F., Gergely, L.: Studies on the Influence of Endogenous Regulatory
Factors on the Growth of Herpes SimplexX VirUsS ..,
Szita, /legyessy, G.: Type Distribution of Streptococcus pyogenes Strains in the Years
1964-1965. Activities within an International Survey of the Department of
Bacteriology, National Institute of Public Health, Budapest ...
Sz6llésy, E., Lengyel, Gy., Agoston, E.: Chromatography of Poliovirus Strains Isolated
in Hungary prior to and after the Introduction of Live Poliovirus Vaccine

13

21

25
29

35

97

113

119

127

133

145

161



Serény, B.: Breakdown of Amino Acids by Enterobacteriaceae. VI. Beta-Alanine Macro-
and Microtest

El Naasan, A. A.: Typing of Brucella wi Hungarian Phage Strains ...

Lantos, ./. : Lysogenic Properties of Various Staphylococcus aureus Phage-Types ...

Bodon, L., Gréczi, E.: Acridine Orange Fluorescence of Tissue Cultures Infected with
Aujeszky’s Disease Virus

Fasciculus 3

Nagylucskay, S., Angyal, J.: Further Studies on Haemagglutinating Agents Obtained
from Acute HePAtitiSSEra .ot
Hadhazy, Gy., Horvath, E., Gergely, L. : Simultaneous Inhibitory Action on Virus Multipli-
cation of Interferon and some Natural Mucopolysaccharldes (Heparin, Hyaluronic
ACTU) b bbb et
Lehel, F., Hadhéazy, Gy.: Effect of Heparin on Herpes simplex Virus Infection in the
R B D TR ARt
Herényi, T., Udvardy-Nagy, F., Wack, G., Novak, E. K.: Oligosaccharide Utilization by
Saprophytic ClaviCePs STFaINS oot
Kavai, Af., Jusupova, S,, Csaba, B.: Isolation of Antibodies by Gel-Filtration .......
Szilagyi, T., Kiss, A., Kavai, M. : Allergic-Type Skin Reactions in Animals with Alloxan
D 8 B L S et
Simon, AT, Démok, J.: Enhancing Effect of Human Erythrocyte Extracts on the Suscepti-
bility of Monkey Kidney Cells to CertainENteroViruses ...,
Gydrgy, E ., Lomniczi, B., Koch, yl.: Studies on the Initial Phases of Poliovirus Reproduc-
tion Cycle. Il. Comparative Studies on HeLa and Permanent Monkey Kidney
Cells ...
Koch, Lomniczi, B., Gyorgy, nitial Phases of Poliovirus Reproduc-
tion Cycle. Ill. Action of Fatty Acids and Tween 80 ....iinncinnsesnsieeeeenns
Szeri, J., Béanos, Zs., Anderlik, T\, Balazs, M., Foldes, P.: Pathogenesis of the Wasting
Syndrome following Neonatal ThymMeCtoOmMY .
Vukén, X. S., Kertai, P.: Has the Nervous System a Role in the Endotoxin-Induced
Alteration of Cell Metabolism?

Fasciculus 4

Elek, G., Vekerdi, L.: Data on the Cytotoxicity of Anti-Tumour Sera.......
Hollés, 1.: Effect on Influenza Virus of a Modified Francis Inhibitor and its Acetone-
Soluble Fraction. Il. Studies on the Mode of Action in De-embryonated Eggs.........
Molnéar, E., Kub&szova, T.: Tick-borne Encephalitis: a Comparative Serological Survey
in Hungary
Lanyi, B.: Serological Properties of Pseudomonas aeruginosa.
Antigens ...
Lanyi, B., Gregacs, M., Addm, M. M.: Incidence of Pseudomonas aeruginosa Serogroups
in Water and HUMAN FABCES ittt
Gado, /., Savchenko, G.: Induction and Multiplication of Sphage. I. The Effect of Chloro-
MY CEEIN L L o ettt bbb bbbt bbb bbbttt
Hollés, J., Barna, ™.: Some Physical Characteristics of Influenza Virus Determined
DY Bl CTrONMICTOSCOPY couitiiiiieiiiriei ettt bbbt
Horvath, J., Szentirmai, 4., Zsadanyi, J. : Regulation of Valine and Isoleucine Biosynthesis
IN SIrEPTOMYCES TIMOSUS ittt ettt eb b ss bbbttt
Géder, L., VAczi, L., Géncz6l, E ., Jeney, E., Lehel, F.: “Early, Non-Virion” Antigens in
Herpes simplex Virus Infected Tissue Culture Cells. I. Detection of “Early” Anti-
gens with Complement FiXation TEeST et
Géder, L., Vaczi, L., Jeney, E., Gonczol, E ., Lehel, F.: “Early, Non-Virion” Antigens in
Herpes simplex Virus Infected Tissue Culture Cells. Il. Intracellular Localization
of “Early” Antigen with Indirect Immunofluorescence Technique

. Group-Specific

189

193

197

205
215

223

229

235

243

255

263

267

277

289

295

319

327

337

349

357



Acta microbiol. Acad. Sei. hung. 13, 1- 11, 1966

DIE STRAHLENEMPFINDLICHKEIT VON ESCHERICHIA
COLI E-KULTLREN

Il. DIE WIRKUNG DER BEHANDLUNG VOR, WAHREND UND NACH
DER BESTRAHLUNG AUE DIE STRAHLENEMPFINDLICHKEIT DER ZELLEN

Von
F. Hernadi, Zs. Nagy, P. Kovacs und O. Mucsi

Pharmakologisches Institut (Direktor: T. Valyi-Nagy) und Réntgenklinik (Direktor: G. Jéna)
der Medizinischen Universitat Debrecen

(Eingegangen am 8. November 1965)

Zusammenfassung. Die Strahlenempfindlichkeit von E. coli B-Kulturen der Rtg- bzw
eoCo-Strahlung gegentber wurde vor und nach der Bestrahlung sowie in Abh&ngigkeit von der
Temperatur und Anoxie wahrend der Bestrahlung untersucht.

Die Strahlenempfindlichkeit der vor der Bestrahlung auf Minimal-N&ahrboden gewachse-
nen E. co/i-Kulturen war groBer als die der auf komplettem Nahrboden gewachsenen 14stin-
digen Kulturen.

Das Uberleben von Zellsuspensio fen nach der Bestrahlung wurde durch Zichtung
auf dem Minimal-Nahrboden gesteigert. Diese glinstige Wirkung wurde durch die Komplet-
tierung des Minimal-Nahrbodens mit organischen Bestandteilen (Hefe, Pepton, Knochen-
mark) beeintrachtigt. Zugleich konnte die auf das Uberleben ausgeiibte ungiinstige Wirkung
des kompletten Nahrbodens mit stoffwechselhemmenden Mitteln (anoxische bzw. mit Chlor-
amphenicol ausgefihrte Vorinkubation) verbessert werden.

Temperaturerhdhung wé&hrend der Bestrahlung fiihrte bei niedriger Dosisleistung
(260 r/min) zur Steigerung der Strahlenempfindlichkeit, die bei hoher Dosisleistung (3200
r/min) nicht zutage trat. Von der wahrend der Bestrahlung mittels N2-Durchstrémung her-
beigefuhrten Anoxie wurde die Strahlenempfindlichkeit der Zellsuspensionen um etwa 2,4
DBF herabgesetzt.

Die Strahlenempfindlichkeit der E. coli B-Zellen wird von zahlreichen
Faktoren beeinfluft. So dndert sich die Strahlenempfindlichkeit auch im Ver-
lauf der Zichtung. Das Maximum der Empfindlichkeit ist am Ende der Lag-
Periode bzw. am Anfang der Log-Phase anzutreffen [1]. Durch Mangel an
Glukose und Sauerstoff wéhrend der Zichtung wird die Strahlenempfindlich-
keit der E. coli B/r-Zellen herabgesetzt [2, 3, 4].

Die Temperatur und der Sauerstoffdruck wahrend der Bestrahlung wir-
ken sich ebenfalls auf die Strahlenempfindlichkeit der Zellen aus. Stapleton
und Edington [5] untersuchten die Empfindlichkeit von E. coli B/r den Rtg-
Strahlen gegenlber zwischen —196° C und -(-40° C und stellten fest, dall bis
—-30° C keine Verénderung in der Strahlenempfindlichkeit eintritt, diese jedoch
bei -)-40° C bereits um 25—50% zunimmt. Wood [6] beobachtete bei haploiden
Hefepilzen bis -f-40° C eine minimale Erhdhung der Empfindlichkeit. Eine
stdrkere Erhdhung trat erst Uber —50° C in Erscheinung.

Auf den Zusammenhang der Strahlenempfindlichkeit mit der Sauerstoff-
tension wahrend der Bestrahlung haben Gites und Beatty [7] sowie Read [8]
hingewiesen. Bis zu einem gewissen Maximum d&ndert sich die Strahlenempfind-
lichkeit stufenfdrmig mit den ansteigenden Sauerstoffkonzentrationen. Die

anwesende 02wirkt als dosismultiplizierender Faktor.
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Die GroBe der von der ionisierenden Strahlung verursachten Schadigung
h&ngt auBerdem auch von den Restitutionsgeschehnissen ab. Diese Prozesse
kdénnen von den Postirradiationsbehandlungen beeinfluBt werden, z. B. von
erhdhter oder herabgesetzter Inkubationstemperatur, vom Mangel an einigen
Nahrstoffen, von stoffwechselhemmenden Mitteln [9 18].

Latarjet [19] stellte bei Saccharomyces ellipsoideus nach Anwendung
einer an und fir sich hochgradige Abtdtung herbeifithrenden Dosis ein Uber-
leben in hoherem Prozentsatz fest, wenn diese 24 Stunden bei + 50 C inkubiert
und erst danach in die optimale W achstumstemperatur verbracht wurden. Fir

E. coli B gibt es zwei optimale Uberlebenstemperaturen; die eine liegt bei
-|-120 C, die andere uber 4300 C [20].

Fir die N&hrbodenwirkungen nach der Bestrahlung ist bezeichnend,
daB das Verhaltnis der Uberlebenden nach der Bestrahlung wéachst, wenn wir

den wuntersuchten Zellen suboptimale Wachstumsbedingungen gewdhrleis-
ten [13, 14].

Im Rahmen unserer Versuche wollten wir unter Berlicksichtigung obiger
Tatsachen folgendes untersuchen: (1) Wie wirken die Prdirradiations-Ndahr-
bodenfaktoren, welche die physiologisch-biochemischen Verhdltnisse der Kultur
beeinflussen, auf die Strahlenempfindlichkeit des Stammes E. coli B? (2)
Auf welche Weise beeinflussen die Temperatur wéhrend der Bestrahlung und
die mittels Stickstoffdurchstrémung zustandegebrachte Anoxie die Strahlen-
empfindlichkeit der Zellsuspensionen? (3) Wie wirken sich die Postirradiations-

Néahrbodenverhéltnisse, gewisse Temperaturvariationen und stoffwechselhem-
mende Mittel auf das Uberleben aus?

Material und Methoden

(1) Prairradiations- Zichtung. Die mit gleicher Zellzahl abgeimpften, geschittelten Kul-
turen von E. coli B (Hammersmith Hospital, London) wurden in Bouillon (total) bzw. im
(minimale N&hrstoffe enthaltenden) Roberts C-N&hrmedium |21]bei37° C 14 Stunden gezich-
tet, worauf wir nach dreimaligem Waschen mit physiol. NaCIl-L6ésung eine Suspension mit der
Zellzahl 106ml herstellten.

(2) Bestrahlung. Von obiger Suspension wurde 1 ml in das BestrahlungsgefaR einge-
messen. Die totale Anoxie wahrend der Bestrahlung wurde mindestens 5 min. vor Beginn der
Bestrahlung, die partielle Anoxie hingegen durch die zugleich mit der Bestrahlung eingeleitete
Stickstoffdurchstrémung zustande gebracht. Nach der Bestrahlung und Verdinnung wurde
das Substrat auf Nahragar ausgebreitet und nach 24stiindiger Inkubation bei 37°C die Anzahl
der aus Uberlebenden Zellen gewachsenen Kolonien festgestellt. Die Abweichung der Zahl der
in Paralleluntersuchungen auf Agarplatten gewachsenen Kolonien tberstieg nicht ; 20°,
des Durchschnitts.

Jedes einzelne in dieser Arbeit mitgeteilte Ergebnis bildet den Mittelwert von jeweils
6 nach 3 parallelen Bestrahlungen (insgesamt also 18) untersuchten Agarplattenbefunden.

Die fiur die Versuche erforderliche Bestrahlung mit niedriger Dosisleistung (260 r/min)
erfolgte mit der teletherapeutischen “'Co-Apparatur Gravicert, die Bestrahlung mit hoher
Dosisleistung (3200 r/min) unter Anwendung der tiefbestrahlenden Rtg-Apparatur Siemens-

Stabilivolt. Die Strahlendosen wurden mit der lonisationskammer und mit dem FRICKEschen
chemischen Dosimeter [22] gemessen.

Acta Microbiologica Academiae Scientiarum Hungaricae 13 (1966)



DIE STRAHLENEMPFINDLICHKEIT VON E. COLI B-KULTUREN. II. 3

3) Postirradiationsbehandlungen. I. Veranderung der Nahrbodenverhéltnisse: Als komp-
letten Nahrboden verwendeten wir N&hragar, als Minimal-Nadhrhoden den 2% Agarenthaltenden
RoBERTSsschen synthetischen C-Nahrboden.

Zur Komplettierung des RoBERTSschen Minimal-Nahrbodens C wurden Hefeextrakt
(Difco), Pepton (Witte) und Rattenknochenmark benutzt.

I11. StoffWechselhemmung: (a) Zur Untersuchung der Anoxiewirkung nach der Bestrah-
lung wurde zwischen die Ausbreitung der bestrahlten Bakteriumsuspensionen auf festem
N&ahrboden und die tUbliche aerobe Inkubation bei 37° C, eine Inkubation in Stickstoffatmo-
sphare wahrend 30 min. bei derselben Temperatur eingefugt, (b) Bei der Chloramphenicol-
behandlung gingen wir folgendermafRen vor: Die bestrahlten und verdinnten Suspensionen
wurden in zwei Fraktionen geteilt, die eine in das komplette Nahrmedium, die andere in den
»Minimal«-N&hrboden eingemessen und 20 min. bei 37° C inkubiert. Hiernach teilten wir
beide Kulturen wiederum in zwei Fraktionen und setzten der einen Chloramphenicol zu
(Endkonzentration 5 //g/ml), wonach eine 30 min. dauernde Inkubation bei 37° C folgte. Nach
dreimaligem Waschen mit physiol. NaCl-L6sung und Verdunnung erfolgte die Ausbreitung
auf Nahragar bzw. »Roberts C«-Agar.

I11. TemperaturWirkungen : Bei den Postirradiations-Vorinkubationen in verschiedenen
Temperaturen erwies sich nach unseren Vorversuchen die Dauer von 12 Stunden als optimal.

Ergebnisse

1) Wirkung der Préirradiations-Nahrbodenverhéltnisse. Wie Abb. 1 zeigt,
war die Strahlenempfindlichkeit der auf dem »Minimal«-N&hrboden geziichte-
ten E. coli B-Zellen groBer als die der ebenso lange (14 Stunden) auf komplet-
tem Nahrboden kultivierten.

Abb. 1. Veranderung der Strahlenempfindlichkeit von E. coli B-Zellen in Abhangigkeit von
den Prairradiations-Zichtungsbcdingungen. A Roberts C-Nahrboden; B Bouillon

I* Ada Microbiologica Academiae Scientiarum Ilungaricae 13 (1966)



4 F. HERNADI u. Mitorb.

(2) Verénderung der Bestrahlungsverhéltnisse.

I. Wirkung der Temperatur wéhrend der Bestrahlung. Von Ubereinstim-
menden E. coli B-Bouillonkulturen haben wir bei drei verschiedenen Wérme-
graden Dosiswirkungskurven aufgenommen (Abb. 2).

Abb. 2. Wirkung der Temperatur wahrend der Bestrahlung auf die Strahlenempfindlichkeit
von E. coli B-Suspensionen. A = 260 r/min bei 37° C; B = 260 r/min bei 21° C; C= 260
r/min bei 0° C; D = 3200 r/min bei 21° C

Bei niedriger Dosisleistung (260 r/min) nimmt die Strahlenempfindlich-
keit der E. coli B-Kulturen mit der Temperatur ab. Im Falle hoher Dosis-
leistung (3200 r/min) kommt die Strahlenempfindlichkeit der bei 21° C bestrahl-
ten Zellsuspensionen der mit niedriger Dosisleistung bei 0° C bestrahlten nahe.

. Wirkung der Anoxie wahrend der Bestrahlung. Anoxie bewirkt eine
stark verminderte Strahlenempfindlichkeit der E. coli B-Zellen (Abb. 3).

(3) Postirradiations-Behandlungen.

I. Wirkung der Nahrbodenverhdltnisse. Durch die Postirradiations-Zich-
tung auf dem lediglich eine anorganische Stickstoffquelle enthaltenden Minimal-
Néahrboden wird das prozentuale Uberleben gesteigert, wobei sich aus der
»b«-artigen Dosiswirkungskurve eine »c«-artige entwickelt (Abb. 4). Wird der
Minimal-Ndhrboden mit Bestandteilen ergénzt, die eine organische Stickstoff-
quelle gewdhrleisten (1,0% Hefeextrakt, 0,5% Pepton, 1,25 X K07 Zellen/ml
Knochenmark), so wird diese die Strahlenempfindlichkeit herabsetzende W ir-
kung fast ganz aufgehoben (Abb. 5 und 6).

Aeia Microbiologica Academiae Scientiarurn Hungaricae 13 (1966)



DIE STRAHLENEMPFINDLICHKEIT VON E. COLI H-KtJLTUREN. IlI. 5

Abb. 3. Wirkung der Bestrahlung unter anoxischen Bedingungen auf das Uberleben von
E. coli B-Zellsuspensionen. A =unter aeroben Bedingungen; B - partieller Sauerstoff-
mangel; C anoxische Bedingungen

Abb, 4. Wirkung der postirradiativen Nahrbodenverhaltnisse auf das Uberleben. A Nalir-
agar; B fester Roberts C-Nadbrboden

Acta Microbiologica Academiae Scienliarum Hungaricae. 13 (1966)
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Abb. 5. Wirkung der Komplettierung des Minimal-N&dhrbodens mit organischen Bestand-
teilen auf das Uberleben von E. coli B. A = Roberts C -j- 1,0%iger Hefeextrakt; B =
berts C -f 0,5%iger Hefeextrakt; C= Roberts C -f- 0,3%iger Hefeextrakt. A =
C-f 0,5% Pepton; B = Roberts C-f-0,3% Pepton; C= Roberts C-f 0,1%
D = Né&hragar; E = fester Roberts C-Nahrboden.

(1) Hefehaltiger N&hrboden; (2) peptonhaltiger Nahrboden

Abb. 6. Wirkung von Knochenmark auf das postirradiative Uberleben von E. coli B-Zellen.
A = 2,5X108 Knochenmarkzellen/20 ml Roberts C-Ndhrboden, B = 1,0 X KO8 Knochen-
markzellen/20 ml Roberts C-Nahrboden; C = 0,5 X108 Knochenmarkzellen/20 ml Roberts

C-Nahrboden; D = N&hragar; E = fester Roberts C-Nahrboden

Acta Microbiologica Academiae Scientiarum Hungaricae 13 (1966)
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DIE STRAHLENEMPFINDLICHKEIT VON E. COLI B-KULTUREN. II.

Il. Stoffwechselhnemmung, (a) Die Postirradiations-Anoxie untersuchten
wir in Versuchen, die folgendermassen dargestellt werden kdnnen:

Bestrahlte Suspension

/\
\
Kompletter Ndhrhoden Minimal-N&hrboden
I\
/ \
aerob anaerob h anaerob
0,01
42 6/t ~ofi Kr
Dosis

Abb. 7. Wirkung der postirradiativen anoxischen Vorinkubation auf das Uberleben von
E. coli B-Zellen. A = N&hragar; B = N&hragar -f- anoxische Vorinkubation; C= Roberts
C-Né&ahrboden; D = Roberts C-Né&hrboden 4 - anoxische Vorinkubation

In den Vorversuchen beobachteten wir, daR das zunehmende Uberleben
eine Zeitlang von der postirradiativen anoxischen Vorinkuhationszeit abhédngt.
Wird die Vorinkubationszeit iber 30 min verldngert, so tritt keine Steigerung
des prozentualen Uberlebens mehr ein. Wie in Abb. 7 ersichtlich, wird von der
30 min unter anoxischen Bedingungen erfolgenden Vorinkubation nach der
Bestrahlung nur das Uberleben der auf den kompletten Néhrboden ausge-
breiteten Suspensionen gesteigert.

(b) Wirkung von Chloramphenicol. Durch die Vorinkubation wéhrend 30
min in dem 5 /rg/ml Chloramphenicol enthaltenden Bouillon-Ndhrmedium
wird das Uberleben von E. coli B-Suspensionen nach der Bestrahlung erhdht.
Die das Uberleben steigernde W irkung der Ziichtung auf »Minimal«-Nahrboden
wird durch Behandlung mit Chloramphenicol nicht gesteigert (Abb. 8).

Ada Microbiologica Academiae Scientiarum Hungaricae 13 (1960)



8 F. HERNADI u. Mitarb.

Abb. 8. Wirkung von Chloramphenicol auf das postirradiative Uberleben von E. coli B-

Suspensionen. A = in Bouillon vorinkubiert; B = in 5 //g/ml Chloramphenicol enthaltendem

Bouillon vorinkubiert; C= in Roberts C vorinkubiert; D = in 5 ~g/ml Chloramphenicol
enthaltendem Roberts C-Nadhrboden vorinkubiert

Abb. 9. Wirkung der postirradiativen Vorinkubationstemperatur auf das Uberleben von
E. coli B-Suspensionen. A= 27°C; B = 21°C; C= 0°C; D = 37° C

Acta Microbiologica Academiae Scientiarum Hungaricae 13 (1966)
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1. Wirkung der Temperatur der Postirradiations- Vorinkubation (Abb. 9).
Wie Abb. 9 zeigt, wirkt die Vorinkubation bei 37° C optimal auf das Uberleben
der E. coli B-Zellen nach der Bestrahlung. Beinahe ebenso wirkt die Vor-
inkubation bei 0° C. Durch die Vorinkubation bei 21° bzw. 27° C wird das
prozentuale Uberleben reduziert.

Besprechung

Nach den Versuchsergebnissen ist die Strahlenempfindlichkeit der auf
Minimal-Ndhrboden 14 Stunden geziuchteten E. coli B-Zellen groRer als die
der auf komplettem N&hrboden 14 Stunden gezilchteten Zellsuspensionen.

Zur Erklarung des Unterschiedes bieten sich zwei Hypothesen: 1. Die
unterschiedliche Strahlenempfindlichkeit beruht einfach auf dem abweichen-
den Wachstumstempo. 2. Bei den auf dem Minimal-N&hrboden gewachsenen
E. coli B-Zellen handelt es sich um qualitativ andere als bei den auf dem
kompletten Ndhrboden gewachsenen. Die auf dem vorigen Ndhrboden gewachse-
nen Zellen beanspruchen zur Reproduktion eine qualitativ andere, reich-
haltigere Enzymgarnitur. Bei der Bestrahlung kann die Synthese dieser adap-
tiven Enzyme eine Schadigung erleiden und der Unterschied in der Strahlen-
empfindlichkeit darauf zurickzufuhren sein.

Zwecks Klarstellung dieser Frage untersuchten wir das Wachstums-
tempo der E. coli B-Kultur nebeneinander auf Bouillon und auf Roberts
C-Né&hrboden. Die Wachstumskurven zeigten einen abweichenden Verlauf,
In der 14. Stunde befand sich die auf dem kompletten N&hrboden wachsende
E. coli B-Kultur bereits am Ende der Log-Phase, in einem resistenteren Sta-
dium, zugleich jedoch die Kultur der auf dem Minimal-N&hrboden gewachsenen
Zellen in einem friheren, strahlenempfindlicheren Stadium der Log-Phase.

Aus den Versuchen uber die Temperatur wéhrend der Bestrahlung
kénnen wir die SchluRfolgerung ziehen, daR die im Augenblick der Bestrahlung
vorliegenden Temperaturverhéltnisse auf physiko-chemischer Ebene an und
fur sich keinen EinfluR auf die Strahlenempfindlichkeit ausiben. Die Tempera-
turverhdltnisse vermdgen die Strahlenempfindlichkeit nur dann zu veré&ndern,
wenn die Temperaturverdnderung eine Stoffwechselwirkung auf das Test-
objekt ausibt und die Verdnderung der Strahlenempfindlichkeit im Grunde
infolge des verédnderten Stoffwechsels zustande kommt. Wahrscheinlich beob-
achteten wir deshalb bei niedriger Dosisleistung und hdherer Temperatur
gesteigerte, bei hoher Dosisleistung jedoch unver&dnderte Strahlenempfind-
lichkeit.

Die mittels N.,-Durchstrémung vorgenommenen Anoxieversuche bewie-
sen die die Strahlenempfindlichkeit herabsetzende Wirkung der Anoxie und
deuteten gleichzeitig daraufhin, dall cs wichtig sei, den Sauerstoff auszuschlies-
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sen. Begann die N2-Durchstrémung lediglich eine Minute vor der Bestrahlung,
so war die Verringerung der Strahlenempfindlichkeit minimal.

Von optimalen Zichtungsverhdltnissen nach der Bestrahlung wird das
prozentuale Uberleben herabgesetzt, von suboptimalen Ziichtungsverhéaltnissen
gesteigert. So hat die Zuchtung der Zellsuspensionen nach der Bestrahlung auf
Minimal-N&hrboden unter anaeroben Bedingungen bzw. die Vorinkubation
auf dem Chloramphenicol enthaltenden kompletten Ndhrboden — vermutlich
in beiden Fallen durch die Verzégerung des Beginns der Stoffwechselprozesse —
das Uberleben der E. coli B-Suspensionen nach der ionisierenden Strahlung
erhdht. Anscheinend geht durch die verzdgerte Einleitung der Stoffwechsel-
prozesse eine Restitution von Biomolekilen vor sich, die in der Reproduktion
der Zellen eine wichtige Rolle spielen.

Die gunstige Chloramphenicolwirkung hing auch davon ab, in welchem
Augenblick das Mittel dem kompletten Nd&hrboden zugesetzt wurde. In
unseren Versuchen mufite das Chloramphenicol den Zellen 20 min. nach der
Bestrahlung zugegeben werden. Es wird angenommen [9], daB in dieser Zeit
eine gewisse Nukleinsdure und EiweiBsynthese in Gang kommt, die zur Resti-
tution des geschédigten DNS-synthetisierenden Systems erforderlich ist.

Die Vorinkubation bei niedrigerer Temperatur als 37° C ergibt keine die
Strahlenempfindlichkeit verringernde W irkung, sondern fihrt zur gesteigerten
Vernichtung der E. coli B-Zellen nach der Bestrahlung. Diese Wirkung der
niedrigen Temperatur vermdgen wir einstweilen nicht zu erklédren. Der Gedanke
liegt nahe, dall im Falle der benutzten N&hrbdden die niedrigere Temperatur
fur das Wachstum der E. coli B nach der Bestrahlung nicht als suboptimal
angesehen werden kann.
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SENSITIVITY OF E. COLI B TO IRRADIATION

IV. DEPENDENCE OF THE PROTECTIVE EFFECT OF CYSTEINE-CYSTEAMINF:-
TYPE COMPOUNDS ON PREIRRADIATION OXYGENATION AND ON PRE- AND
POSTIRRADIATION CONDITIONS OF CULTURING

Ry

F. Hernadi, Zs. Nagy, P. Kovacs and T. Valyi-Nagy

Institute of Pharmacology (Director: T. Valyi-Nagy), University Medical School, Debrecen
(Received September 21, 1965)

Summary. Factors influencing the X-ray sensitivity of E. coli B have been studied.

When pre- or postirradiation incubation of E. coli B with cysteine-cysteamine type
compounds was omitted, these latter substances, as compared to the anoxic control, did
not or only slightly increase the resistance of the cells to irradiation under anoxic conditions.

The protective effect of the substances in question was not increased during optimal
pre- or postirradiation incubation periods. It has been concluded that during irradiation cysteine-
cysteamine derivatives exert a physicochemical, while before and after irradiation a meta-
bolic, effect.

The radioprotective effect of cysteine-cysteamine type compounds under
hypoxic or anoxic conditions is a disputed problem in radiobiology.

According to a number of authors, radioresistance under anoxic irradia-
tion conditions is increased only slightly, if at all, by the above compounds
and, conversely, the protective effect of these substances ceases or at least
decreases in the absence of oxygen.

Due to their autoxidation capacity, the radioprotective effect of the
aforesaid compounds was found to be based on oxygen deprivation [13].
Thus the protective effect of these compounds ceases when oxygen has been
eliminated.

On the other hand, Hollaender and Stapleton [4], Wood [5], Lothe
and Devik [6] were able to achieve additional radioresistance under anoxic
conditions, by means of cysteine compounds. These results were confirmed by
Valdstein [7] and Etias [9] who also demonstrated that these substances
exerted an increased protective effect under anaerobic as compared to aerobic
conditions. In the opinion of these investigators, oxygen and air by their
presence as radiosensitors, decrease the protective effect of cysteamine.

The radiosensitivity of microorganisms, as has been pointed out by a
number of authors [8, 10] including ourselves[11], is considerably affected not
only by oxygenation during irradiation, but also by conditions of culture
prevailing before and after exposure to X-rays. Thus, when examining
cysteine-cysteamine type compounds, the possibility of the protective effect
being influenced by the aforesaid conditions of culture has also been taken
into consideration.
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The above assumptions have been confirmed by Kohn and Gunter [12],
who have shown that the radioprotective effect of cysteine involved certain
metabolic processes of the microorganisms, and that the extent of radio-
protection afforded by cysteine was determined by the temperature prevailing
in the cell suspensions during the preirradiation period as well as by their
H ionic concentration.

In previous papers [13, 14] the fact has been stressed that metabolic
factors were also involved in the protective effect exerted by radioprotective
compounds belonging to the cysteine-cysteamine group.

In planning our experiments, the above discussed possibilities, i.e. the
role played by anoxia and metabolic factors in the mechanism of action of the
radioprotective substances, have been considered. This is the reason why we
have concentrated on experiments allowing to ascertain the protective effect
of cysteine-cysteamine type compounds as well as the role of these compounds
during the pre- and postirradiation periods.

Materials and methods

E. coli B strain was grown at 37° C in broth and Roberts C minimal medium [15].

Particulars concerning the preparation of cell-suspensions and the periods during
which the latter were kept in suspension, have been described previously [16].

The suspensions were irradiated under aerobic and anaerobic conditions, using a Siemens
Stabilivolt X-ray apparatus, as described previously [11].

Anaerobic conditions were maintained by constant nitrogen bubbling for 10 minutes
before and during the whole period of irradiation.

After irradiation the suspension was plated on nutrient agar and Roberts C agar plates.
After 24 hours incubation at 37° C, the colonies grown from the surviving cells were counted.

The compounds involved in the experiments were I-cysteine-HCI (Reanal), cysteamine
(Fluka) and d-penicillamine (prepared in our laboratory), at concentrations of 10~2 M.

Results

First, the radioprotective effect of the above-mentioned compounds was
compared under aerobic and anaerobic conditions.

In the experiments presented in Fig. 1 the “reaction” and “postirradi-
ation' periods were practically omitted; the protective substances were added
to the suspensions immediately before irradiation and the suspensions were
diluted and plated directly after exposure.

Part A of Fig. 1 indicates that the lethal doses of ionizing radiation were
reduced by a factor of 1.4 DRF by penicillamine, 1.5 DRF by cysteine, and
2.9 DRF by cysteamine.

Part B of Fig. 1 shows that anoxia per se decreased the sensitivity by
2.4 DRF. In the case of cell-suspensions irradiated under anoxic conditions
the radioprotectors in question were, however, found to exert no or only a
very slight protective effect. To quote an example, the 2.9 DRF arrived at
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by irradiating cell-suspensions under aerobic conditions in the presence of
cysteamine, and the 2.4 DRF obtained under aerobic conditions, failed to
exert a cumulative effect.

In the second part of the experiments, the radioprotective substances
were applied after an “optimal reaction” period.

It has been shown in previous studies[16] that the effectiveness of pro-
tective substances increased when, instead of applying them to E. coli B sus-
pensions immediately before irradiation, they were added 10 to 60 minutes

32 6A 96 123 Kr 32 6U 96 123 Kr

Fig. 1. Radioprotective effect of cysteine-cysteamine compounds on E. coli B. A: aerobic
control; Aji anoxic control; B: penicillamine; C: cysteine; D: cysteamine

earlier and then the suspensions were incubated at 27° C and 37° C, respective-
ly. In these experiments the protective effect of cysteamine increased from
2.9 to 3.8 DRF, that of cysteine from 1.5 to 3.4 and that of penicillamine from
1.4 to 2.4, DRF. All incubations were effected at 37° C for periods of 15, 30
and 30 min., respectively.

Fig. 2 shows that the radioprotective substances exerted a protective
effect in excess of that afforded by the anoxic control marked At. Hence the
increased effect obtained in the course of an “optimal reaction” period could
be observed in these experiments, too.

In the third scries of experiments the bacteria irradiated under anoxic
conditions were plated after observing an “optimal postirradiation” period.
In these experiments the “reaction” period was omitted and the radiopro-
tective substances were added to the suspensions 1 min. prior to irradiation.

Fig. 3 shows that the number of surviving E. coli B cells increased when
incubated in the presence of cysteine-cysteamine compounds after having
been irradiated under anoxic conditions for 30 min. at 37° C. During the
postirradiation period, the effect of cysteine and of penicillamine increased
considerably while that of cysteamine, only slightly.
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The protective effect of cysteine-cysteamine derivatives added to the
cell-suspensions 1 min. after irradiation under anoxic conditions has confirmed
the above findings.

W hen the protective substances had been added to the suspensions 1 min.
after irradiation, the effect was similar to that observed during postincubation
periods. As in the above expciiments, the effect was most pronounced when
the cell-suspensions had been incubated at 37° C.

Fig. 2. Protective effect of cyteine-cysteamine compounds against irradiation under anoxic
conditions after an optimal reaction period. A: aerobic control; B: penicillamine; C: cysteine;
D: cysteamine; At: anoxic control

Fig. 3. Protective effect of cysteine-cysteamine compounds against irradiation under anoxic
conditions after an optimal postirradiation period. A: aerobic control; At: anoxic control;
B: penicillamine; C: cysteine; D: cysteamine
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Next, the effect on radiation sensitivity of preirradiation conditions of
culture was examined.

Fig. 5 indicates that the control curves representing the radiosensitivity
of cultures grown for 14 hours in broth and for 18 hours in Roberts C medium,
were similar. Both these cultures were measured at the end of their log-phase.
Likewise, E. coli B control suspensions grown in nutrient broth for 10 hours
and synthetic medium for 14 hours showed approximately identical radio-

ing. 4. Protective effect of cysteine-cysteamine compounds added 1 min. after irradiation
under anoxic conditions. A: aerobic control; A, ;anoxic control; B: cysteamine; C: penicillamine;
D : cysteine

sensitivity at mid-log phase. The radio-sensitivity of samples taken from cell-
suspensions at mid-log phase were decreased by 1.5 DRF by cysteine at a
concentration of 10 2 Af, provided that the substance had been added just
before irradiation and that this was immediately followed by plating. These
results havi; not been included in Fig. 5.

Similar curves were obtained when an “optimal reaction” period was
observed after the addition of cysteine. The four curves representing the dose
response of the cell-suspensions protected by cysteine ran a similar course.
A comparison of the radioprotection afforded by cysteine in the cell-sus-
pensions with the controls, revealed that by observing an “optimal reaction”
period and temperature, a DRF of 3.4 was obtained if the samples had been
taken at the end of the log-phase from suspensions including cells previously
found to possess the greatest radioresistance. On the other hand, with cells
manifesting a greater radiosensitivity in the course of their growth, the DRF
was 5.0.
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Fig. 5. Influence of preirradiation conditions of culture on the effect of cysteine. A: 10 hour
broth: B: 14 hour Roberts C minimal medium; C: 14 hour broth; D: 18 hour Roberts C minimal
medium cultures

Fig. 6. Influence of postirradiation conditions of culture on the effect of cysteine. A: nutrient
agar control; B: Roberts Cagar control; C: nutrient agar with cysteine; D: Roberst Cagar with
cysteine
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Finally, it was examined whether the effect of cysteine exerted in the
postirradiation period remained unchanged when postirradiation incubation
had been shifted in an optimal direction as regards survival, i.e. when after
irradiation the bacteria were plated on Roberts C minimal agar.

Fig. 6 indicates that the experimental conditions which had previously
been found to increase the protective effect of cysteine, exerted no favourable
effect on the survival of bacteria. The survival of E. coli B failed to increase
after having been cultured subsequently to irradiation on a minimal medium.

Discussion

The results allowed the following conclusions. The metabolic state of
E. coli B which depends on the preirradiation conditions of culture, de-
termines the degree of radioprotectivity. The radioprotection afforded by cys-
teine-cysteamine derivatives in the case of an optimal reaction period involved
a DBF of 5.0 when the bacteria were removed at mid log-phase, while DBF
considerably decreased when the cells were obtained at the most radioresistant
phase. It follows that both the process taking place in the cells during the
“optimal reaction” period as a result of the action of cysteine-cysteamine
derivatives, and the physiological process occurring in the cells as a concomitant
of their growth, are diminishing the radiosensitivity.

The role of cysteine-cysteamine derivatives in biosynthetic processes
responsible for the development of radiation resistance has been stressed by
several authors [12, 17].

Considering that, provided a 1 min.reaction-and postirradiation period
was observed, the radioprotective effect of cysteine was diminished and that
of cysteamine was abolished after irradiation under anoxic conditions, (a) the
above substances act by giving rise to anoxia or hypoxia during irradi-
ation, or also, (b) oxygen and cysteine-cysteamine compounds operate at an
identical site of action.

Postirradiation conditions of culture may increase the percentage sur-
vival of E. coli B if a 1 min. postirradiation period isobserved. This, however,
fails to occur when the bacteria are diluted from the solutions of cysteine-
cysteamine derivatives after an optimal postirradiation period. This would
indicate that the site of action is identical with the one mentioned above.
Hence the modification by cysteine-cysteamine compounds of the radiosensi-
tivity of E. coli B involves:

(i) a physicochemical effect during irradiation; (ii) a metabolic
before and after irradiation.

ad (i) In the course of irradiation the physicochemical effects are
lessened or abolished by the lack of O, acting at the same level, while their
metabolic effect exerted before and after irradiation is not affected.
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ad (ii) Prevailing culture conditions decreased or abolished metabolic

effect before and after irradiation, and thus neutralized those exerted by the
compounds in question. These factors, however, did not influence the physico-
chemical protective effect of cysteine-cysteamine compounds during irradiation.
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VI. EFFECT OF CYSTEINE ON DNA BREAKDOWN BY IONIZING IRRADIATION

By
Zs. Nagy, F. Hernadi and P. Kovacs
Institute of Pharmacology (Director: T. Valyi-Nagy), University Medical School, Debrecen

(Received April 12, 1965)

Summary. The effect of 0.1-0.001 M cysteine solutions on the irradiation-induced
breakdown of DNA in E. coli B, and on the number of surviving cells has been studied. DNA
breakdown was inhibited by 0.1—0.01 M but not by 0.001 M cysteine. No direct correlation
has been revealed between DNA content and viable counts.

lonizing radiation results in a partial breakdown of DNA in bacteria [1,2]-
The degree of the effect depends primarily on the dosage and on the post-
irradiation metabolic state of the organism. When protein metabolism is
inhibited after irradiation, DNA breakdown is greatly enhanced [2]. In contrast,
citrate [1], glutamic and succinic acids [3] and high concentrations of salts
(NaCl, KC1, CaCl2 MgS04, sodium oxalate)[4] inhibit the degradation of DNA.

Cysteine is a protective substance which, when applied prior to irradia-
tion, increases the rate of survival. From data in the literature [5, 6] and our
own results [7] it has been concluded that the protective action of cysteine
is due not merely to a physico-chemical effect during irradiation, but also to
its active part in metabolism.

Accordingly, the purpose of the present investigation was to examine
the postirradiation effect of cysteine in the irradiation-induced DNA break-
down and colony-forming ability of E. coli B.

M aterials and methods

E. coli strain B was cultured aerobically in a synthetic medium [8] at 37° C until
the optical density of the culture had reached 0.500 (Beckman model DU spectrophotometer).
Then the cells were washed in physiological saline (pH 7.0) and resuspended in acetate buffer
(pH 7.0).

Irradiation was performed at room temperature with a Siemens Stabilivolt apparatus
operating at 180 KV, 12 mA and 3200 r/min. dose rate.

After irradiation the DNA content and viable count of part of the suspension was
determined. Other parts were incubated aerobically at 37° C for 90 minutes in acetate buffer
and in acetate buffer supplemented with 1-cysteine HC1 at different concentrations (Reanal,
Budapest). At 0, 10, 30, 60 and 90 minutes the suspensions were sampled for DNA content
and viable count determination.

Extraction and determination of DNA were performed as described by Burton f9J.
Viable cell counts were determined on agar plates incubated for 24 hours at 37° C.
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Results

Fig. 1 presents the dose-response curves. No alteration was observed in
the DNA content of control (non-irradiated) bacteria throughout the whole
incubation period.

Fig. 1. Dose-response curves showing the degree of DNA breakdown in irradiated as com-
pared to non-irradiated bacteria

Fig. 2. DNA breakdown in bacteria irradiated with a dose of 12.5 Kr, then suspended in
acetate buffer containing cysteine at different concentrations. Control: irradiated bacteria
incubated in acetate buffer

Fig. 2 indicates the effect of 0.1, 0.05, 0.025, 0.01, 0.0025, 0.0016 and
0.001 M cysteine on DNA breakdown. It is seen that 0.1 M cysteine definitely
inhibited the postirradiation decrease in DNA content (breakdown of only 4
per cent was observed). In the presence of 0.01 M cysteine a breakdown of 25
per cent occurred. At 0.001 M concentration, cysteine exerted no effect on
DNA breakdown.
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Fig. 3 shows the effect of cysteine on the number of surviving cells.
During the 90 minutes incubation cysteine concentrations inhibiting DNA
breakdown (0.1 and 0.01 M) exerted practically no effect on viable counts.

Fig. 3. Viable counts obtained after exposure to 12.5 Kr irradiation. = non-irradiated
bacteria incubated in acetate buffer without cysteine or with 0.1 and 0.01 M cysteine; O = ir-
radiated bacteria incubated in acetate buffer; L irradiated bacteria incubated in acetate
buffer with 0.1 If cysteine; = irradiated bacteria incubated in acetate buffer with 0.01 M
cysteine
Discussion

During 90 minutes incubation in acetate buffer no change occurred in
the number of viable cells and DNA content of non-irradiated bacteria. In the
irradiated culture the DNA content decreased by 45 per cent and the bacterial
count fell from 107 to 103 per ml.

The degree of DNA breakdown can be modified by incubating the ir-
radiated bacteria in the presence of cysteine at different concentrations. As
DNA breakdown is inhibited at high cysteine concentrations only, it may be
assumed that the phenomenon is aspecific and similar to that observed in
concentrated solutions of various substances. Due to a dehydrating effect,
the osmotic pressure of the milieu influences the radiosensitivity of cells by
altering enzymic reactions responsible for irradiation-induced DNA break-
down [4].

No correlation was revealed between DNA breakdown and the number
of surviving cells. In experiments where DNA breakdown was maximal during
the 90 minute incubation period, the viable cell count remained unchanged.
When cysteine inhibited the breakdown of DNA, the viable count slightly
increased.

The slight but significant increase in the bacterial count of irradiated
suspensions incubated in the presence of cysteine is due to a postirradiation
effect of this substance [10], the biochemical mechanism of which is still

unknown.
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BREAKDOWN OF AMINO ACIDS BY
ENTEROBACTERIACEAE

V. BREAKDOWN OF GLYCINE IN SIMPLE MEDIUM

By
B. Serény
National Institute of Public Health (Director: T. Bakacs), Budapest

(Received July 9, 1965)

Summary. The frequency of glycine positivity among enteric bacteria increases when
instead of a complex medium a solution containing only glycine and phosphate is used. The
method seems suitable for the differentiation of enteric bacteria and for revealing biotypes
within some species, as with alkalization macrotest only S. paratyphi A, Shigella and Proteus-
Providencia, with ninhydrin test oidy certain Shigella strains may react negatively. With
alkalization microtest, S. paratyphi A, Shigella, Morganella and Providencia gave no early
positive result.

Our investigations into the breakdown of amino acids have so far been
carried out in media containing inorganic and organic substances in addition
to the substrate. These media allowed multiplication of certain bacteria [3, 4]
or the formation of coloured complex compound from the produced keto
acids and th(‘ iron salt reagent [5]. As in alkalization and ninhydrin tests
made with large inocula these requirements might be neglected, we have
attempted to perforin the reaction in a simple amino acid solution.

Materials and methods

In preliminary experiments the following media have proved suitable.

Alkalization test (AT): KH2PO.,, 0.10 g; distilled water, 100 ml; glycine, 0.20 g; fresh
phenol red solution, 2.5 ml (phenolsulphonphthalein, 0.01 g; N NaOH, 0.40 ml; distilled water,
4.6 ml); the medium was adjusted to pH 5.4.

Ninhydrin test (NT): KH2P04, 0.10 g; distilled water, 100 ml; glycine 0.05 g; pH
7.2—7.4. The control medium for NT was prepared by adding 1 ml 1 per cent merthiolate
(ethylmercurithiosalicylate) to 100 ml sterilized medium.

After sterilization at 115° C for 15 minutes the pH is checked and corrected if necessary.
The media can be stored in the refrigerator for 3 weeks.

Technical procedures for macro and micro methods of AT and for NT and evaluation
of results were the same as described in reference 6.

Results

By examining 618 strains with macro and micro methods of AT, the
results presented in Table | were obtained. With the macrotest, considerably
more strains (including numerous Shigella cultures) were glycine positive in
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Table 1
Result of alkalisation test in simple glycine medium
Macrotest Microtest
No. of Of the of the
(+) + positives <> + positives
(++) H- (++) ++
E. cOli e 74 - 6 68 32 34 3 18 53 61 4
S. paratyphi A ... 7 3 4 — - - 6 1 - - )
Other Salmonella (S. para-
typhi B, typhi-murium,
bareilly, typhi) . 115 9 106 75 36 32 83 105 4
Klebsiella .. 25 — 1 24 9 14 2 4 19 20 -
Citrobacter 23 — — 23 18 1 1 1 21 17 5
Enterobacter 31 - 2 29 8 21 1 3 27 23 4
Serratia .o 30 — — 30 8 19 — 4 26 17 9
Arizona . 15 — — 15 10 5 — — 15 8 6
Sh. dysenteriae 1—10 24 8 8 8 4 7 22 2 - — -
Sh. flexneri 1 ..o 36 31 4 1 — — 33 3 — —
Sh. flexneri 2 ..o 30 29 1 — — — 28 2 — -
Sb. flexneri 3 ..o 21 16 — 5 — 5 21 — — -
Sh. flexneri 4 ... 15 6 1 8 1 8 14 1 — — =
Sh. flexneri 5 ... 7 7 — — — — 7 - —_ -
Sh. flexneri 6 ..o 23 9 2 12 3 10 14 9 — -
Sh. boydii 1-15 29 18 3 1 7 20 9 — -
Sh. SONNEiieiriseiinae 15 6 4 5 — 5 4 11 — 2 —
P.vulgaris.... 20 1 — 19 1 16 — 6 14 19 -
P. mirabilis ..o 20 3 10 7 13 1 3 16 16 2
Morganella. ... 20 15— 5 2 3 18 2 [ —
Rettgerella .o 18 2 1 15 - 15 I 12 5 10 -
Providencia ... 20 2 1 17 3 14 4 16 6 —
Totalieieeees 618 156 57 405 188 220 200 139 279 304 34
Key: Macrotest Microtest
— = No red colour within 7 days — = No red colour within 24 hours
(+)=Red colour within 4—7 days (J-) = Red colour within 5—24 hours
+ = Red colour within 3 days -|- = Red colour within 4 hours
(+ +) = Intensive red colour within 1 7 days (-(-+)= Intensive red colour within 5—24 hours
-|--f- = Intensive red colour within 3 days + + = Intensive red colour within 4 hours

the simple medium than in the complex medium. The macrotest, however,
seems suitable also for differentiation, as glycine negative organisms occur
only among S. paratyphi A, Shigella and Proteus-Providencia strains. The
microtest is less sensitive; S. paratyphi A, Shigella, Morganella and Pro-
videncia cultures gave no early positive results.
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With the macrotest, some Shigella strains showed rapid alkalization;
thus within the same serotype glycine negative and strongly glycine positive
biovariants were encountered. Our Sh. flexneri 6 strains corresponded to the
Manchester biotype according to carbohydrate fermentation reactions; there-
fore, on the basis of glycine breakdown a further subdivision may be per-
formed.

The question arose whether differences in the breakdown of glycine were
not associated with the virulence of shigellae. Conjunctival infection of guinea
pigs [1, 2] was carried out with 42 strains. No association was found between
virulence and glycine reaction. Out of the examined 37 glycine negative
strains, 26 were avirulent and 11 were virulent; among 5 glycine positive,

strains, 2 avirulent and 3 virulent cultures occurred.

Most positive results were obtained with NT, which was positive with
all S. paratyphi A and Proteus-Providencia strains. Among shigellae more
cultures reacted positively with this test as with AT. A negative NT was
found to be definitely indicative of Shigella.

Discussion

Preliminary experiments have shown that the breakdown of glycine
ensues later and less frequently when the amino acid-phosphate medium con-
tains substances other than those used in the previous studies [6]. This effect
was particularly evident when M gS04 had been incorporated into the medium.
As various glycine solutions gave different results, the question arose whether
in routine work the simple or the combined medium should be used.

In our opinion the microtest performed in simple glycine-phosphate
solution is the more suitable one. This method is non-laborious and yields
readable results often within 4, but at most in 24 hours. Most members of
Enterobacteriaceae can be differentiated from S. paratyphi A, Shigella, Mor-
ganella and Providencia. The macrotest carried out in the simple medium
requires a 7 day incubation period. This reaction, especially when NT is per-
formed in parallel, allows a further differentiation.

Acknowledgement. The author is indebted for Enterobacteriaceae strains to Dr. V.
Kertész (Institute of Microbiology, Hygienic Faculty, Charles University, Prague); Dr. E.
Atdova (Institute of Epidemiology and Microbiology, Prague); Dr. F. Kou1ta, Chief, Public
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Summary. Stability of antibodies formed in roosters against rabbit muscle phospho-
rylase b and exposed to various acid and alkaline pH values and temperatures, has been in-
vestigated. Purification of antiphosphorylase with a yield of 60—75 per cent could be ac-
complished by dissolving the washed specific precipitate in a pH 11.0 glycine-sucrose buffer,
followed by heat treatment at 56°C.

Purification of antibodies from immune sera can be achieved along two
lines [1], namely, by physico-chemical fractionation or by means of specific
immuno-chemical methods. In the latter case, the washed specific antigen-
antibody complex is dissociated and the antibody molecules are separated
from the antigen. The method of choice for dissociation and especially for
antibody separation depends on the specific physico-chemical properties of
the given antigen and antibody. The arising difficulties can be partially
overcome by employing specific immunosorbents [2 4]. Preparation of these
may, however, be complicated, particularly in the case of labile antigens.

Since no data on the stability of avian antibodies have been available, as
the first step the stability of antibodies produced in roosters against rabbit
muscle phosphorylase b [5] was determined, employing at varying temperatures
different acid and alkaline buffer solutions. The higher stability of antiphospho-
rylase as compared to that of the homologous antigen allowed antibody
separation by dénaturation and removal of antigen from the dissociated spe-
cific antigen-antibody complex.

Materials and methods

Immunization of roosters with crystalline rabbit muscle phosphorylase b, harvesting
of antisera and determination of phosphorylase and antiphosphorylase activity was carried
out as described previously [5]. Factors influencing phosphorylase activity in a non-specific
fashion (shift in pH values, materials of low molecular weight) were taken into correction as
detailed elsewhere [6]. Antibody content of the antiserum tested equalled 320 pg-N per ml.

By checking the stability of antiphosphorylase and by calculating the yield of anti-
bodies from the specific precipitate, the inhibitory effect of antibodies on the antigen’s enzy-
matic activity was determined and expressed as the percentage of control values.

Heat-treatment was performed on antisera diluted with equal amounts of physiological
saline or 40 per cent sucrose solution, and incubated for 10 minutes in a water-bath of varying
temperature.
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Stability at different pH values was estimated with antisera diluted 1 : 10 with 0.1 M
glycine buffer of corresponding pH, and complemented by half volume of physiological saline
or 60 per cent sucrose solution. Aliquots of each test mixture were incubated at 20°C for
40 minutes, other aliquots at 56°C for 20 minutes and, subsequently, at 20°C for 20 minutes.
After incubation, the systems were neutralized with tris-buffer (tris-hydroxymethyl-amino-
methane) or acetic acid pH 6.8, and tested for antiphosphorylase activity.

In order to determine the yield of antiphosphorylase-antibodies from the specific
precipitate, to antiphosphorylase sera inactivated previously at 56°C, equivalent amounts of
crystalline rabbit muscle phosphorylase b were added. The mixtures were distributed in
identical volumes in centrifuge tubes and incubated at 37°C for 30 minutes and at 0°C for
60 minutes. The resulting precipitate was centrifuged off and washed with chilled physiological
saline. Precipitation of antibodies was carried out in physiological saline containing 1 mM
ethylenediaminetetraacetate. High salt concentrations were avoided in order to decrease the
quantity of macroglobulins co-precipitating non-specifically with the antigen-antibody
complex [7]. Precipitate samples were dissolved in 0.1 M glycine buffer solution of varying
pH, with or without the addition of sucrose, and incubated at 20°C for 30 minutes or at
56°C for 20 minutes and at 20°C for 10 minutes. The samples were then neutralized with
tris-buffer or acetic acid, centrifuged, and the supernatant was tested for antiphosphorylase
activity.

Final separation was achieved by concentrating the supernatants by dialysis against
concentrated dextran solution followed by dialysis against physiological saline. The resulting
precipitate was discarded.

Results and discussion

Fig. 1 demonstrates the residual antiphosphorylase activity after 10
minutes treatment at different temperatures, expressed in the percentage of
control values. At 65°C, antiphosphorylase activity of the sera decreased by
about 50 per cent, while treatment at 75°C completely abolished the inhibitory
activity of antisera. The addition of 20 per cent sucrose exerted a protective
effect against heat-denaturation of the antiphosphorylase.

Fig. 2 demonstrates the stability of antiphosphorylase antibodies in
acid buffer solutions. Antiphosphorylase activity decreased by about 15 per
cent at pH 3.0, while only about 38 per cent of the original activity remained
after dilution with 0.1 N hydrochloric acid, incubation and neutralization.
Treatment at 56°C at acid pH completely abolished antiphosphorylase activity.
As can be seen, results obtained at acid pH values were not influenced by the
presence of sucrose.

Fig. 3 shows the effect of treatment with glycine buffer solutions of
alkaline pH values. Alkaline medium up to pH 12.5 was found to be far less
deleterious to antiphosphorylase than acid pH. The protective effect of sucrose
against heat-denaturation was also marked.

Comparing the stability of rooster antibodies to that of rabbit antibodies,
precipitin activity of certain rabbit antibodies was completely abolished by
heat-treatment at 75°C for 10 minutes, although these antibodies retained
most of their complement binding capacity and biological activity [8, 9]. It
was shown by Farah ct al. [10] that heat-treatment at 70°C for 30 minutes of
rabbit antibodies in the presence of serum proteins resulted in a partial trans-
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formation to univalent antibodies, caused by the interaction of antibody
molecules with serum albumin due to heat-treatment.

W ith knowledge of the stability of antiphosphorylase, its purification
from the specific precipitates was attempted. Since phosphorylase was found

Fig. 1. Effect of heat treatment on antiphosphorylase activity

Fig. 2. Stability of antiphosphorylase at acid pH values

X—X NaCl at 20°C; o—o 20 per cent sucrose at 20°C;
O —A NacCl at 56°C; O —0O 20 per cent sucrose at 56°C

to be especially sensitive to acid pH values, the specific precipitate was dis-
solved in acid glycine buffer. After neutralization the precipitates were partly
re-formed, a significant part of antiphosphorylase activity, however, was left
in solution. This was explained by the fact that, in the course of dissolving and
dissociating the precipitate, the phosphorylase underwent irreversible dénatur-
ation and precipitation. After neutralization, a certain amount of antibody was
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again bound by the denaturated phosphorylase, a significant portion of
neutralizing antibodies, however, remained in solution. The yield of anti-
phosphorylase was essentially the same whether centrifugation was carried out
prior to or after neutralization. Although the lower the pH, the more complete
the dissociation of antigen-antibody complex, below pH 3.5 the destruction

Fig. 3. Stability of antiphosphorylase at alkaline pH values. 1 : 20 per cent sucrose at 20°C;
2: NaCl at 20°C; 3 : 20 per cent sucrose at 56°C; 4 : NaCl at 56°C

Fig. 4. Antiphosphorylase activity recovered from the specific precipitate

of antibodies was also more marked. Thus, at pH 3.0 more antibody could be
recovered (45 per cent), than at pH 1.0 (20 per cent). During the formation of
precipitates after neutralization, the co-precipitation of certain macroglobulins
of non-antibody nature, adsorbed into the original precipitate, had also to be
taken into consideration [7].

Alkaline pH values favoured the dissolution of precipitates, and the
deterioration of antibodies was less striking. After neutralization, however,
only a minute portion of antiphosphorylase activity could be recovered, due
to the inadequate dénaturation ofthe antigen. Thus a combined heat-treatment
was attempted. Notably, 56°C heat-treatment for 20 minutes resulted in a
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80—95 per cent yield of antiphosphorylase activity from the dilute, not centri-
fuged phosphorylase-antiphosphorylase complex, due to irreversible dénatur-
ation of phosphorylase and elution of antibodies. Heat-treatment of the un-
diluted, washed precipitates failed, however, to elute antiphosphorylase. Conse-
quently, the washed precipitate was dissolved in a glycine buffer of pH
10.5 11.0 and subjected to 56°C heat-treatment for 20 minutes. The 60 per
cent yield thus achieved was increased to 76 per cent on the addition of 20 per
cent sucrose to the buffer solution. Sucrose acted by protecting antibodies
against heat-denaturation and by facilitating dissolution of the specific precipi-
tate (see Fig. 4).

The procedure proved to be most appropriate for isolating antiphospho-
rylase. The preparations thus obtained retained their precipitating ability after
concentration and dialysis against NaCl, and contained 90 per cent of homo-
geneous antibody of 7,5 S sedimentation constant in the ultracentrifuge. The
inhomogeneous rest of about 10 per cent probably represented aggregates of
antigen-antibody complexes of higher sedimentation rate.
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Summary. After heat-activation at 60°C for 30 minutes, 90 per cent of B. cereus spores
germinated within 50 minutes at 30°C in an aqueous solution containing adenosine and
l-alanine at 0.4 mg/ml concentration. The activating effect of 60°C heat was evident after
4 minutes and increased proportionally to the time of incubation.

Germinated spores became less refractive and less resistant to heat and radiation.

Addition of adenosine and 1-alanine increased the rate and frequency of germination
in pea-extract and in a medium of green peas placed in a liquor containing salt and sugar.
The effect of additives stimulating germination was manifest in a few minutes incubation at
30°C. The reduction of heat and radiation sensitivity of the population was in good agreement
with phase microscopic observations of the cell-state distribution.

Combined use of heat-activation and germinants initiated germination and increased
sensitivity in an overwhelming majority of spores even at cell counts of 10s to 109ml, and in
the medium used for spore production.

The complicated development of bacterial spores into vegetative cells is
characterized by two main stages. The first step consists of “germination”
[4] in the strict sense, the second, also referred to as the “postgerminative
stage” [23], corresponds to the outgrowth of vegetative forms from the
germinated spores [20].

In the course of germination the highly refractive dormant spore changes
in 15 30 minutes into adark, germinated form [17, 24, 27, 29] then swells gradu-
ally and ruptures the spore coat and finally the vegetative cell grows out in
some hours. Conditions inducing germination do not necessarily improve the
outgrowth, since temperature, hydrogen ion concentration, nutrient and water
requirements are usually different in the two stages [3, 13, 14]. Thus the first
stage may take place at temperatures which inhibit the outgrowth [18, 19].
Vas and Proszt [35] showed that the influence of temperature on germination
was a function of the medium’s pH. The stage of outgrowth is more sensitive to
nutritional requirements than the stage of germination.

During germination a considerable amount of organic material is released
and the spore loses about 1/3 of its dry weight. The majority of the dipicolinic
acid content is also excreted into the medium [25, 26].

Germination is initiated by certain environmental factors (specific
substances, thermal and mechanic effects). Evans and Curran [7] showed
that suhlethal exposure to higher temperatures (60 110°C.) stimulates
germination of bacterial spores.
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Hirts [11, 12] was the first to observe that germination is induced in
solutions containing certain amino acids and nucleosides. Several authors have
then shown that, depending on the species, strain and previous conditions
[21], germination may he initiated with or without parallel “heat-activation”
by 1-alanine, glucose, adenosine [32], various small molecule fatty acids,
amines, surface active quaternary ammonium compounds [30, 31] and chelating
agents such as ethylenediamine-tetraacetate or even calcium dipicolinate [28].
Mechanical injury of the spore Avail causing a release of spore peptides and
dipicolinic acid also results in a decrease of refractivity and thermal resistance
[29].

Our previous comparative studies on Bacillus cereus revealed that the
resistance of spores dropped practically to that of vegetative cells in the first
phase of germination [81. Introduction of a method for lowering the resistance
of dormant spores would undoubtedly be a great progress especially in industri-
al food preservation. Although germinant substances and heat treatment
inducing germination obviously offer this possibility, experiments as to this
problem have scarcely been published [1, 16]. In the present studies we ex-
amined the effect and practical applicability of some substances known as
germination-initiating agents and exposure to mild heat as well as the com-
bination of the two procedures. As a test organism we used B. cereus, which
is a common member of the aerobic bacterial flora of food [2] and bears
some hygienic importance [22]. In order to render our studies applicable to
the irradiation method of food preservation, changes in the radiosensitivity of
B. cereus have also been examined.

Materials and methods

Organism. The B. cereus strain isolated from green peas and extensively studied in
our heat and radiation sensitivity experiments [9, 10] was used throughout.

Culturing of the test strain and preparation of dormant spore suspensions. Cultivation and
maintenance of the test strain were performed by use of the universal medium [36] employed
either in liquid form or as a solid medium prepared with agar. This medium contained the
following ingredients: non-acid whey, 200 ml; yeast extract (1 : 10), 100 ml; meat extract,
4 g; peptone, 2 g; glucose, 10 g; water, 700 ml. The medium was adjusted to pH 7.2 and
sterilized at 115°C for 30 minutes. During sterilization the pH decreased to about 6.4.

In order to obtain dormant spores, 1000 ml of universal medium was supplemented
prior to sterilization with 4 per cent agar and 16.5 ml of the following solution: Na.,HPO04,
0.01 M; KH2°04 0.002 M; NaCl, 0.01 M; MgS04, 0.00025 M; CaCl2 0.0001 AT; MnS04,
0.00001 M; FeSO04, 0.00001 M dissolved in distilled water. Each plate of this medium was
inoculated by streaking evenly on the surface 0.1 ml suspension containing 10s cells per ml.
The seeded media were incubated at 30°C, which was the optimal temperature for the multi-
plication of the test organism. As shown with phase microscopy, after 5 days’ incubation most
vegetative cells disintegrated and the population contained 90 to 100 per cent dormant spores.
The spores were then harvested by the aid of a bent glass rod and suspended in sterile water,
washed 4 times in sterile water by centrifugation and finally resuspended in 1/15 M pH 7.0
or pH 6.0 phosphate buffer so as to contain 10u spores per ml. The spore suspension was
stored at 4°C; in this manner the majority of the spores remained viable for 2 years. However,
in the experiments suspension stored not more than for 1 month were only used. When 50
plates were seeded, the above method yielded approximately 1.5 g or 1012 spores.
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Total counts were usually estimated by the slide-chamber method [34], sometimes
a Helber chamber was used. As at least 200—500 cells were counted in each preparation, the
95 per cent confidence limits for x microscope fields were less than x i 0.15 x [5].

Viable counts were determined by preparing 3 parallel plates for each dilution of the
suspension. The pea-extract agar used in these experiments was prepared as follows: 1 part
of green peas was autoclaved with 1 part of distilled water for 60 minutes, after adding 2 per
cent agar to the filtered extract, sterilization was carried out at 0.5 atm. for 30 minutes.

The plates were read after 48 hours incubation at 30°C. Only plates showing 30 to 300
colonies were used for the calculation of viable counts. The total error (standard deviation of
the mean) of the arithmetic average counts (a) for the corresponding dilution was estimated
according to the formula

s (%) — i /(dilution error %)2-j- (distribution error)2

The error of viable counts in the pour plate method originates from the dilution error and
from the distribution error of colonies (viable cells) [15].

Distribution error of colonies can be expressed with the standard error of the average
counts of parallel plates:

Yy 1 (=

Distribution error = ~
n—1

where Xj is the number of colonies on plate “t” and n is the number of parallel plates. The
distribution error expressed as the percentage of the arithmetic mean of colonies (a) can be
substituted in equation 1

In order to estimate dilution errors, at first the standard deviations for 1 ml graded
pipettes and for the 9 ml dilution blanks were determined. Both values were approximately
i 3percent (” 0.03mland i 0.3 ml, respectively). From the degree of dilution and standard
deviations the percentage dilution error at the given level was obtained from the table of
Jennison and Wadsworth [15] and substituted in equation I.

Thus the calculated total error according to the definition of standard deviation means
a probability of 68 per cent that the actual viable count is within ™ s % of the value calcu-
lated from the arithmetic average of the number of colonies.

Irradiation was performed without filters by means of a “Stabil 250” X-ray apparatus
operating at 250 kY peak voltage and 15 mA tube current. The dose rate as measured by use
of the ferrous sulphate dosimeter [37] at the same site where the samples were placed, was
3.4 krad/inin. Irradiations were performed at room temperature.

Heat treatment. The suspensions were measured into thin-walled vials 20 mm in dia-
meter. Care was exercised not to touch with pipettes the upper parts of the containers. The
vials were then placed in a thermostatically regulated glycerol bath so that the surface of the
suspension was always some centimetres below the bath surface. In order to increase heat
exchange, the vials were kept in constant movement throughout incubation. Thus the samples
reached the temperature of the glycerol bath within 1 minute.

Cell-state distribution was examined by a phase contrast microscope supplied with
a 90 X immersion objective at 2025 X total magnification in petrolatum-sealed preparations
0.01 mm thick [27]. When nutrient medium was used as a suspending liquor, germination or
growth was stopped by the addition of 0.05 ml 4 per cent mercuric chloride per ml of sus-
pension. Cell-state distribution was determined by observing some hundreds of cells distributed
in 20—30 microscope fields. Germinating spores and various stages of postgerminative devel-
opment were recorded as follows.

Bright spores: highly refractive spores corresponded to dormant spores.

Less refractive spores were not so shiny as dormant spores, but were still more refractive
than vegetative cells; in size they were similar to dormant spores.

Dark spores were similar in refractivity to vegetative cells, but they were not larger
than dormant spores.

Outgrowing cells. This term included all stages between dark spores and vegetative cells
(swollen, dark spores, elongated cells and cells losing their spore coats).
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Results

Germination of B. cereus spores in nutrient medium. First, the germination
rate and frequency of untreated dormant spores were examined. The spores
were incubated at 30°C in various media at approximate counts of 108ml. The
suspensions were sampled at 5 minute intervals and examined under the phase
contrast microscope. Repeated examination of dormant spores stored for
different periods of time showed germination in universal medium only in 30

) pea-extract
g ,universal" pea +1,5%NoCl
+Z%saccharose

outgrowing cell
dark spores
brigtit spores

0 untreated

H 60°C,30 minutes

0 H
Fig. 1. Germination of spores in different media after 10 minutes at 30°C

to 60 per cent. In pea-extract the frequency of germinated spores was 45 to 80
per cent after 20 to 30 minutes incubation; no further increase was observed in
the number of germinating spores even after 80 minutes. When, however, the
concentrated aqueous or phosphate buffer suspension of dormant spores had
been kept prior to inoculation into nutrient medium at 60°C for 30 minutes or
at 80°C for 10 minutes, the change from dormant to germinated (dark)
spores exceeded 90 per cent in both nutrient media. If pea-extract, in order to
correspond to canned pea liquor, was supplemented with 1.5 per cent NacCl
and 2 per cent sucrose, the proportion of germinated cells was furthei increased.
Fig. 1 presents the result of an experiment revealing a typical cell-state
distribution after 10 minute incubation.

Initiation of spore germination by exposure to jnild heat and stimulating
substances. On the basis of data in the literature [11, 12, 38], it was examined
whether in media deficient in nutrient materials spore germination was
induced by mild heating, d-glucose, 1-alanine, adenosine or with the combi-
nation of these agents. The substances were added to spores suspended in pH 7.0
phosphate buffer. Aliquots of the suspension were pre-heated to 60°C for 30
minutes, other aliquots were not exposed to heat. Incubation temperature was
30° C and the total counts were approximately 108 per ml. Results are shown
in Table 1.
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Table 1

Percentage frequency of dark spores

Incubation
Additive co Wfﬁati on ';cet?t 0 60 00 120
vation minutes mr'
_ - 2.9 3.3 3.1 3.7
— — + 4.4 2.6 .
d-gluCOSE ..o 0.9 137
d-glucose 4- l-alanine ... 0.9 f0.1 - 4.5 . 6.4
1-alaninge 0.1 - 2.8
1-alaning ..o 0.4 — 6.0 4.7
1-alanine e 0.1 + 4.0
1-alanine 0.4 -F 3.8
Adenosine 0.1 — . 4.2
Adenosine 0.4 . 5.8
AdENOSINE  oeveciicieeese s 0.1 f 116 127 7.4
AdENOSINE oo 0.4 15.3 183  29.1
04 j0.4 21.7 25.8 36.9
l-alanine  adenosine.............. 0.4 104 + 853 919 937 897

. — Not examined.
Proportion of dark spores in the inoculum was 2.4 per cent.

Table | indicates that in the concentrations used neither d-glucose nor
l-alanine stimulated the germination of dormant spores. In the absence of
nutrient materials a previous heating was also ineffective. In the presence
of adenosine the number of dark spores in pre-heated suspension increased.
W ith a combination of 1-alanine and adenosine about one third of the spores
showed signs of germination even without previous heating. Pre-heating and
subsequent treatment with these substances resulted in 90 per cent germi-
nation in the absence of other nutrients. For the sake of a better comparison,
characteristic values found after 120 minutes incubation arc presented in
Fig. 2.

Minimum period of lieat-activation. In these experiments the minimum
time of exposure to heat needed for stimulating germination in the presence of
adenosine and 1-alanine was determined. The spores were suspended in pH
6.0 buffer containing both germinants at 4 mg/ml concentration. Results are
shown in Fig. 3.

It is seen that the activating effect of heating to 60° C was evident after 4
minutes and within the 30 minute observation period it increased pro-
portionally to the time of exposure.
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In further experiments it was examined whether there was a decrease in
the radiation and thermal resistance of spores that had been subjected to the
above initiating effects.

Change in radiation resistance due to initiation ofgermination. In the first
experiment dormant spores after an exposure to 60°C for 30 minutes were

Fig. 2. Initiating effect on germination of previous heat-activation at 60°C for 30 minutes
and adenosine and 1-alanine treatment. Per cent of dark spores after 120 minutes at 30°C

00

»2 minutes
?15 at60°C
¢15

«30J

Fig. 3. Effect of the time of previous heat-activition on the germination of B. cereus spores in
the presence of 1-alanine and adenosine

suspended in distilled water and in aqueous solutions of adenosine and 1-alanine.
The suspensions were incubated at 30°C for 60 minutes then irradiated with a
dose of 200 krad. The percentage of dark spores and viable counts was de-
termined in all phases of the experiment. In samples containing no adenosine
and l-alanine the frequency of dark spores remained at the starting level (8.5
per cent), while in those supplied with germinants 95.5 per cent of the dormant
spores underwent germination. Irradiation caused a considerably higher
reduction of viable counts in the initiated suspension than in the suspension
containing spores not “compelled” to germinate. The findings are presented in
Fig. 4.
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As compared to the control, the reduction in the number of viable cells
receiving stimulating treatment before irradiation, was higher by 3 exponents.
Heating per se did not change the viability and radiation resistance of dormant
spores. These data were in good agreement with the 200 krad points of survival
curves obtained in previous experiments [9].

Reduction of resistance of B. cereus spores in pea-extract after initiation of
germination. In order to study the reduction of resistance in food model, sterile
pea-extract was seeded with dormant spores. Part of the extract was supple-
mented with adenosine and 1l-alanine to final concentrations of 0.2 mg per ml.

Jog N

survival
100%
8
2%
6
0,00u%
h-
2. 1
0 /. . .
Fig. 4. Effect of germination initiation on the radiation resistance of spores. | = 60°C,
30 minutes; Il = 60°C, 30 minutes -f- 200 krad; Ill = 60°C, 30 minutes : Ade. Ala + 200
krad

The inoculated media were partly heated at 60°C for 30 minutes, then incubated
at 30°C for 50 minutes, partly kept at 30°C for 80 minutes. Subsequently
the samples were heated to 90°C for 5 minutes or irradiated with 200 krad
doses. Viable counts and cell-state distribution are presented in Fig. 5. Squares
including the viable count value points of the graph express the limits of total
error.

It is seen that dormant spores germinated in approximately 90 per cent
without pre-heating. Heating to 60°C had instead of a stimulating a delaying
effect, as germination during heat-activation took place probably considerably
slower than at 30°C. Knaysi [19] found that the maximum temperature for
the first stage of germination in B. cereus strain C3 was 59°C. A combination
of adenosine and 1-alanine increased the rate of germination in every experiment
and therefore reduced the heat and radiation resistance of the population.

To approach commercial canning conditions, quick-frozen green peas
after thawing were mixed with an equal part of the sugar and salt-containing
liquor, and inoculated with dormant spores to give final counts of 1CF per g.
The used quick-frozen peas contained no bacterial spores, other micro-organ-
isms present in small numbers exerted no influence on the results. Ali-
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quots of the seeded medium were incubated at 30°C, other aliquots were
heated at 80°C for 10 minutes then cooled to 30°C and incubated further at
this temperature.

To some samples 0.2 mg per g of adenosine and 1-alanine were added
after 10 minutes heating or incubation at 30°C. Samples containing no additives
served as controls. Thus, incubation, including the time of heating, lasted

o 60X,30min 60X,30min
$ 30X 30X 30'C 30C
.5 r80minir50mirti  rSOminirSOmiOi
8,0- r-+90X,5min-, r-+200krad->
£140-
Oc
10- vegetative cells
20- outgrowing cells
30 darkspores
90: brightspores
| 50- 0 no additive
T 50- K adenosine+
770 alanine
0 80
2 90
E) 100

Fig. 5. Reduction of heat and radiation resistance of spores as a result of germination in-

itiation. The lower part of the figure represents the cell-state distribution at the end of

treatment; the upper part shows the number of cells surviving 90°C for 5 minutes and 200
krad irradiation after incubation

altogether for 15 minutes. Then the cells which had become heat-sensitive,
were destroyed by heating to 80°C for 10 minutes and the number of surviving
spores was determined by the pour plate method. Subsequently, the remaining
suspension was irradiated with a 400 krad dose and the number of surviving
spores was again determined. Results are shown in Fig. 6.

Adenosine and 1-alanine stimulated the germination of spores also in the
liguor used in these experiments, as samples containing the germinants yielded
always lower numbers of surviving bacteria than the control did. Microscopic
examination ofthe cell-state distribution was in good agreement with differences
found in the resistance of the populations. The stimulating effect of additives
on germination was evident in 5 minutes, from the decrease in the resistance
of the spore population. It should be noted that in samples subjected to a
80°C pre-incubation heat shock, the reduction of the number of resistant
cells was not higher than in suspensions incubated at 30°C. This was probably
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due to the fact that no germination occurred during heating and this delay
was only just compensated by the higher spore germination rate taking place
in the pre-heated suspension.

Initiation of germination and reduction of resistance in the medium where
spore formation had taken place. It was desirable to examine whether germi-
nation of B. cereus spores could be initiated in the same medium where they had

ark spores
right spores
no additives

A adenosine+
atonine

Fig. 6. Stimulation of spore germination in a mixture of sugar and salt-containing liquor and
green peas

been formed. Pea-extract containing the sporulation salt mixture and liquid uni-
versal medium was inoculated with B. cereus. The cultures were shaken for 6 days
at 30°C. After 6 days both cultures consisted practically of sporulated forms.
While in universal medium the autolysis of sporangia was almost perfect, in
pea-extract cultures 58.8 per cent of the cells contained sporangia. (Prior to
these examinations the suspensions were homogenized in an “Atomix blendor.)

Aliquots of the cultures were centrifuged, then other aliquots were
diluted 1:10 with the clear supernatant. Then the diluted and undiluted
suspensions were heated to 60°C for 30 minutes as well as treated with com-
bined germinants (both adenosine and 1-alanine were used at 0.2 mg per ml
concentrations). The suspensions were incubated at 30°C. Changes in the cell-
state distribution are presented in Fig. 7.

Heat-activation at 60°C for 30 minutes caused no germination, although
in samples incubated for 24 hours most spores were less refractive than in the
starting suspensions. The effect of germinants was evident after 1 hour and
considerably increased after 24 hours incubation. Whether the cell-state
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distribution observed in 24 hour samples was reached in some hours or later, has
not been elucidated, as no examinations were performed in that interval. The
thermal resistance of the spores was, however, established immediately after
the 30 minutes heat activation at 60°C, as well as after 3 and 27 hours incu-
bation. Fig. 8 shows the heat resistant cell count in pea-extract cultures diluted
with supernatant.

cell-state distribution %

pea extract

= vegetative cells

\" outgrowing cells

| darkspores

< less refractive spores
brightspores

universal medium

Fig. 7. Initiation of spore germination in the medium where they had been formed. To samples
marked with “A” 1l-alanine and adenosine at 0.2 mg per ml concentration were added after
heat-activation at 60°C for 30 minutes

Discussion

The above results are indicative of considerable individual differences in
bacterial spores originating from suitably synchronized cultures, as to regards
the effect of germination-initiating agents and the velocity of germination
[17, 32]. In agreement with other authors’ experience [6, 11, 12, 33], l-alanine
and adenosine are capable of inducing germination in media free from other
organic substances and of accelerating the germination rate in nutrient media.
The effect of germinants could be increased by pre-heating, at 60° to 80°C.

The reduction in the refractivity of spores went parallel not only with
the decrease in heat-tolerance [17, 24] but also with a decrease in radiation
resistance. Initiation of germination therefore effectively increases the number
of spores destroyed by heating as well as by radiation.
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Germination inducing factors act rapidly at 30°C. The proportion of
resistant spores was considerably decreased by incubation following initiation
and prior to processing.

By the use of the above described physical and chemical treatments, the
overwhelming majority of spores can be induced to germinate. In consequence,

h.104]
3 lOe]
2108
C
107 u
0 -
30"
b | +30°C
with additives
3h27m

Fig. 8. Decrease in the number of heat resistant cells in sporulated cultures under the effect
of germinants

the spores become less resistant even when they are present in high counts,
which are otherwise unfavourable for germination [36] and even when they
are in the same medium in which they had developed.

Thus it seems realizable that by means of suitably chosen blanching and
pre-sterilization temperatures and periods and addition of harmless, even
nutrient germinants, resistant spores can be changed into sensitive cells in
processed foods previous to sterilization. While this new, fractionated sterili-
zation of foods is more effective and causes smaller damages in the material, it
is also advantageous in that it requires less energy than the usual processing
methods.
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of Sciences, Budapest
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Summary. Streptomyces strains belonging to the griseus-group isolated from the intes-
tinal tract and excrement of individuals of three larval populations of St. Mark’s fly ( Bibio
mard B.) have been identified as Act. vulgaris Nikitina et al. 1960 and Act. cilreofluorescens
Koreniako et al. 1960. Griseus-strains isolated from Aj horizon situated under the activity
area of Bibio populations were partly identical with Act. levoris Koreniako et al. 1960, partly
closely related to Str. michiganensis Corbaz et al. 1957. In connection with this work a key
has been established for the determination of species and varieties belonging to the Strepto-
myces griseus group.

Actinomycetes play an important part in the intestinal tract of earth-
worms and other soil-inhabiting animals feeding on organic substances present
in the soil. In the fresh excrement of these animals, the important biological
function of which is iveli known, there occurs a large number of actinomycetes
[1, 2]. Recently it has been shown that insects such as the larvae of Bibio mard
(Diptera), also carry these microorganisms in their intestinal flora in consider-
able proportions (20 to 50 per eent) [31. The systematic position of the actino-
mycetes occurring in the intestine of soil animals has scarcely been investigated
in spite of the finding [1,3] that in the intestinal tract and fresh excrement of
soil-inhabiting animals certain microorganisms become predominant by
selection or, at least, occur in larger numbers than in soil. In contrast, some
other species commonly found in soil and in the consumed food disappear
rapidly from the intestinal tract of these animals.

In the present experiments we have examined Bibio mard larvae, as
these, in view of their large numbers and high frequency, play an outstanding
biological role in soil [4]. From the intestinal tract and excrement of these
animals Streptromyces strains belonging to the griseus group have been isolated
and the classification of these microorganisms has been attempted.

Materials and methods

Soil examined. Forest mull-like rendzina (humid rendzina) formed on limestone.

Bibio mard larvae were inhabiting the horizons A00 and Ap in populations consisting
of 500 to 2000 individuals. The animals fed on miscellaneous materials and thus, in addition
to the litter, they passed through their intestinal tract considerable amounts of soil matter
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(partly humified organic materials, partly fine mineral particles, mainly of calcite). The
consumed food contained several different species of actinomycetes of the soil microflora.

Isolation of strains. The larvae were dissected aseptically under stereomicroscope, then
the intestinal contents were ground in saline. Serial dilutions prepared from the homogenate
and suspensions prepared from fresh excrement collected from under the larval colonies were
plated onto glucose-asparagine, glycerol-arginine (E1 Nakeb and Lechevatier) and casein-
glucose agar. The plates were incubated for 2 weeks at 28°C. The frequency of the different
colonial types was examined under the microscope at low power. The colonies were transferred
to agar slants and the growth was checked for purity. Microbiological examination of the
intestinal contents was performed partly by use of individual larvae, partly by use of mixed
intestinal specimens obtained from large numbers of larvae.

Cultural and physiological properties of the isolates and of authentic (mainly “type”)
strains, unless otherwise indicated, were examined as recommended in 1964 by the Subcom-
mittee on Actinomycetes of the International Committee on Bacteriological Nomenclature,
International Association of Microbiological Societies [5].

Authentic strains were maintained on agar media or by freeze-drying.

Results

Incidence ofgriseus strains and grouping of isolates. Griseus strains were
isolated from the intestinal tract of individuals of 3 larval populations (No. 3,
4 and 6; 50, 41 and 220 dissected animals, respectively). The proportion of
bacteria and actinomycetes in mixed intestinal samples from these populations
varied between 10:2.5 and 10:1.8. It should be noted that in these cases
the observed proportion of actinomycetes was the lowest that has so far been
revealed in Bibio mard. In other examinations the corresponding rate was
generally higher than 20 per cent. Among actinomyceétes the fertile and aspo-
rogenic forms of Str. finlayi [6] exceeded 80 per cent in all three larval
populations. Griseus strains, the “accessory” members of the intestinal flora,
were present at most in 4 to 5 per cent of all actinomycétes. Among “accesso-
ry” members, however, these organisms were the commonest. In the intes-
tinal tract of the individuals of other larval populations, in which strepto-
mycetes (Str. olivaceus, Str. antibioticus, Str. aureofaciens, etc.) other than
Str. finlayi predominated the presence of griseus strains was not revealed.
Among the few species of actinomycetes that become predominant in the
intestinal flora by selection [3], symbiotic and antibiotic connections are
probably formed, thus when Str.finlayi constitutes the predominating organ-
ism, a moderate griseus population may develop. On the other hand, when
other species occur at high proportions, colonization of griseus strains is com-
pletely inhibited. The incidence of griseus strains may be higher in fresh ex-
crements where, as a result of microbial succession, the proportion of actino-
mycetes in the total faecal flora increases gradually up to 70—80 per cent;
the number of species also increases and the flora becomes different from that
present in the intestine [3]. Occurrence and frequency of griseus strains were
determined by microscopical examination of the agar plates seeded with the
samples. The aerial mycelium of surface colonies showed a typical “griseus”
colour [7] and typical sporophores.
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Of large numbers of griseus isolates 28 intestinal and faecal and 23 soil
strains were subjected to taxonomic analysis. These strains were divided into 4
groups: (1) melanin positive variant; (2) melanin negative, heptaen antibiotic-
producing variants; (3) and (4) melanin negative, heptaen-non-producing vari-
ants differing in some physiological properties. Variants 1 and 2 were isolated
from control soil, variants 3 and 4 were revealed in intestinal contents and
excreta. Prior to discussing the taxonomic position of the isolates, it seems
advisable to summarize the classification of the griseus group.

Classification of the griseus group. On the basis of comparative exami-
nations performed with authentic strains and of data in the literature, the griseus
group was divided into 36 taxa. These units may be regarded as species, although
criteria of species-differentiation in actinomycetes have not yet been decided.
Table | shows a key to the 36 taxa, each of which except Act. raffinosus isrepre-
sented by one authentic strain. Asshown by HUtter [7], on the basis of the type
of branching of aerial hyphae (verticillatus and averticillatus) streptomycetes
producing a “griseus” aerial mycelium can be divided into 2 main groups. By
the use of a dichotomic key system based on sporophore morphology, melanin
production, carbon source utilization spectrum, and some other morphological
and cultural properties, a further simple and practical diagnostic differentiation
scheme has been established. The properties of Act. raffinosus, which isincluded
in Table | without designation, are given according to data in the literature,
as no authentic strain of this organism could he obtained. In addition, one
taxon is represented by one of our isolates (strain 3393/p), which is closely
related to Str. michiganensis. In our opinion the present key has the advantage
ol including defined strains instead of generalized species. Therefore, on the
one hand it reflects the richness in different forms and physiological hetero-
geneity of the griseus group, and on the other, it serves as a guide for the
identification of new isolates. Unfortunately, at present the number of available
authentic or wild strains representing the different taxa is small (a taxon is
often represented by one strain only); there is therefore no basis for estimating
differential value and stability of physiological and cultural characters.

Identification of isolates. Table | shows in framed areas the designation
of our griseus strains representing 4 different types and the corresponding
authentic strains. Strain 3393/p is a single representative of the melanin
positive griseus type related to Str. michiganensis. This culture with the
exception of its action on lactose and inulin. is similar in carbon source utili-
zation spectrum to Sir. michiganensis ETH 9001 type strain. Both 3393/p and
ETH 9001 are 1-xylose, 1l-arabinose, d-fructose, d-galactose, maltose and
d-mannitol positive, and 1l-rhamnose, sucrose, ineso-inositol, raffinose and
d-sorbitol negative. In view of its similar cultural and physiological characters,
strain 3393/p can be regarded as a variant of Str. michiganensis.
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Table

Key to the differentiation of the Streptomyces griseus group

Avrabinose
Viomycin*
Rhamnose* Salicin'  Salicin+
| Sorbitol'  Sorbitol
coelicolor I
S.puniceus
13-14-5
3 Loctose+
Lacltose Malt
A.globispo-  S.chryso-
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Numerous griseus strains exerting an inhibitory action on yeasts have
been isolated also from horizon Ah- These organisms belonged to Act. levoris
and showed the properties described for the laboratory type strain of this
species (Int. Common. Exp.: 5202). The following carbon utilization spectrum
is characteristic of Act. levoris: 1l-arabinose, d-xylose, d-mannitol and d-
fructose positive; sucrose, i-inositol, rhamnose, raffinose and cellulose negative.
The strains were identical in every respect with members of a griseus population
designated R-1-16, which had been isolated from rendzina soil of similar origin
and described as Act. levoris [8].

Griseus strains belonging to the third group are represented in Table | by
strain 4155. This culture is identical with Act. vulgaris Nikitina et al. [9], an
organism commonly found in different soil types.

The fourth group of our griseus strains is represented in Table | by
strains 3014/p and 2878/p. These two strains, which differed in some less
important characters, were closely related to, or identical with, Act. citreo-
fluorescens and somewhat less closely related to Act. pneumonicus. These cul-
tures were typical averticillatus, melanin or Tresner-Danga negative, rhamnose
and arabinose positive, raffinose and sucrose negative organisms.

Discussion

Streptomycetes belonging to the griseus group isolated from the intestinal
tract and excrements of Bibio mard larvae were different from the griseus-
strains occurring in the Afy-horizon. Act. levoris [10], an organism commonly
occurring in the deeper layer of the horizon Ah, has not been revealed in the
intestinal tract of Bibio larvae. In contrast, Act. vulgaris, which is also a char-
acteristic soil inhabiting microorganism occurred relatively frequently in the
intestinal canal. The frequency of distribution of actinomyceétes varies consid-
erably according to horizons of different soil types [11]. Therefore, only the
spores or vegetative forms of certain species consumed together with organic
soil substances are subject to the selective process taking place in the intes-
tinal flora of soil inhabiting animals. In horizons A00 and Ap and in the top
(1—2 cm) layer of the AH horizon of the examined mull-like rendzina, the
organic substances of which are continuously passed through the intestinal
tract of Bibio mard larvae, Act. vulgaris and Act. citreofluorescens were only
revealed, whereas Act. levoris tended to occur more frequently only in horizon
All, especially in the deeper layer of calcium carbonate accumulation [8].
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INCIDENCE OF RHODOTORULA SPECIES IN URBAN AIR
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Gyorgyi Voros-Felkai
National Institute of Public Health (Director: T. Bakacs), Budapest
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Summary. In connection with investigations into urban air pollution, the yeast flora
of air has been examined. The most common organisms occurring in urban air were Rhodo-
torula and Cryptococcus species.

No seasonal difference was observed in the incidence of the isolated 100 Rhodotorula
strains representing 12 species. Of the isolates, 34 per cent belonged to Rh. glutinis, 26 per
cent to Rh. mucilaginosa, 16 per cent to Rh. rubra and 11 per cent to Rh. minuta.

The findings indicate that in the search for sources of human mycoses the microflora
of air should also be considered.

Although recent extensive investigations have considerably increased
our knowledge of the ecology ofyeasts, few authors have examined the incidence
of these organisms in air. Yeasts have been detected in altitudes exceeding
2000 metres, in the air of oceans and north polar regions and especially
frequently in tropical air [4]. Recent studies have shown that the incidence of
yeasts shows a diurnal variation, namely, these organisms can mainly be
detected at night and in the early morning hours [9]. As yeasts frequently
occur in soil [1, 10, 13, 14], they probably get into the air on dust particles. In
the literature there are no detailed references as to the species distribution of
yeasts occurring in air, but for LW Menna’s report [12] on several species
isolated from indoor air.

The present studies were begun in 1964 as part of an investigation into
the pollution of outdoor air in Budapest. Rhodotorula and Cryptococcus were
the most commonly encountered yeast species. The present paper deals with
the examination of Rhodotorula strains.

Routine experience and data described in the literature indicate that
carotinoid pigment-containing yeasts are frequently isolated from human
material. The surface of the skin contains most frequently Rhodotorula mucila-
ginosa, Rh. minuta and Rh. glutinis |2, 8]. These species were also detected in
the respiratory tract [24]. Rh. mucilaginosa and Rh. minuta are common
members of the genital yeast flora [19]. From the gall bladder and duodenal
juice mainly Rhodotorula species can be isolated, usually Rh. mucilaginosa
and Rh. rubra, less frequently Rh. glutinis, Rh. aurantiaca and Rh. minuta
[2, 21]. Although these organisms are generally regarded as non-pathogenic,
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some yeasts isolated from infected gall bladders belonged to Rhodotorula [22],
and Rhodotorula fungiaemia has been described as a complication of staphylo-
coccal endocarditis [23]. Rh. mucilaginosa may give rise to experimental
mycosis in white mice [l4a].

Our investigations indicate that the air’s yeast flora should not be
neglected in the search for infective sources. The present paper gives an account
of Rhodotorula species.

Materials and methods

During a 14 month period between April, 1964, and August, 1965, with the exception
of the cold months January, February and March, two samples were taken daily (one in the
morning and one at noon) by the staff of our laboratory. Petri dishes containing molasses
agar were exposed for 15 minutes on the top of a 20 metre high building situated at a busy
traffic centre (Nagyvarad tér, Budapest IX). The plates were incubated in a dim place at room
temperature for 2 to 4 days. Rhodotorula colonies were transferred to molasses agar slants
then, in order to obtain pure cultures, were streaked onto Pagano—Levin—Trejo plates [17].

Identification of the cultures was based on methods described in Louder and K reger-
van Rij’s monograph [11]. The following examinations were carried out: pseudomycelium
production on potato agar, macrocolony formation and size of cells on malt extract agar,
size of cells in malt extract cultures, carbon source assimilation, nitrogen source assimilation,
turbidimetric measurement of growth in ethanol as a sole source of carbon, cleavage of arbutin,
production of starch.

Results anil discussion

During the 14 months observation period, 100 Rhodotorula strains were
isolated. The incidence (also percentage distribution) of pink pigment-producing
yeast strains was as follows. Rh. glutinis (Fres.) Harrison, 34; Rh. mucilaginosa
(Jérg.) Harrison, 26; RIli. rubra (Demme) Lodder, 16; Rh. minuta (Saito)
Harrison, 11; Rh. zsoltii Galgéczy et Novak, 4; Rh. graminis di Menna, 2;
Rh. slooffii Novak et Yords-Felkai, 1; Rh. aurantiaca (Saito) Lodder 1; Rh.
marina Phaff, Mrak et Williams, 1; Rhodotorula peneai Phaff, Mrak et
Williams 1; Rh. laryngis Reiersdl, 1; Flavotorula sp., 2.

Table | shows monthly incidence of the isolated cultures. It is seen that
there was no seasonal difference in the distribution of species.

Table Il presents the morphological and physiological characters of the
strains.

Classification of the 100 Rhodotorula strains was based on Lodder and
K reger-van Rij’s monograph [11] and on the studies of Hasegawa, Banno
and Y amauchi [6, 7] and Novak and Zsolt [15].

Lodder and Kreger-van Rij [11] included 7 species and 1 variety in
the genus Rhodotorula. These were distinguished on the basis of nitrate
assimilation, sugar utilization, morphology and size of cells and colour of
colonies (Rh. glutinis, Rh. glutinis var. rubescens, Rh. aurantiaca, Rh. pallida,
Rh. minuta, Rh. rubra, Rh. mucilaginosa, Rh. flava).
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Table |

Monthly distribution of Rhodotorula species isolated from air
Observation period, April, 1964 — August, 1965

17} a 2l =
Rhodotorula glutinis............ I 1 3 1 8 4 1 i 3 2 3 5 34
Rhodotorula mucilaginosa......... 3 2 4 2 4 3 4 4 26
Rhodotorula rubra ... 1 3 1 2 1 3 2 1 1 1 16
Rhodotorula minuta ... 2 1 2 3 2 1 11
Rhodotorula graminis.............. 1 1 2
Rhodotorula zsollii ....cccceevveuneee. 1 1 2 4
Rhodotorula slooffii ......ccccceeunee 1 1
Rhodotorula aurantiaca 1 1
Rhodotorula laryngis ............ | 1
Rhodotorula marina ... 1 1
Rhodotorula peneai.......ou.. 1 1
Flavotorula Sp..... 1 1 2
Totaloieeeee e 7 10 8 7 2 1 6 8 4 10 8 I 8 10 100

Hasegawa in 1958 [5] united Rh. mucilaginosa and Rh. rubra into oue
species (RIli. rubra). He regarded Rh. aurantiaca as a variant of Rh. glutinis.
On the basis of pigment production, Hasegawa, Banno and Yamauchi [6, 7]
recommended the establishment of two subgenera: 1. Rubrotorula subgen.
Hasegawa, Banno et Yamauchi including yellowish-red and orange rhodo-
torulae; 2. Flavotorula subgen. Hasegawa, Banno et Yamauchi including
yellowish rhodotorulae. Some Cryptococcus species were also classified in the
latter subgenus. Subgenus Rhodotorula contained 7 species: Rh. glutinis, Rh.
rubra, Rh. macerans, Rh. lactosa, Rh. marina, Rh. texensis and Rh. pallida.

Including into their system all known rhodotorulae, Novak and Zsolt
in 1961 [15] distinguished 12 species (Rh. pallida, Rh. minuta, lilt, texensis,
RIt. graminis, Rh. crocea, Rh. mucilaginosa, Rh. rubra, Rh. glutinis, Rh. marina,
Rh. flava, Rh. peneai and Rh. macerans).

Our 34 Rh. glutinis strains were easy to classify. All cultures produced
smooth, mucoid, orange coloured colonies, intracellular fat globules 5.2—7.8 p,
in diameter, and uniform nitrate and sugar reactions. Arbutin was decomposed
by all strains. Ethanol was assimilated by about 50 per cent of the isolates.
According to Lodder and Kreger-van Rij, and Novak and Zsolt, this
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Table 11

Physiological and morphological properlie

Sugar assimitation

Rhodotorula species NO, Starch  Ethanol Arbutin
D G s M L R ass. prod. ass. decomp.
Rh. glutinis......... + + + + + " d "
Rh. mucilaginosa .. 4 " " " — ¥ d "
Rh. rubra........... N N " " — ¥ " d
Rh. minuta ......... " N " - _ ¥
Rh. graminis.......... " + ¥ — — " ¥ — d
Rh. zsoltii " " " — — — — — — ¥
Rh. slooffii .......... ¥ ¥ " " — "
Rh. aurantiaca .... + ¥ + — — N — — N
Rh. laryngis ... ¥ " " " — — — — — +
Rh. marina..... + + + + + + — — - +
Rh. peneai....... + - + + + + + — +
Flavotorula sp. + + + + — + + — d

Abbreviations: D = dextrose, G = galactose, S = sucrose, M = maltose, L = lactose, R = raf-
finose, d = different

species utilizes ethanol; in contrast, Hasegawa et al. described Rh. glutinis as
acting on ethanol poorly or not at all.

More difficulty was encountered in identifying Rh. mucilaginosa and
Rh. rubra strains. In sugar reactions and nitrate negativity all strains were
uniform. According to colonial morphology after 30 days incubation, the
strains were divided into 2 groups: on malt agar 26 strains produced smooth,
mucoid, glistening light orange coloured colonies; 16 strains formed non-
mucoid, waxy, rugose colonies red in colour. The size of cells was similar in
both groups. The 26 smooth, mucoid strains uniformly decomposed arbutin
and acted variably upon ethanol; the 16 non-mucoid, rugose strains assimilated
ethanol uniformly, but exercised a variable effect on arbutin. On the basis of
Lodder and Kreger-van Rij’s data, the first group of isolates should be
included into Rh. mucilaginosa. Members of the second group, except the size
of cells, show the properties of Rh. rubra. According to Hasegawa [5], the
united Rh. rubra species decomposes arbutin, utilizes ethanol weakly and
produces smooth, glistening, mucoid colonies. Our observations indicate that
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of yeasts isolated from air

Colonial moiphology und size of malt agar culture cells, fi Size of malt broth culture cells, u

Smooth, mucoid, glistening, orange colonies;
2—3.9X3.9 -5.2

2-3.2X3.9-5.2
fat globules, 5.2 7.8 ju o

Smooth, mucoid, glistening, light orange colonies:
2.6 —3.9X3.9—6.5
W axy, rugose, red colonies;
2.6-3.9 X 3.2 52
Somewhat mucoid, glistening, light red colonies;
2.6 3.2X3.9-5.7
Mucoid, glistening,flesh coloured colonies; 2.6 —3.2 X 3.9 —5.7
Flesh coloured, waxy colonies; 2.6 3.9X3.9 —6.5
Flesh coloured, waxy colonies; 2.6 3.2X3.2 —5.2
Glistening, somewhat mucoid, red colonies;
2.6-3.9X5.2X7.8
Glistening, mucoid red colonies; 3.2—5.2x5.2 10.4
Glistening, waxy, red colonies; 3.2 —-5.2 X5.6—7.8
Glistening, waxy, red colonies; 2.6 —5.2 X 3.9—7.8

2.6-3.9X3.9-7.8

26—3.9X3.9 -5.2

fat globules, 2.6 —5.2 // o

26 3.9X3.9 6.5
3.2—-3.9X3.9-5.2
20 3.9X39 5.2
20 3.2X3.2 -5.2

2.6—3.9X5.2 -7.6
26—-3.2X5.2—-7.8
26 3.9X5.2 -7.8
26 -5.2X3.9 7.8

W axy, yellow or flesh coloured colonies;

tilese properties are characteristic of Rh. mucilaginosa only; therefore, this
species should be separated from Rh. rubra, though both give similar sugar and
nitrate assimilation reactions.

Eleven cultures were classified as Rh. minuta; these strains assimilated
raffinose in addition to glucose, galactose and sucrose, and did not attack
arbutin and ethanol. Hasegawa et al. regarded Rh. minuta as a variant of
Rh. texensis. According to Galgsoéczy and Novak [3], classification of the
lactose-non-assimilating Rh. minuta into the species Rh. texensis is hardly
justifiable. As none of our 11 strains assimilated lactose, all of them were
identified as Rh. minuta.

One strain belonged to Rh. slooffii [16], 4 strains to Rh. zsoltii [3].
Members of these recently described two species produced waxy, non-mucoid,
flesh coloured colonies. The two species differed in the assimilation of lactose.

Hasegawa et al. regarded Rh. aurantiaca as a variant of Rh. glutinis. Our
strain, unlike other Rh. glutinis cultures, did not assimilate raffinose.

One of our strains corresponded to”Rh. laryngis described by Reiersol
[18].
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Two strains isolated from air produced yellowish flesh-coloured colonies.
These starch-non-producing cultures, on the basis of their pigment production,
were classified as belonging to subgenus Flavotorula. They were not identical
with Rh. flava of Hasegawa et al. [7], because they assimilated nitrate but
not lactose. In assimilation properties both strains resembled Rh. glutinis.

It is interesting that air pollution examinations yielded most frequently
Rhodotorula and Cryptococcus species. These organisms produce carotinoid
pigment and are often encapsulated. The capsule as well as the pigment may
protect the cells against harmful environmental effects. Elucidation of this
question, i. e. whether these species are or are not more resistant to temperature
or humidity alterations, drying, and ultraviolet rays, than other yeasts, a-
waits further investigations.
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Summary. By use of the replica plating technique the assimilation and utilization as
carbon and nitrogen sources of 10 organic acids and 11 amino acids have been examined.
The results obtained with one strain of each of 25 different yeast species were evaluated in
view of taxonomical and physiological importance. The replica plating technique, owing to
the low nitrogen requirement of the majority of the examined species, was found unsuitable
for nitrogen source determination.

Examination of nutrient sources of yeasts isimportant both physiological-
ly and taxonomically. In view of the practical importance of those organisms,
extensive investigations have been performed into their carbohydrate utili-
zation. Although Enhrtich [2] in 1907 already pointed out the role of amino acid
fermentation in the production of fusel oils, less attention has so far been paid
to other carbon and energy sources. As to amino acids, studies have mainly
been focussed on their utilization as nitrogen sources [3, 14]. Less extensive
examinations have been carried out on amino acids as carbon sources [17].
Investigations into the mechanism of utilization have been limited to a small
number of species. Results of some orientation experiments performed with
larger numbers of species were found unsuitable by Lodder and Kreger-van
Ri.) for classification purposes [8].

Assimilation experiments with organic acids have mainly been restricted
to substances involved in the citrate cycle and in glycolysis. In classifying
ascosporogenic yeasts, Kudrjawzew [5, 6] was the first to take organic acid
assimilation into consideration. Wickerham and Rurton [23] recommended
the extension of the spectrum of assimilation tests for diagnostic purposes: in
addition to sugars, glucosides and alcohols they used organic acids. This method,
with some modifications, was adopted by other investigators for the classifi-
cation of new species and for the monographic description of certain genera
[19 -21, 4].

The present experiments had two main purposes, viz. (1) to check on a
larger material the reliability of the replica plating technique originally de-
scribed for genetic studies by Lederberg and Lederberg [7] and used for
testing sugar assimilation in yeasts by Shifrine et al. [15]; and (2) to obtain
orientation data for further taxonomical and physiological experiments by
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examining the utilization of 10 organic and 11 amino acids by 25 yeast species.
It has, however, been thought advisable to deal separately with the role of
amino acids as carbon and nitrogen and simultaneous carbon-nitrogen sources.

Materials and methods

Assimilation experiments were performed with the replica plating method described
by Lederberg and Lederberg [7] for the isolation of bacterial mutants. The same technique
was used by snifrine et al. [15] for the examination of carbon source assimilation by yeasts.
Our experiments were carried out as follows.

Cultures representing 25 different yeast species were inoculated by needle point onto
one Sabouraud glucose agar plate 9 cm in diameter, so as to obtain isolated colonies after two
days’incubation at 26°C. By means of a velveteen stamp attached to a plexiglass block, from
this “master” plate the 25 colonies were replicated to agar plates containing different test
substances. One master plate was sufficient for the preparation of 5 replica plates. When more
transfers were required, the first master plate was replicated to several Sabouraud glucose
agar plates and these secondary master plates were used for inoculating the test plates.

Cultures. The following yeast species isolated from human sources were used: Procandida
albicans 85/57, Procandida tropicalis 570/60, Azymocandida rug6sa 463/60, Candida krusei
387/60, Candida reukaufii Nr. 1, Candidafamata 375/60, Candida solani 488/60, Candida para-
psilosis 474/60, Candida utilis 25/58, Candida guilliermondii 372/59, Candida pseudotropicalis
61/60, Cryptococcus neoformans 343/60, Cryptococcus diffluens 255/59, Cryptococcus albidus
313/59, Rhodotorula mucilaginosa 373/60, Rhodotorula glutinis 518/59, Rhodotorulaflava 289/58,
Hansenula anomala 54/59, Dekkeromyces fragilis 500/59, Geotrichum linkii 132/57, Geotrichum
candidum 468/60, Geotrichum matalense 92/58, Torulopsis glabrata 465/60, Torulopsis incon-
spicua 435/60, Trichosporon cutaneum 436/59.

Organic acids and amino acids. Acetic, lactic, succinic, fumaric, malic, tartaric, citric,
oxalic, malonic and 1-ascorbic acid, glycine, 1-alpha-alanine, 1-cysteine, 1l-aspartic acid,
l-asparagine, 1-glutamic acid, 1-glutamine, 1-valine, 1-methionine, 1-arginine and 1-histidine.
Organic acids were used at 0.2 M concentration and pH 5.9—6.1. Amino acids were used as
carbon sources at 0.2 M, as nitrogen sources at 0.02 M (nitrogen), as simultaneous carbon =
nitrogen sources at 0.2 M concentration at pH 6.0—6.2. The test medium employed for
auxanographic sugar assimilation experiments for identification of yeasts [8, 24] served as
a basal medium. In this medium the above carbon sources were substituted for glucose and
the above nitrogen sources were substituted for ammonium sulphate. When amino acids were
tested as simultaneous carbon and nitrogen sources, the corresponding amino acid was sub-
stituted for both glucose and ammonium sulphate. Control plates were also prepared from the
basal medium. In carbon source examinations one control was represented by the original,
the other by a glucose-free medium. In nitrogen source determinations, in addition to the
complete medium, an ammonium sulphate-free medium was employed. In simultaneous carbon-
nitrogen utilization experiments the controls were a complete, a glucose-free, an ammonium
sulphate-free and a glucose-ammonium sulphate-free medium. The media were prepared from
washed agar. A scheme showing the employed test and control media is presented in Table I.

Two experiments were made in duplicate on two occasions. Colony development was
observed daily and the degree of growth as compared to the control was expressed on the
basis of an arbitrary scale. Readings were recorded as: 1  very weak, 2 = weak and 4 = good
growth.

Results

Table Il presents the result of organic acid utilization after 6 days
incubation. The three kinds of examinations with amino acids are shown in
Tables Hl/a, Ill/b and Ill/c.

It should be mentioned that on ammonium sulphate-free control plates
several strains exhibited a poor growth; some strains, however, grew well on
this medium. Thus the evaluation of nitrogen source experiments in the case
of the latter was difficult or sometimes even impossible.
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Tabic |

Scheme of assimilation experiments

Test media Control media

Negative control Positive
control
Simultane-
ous
C source N source
Cand N Simultane-
source c N ous c |
source source - 4N omplete
source
Organic Glucose Amino acid — Glucose - Glucose
or amino
acid
(NH4HZS04 Amino acid Amino acid (NH4%o04 — — (NH42S04
Inorganic Inorganic Inorganic Inorganic Inorgan- Inorganic Inorganic
salts salts salts salts ic salts salts salts
Discussion

Table Il indicates that among the acids acetic acid was the one assimilated
most commonly and effectively. Lactic, succinic, citric, malic, ascorbic,
fumaric, malonic, tartaric and oxalic acids in that succession were attacked
less commonly and effectively. This order, however, expresses neither the
degree of energy yielded by, nor the number of carbon atoms contained in,
these organic acids. The results may be explained partly by a difference in the
uptake of various organic acids [1], partly by a different metabolic role
(substrate or inhibitor) of the incorporated substances [13]. The role of malonic
and oxalic acids as metabolic inhibitors should particularly be considered.
W ith the exception of Hansenuln anomala, which utilized malonic acid, the
examined cultures assimilated weakly both substances. Thus it seems doubtful
whether results obtained with these organic acids in a quantitatively less
exact test, are reliable. If, however, it is taken into account that there was a
good agreement among parallel and repeated experiments and that by a
suitable evaluation scale negative and positive results were well distinguishable,
it is evident that even if the possibility of assimilation is rejected, the finding is
still worth of consideration. Were these substances inhibitory, they would
inhibit the metabolism fed from the endogeneous reserve of cells and, conse-
quently, the multiplication of the culture. A similar result, i. e. the absence of
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Tabic 11

Organic acid utilization by yeasts

= b= § é o -E) © 2 § §

< 3 3 s s H o o s <
Procandida albicans 4 2 | 0 0 0 0 0 | 1
Procandida tropicalis.........c...... 4 2 2 2 2 | 2 0 | |
Azymocandida rugésa ... 0 1 0 0 0 0 1 0 | 0
Candida Krusei ... 4 4 4 0 1 2 2 0 | 2
Candida reukaufii .....ccoeevrenee 0 0 0 0 0 0 0 0 0 0
Candida famata ... 4 1 4 0 2 0 2 0 0 0
Candida solani ... 2 0 1 0 0 0 2 0 0 1
Candida parapsilosis.............. 4 2 4 2 2 0 2 0 0 1
Candida UtiliS e 4 4 4 2 4 1 4 0 1 2
Candida guilliermondii ............. 4 2 4 4 4 1 2 1 1 1
Candida pseudotropicalis.. 2 1 2 0 0 0 0 0 1 0
Torulopsis glabrata ... 1 0 0 0 0 1 0 0 1 0
Torulopsis inconspicua ........... 1 1 1 0 1 0 1 0 0 ]
Hansenula anomala ... 4 4 4 0 4 2 4 0 4 2
Dekkeromyces fragilis ... 2 1 2 0 1 1 1 1 1 1
Geotrichum TinKii...cn 4 4 4 1 4 0 2 0 0 0
Geotrichum candidum ............... 1 0 0 0 0 0 0 0 0 0
Geotrichum matalense.......cc......... 4 4 4 1 4 0 2 0 0 0
Trichosporon cutaneum ............. 0 0 0 0 0 0 0 0 0 0
Cryptococcus neoformans ... 0 1 0 0 1 1 1 1 0 1
Cryptococcus diffluens ............ 0 1 0 0 1 1 1 0 0 1
Cryptococcus albidus 4 2 4 4 4 1 2 0 1 1
Rhodotorula mucilaginosa.......... 2 2 2 2 2 0 1 1 0 0
Rhodotorula glutinis................ 2 2 2 2 2 0 0 0 0
Rhodotorula flava ... 2 4 4 4 4 0 2 0 0 0

inhibition and even the assimilation of the inhibitory agent was revealed
earlier for malonic acid [9, 11, 12]. These findings may explain the good growth
of Hansenula anomnla in the presence of malonic acid. It should be noted that
recent observations indicate that malonic acid assimilation by microorganisms
is a less frequent but not an exceptional phenomenon [13]. No similar findings
have been reported for oxalic acid; this substance is often inhibitory even to
conidial germination [9], although it is known that some fungi are able to
oxidize it when formed as a metabolic product [22].
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Tabic 11la

Amino acid utilization by yeasts

l-aspartic . 1-tlutamie .
add l-asparaginc add I-glutamino

o

C N C-N C N C-N C N C-N N C-N

Procandida albicans.............

Procandida tropicalis......cccoe.e.

N AN

Azymocandida rugdsa ...

A

Candida Krusei....
Candida reukaufii ...
Candida famata ...
Candida solani ...
Candida parapsilosiS.......
Candida UtiliS .o
Candida guilliermondii .....ccceeene.
Candida pseudotropicalis.............
Torulopsis glabrata ..o

©O 0O L QN ONONNER R

Torulopsis inconspicua ...

o
%

Hansenula anomala ...
Dekkeromyces fragilis ......ccoceeeu
Geotrichum 1inKii.conn
Geotrichum candidum

Geotrichum matalense
Trichosporon cutaneum..........
Cryptococcus neoformans ...
Cryptococcus diffluens ...............
Cryptococcus albidus ...
Rhodotorula mucilaginosa............

Rhodotorula glutinis.

DA pp D OOODNMNOMNORLROOCODMODRELDMMOOON R
= B B N OO ODMNODNMORPLOOMNDMDMODDMERERMNMNOODOEDN
N b b DN OOODNMNODNMNO R OO O NMNODNMOSDMOOOD PR
|—‘|—\|—\bONObObO?HOON?NNNONHNI—‘
N NN D OO R DMNORNORPLPOORMNMNDMRERDORNOORBSS —
N NN DN b O R, DR, DMPE,NDNDNPP™EBEEMNMNENMNPE RN
I\)I\)I\)-bOOO-bO-bOC*)OOOOQI\)O-bOI\)I\)I\)O
NNNNPD P, OFR PMp dMpPr NP R”AEAENMNEEEPAEERRNDMDN DB
A R VO OO PMOPRoD OOOOPMMPMMMOSPPDOOOPMO
PR R, NBNMNOROROQOOOO QR ONONLERLRDO

NPNMNNPDO R OMOPMMoOoO MVOO MMM M©MO

B e e A O MO BNMON O

Rhodotorula flava ..o

Our orientation experiments are unsuitable for a detailed analysis; it is
nevertheless evident that organic acids which are assimilated either by many
or by a few species are the most advantageous for differential diagnostic
purposes.

As regards organic acid assimilation, it should be mentioned that Candida
guiltiermondii, Candida utilis, Cryptococcus albidus and Procandida tropicalis
were polyphagous, Geotrichum candidum was monophagous, and Azymocandida
rug6sa, Torulopsis glabrata were oligophagous organisms. Members of other
species were mesophagous.
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Table Ilib

Amino acid utilization by yeasts

1-valine 1-methionine 1-arginine 1-histidine

c N CN o N CN C N  C-N c N C-N
Procandida albicans.............. 2 0 2 0 2 0 4 4 4 0 0 0
Procandida tropicalis.. 2 0 2 0 2 0 4 4 4 0 0 0
Azymocandida rugésa ... 2 2 2 0 2 0 1 1 1 0 0 0
Candida KrusSei..... 4 2 4 0 4 0 0 2 0 0 1 0
Candida reukaufii ... 1 0 1 0 0 0 0 0 0 0 0 0
Candida famata ..., 2 0 2 o 1 0 4 2 4 0 0 0
Candida solani ... 2 2 2 0 0 0 4 1 0 0 0 0
Candida parapsilosiS........... 2 2 2 0 2 0 4 2 4 0 1 0
Candida Utilis. .., 2 [ 0 0* 0 0 0* 0 0 0* 0
Candida guilliermondii 2 2 2 0 4 0 4 2 4 0 1 0
Candida pseudotropicalis.............. 2 0 2 0 0 0 0 0 4 0 0 0
Torulopsis glabrata ... 1 0 2 0 0 0 0 0 0 0 0 0
Torulopsis inconspicua ... 2 0 1 0 0 0 0 0 0 0 0 0
llansenula anomala ... 4 0* 4 0 o* 0 4 o* 2 0 0* 0
Dekkeromyces fragilis ... 2 0 2 0 0 0 0 0 0 0 0 0
Geotrichum 1inKii .o 4 4 4 0 4 0 2 4 1 0 0 0
Geotrichum candidum ... 2 1 2 0 0 0 0 0 0 0 0 0
Geotrichum matalense... 4 4 4 0 4 0 2 4 1 0 0 0
Trichosporon cutaneum.............. 2 0 2 0 0 0 0 0 0 0 0 0
Cryptococcus neoformans ... 2 0 4 0 0 0 0 2 0 0 2 0
Cryptococcus diffluens ................ 1 0 2 0 1 0 0 0 0 0 0 0
Cryptococcus albidus ........cccecee. 2 1 2 0 0 0 4 4 4 0 2 0
Rhodotorula mucilaginosa............ 4 2 4 0 4 0 0 2 1 0 1 0
Rhodotorula glutinis.................. 4 2 4 0 4 0 0 2 1 0 1 0
Rhodotorula flava 4 2 4 0 4 0 0 2 1 4 1 0

As to the amino acids, carbon source examinations and simultaneous
carbon-nitrogen source examinations yielded somewhat dissimilar results. As
fungi usually require carbon sources poor in nitrogen content, the results were
expected to be similar. The difference in the order of amino acids used as carbon
sources and in the order of amino acids used as carbon and nitrogen sources is
indicated in Table 1V. Accordingly, certain amino acids were assimilated better
as carbon sources and others were utilized more intensively as simultaneous
carbon-nitrogen sources. The first of these findings may be explained by an
improved assimilation of the amino acid when an extraneous nitrogen source
is provided (NH4 ions in carbon source examinations); the second might be
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Table Illc

Amino acid utilization by yeasts

Glycine 1-a-alanine -cysteine

c N c-N c N C-N c N c-N
Procandida albicans..... 0 | I 1 I 1 0 0 0
Procandida tropicalis 0 1 0 4 2 4 0 0 «
Azymocandida rugosa 0 | 0 0 0 1 0 0 0
Candida Krusei...n. 0 2 0 0 2 0 0 2 0
Candida reukaufii ... 0 0 0 0 1 0 0 0 0
Candida famala ..o 2 2 2 4 2 4 0 0 0
Candida solani ..., 0 0 0 0 2 0 0 0 0
Candida parapsilosis......nn. 0 2 0 4 2 4 0 0 0
Candida Utilis i 0 0= 0 4 0* 4 0 0» 0
Candida guilliermondii ..o 4 2 4 4 2 4 0 0 0
Candida pseudotropicalis........ccccceeeeee 0 0 0 0 0 4 0 0 0
Torulopsis glabrata ... 0 0 0 0 0 0 0 0 0
Torulopsis iNCONSPICUA .cocevvreiecrrirennne 0 0 0 0 0 0 0 0 0
Hansenula anomala ... 0 0+ 0 0 0* 0 0 0* 0
Dekkeromyces fragilis ......ccccovvvrnnee 0 1 0 0 0 1 0 0 0
Geotrichum TinKii... 0 2 0 4 4 4 0 1 0
Geotrichum candidum ... 0 0 0 0 0 0 0 0 0
Geotrichum matalense ..o 0 4 0 4 4 4 0 2 0
Trichosporon cutaneum ... 0 0 0 0 0 0 0 0 0
Cryptococcus neoformans ... 0 0 1 0 2 0 0 0 0
Cryptococcus diffluens ... 0 @ 0 0 0 0 0 0 0
Cryptococcus albidus ..o 2 2 2 4 4 4 0 0 0
Rhodotorula mucilaginosa............... 1 2 1 1 2 1 0 1 0
Rhodotorula glutinis.......ccoevninnine. 1 2 1 1 2 1 0 1 0
Rhodotorula flava ... 0 2 0 4 2 2 0 1 0

Note to Tables Ilia, b, c: 0* = Because of aheavy growth on glucose-containing control
medium, assimilation as a nitrogen source could not be estimated.

due to the very presence of NH4ions, which inhibit the uptake or decompo-
sition of the amino acid. Thus the replica plating technique seems adequate for
studying uptake, decomposition, or assimilation of substances. It is suitable
for a rapid and broad spectrum collection of interesting data which may
constitute a starting point of further detailed analyses.

As to the assimilation of amino acids as carbon and simultaneous carbon-
nitrogen sources, about 50 per cent of the species examined were definitely
polyphagous; 7 species were practically monophagous.
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Table 1V

Ord er of amino acids on the basis of the degree and species-spectrum of assimilation

Utilization as Utilization as
C source C and N source
Valine Valine
Glutamic acid Glutamic acid
Alanine Glutamine
Arginine Asparagine
Aspartic acid Alanine
Asparagine Aspartic acid
Glutamine Arginine
Glycine Glycine
Histidine Methionine
Methionine Histidine
Cysteine Cysteine

Our results are in accordance with those of Schuttz et al. ]17]; some of
our yeasts that assimilated glutamic acid weakly or not at all, were, however,
able to utilize other amino acids.

It should be noted that neither of the examined strains assimilated
cysteine and methionine as carbon and carbon-nitrogen sources, and that with
histidine only one positive result was obtained. As unfortunately our histidine-
assimilating Rhodotorula flava strain has been lost, no further investigations
can be performed with this organism.

Because of the orientative character of the experiments on amino acid
utilization as carbon and simultaneous carbon-nitrogen source, we do not
wish to go into details as regards the taxonomic usefulness of our data. Some
findings, however, deserve to be mentioned. It was striking, for example, that
glycine was strongly assimilated by Candida guilliermondii; there was a sharp
difference between Cryptococcus albidus and Cryptococcus diffluens or Crypto-
coccus neoformans and also between Geotrichum candidum and Geotrichum
linkii or Geotrichum matalense. As regards the latter, it should be mentioned
that Geotrichum candidum and Trichosporon cutaneum exhibited very similar
properties. The difference between Uekkeromyces fragilis and its imperfect
form, Candida pseudotropicalis, was also interesting.

Cryptococcus neoformans grew better on amino acid media free from NH4
ions, therefore this organism was considered to be sensitive to ammonium
compounds.

The difficulty arising in consequence of the good growth on control
plates of amino acid nitrogen source experiments has already been mentioned.
This finding was probably due to the fact that fungi multiply better in the
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Tahir V

Comparison of the assimilation of metabolically related amino and organic acids

;

Species

Aspartic acid
Succinic acid
Fumaric acid
Malic acid

Tartaric acid

Hansenula anomala

Dekkeromyces fragilis

Geotrichum linkii

Geotrichum candidum

Geotrichum matalense

O b O | O o

Trichosporon cutaneum

Cryptococcus neoformans

Cryptococcus diffluens

Cryptococcus albidus

Rhodotorula mucilaginosa

N

Rhodotorula glutinis

Rhodotorula flava

Procandida albicans

A
N ©O A DO N DN R R OB O P - &

Procandida tropicalis

Azymocandida rugdsa
Candida KrusSei..iiieenieninns
Candida reukaufii

Candida famata ......ccevivvvivncinnne,
Candida solani ...

Candida parapsilosis

Candida UtiliS .

Candida guilliermondii

Candida pseudotropicalis

Torulopsis glabrata

O oo r OMRPL MO OONEEBZDDRPERPELKA~MOOOSNONO
= O N A B DN B MO DMNONREPMAMNNMAPMOO © M OB~ N N

O oo~ O O MNOOOSBDEZEDpRp 492~ ooos»o»n» o
O O o A NN O O O O O NO AN
O b Ot b O O O O N O b © O O O p kB I O O O O k1 N

- O O & AN O N O RO

Torulopsis inconspicua

presence of carbon sources poor in nitrogen [5, 6]. Thus, results cannot be
compared properly and the method itself is inadequate for nitrogen source
examinations. Consequently, our data cannot be compared with the findings
of Schultz and Pomper [16].

The role of methionine as a nitrogen source for some species exerting a
degree 4 assimilation is worth mentioning. This amino acid was not assimilated
by any of the examined cultures as a carbon or simultaneous carbon-nitrogen
source. Thus it may be assumed that its sulphur content inhibits the utilization
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of its carbon content but not that of its amino group. Results obtained with
cysteine and histidine as nitrogen sources could not be evaluated because of
the poor growth (degree 2 or 1) and the above-mentioned tolerance of nitrogen
deficiency. Our results are in accordance with those of Schuttz and McManus
[18], in that none of their yeasts utilized methionine and cysteine as carbon
sources.

It is interesting to compare the results yielded by four carbon atom-
containing dicarboxylic acids with those obtained with aspartic acid and
asparagine as carbon sources. Table V shows that the accordance of the degree
of dicarboxylic acid utilization with aspartic acid and asparagine utilization
tends to fall in the order: succinic, malic, fumaric and tartaric acid. That the
results obtained with tartaric acid considerably differed from those given by
the other three acids may be explained by the fact that, in contrast to the
others, tartaric acid plays no part in intermediary metabolism.

In comparing the results concerning organic acids and amino acids, it is
evident that with the exception of some species our cultures generally showed a
polyphagous or monophagous character with respect to both groups of nutrient
m aterials.It is interesting that when an exceptional behaviour was noted, the
monophagous character appeared always with amino acids and the polyphagous
character always with organic acids.
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Summary. Guinea pigs, sensitized actively or passively to or hyperiininunized with, fer-
ritin, were shocked by intrajugular antigenic challenge. Light and electron microscopic studies
disclosed tlie formation of precipitates corresponding to a ferritin-antiferritin complex through-
out the pulmonary capillary bed. Shock was prevented and intravascular precipitate for-
mation was suppressed by hypothermia. Although chlorpromazine fully protected the animals
from anaphylactic shock, the formation of precipitates of ferritin-antiferritin complex
in the pulmonary capillary bed was not significantly affected. Guinea pigs with a high serum
antibody level formed only a moderate amount of precipitate in their small pulmonary vessels.
The results indicate that in the guinea pig during anaphylactic shock intravascular precipitate
formation takes place, due to antigen-antibody reaction. The precipitates thus formed,
however, lack any significant pathogenetic role.

The occurrence in vivo of specific immune precipitation demonstrable
in vitro, and its possible pathogenetic role have been intriguing problems to
those concerned with experimental anaphylaxis. McKinnon et al. [i] observed
precipitate formation throughout the pulmonary capillary bed during ana-
phylactic shock in the rabbit, and assigned to the phenomenon a particular
significance in the mechanism of anaphylactic symptoms. The studies outlined
below had the aim to clarify whether pulmonary intravascular precipitate
formation during anaphylaxis in the guinea pig, had any anaphylactogenic
role. Ferritin, being of high electron-density and thus particularly suitable for
electron microscopic studies, was used throughout the experiments.

Materials and methods

Crystalline bovine spleen ferritin was prepared according to Keiderting and Wahiter
[2], with slight modifications.

In active anaphylaxis experiments, guinea pigs were injected 8 mg ferritin subcutane-
ously, twice with an interval of two days. Three weeks after the first sensitizing dose, the
animals were shocked with 15 mg ferritin by the intrajugular route.

Guinea pigs were sensitized passively with rabbit anti-ferritin immune serum adminis-
tered intravenously in doses of 500 //g antibody-N per kg body weight, and challenged after
48 hours intrajugularly with 15 mg ferritin.

Both the actively and passively sensitized animals were protected from anaphylactic
shock by chlorpromazine [3], or by hypothermia [4, 5]. Chlorpromazine was administered
subcutaneously in doses of 30 mg per kg body weight, 24 and 2 hours prior to challenge.
Guinea pigs anaesthetized with 90 mg per kg body weight of phenylethylbarbiturate were
cooled to 26 27° C with ice bags.
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Finally, guinea pigs were hyperimmunized intramuscularly for 5 weeks with a total
dose of 50 mg ferritin and challenged in the 7th week with 15 mg antigen by the intrajugular
route. Serum antibody levels were determined by quantitative precipitation.

Lung specimens taken for light microscopic study were processed by conventional
methods and stained with hematoxylin and eosin. Specimens for electron microscopy were
fixed partly in glutaric aldehyde followed by osmium tetroxide, partly in Dalton’s fixative,
then dehydrated and embedded in Araldite. Ultra-thin sections were contrasted with lead
citrate and examined with a Zeiss D—2 electron microscope.

Each type of experiment was carried out in 5 guinea pigs. Guinea pigs in fatal shock
were sacrificed immediately prior to death, i.e. 4—6 minutes after the eliciting dose. In the
rest of experiments, the animals were killed 5 or 20 minutes after challenge.

Results

As the first step, the ultrastructural appearance of the ferritin-antifer-
ritin complex produced in vitro, was studied. Precipitates prepared in the zone
of equivalence were repeatedly washed with physiological saline, dehydrated
and embedded. U ltra-thin sections revealed the picture characteristic of antigen-
antibody complex, as defined by Easty and Mercer [6] in their extensive
work on ferritin (Fig. 1).

#omoe 1w, ST

n 4 ran »

Fig. 1. Ferritin-antiferritin precipitate formed in vitro. Fixed in glutaric aldehyde, postfixed
in osmium tetroxide, embedded in Araldite. Ultra-thin section, contrasted with lead citrate,
X 15,000

Subsequently, control specimens were excised from lungs of guinea pigs
not subjected to pretreatment, 5 to 10 minutes after a single intrajugular
dose of 15 mg ferritin. Light and electron microscopy disclosed no ferritin-
antiferritin precipitates in the pulmonary capillary bed.

In active anaphylaxis experiments, at gross examination the lungs were
found characteristic of shock. Light microscopy revealed a marked dilatation
of alveoli and small vessels, the latter being occluded in all lobes by plugs
containing, among others, cellular elements and corresponding to the amor-
phous thrombi described by Sabesin [7] (Fig. 2).

Under the electron microscope these plugs consisted of ferritin-antiferritin
precipitate and clusters of cellular elements (Fig. 3).
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Fig. 2. Active anaphylactic shock. Plug of cellular structure in a small vessel. Haematoxylin
and eosin stain, X370

Fig. 3. Active anaphylactic shock. Erythrocytes and electron-dense ferritin particles in a pul-
monary capillary loop. Light areas around particles correspond to the precipitate’s antibody
component, X 7,800

Acta Microbiologica Acadcmiae Scientiarum Hungericae 13 (1966)



74 T. SZILAGYI et al.

Serum antiferritin levels prior to challenge varied between 10 and 20
/rg antibody-N per ml. Light and electron microscopy of lungs from passively
sensitized shocked guinea pigs revealed pictures identical to those described
above.

Fig. 4. Active anaphylactic shock prevented by chlorpromazine. Amorphous plug in a dis-
tended vessel, alveolar dilatation. Haematoxylin and eosin stain, X370

Fig. 5. Passive anaphylactic shock prevented by chlorpromazine. Amorphous plug in a dis-
tended vessel, alveolar dilatation. Haematoxylin and eosin stain, X370

Guinea pigs sensitized actively or passively and treated with chlor-
promazine, manifested no shock symptoms after challenge. Light microscopy
still displayed the occlusion of pulmonary capillary loops by granulated (Fig. 4)
or less granulated thrombi (Fig. 5), and alveolar distension.

As seen in Fig. 6, pulmonary capillary loops of the latter guinea pigs
contained numerous electron-dense particles, but less than in shocked animals
not pre-treated with chlorpromazine.
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Our previous studies demonstrated a definite protective effect of deep
hypothermia (26°- 27° C body temperature) against active and passive
anaphylactic shock in the guinea pig [4, 5]. Light microscopy of the lungs of
actively or passively sensitized guinea pigs, challenged with ferritin under
hypothermia, revealed no pulmonary capillary occlusion, but displayed the

Fig. 6. Passive anaphylactic shock prevented by chlorpromazine. Electron-dense particles in
the pulmonary capillary loop distributed more sparsely than in Fig. 3. X 7,800

Fig. 7. Active anaphylactic shock prevented by hypothermia. Isolated erythrocytes and
white blood cells in a blood vessel. Lumen and alveoli of normal width. Haematoxylin and eosin
stain, X370
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JFig. 8. Passive anaphylactic shock prevented by hypothermia. Scanty distribution of
electron-dense particles in a pulmonary capillary loop, X 15,600

Fig. 9. Guinea pig immunized for 5 weeks, shocked in 7th week. Serum antibody level 110 jig
antibody-N per ml. Sparsely distributed electron-dense particles in a pulmonary capillary loop,
X 15,600
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same picture as seen after the injection of ferritin into nonsensitized animals.
As seen in Fig. 7, if shock was prevented by hypothermia, no dilatation of
capillary loops and alveoli could be observed. The distribution of electron-
dense particles in the small vessels was rather scanty, as demonstrated by
electron microscopy (Fig. 8).

Guinea pigs hyperimmunized with ferritin for several weeks exhibited
serum antibody titres between 60 and 110 fig antibody-N per ml. Animals with
a high serum antibody content displayed slight, if any, shock symptoms after
challenge. Electron microscopy disclosed a minor degree of intravascular
precipitation (Fig. 9). In the case of a relatively low serum antibody level, the
guinea pigs responded with severe or fatal shock to the reinjection of ferritin
and the microscopic picture in this case was identical with that seen in active
anaphylaxis.

Discussion

Precipitate formation in the pulmonary capillary bed during anaphylactic
shock in the guinea pig was demonstrated by Sabesin in 1964 [7]. In these
studies ferritin was employed as antigen and the active anaphylactic shock was
prevented by antihistamines. Kent and Ecker [8] elicited anaphylactic
shock with horse or human serum and bovine serum albumin. Under the light
microscope the authors found no, or only minimal, intravascular occlusion in
the lungs during anaphylaxis. The present studies yielded definite proof of the
development of thrombus-like precipitates throughout the pulmonary capillary
bed during both active and passive anaphylaxis in the guinea pig.

As demonstrated earlier, the anti-anaphylactic effect of chlorpromazine
was based on its antihistaminic property [3], while hypothermia was operative
via the inhibition of histamine liberation [9, 10]. The present light and electron
microscopical findings supported the validity of the former statements.
Namely, in the case of anaphylaxis prevented by chlorpromazine, certain
histamine effects could be observed, such as the dilatation of alveoli and
capillary loops, while in hypothermic animals no signs of histamine liberation
were present.

Chlorpromazine was found to influence only slightly the intravascular
precipitation due to antigen-antibody reaction. Hypothermia, on the other
hand, significantly suppressed or completely inhibited precipitate formation.
This might have been due partly to the slowing down of blood circulation, partly
to the impairment of antigen-antibody reaction [11, 12].

The absence or mild course of anaphylactic shock in guinea pigs with a
high serum antibody level validates the cellular theory of anaphylaxis. The
slight amount of intravascular precipitates, as observed in such cases, might
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have its explanation in the partial dissolution of the precipitates in the
excess antibody.

In the light of our findings, intravascular precipitate formation during
anaphylactic shock in the guinea pig should be regarded as a secondary phenom-
enon with no substantial pathogenetic role. The above observations made in
guinea pigs, however, do not allow conclusions as to the effect of precipitate-
thrombi in other animal species. In the rabbit, for instance, pulmonary circu-
lation undergoes deep changes during anaphylactic shock, while the para-
meters of pulmonary circulation during anaphylaxis in the guinea pig still
awaits elucidation [8].

LITERATURE

1. McKinnon, G. E., Andrews, E. C,, Jr.,, Heptinstall, R. H., Germuth, F. G,, Jr.: Bull.
Johns Hopkins Hosp. 101, 258 (1957).

2. Keiderling, W., Wohter, F.. Naunyn-Schmiedebergs Arch. exp. Path. Pharmak. 221,
418 (1954).

3. Kesztyds, L., Szilagyi, T., Csaba, B., Csernyanszky, H., Kavai, M.: Acta physiol. Acad.
Sei. hung. 14, 187 (1958).

4. Szitagyi. T., Kocsar, L., Gyu1tai, F.: Acta physiol. Acad. Sei. hung. 8, 393 (1955).

5. Kesztyds, L., Szitagyi, T., Csaba, B., Csernyanszky, H.: Acta physiol. Acad. Sei. hung.
14, 177 (1958).

6. Easty, G. C,Mercer, E. H.: Immunology 1, 353 (1958).

7. Sabesin, S. M.: Amer. J. Path. 44, 889 (1964).

8. Kent,S. G, Ecker, E. E.: Amer. J. Path. 46, 959 (1965).

9. Szitagyi, T., Csernyanszky, H., Veress, O., Czenkar. B.: Acta phy3|ol Acad. Sei. hung.
15, 69 (1959).

10. Szitagyi. T., Csaba, B., Szabs, E.: Acta physiol. Acad. Sei. hung. 20, 145 (1961).

11. Kesztyds, L., Szitagyi, T., Kocsar, L., Csernyanszky, H., Kavai, M.: Acta physiol.
Acad. Sei. hung. 17, 309 (1960).

12. Szilagyi, T., Csaba, B., Miltényi, L., Kassay, L.: Acta microbiol. Acad. Sei. hung. 11,
399 (1965).

Address of the authors:
Tibor Szilagyi, Laszl6 Miltényi, Institute of Pathophysiology, University Medical School, Debrecen 12, Hungary

Géza Leévai, Institute of Anatomy, University Medical School, Debrecen 12, Hungary
Karoly Benké, Central Laboratory, University Medical School, Debrecen 12, Hungary

Acta Microbiologica Academiae Scientiarum Hungaricae 13 (1960)



Acta microbiol. Acad. Sei. hung. 18, 79—84, 1966

LIPID COMPOSITION OF TREPONEMAL STRAINS

By
L. VAczi, K. Kiraty and A. Réthy

Institute of Microbiology (Director: L. VAczi), University Medical School, Debrecen, Research
Institute for Dermatology and Venereology (Director: F. Feirdvary), Budapest

(Received December 7, 1965)

Summary. Fatty acid and phospholipid composition of pathogenic T. pallidum (strain
Budapest) and of various cultivable Treponema strains (T. reiteri, kazani 5, minutum and
refringentis) were analysed by means of gas and thin layer chromatography. The fatty acid
spectra were simple and nearly identical in all strains. They contained chiefly palmitic and
unsaturated (oleic and oleinic) fatty acids, the latter in relatively high proportions. Cyclo-
propane-ring-containing fatty acids were not detected. The phospholipid composition was
quite complex. Concerning their unsaturated fatty acid content, treponemes and streptococci
were similar. The findings indicate an increased permeability of their cell membrane and
thereby their higher vulnerability by environmental influences.

Treponemes in comparison with other bacteria are relatively rich in
lipids. Our knowledge concerning their chemical composition, and their
structural and biological role is scanty. In the present paper the fatty acid and
phospholipid composition of pathogenic and various cultivable treponemes is
compared.

Materials and methods

Pathogenic T. pallidum (strain Budapest) was obtained from early orchitis of rabbits.
The animals were infected with 2—2.5x 107 cells per testicle. To enhance the yield of trepo-
nemes, the animals were injected with 10 mg of prednisone (Diadreson, Organon) daily. After
9 days the animals (as a rule four on one occasion) were bled by heart puncture, then the
testicles were removed aseptically, sliced and extracted for one hour in saline (5 ml per testicle)
under N 2atmosphere. After changing the saline, extraction was continued for 6 hours. To re-
move tissue debris, the treponemal suspension was centrifuged at 1500 g for 10 minutes. After
discarding the sediment, the treponemes were centrifuged at 5000 g for 30 minutes. The
treponemal sediment was resuspended in about 40 ml of saline by shaking with glass beads
and the procedure was repeated twice. Finally the sediment was taken up in 1 ml of saline
and lyophilized.

As a control, lyophilized homogenate of syphilitic rabbit testicles was used.

Cultivable treponemes (T. minutum, T. refringentis and cultivable strains of T. reiteri,
T. kazani 5) were grown in fluid thioglycollate medium of the following composition. Lact-
amino-acid 10 g, sodium chloride 2.5 g, dl-cysteine hydrochloride 0.75 g, thioglycollic acid
0.4 ml, dextrose 5.0 g, cellamine (yeast extract) 5.0 g, distilled water, to 1000.0 ml.

The ingredients were dissolved by boiling, and the pH was adjusted to 7.8 with 20 per
cent NaOH. After filtration, the solution was sterilized in an autoclave at 126° Cfor 30 minutes.
The medium (8.5 parts) was supplemented with inactivated horse serum (1 part) and ultra-
filtered yeast extract (0.5 part). The ingredients were sterilized by filtration. The medium
was dispensed in 1000 ml flasks and inoculated with seed cultures grown in the same medium,
containing rabbit serum as supplement. After incubation at 35°C for 5—7 days the trepo-
nemes were harvested by centrifugation at 4000 g for 15 minutes. The sediment was washed
with saline until in the supernatant no traces of protein could be detected with 20 per cent
sulphosalicylic acid. The washed sediment was resuspended in saline and lyophilized.

Concerning the methods of lipid analysis we refer to a previous paper 11].
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Results

The fatty acid composition of the treponemes, expressed in per cents of
the extracted total fatty acids is shown in Fig. 1. All strains examined contained
the same fatty acids: the bulk was composed of palmitic acid. Unsaturated
fatty acids were present in the following percentages: T. pallidum, 17; T.
Icazani 5, 28; T. reiteri, 32; T. minutum, 34; and T. refringens, 8. Fatty acids
with cyclopropane ring have not been detected.

100y |Thnllidum LA T.kazoni5 EEs Treiteri
W Tminutum LU Trefringens

60
50
40
30
20
10

C16 cisl Cc182 ci8
Fatty adds--------- >

Fig. 1. Fatty acids in treponemes
A: C10; Cu ; Cl12:2; C12; C13; Cl4:1; Cl14; C15; ai C15; Cl6;1 C17 total

Fig. 2 shows the gas chromatograms of fatty acids in two species (T.
pallidum and Str. pyogenes) highly sensitive to antibiotics, and in two poly-
resistant organisms (P. vulgaris and Ps. pyocyanea). Sensitive bacteria, in
contrast to polyresistant organisms, were comparatively rich in unsaturated
fatty acids hut completely devoid of fatty acids with cyclopropane ring. Fig. 3
shows the percentage distribution of fatty acids (unsaturated, cyclopropane-
ring containing, and saturated) of various bacteria differing in sensitivity to

Table |

The phospholipid composition of treponemes

Aceton insoluble
phosphatide-fraction

Organism

Percentage of Percentage of
total lipid ether insoluble fraction

T. pallidum ......... 37.4 89.3

T. kazani 5 .... 31.7 66.7

T. reiteri .. 19.5 62.1

T. minutum .... 29.0 64.8

T. refringens .... 19.8 63.1
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antibiotics. The close resemblance in fatty acid composition between Sir.
pyogenes group A and C (upper part) and various species of treponemes (middle
part) was remarkable; both are rich in unsaturated fatty acids and completely
devoid of cyclopropane-ring compounds. This fact was quite conspicuous,

Fig. 2. Fatty acid composition of two highly sensitive and two highly resistant
microorganisms

because the latter are formed from unsaturated fatty acids. Staph, aureus
strain 53 and P. vulgaris, which are both highly resistant to antibiotics (lower
part), contain chiefly cyclopropane-ring-containing and saturated fatty
acids.

The phospholipid composition of treponemes, as demonstrated by the
preliminary results, is rather complex. Phospholipids were separated into
fractions soluble and insoluble in acetone. The bulk of phosphatides was
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Fig. 3. Percentage distribution of fatty acids of various microorganisms
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Fig. 4. Thin layer chromatogram of ether insoluble phospholipids.

1. Rabbit testicle; 2 T. pallidum; 3. T. kazani; 4. T. rninutum.
Solvent, chloroform : methanol ; water = 70 : 22 : 13
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contained in the latter fraction. The phosphatide content of T. pallidum was
the highest, that of nonpathogenic species was lower (Table I). The acetone-
insoluble fraction was divided according to solubility in ether. Of the phospho-
lipids of T.pallidum about 90 per cent, while of other treponemes about 65 per
cent were insoluble in ether. The ether soluble and insoluble fractions were
separated by thin-layer chromatography. Independently from species, each
treponema consisted of 11—13 components including lecithin, cephalin,
cardiolipin and the corresponding lyso-compounds. The treponemes differed
mainly in the components of the ether-insoluble fraction developed by
Dragendorff’s reagent. A chromatogram is shown in Fig. 4. In comparison
with rabbit testicles and non-pathogenic treponemes T. pallidum obviously
contained a significant quantity of lysolecithin.

Discussion

According to Fromm [2] and Pittot and Faure [3], the lipid content of
treponemes varies between 14 20 per cent of the dry weight. Faure and
Pittot [4] found that55 65 per cent of the total lipid consisted of phosphatide,
33 per cent of the latter being lecithin and 5 per cent cardiolipin. According to
Heymann and Siefert [5], the lipid content of T. reiteri and T. pallidum is
16.6 and 18.2 per cent, respectively. The effect of different fatty acids on the
growth of treponemes was investigated by Power and Pelczer [6] and
Oyama, Steinman and Eagle [7], who emphasized the significant role of oleic
acid. Synthesis of short-chain fatty acids by oral and genital treponemes was
investigated by Moureau [8], who found differences in the degree of synthesis.

Our aim was to examine the degree of differences in total lipids and
fatty acid spectrum of treponemal strains. On the basis of this fatty acid
composition, treponemal species cannot be distinguished from each other. The
fact that their lipids are composed of the same fatty acids indicates a common
genetic origin and a resemblance of their lipid metabolism. The fatty acid
spectrum of treponemes is characterized by the presence of great amounts of
unsaturated and a total absence of cyclopropane-ring-containing fatty acids.
Higher proportions of unsaturated fatty acids are generally found in the cells
of younger bacterial cultures. With ageing, these substances, by acquiring
methylene bridges, are transformed into more stable cyclopropane-ring-
containing forms. The methylene donor in the process is S-adenosyl-methionine.
Parallel with the saturation of fatty acids the resistance of older bacterial
cells is enhanced. It may be assumed that in treponemes the enzyme system
necessary for transmethylation is lacking. If correlated with our knowledge
concerning the structure of the membrane of living cells, these analytical data
give a key to the understanding of some biological properties of treponemes.
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Soluble mycelia, constituting the frame-work of the membrane, can be formed
from phospholipids containing either unsaturated fatty acids or fatty acids
stabilized by cyclopropane rings. Beside saturated fatty acids, unsaturated
ones and cyclopropane-ring components are also needed for the appropriate
function of the bacterial cell membrane. A bacterial cell membrane containing
high amounts of cis-unsaturated fatty acids is more reatlily permeable and
thus renders the cell increasingly vulnerable against external influences.
Saturation of double bonds by cyclopropane ring enhances the rigidity and
decreases the permeability of cell membranes. This is probably the biochemical
defence mechanism of ageing cultures with high transmethylating activity.
Bacterial genera such as treponemata and streptococci unable to carry out this
biochemical function, are more sensitive against environmental influences.
This may explain why streptococci and treponemata cannot be made resis-
tant to certain antibiotics. Our investigations, which have so far revealed a
high complexity of the phospholipid composition of treponemes, indicate
the significant role of these cell components in the processes of cell metabolism.
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Summary. Type 1 poliovirus (strain Mahoney) and a permanent monkey kidney cell
line (PMK 111/1) were used throughout. In Parker’s No. 199 medium this system produced
full virus yields whether or not bovine albumin had been added. To obtain full virus yield
in Hanks’ balanced salt solution the presence of bovine albumin was indispensable and its
omission resulted in a 90 per cent or even greater reduction of the amount of virus produced.

Presence of bovine albumin in Hanks’ balanced salt solution was required only during
the first 30 minutes of the cycle, while its addition after 30 to 60 minutes caused 50 and 80
per cent reduction of the yield, respectively. Bovine albumin added in the second hour of the
cycle or later did not increase the yield above that obtained in Hanks’ balanced salt solution
alone.

Absence or delayed addition (2 hours or later) of bovine albumin caused a 30 to 40
minutes retardation of the cycle’s onset in Hanks’ balanced salt solution.

Replication rate was practically identical in all cases, duplication time being approxi-
mately 10 minutes.

Bovine albumin seems to be a factor involved in the initial mechanisms of viral infection
(penetration or eclipse). Its probable role in the “virtual eclipse” of adsorbed virions is dis-
cussed.

A closer approach to the possible mechanism of bovine albumin action was attempted
by studying the effect of cysteine and glutathione and of K-linoleate on the initial phase of
viral cycle.

It has been demonstrated that for the replication of poliovirus the
intracellular metabolite and co-factor pool is made use of rather than that
available in the environment [1]. Nevertheless, poor yields of virus were
usually obtained in cells maintained after the infection in a simple, physiolo-
gical, balanced salt solution containing glucose as sole source of energy [2,3].To
clarify the possible reasons of these seemingly contradictory observations,
comparative studies were performed in a complete medium (Parker’s No. 199)
and a simple balanced salt solution (Hanks”).

Materials and methods

Virus. The Mahoney prototype strain of type 1 poliovirus was obtained from the col-
lection of the Diagnostic Laboratory of this Department.

Cells. The permanent line of monkey kidney cells PMK 111/l isolated by R uzicska [4]
in this laboratory was used throughout. The line was maintained in a medium containing 40
per cent Parker’s 199 medium (P 199), 45 per cent Hanks’ balanced salt solution (HBS),
5 per cent lactalbumin hydrolysate (5 per cent solution) and 10 per cent calf serum. Forty-
eight hours prior to use, each culture was washed and its nutrient fluid replaced by the follow-
ing medium: 40 per cent P 199, 51 per cent IIBS, 5 per cent of 5 per cent solution of lactal-
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bumin hydrolysate, 2 per cent calf serum and 2 per cent of a 10 per cent solution of bovine
albumin.

Cell line PMK 111/1 has been known to exhibit a satisfactory susceptibility to infection
with poliovirus [5].

Virus assay. The principles of Duibecco and Vogt’s plague method [6] were applied
for all quantitative virus assays. Monolayers were grown in 6 cm Petri dishes in 5 per cent
CO02 atmosphere under 8 ml of the medium used for the replacement of the culturing fluid
in flasks. The initial concentration of cells was 1.5 X 106 per dish in 8 ml of medium. Confluent
monolayers were obtained in 3 days. Monolayers were rinsed with HBS and virus was allowed
to adsorb for 30 minutes at 37° C. Infected monolayers were overlayed without previous
rinsing. The overlay consisted of 0.9 per cent purified [6] Difco Bacto agar (Difco, Detroit,
Michigan, USA) in P 199 -j- 0.2 per cent BA. Reincubation was performed at 37° Cin 5 per
cent CO02 atmosphere for 3 or 4 days. Plaques were counted after staining with an overlay
containing 0.02 per cent neutral red (v/o “Soyuzkhimexport”, Moscow, USSR) in a 0.9 per
cent agar solution.

One-step growth experiment. The principles of Lwoff and Lwoff’s method [7] were
adapted to our purposes. Two litre Roux flask cultures of PMK 111/l cells were used 48 hours
after the medium had been replaced. Cells were suspended by versenization (0.1 per cent
versene in Parker’s balanced salt solution, PBS) and washed 3 times in HBS. After the second
washing, cells were resuspended in a measured volume and counted. The third washing was
performed in siliconized centrifuge tubes on a definite number (usually 8x 106) of cells required
for the actual experiment.

Infection of cells was performed by adding an appropriate amount of undiluted stock
virus suspension [8x FO7 plaque forming units (PFU) per ml] so as to obtain an input multi-
plicity of one. The sedimented cells were suspended directly in the stock virus by means of
a siliconized pipette. Adsorption was allowed for 10 minutes at room temperature and for an
additional 5 minutes at 37°C under continuous stirring. Adsorption was stopped by a rapid
I00fold dilution of the mixture in HBS at room temperature. Unadsorbed virus was removed
by two rapid washings in HBS at room temperature.

The sedimented infected cells were suspended in HBS so as to obtain 1 X 106cells per ml.
One ml of this suspension was added to 9 ml of the appropriate medium at 37°C. This final
cell suspension was prepared in 100 ml siliconized Jena-glass Erlenmayer flasks provided
with tightly fitting glass caps. The atmosphere in the flasks contained 5 per cent C02in air.
Flasks were immersed into a water bath at 37° C and agitated by means of a rotary shaker
(60 r. p. m.).

The whole procedure from the start of adsorption until completion of the final cell
suspension in the Erlenmayer flasks was regularly performed in 30 minutes.

Samples taken from the flasks at appropriate points of time were immediately frozen
and stored in that state until further processed. The atmosphere of the flasks was readjusted
after each opening by flushing with CO02air mixture.

Prior to titration the samples underwent 5 subsequent cycles of rapid freezing and
thawing to disrupt cells. Thus all titres given in this paper represent total virus contents of
the actual system.

Chemicals. Inorganic salts and glucose were products of Reanal (Budapest, Hungary).
All components of P 199 medium were preparations of NBC (Cleveland, Ohio, USA), K-lin-
oleate was a product of SERVA (Heidelberg, Germany).

Bovine albumin was kindly supplied by Dr. E. Novak (National Blood Bank and
Transfusion Centre, Budapest) to whom authors are pleased to express their thanks. The same
lot of electrophoretically homogeneous bovine albumin (BA) prepared by Cohn fractionation
was used throughout. A stock solution of 10 per cent BA was prepared in saline and filtered
through a glass filter (Jena G—5). The stock solution was stored at -J-4°C until used.

Experimental

One-step growth curves of poliovirus in P 199 and HBS, both with and
without the addition of a 0.2 per cent final concentration of BA at 0 time are
shown in Fig. 1.

Growth curves obtained in the presence of BA both in 199 and HBS were
identical. In plain P 199 a slight (about 5—6 min.), while in plain HBS a re-
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markable (about 40—45 min.) delay was observed at the cycle’s onset. The
slope of the straight parts of the curves was practically identical, showing
the similarity of the replication rate in all media tested.

The influence on the final virus yield of different concentrations of BA
added at 0 time to suspensions of infected cells in HBS is shown in Fig, 2.

Fig. 1. Poliovirus growth in PMK 111/l cells supplied with different media

Fig. 2. Effect of different BA concentrations on poliovirus growth

It appeared that 0.2 per cent BA was the critical concentration required
for a full yield. The replication rate was practically identical at any concen-
tration of BA as well as in its absence. Thus BA did not seem to have any
influence on the intracellular events involved in virus replication.

The presence of 0.2 per cent final concentration of BA in the nutrient
fluid of poliovirus-infected cells for different periods of time was found to
influence the final virus yield, as shown in Figs. 3/A and 3/B.

As shown in Fig. 3/A infected cells suspended in HBS produced full
yields of virus if BA had been added at 0 time. Addition of BA at the 30th and
60th minutes of the one-step growth experiment resulted in yields reduced by
50 and 80 per cent, respectively. BA failed significantly to influence the final
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yield if added at the 2nd hour or later. Replication rates were identical in all
systems.

Presence of BA during the first 30 minutes of the one-step growth
experiment ensured a full final yield (see Fig. 3/B). The moderate delay of
about 10 minutes is supposed to have been the result of manipulations involved

Fig. 3. Poliovirus growth as influenced by the addition of BA at different points of time (A)
or by its presence in the initial 30 minutes (B)

in the removal of BA. This was done by centrifuging the cells for 2 minutes at
1000 r. p. m. and returning the sediment into an Erlenmayer flask with BA-
free HBS. Both centrifugation and resuspension were performed at 37°C,
using siliconized glassware.

The amounts of infectious virus demonstrable during the first 3 hours of
the experiments with different media are given in Fig. 4.

In the absence of BA, the amount of infectious virus was essentially
unchanged in both HBS and P 199. Addition of 0.2 per cent BA at 0 time
resulted in a rapid “virtual” eclipse in both HBS and P 199. Final yields were
identical in all media but plain HBS, the latter allowing for a 10 per cent yield
only (see Fig. 1).
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Fig. 4. “*Virtual eclipse” of poliovirus in the presence of BA

Fig. 5. Influence on poliovirus growth of cysteine added at different concentrations (A)
and at different points of time (B)
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The identity of growth curves in P 199 and HBS containing 0.2 per cent
BA suggested the presence of some common active agents in both P 199 and
BA. In this respect we have performed some preliminary assays with cysteine,
glutathione and methionine, SH radicals having been supposed to he involved.

The effects of the addition of cysteine at different concentrations at 0
time are shown in Fig. 5A.

Fig. 6. Influence on poliovirus growth of glutathione at different concentrations (A), and at
different points of time (B)

Cysteine at low concentrations (10 u, 10 s, or 10 4 M) reduced the
lag period without significantly affecting the final yield. A 10 3 M concen-
tration of cysteine failed to reduce the lag period, while allowed for a final
yield identical with that obtained in plain HBS.

These experiments suggested that cysteine had a role in the early phase
of the cycle. Therefore, the effect of delayed cysteine (10~5 M) addition was
also studied. As shown in Fig. 5B, addition of cysteine after one hour resulted
in a markedly delayed onset and in a moderately reduced yield of the viral
cycle, as compared to that in plain HBS. Thus cysteine appeared to enhance
some initial and to inhibit some late events of the viral cycle’s initial phase.
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Glutathione added at 0 time at 10 Bor 10 5concentrations increased the
final yield by about 10 per cent, without affecting the lag phase. At 10~-3 M
concentration added at O time, it caused both a retardation of onset (about 30

minutes) and a slight decrease (about 7 per cent) of the final yield (see Fig.
6A).

Fig. 7. Influence of K-linoleate at different concentrations on poliovirus growth

Glutathione (10 5 M) if added after 1 hour, reduced the lag by about
25 30 minutes and increased the final yield by about 25 per cent as shown in
Fig. 6A.

Thus glutathione appeared to inhibit some events in the first 1 hour of
the viral cycle and to enhance some other processes occurring after the first
hour of incubation.

Methionine, carrying a methylated sulfur atom instead of an SH group
failed to have any effect on the viral cycle when added at o time in the concen-
tration range of 10 3to 10 6 M. This observation was considered to furnish
indirect evidence of the necessary presence of SH radical rather than another
radical with substituted sulphur atom.

P 199 contains 15 /tg/ml of Tween 80, while BA carries as standard
contaminants certain fatty acids, including linoleic, linolenic and arachidonic
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acids, etc. Thus, a further possible group of common factors in P 199 and BA
is that of substances with detergent activity. Up to now only a single prelimi-
nary experiment was carried out with K-linoleate. This compound carries two
unsaturated bonds and is one of the so-called “essential fatty acids”. Result of
the experiment is shown in Fig. 7.

K-linoleate was definitely inhibitory in 10 4 M final concentration. In
lower concentrations, however (10~s, 10”6 and 10 7 M), K-linoleate in plain
HBS allowed for a final yield essentially identical with that obtained in HBS
containing 0.2 per cent BA.

Discussion

These experiments have shown that PMK 111/l cells suspended in any
of the media tested were able to support the replication of type 1 poliovirus
(Mahoney). Time of onset, rate and final yield of virus replication were identical
in P 199 as well as in HBS, if BA was present. A remarkable difference was,
however, observed in the time of onset and the final yield of virus replication,
if BA was omitted. In plain HBS not only an about 30 minutes’ delay of onset,
but also a 90 per cent reduction of yield was demonstrable. Plain P 199 allowed
for a cycle practically identical with that in BA-containing P 199, except for a
slight delay (about 5 7 minutes) of the onset.

These observations suggest that at least two different factors are influ-
encing the early phase of viral cycle in the system studied. Out of them BA
represents one, while a component, certain components or a given combination
of components in P 199 represent another. The active principle(s) in BA and
P 199 may be identical or different. Anyway, the lack of the active principle(s)
results in delayed onset and reduced yield of the viral cycle as observed in
plain HBS. The delay of onset may reflect some disturbance in the early phase
of infection (penetration or eclipse) or in the mechanisms triggering virus
replication in due course. Replication rates being practically identical in all
media tested, reduction of yield may be brought about by a reduction of the
number of successfully infected cells or by the production of a reduced number
of virions by all or most infected individual cells.

Experimental evidence obtained with the system maintained in HBS and
supplemented with BA at different phases of the viral cycle has shown that BA
was fully active only if present during the initial 30 minutes. This observation
suggests that the delay of onset in the absence of BA may be caused by im-
paired penetration or eclipse rather than by some disturbance in the mechanisms
triggering replication.

The intermediary metabolite and co-factor pool available for the cells
maintained in HBS must have been very similar, if not identical, irrespective of
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whether BA was present. Nevertheless, delayed addition of BA improved
poorly or not at all the final virus yield as compared to the full activity of the
same substance when present during the first 30 minutes.Thus, it is questionable
whether in the absence of BA the reduced number of virions produced by the
individual infected cells would have caused the reduction of the final yield.
We may, therefore, state that all indirect evidence available suggests the
involvement of BA in the initial phase(s) of viral infection (penetration or
eclipse).

No quantitative study has been conducted to determine the absolute
number of successfully infected cells, thus not even estimates were available
concerning the number of virions initiating a complete cycle with full final
yield. It was, however, observed that in the absence of BA there was no change
in the number of demonstrable virions in the system from o time until the onset
of replication in P 199 as well as in HBS. In any case, infected cells suspended
in plain P 199 produced a final virus yield equal to that obtained in the same
system supplemented with BA. Thus the number of successfully infected cells
must have been identical in both. Therefore the remarkable decrease in the
number of infectious virions observed during the first 2 1/2 hours of incubation
in the presence of BA in both P 199 and HBS did not seem to represent a
“true eclipse”. For the explanation of the phenomenon we accept the sug-
gestion of Fenwick and Cooper [8] that this “virtual eclipse” represents
“inactivation” or “rejection” of virions rather than their actual penetration
into the cells. It seems to be of interest that “virtual eclipse” took place only
in the presence of BA. This observation pointed to the possibility that BA may
play at least two different roles in the initial phases of viral infection. First, it
facilitates “true eclipse”, secondly it is involv ed also in the phenomenon called
“virtual eclipse”.

In plain P 199 the absence of “virtual eclipse” and the indirect evidence
for the presence of an unimpaired “true eclipse” suggested the possibility
that the factor(s) responsible for the latter may be some active radical(s) or
contaminant(sj in BA rather than the whole protein molecule itself.

Considering the possible common components of P 199 and BA, the
involvement of-SH radicals orofcontaminants with detergent activ ity appeared
to be most probable. The experiments have shown that both cysteine and
glutathione were able to reduce the lag phase, in other words, to facilitate
“true eclipse”, although apparently through different mechanisms. Never-
theless, none of these substances was able to increase the number of successfully
infected cells as reflected by the unchanged final yields. These observations
point to the active, though secondary role of-SH radicals in the initial phases
of viral infection. The complete lack of a similar effect of methionine was
considered an indirect evidence of the necessity of the presence of an un-
substituted -SH radical.
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Out of the substances with detergent activity we have tested up to now
only K-linoleate, a regular contaminant of BA preparations [9]. This sub-
stance appeared to have an effect essentially identical with that of BA (see
Fig. 7).

This observation seems to be of interest, but nothing more can be stated
until the completion of studies in progress in this laboratory on further
biologically active fatty acids and on Tween 80, the detergent incorporated
into P 199.

Results available at present suggest the similarity of the “infection
enhancing” factors in P 199 and BA. These factors seem to play an important
role in the true eclipse of adsorbed virions. In addition, BA as a protein molecule
appears to be involved somehow in the phenomenon of “virtual eclipse”,
too.

Further, more detailed studies on the nature and mechanism of action of
“infection enhancing” factors are in progress.
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A STATEMENT CONCERNING THE USE OF NAMES FOR ANTIBIOTICS

(Received January 31, 1966)

The medical field has need of certain attributes in drug names which may not he met
hy the name first applied to a drug. Although a drug name first applied by its discoverer may
meet all the requirements needed for the scientific community, it may be unsuitable for
general use in pharmacy and medicine.

The rapid progress now being made in medicine applies new requirements, some of
which are noted here. These include a distinctive name, readily recognized, yielding itself
to quick recall and easy pronunciation. The name must not he easily confused with another
drug or chemical name in oral or written communication hy accidental deletion of a letter or
figure or because of it close similarity in sound or spelling. There should he only one com-
monly used name for a drug for use in medical communication.

In the United States, non-proprietary names for use by the medical community are
proposed for adoption to the U.S. Adopted Names Council, successor to the A.M.A.-USP
Nomenclature Committee. Before final adoption the names may he submitted to the World
Health Organization, British Pharmacopoeia Commission, French Codex Commission, the
Nordic Pharmacopoeia Council, as well as to the United States Pharmacopeia, the National
Formulary and the Food and Drug Administration. “Inreasing emphasis is on the worldwide
adoption of the same name for each therapeutic substance in view of the manifest advantages
it offers to better communication and world trade.” The USAN Council has drawn up a set
of guiding principles for coining U.S. Adopted Names for drugs. These are published in United
States Adopted Names (1965).

In the past, sometimes a USAN name has been the same as the name originally applied
to the substance, at other times, following the guiding principles a change was required in the
name for a substance. When this change involves a well known substance it becomes dis-
tressing to the scientific community.

As one of the major scientific groups concerned with various aspects of antibiotics,
especially with the first published accounts containing new antibiotic names, the American
Society for Microbiology is attempting to minimize the number of these name changes, operating
through its Committee on Nomenclature of Antibiotics. Dr. 3. B. Jerome, Secretary of the
USAN Council, is cooperating with this ASM Committee hy submitting proposed antibiotic
names to an ASM referee for comment, before adoption by the USAN Council. The president
of the ASM has appointed the chairman of the Committee on Nomenclature of Antibiotics
(or a designated alternate) to act as referee for the ASM.

The Committee on Nomenclature of Antibiotics believes that antibiotic name changes
will he few if, in coining new names, scientists will follow the guiding principles for USAN
as published. The Committee has, after study, adopted a series of recommendations which
were approved hy a general meeting held in Washington, D.C. on October 20th, 1965 hy parti-
cipants in the Fifth Interscience Conference on Antimicrobial Agents and Chemotherapy and
the IVth International Congress of Chemotherapy as follows:

The Committee affirms the fundamental right of the scientist first isolating an anti-
biotic to give a suitable name (non-proprietary) to the substance isolated. If that name meets
the necessary criteria, the scientific community has strong interests in the continuity of that
name. The name should conform with the guiding principles for coining U.S. Adopted Names
for drugs.*

* Unites States Adopted Name (USAN); United State Pharmacopoeial Convention
Inc., New York, N.Y. (April, 1965).
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It is recommended that the following general guiding principles be used by scientists
in devising names for new antibiotics:

1. Cognizance should be given to the fact that antibiotics are often chemically related
members of a series or ‘““family”. A name should be chosen which yields a root (or suffix or
prefix) which can be modified to show that the variants are members of a related series.

2. A name should be chosen which is euphonious.

3. The chosen name should be based on the chemical structure of the compound if the
chemical structure has been established or there is strong evidence for a structure.

4. When the investigator has little or no knowledge of the chemical structure of the
new antibiotic the following principles should be used as a guide:

a. The genus (or family or order) epithet of the producing organism should be given
first consideration as a source of the root for the new name.

i. It is recommended that the suffix “mycin” be limited for application to products
derived from organisms belonging to the order Actinomycetales.

ii. If the genus, family and order epithet of the producing organism are preempted
as sources of the root (or suffix or prefix) for the name, the investigator may consider the use
of the species (or subspecies or variety or form) epithet of the organism.

b. Failing to find in 4a a suitable source for a name, it may be based on some property
of the antibiotic which has scientific merit such as spectrum of antibiotic activity or mode
of action. It is not believed that the geographic area of origin gives a meaningful name.

c. If for some reason a name cannot be given to a new antibiotic following the above
principles a code designation may be given—the code to begin with a letter or letters, to assist
in index alphabetization, followed by one or more digits. It is highly desirable that about
the time a compound under investigation moves into clinical evaluation, a name rather than
a code designation be made available.

We invite and urge your participation in this endeavor. If any questions, reservations,
or suggestions occur to you, please give us the benefit of your thoughts. If you find our recom-
mendations acceptable, please join with us in (1) publishing them in your journal and (2)
incorporating them in your editorial practice.

Selman A. Waksman Chairman,
Nomenclature Committee of the American Society of Microbiology

Acta Microbiologica Academiae Scicntiarum Hungaricae 13 (1966)



INDEX
Tomus XIII

Fasciculus |

Hernadi, F., Nagy, Zs., Kovacs, P., Mucsi, ().: Die Strahlenempfindlichkeit von E. coli
B Kulturen. Il. Die Wirkung der Behandlung vor, wahrend und nach der Bestrah-
lung auf die Strahlenempfindlichkeit der Zellen ...

Hernadi, F., Nagy, Zs., Kovacs, P., Valyi-Nagy, T.: Sensitivity of E. coli 15to Irradiation.
IV. Dependence of the Protective Effect of Cysteine-Cysteamine-Type Compounds
on Preirradiation Oxygenation and on Pre- and Postirradiation Conditions of
CUTTUTTNG ottt bbbttt

Nagy, Zs., Hernadi, F., Kovéacs, P.: Sensitivity of E. coli B to Irradiation. VI. Effect of
Cysteine on DNA Breakdown by lonizing Irradiation ...

Serény, B.: Breakdown of Amino Acids by Enterobacteriaceae. V. Breakdown of Glycine
N SIMPIE M BATUM ottt ettt nesebene

Joékay, 1., Szabolcs, M.: Stability and Purification of Antiphosphorylase...

Farkas, ,/., Kiss, 1., Andréssy, E.: Reduction of Heat and Radiation Resistance of
Bacillus cereus Spores by Initiating Germination ...

Szabé, 1., Marton, M., Buti, /., Partai, G.: Intestinal Microflora of the Larvae of St.
Mark’s Fly. I. A Comparative Study of Streptomyces Strains belonging to the
Griseus Group lIsolated from the Intestinal Canal.........

Vordés-Felkay, Gy. : Incidence of Rhodotorula Species in Urban Air

Voros- Felkay, Gy., Novadk, E. K.: Organic and Amino Acid Assimilation by Yeasts as
Studied by the Replica Plating TeChNiqUEe ..o

Szilagyi. T., Miltényi, L., Lévai, G., Benkd, K.: Intravascular Precipitate Formation during
Anaphylactic Shock in the GUINEA Pig s

Véczi, L., Kirély, K., Réthy, A.: Lipid Composition of Treponemal Strains...............

Koch, A., Gydrgy, E.: Studies on the Initial Phases of Poliovirus Reproduction Cycle ....

A Statement Concerning the Use of Names for ANtibiotiCS ...

Acta M icrobiologica Acadaerniar Scientiarum Hungaricae 13 (1966

13

21

25
29

35

47
53



Printed in Hungary

A kiadéasért felel az Akadémiai Kiadé igazgatdja Mszaki szerkeszté: Farkas Séandor
A kézirat nyomdaba érkezett: 1966. I11. 12 — Terjedelem: 8,50 (A/5) iv, 51 abra

66.62110 Akadémiai Nyomda. Budapest — Felelds vezet6: Bernat Gyorgy



The Acta Microbiologica publish papers on microbiological subjects in English, German,
French and Russian.

The Acta Microbiologica appear in parts of varying size, making up volumes.

Manuscripts should be addressed to

Acta Microbiologica, Budapest, Keleti Postahivatal, Postafiok 64.

Correspondence with the editors should be sent to the same address.

The rate of subscription to the Act,a Microbiologica is 110 forints a volume. Orders
may be placed with “Kultdra” Foreign Trade Company for Books and Newspapers (Buda-
pest 1., F6 utca 32. Account No. 43-790-057-181) or with representatives abroad.

Les Acta Microbiologica paraissent en francais, allemand, anglais et russe et publient
travaux du domaine de la microbiologie.

Les Acta Microbiologica sont publiés sous forme de fascicules qui seront réunis en
volumes.

On est prié d’envoyer les manuscrits destinés a la rédaction a I’adresse suivante:

Acta Microbiologica, Budapest, Keleti Postahivatal, Postafiék 64.

Toute correspondance avec la rédaction doit étre envoyée a cette méme adresse.

Les prix de I’abonnement est de 110 forints par volume.

On peut s’abonner a I’Entreprise pour le Commerce Extérieur de Livres et Journaux
«Kultdra» (Budapest |., F6 utca 32. Compte courant No. 43-790-057-181) ou a I’étranger

chez tous les représentants ou dépositaires.

«Acta Microbiologica» ny6nuKkyT TpakTaTbl U3 061acTW MUKPOBMONOTrMKM Ha PycCKoM,
HEMELLKOM, aHFNMIACKOM U (hpaHLy3CKOM S3blKax.

«Acta Microbiologica» BbIXOAAT OTAENbHbLIMW BbiNyCcKamMu pa3HOro ob6bema. Heckonbko
BbIMYCKOB COCTaBASIOT OAUH TOM.

MpeaHasHayeHHble ANs Ny6aAMKauum pykomucu cnepyeT HanpaBisTb NoO afgpecy:

Acta Microbiologica, Budapest, Keleti Postahivatal, Postafiék 64.

Mo aTomMy Xe ajpecy HanpaBnATb BCAKYH KOPPECNOHAEHUWIO ANA peAakuunu.

MoanucHasa ueHa «Acta Microbiologica» — MO ¢opuHTOB 3a TOM. 3akKa3bl MpUHUMaET
npeanpuaTMe NO BHeWHel Toprosne KHUr u raseTt «Kultlra» (Budapest L, F6 utca 32.
Tekywnit cuer Ne 43-790-057-181) mnu ero 3arpaHWyHble NpeAcTaBUTENbCTBA M YMNOAHOMO-
UeHHble.



24,— Ft

All the reviews of the Hungarian Academy of Sciences may be obtained
among others from the following bookshops:

ALBANIA

Ndermarja Shtetnore e Botimeve

Tirana

AUSTRALIA
A. Keesing
Box 4886, GPO
Sidney

AUSTRIA
Globus Buchvertrieb
Salzgries 16
Wien I

BELGIUM
Office International de Librairie
30, Avenue Marnix
Bruxelles 5
Du Monde Entier
5, Place St. Jean
Bruxelles

BULGARIA
Raznoiznos
1Tzar Assen
Sofia

CANADA
Pannénia Books
2 Spadina Road
Toronto 4, Ont.

CtoINA
Waiwen Shudian

Peking
P. O. B. Nr. 88.

CZECHOSLOVAKIA

Artia A. G.

Ve Smeckach 30

Praha II.

Postova Novinova Sluzba
Dovoz tisku

Vinohradska 46

Praha 2

Postova Novinova Sluzba
Dovoz tlace

Leningradska 14
Bratislava

DENMARK

Ejnar Munksgaard
Norregade 6
Kopenhagen

FINLAND

Akateeminen Kirjakauppa
Keskuskatu 2
Helsinki

2. VI. 1966

FRANCE
Office International de Documentation

et Librairie
48, rue Gay Lussac
Paris 5

GERMAN DEMOCRATIC REPUBLIC
Deutscher Buch-Export und Import

Leninstralle 16.

Leipzig C. L
Zeitungsvertriebsamt
Clara Zetkin StraBe 62.
Berlin N. W.

GERMAN FEDERAL REPUBLIC

Kunst und Wissen
Erich Bieber
Postfach 46
7 Stuttgart S.

GREAT BRITAIN

Collet’s’ Subscription Dept.
44—45 Museum Street

London W. C. I

Robert Maxwell and Co. Ltd.
Waynflete Bldg. The Plain
Oxford

HOLLAND

Swetz and Zeitlinger
Keizersgracht 471 —487
Amsterdam C.

Martinus Nijhof

Lange Voorhout 9

The Hague

INDIA

Current Technical Literature
Co. Private Ltd.

Head Office:

India House OPP.

GPO Post Box 1374

Bombay |I.

ITALY

Santo Vanasia

71 Via M. Macchi

Milano

Libreria Commissionaria Sansoni
Via La Marmora 45

Firenze

JAPAN

Nauka Ltd.

2 Kanada-Zimbocho 2-chome
Chiyoda-ku

Tokyo

Maruzen and Co. Ltd.

P. O. Box 605

Tokyo

Far Eastern Booksellers
Kanada P. O. Box 72
Tokyo

KOREA
Chulpanmul

Korejskoje Obshchestvo po Exportu i

Importu Proizvedenij Pechati
Phenjan

NORWAY

Johan Grundt Tanim
Karl Johansgatan 43
Oslo

POLAND
Export und Import Unternehmen
RUCH
ul. Wilcza 46.
Warszawa

ROUMANIA

Cartimex
Str. Aristide Briand 14—18.
Bucuresti

SOVIET UNION

Mezhdunarodnala Kniga
Moscow
G-200

SWEDEN

Almaquist and Wiksell
Gamla Brogatan 26
Stockholm

USA

Stechert Hafner Inc.
31 East 10th Street
New York 3 N. Y.
Walter J. Johnson
111 Fifth Avenue
New York 3. N. Y.

VIETNAM

Xunhasaba

Service d’Export et d’Import des Livres

et Périodiques
19, Tran Quoc Toan
Hanoi

YUGOSLAVIA

Forum

Vojvode Misica broj 1.
Novi Sad
Jugoslovenska Kniga
Terazije 27.

Beograd

Index :

26.016



ACTA
MICROBIOLOGICA

ACADEMIAE SCIENTIARUM
HUNGARICAE

ADIUVANTIBUS

I. DOMOK, E. FARKAS, J. HORVATH, S. KOTLAN,
R. MANNINGER, I. NASzZ, A. PELC, K. RAUSS, J. SZIRMAI,
J. WEISSFEILER

REDIGIT
G. IVANOVICS

TOMUS X111 FASCICULUS =

Ale

AKADEMIAI KIADO, BUDAPEST

1966

ACTA MICROBIOL. ACAD. SCI. HUNG.



ACTA MICROBIOLOGICA

A MAGYAR TUDOMANYOS AKADEMIA
MIKROBIOLOGIAI KOZLEMENYEI

KIADOHIVATAL: BUDAPEST V., ALKOTMANY UTCA 21.

Fészerkeszt6

IVANOVICS GYORGY

akadémikus

Szerkeszt6
DOMOK ISTVAN

az orvostud. kandidatusa

Az Acta Microbiologica német, angol, francia és orosz nyelven kozol értekezéseket
a mikrobiolégia targykérébél.

Az Acta Microbiologica valtozdé terjedelmi fuzetekben jelenik meg. Tébb fuzet alkot
egy kotetet.

A kozlésre szant kéziratok a kdvetkezé cimre kildendék:

Acta Microbiologica, Budapest, Keleti Postahivatal, Postafiok 64.

Ugyanerre a cimre kildendé minden szerkeszt8ségi levelezés.

Az Acta Microbiologica el6fizetési ara kotetenként belféldre 80, kulfoldre 110 Ft.
Megrendelhetd a belfold szaméara az Akadémiai Kiadénal (Budapest V., Alkotmany utca 21.
Bankszamla 05-915-111-46), a kulféld szdméara pedig a ,,Kultara” Konyv és Hirlap Kul-
kereskedelmi Vallalatnal (Budapest I., F6 utca 32. Bankszamla: 43-790-057-181) vagy annak
kulfoldi képviseleteinél és bizoméanyosainal.

Die Acta Microbiologica verdffentlichen Abhandlungen aus dem Bereiche der Mikro-
biologie in deutscher, englischer, franzésischer und russischer Sprache.

Die Acta Microbiologica erscheinen in Heften wechselnden Umfanges. Mehrere Hefte
bilden einen Band.

Die zur Veroffentlichung bestimmten Manuskripte sind an folgende Adresse zu senden:

Acta Microbiologica, Budapest, Keleti Postahivatal, Postafiok 64.

An die gleiche Anschrift ist auch jede fur die Redaktion bestimmte Korrespondenz
zu richten.

Abonnementspreis pro Band: 110 Forint. Bestellbar bei dem Buch- und Zeitungs-
AuBenhandels-Unternehmen iXultira« (Budapest |., F6 utca 32. Bankkonto Nr. 43-790-057-
181) oder bei seinen Auslandsvertretungen und Kommissionaren.



Acta microbiol. Acad. Sei. hung. 13, 97 —112, 1965

THE SIGNIFICANCE OF SEROLOGICAL TESTS
IN CONTROLLING THE SUCCESS
OF SMALLPOX REVACCINATION

By
Georgette Nyerges, |I. Hollés and G. Barsy

National Institute of Public Health (Director: T. Bakacs), Budapest

(Received October 7, 1965)

Summary. Adults who had been vaccinated in infancy and revaccinated at 6 10
years of age were revaccinated against smallpox. Correlations among the following four
factors were analyzed by statistical methods: (1) take; (2) age of vaccinées; (3) prevaccination
haemagglutination-inhibiting (HI1) and neutralizing antibodies; (4) HI and neutralizing anti-
body responses.

No correlation was found between prevaccination 11l or neutralizing antibodies and
take. Only the age of vaccinées, reflecting the time that had elapsed since revaccination in
childhood, showed an appreciable positive correlation with take.

There was no correlation between HI and neutralizing antibody titres in the prevacci-
nation serum samples of subjects with subsequent take, whereas a positive correlation was
demonstrable in this respect for those who could not be revaccinated successfully.

After successful revaccination (take) the neutralizing antibody titres increased signif-
icantly, irrespective of the prevaccination titre, and a well-defined positive correlation
developed between Il and neutralizing antibodies. A neutralization titre of 1 : 128 or an HI
titre of 1 :32 may be considered indicative of successful revaccination.

After failure to take the neutralizing antibody titres increased significantly, but to
a lesser degree than after take; in contrast to the successful revaccination, the antibody
responses showed a pronounced negative correlation with the prevaccination neutralization
titres. Moreover, the failure of take was followed by disappearance of the prevaccination
correlation between HI and neutralizing antibodies, since in this case there was no or a very
poor 11l response. According to this last observation, Ill antibody response is a more reliable
serological indicator of take than a rise in the neutralizing antibody.

The success of primary smallpox vaccination is obvious if it is accompa-
nied by the typical dermal lesion. The lesion following revaccination is, how-
ever, variable. It is unclear which types of lesion are and which are not indi-
cative of an immunity satisfactory from the epidemiological point of view.
There are some contradictions as regards the serologically demonstrable anti-
body responses accompanying the different types of dermal lesion. The type
of skin reaction is only informative of the pre-revaccination immune status if
the interval between the previous and actual vaccination was short.

To estimate the immunological status, the haemagglutination-inhibition
(HI) test and/or the neutralization test are usually applied. According to our
present knowledge the latter test measures the most specific antibody [9],
whereas an HI antibody response shows a correlation with the virus multipli-
cation inside the organism [16]. There are significant differences between HI
and neutralizing antibodies as regards their appearance, peak and persistence.

We have attempted to elucidate the protective value of “unsuccessful”
revaccinations (no take), i.e., of those without pustule formation, and of

1 Acta Microbiologica Acadcmiae Scientiarum Hungaricae 13 (1966)



98 G. NYERGES, I. HOLLOS and G. BARSY

“successful” revaccinations (take), by statistical analysis of the antibody
responses.

Serological studies in connection with revaccination of hospital staff
have already been undertaken [1], estimating the HI antibody responses.
In the present work the neutralizing antibodies were titrated mainly in the
same serum samples.

The aim was to establish (i) whether there is any interrelation between
pre-revaccination neutralizing antibody titres and the type of dermal reaction
in subjects vaccinated several years before; (ii) the quantitative neutralizing
antibody responses to revaccinations accompanied by different lesions;
(iii) the possible correlations between (a) the age of vaccinées (which reflects
the time that had elapsed since their compulsory revaccination), (b) the pre-
vaccination neutralizing and HI antibody titres and (c) the quantitative anti-
body responses to revaccination.

Materials and methods

Revaccination. Hospital staff of both sexes, from 16 to 61 years of age, were revacci-
nated in 1963. They had received the compulsory primary vaccination and revaccination in
infancy and between 6 and 10 years of age, respectively. The bovine dermovaccine of Hungarian
produce, used for the present revaccinations, contained 7 X10G pock-forming units (PFU)
per ml, determined on the chorio-allantoic membrane. The skin of the arm was scarified in
the form of two double crosses or, after several failures to take, two 5+ 5 cross-hatchings.

Control of skin lesions. The results were read seven days after revaccination. Vaccina-
tions followed by pustule formation (primary type or vaccinoid) were only accepted as “take”.
The others (immediate or no reaction) were considered as “no take”. The latter were repeated
after seven days, when the reaction was inspected, in a few cases several times at weekly
intervals.

Serum samples. Blood was taken immediately before the first revaccination trial and
three weeks later, i.e., in case of further trials two weeks after the second one and one week
after the third one. Neutralizing antibodies were only titrated in the serum samples of those
who had shown a take after the first trial and of those in whom at least two revaccinations
had failed. Sera were inactivated at 56 °C for 30 minutes and stored in the frozen state.

Neutralization tests. Virus suspension was prepared according to Boulter’s [2] method,
with some modifications. The commercial dermovaccine was subjected to two consecutive
passages on the chorio-allantoic membrane of 12-day-old chicken embryos. The second-
passage membranes showing confluent lesions were thoroughly rinsed with saline and ground
with quartz sand, then saline was added to make a 20 per cent suspension and this was centri-
fuged at 1000 r. p. m. for 5 minutes in a refrigerated Phiwe centrifuge model “Linde”. The
supernatant was thoroughly agitated with glass pearls for about 10 minutes and centrifuged
at +4 °C at 10 000 r. p. m. for 25 minutes.

The sediment was resuspended in sterile skimmed milk, 2 ml per membrane. The suspen-
sion was distributed in ampoules, frozen in C02-ice-alcohol mixture and stored at —20 °C.
A new ampoule was opened for every titration. At the start of the study the suspension con-
tained 1.2 X106 PFU per ml; 9 months later, when the last tests were performed, 6.3 X105PFU
per ml. The working dilution used in the neutralization tests contained 40—80 PFU per 0.1 ml.

From each of the sera to be tested a twofold dilution series was prepared starting with
a 1 :4 dilution in 0.4 ml saline containing 50 //g of streptomycin and 100 units of penicillin
per ml. To each dilution an equal volume of viral suspension was added. The “virus control”
tube contained 0.4 ml virus + 0.4 ml 1:4 diluted inactivated normal rabbit serum. The pooled
serum of successfully revaccinated subjects (positive control) was re-titrated simultaneously
with every titration.

The mixtures were kept at 37 °C in the incubator for an hour and at least 4, 11-day-old
chick embryos were inoculated with each mixture on the chorio-allantoic membrane, 0.1 ml
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per membrane. The eggs were prepared as recommended by Nadeje et al. [3]. The titre of
serum was expressed in the highest serum dilution reducing the pock count by 60 per cent [4].
The pooled positive serum was titrated 17 times and its titre was found to be 1 : 128 or 1 : 256
in every instance. Thus, the serum titres needed no correction.

In statistical analysis the criterion of the take was the same as given above. The data
of only those subjects were included whose paired sera had been titrated for both HI and
neutralizing antibodies. Instead of litre in dilution, the ordinal numeral of dilution steps
served for the basis of statistical analysis. Thus, <1:4 was substituted by 0, 1 :4 by I, 1:8
by 2 etc.,, forming a logarithmic scale.

Results

(1) Serological tests

1) Correlation between pre-vaccination neutralization titres and success of
revaccindtion. The neutralization test was performed in 94 sera. The upper two
diagrams of Fig. 1 show the distribution of the vaccinées by prevaccination
titre. The first diagram illustrates the 47 subjects who had been revaccinated
with success at the first trial, whereas rcvaccination of the 47 subjects of the
second diagram failed to take at two or three trials. The distribution of the

Takes Failures to take
% 20 T
uo- a. pre-revaccination titres
Number of 5 Number of
vaccinées N7 vaccinées 47
30 average titre U0O average titre 5,20
20-
*
10- 4
11
01J
b. post - revaccination titres
1010
Number of

vaccinées 33
average titre 238

<) <t-cn© dJ"*'QDOC\

Neutralization titre, reciprocals

Fig. 1. Distribution of vaccinées by pre- and post-revaccination neutralization titres
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two groups is nearly identical. The slight difference in the geometric means of
basal titres in favour of the subjects with no take (5.2—4.0) proved to be non-
significant statistically (t[92] = 1.57, P > 10 per cent).

It seems to be of importance that at least 10 years had elapsed between
the last vaccination and the actual revaccination of the subjects under study.
The results clearly show that after such a long postvaccination period the
titre of the circulating neutralizing antibodies fails to determine the result of
revaccination. According to our previous studies [1] the same is valid for the
prevaccination H1 titre.

2) Neutralizing-antibody responses to successful and unsuccessful
nations. The diagrams in the lower part of Fig. 1 summarize the postvaccination
neutralizing antibody titres. Of the 77 sera 44 were taken from successfully
revaccinated subjects, the remaining 33 originated from persons whose revac-
cination was unsuccessful in spite of two or three trials.

After take the titres conspicuously shifted to higher values. The geometric
mean of postvaccination titres (1 :122) significantly surpassed the pre-
revaccination level (tj89 = 1.9, P <7 0.1 per cent) and the curve became
strikingly flat, indicating a wide scattering.

The geometric mean of the neutralization titres of subjects with no take
was also elevated (1 :23.8) i[7g] = 6.72, P <'0.1 percent). This value was,
however, significantly lower than the geometric mean of the postvaccination
titres obtained after take (ij75) = 4.70, P <7 0.1 per cent). Besides, the diagram
is not flat, the scattering being relatively small.

(11) Statistical analysis

For further statistical analysis the data of the 64 subjects whose pre-
and postvaccination H1 and neutralization titres were available, were only
used. We sought correlations between the following factors: (1) Success of
revaccination; (2) age of vaccinées; (3) pre-revaccination HI and neutra-
lizing antibodies; (4) postvaccination rises in titres.

The statistical analysis was performed from the following aspects:

(A) Correlation between the pre-rcvaccination antibody status and suc-
cess of revaccination:

(a) significance of pre-revaccination HI and neutralizing antibodies;

(b) significance of age distribution of vaccinées;

(c) correlation between pre-revaccination HI and neutralizing antibodies.

(B) Correlation between success of vaccination and the subsequent
serological status:

vacci-

(a) postvaccination changes in the correlation between HI and neutra-

lizing antibodies;
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Table 1
Age, pre-revaccination titres and antibody responses of vaccinées

Prevaccination titres in steps of dilution Antibody responses in steps of dilution
Age of vaccinées
years
HI neutralization HI neutralization
*2 *3 * *6 xe

16 18 1 1 3 1 0 3 0 8
17 19 0 2 | 2 1 — 1 3
17 21 2 2 2 0 0 3 | 7
18 21 0 0 0 1 1 3 4 7
19 23 0 1 2 3 3 3 1 2
19 26 0 2 0 1 0 2 6 2
20 28 0 0 3 0 0 2 1 0
20 30 0 0 0 1 0 2 3 0
20 31 1 1 1 4 1 5 7 7
21 31 0 0 0 0 1 4 3 6
21 31 2 0 2 1 0 3 2 3
21 32 1 0 2 0 0 2 2 6
21 34 1 1 2 1 0 4 2 11
22 36 1 0 3 1 0 3 1 6
22 36 0 2 0 3 2 2 3 1
23 38 2 2 2 0 0 1 0 4
25 39 1 0 2 1 1 4 3 5
25 40 1 2 0 1 1 3 4 6
26 40 0 2 0 1 2 1 5 2
27 42 3 0 3 0 0 5 0 5
27 42 3 0 1 0 0 3 3 8
28 42 2 1 4 0 0 3 0 4
30 47 0 0 1 0 0 4 2 10
31 47 2 0 1 0 0 2 3 3
32 51 0 0 1 2 0 4 0 5
37 52 0 0 1 0 0 3 2 7
39 54 0 0 0 1 0 4 2 7
40 57 0 3 2 2 0 1 6 4
44 58 1 1 2 0 1 3 0 5
47 60 2 3 5 2 0 3 0 6
50 61 1 0 2 3 0 6 0 6
52 0 0 0 2
61 4 3 1 0

Total 938 1184 31 26 51 32 14 92 67 162

Note: No takes: (~=0) Takes: (~=1)
Under each heading the data of unsuccessfully and successfully revaccinated sub-
ects are listed in the left and right column, respectively.
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Table 11

Comparison of averages for successfully and unsuccessfully revaccinated subjects

Designation No take Take Difference T«t] P.%

Average age Xr 28.42 38.19 9.77 3.62 < 1
Average prevaccination

antibody levels*

HI 53 0.94 0.84 —0.10 0.38 >70
neutralization x4 1.54 1.03 —0.51 1.69 > 5
Average antibody response*

HI *, 0.42 2.96 2.54 10.09 < 01
neutralization 2.03 5.23 3.20 5.65 < 01

* Expressed in steps of dilution.

(b) correlation between pre-revaccination titres and the degree of antibo-
dy responses;

(c) correlation between the degree of antibody responses and the success
of revaccination.

(C) Quadruple correlation among success of vaccination, age of vacci-
nées and pre-revaccination HI and neutralizing antibodies.

(D) Quadruple correlation among success of vaccination, age of vacci-
nées, HI and neutralizing-antibody responses.

Of the 64 subjects 31 developed pustules, 33 did not. The data (age,
prevaccination titres, antibody responses) for both of these groups are summa-
rized in Tables I and II.

(A) Correlation between pre-revaccination status and success of vaccination.

(a) Significance of pre-revaccination H |1 and neutralization titres. There was
no statistically appreciable difference between takes and no takes in respect
of the pre-revaccination serological titres though the averages were somewhat
lower before take than before no take.

(b) Significance ofthe age of subjects to be revaccinated. There was a strik-
ing difference in average age between the two groups, the age of the groups
with take having been nearly 10 years higher than that of the group with no
take. Since all the vaccinées had received their compulsory primary and re-
vaccination in infancy and childhood, respectively, their age was closely related
to the interval between the last vaccination and the actual revaccination. The
results suggest that the vaccinated organism has a residual or potential immu-
nity which declines with age; it may still be present but cannot be detected
by serological methods.

(c) Correlation between pre-revaccination H 1 and neutralizing antibodies.
A significant correlation was demonstrated between HI and neutralizing anti-
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Fig. 3. Correlations between neutralizing and HI antibodies. (15) Group of take
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bodies in the “no take” group (Fig. 2) (correlation coefficient, r = 0.554).
In the “take” group the correlation (r == 0.304) (Fig. 3) was not appreciable
statistically.

It should be remembered that from the prevaccination titres of an indi-
vidual one cannot conclude to the result of a subsequent vaccination. The
correlation coefficient for the two kinds of antibodies represents the only,

a. Failures to take r-0240

Rise in neutra/ization titre (dilution steps)

o

b. Takes

Rise in neutralization titre (dilution steps) '

Fig. 4. Correlation between neutralizing and HI antibody responses

and still uncertain, basis for estimating the probability of take for the members
of a group.

Since to our best knowledge a similar analysis has never been published,
we cannot tell whether such a difference in the correlation coefficient was
demonstrable in other populations (e.g. in a homogeneous age group), under
different conditions.

(B) Correlation between success of revaccination and postvaccination serolog-
ical status.

(a) PoStvaccination changes in the correlation between H 1 and neutralizing
antibodies. The correlation between HI1 and neutralizing antibodies showed
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a characteristic change depending on the result of revaccination. After no
take the well-defined prevaccination correlation disappeared (Fig. 2). After
take, on the other hand, the non-significant correlation turned into a well-
defined one (Fig. 3). This peculiar change was fully explained hy the correla-
tion between the quantitative changes in the two kinds of antibody (Fig. 4).

a Failures to take
r«-0,197

t(3D-W9
P> 20%

y -0,552-0,136X

3 -10 12 3 0
Pre-revaccination Ht titres

® (dilution steps)
9 b. Takes
6 A
5 - r- -0,093
< 1(29) —3,050
P< 1%
£ 4
3.
2 .
1.
Fig. 5. Correlation between 111 antibody response and pre-revaccination Ill titre

After no take there was no appreciable correlation between the increases
in HI and neutralizing antibodies, while take was followed by approximately
parallel increases; the correlation coefficient, 0.514, was highly significant.
The incoordinated change in the two kinds of titre led to disappearance of the
correlation between HI and neutralizing antibodies after revaccination (Fig. 2).
In the successfully vaccinated group (Fig. 3), on the other hand, the nearly
parallel increase accounted for the close postvaccination correlation.
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(b) Correlation between pre-revaccination titres and antibody responses. The
comparison of these data was instructive. In the group of no take the HI
antibody response was poor and showed no correlation with the prevaccination
titres (Fig. 5). In contrast, takes were accompanied by considerably stronger
H1 responses exhibiting a negative correlation with prevaccination titres.

An inverse situation developed in the case of the neutralizing antibodies
(Fig. 6). Failure to take was associated with a highly significant negative corre-
lation between prevaccination titres and antibody responses, i.e., the lowest

Pre-revaccination neutralization titres (dilution steps)

Fig. 6. Correlation between neutralizing antibody response and pre-revaccination antibody
titre

neutralization titres increased to the greatest degree. Takes, though followed
by greater neutralizing antibody responses than failures to take (Fig. 6),
exhibited no appreciable correlation and the corresponding regression line was
less steep. Accordingly, takes were followed by great increases in neutralizing
antibodies which, however, were independent of the initial titres.

(c) Correlation between success of revaccination and antibody responses.
Revaccination, whether successful or unsuccessful, was followed by a signif-
icant increase in mean HI1 and neutralization titres. Failure to take elicited
a more pronounced increase in neutralization titre whereas after take the rise
in HI antibodies was more significant (Table IIl). Furthermore, the average
antibody responses in both the neutralization and HI1 tests were significant,
ii'respective of the success of revaccination (Table I1I).

©) Quadruple correlation among success of revaccination, age of vaccinées
and pre-revaccination H I, and neutralizing antibodies.
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Table HI

Evaluation of serological responses

HI Neutralization
Designation Average antibody response

Unsuccessful revaccination

Average rise in antibody* 0.42 2.03

321 3.24 5.81

P %% <0.1
Successful revaccination

Average rise in antibody* 2.96 5.23

qic 1 13.50 11.64

P9 <0.1 <0.1

* Expressed in steps of dilution.

The aim was to elucidate the possible statistical interrelation between
the success of vaccination (as indicated by the skin lesion) and the other vari-
ables under study. Though the skin reaction is a typical quantal response,
it may nevertheless be rendered quantitative by substituting a negative re-
sponse by zero and a positive response by the unity (-f-1), and determining
the partial correlation coefficients. This is necessary to avoid overlappings.

Table 1Y shows the correlations among success of revaccination, age, and
prevaccination titres. There was a well-defined, significant positive correlation
between the success of revaccination and age; the correlation persisted when
the effects of prevaccination HI or neutralization titre or of both of these
titres had been eliminated from the determination of the partial correlation
coefficients. In contrast, there was no correlation between prevaccination H|
or neutralizing antibodies and the success of revaccination. If we suppose that
the appearance of the skin lesion is dependent on the immunological status of
the organism, this is not indicated by the prevaccination titres; it is however,
highly influenced by the age ofthe vaccinées, which reflects the interval between
the compulsory revaccination and the actual revaccination.

(D) Quadruple correlation among success of revaccination, age of vaccinées
and antibody responses. Having obtained no appreciable relationship between
prevaccination titres and the success of revaccination, these data have been
neglected. According to Table Y, the correlation between age and the success
of revaccination was well-defined when only the changes in the neutralization
titre were eliminated, hut it dropped below statistical significance after the
effects of the changes in HI titre or those in both titres had been eliminated.
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Thus, it may be stated that, retrospectively, the success of vaccination is
more closely related to the rise in HI titre than to age.

Accordingly, in a given population, applying the same vaccine with
a standard technique, the percentage of take can be predicted if the age of

Table 1V

Correlations between success of revaccination (skin lesion), age of vaccinées and pre-revaccination
HI, and neutralization antibodies

Analyzed elements Basal correlations
1. Skin lesion r2 0.383 r23 0.086
° Age of vaccinées ri3 -0.049 r2l 0.010
3. Pre-revaccination HI titre —“08 o r34 0.447

4. Pre-revaccination neutralizing titre

Correlation Indices

o coefficient of significance
of relationship Eliminated element sesiona dogree of 1

esignation value troedom P. %
Skin lesion-age - r12 0.383 62 3.26 < 1
HI1 titre 112-3 0.389 61 3.30 < 1
Neutralization titre r12.4 0.394 61 3.35 < 1

H1 and neutralization
titre r12.34 0.391 60 3.29 < 1
Skin lesion-HI — ra —0.049 62 0.38 >70
titre Age r13-2 —0.089 61 0.69 >40
Neutralization titre r13-4 0.052 61 0.40 >60

Age and neutralization
titre [13-24 0.018 60 0.14 >80
Skin lesion- — r14 — 0.210 62 1.69 > 5
neutralization  Age it —0.232 61 1.86 > 5
titre HI1 titre (143 —0.211 61 1.68 > 5
Age and HI titre 14.23 — 0.215 60 1.71 > 5

vaccinées informing about the time elapsed since the compulsory revaccination
is known. However, knowledge of the postvaccination HI antibody response
is a better indicator of positive skin reaction than is the age of the vaccinées.

This observation has been confirmed by an analysis of the correlation
of the success of revaccination and the neutralizing antibody response. In this
case the basal correlation was highly significant and this significance was not
reduced by elimination of the effect of age. However, it dropped far below
the level of significance after the effect of HI antibody responses had been
eliminated, and remained at a similarly low level after the effects of age and
H1 antibody response were both eliminated.
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Table V

Correlations between success of revaccination, age of vaccinées and Il and neutralizing
antibody responses

Analyzed elements j Basal correlations
1. Skin lesion rn 0.383 ri5 0-371
2. Age of vaccinées ri5 0.788 rm 0-197
5. HI antibody response r16 0.583 5« 0.668
6. Neutralizing antibody response
Correlation Indices
Designation o coefficient o significance
of relationship Eliminated element
designation value Dfdfergéz%m t P, %
Skin lesion-age — re 0.383 62 3.26 1
Il antibody response r12.5 0.158 61 1.25 20
Neutralizing antibody
response W 0.337 61 2.79 1
111 neutralizing antibody
response r12.58 0.169 60 1.33 10
Skin lesion-HI — ri5 0.788 62 10.09 0.1
antibody Age 0.753 61 8.74 0.1
response Neutralizing antibody
response [ 15.6 0.659 61 6.85 0.1
Age and neutralizing
antibody response r >2f 0.617 60 6.08 0.1
Skin lesion- — i 0.583 62 5.66 0.1
neutralizing Age He 0.561 61 5.29 0.1
antibody 11 antibody response rIfi5 0.124 61 0.98 30
response Age and HI antibody
response [16.25 0.138 60 1.08 20
Discussion

Acceptance of local pustule formation as an indicator of successful revac-
cination with vaccinia virus is based on the principle that take indicates the
breakthrough of the actual immune level whereas no take indicates a higher
immune level, which cannot be overcome with the given dose of virus.

Furthermore, in a given population the size of inoculum will be in direct
relation to the percentage of take [5]. Thus, raising the virus titre of the
vaccine will increase the security of protection hut reduce the possibility of
noticing fine differences in the immunological status on the basis of the result
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of revaccination. Obviously, the low virus content of the vaccine applied in
the present studies has made it possible to find a well-defined correlation
between the time elapsed since the last vaccination and the success of revacci-
nation. The low virus content of the vaccine confirmed also the statement that
there is no significant correlation between the antibody level in the pre-revacci-
nation serum and the result of revaccination.

Immunity in general, and immunity following smallpox vaccination in
particular, is a complex phenomenon. It has serologically measurable indicators
which are most reliable soon after vaccination, but then gradually disappear.
After the serologically measurable antibodies have disappeared, there still
persists a potential immunity which manifests itself in mobilization of protec-
tive mechanisms against an antigenic stimulus. The pre-revaccination serological
titres provide no information as to the potential and residual immunity of the
subjects to be vaccinated. The fact that older subjects were revaccinated with
more success suggests that this type of immunity also declines with the pro-
gress of time. Naturally, there are great individual differences in this respect
since numerous young subjects develop a positive reaction and vice versa.

It is also of statistical significance that there exists a positive correlation
between pre-revaccination HI and neutralization titres in the group of subjects
who failed to develop an appreciable skin lesion, whereas a similar correlation
was not demonstrable in the group with positive skin reaction. It might serve
as a mechanical explanation that the neutralizing antibodies are more per-
sistent than the HI ones, therefore the presence of both antibodies may be
considered to indicate an immunologically more active status. This view is
supported by the fact that the pre-revaccination HI and neutralizing antibodies
of the subjects who failed to develop a positive skin reaction showed a correla-
tion similar to that exhibited by the postvaccination antibodies of successfully
revaccinated subjects.

The serological consequences of unsuccessful revaccinations have been
discussed by numerous authors. After immediate or no response Pincus and
Flick [6], Epp [12] and McCarthy- et al. [7], observed rises in the HI titre,
whereas Holik and Szathmary [8], Cutchins et al. [9], Elisberg et al. [4],
Finger and MObert [10] and ourselves found no or hardly any rise.

Rises in the neutralizing antibodies were demonstrated by all the authors
having investigated the neutralizing-antibody response of vaccinées developing
local pustules; the only differences were in the percentage of positive responses
[6,7,11,12,13].

We have found qualitative differences between the serological responses
given by vaccinées developing a positive skin reaction and those failing to do so.

(a) After several revaccination attempts, the neutralizing antibodies
increased to a certain level in most cases, and the increase showed a definite
negative correlation with the prevaccination neutralizing antibody.
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After take, on the other hand, the titres, probably highly depending on
virus multiplication and the individual reaction, showed a substantial rise,
irrespective of their prevaccination levels.

(b) After no take only the neutralization titre increased in a biologically
appreciable degree. The minimal rise in HI titres proved to be significant
statistically, hut its biological significance could not be appreciated.

It is well-known that an increase in vaccinia antihaemagglutinin is indi-
cative of viral multiplication in the organism. It seems likely that the unsuc-
cessful vaccinations with the vaccine and technique applied by us were not
followed by substantial multiplication of virus. The rises in the neutralizing
antibody titre of vaccinées giving no HI antibody response might be explained
by supposing that in the course of repeated revaccination attempts a consider-
able amount of protective antigen had been introduced, which then brought
about a serological response in the presence of potential immunity. A similar
conclusion has been drawn by Cutchins et al. [9], and this view is also sup-
ported by the observation of Kuhn and Rohde [14] that revaccination with
the Herrlich vaccine was followed by a rise in complement-fixing antibodies.

In practice, a neutralization titre higher than 1 :128 is suggestive of
take; such high titres have not been observed either before revaccination or
after failure to take. However, only 17 of the 44 successfully revaccinated sub-
jects attained that level. Consequently, the postvaccination titre in itself
fails to give a definite answer to the question whether or not the revaccination
of a given subject was successful. It should be noted in this respect that the
interval between taking the first and second blood sample was uniformly
three weeks. In case of failure to take, several trials were performed during
this period. The serological consequences of these trials on the dynamics of
serological responses are unknown.

Examination of paired sera fails to give much more reliable information
on the character of the vaccination reaction. In this respect only 32-fold or
greater rises in neutralization titre may be considered significant. Still, such
an increase occurred in three cases out of the 32 failures to take, whereas out
of the 31 takes only 16 exhibited a 32-fold or greater rise in the neutralization
titre.

The present data have shown that the HI antibody response is the most
reliable serological indicator of successful revaccination; a serum titre of
1:32 or higher 3weeks after revaccination, or an 8-fold or greater rise in titre
may be considered as indicative of take. As mentioned previously [1], 21 of
the 31 takes were followed by an 8-fold or greater increase in titre, which was
observed only exceptionally after unsuccessful revaccinations (in a single case
out of 32).

The present neutralization tests were performed in order to throw light
upon the interrelation between the neutralizing antibody, which is considered
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the most specific and most persistent of the antibodies, and local dermal sen-
sitivity. However, the interrelation with the prevaccination titre as well as
with the antibody response proved to be loose.

The present studies have shown the lack of an interrelation between
neutralization antibody and local skin immunity (according to Dixon’s classi-
fication [17]). This view is supported by the studies of Kaptan et al. [15],
who succeeded in producing skin lesions in subjects having high-titre neutra-
lizin'; antibodies.

The present data also suggest that the introduced protective antigen
may induce some neutralizing antibody response even without a considerable
multiplication of virus, but an immunity manifesting itself in all factors
requires adequate viral multiplication.

The HI antibody response has proved to be a more appropriate serological
indicator of take than a rise in neutralizing antibodies. Presumably, the intro-
duced HA antigen is not enough to induce a detectable HI antibody response.
It is therefore likely that shortly after vaccination the HI antibody is in corre-
lation with the anti-invasion and anti-dissemination factors. Later, however,
these correlations disappear because of the disappearance of HI antibody.

It may be concluded that neither the antihaemagglutinin nor the neutra-
lizing antibody is identical with the main determinant of the implantation of
vaccinia virus in the scarified skin. It isuncertain whether the true determinant
of resistance to revaccination (and also to smallpox) is measurable by any
serological test. To elucidate this question, the possible role of further antigens
or allergens should be clarified.
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Summary. The effect of quercetin on different viruses has been studied. Herpesvirus
hominis, Herpesvirus suis, type 3 parainfluenza virus and the Sindbis virus were found to be
sensitive to quercetin. The sensitivity of type 1 poliovirus was moderate, while types 2 and
3 of poliovirus and types 3 and 4 of adenovirus were completely resistant. Quercetin, being
active only against extracellular virus, was considered virucidal. The effect of morin on Her-
pesvirus suis was identical with that of quercetin, while rutin was practically ineffective.

In a previous paper we have shown the antiviral effect of aqueous dry
oak and heecli leaf extracts and of commercial tannic acid [1]. Condensed
tannic acid, being a flavonoid polymer |2], seemed to he of interest in view
of the possible antiviral effect of certain flavonoid monomers. Catechin, the
precursor of tannic acid, is a quercetin derivative [3], thus we examined the
effect of quercetin on viruses. A short report has already been published on the
results [4], of which the present paper gives a more detailed survey.

Materials and methods

Tissue cultures and media. For HeLa tube cultures we used Gey’s solution with 5 per cent
inactivated rabbit serum and 0.25 per cent lactalbumine hydrolysate.

For plaque assay, cell suspensions of trypsinized 11 days old chick embryos were used.
Petri dishes of 50 mm diameter were seeded with 2.5 X107 cells. The nutrient fluid consisted
of Gey’s solution, containing 4 per cent pH 7.6 Tris buffer, 5 per cent calf serum and 0.25
per cent lactalbumine hydrolysate.

Viruses. A strain of Herpesvirus hominis isolated from conjunctival rinsing fluid in
HeLa cells was used. Further strains tested were poliovirus type 1 (Mahoney), type 2 (MEF 1)
and type 3 (Saukett), and a type 3 parainfluenza virus isolated in this laboratory [5]. All viruses
were maintained in HeLa cell cultures. Herpesvirus suis was isolated from pig brain. The Sindbis
virus was kindly supplied by Dr. I. Gresser (Boston, U.S.A.). Both viruses were cultured on
chick embryo cells.

Virus assays. The titre of Herpesvirus suis and Sindbis virus was determined on chick
embryo fibroblast monolayers by the plaque technique. The other viruses were titrated in
HeLa cell culture tubes. The methods used were described previously [6, 1].

Preparation offlavonol solutions.* Quercetin (MP 315 317 °C), morin (MP 294 —298 °C)
and rutin (MP 198 °C) were dissolved in saline at a slightly alkaline pH adjusted by 0.2 M

* The authors are indebted to Dr. M. Gabor (Institute of Pharmacodynamics, Univer-
sity Medical School, Szeged) for quercetin and to Koch Light Laboratories, England, for morin
and rutin.

2 Acta Microbiologica Academiae Scientiarum Hungaric.ae 13 (1066)



114 R. PUSZTAI et al.

NaOH so as to obtain final concentrations of 300 /ig/ml. The pH of the final solutions varied
from 7.4 to 7.6.

Antiviral effect. Virus suspensions obtained in HeLa cell cultures and having a titre
of 103'5to 1045TCID50/O.I ml were mixed with an equal amount of flavonol solution. The mix-
tures were usually allowed to stand at room temperature for 2 hours and inoculated undiluted
or in tenfold dilution into three HelLa tubes each. As controls, virus-saline mixtures were used.

In experiments with Herpesvirus suis and Sindbis virus equal amounts of flavonol solu-
tion, respectively saline, were mixed to virus suspensions of 103 to 103’5 PFU/mI. After appro-
priate incubation, 0.2 ml samples were inoculated on chicken embryo fibroblast monolayers.
After adsorption for 2 hours at 36 C. the infected cultures were overlaid.

Results

The effect of quercetin on the different viruses is presented in Table 1.
As shown in Table 1, Herpesvirus hominis and type 3 parainfluenza
virus were highly sensitive, type 1 poliovirus moderately sensitive, whereas
all the other viruses tested were resistant, to the effect of quercetin. The inac-

Tahle |

Effect of 300 /iginl quercetin solution on infectivity of different viruses*

Log TCID5Y0.1 ml in HeLa cells

Virus Quercetin- Log inhibition
Control treated**
Herpesvirus hominis 4.24 0.50 3.74
Poliovirus type 1 4.24 2.74 1.50
Poliovirus type 2 4.50 4.50 0.00
Poliovirus type 3 3.74 4.24 —0.50
Parainfluenza virus type 3 3.50 0.74 2.76
Adenovirus type 3 4.50 3.74 0.76
Adenovirus type 4 4,50 5.00 —0.50

*Viruses were grown in HeLa cells.
** Incubated for 2 hours at room temperature.

tivating effect of quercetin on Herpesvirus hominis proved to be constant.
In experiments repeated 13 times under identical conditions, it reduced the
infective titre of 103's — 10424 TCID3JmI virus by 2 logs in two cases and by
3.74 logs in 4 cases. In the remaining cases, the decrease of titre varied between
the above two values. As shown by the data of five identical experiments,
quercetin caused a 0 to 1 log titre decrease of type 2 poliovirus. In five
identical experiments the titre reduction caused by quercetin in type 1 polio-
virus varied within the limits of 0.75 to 2 log. In the controls titre variations
did not exceed 0 to 0.75 log.
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Herpesvirus hominis exhibited a marked sensitivity to quercetin. The
effect on type 1 poliovirus was considered moderate, while against type 2

poliovirus it was negligible.
Results concerning the influence of the time of incubation on the anti-

viral effect of quercetin are presented in Fig. 1.

Fig. 1. Effect of 300 /tg/ml quercetin on Herpesvirus hominis after different times of exposure.
1: Control; 2: Treated

The virus inactivating effect of quercetin increased with the duration
of incubation. Complete inactivation of 10:Nv4 TCID5s0o Herpesvirus hominis
took two hours.

The action on Herpesvirus hominis of quercetin solution at different con-
centrations is shown in Table 1l. Virus—quercetin, resp. virus—saline
mixtures were incubated for two hours at room temperature.

Table 11

Effect of quercetin at different concentrations on Herpesvirus hominis*

Quercetin Log TCID,,/0.1 ml
concentration, //g/ml in HeLa cells
0 3.74
25 2.50
50 1.50
100 0.66
150 0.50
300 0.00

* Incubated for 2 hours at room temperature.

Inactivation by quercetin increased parallel to the concentration, full
inactivation being attained at 300 /tg/ml concentration.

The effect of quercetin on Herpesvirus suis and the effects of morin
and rutin at various concentrations were also examined. Results are shown
in Fig. 2.
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The antiviral effect of quercetin and morin was practically identical,
rutin being relatively less active.

The inactivating effect of heparin on Herpesvirus hominis is known to
he inhibited by protamine sulphate [7]. Attempts were made to inactivate
the action of quercetin by the same substance. Identical volumes of 300 jUg/ml
quercetin were mixed with protamine sulphate solutions of different concen-
trations. The precipitate formed was removed by centrifugation for 1 hour

Fig. 2. Inactivation of Herpesvirus suis by rutin, morin and quercetin at different concen-
trations. 1: rutin; 2: morin; 3: quercetin

1 25 125 25 250 500/ig/m |

Fig. 3. Effect of 150 /ig/m| quercetin on Herpesvirus suis in the presence of protamine sulphate
at different concentrations. —a Protamine; - - - Protamine -(- Quercetin

at 2500 r. p. m. To 0.5 ml of the respective supernatants, identical volumes
of Herpesvirus suis of 10:i PFU/mI were added. The mixtures were incubated
at room temperature for 2 hours and inoculated in 0.2 ml volume each on
chick embryo fibroblast monolayers. Following adsorption for 2 hours at
36 °C, the infected cultures were overlaid. The virus inactivating effect of
protamine sulphate was checked in mixtures containing saline instead of
quercetin. Results are shown in Fig. 3.

The virus inactivating effect of quercetin gradually declined with
increasing the concentration of protamine sulphate from 1 to 25 /ig. At higher
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concentration protamine sulphate had no neutralizing effect since it began
to reduce the plaque count.

The effect of quercetin on Sindbis virus is shown in Fig. 4.

The sensitivity of Sindbis virus to quercetin was similar to that of
Herpesvirus suis (see Fig. 2).

Next the activity of quercetin on virus growth was studied in infected
cultures. FleLa cultures were infected with 10”: to 10-~6 dilutions of Herpes-
virus hominis. Adsorption was allowed to take place for 2 hours at 36 °C.
Subsequently, the cultures were washed 3 times with Hanks’ solution. To the

Fig. 4. Effect of quercetin at different concentrations on Sindbis virus

infected cultures a nutrient medium containing 30 pg/ml quercetin was added.
Controls were set up with saline instead of quercetin. On the 6th day of incu-
bation, no difference was detectable in the TCID-0 of control and quercetin-
treated cultures. Thus the addition of quercetin after the infection had no
effect whatever. Similar results were obtained with Herpesvirus suis. W ith
this virus, the studies were performed on chick embryo fibroblast monolayers
overlaid with a medium containing 30 or 120 /tg/ml quercetin. Plaque counts
were identical in both quercetin-treated and untreated cultures.

Discussion

It has long been known that certain polyanions reduce the infective
titres of some viruses [9, 10, 11, 12]. The virucidal effect of tannic acid observed
by us [1] was interpreted by its polyanionic character. On the basis of our ex-
periments similarities may be supposed inthe action of monomeric quercetin
and the polyanionic tannic acid. The sensitivity of a variety of viruses was very
similar to both substances. The action ofthe materials proved to be virucidal
and tended to increase with the time of incubation [1]. The antiviral effects of
both tannin and quercetin are inhibited by protamine sulphate [8]. Hence
the virucidal activity of tannic acid seems to hi' due not so much to its poly-
anionic nature as to its structural units resembling the quercetin molecule.
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Protamine sulphate is known to reduce the infective titre of certain
viruses [13, 14]. In our hands, protamine sulphate at concentrations higher
than 25 pg/ml definitely inhibited plaque formation by Herpesvirus suis.

The antiviral effect of certain flavonoids and related substances was
studied in animal experiments by Cutting et al. [15, 16, 17]. A prophylactic
effect was observed against rabies, neurovaccinia and ectromelia virus infec-
tions in mice treated with quercitrin or quercetin by the oral route. None of
these substances proved to be protective when fed after the virus infection.
This protective action of flavonoids might be ascribed to the virucidal effect
observed in our experiments. Cutting et al. [16] found that rutin was ineffec-
tive; this is in accordance with our present data (Fig. 2).

The highest sensitivity to tannic acid and quercetin was exhibited by
enveloped viruses, viz. herpesviruses, type 3 of parainfluenza virus and Sindbis
virus. Viruses lacking an envelope like polio- and adenoviruses, were moderately
sensitive or even resistant. Further studies are required to elucidate whether
the antiviral effect really depends on the presence of the envelope and to detect
whether or not the different strains of the different virus types exhibit similar
sensitivities.

Acknowledgements. We are indebted to Prof. G. ivanovics for his interest and advices.
Thanks are due to the Institute of Organic Chemistry, University of Natural Sciences, Szeged,
for melting point determinations.
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Summary. The haemagglutination-inhibiting (HI1) antibodies to the three reovirus
types were titrated in serum samples collected from 1982, mostly healthy, persons living in
Hungary. Antibodies to types 1, 2 and 3 were found in 73, 74 and 81 per cent of the samples,
respectively. The percentage of seropositive sera appears to grow' till the fourth decade of life
in the case of types 1 and 2; in the case of type 3 it reaches its highest level betw'een 3 and
5 years of age.

Serological response of 273 hospitalized acute respiratory cases was compared with
that of 114 cases of viral hepatitis. No appreciable difference could he demonstrated. In 22
cases under 10 years of age clinically diagnosed as “viral infection* the incidence of antibody
response to reovirus types 1 and 3 was relatively high (3 and 5, respectively).

The HI test was found to be equivalent to the neutralization test in detecting reovirus
antibodies. A close correlation exists between Ill and neutralization titres.

The term reovirus was introduced by Sabin in 1959 for the designation
of the viruses classified earlierinto echovirus type 10 and some related viruses
[1]. Since then the morphology [2, 3] and antigenic structure of reoviruses,
the existence of three serotypes [1, 4] and of several subtypes within type 2 [5],
the chemical nature of the reovirus haemagglutinin, the relationship between
infective virus and haemagglutinin production [6—8] and the influence of
different circumstances on the multiplication of reoviruses in various tissue
cultures [9—11] have been clarified. Reoviruses have been isolated from
healthy children [12, 13], outbreaks of different diseases [1, 14—18], several
species of domestic animals [19—21], laboratory animals [1, 22, 23] and uninoc-
ulated monkey-kidney cell cultures [24 —26].

The wide dissemination of reoviruses has been demonstrated by serolog-
ical surveys [1, 4, 14—17, 27 —32]. Further, the existence of serological cross
reactions among tin? three reovirus types [1, 4, 30] and among strains of human
and lower animal origin [19—20] have been evidenced.

To elucidate the possible pathogenicity of reoviruses, volunteers were in-
fected, but the results of these experiments were not unequivocal. On the other
hand, isolation of reoviruses from ill-defined minorillnesses, including respira-
tory, enteric and exanthematic cases, and serological evidence of reovirus
infection in connection with such cases have often been reported [12, 14, 15,
23, 35—37]. The so-called HEY virus, which causes jaundice associated with
encephalitis in mice has also been proved to be a reovirus [36, 37].
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All these data supplied little information on the human pathogenicity
of reoviruses, isolation of which is seldom successful although a high per-
centage of the population appears to be positive serologically [14, 15, 17, 18,
27, 30, 32].

To obtain some information on the immunological status of the popula-
tion of Hungary, we examined serum samples from subjects from two months
to 70 years of age for haemagglutination-inhibiting (HI) antibodies to the three
serotypes of reoviruses. In addition, paired sera were collected from patients
suffering from different diseases to obtain some information on the patho-
genetic role of reoviruses; in 50 serum pairs both neutralizing and HI antibo-
dies, in the others only the HI antibodies were titrated.

Materials and methods

Sera. Group I: A total of 1982 serum samples taken partly for syphilis screening tests
from apparently healthy subjects, partly from subjects suffering from various acute dis-
eases.

Group I1: 433 serum pairs from hospitalized patients. Of these 273 suffered from respi-
ratory diseases, in 46 cases the clinical diagnosis was “viral infection” with fever, upper respi-
ratory and enteric symptoms sometimes accompanied by atypical exanthems. Paired sera of
114 patients with viral hepatitis served as control.

The sera were kept at - 20 °C until tested.

Serological methods. The reovirus type strains used for preparation of HI antigens were
kindly supplied by Dr. K. Zacek (Prague). The designation of the strains was: type 1YR
230 101476, type 2 YR 231 201477 and type 3 YR 232 201479. Antigens were produced in
primary monkey-kidney cell cultures and in Ruzicska’s [38] permanent cell line No. 11l1/1 of
monkey-kidney origin. Stationary cultures were used. The maintenance fluid was Parker’s
medium No. 199 throughout. After complete destruction of cells the cultures were frozen and
thawed successively three times. Haemagglutination (HA) and |1l titrations were carried out
according to Takatsy’s microtitrator method [39]. The HA titre of the viral preparation was
determined in every case when HI titration was performed and 4 HA units of virus were added
to each serum dilution. To remove nonspecific inhibitors and haemagglutinins, the sera were
absorbed with kaolin and human 0 erythrocytes [4]. Subsequently a twofold dilution series
was prepared from 1 :8 to 1 :256. The virus-serum mixtures were allowed to stand at room
temperature for one hour, whereafter a 1 per cent suspension of human 0 erythrocytes was
added. After incubation at room temperature for 60—90 minutes the results were read.

Neutralization (N) tests were performed with type strains propagated in primary mon-
key-kidney cell cultures; aliquots of virus containing 100 CPD5)Y0.1 ml were mixed each with
an equal volume of appropriately diluted heat-inactivated serum. The mixtures were kept
at -f-4 °C for 12 hours. Three tube cultures of permanent monkey-kidney cells were inoculated
with each of the mixtures, 0.1 ml virus per culture.

Results

In Group | 73, 74 and 81 per cent of the sera contained H1 antibodies
in a titre 1:8 or higher to reovirus type 1,2 and 3, respectively (Table I).
The percentages of sera positive to types 1and 2ran parallel in the differ-
ent age groups, rising with age. In the age group from 6 to 10 years 74 and
72 per cent, respectively, of the sera contained HI antibodies. With type 3,
on the other hand, the same level was reached much sooner; 74 per cent of
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Table |
Incidence of 111 antibodies to reovirus types 1, 2 and 3 in the sera of subjects of different age
Sera with titres 2>1 :8 to
Age group ser,:o'tegtfed Reo 1 Reo 2 Reo 3

No. % No. % No. %
2 5 months 69 29 42 28 41 38 56
6-n 111 44 39 39 35 84 76
1 year 88 43 49 43 49 55 63
2 years 82 40 49 37 45 61 74
3-5 » 141 88 62 83 59 107 76
6 10 162 120 74 117 72 130 80
n 20 182 145 80 145 80 151 83
21-30 " 278 226 81 236 85 246 88
31-40 » 236 204 87 215 91 211 90
41 50 197 162 82 164 83 165 84
51 60 234 189 80 196 84 196 84
61-70 131 99 76 98 75 112 86
>71 71 60 85 59 83 53 75
Total 1982 1449 73 1460 74 1609 81

the two-year-old children already had detectable HI antibodies to reovirus
type 3-

The distribution of different HI antibody titres to the three reovirus
types are presented in Figs 1 to 3.

In the incidence of high (1 : 128 and 1 : 256) titres there was no appre-
ciable difference among the three types; in the incidence of medium titres
fluctuation was more pronounced and the excess type-3-positive sera in early
childhood had low or medium titres.

Since the above results, in accordance with literary data, suggest that
the first reovirus infections usually occur in early childhood, paired sera from
ill children (Group Il) were examined to obtain some information on the patho-
genetic role of reoviruses (Table I1).

In the patients with respiratory disease (273 cases under 10 years of age)
4-fold or greater rises in titre were found in 3.3, 3.0 and 4.7 per cent against
types 1, 2 and 3, respectively.

In the group with the clinical diagnosis of “viral infection” (22 cases)
under 10 years of age the respective percentages were 13.6,4.5 and 22.7
per cent. None of the 24 patients over 10 years of age showed a rise in titre.

As to the antibody titres to reoviruses in hospitalized patients suffering
from a non-respiratory disease, paired sera of 114 patients with viral hepatitis



122 M. TOTH and A. HONTY

2-5 1 3-5 11-20 31-40 51-60 >71
6-11 2 6-10 21-30 41-50 61-70
Months Years

Age ofsubjects tested
«Number of subjects tested

Fig. 1. Antibody titres against reovirus type 1 by age

Months Years
Age ofsubjects tested
= Number of subjects tested

Fig. 2. Antibody titres against reovirus type 2 by age

were examined. Rises in titre suggestive of simultaneous reovirus infection
were mainly demonstrated in the paired sera of patients over 10 years of age.

In accordance with literary data, heterotypic immune responses were
frequent. Most of the cases giving a well-defined immune response to reovirus
type 1 or 2 showed an antibody response to both, others only to one, of the
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m 82

Months

162 278 197 131
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Fig. 3. Antibody titres against reovirus type 3 by age
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heterologous types. Infections attributable to reovirus type 3 were, however,
not accompanied by heterotypic responses.

The relationship between the HI and neutralization titres was examined
in 50 serum pairs. For this purpose sera completely negative in the HI reac-
tion, those only inhibiting reovirus type 3 and paired sera giving an antibody
response, were selected. In deciding whether a serum was or was not positive,
the two reactions appearto be equivalent. The 11 HI-negative serum pairs were
found to be negative in the neutralization test, too, whereas the 39 111-positive
sera also contained demonstrable neutralizing antibodies. The titre values
either equalled or there was a two- or fourfold difference in titre in favour of
either of the HI or the neutralization titre.

Table 11

Antibody response in 433 hospitalized patients

Clinical diagnosis cegaer,
Respiratory infection 0 10
“Viral infection” 0 10

>10

Viral hepatitis 0 10
n 20

21 60

>4-fold rise in HI titre to
No. of

serum pairs Reo 1 Reo 2

No. % No. % No.

273 9 3.3 8 30 13
22 3 136 1 45 5

24 )

56 1 1.7 3 5.3 5

38 4 10.5 2 5.2 5

20 3 15.0 3 15.0 3

Reo 3
%
4.7
22.7

8.9
13.4
15.0
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Discussion

It has been shown by numerous authors [1,4, 14—16, 27 —31] that the
incidence of HI antibodies to reoviruses is generally high but percentage data
have only been published in two reports. Et Rai and Evans [17] found anti-
bodies to all three types in one quarter of children’s sera and in one half of
the young adult sera tested. Schmidt et al. [32] demonstrated H1 antibodies
to reovirus type 1in 48.8 per cent, to type 2in 87 per cent. They did not exam-
ine type 3 antibodies.

In contrast to the latter authors, we found type 1 and type 2 antibodies
at about the same percentage (73 and 74 per cent). The incidence of type 3
antibodies was somewhat higher (81 per cent). The reason for the higher per-
centage appears to be clear: this includes the most heterotypic reactions.
There was no difference in the incidence ofhigh titres most indicative of homo-
logous infection.

As to the age incidence of reovirus antibodies, Lerner et al. [27] com-
pared the titres of maternal and neonatal sera. They found equal titres in
80 per cent of the cases. According to our studies the maternal antibodies soon
disappear, but the high incidence of antibodies (especially to reovirus type 3)
even in high titres, during the second half year of life suggests that infection
with one or more reovirus types is common in infancy. The occurrence of high
titres in all age groups points to the long persistence of antibody titres, which
may be raised at intervals by reinfections. We did not examine serum dilutions
higher than 1 :256. Schmidt et al. found type 1 antibodies up to 1:320 to
1 :640 dilution and type 2 antibodies up to 1 :320to 1: 1280 in 2.9 and 21.9
per cent, respectively. Presumably some of the sera tested by us also had titres
higher than 1 :256.

The low incidence of antibody response in the sera of patients with acute
respiratory disease speaks against the significance of reoviruses as respiratory
pathogens. It may be of interest that a relatively high percentage of sera ob-
tained from cases with the clinical diagnosis “viral infection” gave an antibody
response to one or more reovirus types. Further investigation of such clinically
ill-defined cases might be justified.

Rises in the H I titre, indicative of simultaneous reovirus infections, were
displayed by a high proportion of hospitalized hepatitis cases over 10 years
of age. It is unlikely that these rises should have been in relation to the actual
illness of the patients. It is more probable that inapparent reovirus infections
occurred during the long periods of hospitalization. Since such infections may
also occur in patients hospitalized with respiratory diseases of different origin,
the serological response to reoviruses of hospitalized patients should be inter-
preted with great precaution.

The present investigations have shown that in the serological diagnosis
of reovirus infection the H 1 test is nearly equivalent to the neutralization test.
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Summary. A new method has been elaborated for the simultaneous determination of
erythro- and leukocytotropines in vivo. Mixtures consisting of 0.5 ml serum dilution to be
tested, 0.25 ml of 10 per erythrocyte suspension of conforming blood group and 0.25 ml of
a 20 000 per cu. mm. leukocyte suspension each are administered intraperitoneally to 3 mice.
After 3 hours, peritoneal exudate smears are examined for the occurrence and percentage of
erythro- and leukophagocytosis. Phagocytosis observed in over 3 per cent of mouse leukocytes
indicates a positive reaction. In a series of 25 cases suffering from immunohaematological
disorders, erythrophagocytosis could be detected in 14 cases, leukophagocytosis in 9, and simul-
taneous erythro-leukophagocytosis in 9 instances. Parallel tests in vitro disclosed the presence
of antibodies against erythrocytes in 12, against leukocytes in 5, and against both erythrocytes
and leukocytes in 4 cases. Testing of 20 control subjects yielded uniformly negative results.
The method is suitable for the detection of heterocytotropines, complete and incomplete auto-
antibodies, both as a direct and as an indirect reaction.

In the field of immunohaematological diseases an important role has
been attributed to the substances reacting with the own erythrocytes, leuko-
cytes and thrombocytes of the organism and with factors active in blood clot-
ting. Autoantibodies may develop against several haematological systems,
resulting in cytopenia of variable form and intensity. The most frequent mani-
festation is anaemia accompanied by moderate or marked leukopenia and often
also by thrombopenia.

A whole battery of in vitro tests has been developed for the detection
of cytopenia-inducing autoantibodies, including autoagglutinin determi-
nation, cold agglutination, direct and indirect antiglobulin reaction, mono- and
biphasic cold haemolysin tests for erythrocytes, as well as leukocyte aggluti-
nation, leukocyte phagocytosis in vitro, the leukocyte complement consump-
tion test of Chudomel, Jezkova and Libansky [5], leukocytolysis, etc. These
methods, however, often lack adequate sensitivity. As demonstrated in our
previous studies [1, 25], even in cases, where in vitro tests failed to demon-
strate anti-Rh (anti-D) antibodies in mother’s milk, urine and infants’ sera
simultaneous cytotropine determination in vivo was occasionally still successful.
The purpose of the investigations described below was to work out a method
suitable for the simultaneous detection of erythro- and leukocytotropines
in vivo.
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Materials and methods

Fresh human sera or serum dilutions to be tested are mixed with three times washed
human erythrocytes of conforming blood group, and with human leukocytes as follows.
0.5 ml serum + 0.25 ml 10 per cent erythrocyte suspension + 0.25 ml of a 20 000 percu, mm.
leukocyte suspension. All washings and dilutions are made with physiological saline. Leuko-
cytes are isolated and concentrated by differential centrifugation according to Muller [18].
The reaction mixtures are set up in triplicate and administered intraperitoneally to three
mice in each group. After the lapse of 3 hours, the animals are killed with ether. Smears made
from the peritoneal exudate are dried in air, stained with May-Grunwald—Giemsa solution
and examined for the occurrence of erythro- and leukophagocytosis. About 400 to 1000 cells
are counted in each specimen and the results are expressed in the percentage of mouse leuko-
cytes exhibiting phagocytosis. The mean value of the three counts made in individual mice
exceeding 3 per cent is regarded as the border-line of positivity both for erythro- and leuko.
phagocytosis.

Results

A total of 25 patients suffering from various liaematological disorders
and 20 healthy control subjects were tested for the presence of cytotropines,
partly in vivo as described above, partly by different methods in vitro as listed
in the introduction of this paper. Included were 5 patients with haemolytic
anaemia, 4 with immune agranulocytosis, 14 with pancytopenia and one patient
each with porphyria cutanea tarda and cold agglutinin disease, respectively.
Results are summarized in Table I.

Table 1

Occurrence of antibodies against erythrocytes and leukocytes, as demonstrated in vivo and
in vitro in 25 patients with various immunohaematological disorders and 20 control subjects

Antibodies Antibodies  Simultane-  soodies,
hro- o ams;t Lﬁuko- X aln;tt . elgythroc e
ago-  erythrocytes ago- eukocytes -
Cases tested Ey[os,s t " gytoms de- ) |2{ﬁ<o- and Ieti1 e(f—
in vivo monstrate in vivo monstrate
in vitro in vitro phalgoelyvtgﬂs mﬁjns\}:’tarf)ed
Haemolytic anaemia (5 cases) 5 5 2 | 2 |

Immunoagranulocytosis
(4 cases) 2 2 2 2 2 2

Pancytopenia (14 cases) 5 3 3 2 3 1

Porphyria cutanea tarda
(1 case) 1 1 1 — 1 -

Cold agglutinin disease
(1 case) 1 1 1 — 1

Healthy controls (20 cases) — - — — —

As demonstrated in Table I, the method in vivo yielded positive results
in 14 cases for erythrophagocytosis and in 9 cases for leukophagocytosis. The
simultaneous occurrence of erythro- and leukophagocytosis could be established
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in 9 cases. On the other hand, hy means of the different tests in vitro antibodies
against erythrocytes were found in 12 sera, against leukocytes in 5 sera, while
antibodies against both erythrocytes and leukocytes could be demonstrated

Fig. 1. Simultaneous erythro- and leukophagocytosis

in 4 cases only. Blood sera taken from the control subjects yielded uniformly
negative results, both in vivo and in vitro. An example for simultaneous erythro-
and leukophagocytosis is illustrated in Fig. 1, visualizing the partial destruc-
tion of phagocyted cells.

Discussion

Phagocytosis of different cells may occur along two lines, by means of
non-specific and by specific mechanisms. Aged cells or cells damaged by
known or unrecognized injuries are eliminated by what may be called normal
phagocytosis. This process may sometimes grow to considerable dimensions.
Langhans was the first to describe the rapid penetration of leukocytes into
haemorrhages, resulting in phagocytosis and digestion of erythrocytes. Large-
scale phagocytosis of erythrocytes in the cerebrospinal fluid was observed by
Balazs [3]. Vajda and Szlics reported on a case of suppurative otitis with
marked leukophagocytosis in the CSF even in the absence of antibodies against
leukocytes, after the penetration of pus into the cerebral ventricles [24]. Such
an intensive normal cytophagocytosis is evoked partly by the “increased
offer”, i.e. the great number of cellular elements to be phagocyted, partly by
the action of different exudation-promoting substances, such as leukotaxin [14],
leukocytosis-promoting factor [15], exudin [16], C-reactive protein [23], etc.

If antibody is produced against blood cells, as it is the case in paroxysmal
haemoglobinuria or after incompatible blood transfusions, then the erythro-
cytes sensitized by the corresponding antibodies are subjected to phagocytosis
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like specific antigen-antibody complexes. This process is called immunophago-
cytosis, and the antibodies promoting phagocytosis are named opsonins.
According to their target cells, origin and mode of action, the opsonins
may be grouped as follows.
Opsonins directed against erythrocytes. (1) Natural isohaemopsonins;
(2) immunoisohaemopsonins; (3) acquired autohaemopsonins; (4) hetero-
haemopsonins.

Opsonins directed against leukocytes. I. Antibodies reactive with the
cell surface. (1) Natural isoleukoopsonins; (2) immunoisoleukoopsonins;
(3) autoleukoopsonins; (4) heteroleukoopsonins. IlI. Antibodies reactive with

cell nuclei (L. E.-factor, antinuclear factors).

Isohemopsonins in human serum were found by Scniff [21], Rubin-
stein [20] and numerous other authors. Backhausz and Vajda developed
a method for the demonstration in vivo of the haemopsonic activity of anti-Rh
(anti-D) sera. This titration in vivo yielded usually titres, higher than those
obtained in tests in vitro, and was positive in some cases judged negative on
the basis of methods in vitro. A further improvement was achieved by rendering
the test suitable for the simultaneous determination of erythro- and leukoopso-
nins, as demonstrated in this paper.

Blood transfusion, organ transplantation [2] and pregnancy are known
to result occasicmlly in isoopsonin production. Since no such episodes could
be established in the history of the patients included in the present series, the
positive erythro- and leukophagocytosis observed should be attributed to the
presence of autohaemopsonins and autoleukoopsonins in the patients’ sera.

Our observations on the simultaneous occurrence of erythro- and leuko-
phagocytosis are in accordance with the previous findings of Fisher [10a],
Evans and Duane [10], Dausset et al. [6, 7, 8], Moeschlin [17], Gasser
and Hollander [11], Bernard et al. [4], Steffen et al. [22], Muller and
Weinreich [19], Loghem et al. [9] and Hermann [13], demonstrating the
co-existence of leukopenia and thrombopenia in haemolytic anaemia, and
describing the simultaneous production of antibodies against the three main
cell types during pancytopenia.

Sensitization of blood cells may also take place in vivo, as indicated by
the positive result of the direct cytotropin reaction performed in 3 cases (one
patient each with haemolytic anaemia, porphyria cutanea tarda and cold
agglutinin disease) out of the 9 exhibiting a positive indirect cytotropine test,
thus, suggesting that autoantibodies must have been bound in vivo to erythro-
cytes and leukocytes.

Phagocytosis of blood cells during different autoimmune conditions could
be verified to occur in the organism itself. Thus, large-scale phagocytosis of
blood cells of all types by mature and immature megakaryocytes in the sternal
marrow obtained from a patient with immunothrombopenia and E. coli
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infection was described by Gorecz
latter phenomenon has not been e
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icy and Vajda [12]. The mechanism of the
lucidated. It was, however, noted that sen-

sitized cells added to rat bone marrow in short-term cultures were phagocyted

by the megakaryocytes [12a],
The cytotropine reaction in
for the demonstration of both com

is suitable
It also

vivo as described in this paper,
plete and incomplete autoantibodies.

yielded uniformly positive results with hetero-immune sera against blood cells

developed in rabbits.
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Summary. Comparative studies were performed on Francis inhibitor (K0, a modified
Francis inhibitor (8m) prepared in this laboratory and their acetone-soluble fractions (K uac
and 8ac).

A 2 per cent solution of 8ac exhibited a remarkable virucidal effect in vitro as compared
to the other three substances lacking this effect.

In roller drum, by measuring the inhibition of virus multiplication by haemagglutina-
tion at different concentrations of the various inhibitors and evaluating the results statistically,
we have made the following observations. The regression of inhibition measured as the geometric
mean of haemagglutination titres as referred to the dose of the inhibitor derivatives yielded
a first order function at intermediary doses.

Using identical doses of virus, the effectiveness of the most active 8ac preparation
exceeded 39 (32 to 44) times that of the original Francis inhibitor as referred to the respective
50 per cent inhibitory doses (E60).

Using an identical strain of virus, the order of activity of the individual materials was
#ae, 8m, K itac, K (r The activity depended on the characters of the given strain and, though
not always significantly, on its dose expressed in 1D 60.

As to the development of haemagglutinating activity in de-embryonated eggs, the activ-
ity of 8ac depended on the time of its addition to the system and on the dose of virus actually
used. The earlier the addition of identical concentrations of 8ac, the better the inhibition.
Similarly, the lower the initial virus dose, the more pronounced the inhibitory effect.

No notable effect was exerted by 8ac on the production of vaccinia virus HAN.

As already reported [1, 2, 3], we have coupled by diazotization an
alkylized aniline derivative with the Francis inhibitor obtained from human
serum. The affinity of this modified inhibitor was unaltered to active virions
of influenza A-0, A-1, A-2 and B type strains. Nevertheless, the release of
bound virions took longer than with the unmodified Francis inhibitor.

It was supposed that the modified inhibitors more firmly coupling with
the influenza virus may inhibit the attachment of the virus to sensitive cells,
thus inhibiting virus growth. The results obtained have justified this assump-
tion.

The interest in nonspecific inhibitors constituting a firm complex with
virions has increased since such substances have been encountered in different
natural sources against enteroviruses [4, 5] and the A-2 influenza virus [6].
The possible practical application of these materials for the prevention of
viral infections has also been considered.
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The present study reports on studies performed in roller drum and
de-embryonated eggs with influenza virus and a modified Francis inhibitor
and its acetone soluble fraction.

Materials and methods

Production of crude Francis inhibitor. Principles of the method have been published [1].

Preliminary test. A series of M/15 phosphate buffer mixed in a ratio 3 : 1 to the human
serum was studied. 15 X100 mm tubes were used. The series thus obtained was put into a boil-
ing water bath for 20 minutes. After cooling in running tap water, each sample was centri-
fuged for 15 minutes at 3000 r. p. m. The increase of the haemagglutination inhibition (HAI)
activity was determined by Takatsy’s micromethod [7], using four HA units of heat inacti-
vated Lee strain of influenza B virus and 2 per cent suspension of chicken or human erythrocytes.

Preparation. The combination resulting in the greatest titre increase was used for the
preparation of larger amounts of supernatants (from 5 to 15 litre human serum) in 500 ml
individual batches. The batches were boiled in stainless steel containers. The internal temper-
ature of the material exceeded 90 °C. The supernatant obtained after centrifugation of the
boiled material served as starting material for further preparation.

Modification of the Francis inhibitor. Determination of the dry material. Batches of 100 ml
of the starting material were dialysed against saline at +4 °C for 3 days usually against saline.
The material was then clarified by centrifugation at 6000 r. p. m. for 20 minutes in a MOM
Superfug apparatus. (This procedure is termed clarifying centrifugation in the following.)The
supernatant was treated with 10 volumes of acetone and the precipitate collected by filtration
through a filter paper of known weight. The material was then dried to constant weight. The
acetone précipitable dry material content varied from 2 to 8 mg/ml.

Preparation of diazonium salts from the inhibitor. An amount of diethyl-p-phenylene-
diamine (Merck, analytic purity) corresponding to one quarter of the dry weight of the inhi-
bitor to be modified was transformed to diazonium chloride at 0 °C. An appropriate amount
of alkalinized starting material was then mixed with the above substance under constant
stirring. The amount of N NaOIl used for alkalinization was calculated so as to obtain a pH
of 8 after the addition of diazonium chloride. The pH was adjusted to 7.2-—7.4 after half an
hour. The supernatant obtained after 6 days of dialysis at 4 °C and clarifying centrifugation
was the substance designated as substance 8 in our previous paper.

Preparation of 40 modified” (8m). Material 8 was added under continuous stirring to
4 volumes of acetone at 15 °C. The precipitate was sedimented by centrifugation at 3000
r. p. m. for 10 minutes and resuspended in saline of one tenth of the volume of starting material.
After three days dialysis and clarifying centrifugation for 10 minutes, the supernatant was
frozen and lyophilized. The amorphous material deep violet in colour thus obtained was desig-
nated as u8m”. Substance 8m was readily dissolved in saline at 1 to 2 per cent concentration
if previously finely ground in an agate mortar.

Preparation of 40 acetone soluble” (8ac). The supernatant obtained after sedimentation
of the acetone treated 8m was freed from acetone by heating in a water bath and vacuum
distillation. The soluble material thus obtained was dialysed against distilled water for 3 days
and centrifuged for clarification. The supernatant obtained was frozen and lyophilized. Sub-
stance 8ac was sticky, deep violet in colour and had a fatty appearance. It dissolved readily
in saline at 1 to 2 per cent concentration during grinding in an agate mortar.

Similar methods were used except the diazotization for the preparation of control K0
and control K lac corresponding to 8m and Sac, respectively.

Roller drum technique. This has been described [1]. In the present study, however, the
amount of inhibitor added was referred to dry weight instead of HAI-titre, since the lyophilized
materials were satisfactorily soluble. This appeared to be an advantage, as the modification
of the inhibitor was found to alter its HAl-activity. Decrease to about one half or one eighth
of HAl-activity was demonstrable in 8m as compared to K 0. Substance 8ac exhibited a further
titre decrease by 1/2 to 1/4. No difference was observed in the HAI-activity of K {ac and 8ac.

Statistical analysis. In the roller drum experiments, eight parallels were prepared simul-
taneously. Quantitation of virus replication was expressed in base 2 logarithms of HA titres
of the individual tubes. The inhibitory effect of the individual derivatives on virus replication
was measured by regression analysis, taking the concentration of the individual derivatives
for the independent variable (x). For analysis, the individual concentrations were numbered
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in sequence (20 mg/ml — 8; 10 mg/ml = 7; etc.). The dependent variable (y) was the logarithmic
power (to base 2) of HA titres.

The regression coefficient (b) was calculated and its significant divergence from 0
demonstrated in every case by Student’s t-test. The F-test performed parallel to the analysis
of variance has shown the first order function of regression at appropriate concentrations.
The quotient of the error and the square of variance of regression has shown the existence of
regression in a significant way (P ¢ 5 per cent). The squares of variance of the individual
classes approached or exceeded that of the deviation. The reason for this was the wide scattering
of HA titres.

The inhibitor concentration causing a 50 per cent decrease of HA titre (E50 = 50 per
cent efficient concentration) was referred to the appropriate virus control and expressed in
terms of average base 2 logarithms of HA titres. The fiducial limits of the individual ES0
values were calculated, taking the deviations into account.

The significance of the difference between two E50 values in each given case were cal-
culated by Student’s double i-test at the P 0.1 per cent level.

The control titres were different in the different experiments. To make simultaneous
presentation of several experiments possible, the results obtained were expressed in per cents
of the control value.

Studies in de-embryonated eggs. Fourteen to 16 days old emhryonated eggs were de-
embryonated according to Bernkopf [9]. In the area of the air sac, the shell membrane,
togetiier with the chorioallantoic membrane (CAM), was cut into three segments. The edge
of each segment was attached to the egg-shell by means of a drop of paraffin. The embryo
was then removed. The CAM was rinsed three times in nutrient medium [8], the eggs were
closed by means of UV-sterilized synthetic caps sealed to the egg shell hy means of paraffin
and then rotated in plastic containers [8|. De-embryonated eggs thus obtained were then inoc-
ulated with the required amount of virus in 3 ml volume, injected through a 4—6 mm dia-
meter hole on the synthetic cap. After 30 minutes of adsorption, the membranes were rinsed
3 times with 8 ml of nutrient medium each. Finally, the eggs were filled with 10 ml of appro-
priate nutrient medium with or without the inhibitor. For HA-titration, samples were taken
with Takatsy loops of 0.025 ml. The resulting loss of volume was not readjusted. For presen-
tation, the arithmetic means of HA titres per group were used.

Vaccinia virus. The strain used for vaccine production in Hungary was adapted to CAM.
Phe adapted strain induced the production of both HAN and infectious virions in the epithelial
cells of the allantoic sac. For haemagglutinin titration, a 0.5 per cent suspension of 3-times
washed cock erythrocytes was used after a preliminary test. The diluent was Hanks’ balanced
salt solution.

Results

Virucidal effects of Francis inhibitor derivatives. From each derivative,
20—10—2.5 mg/ml solutions were prepared in buffered glucosol containing
1 per cent egg white. Equal volumes of the solutions were mixed with freshly
harvested allantoic fluid from eggs infected with strain Bp. 4/49 of type A-I
influenza virus. The control virus was diluted in the diluent. All samples were
incubated at room temperature and at appropriate intervals 0.1 ml samples
were taken. Each sample was immediately diluted tenfold and starting from
this, a series of 10°*5-fold dilutions was prepared. Infectivity titrations were
made hy Horvath’s roller drum method [8], starting with a 10~15 dilution.
In Table 1 are presented the obtained ID5(/0.1 ml values (according to Reed
and Muench).

No virucidal effect was observed after incubation for 1 hour of the virus
in the presence of 20 mg/ml of KO, 8m or K Gac. Substance Hac was, however,
virucidal. The infectious titre of the virus exhibited a 10b85-fold decrease and
a significant decrease in titre was observable at the 10 mg/ml dose level.
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Table |
Inactivation in vitro of Bp. 4/49 strain of influenza A! virus

\irus infectivity (log 1D60/0.1 ml) after incubation with

of inTcil:nbeation Virus control
(hours) tog 1D0O1 mi Y| §§/m| Z)i;\mg/m ZJKm"ga/cml Z()?T?gc;/ml 10?:;/m| 25 Sr:(;/ml
0 7.00 ND ND ND ND ND ND
0.5 6.50 ND ND ND ND 6.05 6.15
1 6.05 6.10 6.00 6.00 4.20 5.70 6.00
2 5.85 ND ND ND ND ND 5.65
6 5.75 5.21 5.20 5.10 2.00 5.15 5.65

ND = not done.

On incubation for 6 hours, a 100-5-fold decrease of infectivity was observed
with K (, 8m and K uac as well as with 10 mg/m| 8ac, as compared to the control.
This value, though significant, was negligible in respect of virucidal effect.
In contrast, the 103-75-fold titre decrease observed in the presence of 20 mg/ml
8ac represented a remarkable virucidal effect. The 2.5 mg/ml dose level of 8ac
failed to exert a virucidal effect.

The growth inhibitory effect of Francis inhibitor derivatives on A -l influenza
virus as related to the doses applied. Different concentrations ranging from 2.44
/xg/ml to 20 mg/ml of K {ac, 8m and 8ac, were tested against 10° ID 50 doses
of Bp. 4/49 strain of A-l influenza virus.

ap/m! mg/ml
Fig. I. Inhibition of influenza virus replication as related to the dose of inhibitor, tested in
roller drum. Virus strain, Bp. 4/49. Virus dose, 1051D50/0.1 ml.
K,, = 0-mmmmmmmee o (y= —04150X + 3.1812; t[2j — 5.691; P < 1%)
K ttac H------------ H (y = —0.5468x + 4.7968; t[2] = 6.44; P < 1%)
8m e (y= —00919X + 7.820; t,/, 5.10: P < 2%)
8ac A-.- A (y = —0.3156X + 2.4843; t(2] = 3.52; P < 5%)
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The percentual inhibition by the individual derivatives as referred to
the control is presented in Fig. 1. The computed values are shown by the
designations specified in the captions for Fig. 1. The characteristic equations
of regression are presented adjacent to the plots obtained by geometric pre-
sentation of the computed values. The first members of the equations are the
regression coefficients (b), the second ones the pure members. Fig. 1 also
presents the related t and P per cent values showing the significance of the
deviation from o0 of the regression coefficient.

The grade of inhibition decreased proportionally to the concentration
of the different inhibitors. Each dose response curve comprises a linear part.
The linear part covers a greater or a smaller number of doses according to its
slope. At extremely high or low doses, the linear correlation is no longer
demonstrable. In Fig. 1, only the linear relations are presented as curves anti
all the values obtained are shown as individual points. The perpendicular line
drawn from the point representing 50 per cent inhibition gives the E-0 con-
centration of the respective inhibitor. The ESHvalues expressed as mg/ml are
given in Table Il, together with the fiducial limits of the actual measurements.

The four lines in Fig. 1 run separately and exhibit a certain divergence.
By simple inspection, the following order of activity is apparent: KO0<
<Z Kuac < 8m </ 8ac.

As calculated by the double t-test, the difference between all the four
E3 values was significant at the 0.1 per cent level. Taking the effectiveness
of KO as unit, that of the derivatives was, KO, 1; K Oac, 2.82 (2.33—3.24);
8m, 11.89 (9.9-14.88); 8ac, 38.66 (32.2-44.3).

Deviation of the increase in efficiency was calculated — at the 1 per cent
level — from the total deviation of all compared values. Owing to gain in grade
of liberty, the deviation of values was lower than the fiducial limits of indivi-
dually calculated E 9) values.

The results indicate a higher efficiency of fractions obtained from the
supernatant after acetone fractionation (K,,ac, 8ac) as compared to those in
the starting material (Kn, 8m). The twelvefold increase in efficiency, arisen
between Knand 8m in consequence of modification, increased further 3 times
with the acetone soluble 8ac. Substances K (and 8m, similarly to the Francis
inhibitor, were precipitated at the actual concentration of acetone, while 8ac
exhibited characters different from those of the classical Francis inhibitor.

Inhibition of growth of different influenza virus inocula in roller drum as
referred to the doses of 8ac applied. Substance 8ac, having been found the most
active in the preliminary test, was further studied within the dose range of
1.22 /tg/inl to 10 mg/ml against 10(, 105and 10' ID 5l) inoculum doses of Bp. 4/49
strain of type A-l influenza virus. The results obtained are presented in Fig. 2
and Table Il. Three roughly parallel straight lines showed that on decreasing
the inoculum, the relative effectiveness of 8ac increases. A hundredfold decrease
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fig/ml mq/ml

Fig. 2. Inhibition of different doses of influenza virus inoculum by different doses of 8ac as
measured by the roller drum technique. Virus strain, Bp. 4/49. Virus doses:

10“ ID50/O.1 ml O ---—-- O (Y= —0.2735X + 2.9786; tr-i = 7.25; P < 0.1%)
105 ID50/O.1 ml (y —0.3156X + 2.4843; tui = 3.52; P < 5%)
104 ID5)Y0.1 ml + ---+ (y = -0.3374X + 2.02; t[@)= 7.27; P < 1%)

of the inoculum dose (106 to 104 ID 50) resulted in a 7.52-fold increase of the
inhibitor’s activity. This was significant at the 0.1 per cent level. The increase
of activity between 10sand 1051D so doses (E-0: 0.54 and 0.12 mg respectively)
was significant only at the 5 per cent level, while no significant activity increase
was demonstrable between 105to 104 ID 50 doses.

Table 11

Fifty per cent inhibitory doses of Francis inhibitor derivatives in roller drum

Derivative Virus strain Vi'(ﬁ';g)ose E(Sr‘;g' Fid?;igﬂ;m':)m"s
Bp. 4/49 N-1 105 4.64 2.71—7.57

8m Bp. 4/49 A-l 105 0.39 0.12—1.27
Kydc Bp. 4/49 A-I| 10» 1.64 0.68 -3.98
8ac Bp. 4/49 A-l 10 0.54 0.10—2.81
8ac Bp. 4/49 A-l 10 0.12 0.04 0.40
8ac Bp. 4/49 A-I 104 0.0698 0.0149-0.149
8ac PR8 A-0 104 2.07 1.107 8.47
8ac Singapore 1/57 A-2 10* 1.80 0.74-6.68
8ac Lee B 10° 0.0006 0.00003- 0.612
8m Bp. 4/49 A-I 10 12 0.01 2.73
8m Bp. 4/49 A-I| 10° 0.258 0.121—0.48
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Inhibition of growth of different influenzavirus inocula in roller drum as
referred to the doses of 8m applied. Substance 8m was tested in the dose range
from 2.44 /rg/ml to 20 mg/rnl, against three different doses of Bp. 4/49 strain
of type A-l influenza virus. As shown in Table Il, the increase in activity of
the less active 8m substance was hut 4.65-fold when the dose of inoculum had
been reduced 100-fold. This value was still significant. The tenfold decrease of
the virus dose from 10®to 105 ID Hresulted in a 3.07-fold increase in inhibitor
activity. This value was also significant. Nevertheless, further lowering of the
inoculum dose caused no significant increase of inhibition.

7001

Fig. 3. Inhibition of growth of different influenza viruses by different doses of Sac in roller
drum. Virus strains:

Singapore 0 — oV -0.507x + 0.992; tr2i = 11.71; P < 1%)
PR8 A -.-a (v 0.3937X + 4.525; trZ] 4.72; P< 5%)
Bp. 4/49 (y 0.3374X | 2.02; t[4, 7.27; P< 1%)
Lee +---—---- + (y 1.0017X 2.35; t[3, 25.55: P< 0.1%)

Dose-dependent inhibitory action of 8ac on different virus strains. Next
the effect of 8ac on 4 different strains of influenza virus was examined.

Different concentrations of the inhibitor ranging from 0.009 /ig/ml to
10 mg/ml were added to 104 ID 5l doses of the respective virus. The strains
used were Lee (B), Bp. 4/49 (A-l), non-avid strain Singapore 1/57 (A-2), and
PRs8 (A-0). A decrease in sensitivity was found in accordance with the above
sequence. The difference in sensitivity of the Singapore and PR8 strains was
not significant, in contrast to the others. The high sensitivity of strain Lee was
remarkable. It seemed that other, less old, laboratory strains may exhibit
a lesser sensitivity. The differences in sensitivity probably reflected certain
particularities ofthe individual strains and the numerical values obtained might
be valid but for the roller drum method used in this laboratory. The absolute
grade of inhibition must be different with each method of testing.
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Inhibitory effect of 20 mg/ml 8ac on different inocula of strain PR8. Strain
PR 8 exhibited the highest resistance against our most active preparation.
Nevertheless, even this strain was totally inhibited at the maximal 20 mg/ml
concentration of 8ac. Should this action have been the result of tissue impair-
ment, it would not have been influenced by the change of the inoculum’s
concentration.

Inocula ranging from 101to 108 ID 50 were added each to four ampoules
containing control medium and 8ac. After 72 hours incubation in a roller drum,
the haemagglutinating activity in each ampoule was determined. Calculation
of the results was performed as previously.

As shown in Table Ill, 20 mg/ml doses of 8ac caused 100 per cent inhi-
bition of inocula up to 103 ID50. A further increase of the dose of inoculum
resulted in the lowering of inhibition as revealed by an increase in HA titres.

Table 111

Inhibitory action of uniform 20 mglml doses of 8ac on different doses of inoculum
of PR8 strain

Control 8ac
Virus dose/ampoule
HA titre in 4 log, HA, HA titre in 4 log, HA, Per cent
ampoules average ampoules average inhibition
101 0,0,32,32 25 0,0,0,0 0 100
102 0,32,32,48 3.875 0,0,0,0 0 100
103 32,64,64,64 5.75 0,0,0,0 0 100
101 32,32,64,64 5.5 2,46,8 2.375 57
10s 32,64,64,64 5.75 2,8,16,16 3 48
10n 32,32,64,64 55 4,12,16,24 3.5 36
107 32,32,64,64 5.5 4,8,16,32 3.5 36
108 32,64,64,64 5.75 8,16,16,24 3.875 33

Examinations in de-embryonated eggs. Experiment No. 1 (Fig. 4). Fifteen
de-embryonated eggs were inoculated each with a 6 x KO8 ID -0 dose of Bp. 4/49
strain. After 30 minutes of adsorption and three subsequent rinsings, two
groups received nutrient medium and one group nutrient medium containing
20 mg/ml 8ac. One of the groups with nutrient medium was subjected after
5 hours to rinsing followed by the substitution of the medium with a new one
containing 20 mg/ml 8ac.

After 18 hours of incubation, the HA-titre of the fluid phase of the
control and of the two inhibited systems showed a remarkable difference
(48 against 12 and 16). After 24 hours, the HA-titre of the control increased
to 64, while those of the inhibited systems varied between 8 and 12. Then all
groups were subjected to three subsequent rinsings with fresh nutrient medium
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and all de-embryonated eggs were further incubated in the absence of inhibitor.
The haemagglutination of the control group increased rapidly by the 26th,
40th and 44th hours. The rate of increase of haemagglutinating particles in
the previously Sac-inhibited system lagged behind, though with time it gradu-

HA titre (reciprocals)

ally approximated the control values. Regeneration of the group inhibited by
8ac in the 5th hour was more rapid than of the group inhibited in the 30th
minute.
Upon addition of the inhibitor after the completion of adsorption, the
grade of inhibition was found to be related to the time of addition.
Experiment No. 2 (Fig. 5). A group of 15 de-embryonated eggs was
inoculated with 3xHK 7 ID50 inoculum of PR8 virus. Thus, the inoculum was
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remarkably less and the virus more resistant than in the first experiment.
After allowed to adsorb for 30 minutes and rinsed 3 times, 20 mg/ml of 8ac,
K uac and pure nutrient fluid, respectively, were inoculated into 5 eggs each.
The HA titre of nutrient media was determined 3,6,9 and 24 hours later.
Then after 3 rinsings the nutrient medium was exchanged. HA titres of the
nutrient media were again determined 26, 29, 32 and 48 hours later.

The haemagglutination titre of the control increased from the 9th to
the 24th hour to 384 as compared to the 128 and 12 with K nac and 8ac, respec-
tively. After rinsing and replacement of the medium, virus growth was parallel

Fig. 6. Effect of 8ac on the growth of influenza (PR8) and vaccinia (Va) viruses in de-embry-
onated eggs

in the K Oac and control groups during the next 24 hours. The system treated
with 8ac appeared to be “cured”, as no increase in HA-titre could be detected.
It should, however, he remembered that a remarkable amount of virions may be
present even in the absence of HA -activity.

Experiment No. 3 (Fig. 6). In this experiment, a higher dose of PRS8
virus was used (3 X KO8 1D 50) and a group infected with 6 x KO7PFU of vaccinia
virus was included. Adsorption was allowed to take place for one hour. After
three subsequent rinsings, the respective groups received nutrient medium
with or without 20 mg/m| 8ac. The HA titres in this experiment were determin-
ed with a 0.5 per cent suspension of cock erythrocytes sensitive also to vac-
cinia haemagglutinin.

In all the above experiments, the initial HA titre was always higher in
the groups containing the inhibitor than in the controls. The situation was the
same in this experiment. In the 14th hour, the HA titre of vaccinia-virus-
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infected and Bac-treated eggs exceeded remarkably that of the control eggs.
In the 19th hour, however, their titres were identical. In the experiment with
PR8, by the 19th hour the mean titre of the control group was 64 as compared
to the 20 exhibited by the treated group. In the 22nd hour, the eggs were
rinsed with nutrient and the medium was replaced. By the 35th hour of incu-
bation, the HA-titre of vaccinia-infected eggs was 48 and 24 in the control
and Sac-treated groups, respectively. With virus PR8, the control exhibited
an HA-titre of 16, while the Sac-treated group one of 3.

The allantoic membrane is not optimal for the production of HAN,
which is not identical with the vaccinia virion. Nevertheless, the amount of
HAN produced by the control group was comparable to that produced in the
presence of Sac. In the 35th hour, the HA titre of the vaccinia virus control
group exceeded that of the Sac-treated one, but the difference was not more
than by which the latter exceeded the former in the 14th hour. Thus we may
state that, under identical conditions, the production of vaccinia HAN was
not remarkably inhibited as compared to the marked inhibition of PR8 virus
growth.

Discussion

Francis inhibitor is a mucopolypeptide. The coupling of the diazonium
salt with the cyclic amino acid of its peptide part and the resulting alteration
of the macromolecule’s behaviour is an interesting fact. The molecule forming
a firm complex with the virion will inhibit the replication of influenza virus
when administered simultaneously with the infection as revealed by the roller
drum method, this sensitive indicator of growth inhibition. The acetone soluble
fraction is a more active inhibitor of replication, in spite of its insignificant
HAI activity. Thus, this fraction may be similar to the Francis inhibitor though
being less hetero- disperse and consisting of smaller molecules. The procedure of
preparation, however, suggests the possibility that this fraction may be a sub-
stance containing a peptide-saccharide-lipid component present in human serum
and not corresponding to Francis inhibitor. According to our unpublished data,
both 8ac and K,,ac contain neuraminic acid. Nevertheless, in spite of their high
lipid content they are different from the known gangliosides [10] inhibiting the
haemagglutination and replication of influenza virus; the HAI activity of 8ac
and K ,ac are namely very low. This makes it improbable that 8ac should
compete with the receptor substance for the virions. Its virucidal effect might
be related with its high solubility in lipids, facilitating its penetration into the
envelope ofinfluenza virus. Nevertheless, its virucidal activity does not explain
its increased growth inhibitory action.

The inhibition of growth was found to depend on the dose of inhibitor
and to a lesser degree on the dose of inoculum, as demonstrated by Horvath’s
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roller drum method making use of surviving chorioallantoic membrane pieces
maintained in ampoules.

In the three experiments performed in de-embryonated eggs, the inhi-
bitor was added after the completion of adsorption. Thus, under these con-
ditions, the activity of Francis inhibitor (K 0, 8m) was negligible. The acetone
soluble fraction (8ac), however, exhibited a remarkable activity. During the
eclipse phase, the medium’s HA titre exceeded that of the control not only
with 8ac, but also with Ktac, influenza and vaccinia virus. The remarkable
growth inhibitory activity of 8ac was suspended on the inhibitor’s removal
when high doses of inoculum were used. In systems infected with low inocula,
however, the inhibitor eliminated the haemagglutinating particles and thus
reduced the virus concentration below 10® ID 50. The later the 8ac had been
added to the nutrient fluid of the infected de-embryonated egg, the more
rapid was the regeneration of virus production. Substance K uac exhibited an
inhibition exceeding the expected one, nevertheless, the regeneration of virus
multiplication was more rapid than with 8ac.

In further analyses of the inhibitory action on intracellular virus repli-
cation, one must not restrict the study to the medium’s HA titre; the changes
in the infective titre both intracellularly and after the release of virions have
also to be considered.
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Summary. The growth inhibitory action of heparin on Herpes simplex virus in human
embryonic fibroblast and HelLa cells was enhanced by certain biogenic amines and hormones
(histamine, adrenaline, serotonin, cortisone, hydrocortisone, ACTH). The inhibitory action of
heparin w'as demonstrable also in rabbits infected with herpesvirus by the subcutaneous route.
The inhibition manifested itself with a decrease of cutaneous lesions and the local growth
of virus.

According to the recent survey by Lwoff [1], there are several factors
influencing the growth of viruses, such as the temperature, interferon and the
pH of the medium, among others. Other authors attributed similar effects to
certain mucopolysaccharides [2,3], stress factors [4,5,6], and different hor-
mones [7].

Heparin has been found by several authors to inhibit the growth of
Herpes simplex virus [2, 8 —12]. Nevertheless, data are scanty as to the
simultaneous action of heparin and other substances.

In earlier studies we have observed a summation of effects on Herpes
simplex virus in a system containing heparin and interferon [13]. The aim of
the present study was to examine in vitro as well as in vivo the effect of some
biogenic amines and hormones, viz. histamine, adrenaline and serotonin, cor-
tisone, hydrocortisone and ACTH, administered alone or in different combi-
nations with heparin.

Materials and methods

Nutrient medium. Primary human embryonic fibroblast cultures were prepared in
Parker’s medium No. 199 containing 20 per cent calf serum. For maintenance and dilutions
the same medium was used with 5 per cent calf serum. HelLa cells were grown in the same
medium with 10 per cent calf serum reduced for maintenance to 5 per cent.

Cell cultures. Cultures of human embryonic fibroblasts were obtained by trypsinization
of 2 3 months old embryos. Primary cultures were grown in Roux flasks. Secondary cultures
were obtained by trypsinization of the primary cultures on the 3rd or 4th day of cultivation.
HeLa cells were grown in 1 litre Roux flasks and used for the preparation of secondary tube
cultures after 2- 3 days cultivation.

Viruses. In the experiments in vitro, a strain of Herpes simplex virus isolated from human
material and maintained in HelLa cell cultures was used 114]. In animal experiments we used
a freshly isolated strain of Herpes simplex virus.
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Determination of focus count reduction. Tube-cultures were infected with 0.1 ml virus
Suspension containing 100 PFU and after 48 hours’ incubation the foci formed were counted.
The differences in the number of foci as referred to the control cultures were expressed as per
cent focus count reduction calculated from the mean for 4 to 6 tubes. Mean deviation of the
method was +20 per cent.

Animal experiments. The method described by Force et al. [15] was adapted to our
purposes. Into the dorsal skin of rabbits 30 IU of hyaluronidase in 0.2 ml volume were
injected. The virus and the test material containing fluid were then inoculated into the same
spot in a total volume of 0.5 ml. In general, the infectious titre of the virus was 104 TCID6&0
per 0.1 ml, as determined in human fibroblast tissue culture. According to our preliminary
experiments, heparin did not inhibit the activity of hyaluronidase in vivo, in the rabbit’s
skin. On the fourth day following the infection, the diameter of the cutaneous lesion was
measured and the lesion was excised. The excised lesions were ground in 10 volumes by wet
weight of nutrient fluid and centrifuged. The virus content of the cell-free supernatant was
determined by infecting 3 to 4 parallel tubes with 0.1 ml each of a tenfold serial dilution.
Results are given in terms of the differences between the TCID50 values of skin specimens
from treated and those from untreated animals, taking the mean values obtained with two
identically treated skin specimens.

Chemicals. Heparin, adrenaline, hydrocortisone, ACTH were products of the G. Richter
Chemical and Pharmaceutical Works, Budapest. Histamine dihydrochloride (Peremin) was
obtained from the Chinoin Pharmaceutical and Chemical Works, Budapest. Cortisone acetate
(Adresone) and hyaluronidase (Hyasone) were products of NY Organon-OSS, Holland. Creatine
sulphate (Serotonin) was a product of Reanal, Budapest.

Results

Tables | and Il show the growth of Herpes simplex virus in HeLa and
human fibroblast cell cultures, respectively, in the presence of histamine,
adrenaline, or serotonin, with or without the simultaneous presence of heparin.

Table 1

Effect of heparin and certain biogenic amines on the multiplication of Herpes simplex virus
in HelLa cell cultures

o ) Per cent focus count reduction
Biogenic amine

(pg/m1) without heparin \%ﬁ% B]izr/ﬁqﬁi)n

- 0 61
Histamine, 25 36 85
Histamine, 12.5 30 82
Adrenaline, 25 71 90
Adrenaline, 12.5 46 80
Serotonin, 25 32 78
Serotonin, 12.5 21 71

Each biogenic amine was found to inhibit virus growth. Inhibition was
most intensive with adrenaline and serotonin in HeLa and Human fibroblast
cultures, respectively. Inhibition was enhanced by heparin.

In Table Il are shown the effects of certain hormones on the virus infec-
ion in HelLa cells in the presence as well as in the absence of heparin.
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Table 11

Effect of heparin and certain biogenic amines on the multiplication of Herpes simplex virus
in human secondary fibroblast cell cultures

Per cent focus count reduction

Biogenic amine . .
with heparin
Og/mi) without heparin ) P
10 ngim 2.0 /ig/ml 4.0 fig/ml
- 0 18 53 77
Histamine, 25 19 53 68 84
Adrenaline, 25 24 56 84 97
Serotonin, 25 55 63 90 99
Table 111

Effect of certain hormones on the multiplication of Herpes simplex virus in lIleLa cell culture

Per cent focus count reduction

Hormone ] .

without heparin V%% ﬂa‘,’,?ﬁ')”
- 0 61
Cortisone acetate, 160 //g/ml 75 98
Cortisone acetate, 40 //g/ml 50 96
Hydrocortisone acetate 160 //g/ml 75 99
Hydrocortisone acetate 40 //g/ml 40 96
ACTH, 0.5 1U/ml 66 93
ACTH, 0.25 1U/ml 56 91

Table 1V

Simultaneous effect of heparin and certain biogenic amines on the multiplication of Herpes
simplex virus in cell culture

Per cent focus count reduction in

Composition of mixture (//g/ml) HelLa 1 hum?irtl)r%mg?t/omc

cell eulture

Heparin, 0.5 -j- Histamine, 25 -)- Adrenaline,

25 -j- Serotonin, 25 98 75
Heparin, 0.5 -J- Histamine, 25 -j- Serotonin, 25 80 81
Heparin, 0.25 -(- Histamine, 12.5 + Adrenaline,

12.5 -f Serotonin, 125 88 33
Heparin, 0.25 -]- Histamine, 12,5 -|- Serotonin, 125 63 48
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Table- V
Effect of heparin and certain biogenic amines on cutaneous Herpes simplex virus* infection
of rabbits
Substance tested Diameter Decrease in virus
0 of cutaneous lesion multiplication* *
gH ) (cm) (log TCID.,)
Heparin, 50 2.5 0.5
Heparin, 400 0 0.75
Heparin, 800 0 1.0
Heparin, 1200 0 1.4
Heparin, 50 -f- Histamine, 250 -f- Serotonin,
250 -f- Adrenaline, 25 0.5 0.8
Heparin, 1200 + Histamine, 250 -f- Serotonin,
250 -j- Adrenaline, 25 0 15

*The data represent means for ten experiments.
** Titre of the controls: 10n TCID50/ml.

Cortisone, hydrocortisone and ACTH were inhibitory. In combination
with heparin, inhibition was enhanced.

The inhibitory effect of heparin added to various mixtures of biogenic
amines on virus growth in HelLa and human fibroblast cells is shown in
Table IV.

The simultaneous administration of heparin and biogenic amines was
found to exert a remarkable inhibitory action. None of the materials tested
were toxic under the applied experimental conditions.

The action of heparin and biogenic amines on cutaneous Herpes simplex
virus infection of rabbits is shown in Table V.

As revealed by Table V, the inhibitory action of heparin alone as well
as in combination with biogenic amines, was demonstrable also in vivo as an
inhibition of the development of cutaneous lesions.

Discussion

According to the presented results, the growth of Herpes simplex virus
was inhibited by heparin in vivo. Other authors [16, 17] have shown the similar
activity of heparin in vivo against the viruses of fibroma and myxoma. In
agreement with several authors [2, 3, 10, 18] we have supposed that heparin
was one of the factors of the organism’s protective mechanisms against virus
infection. Heparin exerts its effect probably through an extracellular mecha-
nism; the substance being a polysaccharide of polyanionic character, it binds
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onto receptors of opposite charge on the virion’s surface, thus inhibiting the
latter’s adsorption to susceptible cells [2]. According to Voss [3] and Higgin-
botham [19], other tissular mucopolysaccharides of polyanionic character
might play a similar role. Changes in the concentration of tissular heparin
may have some influence on the extracellular spreading of herpesvirus, on the
development of persistent infection, or on the manifestation of recurrent infec-
tions. In this respect, however, beside the heparin also other factors of the
organism should be considered, particularly the biogenic amines and, in general,
the hormones. In his recent monograph, Vaneri [2] has justly put the question
whether or not the biogenic amines are able to release the inhibitory action
oi heparin on virus growth in the organism. Further, the working hypothesis
of Higginbotham [19] should also be considered a noteworthy approach.
He supposed that the anti-viral effect of tissular mucopolysaccharides might
be reduced by factors carrying an opposite charge, e.g. ACTH.

Similar considerations have prompted us to perform studies on some
important biogenic amines and certain hormones.

It was found that histamine, adrenaline and serotonin as well as cortisone,
hydrocortisone and ACTH, inhibited the growth of Herpes simplex virus.
These substances, though being cationic, did not inhibit the action of the poly-
anionic heparin but addition of the latter rather enhanced the activity of the
said amines and hormones. The above basic substances are supposed to form
labile readily dissociating complexes with heparin under the experimental
conditions tested, thus there is a fair possibility of a summation ofthe individual
activities.

On the basis of these results we suppose (without, however, claiming
a general validity of the idea) that under the given conditions the biogenic
amines and the hormones may represent protective factors of the organism
against viral infections and may support the similar activities of heparin and
interfeion. As a result of the stimulus presented by viral infection, the heparin
and biogenic amine content of mast cells is released at the site of inflammation
and the general hormonal preventive reactions of the organism are also making
appearance. The factors mobilized in the course of this process at a given phase
may be regarded as members of a protective system. According to our assump-
tion, heparin, interferon, biogenic amines, and the hormones in general, rep-
resent a cooperative protective system against viral infections. Results ob-
tained in the present experiments did not contradict this supposition.
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Summary. Between June 1, 1964, and June 1, 1965, in the course of a survey organized
by the International Committee on Streptococci and Pneumococci, 395 Sir. pyogenes strains
had been isolated in 11 different collecting laboratories and sent to our laboratory for serolog-
ical typing. The strains fell into 26 different types; 0.8 per cent of the strains could not be ty-
ped either by agglutination or precipitation. Most prevalent strains belonged to complexes 5, 11,
12 ... and 3, 13, R32B and to types 3, 12, 1 and 6. The results agreed with known data in
that, excepting nephritis, there was no definite association between the different streptococcal
diseases and the serotype of the causative agent. Five per cent of the strains were sent to Prague
for checking; those giving discrepant results at repeated typing were forwarded to Genova
for final control. All isolated strains were sensitive to penicillin; 5.3 per cent of them were
resistant to tetracycline.

We have been participating in an international Str. pyogenes type distri-
bution survey proposed by Professor R. E. 0. Wittiams, Chairman, Interna-
tional Subcommittee on Streptococci and Pneumococci, and I)r. M. T. Par-
ker, Chief, Streptococcus and Staphylococcus Reference Laboratory, London.
Countries participating in the survey were Britain, Canada, Czechoslovakia,
Denmark, the German Democratic Republic, Hungary, Israel, Italy, Japan,
the Netherlands, the United Soviet Socialist Republics and the United States
of America.* The aims of the international cooperation were (1) to exam-
ine whether there are major differences in the type distribution of Str.
pyogenes in different parts of the world; (2) to promote contact between labo-
ratories dealing with this problem and to improve the reproducibility of typ-
ing methods and results. Each participating central laboratory had been
asked to type 300 to 500 strains during the one year survey. In order to obtain
a representative collection of the prevalent types, at least 5 widely scattered
collecting laboratories were to be selected in each country. Strains isolated
from scarlet fever, tonsillitis and other streptococcal infections were to be
sent monthly or half-yearly to the central typing laboratory. Streptococci
isolated from carriers were excluded from the survey. Typing was performed
by agglutination and precipitation. Each participating central laboratory was

*According to the List of Participants (March 1, 1964).
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asked to send 5 per cent of the examined strains (every 20th culture) to a
central laboratory situated in another country, which had been appointed to
check the typing results. Thus we had to send 5 per cent of our strains to
Prague, Czechoslovakia, and we received 5 per cent of the material of an
Italian typing laboratory (Genova). Strains giving discrepant results were
sent to Italy for final examination. The results were forwarded on different

report forms.
The survey was commenced on June 1, 1964, and closed on June 1, 1965.

Materials and methods

Streptococcal strains were collected in 11 different laboratories of the following insti-
tutes: Department of Bacteriology, National Institute of Public Health, Budapest; 8 different
Regional Public Health and Infectious Disease Laboratories; Department of Microbiology,
University Medical School, Debrecen; L&szl6 Central Hospital for Infectious Diseases, Buda-
pest. Fig. 1 indicates the geographical distribution of the collecting laboratories.

Fig. 7. Geographical distribution of collecting laboratories. 1 = Institute of Microbiology,

Debrecen; 2 — 9: Regional Public Health and Infectious Disease Laboratories; 2 = Pécs;

3 = Beékéscsaba; 4 = Miskolc; 5 = Debrecen; 6 = Tatabanya; 7 = Nyiregyhaza; 8 = Szom-

bathely; 9 = Veszprém; 10 = LA&szIl6 Central Hospital, Budapest; 11 = National Institute of
Public Health, Budapest

In order to distinguish A group strains from other beta haemolytic streptococci, the
collecting laboratories were supplied with filter paper strips impregnated with bacitracin.
All laboratories were asked to send monthly at least one Str. pyogenes strain from each group
of diseases (scarlet fever, tonsillitis and other streptococcal infections), so that at least 30
strains could be submitted to typing. The cultures were sent on Loeffler serum or blood agar
slants. All strains were checked for purity and bacitracin sensitivity. Serological grouping was
performed with Lancefield extracts (which were also needed for M precipitation); in doubtful
cases group determination was carried out also with Fuller extracts. Typing was performed
by precipitation in anti-M and by agglutination in anti-T sera as described in previous papers
[1, 2, 3). The following sets of sera were used. M sera: I, 2, 3,5, 6,3, 11, 12, 73, 74, 75, 77,
79, 22, 24, 25, 26, 29, 35, 36, 44, 46, 43 (total, 23); R sera: 3, 28 (total, 2); T sera: 7, 2, 3, 4,
5,6,3,9, 77,72, 73,74, 77, 73, 79, 22, 23, 25, 27, 23, 44, 47, Jmp19, B84 (total, 24).

Antibiotic sensitivity of the strains was tested by use of penicillin and tetracycline
paper discs.

In the order of arrival in our laboratory, every 20th strain was transferred to two
Dorset slants then lyophilized in 5 ampoules. These strains were checked also with anti-T sera
obtained from Britain and Czechoslovakia. Strains received for checking were similarly exam-
ined. The results were reported to London monthly.
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Results

During the one-year survey period, 395 Str. pyogenes strains were col-
lected and typed. Especially in summer, a difficulty was expected in obtaining
the required number of cultures. However, with the exception of July when
only 24 strains were collected, the number of strains received per month
exceeded 30. Although not all laboratories succeeded each month in isolating
at least one strain from all 3 disease groups, during the survey 101 strains were
collected from scarlet fever, 150 strains from tonsillitis and 144 strains from
other streptococcal diseases. The distribution of strains among the 3 disease
groups varied from laboratory to laboratory. Thus among strains received
from Laboratories 1 and 7 those originating from other streptococcal diseases
predominated. In contrast, in Laboratory 5 these strains were encountered
the least frequently. The low number of scarlet fever strains was striking in
the material of Laboratories 9 and 11. Less effective culturing in scarlet fever
was probably due to penicillin treatment which is often commenced prior to
taking throat swabs for bacteriological examination. In view of the small
number of collected strains, no conclusion can be drawn as to the association
between monthly or regional distribution of strains and disease groups.

In the material of most collecting laboratories the complexes 3, 13, B 3264
and 5,11,12... predominated. In Laboratory 8 (Szombathely) type 3, in
Laboratory 4 (Miskolc) type 19 strains were relatively frequent (18 out of 48
and 9 out of 48 strains, respectively).

Type distribution of the 395 strains is presented in Table I, which indi-
cates the number of strains determined by T agglutination, by M(R) precipita-
tion and by both methods. By use of these techniques 99.2 per cent of the
strains were determined serologically and only 3 strains (0.8 per cent) remained
untypable. If each complex is regarded as one separate type, the 395 strains
fell into 26 serotypes. By M(R) precipitation 46.3 per cent of the strains were
typed. Only precipitation was used for the determination of types 19 and 36.
By agglutination 89.5 per cent of the examined strains could be determined;
on the basis of agglutination, types 2,9, 18 and 22 were regarded as separate
types.

Types occurring at a frequency higher than 5 per cent were arbitrarily
regarded as prevalent organisms. Among these, the members of complex
5,11, 12 ... were the commonest (19 per cent); streptococci belonging to
complex 3, 13, B3264 (17 per cent) and to types 3 (10 per cent), 12, 28 (7 per
cent) and 1, 6 (5 per cent) were next in order. The prevalent types comprised
70 per cent of all strains (Table I1).

Analysis of the association between streptococcal diseases and serotypes
is presented in Table III.

It is seen that the prevalent types were most common in all disease
groups. One third of type 1 strains and more than two thirds of type 19 strains
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Table |

Type distribution of Str. pyogenes strains isolated between June 1, 1964 and June 1, 1965

No. of strains

determined
Type by antigens
M T Mo+
1 9 12
2 4
3M(3R) 38*
3R 2%**
3, 13, BSGH 67
4, 24, 26... 15
5 7 7
5 11,12... 74
6 2 2 16
8 2
8, 25, Impl9 17
9 3
12 27
14 2 9 6
15 3 3

No.

21
4

27
17

Total

%

5.3
1.0
9.9
0.5
16.1
3.8
3.5
18.7
5.0
0.5
4.3

0.8

6.8
4.3
1.5

No. of strains

Type

15,17,19...

17

18
19 15
22
24 1
28R
29 5
36 2
46
48
Total

typable 38
Untypable
Total

* 6 strains precipitated also in serum 3R.

** R antigen.

Table 11

Percentage distribution of prevalent types in 1964—1965

Type

5,11, 12, 27, 44

3, 13, B 324

3

12

28

1

6

Prevalent types, total
Other types

Total

No. of strains

74
67
41
27
27
21
20
277
118

395
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19
17
10

70
30

100

determined Total
by antigens
T m -fr No %
2 2 05
1 1 0.3
1 1 0.3
15 3.8
6 1 7 1.8
1 0.3
27** 27 6.8
1 6 15
2 0.5
1 1 0.3
1 1 0.3
209 145 392 99.2
3 0.8
395 100.0
Per cent
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Table 111

Distribution of Str. pyogenes types according to disease groups

Other
Scarlet fever Tonsillitis* streptococcal
Type infections**
No. % No. % No. % No
1 7 6.9 6 4.0 8 5.6 21
2 — — 2 1.3 2 1.4 4
3M(3K) 25 24.8 10 6.7 6 4.1 41
3, 13, N3264 6 5.9 30 20.0 31 215 67
4, 24, 26.. 3 3.0 10 6.7 2 1.4 15
5 1 1.0 4 2.7 9 6.2 14
5,11, 12. .. 9 8.9 26 17.2 39 27.1 74
6 4 4.0 8 5.3 8 5.6 20
_ — 1 0.6 1 0.7 2
3, 25, Implg 5 4.9 5 3.3 7 4.8 17
9 — — 2 1.3 1 0.7 3
12 8 7.9 14 9.3 5 3.5 27
14 5 4.9 4 2.7 8 5.6 17
15 — — 4 2.7 2 1.4 6
15, 17, 19. .. — — 2 1.3 - 2
17 1 1.0 — — — - 1
18 — — — — 2 1.4 2
19 12 11.9 3 2.0 15
22 5 4.9 — — 1 0.7 6
24 — — — — 1 0.7 1
28H 3 3.0 15 10.0 9 6.2 27
29 4 4.0 1 0.7 1 0.7 2
36 1 1.0 — — 1 0.7 2
46 — - 1 0.7 — 1
48 — 1 0.7 — 1
Untypable 2 2.0 1 0.7 3
Total 101 100.0 150 100.0 144 100.0 395
*Including sore throat and pharyngitis.
** QOtitis, pyoderma, osteomyelitis, lymphadenitis, phlegmons, abscesses,

sipelas, impetigo, pemphigoid, mastitis, septicaemia, rheumatic fever, nephritis.

Total

155

%

5.3
1.0
10.4
17.0
3.8
3.5
18.7
5.0
0.5
4.3
0.8
6.8
4.3
1.5
0.5
0.3
0.5
3.8
1.5
0.3
6.8
0.5
0.5
0.3
0.3
0.8

100.0

burns,

ery-
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were responsible for scarlet fever. Complex 4, 24 ... and type 28R occurred
frequently in tonsillitis (6.7 and 10.0 per cent, respectively). In some strepto-
coccal infections, in addition to the prevalent types, type 1 and type 28 were
frequent (for example in otitis). These data agree with known findings in that
no definite association exists between streptococcal infections and the sero-
type of the causative agent. Nephritis, which is associated with certain
types, is an exception.

Five per cent of the strains were sent for control typing to the Strepto-
coccus Reference Laboratory, Institute of Epidemiology and Microbiology,
Prague. The results of our examinations and of the repeated typings are
summarized in Table IV.

Table IV

Control examination of 5 per cent of the collected strains

. ) Our results Genova’s re-control
"ot Strains. Prague control**
M R T M R T
20 — - 3, 13, B34 13
40 — — 5,11, 12... 28 - — 5, 11, 12, 28, 44
60 e — 5, 11, 12. .. 28 — — 5, 11, 12, 44
80 15 — 15(23)* 23
100 — — 3, 13, B 32bl 134 R 3261
120 6 — 6 B(6M )**=*
140 — — 5, 11, 12. .. 12
160 - — 5,11, 12.. . 28 — 5,11,12, 28, 44
180 3 — 3 3,13, B32b(M3)
200 — — 22 22
220 3 — 3 3, 13, B 323i(M3)
240 — — 3, 13, B34 13?2 R 3264
260 — 3, 13, R 3264 13
280 — 513, 12... 28 — — 5,11,12, 27,
28, 44
300 3 — 3 3,i3, R264
320 — 28 28 4
340 — 28 28 4, 28
360 5 — 5 5, 27, 44(M5)
380 1 — 1 1(M1)

* Agglutination in serum T23; no serum T15 was available.
** Report forms other than the accepted were used.
*** Bracketed figures mean precipitation, others agglutination.
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Four out of 19 strains gave discrepant results (strains No. 40, 60, 160
and 280). These strains according to the Prague laboratory agglutinated in
scrum 28, while our own examinations revealed them to he members of complex
5,11,12... Neither examinations revealed any reaction in precipitating sera.
Conforming to the requirements of the survey, these strains were forwarded
to Genova for final checking. These results are shown in the righthand columns
of Table IV.

Other differences between the first and control examination were not
important. The results can be regarded as identical, save that the strain reacted
in different sera within the same T complex (e.g. 20, 140, etc.), or sometimes
one laboratory showed only a positive agglutination test, while the other
obtained an additional positive precipitation and was therefore able not only
to include the strain in a complex but also to distinguish it by serotype (e.g.
80, 300 etc.).

Our tasks included the checking of strains typed in the Institute of
Microbiology, University Medical School, Genova. The results are shown in
Table V.

Table V

Checking of strains received from Genova

Designation of strains Result of typing
Typing Cheeking Genova Budapest
laboratory laboratory
(Genova) (Budapest) M li T M li T

8 1 5, 12, 27, 44 — - 5, 11, 12. ..

18 2 6 — —

40 3 2 2 2 _ 2

60 4 12 _ _ 5,11, 12. ..

80 5 18 Untypable

100 6 12 12 12 12

102 7 Untypable 5, 11, 12. ..

118 8 Untypable 14

120 9 1 [1 1 1

117 10 Untypable 1 1

There was no difference between the results regarding untypable strains.
Strain 80 (5) was reported as untypable by our laboratory; strains 102 (7),
118 (8) and 117 (10), in turn, could not be determined in the Genova typing
centre.
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Finally, although it was not regarded as a function of the survey, all
strains were tested for penicillin and tetracycline sensitivity. All the 395 strains
were sensitive to penicillin; 346 (87.6 per cent) were sensitive, 28 (7.1 per cent)
moderately sensitive, and 21 (5.3 per cent) resistant, to tetracycline.

Discussion

As no data are available for the type distribution of streptococci in other
countries in the years 1964 —65, it seems advisable to compare our results with
earlier findings and with data presented at the International Streptococcus
Symposium, Jena, 1963.

In our opinion the results obtained with strains isolated in 11 separate
collecting laboratories have given a true picture of the distribution of serotypes
prevalent in Hungary. It can be concluded that two complexes (3, 13 .. .
and 5, 11 ...) occurred relatively frequently. Because of the small number of
strains, no answer can be given to the question whether certain types are really
characteristic of certain regions of the country. Examinations carried out in
the years 1958—1963, when strains were collected in 19 different laboratories,
yielded similarly no conclusive data as to the distribution of types according
to counties. Some differences were revealed when Western regions of Hungary
were compared with the Budapest area (a predominance of complex 5, 11, 12
versus complex 8, 25, ImpX). Comparison of Eastern regions with the above
areas showed, however, no significant difference in the incidence of prevalent
types.

Our typing method has improved in efficacy as compared to earlier results
yielding 7.5 per cent untypable strains in the years 1958 —1963, since in the
present work only 0.8 per cent of the strains remained undetermined. This was
primarily due to the fact that in repeated experiments we succeeded in pre-
paring homogeneous suspensions from many “untypable” strains and thus
rendered them suitable for agglutination. Among Parker’s [4] 6279 strains 1
per cent, among Kohler’s [5] strains 7.5 per cent and among Rotta’s [6]
1148 strains 1.3 per cent untypable cultures occurred. The percentage of our
strains determined by M precipitation was similar to that indicated in our
previous study. The 395 strains examined in the present work fell into 26 types.
Types 8, 17 and 48 were first found in the course of this survey. Types 11, 13,
26, 33, 44 and 47 that had been identified in this country previously, were
not encountered among the examined strains. As compared to previous exami-
nations [2], in the years 1964—65 complexes 5, 11, 12 and 3,13 ... and type 3
were relatively more frequent, while types 12 and 1 were less commonly met
with. Kséhter in 1963 found complex 4, 24 in 11.6, type 12 in 16, type 22
in 9.5, and type 28 in 5.6 per cent. In May, 1962, Parker found that the inci-
dence of complex 5,11,12..., type 12 and complex 3, 13 exceeded 5 per cent.
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In the 1960 —63 study of Rétta the distribution of predominating types and
complexes was similar to that revealed in our material.

Our data have confirmed that, with the exception of nephritis, the strep-
tococcal diseases are not associated with particular serotypes. This was shown
also by Kohter [5], who found that the predominant types causing scarlet
fever in the German Democratic Republic varied from year to year: in 1960
type 6, in 1961 type 14, and in 1963 —64 type 22, were most the frequently
involved. In addition to the mentioned prevalenttypes, Rotta [6] found that
types 30, 9 and 33 occurred more frequently in scarlet fever than in tonsillitis.
Thus it is obvious that the same streptococcal disease may be due to several
types of Str. pyogenes.

One of the aims of the Str. pyogenes type distribution survey in 12 differ-
ent countries has been to stimulate the contact between laboratories and to
coordinate their typing methods. Four out of our 19 strains sent for checking
examination to Prague gave discrepant results. These strains were then sent
to Genova for further control. According to the latter laboratory the 4 strains
agglutinated in the same sera in which we had obtained reaction. However,
3 of these strains agglutinated in Genova also with serum 28; thus the exam-
ination of these strains cannot be considered complete. Precipitation tests
gave negative results in all three laboratories.

It should be noted that the discrepancy between two laboratories in M
or T antigen determination may he due to several reasons. The laboratory
carrying out the first typing may not possess all sera used in the laboratory
performing the checking examination. For example, strain No. 80, which has
been identified in Genova as M18T ,was included in our report as an untypable
culture, because it was devoid of a detectable T antigen and we had no anti- M 18
precipitating serum. Sometimes differences in the titre of sera may cause
discrepancies: for example, complex 3, 13, B3264 was not unfrequently met
with, while type 13 never occurred among our strains. Our serum M 13 might
have been unsuitable for the determination of type 13 strains containing small
amounts of M antigen. Therefore on the basis of agglutination this type could
he included only in the complex, as we had no absorbed anti-T 13 agglutinating
serum which did not react with strains containing antigens 3 and B 3261
Finally, the results may differ when some alteration affecting mainly the M
antigen of the strain occurs between the two examinations.

Antibiotic sensitivity testing revealed that in streptococcal diseases
penicillin is still the most effective drug. An increase in the incidence of tetra-
cycline-resistant Str. pyogenes strains has recently been noted by some authors
[7, 8]. Our pertaining observations will he reported in a subsequent paper.

The results obtained in the 12 participating countries will be summarized,
evaluated and published by the International Subcommittee on Streptococci
and Pneumococci. We have been glad to take part in the survey and are ready
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to undertake further similar tasks since in our opinion such international colla-
boration may successfully improve the elaboration of uniform methods as
well as the evaluation of results, and thus the fight against streptococcal

infections all over the world.
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Summary. Chromatographic behaviour of 16 type 3 poliovirus strains was examined
on A1(0H)3 and DEAE cellulose. Part of the strains was isolated prior, and part after, the
introduction of live poliovirus vaccine. The former were eluted from a DEAE cellulose column
by 0.05 to 0.25 M NaCl, wdiile the latter had elution maxima similar to the reference strain
(Leon 12atb), being eluted at 0.035 to 0.05 M. Both groups of strains exhibited an essentially
identical behaviour on AI(OH)., column. The relations between the chromatographic characters
and the rct/40 marker have been studied as well as the possible aetiological role of the strains
isolated from cases suspect for poliomyelitis during the vaccination campaign.

Thomssen et al. [1, 2, 3, 4] have published several papers dealing with
the characterization of poliovirus strains by chromatography on AI(OH)3 gel,
resp. DEAE cellulose. Characteristic and well reproducible differences have
been found among the prototype strains, the wild and the vaccinal strains.
Thus, this method seemed to be practicable for the intra-typic characterization
of poliovirus strains.

The Department of Virology of the National Institute of Public Health,
Budapest, supplied type 3 poliovirus strains for our studies. Part of the strains
were isolated in 1959, prior to the regular performance of vaccination cam-
paigns with live attenuated poliovirus. The other strains were isolated in
1960 and later, i.e. following the introduction of regular vaccinations. This
paper is a report on the chromatographic characterization of the above virus
strains.

Materials and methods

Virus strains. The prototype strains (Mahoney, LSc 2 ab, MEF,, P712 Ch 2ab, Saukett,
Leon 12atb) were maintained in this laboratory in primary rhesus monkey kidney cell cultures.
The attenuated strains used in the experiment underwent at most two passages in this labo-
ratory.

All the other strains were obtained from the Department of Virology of the National
Institute of Public Health, Budapest, and all belonged to serotype 3. The individual strains
were specified as follows: strain No. 158/58 had been isolated in 1958 from a child hospitalized
with atypical poliomyelitis. Of the strains isolated in 1959, No. 2230 had originated from the
faeces of a healthy child in a survey; Nos 2728, 2907 and 2912, from patients hospitalized with
atypical signs; Nos 1918, 1922 and 1958 had originated from patients with abortive polio-
myelitis, No. 1964 from a faecal sample of a patient with typical poliomyelitis. All the above
strains had been isolated prior to the introduction of regular vaccinations with live attenuated
polio-vaccine.
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Strains isolated in 1960 and later, after the introduction of vaccination, originated from
patients with a disease diagnosed clinically as poliomyelitis. Strain No. 448 was isolated late
in January, 1960, whereas strains Nos 516, 840, 856 and 1198 in February of the same year.
Thus, all these strains were obtained soon after vaccination with type 3 vaccine in late January.
Strain No. 145 was isolated in February, 1961, soon after vaccination with type 3. The patient
suffered from typical poliomyelitis. Strain R/86/1965 was isolated from a patient with aseptic
meningitis developed after the vaccination campaign. All the strains specified above had
undergone 3—4 monkey kidney passages by the time of examination.

Preparation of the strains for chromatography. The methods published by Tiiomssen
et al. [2] have been followed with the modification that instead of 3P assay the virus was
guantitated by plaque counting. Virus material for chromatography was produced in primary
rhesus monkey kidney cell cultures. After complete destruction of the cells, the virus was
released by freezing and thawing. The material was centrifuged for 30 minutes at 15.000
r.p. m. at 5 °C. Part of the supernatant was further processed for adsorption experiments on
A1(011)3gel. Viruses adsorbed to AI(OH)3gel were eluted with a 0.5 M phosphate buffer (pH 7.5).
The yield on elution was about 80 per cent [2]. The eluate was dialyzed overnight at [-4 °C
against a mixture of equal volumes of Hanks’ solution and distilled water. This was followed
by filtration through a DEAE cellulose column. Supernatants used for chromatography on
DEAE cellulose were not processed except for being dialysed against 0.02 M phosphate buffer.

Adsorption to and elutionfrom AI(OH)3gel. Virus material partially purified as described
above was diluted 1 :5in 0.1 M pH 55 acetate buffer. Care was taken not to reduce the titre
below 10G CPD-JmIl on dilution. Two ml aliquots of this diluted virus suspension were thor-
oughly mixed with 0.5 ml of AI(OH)3 gel diluted 1 :6 in distilled water. Six parallel experi-
ments were usually performed. Adsorption was allowed to take place for 30 minutes at room
temperature. This was followed by centrifugation. The supernatant was discarded. To these
sediments increasing molarities of pH 7.5 phosphate buffer were added in a total volume of
3 ml each. For elution 15 minutes were allowed at room temperature. The amount of virus
eluted was determined by plaque counting from the supernatant obtained after centrifugation.
The amount of virus eluted with 0.32 M phosphate buffer was regarded as 100 per cent. Elutions
of the virus at lower molarities of phosphate buffer were expressed in percentual terms. The
chromatographic character of the virus was specified as the molarity of phosphate buffer
required for the elution of 50 per cent of virions (E D 50—V).

Chromatography on DEAE cellulose [4]. DEAE cellulose (MN 2100, capacity about
0.7 meq/g) was washed five times with 0.02 M, pH 7.5 phosphate buffer. Columns 1 cm in
diameter and 6 cm high were prepared from the pretreated adsorbent. Two ml of virus was
allowed to flow through the column (fraction E,). The column was then washed five times with
2 ml of 0.02 M phosphate buffer each (E,_5 fractions). Elution fluids contained increasing
amounts of sodium chloride (from 0.025 M to 0.6 M) in 0.02 M phosphate buffer (E6 13
fractions). Each fraction was titrated for virus content and the conductivity determined and
expressed in terms of sodium chloride molarity. The virus strain was characterized by the
sodium chloride molarity measured in the fraction exhibiting the highest virus titre (E—NaClgra()

Rct/40 marker [5]. Titrations of viruses were performed in duplicate. One was incubated
at 36 °C, the other at 40 °C, each for 7 days. A specific thermoregulator was used to provide
constant temperatures and the possible fluctuations were registered by means of a thermograph.

Calculation of rct/40 quotient [6]. The difference of logarithms of virus titres obtained
at 36 and 40 °C was divided by the same difference observed with the reference strain (Leon
12a,b). The quotients thus obtained were related to the rct/40 marker as follows: >0.75 =
= rct/40-, between 0.3 and 0.75 = rct/40 -, <0.3 = rct/40+.

Results

Chromatographic characters of the strains examined are given in Fig. 1
in ED50—Y and E —NaClgrad values. The same data for type 1and 2 laboratory
strains have been included in the Figure together with the type 3 strains
sttidied.

The dots represent the intersection points of lines drawn at right angles
to ED 5)—V values on the abscisse and the E —NaClgal values on the ordinate.
Each point was determined in at least two experiments. The virus materials
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used for chromatography in the subsequent assays were obtained from two
subsequent passages. As shown in Fig. 1, the ED 50—V values of type 3 strains
isolated from patients were within the range of 0.04 to 0.08, similarly to the
reference attenuated strain Leon 12a,h. The E—NaCleal values of strains
isolated in 1959 were in all cases but one shifted to higher NaCl molarities
than did the reference strain. Strains isolated in 1960 and later were all but
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Fig. 1. Chromatographic characters of different poliovirus strains on AI(OH)3gel and DEAE
cellulose column

Type 1 strains: 1 = Mahoney; 2 LSc 2ab

Type 2 strains: 3 = MEF,; 4 = P 712 Ch 2al*

Type 3 strains: 5 = Saukett; 6 Leon 12a,b; 7 159/1958
8 1918/1959; 9 1922/1959; 10 1958/1959
11 = 1964/1959; 12 2230/1959; 13 2728/1959
14 = 2907/1959: 15 = 2912/1959; 16 448/1960
17 = 516/1960; 18 840/1960; 19 856/1960
20 = 1198/1960; 21 = 145/1961; 22 R/86/1965

O Prototype strains; I strains isolated prior to; [ strains isolated after the introduction of
live polio vaccine

one identical with the attenuated reference strain. It should he noted that of
the assays of three subsequent passages of strain No. 1964 isolated in 1959,
the last one showed two well distinguishable elution peaks in the fractions 8
and 12, although the higher peak was still present in fraction 12.

The chromatographic characters of the strains were compared with their
rct/40 markers. Results are shown in Table 1.

As shown in Table I, no correlation was detectable between the rct/40
marker and the chromatographic characters.
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Table 1

Relation of the ED50~V and E characters of type
3 poliovirus strains to their rct/40 markers

Designation

No. of strains rct/40 quotient ED60—V E NaClgra(.
I 159/1958 0.28 + 0.04-0.08 0.05-0.1 +~
2. 1918/1959 0.46 + 0.04—0.08 0.17 +
3. 1922/1959 0.07 + 0.04—0.08 0.10—0.17 +
4. 1958/1959 0.07 + 0.04—0.08 0.035—0.05 —
5. 1964/1959 0.14 + 0.04—0.08 0.25 +
6. 2230/1959 0.36 + 0.04—0.08 0.10 +
7. 2728/1959 0.50 + 0.04—0.08 0.17 +
8. 2907/1959 0.50 + 0.04—0.08 0.10—0.17 +
9. 2912/1959 0.64 + 0.04—0.08 0.17 +
10. 448/1960 0.28 + 0.04—0.08 0.035—0.05 —
11. 516/1960 0.50 + 0.04—0.08 0.035—0.05 —
12. 840/1960 0.21 + 0.04—0.08 0.035—0.05 —
13. 856/1960 0.42 + 0.04—0.08 0.1—0.17 +
14. 1198/1960 0.40 + 0.04—0.08 0.035—0.05 —
15. 145/1961 0.14 + 0.04—0.08 0.035—0.05 —
16. R/86/1965 0.50 + 0.04—0.08 0.035—0.05 —
17. Saukett 0.00 + <0.02 01 +
18. Leon 12a,b 1.00 — 0.04—0.08 0.035—0.05 —

* Limit values measured in different experiments
E—NaClgra] — = <0.05
E—NaClgrad + = >0.05

Discussion

Differences in the chromatographic character of the individual virus
strains appeared to have resulted from certain slight differences in the fine struc-
tures of their capsides. The actual condition of the superficial active groups
which determine the conditions of adsorption is largely influenced by the
suspending medium. In spite of the great importance of the possible active
groups on the virion’s surface, there has been but one single exact analysis in
the case of influenza virus 110]. Similar studies of other viruses would be highly
desirable.

Precise standardization of the substances used in chromatographic and
adsorption experiments is of great importance. Remarkable differences may
be caused by using non-uniformly sensitized AI(OH)3 gel preparations or
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different batches of DEAE cellulose. According to Thomssen et al. [4], elution
maxima of the prototype strains were demonstrable in the fractions containing
less than 0.01 M NaCl. In our hands, the same viruses had elution maxima in
fractions with 0.035 to 0.1 M NacCl, the relative differences having been exactly
the same as found by the cited authors. This difference may be explained beside
methodical discrepancies by the use of different batches of the adsorbent.
Therefore, intra-typic differences should be considered in relative terms, the
elution maxima being compared with a reference standard. Absolute values
should only be considered if rigorously standardized conditions can be provided
for.

The chromatographic character of the strains isolated in Hungary prior
to the vaccination campaign differed markedly from that of the vaccinal
strain. On the contrary, the strains isolated in 1960 and later showed characters
identical with the vaccinal strain. These results suggest that the wild type 3
strains that had been in circulation in Hungary prior to the vaccination may
be differentiated from the vaccinal strain by chromatography. Thus, the
method appears to he useful in aetiological studies of poliomyelitis suspect cases
during the vaccination campaign. Nevertheless, we do not claim to have
excluded the possibility of existence of wild type 3 strains having chromato-
graphic characters very different from, or very similar to, the vaccinal strain.

There are several explanations for the possible aetiological relation of the
strains isolated since the introduction of vaccination with live virus and the
diseases clinically diagnosed as poliomyelitis. These might have been diseases
clinically resembling poliomyelitis, but with a different aetiology. Thus, the
poliovirus strain isolated from faeces and being identical chromatographically
with the vaccinal strain had not been the causative agent. It cannot, however,
he excluded that these cases had been caused by some modified progeny of
the type 3 vaccinal strain, particularly, as these cases occurred in the winter
months soon after the vaccination with the respective strain. Increased neuro-
virulence or some other changes supposed to have occurred in the isolated
strains, did not alter their chromatographic characters. A highly probable
supposition is the causative role of a wild type 3 virus which infected the orga-
nism prior to vaccination and had been suppressed in the intestines by the
vaccinal strain by the time of the clinical manifestations. It should, however,
be noted that since autumn, 1960, no wild poliovirus strains have been found
in circulation. An extensive survey performed late in 1960 [7] failed to reveal
circulating virus and except for the vaccination period, no poliovirus was
detectable either from healthy or from ill persons.

As to the E—NacCl,rad character, the results of Masiova and Agol [8]
should be considered. These authors have demonstrated the dependence of
the E+ and E phenotype on the cystine content of the medium. Thus, chro-
matography in itself does not suffice for the definitive characterization of
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a strain. It maybe helpful, though, if considered together with the other mark-
ers. The examination of the two chromatographic parameters appeared to
be a practicable tool for intra-typic differentiation of enteroviruses. ECHO
prototype strains, for instance, may be further differentiated according to
their E—NaCl characters [9].

Chromatography seems to be a method which, after some improvement,
will serve well for the demonstration of slight differences in the surface groups
of the individual virions. It also seems to offer a tool for the isolation, identifi-
cation and detailed study of the minutely different virions. Thus, the perspec-
tives of chromatographic analysis appear to be promising in both fundamental
and applied virology.
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Summary. Among members of the family Enterobacteriaceae, part of Serratia, Entero-
bacter, Arizona and Klebsiella strains caused alkalization in beta-alanine medium. The reaction
can be used for the differentiation of biotypes within these genera. Alkalization is probably
due to endogenous oxidation and not to the breakdown of beta-alanine.

Members of the family Enterobacteriaceae generally attack glycine

[6, 7], but are inactive against the simplest beta-amino carboxylic acids.

Materials and methods

Culture media were prepared as described for glycine in references 6 and 7. As the
action on beta-alanine which does not react with ninhydrin, was detected by the alkalization
test, only two media were used. The buffered solution contained distilled water, 100 ml;
beta-alanine, 0.20 g; KH2PO,, 0.10 g; K2HPO,, 0.05 g; freshly prepared phenol-red indicator
(phenolsulplionphthalein, 0.01 g; N NaOH, 0.40 ml; distilled water, 4.6 ml), 2.5 ml; pH 5.6.
The other (simple) medium contained the same ingredients except K/11PO,, at pH 5.4. Beta-
alanine was omitted from media serving for the examination of endogenous oxidation. The
method has been described previously [6, 7].

Results

Tubes containing the above media were seeded with 957 different Entero-
bacteriaceae strains using two and three loopful amounts of cultures. Table |
shows the results obtained in tubes inoculated with two loopful amounts.

(1) Alkalization was observed only in Klebsiella, Enterobacter, Serratia
and Arizona; a considerable part of strains belonging to these genera, however,
gave negative results.

(2) Alkalization due to endogenous oxidation and beta-alanine splitting
was revealed generally within the same groups of bacteria. The reaction
in beta-alanine solution was given by higher number of strains and was more
intensive.

(3) Positive reactions were less frequent and less intensive when the
micro-test was used.

When beta-alanine in simple phosphate solution was used, or the tubes
were inoculated with 3 loopful amounts of cultures, the number of alkalizing
strains and the intensity of the reaction increased.
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Table 1

Positive alkalization reactions in beta-alanine medium and in phosphate buffer

Klebsiella 67 60 5 2 — — 65 2 — —
Enterobacter 34 21 8 5 2 1 30 4 — —
Serratia 48 8 11 29 17 2 14 18 16 13
Arizona 19 13 6 — — — 19 — — —

(b) In phosphate buffer

Klebsiella 67 62 5 — 66 1 — —
Enterobacter 34 29 3 1 — 32 2 — -
Serratia 48 28 15 5 — 35 13 — —
Arizona 19 18 1 — 19 — —
Macrotest: — = No red coloration within 7 days
(+) = Red coloration within 4—7 days
+ = Red coloration within 3 days
(+4 )= Intensive red coloration within 4—7 days
+ + = Intensive red coloration within 3 days
Microtest: — = No red coloration within 24 hours
(+) = Red coloration within 5—24 hours
+ = Red coloration within 4 hours
(+ +) = Intensive red coloration within 5—24 hours
+ o+ = Intensive red coloration within 4 hours

Other Enterobacteriaceae (140 E. coli, 24 Citrobacter, 216 Salmonella,
244 Shigella, 161 Proteus-Providencia, 4 Hafnia strains) gave uniformly nega-
tive results with both micro and macro-test.

Discussion

Our findings indicate that alkalization in beta-alanine solution is suitable
for differentiation, as strains reacting positively should belong to the Serratia,
Enterobacter, Arizona or Klebsiella groups. Within these groups beta-alanine
negative and positive biotypes can be distinguished.
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Bacterial enzymes acting on beta-alanine cause either an oxidative break-
down of the amino acid or a transamination into L-alpha-alanine. Ertandson
and Ruiit [2] who examined the effect of a Sh.flexneri 3culture on amino acids
by the Warburg method, observed that the strain neither oxidized beta-alanine
nor produced ammonia from it. Meyer and Cameron’s [5] manometric experi-
ments with brucellae and related organisms showed that Brucella melitensis,
Moraxella bovis and Bordetella bronchiseptica exerted a slight oxidative action
on beta-alanine. Hayashi et al. [4] prepared a purified transaminase from
a Pseudomonasfluorescens culture, which catalysed the transamination between
beta-alanine and pyruvic acid and thus produced malonylsemialdehyde and
L-alpha-alanine. Durham et al. [1] prepared an aminotransferase-containing
extract from a Flavobacterium species which, when incubated in the presence
of pyruvate, beta-alanine and pyridoxal phosphate, produced L-alpha-alanine.

Under our experimental conditions transamination could be excluded
because of the absence of an amino acceptor (and of pyridoxal phosphate).
The alkaline product (ammonia) was the result of either an oxidative deamina-
tion of beta-alanine, or an endogenous oxidation. Generally, the same strains
gave positive reactions in beta-alanine-gcontaining and in the control amino
acid-free medium. Alkalization in beta-alanine solution probably occurs only
as a result of endogenous oxidation, but beta-alanine exerts a catalytic action
on this process. Gale [3] assumed a similar catalytic activity to take place
in connection with tin* oxidation of amines.
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Summary. With 6 phages isolated from natural sources and 4 phages obtained from
Brucella cultures, 117 B. abortus, 44 B. suis and 26 B. melitensis strains have been typed.
Phage suspensions at RTD and 10,000 xRTD lysed abortus strains in 94.8, suis strains in 11.4,
and melitensis strains in 19.3 per cent. Only 10,000 xRTD lysed 2.6 per cent of abortus strains
and 61.4 per cent of suis strains. To 10,000 XRTD abortus strains were resistant in 2.6, suis
strains in 27.2, and melitensis strains in 80.7 per cent. In lytic activity, phages isolated in
Hungary were similar to phages received from other countries. When the source of the exam-
ined strain is known, the key elaborated in this study allows differentiation of the 3 Brucella
species. For the identification of strains with irregular phage sensitivity, the conventional
typing methods should be employed.

As the conventional biochemical, biological and serological methods
used for the differentiation of the 3 Brucella species are based mainly on the
detection of quantitative differences, several atypical strains are encountered.
Since at least 6 properties should he observed for a proper identification,
the conventional method is time-consuming and laborious.

In view of the promising data concerning the identification of Brucella
species hy means of phages, it seemed desirable to perform classification studies
with our 10 phage strains isolated in the course of a previous investigation [9].
Of the 10 phage strains 6 were isolated from the gastric contents of aborted
cattle and swine foetuses, from the urine of a cow with contagious abortion,
from abattoir sewage and from liquid manure of infected cattle and pigs;
3 phages were isolated from Hungarian B. abortus strains and 1 phage was
released hy a suis-like Brucella strain isolated in Roumania from a hare.

The specificity of Brucella phages has been noted by several authors
[3, 6,8, 13]. Considerable work has been devoted to elucidate the suitability
of these phages for the differentiation of Brucella species [2—4, 7, 8, 12 —15,
17—19]. The problem has also been dealt with at the Meeting of the Sub-
committee on Taxonomy of the Genus Brucella of the International Com-
mittee on Bacteriological Nomenclature, Montreal, 1962. On the basis of several
reports, the internationally accepted views on brucella-phages have been
summarized by Stableforth and Jones [1] as follows.

Non-polyvalent brucella-phages lyse the classical and dye-sensitive
B. abortus types. They act also on strains exhibiting the cultural and bio-
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chemical properties of B. abortus and the serological properties of B. melitensis.
B. suis and mediterranian B. melitensis strains are resistant to these phages.
Some phage-sensitive melitensis-like strains including cultures isolated in
England where goats and sheep are free from melitensis infection, were re-
covered from cows. On the other hand, strains isolated recently in Malta from
cows, were resistant to these phages. Thus it can be concluded that Maltese
cows acquired characteristic melitensis strains from goats. From Meyer’s
oxidative metabolic tests it is evident that the phages are able to lyse only
those strains which yield metabolically characteristic B. abortus cultures.
Strains isolated from cows and identified by the classical methods as B. meli-
tensis, can be divided by the phage test into two groups: phage sensitive cul-
tures with abortus, and phage resistant cultures with melitensis, metabolic
pattern. In lytic activity and serological behaviour, phage “Tbh” and Parnas-’
phages 10/1, 24/11, 374/XXIX and 212/XV are identical.

None ofthe 22 B. suis cultures were lysed by the RTD, but with 10,000 X
X RTD many of them showed characteristic lysis. In contrast, B. melitensis
strains were resistant to undiluted phage suspensions. In the opinion of the
Subcommittee, the problem of lysis by 10,000 X RTD of B. suis strains needs
further investigation, as the reaction caused by the undiluted suspension may
be confused with pseudolysis. It has been emphasized that only S or S| phase
strains should be used for the phage test. Provided that such cultures are
employed, the metabolic and phage-typing results are in agreement. The exten-
sive use of phage-typing is limited by the lack of specific B. suis and B. meli-
tensis phages. Thus it is difficult to assume that phage-typing is valuable
in the definition of Brucella species. According to the Subcommittee, it is not
yet possible to prepare a complete key for the determination of these organisms.
Such a key, however, would be advantageous in routine identification. The
phage test is simple and can easily be included among the routine methods,
as propagation of phages can be standardized, the phage suspensions may be
storable for long periods of time without loss in titre, and the typing results
are easily read and interpreted.

Materials and methods

Brucella strains and identification tests. epartiy Hungarian, partly foreign cultures
including 117 B. abortus, 44 B. sUiSanda 26 B. melitensiS strains were examined. The convention-
al methods used for species determination were as follows. Growth in the presence of 1 : 50,000

thionine and 1 : 100,000 basic fuchsin on bromthymol blue (1 :15,000) agar; H 2S production

in Huddleson agar; catalase activity with Nyiredy’s rapid test [11]; and urease activity with
Huddleson’s test [5|. Antigenic structure of the cultures was examined with monospecific
abortus and melitensis sera. As only S forms are suitable for phage typing, all strains were
tested with Burnet’s thermoagglutination method Cultures showing traces of agglutination

were excluded.
Propagation of phages. The 10 phage strains were propagated on strain B19 using
Drozewkina’smethod [3]. Phage suspensions at 1.2 — 1.5 m 1l and 5 hour Martin broth cultures

at 0.6 — 0.8 ml aliquots were pipetted into 50 m | pH 7.2 Martin broth. The inoculated media
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were kept at 4 °C for 4—6 hours, then incubated at 37 °C for 14— 16 hours. During incubation
the cultures were shaken several times. Bacterial cells were then removed by filtration through
G5 glass filters. Propagation was repeated until a titre of 109 had been reached.

Phage titration was performed by Adams’ double agar layer technique [1]. Strain B19
was cultured in 5 ml Martin broth for 6- 12 hours, then 0.9 ml of the culture and 0.1 ml of
each of 1 : 10—1 : 10,000,000 Martin broth dilutions of the phage suspension were mixed with
3 ml aliquots of 0.7 per cent agar cooled to 46 °C. The mixtures were layered over agar plates
poured and dried previously. When the seed-layer hardened, the plates were incubated at
37 °C for 24—48 hours. The phage titre was determined by multiplying the number of plaques
by the corresponding dilution.

Lytic activity was determined as recommended by the Brucella Subcommittee, with two
phage concentrations. For the routine test dilution (RTD) the concentrated phage suspensions
were diluted 1 0 with Martin broth; the undiluted phage suspension itself was designated
10,000 X RTD. The examined strain was suspended in Martin broth to contain approximately
500 million cells per ml, then a 1 ml aliquot of the suspension was distributed evenly on the
surface of a well-dried agar plate. After removing the excess suspension, the plate was dried
at 37 °C for 1—2 hours. Then, to separate the phages, the sterilized end of a cork borer 10 mm
in diameter was sunk into the agar at 8 -10 different sites. The circular fields obtained in this
manner were seeded by means of a calibrated platinum loop with 0.02 ml amounts of RTD
and 10,000 x RTD phage suspensions. Sterile Martin broth placed on one circular field of each
plate served as the control. Plates inoculated with B. abortus were incubated in the presence
of 10 per cent C02; B. suis and B. melitensis were incubated in normal atmosphere. All strains
were examined on 3 parallel plates. Readings were made after 24 and after 48 hours’ incuba-
tion at 37 °C.

The 10 phages used in these experiments were compared with phages isolated by other
authors, 10/1, 212/XV, 371/XXIX (Parnas), “Tb” (U.S.S.R.) and F25U (van Drimmelen).

Results

All phage strains were active against 111 (94.8 per cent) out of 117 B.
abortus strains at both RTD anti 10,000 X RTD concentrations. Three strains
(2.6 per cent) were lysed by 10,000 Xx RTD only. No phage suspension reacted
with 3 (2.6 per cent) strains.

Both phage suspension concentrations lysed 5 (11.4 per cent) suis-like
strains. As regards phage sensitivity, these cultures were accordingly classified
as abortus strains. However, in view of their high catalase activity and urease
production characteristic of suis strains, these cultures could not be included
in the abortus group. The majority of suis strains (27 out of 44, 61.4 per cent)
were lysed by 10,000 X RTD phage suspensions. Twelve strains (27.2 per cent)
were resistant to undiluted phages.

With both diluted and undiluted phage suspensions 5 (19.3 per cent)
out of 26 melitensis strains showed lysis. Four of these cultures originated from
Italy, 1 of them, which had been isolated from sheep, was a Polish strain.
According to the standpoint of the Brucella Subcommittee as to the biological
characters of abortus strains, the 4 Italian strains belonged to type 5, the
Polish strain to type 7, of B. abortus. The remaining 21 melitensis strains
(80.7 per cent) were resistant even to undiluted phages.

The 5 foreign phage strains were identical in lytic activity with our
phages.
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Discussion

It has been shown that, similarly to phages isolated in other countries,
Hungarian phage strains are usually active against B. abortus cultures. The
number of B. suis and especially B. melitensis strains lysed by these phages
is considerably smaller. This finding is indicative of the identity of all Hunga-
rian and foreign phages. This has been confirmed by previous studies showing
that there was no difference among our phages as to adsorption value, adsorp-
tion rate constant, latent and active multiplication period, phage yields per
infected cell,neutralization rate constant,and sensitivity to physical effects[10].

From the finding that the 10 Hungarian as well as the internationally
recognized 5 foreign phages lysed mainly B. abortus strains, it has been con-
cluded that, at least for the time being, we have only one brucella phage which
is specific for the abortus group. This has been supported by the observations
of foreign authors.

From previous results it would appear that there is no specific suis phage,
or, at least, it has so far not been encountered, because our phages isolated
from the gastric contents of a swine foetus and from the liquid manure of pigs
as well as phage 212/XV obtained by Parnas from a B. suis culture were not
more active against suis strains than phages originating from cattle [10].
That the phage strain isolated from the gastric contents and from suis culture
is not specific for B. suis, is also indicated by the fact that these phages prop-
agate much better on abortus than on suis strains. Moreover, antiphage sera
prepared with phages originating from cattle neutralized “suis” phages in
a similar degree as bovine phages.

On the basis of the present findings a key has been constructed for the
differentiation of Brucella species. Provided that the source of the examined
strain is known (cattle, sheep, goats, pigs, hares, etc.) this key allows a reliable
classification:

(1) Strains of bovine origin that are lysed by brucella-phages at RTD
or 10,000 X RTD correspond to B. abortus.

(2) Strains which were isolated from pigs and hares and are lysed only
by 10,000 X RTD suspensions or are resistant even to the concentrated phage,
are regarded as B. suis. Phage resistant cultures of unknown origin may be
B. suis or B. melitensis.

(3) Strains resistant to 10,000 Xx RTD, if isolated from sheep or goats,
are classified as B. melitensis.

All three groups of brucella contain some intermediary strains. Thus
phage typing does not make the classical methods entirely unnecessary. These
are generally superfluous when the animal species from which the strain has
been recovered is known. Otherwise the taxonomic position of the culture
cannot be properly determined without performing conventional biological
and serological tests in addition to phage typing.
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Summary. Close association has been established between Staphylococcus aureus phage
group 1strains responsible for a hospital outbreak and phage type 52B strains occurring in the
same department. Lysogenization with suitable phages converted the strains into the other
phage type. When different phage pattern staphylococci are isolated from a hospital outbreak,
It should be considered that they may originate from the same source.

In the course of staphylococcal outbreaks it has often been observed
that screening examinations performed after the isolation of the epidemic
organism frequently reveal variants differing from the agent responsible for
the infections. On the basis of epidemiological findings it has been concluded
that these variants may develop from the epidemic strain as a result of lyso-
genization.

First Burnet and Lush [1], then Smith [2] and Rountree [3] have
called attention to the lysogenicity of staphylococci and to the fact that the
phenomenon inay influence the phage type of the strain. Lowbury [4] and
W ah1 and Fouace [5] have observed that the spontaneous loss ofthe prophage
causes an alteration in phage sensitivity. The mentioned authors have also
studied artificial lysogenization, which is easy to carry out with staphylococci.
It is connected with the change of phage type. In some cases this manifests
itself in a resistance against the lysogenizing phage, in others the change is
associated with a loss of sensitivity to a variety of phages.

Changes in the phage type of phage group | strains have been described
by Asheshov and Rippon [6], Comtois [7], Rosenblum and Jackson [SJ and
Sakuraiciol/. [9]. After lysogenization some type 80/81 strains became untyp-
able. In outbreaks due to 80/81 strains phage types 52/52A/80/81 and 52/52A/80
were also observed. It was demonstrated that by lysogenization with suitable
serological groups of phages these three types could be converted into each
other. Lysogenization with serogroup A phages not only induced resistance
against A phages hut also shifted the strain sensitive to B phages. These phages
were termed by Rountree converting phages [10]. Later she showed that
conversion was the result of the substitution of the prophage, in other words
the defective prophage of strain 80/81 was able to recombine with converting
phage A, but was unable to produce phages.

6 Acta Microbiologica Academiae Scientit Im Hungaricac 13 (1966)



178 J. LANTOS

The purpose of the present paper is to give an account of the origin of
staphylococcal strains different in phage type but similar in biochemical
behaviour.

Materials and methods

Strains. The majority of Staph, aureus strains used in this study were isolated from throat
or ear swabs taken from patients treated in the Children’s Department of the 2nd Municipal
Hospital, Szeged. Smaller part of the samples were received from the Children’s Hospital,
New-Szeged, and the Department of Paediatrics, University Medical School, Szeged.

Cultural examination. The materials were seeded into broth containing 4 per cent potas-
sium rhodanate. Subcultures were plated on blood agar.

Phage-typing was performed as described by Blair and Williams [12]. In addition to
the basic set of phages (29, 52, 52A, 79, 80, 3A, 3B, 3C, 55, 71, 6, 7, 42E, 47, 53, 54, 75, 77,
83A, 42D, 81, 187), and additional phages (42B, 47C, 52B, 69, 73, 78,D, B5, 77A), phages 304,
377, 756 and 950 isolated in the Phage Laboratory, State Institute of Hygiene, Budapest [13],
and phages 13, 2042 and 1380 introduced in the Regional Public Health and Infectious Disease
Station Phage Laboratory, Budapest [14], were also employed.

Biochemical reactions. The coagulase test was routinely performed with the slide method
using citrated rabbit plasma. When the slide method gave negative results, the reaction was
carried out in tubes with citrated rabbit blood. The tube test was read after 4 hours incubation.
Fermentation of mannitol was examined in Skorkovsky’s medium [15], phosphatase produc-
tion was tested on phenolphtlialein-phosphate-containing agar plates; both tests were read
after 16 hour’s incubation. Haemolysin production was read after 16 hours on agar plates
containing 15 per cent ox blood.

Antibiotic sensitivity was tested by the use of penicillin, streptomycin, chloramphenicol,
Chlortetracycline, tetracycline, neomycin, polymyxin B and erythromycin discs (Institute
for Serobacteriological Production and Research “Human”, Budapest).

Detection of lysogenic strains. Phages were obtained by using the supernatant of 4-hour
broth cultures. In parallel experiments the bacterial strain was inoculated into broth pre-
heated to 56 °C, then after keeping at 56 °C for 2 minutes the suspension was cooled and placed
in an incubator at 37 °C for 4 hours. The supernatants of the unheated and heated cultures
were tested with an empirically selected series of indicator strains consisting mainly of cultures
used for propagation (6, 7, 47, 53, 54, 77, 83A, 73, 52B, D, B5), and of a strain (162) isolated
in our laboratory, which was sensitive to all of our phages. The degree of lysis was expressed
as recommended by the Staphylococcus Reference Laboratory, London.

Results

The majority of strains had been isolated from secondary staphylococcal
infections occurring among patients admitted in the course of a spring-time
influenza epidemic to the Children’s Department of the Municipal Hospital,
Szeged. By routine phage-typing the strains were classified as belonging to
phage group |I. At RTD they were partly lysed by phage 29; at 1000 RTD
different degrees of lysis were observed with phages 29/80/52/52A. Phage
52B lysed all strains at RTD.

The second group of staphylococcal strains included multiple antibiotic
resistant phage type 52B cultures. These organisms were commonly found in
various departments of the hospital.

Some representatives of these cultures were examined more thoroughly
for biochemical and lysogenic properties (Table 1I).

The cultures were fairly similar in antibiotic sensitivity spectrum. They
were generally resistant to antibiotics except neomycin and polymyxin B;
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Table |

Properties of the examined strains

Antibioti « sensitivity Phage type Biochemieal ret étions
a 1 c « B Basic phages A c
B S - S'h%réagls © 203 &
o U & s RO 1000 RTD R '3 é £
b & Y. ] @
628 — VA 29 29/80(52) 52B 4+ o+ 4
629 + + 4+ 29/80 52B + + 4. +
645 + + (29) 29 80(52 52A) 52B  + o+ 4
646 + + (29) 29 80(52 52/1) 52B vk
647 80 52B + 4. +
657 + + (29/80)  29/80(52) 52B  + +
658 + + (29) 29 80(52 52A) 52B  + %
660 + + o (29)  29/80(52) 52B L,
945 + + 4 29 52B + o+ 4. 4
578 - 52B + + + 4
501 + o+ 52B  + + + 4.
603 52B  + + +
614 + o+ 52B 4+ 4. 4+
616 + o+ 52B + 4. 4. +
617 + o+ 52B + 4. 4 4.
633 + f 52B + o+«
642 + o+ 52B 4. 4. +
644 + 4+ 52B 4. 4. +

m  antibiotic sensitive; intensive enzyme production

i moderately antibiotic sensitive: moderate enzyme production
antibiotic resistant

coagulase reaction unstable; for explanation see text

part of the strains belonging to group | were moderately sensitive to chlor-
amphenicol. All strains produced haemolysin and fermented mannitol. Coagu-
lase production by group 1 strains was not constant: by the slide test in citrated
rabbit plasma they reacted negatively, but by the tube test in citrated rabbit
blood they showed a positive reaction in 2—4 hours. Phage type 52B strains
gave positive reactions in both tests. The former group of strains exerted a
weak phosphatase activity. Some weakly phosphatase-positive cultures
occurred also among phage type 52B strains.
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Table 11

Host range of induced phages

Induced phages Indicator strains
Strain Group 6 7 47 53 54 83A 42C 73 52R D B5 162
628" I + o+ + o+ - - - - - + + + o+ -
629 + + + + + + - —_ —_ — _ + o+ + + —
645”7 » + o+ + o+ + o+ — — — - + o+ + o+ —
646" + o+ + o+ — — — — + o+ + o+ —
647" " + + + + + 4+ — — — - + o+ + + —
657" a -bl - + + + + — — — — — — + o+ + + —
658"’ « + o+ + o+ + o+ — — — — — + o+ + o+
660’ » o+ o+ + o+ — — — — - + + + +
945’ L, E+ o+ + + + 4+ — o+ o+ ++ — o+ + + + + + + 4+ —
578"  52B ., 4+ 4+ + - _ _ _ . . B
591~ + + + + + + — — - — + + + + —
603’ + + . + + — — - — + + + + —
614’ + 4+ + + + + — — — — + + + + —
616° L + + + o+ — — - — + + + 4+ —
617’ . + + + + + + — — — - — — + o4 + + —
633’ + + .t 4+ — o+ o+ + 4+ — 4+ + + + o+ ++ —
642’ n + 4~ o+ + + + - — — — — + + ++  —
644° . + + + + + + — — — — + + + + —
915’ N1". + + + + + + - + + + + + + ++ + + + + -
918’ @D + 4 + + ++ — o+ o+ + o+ — 4+ + + + + ++ —
949* » + + + + + + — o+ + + + —  ++ — + + + +
= more than 50 plaques; f- = 20 -50 plaques; + = less than 20 plaques;
— = no lysis.

Phage liberation experiments revealed that all strains were lysogenic.
As to host range, their prophages were mostly identical. Only two strains
carried prophages different from those of the other cultures. Thus it was
supposed that the strains carried related if not identical phages and thus no
cross-sensitivity or lysis could be expected. When the liberated phages were
deposited onto plates seeded with the examined cultures, lysis was observed
only with the two phages that differed in host range from the others (Table II).

In view of the similar biochemical properties of strains belonging to the
two groups, it may be assumed that the difference in their phage type has
developed as a result of lysogenization.
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Table 111

Phage pattern of parent and lysogenized cultures

Dilution of standard phages Lysogenizing phages
Strains 29(B) 52(B) 52A (B) 80 (B) 528 (B) 633’ oler 918" 949" 945’
® ®® B 6 ©
RTD 1000 cc RTD 1000 cc RTD 1000 cc RTD 1000 cc RTD 1000 cc cc cc cc cc cc
645 “ 17 + + o+ + + - + + o+ - + + o+ - + + + 4 + + -J- -f- + o+ + o+ + + + o+ + o+ + o+
645(6337) — 4 — + — — + — — — + o+ + o+ + o+ — — — + o+ + o+
645(9157) — + — + — — + — - — + + + o+ + o+ — — — + o+ + o+
645(9187) — + + + + + + — — — + + + +
645(949°) — + + + + + o+ + o+ + + + o+ — + o+
645(9457) + + o+ + o+ — + + o+ — + + o+ — + + o+ + o+ + o+ + o+ + o+ + o+ + o+ + o+ —
642*“52B” - — 0 - - 0 - 0 - 0 + o+ - + o+ + o+ + o+ + o+ + 4+ + o+
642(6337) — + — — — — — - — — + + o+ + o+ — — — + o+ + o+
642(915") — + + + + + — — — + 4+ + +
642(9187) + - = + — — — — + + + o+ — — — + o+
642(9497) + — — + — + — — + + + + o+ + + + + + o+ — + +
642(9457) + o+ o+ — — + o+ — — + — + + o+ + o+ + o+ + o+ + o+ + o+ + o+ + o+ —
more than 50 plaques; ~-}- = 20 —50 plaques; + = less than 20 plaques;
0 = inhibition; (B). (F) = serological group of phages.
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For inducing lysogenicity in the two groups, we had to choose phages
exhibiting a broad-spectrum activity on the indicator strains and also lysing
strain 52B used for propagation (the examined strains were also lysed by
phage 52B). Suitable phages were obtained from strains 633 (type 52B),
945 (group I, type 29/52B) and from three untypable cultures. Heat-induced
phages propagated on suitable standard strains were serologically grouped by
the antiphage serum neutralization test and were finally used for the lysogen-
ization of some representatives of group | strains. The lysogenized strains
became naturally resistant to the lysogenizing phage and their liberated phages
were identical in lytic spectrum with the lysogenizing phage.

Table 111 shows representatives of group | and 52B strains and their
lysogenized variants. The lysogenized variants of phage group | strains differed
from the parent cultures in phage pattern: when lysogenization had been
performed with phages belonging to serogroup B, they were sensitive only to
phage 52B; when lysogenization had been induced with phage 945’ (sero-
group F) there was no change in phage pattern. It should be noted that strain
945 yielding phage 945’ belonged to phage group I.

Of the lysogenized variants of type 52B, only the culture lysogenized
with phage 945" acquired a more definite sensitivity to group | phages; this,
however, was less marked than that shown by phage group | strains. After
lysogenization with serogroup B phages, only concentrated group | phages
caused a slight lysis; the sensitivity of these cultures to phage 52B also
decreased.

Discussion

The routine, less extensive phage-typing method which involves the use
of additional phages only when the strains do not react with the basic set of
phages, may not reveal epidemiological associations existing among different
phage types. The fact that by lysogenization strains belonging to seemingly
different phage groups can be converted into the other phage types indicates
that the change may take place in vivo.

All phages used for lysogenization in the present study had originated
from staphylococci isolated in the Children’s Department of the 2nd Muni-
cipal Hospital or in the Department of Paediatrics, University Medical School,
Szeged. As the two kinds of staphylococcal types were prevalent in the same
communities, it may be assumed that alterations from one type to another
occurred in vivo. Thus, type 52B, frequently observed in the Children’s De-
partment may have appeared during the outbreak in a modified form: 29/80/52B.

The epidemiologist should therefore be aware of the fact that strains
with different phage pattern but with similar biochemical and biological prop-
erties may have a common origin.
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Summary. The behaviour of two strains (wild and vaccine strain) of Aujeszky's disease

(Ay) virus lias been examined in two kinds of cell cultures (calf testicle and porcine embryo
kidney epithelium cells). In 24— 28 hours after infection, both strains caused “chromatin-
granulation” of nuclei, typical of DN A viruses, in both cell cultures. The wild Ay-virus strain
caused the formation of giant syncytia sometimes containing 50— 100 nuclei in both cell

cultures, whereas the vaccine strain caused only the rounding off of the cells or if it caused
syncytium formation, this was of a minor degree, consisting of 2—5 nuclei detectable on careful

examination .

The cytopathic effect of Aujeszky’s disease virus (Ay-virus) in tissue
cultures has been described by numerous investigators [1—14]. In the infected
tissue cultures Cowdry type A acidophilic nuclear inclusions were observed
[1—3, 5, 14]. As Ay-virus behaved differently in the different tissue cultures,
we examined its cytopathic effect in cultured cells by the acridine orange
(AO) fluorescence method [5—19].

Materials and methods

Virus strains. (1) w itd Ay-virus strain maintained in calf testicle tissue culture for an

indefinite time. In our laboratory it was carried through 3 passages in the same tissue culture
In the present experiments, material from the 3rd passage was used. Titre: 107 T C ID s)/m |
(2) Ay-virus vaccine strain [10], maintained in calf testicle tissue culture since 1961. Titre:

107 T C ID50/mil.

Tissue culture. primary monolayer cultures prepared from calf testicle and pig embryo
kidney epithelial cells by trypsinization were used. The cell suspensions were distributed in
sterile test tubes in each of which was placed a sterile glass slide measuring 7 cm by 0.7 cm
After inoculation of the virus, the slides were stained with AO, whereas the monolayers grown
on the tubes’ walls were stained with haematoxylin-eosin for control purposes.

AO-staining was performed according to Mayor [18].

Apparatus. For fluorescence assay, a Zeiss HBO 50 high pressure mercury vapour
lamp was used as a light source. Light was transm itted through a BG 3/4 filter and a GG 9/0 G 1
ocular filter.

Photography. Photos were taken on Orwo (Agfa) colour UT 15 or 16 diafilm strips,

with an exposition time of 15 minutes, for a magnification of 400.

“ Paper read at the Session of the Division for Bacteriology and Virology of the Hunga-

rian Association of Microbiologists, Budapest, January 29, 1965
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Results

In non-infected calf testicle cell cultures, cellular cytoplasms stained
brown, the nuclei green and the nucleoli orange, with AO (Fig. 1). In cultured
calf testicle cells inoculated with wild Ay-virus, syncytia containing numerous,
sometimes 50—100 nuclei, were formed in 24 —28 hours after infection (Fig. 2).
The nuclear chromatin became granulated and exhibited an intensive green
fluorescence owing to the accumulation of deoxyribonucleic acid (DNA). The
nuclei exhibited a slight swelling (Fig. 3). The cytoplasm’s ribonucleic acid
(RNA) content was apparently normal as it showed a brown shade entiiely
identical with that seen in the non-infected cells. Seventy-two hours after
the infection the whole cell layer was disrupted, its former continuity being
indicated by long cytoplasmic threads connecting the degenerated cell groups.
The cells were rounded off, their cytoplasms disappeared almost entirely and
they arranged either single or in minor groups (Fig. 4).

In cultured pig embryo kidney cells, wild Ay-virus exhibited an essen-
tially similar behaviour as in calf testicle cells.

In calf testicle tissue culture, the vaccine strain of Ay-virus caused as
a rule only a disruption of the confluent cell sheat and a rounding off of the
cells.

In pig embryo kidney cell culture, the vaccine strain of Ay-virus behaved
similarly as in calf testicle cells, causing typical granulation of the cellular
nuclei in 24—28 hours, while the cytoplasm remained apparently intact
(Fig. 5). Owing to the accumulation of DNA, the nuclei appeared in a vivid
green or even yellowish-green hue. Seventy-two hours after the infection the
cell layer disrupted, the cells became rounded off and their cytoplasm appeared
as a narrow border. In the rounded cells, however, 2—5 shrunken nuclei were
observed on careful examination (Fig. 6).

Discussion

The examined two strains of Ay-virus caused nuclear changes typical of
DNA viruses both in calf testicle and porcine embryo kidney cell cultures.
In 24—28 hours after infection the nuclear chromatin became gramdated and
appeared in a green or yellowish-green colour owing to the accumulation
of DNA. In calf testicle cell cultures, the wild strain of Ay-virus produced
syncytia containing numerous, sometimes 50—100 nuclei. In pig embryo
kidney cells, the syncytia contained much less nuclei. The vaccine strain of
Ay-virus, however, produced no syncytia in either cell culture. Its cytopathic
effect manifested itself in the appearance of polynuclear cells composed of
2—5 shrunken nuclei and of rounded off single cells in which the cytoplasm
appeared only as a small border around the shrunken round nucleus showing
an intensive yellow fluorescence.
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Fig. 1. Noil-infected calf testicle cell culture. AO staining; magnification, x 400

Fig. 2. Calf testicle cell culture 24 hours after infection with wild Ay-virus. Large syncytium
with numerous nuclei. AO staining; magnification, x 400






Fig. 3. Calf testicle cell culture 24 hours after infection with wild Ay-virus. Mote “chromatin
granulation”, accumulation of DNA and swelling of nuclei. AO staining; magnification, x 400

Fig. 4. Calf testicle cell culture 72 hours after infection with wild Ay-virus. Disruption of
cell layer, rounding off of cells, disappearance of cytoplasm. AO staining; magnification, x 400






Fig. 5. Pig embryo kidney cell culture 24 hours after infection with the vaccine strain of
Ay-virus. Note the typical “chromatin granulation” in nuclei with intact cytoplasm. AO stain-
ing; magnification, x 400

Fig. 6. Pig embryo kidney cell culture 72 hours after infection with the vaccine strain of Ay-
virus. Note the disrupted cell layer, rounding off of cells containing each 2 —5 shrunken nuclei.
AO staining; magnification, x 400
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Neither the wild nor the vaccine strain of Ay-virus produced nuclear
inclusions under the present experimental conditions. This is incongruent
with the findings of several other investigators [1—3, 5, 14]. Further experi-
ments are in progress to clarify the cause of the inconsistency of our results.

Acknowledgement. We are indebted to Dr. J. Kojnok (Phylaxia State Vaccine Insti-
tute, Budapest) for the vaccine strain of Ay-virus.
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FURTHER STUDIES ON HAEMAGGUUTINATING
AGENTS OBTAINED FROM ACUTE HEPATITIS SERA

By
S. NaGYLUCSKAY and J. ANGYAL

Institute of Hygiene (Director: I. Vedres), University Medical School, Budapest and National
Institute of Dermatology and Venereology (Director: F. Foldvari), Budapest

(Received September 30, 1965)

Summary. Earlier findings have been confirmed in that in the allantoic fluid of chick
embryos inoculated with the acute-phase sera of patients suffering from viral hepatitis a
haemagglutinating agent develops similar to that contained in the serum. The agent can he
maintained through numerous serial passages without loss of titre. Hepatitis convalescent
sera mostly inhibit the haemagglutinating agent obtained either from the acute-phase sera
or in the allantoic fluids. The sera of two rabbits immunized with an IH and SH agent, respec-
tively, showed only homologous inhibition. Preliminary neutralization tests in ovo seem to
be consistent with the results of the haemagglutination inhibition tests. The agents have
proved to be highly resistant to heat; heating to 100 C for 20 minutes failed to inactivate
their haemagglutinating capacity and their maintainability in serial egg passages.

It has been shown [1, 2] that acute-phase serum samples of patients
with viral hepatitis agglutinate in high titres (1 : 32—1 : 6144) tannin-treated
human Rh-positive group 0 erythrocytes. Sera of healthy subjects or of those
suffering from other diseases including hepatic disease such as toxic hepatitis,
give the reaction at most up to 1 :8 dilution and the factor responsible for
this agglutination is absorbable with papain-treated or untreated eryth-
rocytes.

Examining the specificity of the reaction, we inoculated 11-day embryo-
nated hen’s eggs intra-allantoically with acute-phase hepatitis sera. The allan-
toic fluids harvested three days later were found to agglutinate the tannin-
treated human erythrocytes. The haemagglutinating factor seems to be iden-
tical with the serum factor in all characteristics tested. It was successfully
passaged in embryonated eggs, in two cases over 16, in two others over 20,
consecutive passages. In the course of passages the haemagglutination (HA)
titre tended to increase.

In the present study attempts have been made to characterize the HA
agent.

Materials and methods

Sera. Acute-phase blood samples were taken under sterile circumstances from 99 hepa-
itis patients in the first five-day period following the first symptoms of the disease. The
separated sera were tested for bacteriological sterility and kept in the refrigerator (0 -j-4° C)
for a period not longer than 48 hours. Before experiment the sera were heated to 60 C for
30 minutes.
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Convalescent sera were taken from 13 patients with the clinical diagnosis of infectious
hepatitis (IH) and from 5 with serum hepatitis (SH). These and serum samples from 5 healthy
donors (controlled by the National Blood Transfusion Service, Budapest) were tested for
HA-inhibiting (HI) antibodies against the haemagglutinating agent.

Immune sera were produced in rabbits. The IH antigen was a haemagglutinating allan-
toic fluid from the 9th egg passage of an agent derived from the serum of an IH patient;
the SH antigen was an allantoic fluid from the 4th egg passage of an agent originally obtained
from the serum of an SH patient. The immunization scheme has been described elsewhere [3].
The immune sera were absorbed with a normal allantoic fluid before used.

HA test with tannin-treated erythrocytes [1,2]. Human Rh-positive group 0 blood was
defibrinated by shaking with glass beads. The erythrocytes were separated by centrifugation
and washed at least four times with saline. Subsequently, 8.5 ml of 0.5 per cent analytical
quality tannic acid (Merck) dissolved in saline was added to 1.5 ml erythrocyte sediment. After
vigorous shaking the erythrocyte suspension was placed in the incubator for 30 minutes. The
sediment was washed once with saline and made up to 100 ml with the diluting fluid (see below)
of 18— 20° C. After shaking the conglomerated erythrocytes (2—10 per cent of the total) sedi-
mented and the supernatant containing about 1 per cent homogeneously distributed erythro-
cytes was sucked off. The suspension was stored in sealed sterile ampoules at 0—4° C for at
most six days. The diluent contained 0.4 per cent NaCl and 5 per cent glucose in Sorensen’s
phosphate buffer of pH 7.4. The erythrocytes were not treated with formalin either before or
after tanninization.

HA titration was usually carried out in Takatsy’s Microtitrator [4]. The titres are
expressed in the highest dilution showing positive reaction after 70 minutes at 10—15° C
or 30 minutes at 10—15° C and 0 — +4° C overnight. The reaction was accepted as positive
if the bottom pattern characteristic of agglutinated erythrocytes was seen.

Inoculation ofeggs. Eleven-day-old embryonated eggs were inoculated intraallantoically
and incubated at 37° C for further three days. The harvested allantoic fluids were tested for
sterility and heated to 100° C for 15 minutes before tested for HA.

H 1 test. Three parallel twofold dilution series, from 1:2 to 1 :16, were prepared in
the wells of the Microtitrator plate from each of the sera to be tested for anti-haemagglutinin.
To each dilution an equal volume of diluted haemagglutinating serum or allantoic fluid was
dropped. The haemagglutinin content of the allantoic fluid amounted to 2 to 32 HA units in
the tests carried out on different days. The mixtures were kept at 37° C for two hours, where-
after tanninized erythrocytes were added. In the following the procedure was the same as
described for the HA test. Because of the fluctuation in the quantity of haemagglutinin,
exact HI titres cannot be presented. The HI test was considered positive when HA did not
develop in any of the wells of the three parallel series not even in the wells with the 1 :16
diluted serum. Control tests with known negative and positive sera were performed in every
case and the haemagglutinin (serum or allantoic fluid) used in the test was examined without
serum as well.

Results

Table | summarizes the results of the egg passages initiated with acute-
phase sera of patients suffering from viral hepatitis.

Eggs were inoculated with 99 acute-phase sera. The harvested allantoic
fluid agglutinated tanninized red cells in 96 cases. In 3 cases no agglutination
was observed. Out of the 96 agents 27 were subjected to further passages,
in 24 cases with success. Two agents were subjected to two, one agent to three,
two agents to 16 and two agents to 20 allantoic passages.

For control purposes serum samples obtained from 28 blood donors kept
under the control of the National Blood Transfusion Service were inoculated
into eggs. No HA was observed though 19 sera were subjected to two, 4 to six
and 5 to eight serial passages. In addition, serum samples obtained from 43
patients suffering from diseases other than hepatitis were inoculated and sub-
jected to 1—s8 serial passages. In the first passage haemagglutinating allantoic
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Table 1

The history of haemagglutinating agents in embryonated eggs

Inoculum s’;lr?iploefs Successful j Unsuccessful
inoculated inoculation
Acute phase serum 99 96 3
1st passage allantoic fluid (AF) 27 24 3
2nd passage AF 7 7 —
3rd passage AF 5 5 —
4th—16th passage AF 4* 4 —
17th—20th passage AF 2%* 2 —

*, ** Number of agents carried over 16 and 20 passages, respectively

Table 11
Haemagglutination inhibition (HI) tests

Sera tested for Hl

Haemaﬁgilgéinating Rabbit immune sera Convalescent sera Control sera
anti-111 anti-SH IH SH rabbit human
@y (i) 13 ® ) &)
Acute IH sera (6)
No. of tests 6 6 78 30 6 30
Inhibition 4 — 46 | — —
No inhibition 2 6 32 29 6 30

Acute SH sera (4)

No. of tests 4 4 52 20 4 20
Inhibition — 3 15 8 — —
No inhibition 4 1 37 12 4 20

IH agent in AF** (14)

No. of tests 14 14 182 70 12 68
Inhibition 7 — 63 — — —
No inhibition 7 14 119 70 12 68

SH agent in AF** (9)

No. of tests 9 9 117 45 9 45
Inhibition — 8 30 20 — 1
No inhibition 9 1 87 25 9 44

*In parentheses, the number of sera and allantoic fluids tested
** AF - allantoic fluid
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fluids were harvested in 7 cases, but the haemagglutinating agent could not
be passaged and did not re-appear in the course of further passages. Finally,
allantoic fluid samples from 74 noninoculated eggs were tested for HA. From
six allantoic fluids eight serial blind passages were made, with negative results.
Table Il shows the results of HI tests.

Anti-IH and anti-SH rabbit scrum prevented HA in the majority of the
acute-phase IH and SH sera respectively, while cross reactions never occurred.
Each of the convalescent sera inhibited the HA of some of the acute-phase
sera. In a few cases, however, cross reactions were observed, irrespective of
whether acute-phase serum or allantoic fluid was used as the haemagglutinat-
ing agent. Among the sera of healthy subjects a single one inhibited the SH
agent (6th allantoic passage). The seropositive person did not remember any
hepatitis infection and laboratory tests and clinical examinations provided
no evidence of disease.

Preliminary studies have supplied data indicating that there may be
some correlation between the HI reaction under study and the neutralization
test in ovo.

Discussion

Both our earlier and the present studies have shown that the allantoic
fluids of a great part of the chick embryos inoculated with serum samples
obtained from patients with acute viral hepatitis display haemagglutinating
activity similar to that elicited by the serum itself. The haemagglutinating
agents could be maintained through numerous consecutive passages in embryo-
nated eggs.

The nature ofthe agents has not been determined exactly. Their resistance
to heat is remarkable. After being heated at 100° C for 20 minutes, the agents
(50 allantoic fluids out of 52) still agglutinated tanninized human erythrocytes.
The same treatment never prevented the agents from being maintainable in
egg passages.

The fact that hepatitis convalescent-phase sera often inhibited the
haemagglutinating agents and this inhibition seems to distinguish IH from
SH points to a possible specific reaction ofthe organism against the haemagglu-
tinating agents.
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Summary. Reproduction of influenza A (PR8) and parainfluenza type 1 (Sendai)
viruses on chorioallantoic membrane pieces was not influenced by heparin and hyaluronic
acid at concentrations of 10, 100, 1000 /ig/mi and of 1, 10, 100 jUg/ml, respectively. These
substances had no influence on the interferon’s inhibitory action on the growth of Sendai
virus. The reproduction of Herpes simplex virus in chick embryo fibroblast cultures was
inhibited by heparin, but not by hyaluronic acid. When heparin was added simultaneously
with interferon, the inhibitory effect exhibited summation while hyaluronic acid had no
influence on the interferon action.

It has been shown by several authors that the reproduction of Herpes
simplex virus was inhibited by heparin in a variety of tissue cultures [1, 2, 3, 4].
The relevant results have been summarized by Vaheri [5].

Heparin is a polyanionic polysaccharide composed of glucosamine and
glucuronic acid [6, 7]. Its virus inhibitory action has been ascribed to the
sulphate groups responsible for the anionic character of the compound; they
are supposed to attach to oppositely charged groups on the virion’s surface,
thus resulting in the formation of a heparin-virus complex incapable to pene-
trate into the susceptible cell [5]. According to recent concepts, the heparin
present under natural conditions in the different tissues of the living organism,
may be regarded as an unspecific, natural, in vivo protective measure inhibiting
the spread of the invading virus into the susceptible organism through the
above outlined mechanism [3, 5, 8, 9].

It has also been shown that interferon inhibits the reproduction of several
viruses [10]. The action of interferon (as wll as that of the recently described
interferon-like substances) is intracellular. Several authors ascribe an impor-
tant role to interferon in the recovery of the organism from virus infections,
as its appearance is known to precede that of the specific antibodies [11, 12,
13, 14]. Several authors have characterized interferon as a basic protein
[15, 16, 17].

It seemed to he of interest to study the possibility of an interaction
between heparin or hyaluronic acid and interferon.
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Materials and methods

Viruses. Strain PR8 of influenza A virus and strain Sendai of type 1 Myxovirus para-
influenzae were used. Both strains were maintained in chick embryo allantoic cavity by serial
transfers and stored at —20° C until used.

Herpes simplex virus was isolated in this laboratory and has been maintained in HelLa
cell cultures by serial transfer. The virus material was stored at +4° C until used.

Tissue cultures. For the experiments in roller drum, the method of Horvatn was used
[18]; the virus was grown on aliquots of chopped chorioallantoic membrane.

Tube cultures of chick embryo fibroblasts were prepared by trypsinization. Parker’s
medium 199 with 10 per cent calf serum was applied during outgrowth. As maintenance or
diluent fluid a mixture of equal volumes of Parker’s medium and Hanks’ solution with 10
per cent calf serum was employed.

Preparation of interferon. Eleven days old chick embryos were infected with PR8
virus by inoculation into the allantoic cavity. After 72 hours’ incubation at 35° C, the allantoic
fluids were harvested. The virus was destroyed and the interferon partially purified and con-
centrated by the method of Zemla and Vilcek [19], using chilled acetone for precipitation.

Heparin. A preparation of the G. Richter Pharmaceutical Works, Budapest, was used.
Each 5 ml ampoule contained 50 000 /ig/ml active substance. Dilutions were freshly prepared
in the appropriate medium. Hyaluronic acid was a preparation of the Institute for Pharma-
ceutical Research, Budapest.

Titration of infectivily. The infective titres of PR8 and Sendai viruses were determined
by the roller drum method of Horvath [18]. Titres are expressed in terms of ID,-XQ

Quantitation of interferon. The method has been described earlier [20]. Twofold dilution
series were prepared from the concentrates of interferon and added each to an ampoule in
the roller drum. After 24 hours’ incubation, 100 ID5n Sendai virus was added per ampoule.
After 60 hours of additional incubation, the virus content was determined by the haemagglu-
tination test, using Takatsy’s micro-method [21].

Interferon activity was expressed as the highest dilution still resulting in the inhibition
of Sendai virus replication in half of the ampoules tested.

Heparin-interferon, and hyaluronic acid-interferon combinations. The action of the
above combinations on Sendai virus was examined in the roller drum. Experiments with Herpes
simplex virus were carried out in chick embryo fibroblasts.

Results

In preliminary experiments in roller drums the action of heparin and
hyaluronic acid on the growth of PR8 and Sendai viruses was examined. No
effect whatever was observed with heparin and hyaluronic acid within the
concentration ranges 10—1000 /tg/ml and 10—100 fig/ml, respectively. Neither
was any effect observed on the activity of interferon in the same system,
with either of the above substances in the concentration ranges given. The titre
of the interferon preparation used in this experiment was between 1:16
and 1 :32. These experiments were performed exclusively with Sendai virus.

The lack of action on the growth of Sendai virus of heparin suggested
the necessity to examine the effect of a combination of heparin and interferon
on a virus sensitive to both substances. The virus of Herpes simplex was chosen
for this purpose and the effects of hyaluronic acid and interferon were also
examined in the same system. The final concentrations of heparin and hyal-
uronic acid in these experiments were 2.5 fig/ml and 100 /tg/ml, respectively.
Interferon and heparin alone each reduced the virus titre by about 1 log unit.
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The simultaneous addition of the two substances resulted in a titre decrease
of about 2 log. Hyaluronic acid alone had no effect on the virus, its simul-
taneous application with interferon did not affect the latter’s activity.

The effect of heparin and interferon on the reproduction of Herpes
simplex virus was examined also in different pH ranges. The final concentration
of heparin in these experiments was 2.5 /ig/ml.

As shown in Table I, virus growth was more inhibited at pH 6.5 than
at pH 7.2.

Table 1

Multiplication of Herpes simplex virus in the presence
of interferon and heparin, at pH 7.2 and 6.5

Difference in infectivity titres as related to the
control (log10) in the presence of

H
P ) . interferon
interferon heparin -f heparin
79 1.0 10 2.0
6.5 15 1.5 2.5
Discussion

The aspecific protective factors against viral infections of the organism
are the increase of temperature, a slight lowering of pH, further interferon
and certain tissular mucopolysaccharides [9, 22, 23]. Of the mucopolysaccha-
rides heparin might be considered the most important. The substance is present
in blood as well as in the tissues. Its storage and release during inflammatory
processes have extensively been studied [24, 25]. Virus infection causing local
tissular reactions is supposed to induce a release of heparin.

The polyanionic heparin may attach to a wide variety of basic substances,
among them to proteins [26, 27, 28, 29, 30]. The pH and the ionic composition
of the medium have a remarkable influence on these reactions [31, 32, 33].
According to present concepts [3, 5], the antiviral activity of heparin has the
same mechanism of action. The heparin-virion complex is supposed to be
unable to penetrate into the sensitive cells.

Viral infections are known to result in certain cases in the production
of interferon. This substance is a basic protein, thus it may be supposed to
react with heparin. This would probably impair the activity of interferon.
The present experiments have shown the absence of such a reaction. In the
case of Herpes simplex virus, the inhibitory action of heparin and interferon
was more intensive than that of the two substances applied separately. Hyal-
uronic acid failed to inhibit the activity of interferon.
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Summary. The influence of exogenous heparin has been examined on the growth of
Herpes simplex virus (HSY) in the skin of rabbits. Heparin administered 1 or 18 hours prior
to infection was found to inhibit in dependence on the concentration the growth of several
HSV strains and the development of cutaneous lesions. Under the experimental applied con-
ditions a definitely neurovirulent strain of HSV was not inhibited by heparin. The possible
mechanism of the protective action of heparin against HSV infection and the correlation
between neurovirulence and heparin sensitivity are discussed.

Simultaneous injection of Herpes simplex virus (HSV) and hyaluroni-
dase has been found to result in the development of well-defined characteristic
local lesions [1]. The lesions disappeared spontaneously after a period of 8 to
10 days, as a residt of the development of specific immunity [2] and other
non-specific factors inhibiting viral growth and pathogenicity [8]. Of the
latter factors, heparin may have a decisive importance. The present paper is
a report on studies concerned with the effect of exogenous heparin on the
replication of HSV strains and their pathogenicity in animals.

Materials and methods

Viruses. Strains PM, TM, DE, GE and CsR were isolated from clinically typical lip
mucosa lesions. Strain OB was isolated from the contents of vesicles having developed re-
peatedly on the thigh. All strains were isolated in human embryonic fibroblast cell cultures,
and all but OB caused in both embryonic fibroblast and HeLa cell culture the development
of diffusely localized small rounded refractile cells. Human embryonic fibroblast and HelLa
cell cultures infected with strain OB underwent cytopathic (CP) changes characterized by
focal appearance of small rounded refractile cells and polynuclear giant cells. All strains were
stored at -j-4° C until used.

Preparation of inocula for animal experiments. The strains stored at -j-4° C were inoc-
ulated into human embryonic fibroblast cell cultures. After the generalized CP effect had
developed, the cells were scraped from the flasks’ walls and suspended in the original medium.
Cells were disintegrated by sonication using a MSE apparatus (1.5 A, 3/4”, Titan sonicator,
in 10 ml volume). Cell debris were removed by centrifugation. Uninfected cultures treated in
an identical way served as controls. The inoculum was always prepared in a way to ensure the
presence of 20,000 TCIDS0virus in 0.5 ml. For growth as well as for dilution of viruses Parker’s
No. 199 medium was used throughout.

Inoculation of rabbits. Male rabbits weighing 2.5 kg and bred in this Institute were used.
The back of the animals was depilated. The depilated area was divided into four circles, 6 cm
in diameter each. Into the centre of each circle 30 1.U. (0.2 ml) hyaluronidase solution and
immediately afterwards 0.5 ml of the inoculum specified above was injected. Heparin was
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injected 1 or 18 hours prior to virus infection into two individual circles on the same animal.
Three rabbits were used in each experiment with the individual virus strains and three with
the same strains and heparin. The development of lesions was examined daily. In the absence
of heparin, the lesions attained their maximum on the fourth post-infection day. The lesions
showed oedematous swelling and hyperaemia with nodules and vesicles.

Determination of virus content of the skin. At appropriate points of time, the circles with
the lesions were cut out of the skin together with the fascia. The skin-fascia samples were
washed free of blood, minced with scissors and homogenized with seasand of analytic purity
in Parker’s 199 medium. Ten per cent suspensions were prepared, and centrifuged for 5 min-
utes at 1000 rpm. The pH of the supernatantwas adjusted to pH 7.2 by bubbling C02through
the fluid. A series of tenfold dilations was then prepared and 0.1 ml each were inoculated
into human embryonic fibroblast cell culture tubes. Adsorption was allowed to take place at
37° C for 1 hour. 0.9 ml of Parker’s 199 medium was then added to each tube. The infected
cultures were incubated at 37° C and examined microscopically after 3 days. TCID3 was
calculated according to Reed and MuENCH [4].

Determination of virus content in the central nervous system. Brain and spinal cord of
animals exhibiting neurological symptoms were removed and processed in a manner similar
to that described for the skin. The method of virus assay was also identical.

Chemicals. Hyaluronidase solution (Organon, Oss, Holland) contained 150 I.U. per ml.
Heparin (Gedeon Richter Pharmaceutical Works Ltd., Budapest) contained 25,000 I.U.
per 5 ml. Both substances were diluted appropriately in Parker’s 199 medium.

Histological examination. Excised skin specimens were fixed in 4 per cent formalin
for 48 hours. To prevent dissolution of mucopolysaccharides, one specimen was always fixed
in a solution containing 6 per cent cetylpyrimidium chloride in 4 per cent formalin for 48 hours.
Fixed specimens were embedded in paraffin and cut into 7 [i sections. The preparations were
stained with haematoxylin-eosin and azan stains. For the detection of acid mucopolysaccha-
rides, an 0.1 per cent solution of toluidine blue (pH 2.0) was used. Part of the preparations
were digested with hyaluronidase for 18 hours at room temperature.

Results

Table | shows the effect of different doses of heparin on the growth of
strain PM of HSV in rabbit skin and on the development of cutaneous lesions.
This strain had identical characters both in vivo and in vitro with all the other
HSV strains examined (except for strain OB).

Table |

Effects of different amounts of heparin on the replication
of an HSV strain (PM) in rabbit skin

Dose of

heparin in Diameter in .

Hg injected mm of skin ?)/f”rhse Cligitgr?i
or;)eeflggur Iesmga;»g 4th (log TCIDEIMI)
infection

0 35 6.00

40 35 6.00
400 25 5.75
800 25 5.25
1200 0 4.50

* Average of three experiments
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As shown in Table | under the used experimental conditions inhibition
was demonstrable only with 1200 //g heparin inoculated into the rabbit’s
skin. The extension of the lesions was related to the demonstrable amount of
virus.

Fig. 1 shows the growth curve of the same virus as measured by deter-
mining the virus content of skin specimens treated or not treated with heparin
prior to infection.

As shown in Fig. 1, most of the inoculated amount of virus was
recovered from the heparin-treated skin specimens, while much less from the

Fig. 1. Replication of a HSV strain (PM) in rabbit skin pretreated (1) and not pretreated (2)
with 1200 fig of heparin, as indicated by virus assay in human embryonic fibroblast cultures.

The individual plots are averages from three experiments

untreated ones, as determined eight hours after infection. Later no significant
virus replication took place in the heparin-treated animals. After the 5th day,
the amount of virus in heparin-treated and untreated skin specimens was very
similar, both exhibiting a decreasing tendency.

In Table Il are shown the effects of heparin concentration (1200 fta)
on the growth of some other strains of HSV. The presence or absence of neuro-
logical symptoms as well as the demonstrability of the virus in the central
nervous system have also been included in Table II.

According to the data in Table Il, all the examined strains were found
to have grown appropriately in the rabbit skin and produce typical lesions
on the fourth day. Except for strain OB, none of the strains were able to grow
appropriately in the presence of heparin; consequently the lesions were also
absent. During a 1-month period of observation none of the strains were found
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to have produced demonstrable neurological changes. Virus was not demon-
strable in the central nervous system after 7 to 14 days. Strain OB, however,
was not inhibited by 1200 /ng heparin under the present experimental con-
ditions. Attempts to recover virus from the central nervous system were suc-
cessful; the animals developed serious encephalitis and myelitis after 7 to

Table 11

Replication of HSV strains in rabbit skin infiltrated with 1200 fig of heparin

Diameter in min of Virus content of lesion
lesion on 4th day log TCIDs,/nil on 4th day L
o ] Virus isolation
Designation . Neurological from central
of strain after pretreatment with signs nervous system

Heparin Parker’s 19 Heparin Parker’s 19

PM — 35 4.5 5.8 Absent Negative
™ — 30 45 5.5 Absent Negative
DE — 30 4.0 5.2 Absent Negative
GE — 30 46 5.8 Absent Negative
CsB — 25 45 5.5 Absent Negative
OB 25 25 5.6 5.7 Present* * Positive***

* One-month observation period
** General weakness, depression, fever, spasms on the 7—14th day
*** 10,000,000 TCID50/5 ¢

Table 111

Replication of an HSV strain (PM) in rabbit skin* infiltrated 18 hours prior
to infection with heparin, resp. Pabker’s No. 199 medium

Lesion on Virus titre on
Pretreatment 4th day 4th da%
(log TCID&YmI)
2000 ~g of heparin 0 4.50
Parker’s no. 199 + 5.75
No pretreatment -f- 5.80

* Average of three experiments

14 days. Thus, the cutaneously inoculated virus attained high titres also in
the central nervous system.

In Table 111 is shown the inhibition of viral growth and the development
of lesions by 2000 fig heparin administered 18 hours prior to infection. The PM
strain was used and heparin was administered directly into the skin region
designated for being infected.

Under the present experimental conditions, heparin inhibited both the
growth of virus and the development of skin lesions.
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Fig. 2 demonstrates a histological preparation stained with toluidine
blue. The specimen had been obtained 18 hours after the injection of heparin
and the preparation was digested with hyaluronidase.

As shown by Fig. 2, metachromatically staining acid polysaccharides
were present in large amounts in the proliferating connective tissue cells.
The substance is supposed to represent heparin incorporated by the cells.
The connective tissue matrix failed to exhibit this type of staining.

Fig. 2. Incorporation of exogenous heparin by connective tissue cells of rabbit skin 18 hours
after the intracutaneous injection of heparin. Stained with toluidine blue at pH 2.0, after
digestion with hyaluronidase. Magnification, X 800

Discussion

Several authors have studied the effect of heparin on the growth of
HSV in vitro [5, 6,7, 8,9, 10]. To our best knowledge, no studies in vivo have
been performed with this virus, though numerous other viruses had been
examined in animal experiments in respect of their inhibition by heparin or
other polyanions [11, 12, 13, 14].

The present experiments have shown that in the heparin-pretreated
rabbit skin the growth of HSV is inhibited in dependence on the applied con-
centration of heparin. A correlation has also been observed between the devel-
opment of lesions and the grade of virus multiplication. This fact is in agree-
ment with the observations of Force et al. [1], who have found that only
replicating HSV produced lesions in the rabbit skin. Heparin concentrations
inhibitory for virus growth inhibited also the development of lesions.

In accordance with Higginbotham’s [15] similar observations we found
connective tissue cells to take up heparin. We therefore supposed that the
heparin-virus complex may enter the connective tissue cells and may even
develop in them. The further course of infection may depend on further events
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within the cell (inactivation ofthe virus, possible latent infection or replication).
The supposed role of heparin in viral infections has been discussed previously
[9, 21].

One may ask how far these animal experiments may be considered a
model of natural infection. Large amounts of heparin were found to inhibit
virus replication, but under natural conditions no comparable amounts of
virus may gain access to the organism. As shown by others and also by us
[9, 10] in experiments in vitro growth of HSV was inhibited by 0.1 to 10 /xg/ml
of heparin. Considering that the plasma is supposed to contain 1 to 2 fig/ml
heparin [16] and, also, that this concentration may considerably increase at
the site of infection, it may be supposed that in certain cases of natural viral
infection heparin might have some influence on the further course of the
process.

The capability of the individual HSV strains to invade the nervous
system might be quite different Goodpasture et al. [17, 18] have reported
about a strain producing encephalitis in rabbits when inoculated by corneal
scarification or by inoculation into the masseter muscle.

The HSV strain used by Force et al. [1] multiplied well in the skin of
rabbits, but failed to invade the central nervous system. The neurovirulence
of HSV strains has been thought by several authors to be related with some
particularities of the cytopathic effect. Kohlhage et al. [19] described that
HSV strains causing the appearance of small giant cells in tissue culture
exhibited an encephalogenic character. A similar observation has been made
by Wheeter [20]. The OB strain isolated in this laboratory and applied in
the present study grew well in the skin of rabbits, produced encephalitis and
myelitis within a few days following the infection and was not inhibited by
heparin at the concentrations applied in the present experiment. As far as one
may judge from the behaviour of a single such strain, there might be some
relation between the neurovirulence or neurotropy and the sensitivity to hepa-
rin of a given strain of HSV.

Acknowledgements. We are indebted to Dr. B. manbpy for preparation and evaluation
of histological sections. The skilful technical assistance of Mrs. Zs. Herpay, Mrs. L. Jenkey
and Miss e. mirs is duly acknowledged.

LITERATURE

1. Force, E E., Stewart, R C., Haff, R F.: VirOlOgy 23, 363 (1964)

2. Force, E. E.,, Stewart, R. C, Harr, R. F.: Virology 25, 322 (1965).

3. Borecky, L.: J. Hyg. Epidem. (Praha) 8, 466 (1964).

4. Reed, L J., Muench, H Amer. J Hyg 27, 493 (1938)

5. Verdi, G P., Serra, C.: Ann. SCIaVO 1, 175 (1959)

6. Vaheri, A, canterr, k.: Virology 21, 661 (1963).

7. Nahmias, A J., Kibrick, S.: J BaCteriOl. 87, 1060 (1964)

8. Nahm ias, A. J., Kibrick, S., Bernfetd, P.. Proc. Soc. exp. Biol. (N. y) 115, 993 (1964)

Acta Microbiologica Academiae Scientiarum Hungaricae 13 (1966)



EFFECT OF HEPARIN ON HERPES SIMPLEX VIRUS INFECTION 203

9. Horvath, E., Hadhazy, G.: Acta microbiol. Acad. Sei. hung. 12, 145 (1965).
10. vaneri, A:: Acta path, microbiol. scand. Suppl. No. 171 (1964).

11. Horsfall, F. L, JI"., McCarthy, M.: JeXp Med. 85,623 (1947)

12 Elliot, A Y, Higginbotham, R D TeX. Rep RIO| Med 18, 362 (|960)
13. Thiery, G.: Rev. Path. comp. 53, 537 (1953).

14 Higginbotham, R D, Murillo, G J J Immunol. 94, 228 (1965)

15. Hicginbotham, R. D.: Int. Arch. Allergy 15, 195 (1959).

16. € ngelberg, H Circulation 23, 578 (1961)

17 Goodpasture, E W, Teague, O PI’OC. SOC. eXp. BIO| (N Y) 20, 545 (1923)
18 Goodpasture, E. W Amer. J Path 1, 11 (1925)

19. Konhthage, H., siegert, R.: Arch. ges. Virusforsch. 12, 273 (1962).

20 W heeler, C E., Jr.: 1 Immunol. 93, 749 (1964)

21. Hadhazy, Gy., Lehel, F., Gergely, L.: Acta microbiol. Acad. Sei. hung. In press.

Address of the authors:
Frigyes Lehel, Gyorgy HadhXzy
Institute of Microbiology, University Medical School, Debrecen 12, Hungary

Aria Microbiologica Academiae Scicntiarum Ilungaricae 13 (1066)






Acta microbiol. Acad. Sei. hung. 13, 205—214 1966

OLIGOSACCHARIDE UTILIZATION
BY SAPROPHYTIC CLAYICEPS STRAINS
By
T. Perényi, Eva Udvakdv-Nagy,
G. Wack and E. K. Novak
Microbiological Research Laboratory (Chief: E. Udvanhdy-Nagy) Of the Gedeon Richter

Pharmaceutical Works, Ltd. and Laboratory of Mycology, National Institute of Public Health
(Director: T. Bakacs), Budapest

(Received April 1, 1966)

summary. The oligosaccharide utilization of alkaloid positive and negative Claviceps
strains isolated from rye and grass has been examined. Three strains were shown to possess
(i-fructo-furanosidase and one another endosaccharase. The former enzyme was shown to
have transfer activity even in Claviceps strains. Strains freshly isolated from the sclerotium
exhibited high trehalase activity. The utilization of maltose was demonstrable in some strains
depending on uptake, respectively induction. None of the strains utilized lactose or melibiose.

Since the ’twenties of this century, the saprophytic cultivation of Clavi-
ceps strains has been studied in order to develop facilities for the production
of ergot alkaloids by fermentation. The first important result of these studies
was the demonstration of the dependence of saprophytic alkaloid production
on the actually used strain. Among the strains producing alkaloid in the scle-
rotial phase of their parasitic life cycle, very few were found to be able to
produce alkaloid when maintained under saprophytic conditions [1]. Alkaloid
production in vitro was more frequent with Claviceps species parasitic in wild
grasses than with species of the secale type. In case of clones obtained from
one and the same sclerotium, the incidence of alkaloid positivity in vitro was
increased by treatment with mutagens [2].

With the strains capable of producing alkaloid in vitro, it has become
possible to produce in superficial or shaken cultures or in fermentors the
following substances: agroclavine and elimoclavine [1, 3], lysergic acid amide
and lysergic acid-methylcarbinolamide [4], ergometrine [5] and other alka-
loids. For cultivation, mainly Abe's medium [1] or its modifications with
mono- or oligosaccharides either alone or in combinations, as main component,
were used. Within certain limits, the attainable alkaloid level is related with
the amount of the added saccharide. The importance of the saccharide actually
used for the production of alkaloid has prompted us to study the sugar decom-
posing and utilizing activity of alkaloid positive and negative Claviceps
strains of different origin. The present paper is a report on our studies with
oligosaccharides mainly saccharose.
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Materials and methods

Strains, (@) Claviceps sp. Ix 1326 mutant. The strain was isolated and selected from
a mutagen-treated culture of a strain typically producing ergotoxin on rye. The mutant pro-
duced ergotoxin and ergometrin in vitro, (b) Claviceps sp. T. 20. The strain produced typically
ergotamine on rye, being alkaloid-negative in vitro, (c) Claviceps sp. Se 1. Sesleria coerulea
Ard. sclerotium (from the collection of T. Poes) yielded in this laboratory a strain alkaloid
negative in vitro, (d) Claviceps sp. B 35. The strain originated from Pennisetum lyphoideum
Rich, and produced agroclavine and elimoclavine in vitro. It was kindly supplied by Prof.
A. Tonolo.

Maintenance of the strains and preparation of cultures. The strains were maintained on
saccharose glycine agar by transfer at one or bi-monthly intervals. Maintenance cultures were
transferred to a liquid enrichment medium and the mycelia obtained were homogenized.
An amount of mycelium suspension representing a 5 per cent final concentration was trans-
ferred to the following medium: saccharose, 10 per cent; succinic acid, 1 per cent; KH2P 04
0.25 per cent; MgS04, 0.25 per cent; FeS04, 0.9 mg per 100 g; ZnS040.3 mg per 100 g. The pH
was adjusted to 5.5 with ammonium hydroxide. The cultures were incubated for 96 hours at
24° C in a rotary shaker.

Activity of live cells or acetone-dried cells or cell-free extracts was examined under
semi-anaerobic conditions [6], to facilitate demonstration of cleavage products. The bulk of
mycelia obtained after 96-hour incubation was sedimented by centrifugation, washed three
times in saline and used for the preparation of the following specimens: (a) 13 g (wet weight)
of mycelia were suspended in a final volume of 40 ml; (b) acetone powder corresponding to
13 g wet weight of mycelia was suspended in 40 ml buffer; (c) 13 g wet weight mycelium was
ground with quartz-sand in the presence of a buffer aliquot. After centrifugation, the mycelium-
free supernatant was made up to 40 ml with buffer. Each of the above specimens was distri-
buted to tubes in 4 ml aliquots.

As aerobic controls, (d) washed mycelia were suspended in buffer at the ratio given
above and incubated in a rotary shaker.

The sugars examined were saccharose, raffinose, maltose, lactose, and trehalose at an
initial concentration of 2 per cent. With aerobic incubation the utilization of glucose, fructose,
and galactose, corresponding to cleavage products, was examined, too.

The medium was adjusted to pH 5.5 with 1/15 M phosphate buffer. The substrate was
added at 0 time and samples were taken at 0, 1, 2, 4, 6 and 8 hours. The enzyme was inacti-
vated by boiling for 2 minutes. Cleavage, or saccharide utilization was followed up by chro-
matography of 5 ,ul of a centrifuged supernatant on Macherey—Nagel 214 filter paper. Chro-
matograms were run in n-buthanol : acetic acid : water (4:1:1) solvent by the ascending
technique and developed with benzidine.

Results

Claviceps sp. Ix 1326 mutant. All the three types of mycelium preparations
(a, b and c, see above) decomposed saccharose, raffinose and trehalose under
semi-anaerobic conditions. The activity of live mycelia and of cell-free extracts
was relatively low. Maltose was decomposed only by the acetone powder
while neither lactose nor melibiose were decomposed by any of the prepara-
tions.

Cleavage of saccharose yielded beside glucose and fructose also a benzi-
dine positive product with an Rf value lower than that of saccharose. The
latter were tentatively designated as oligosaccharides. None of the added or
produced saccharides were metabolized by any of the samples (Fig. 1).

Cleavage of saccharose and raffinose was more intensive in shaken than
in semi-anaerobic cultures (Fig. 2). The oligosaccharides formed from saccha-
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rose as well as the produced and added glucose were utilized, whereas meli-
biose, fructose and galactose were not. The live cell suspension was inactive
against maltose even under aerobic conditions.

Claviceps sp. T. 20. When incubated under semi-anaerobic conditions,
the acetone-treated cells showed a slight saccharose and raffinose decomposing
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Fig. 1. Chromatographic analysis of oligosaccharide splitting by Claviceps sp. Mutant Ix 1326.
Semi-anaerobic incubation, (a) live cells -\- trehalose; (b) acetone treated cells { trehalose;
(c) cell free extract - trehalose; (d) live cells -|- maltose; (e) acetone-treated cells -(- maltose;
(f) cell-free extract -\- maltose; (g) live cells + saccharose; (h) acetone-treated cells -f- saccha-
rose; (i) cell-free extract -(- saccharose; (j) live cells -f- raffinose; (k) acetone-treated cells
raffinose; (1) cell-free extract -J raffinose. The first one or two and the last one or two samples
on the chromatograms are standards and the sample preceding 0 time is the control of the

culture
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Fig. 2. Chromatographic analysis of oligosaccharide splitting by Claviceps sp. Mutant Ix 1326.

Aerobic incubation, (m) live cells -~ saccharose; (n) live cells -f- maltose; (0) live cells -} raf-

finose; (p) live cells -I" glucose; (q) live cells - fructose; (r) live cells - galactose. For other
explanations, see Fig. 1
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activity. Trehalose was decomposed by all the three preparations. No saccha-
ride was consumed under semi-anaerobic conditions (Fig. 3).

In shaken cultures, decomposition of saccharose and raffinose was more
intensive and glucose was utilized. Neither galactose nor fructose was con-
sumed by this strain (Fig. 4).
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Fig. 3. Chromatographie analysis of oligosaccharide splitting by Claviceps sp. T. 20. Semi-

anaerobic incubation, (a) live cells -f- trehalose; (b) acetone-treated cells trehalose; (c) cell-

free extract -f- trehalose; (d) live cells + maltose; (e) acetone-treated cells -f- maltose; (f) cell-

free extract -~ maltose; (g) live cells -f- saccharose; (h) acetone-treated cells -f- saccharose;

(i) cell-free extract -f- saccharose; (j) live cells raffinose; (k) acetone-treated cells + raffi-
nose; (1) cell-free extract + raffinose. For other explanations, see Fig. 1
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Fig. 4. Chromatographie analysis of oligosaccharide splitting by Claviceps sp. T. 20. Aérobic

incubation, (m) live cells -f- saccharose; (n) live cells -(- maltose; (o) live cells raffinose:

(p) live cells - glucose; (q) live cells -j- fructose; (r) live cells -j- galactose. For other explana-
tions, see Fig. 1

Claviceps sp. Se 1. Under semi-anaerobic conditions, all the three prep-
arations exhibited moderate cleavage of saccharose and raffinose, and inten-
sive decomposition of trehalose. None of them was active against maltose,
lactose or melibiose.
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Parallel to the cleavage of saccharose, oligosaccharides were produced.
No sugar consumption was demonstrable (Fig. 5).

In shaken cultures, cleavage of saccharose and raffinose was remarkably
more intensive and the oligosaccharides produced as well as glucose and mod-
erately also fructose were utilized.
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Fig. 5. Chromatographic analysis of oligosaccharide splitting by Claviceps sp. Se. 1. Semi-

anaerobic incubation, (a) live cells - trehalose; (b) acetone-treated cells -\- trehalose; (c) cell-

free extract -f- trehalose; (d) live cells maltose; (e) acetone-treated cells -f- maltose; (f) cell-

free extract + maltose; (g) live cells -f saccharose; (h) acetone-treated cells -f- saccharose;

(i) cell-free extract + saccharose; (j) live cells + raffinose; (k) acetone-treated cells + raffi-
nose; (1) cell-free extract -f- raffinose. For other explanations, see Fig. 1
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Fig. 6. Chromatographie analysis of oligosaccharide splitting by Claviceps sp. Se. 1. Aerobic

incubation, (in) live cells -f- saccharose; (n) live cells -f- maltose; (o) live cells - raffinose;

(p) live cells + glucose; (q) live cells -f fructose; (r) live cells -j- galactose. For other expla-
nations, see Fig. 1

The strains exhibited no activity against galactose (Fig. 6).
Claviceps sp. B 35. Under semi-anaerobic conditions, saccharose was
definitely decomposed by the cell-free extract, the acetone powder was remark-

Actu Microbiologtea Academiae Scientiarum Hungaricae 13 (1966)



210 T. PERENYI et al.

ably less active, while live mycelia were perfectly inactive. No cleavage of
raffinose, trehalose, maltose or lactose was observed. No sugar utilization
occurred under semi-anaerobic conditions (Fig. 7).
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Fig. 7. chromatographic analysis of oligosaccharide splitting by Claviceps sp. B. 35. Seini-

anaerobic incubation, (a) live cells -f- trehalose; (b) acetone-treated cells -f- trehalose; (c) cell-
free extract + trehalose; (d) live cells -f- maltose; (e) acetone-treated cells -+- maltose; (f) cell-
free extract + maltose; (g) live cells -f- saccharose; (h) acetone-treated cells + saccharose;
(i) cell-free extract -f- saccharose; (j) live cells -f- raffinose; (k) acetone-treated cells -f- raffi-
nose; (1) cell-free extract + raffinose For other explanations, see Fig. 1
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Fig. 8. chromatographic analysis of oligosaccharide splitting by Claviceps sp. B. 35. Aerobic

incubation, (m) live cells + saccharose; (n) live cells -f- maltose; (o) live cells + raffinose;

(p) live cells -+- glucose; (q) live cells + fructose; (r) live cells + galactose. For other explana-

tions, see Fig. 1

In shaken cultures, consumption of saccharose as well as of maltose
was demonstrable. No cleavage products of saccharose were obtained. Out of
the added monosaccharides, glucose and, to a moderate degree, also fructose,
were utilized (Fig. 8).
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Discussion

Claviceps Ix 1326 mutant. On the basis of the saccharose cleavage observed
with all preparations of this strain, the presence of invertase was demonstrable.
The cleavage of raffinose, the products obtained, and the oligosaccharide pro-
duction parallel to the decomposition of saccharose suggested the presence
of /J-fructofuranosidase, a lipid solvent-resistant [6, 7, 8] enzyme localized
outside the permeable barrier of the cell [9]. The produced oligosaccharides
may be regarded as products of the transfer reaction first described in connec-
tion with yeast invertases [10] on the basis of their close relationship with
saccharose and its cleavage products, and their Rj values. Beside the transfer
activity of yeast invertase, the transfer ability of Euascomycetes-invertases
has also been shown [11, 12]. With this observation a new family has been
included in the subclass. The transfer products thus formed are chromato-
graphically separable into four components, to he described in detail elsewhere.

Invertase activity showed an increase on aerobic incubation. This may
have been a direct action or else the indirect result of the utilization of glucose
produced under such conditions. Another consequence of glucose uptake was
the gradual disappearance of the formed oligosaccharides. Under identical
conditions a further increase of the rate of saccharose cleavage and transfer
product utilization may be achieved by increasing the rate of glucose utilization,
for example by adding ammonium salts of organic acids. Under such conditions
a certain fructose uptake was also demonstrable, thus our statement concerning
the inactivity against fructose should he completed by admitting the influence
of experimental conditions. According to Edelman [12], the presence of glu-
cose may have an influence on invertase activity by permitting a simultaneous
partial saccharose re-synthesis parallel to saccharose decomposition with
glucose as an acceptor in the trasfer reaction.

According to Gottschalk [13], Phillips [14], Novak and Zsolt [15],
the cleavage of trehalose is indicative of the presence of trehalase, no other
x-glucosidase being able to decompose this sugar. The enzyme has been known
to be firmly bound [16, 17] as shown also in our studies by the high activity
of acetone powder preparation. A similarly bound acetone-resistant trehalase
has already been described with Procandida (Candida) albicans [15].

Different enzymes have been known to cleave maltose [18, 19, 20, 21],
thus our studies do not allow for any other conclusion but to the presence of
an acetone resistant endomaltase. The lack of maltose consumption by live
cells may be explained by the lack of uptake of this particular sugar.

Claviceps sp. T 20. The results obtained with saccharose and raffinose
under semi-anaerobic conditions pointed to the presence of an invertase.
Activity was nevertheless poor and only with the acetone powder. Invertase
productivity of this strain was clearly evident in shaken cultures.
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A fundamental difference was demonstrable in the activity of the inver-
tases of the two strains obtained from rye. With alkaloid negative strains,
intact cells cleaved saccharose only under aerobic conditions, while with
alkaloid positive strains, activity decreased slightly under semi-anaerobic
conditions. No such difference was demonstrable with acetone powder prep-
arations. This would suggest that the bounding of the substrate by the enzyme
(active substrate uptake or enzyme liberation) requires an active aerobic
process in the live cell. This process seemed less important with the alkaloid
positive strain, an observation in accordance with the morphological differ-
ences of the hypha cells of the two strains, suggesting certain differences in
their cell walls. Hypha cells of the alkaloid negative strain formed thin, highly
refractile hair-tress-like bundles, whereas those of the alkaloid positive strain
were short, stout, often swollen spherical cells. In microscopic preparations,
rupture of the cell wall and cytoplasmic leakage has frequently been observed.
This morphology has been regarded characteristic of the alkaloid positive
strains also by Tonolo [4].

The two strains were different in the intensity of trehalose decomposition
and in maltose cleavage.

Claviceps sp. Se 1. The strain possesses an invertase and, in intact cells,
aerobic conditions are not required for the enzyme’s full activity. This phenom-
enon appears to be quite [»articular, the strain being alkaloid negative.
It should, however, be noted, that the strain freshly isolated from a sclerotium
showed characteristics similar to those of strain T 20 and moderate semi-
anaerobic saccharose and raffinose decomposition only appeared after repeated
transfer in the laboratory. In the Figures only the latter state has been included,
as the different strains isolated at different occasions could be compared only
after a certain number of passages in the laboratory.

The number of transfers following the strain’s isolation from a sclerotium
appeared to have a certain influence on the function of other enzymes. Tre-
halose decomposition was the most active in freshly isolated Se 1 strain, where-
as in T 20 and Ix 1326 it decreased in the said order. Strain B 35 isolated in
1954 [3], is entirely lacking this activity. The saccharide characteristic of the
sclerotium is trehalose; strains recovered therefrom will comprehensively
exhibit reduced specific enzyme production on maintenance on other carbon
sources. Finally, the enzyme activity is lost.

Claviceps sp. B 35. The enzyme responsible for saccharose decomposition
by this strain differs from those described for the other three strains. It does
not decompose raffinose, its activity in aceton powder is relatively slow even
under aerobic conditions as compared to cell-free extracts.

The enzyme is acetone sensitive. This type of endosaccharase has first
been described in yeast by Lindegren et al. [22, 23], later also by us in further
types of yeasts [8, 25, 26, 27].
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The strain can be differentiated from the other examined strains besides
failure to attack trehalose also by the utilization of maltose by aerobic

incubation of live cells. Considering the method of inoculum preparation,
induction by maltose cannot be excluded.

b =

©®NO G

10.
11.
12.
13.

14.
15.
16.
17.
18.
19.

20.
21.
22.
23.
24.
25.
26.

27.

All the strains examined failed to attack lactose, melibiose and galactose.
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Summary. Separation of rabbit antibodies against ovalbumin with a yield of 66 —80
per cent has been achieved by dissociating ovalbumin—antiovalbumin precipitates in N acetic
acid, followed by gel-filtration on Sephadex G-200. The isolated antibodies sedimented at
6.4 S in the ultracentrifuge and were identified as y G-globulins by immunoelectrophoresis.
Separation of antibodies resulted in practically no loss of precipitin properties against oval-
bumin, while a fourfold activity over whole immune serum was observed in anaphylaxis
experiments.

Separation of antibodies from immune sera may be accomplished by
specific precipitation employing the homologous antigen, followed by disso-
ciation of the dissolved precipitate and by separation of the dissociated com-
ponents at the pH of dissociation [1], this last step being the most critical one.

Employing the gel-filtration technique of Poratn [2, 3, 4], substances
different in molecular weight may be separated over wide pH ranges, as exem-
plified by the separation of lysosyme antilysosyme or ribonucléase anti
ribonucléase, on Sephadex G-75 [5]. On the other hand, attempts to separate
ovalbumin and antiovalbumin on the same gel type were unsuccessful.

Flodin and Kittander [6] and Fireman et al. [7] succeeded in isolating
serum proteins on molecular weight basis employing Sephadex G-200. Most
recently, Boyns and Hardwicke [8] have reported on the separation by
Sephadex G-200 of bovine serum albumin rabbit antibody complexes dissolved
in antigen excess. The data presented below deal with the separation on Sepha-
dex G-200 of ovalbumin-antiovalbumin complexes dissociated at acid pH,
resulting in the isolation of antiovalbumin antibodies.

Materials and methods

Proteins, (a) Ovalbumin prepared at our Institute was crystallized three times and
found homogeneous by paper electrophoresis (OJ1). Immunodiffusion analysis revealed the
presence of three contaminating components [9]. The molecular weight of the main component
of ovalbumin preparation was 41,000, as determined in the ultracentrifuge, (b) Ovalbumin
separated by gel-filtration was labelled with 13,1 [10], 13,1 (OA). (c) Normal rabbity G-globulin
was prepared at our Institute [11].

Antiserums, (a) Rabbit immune serum against three times crystallized ovalbumin
(OA —I1S), (b) Goat immune serum against whole rabbit serum.
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Antigen-antibody complex. One part of OA—IS was mixed with one part physiological
saline and with the amount of gel-filtrated OA required for maximum precipitate formation,
as determined in previous quantitative precipitation studies. The mixture was kept at 37° C
for 2 hours and centrifuged at 4° C. The sediment was washed twice with cold physiological
saline and dissolved in 1 to 2 ml N acetic acid. Any insoluble precipitate was centrifuged off
and discarded.

Gel-filtration on Sephadex G-200. 1.0—1.5 g Sephadex G-200 (Lot No. To-6471) was
allowed to swell in 0.1 M NaCl, washed and filled in a glass tube of 50 cm by 1.0 cm. The
column was washed with pH 2.4 N acetic acid for 2 days. Protein solutions or ovalbumin—
antiovalbumin complexes were applied in 0.2—2.0 ml samples and elution was carried out
with N acetic acid at room temperature at a flow rate of 20 ml/hour. Fractions of 2.0 ml were
collected and tested for protein concentration by absorbance measurements at 280 m(i in an
Unicam SP-500 spectrophotometer, employing calibration curves taken with rabbit y G-
globulin and OA of known N-content. Radioactivity of eluates was determined in a Frieseke—
Hoepfner apparatus, employing an FH 421/Z6 type NaJ(TI) well-type scintillation detector.
Activities thus obtained were converted into N-values on the basis of activity measurements
of 1311 —OA solutions of known protein content. Eluate fractions for further analysis were
dialysed against pH 7.0 physiological saline. The precipitate was removed by centrifugation
and the supernatant was tested for protein content.

Immunoelectrophoresis was performed according to the Scheidegger microtechnique
[12], at a voltage gradient of 3.05 V/cm in a pH 8.2 diethylbarbiturate buffer for 5 hours.

Ultracentrifugation was carried out in a Phywe U type apparatus.

Quantitative precipitation studies were done according to Heidelberger, as described
previously [13].

Passive sensitization. Antiovalbumin isolated by gel-filtration was injected intracar-
dially to guinea pigs of 170 to 380 g body weight, in doses of 0.48, 0.24, 0.12 or 0.06 mg/kg
body weight. The animals were shocked by 4.0 mg OA given intrajugularly after 48 hours
interval [14].

Results

The filtration diagram of OA is illustrated by curve 1 in Fig. 1. Beside
the ovalbumin peak with the maximum at the 34th ml two minor peaks at
the 14th and 20th ml, respectively, can be seen resulting from contaminating
components of higher molecular weight. In order to avoid the disturbing effect
of these components on antibody isolation, antiovalbumin precipitation was
carried out with ovalbumin samples purified by gel-filtration. Curve 2 visualizes
the elution of normal rabbit y G-globulin with the maximum protein content
in the 22nd ml. The mixture of 1311—OA and normal rabbit y G-globulin
yielded the filtration diagram illustrated by curve 3. The first peak at the
22nd ml coincides with curve 2 and corresponds to rabbit y G-globulin.
The dotted line (curve 4) exhibits the N-values of eluted 13] —OA. The peak
obtained at the 34th ml permits identification of the second flat peak of
curve 3, resulting also from ovalbumin. The ascending slope of y G-globulin
contains no ovalbumin. The first 4 ml eluates after the globulin peak contain
4 to 5 per cent of ovalbumin, while eluates corresponding to the descending
slope of curve 3 comprise increasing amounts of ovalbumin. Rabbit yG-
globulin and OA were mixed in proportions corresponding to the expected
antigen—antibody ratios.

Based on the possibilities of separation as illustrated above, isolation of
antiovalbumin was attempted from the dissociated antigen antibody complex.
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Antibodies were precipitated quantitatively from immune serum, the resulting
ovalbumin antiovalbumin complexes were dissociated at pH 2.4 and applied
to the Sephadex G-200 column.

Fig. 2 illustrates the filtration diagram of the complex (curve 5) and
the 1311 —OA content of eluates, based on activity measurements (curve 6,
dotted line). The first peak of curve 5 at the 15th—16th ml corresponds very

Fig. 1. Fractionation of proteins on Sepha-
dex G-200 gel
Curve 1: Filtration diagram of OA
Curve 2: Filtration diagram of normal
rabbit y G-globulin

Fig. 2. Fractionation of proteins on Sepha-
dex G-200 gel

Curve 5: Filtration diagram of disso-

ciated ovalbumin-rabbit  antiovalbumin

complex

Curve 6: Protein values of eluted
I311- OA expressed in fig N. Right scale
refers only to Curve 6

Curve 3: Filtration diagram ofa mix-
ture of normal rabbity G-globulin and I311—OA

Curve 4: Protein values of eluted
1311 OA, expressed in fig N. Right scale
refers only to Curve 4

likely to dissolved but not fully dissociated antigen —antibody complexes, since
it coincides with a minor peak seen also on the W1—OA curve. The highest
peak with the maximum at the 22nd ml corresponds to rabbit y G-globulin.
Dissociated 13l —OA results in a third peak at the 33rd ml. Fractions between
the 18th and 26th ml were collected and the resulting 10 ml solution was
considered to be purified antiovalbumin, containing only about 5to 12 per cent
of 1311 OA, as determined in 8 separate experiments.

The purified antiovalbumin sedimented with s20, v = 6.4 S in the ultra-
centrifuge. It was subjected to immunoelectrophoretic analysis, employing
the gel-filter y G-fraction partly as antibody, partly as antigen. Results of
these studies are illustrated in Fig. 3.
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In the first picture the upper antigen well contained three times crystal-
lized OA which was not subjected to gel-filtration. After electrophoresis, the
ovalbumin yielded a broad precipitation band with the homologous antiserum
filled into the central well. Besides, 3 arcs indicating the presence of contami-
nating proteins were observed. In the second arrangement the same OA prep-
aration was subjected to electrophoresis, while the antibody well contained

Fig. 3. Immunoelectrophoresis of rabbit antiovalbumin isolated by gel-filtration on Sephadex
G-200. For detailed explanation see in text

the supernatant resulting after the absorption of antiserum against ovalbumin
with ovalbumin purified by gel-filtration. The arc of ovalbumin is absent,
while the contaminating protein bands are well distinguished. The third picture
illustrates the reaction of the same OA preparation against antiovalbumin
isolated by gel-filtration. One single arc corresponding to ovalbumin can be
seen with no indication of contaminating antigen antibody systems. Thus the
antibody fraction isolated by gel-filtration contained purified, homogeneous
antiovalbumin. In the fourth picture the upper antigen well was filled with
gel-filtrated antiovalbumin, the lower antigen well contained 1 :8 diluted
normal rabbit serum as a control. After electrophoresis, the central well was
filled with goat immune serum against whole rabbit serum. As seen, the iso-
lated antiovalbumin corresponds to y G-globulin, with no detectable traces
of other immunoglobulins.

Next, the gel-filtered antiovalbumin was tested in quantitative precip-
itation experiments, employing purified OA added in pH 7.0 buffered phy-
siological saline.
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Table |

Quantitative precipitation studies with antiovalbumin preparations isolated
on Sephadex G-200 from individual rabbit immune sera

Protein content

Protein content of precipitate Antigen — Antigen—
No. of of gel-filtered derived from antibody antibody
preparation antibody gel-filtered molecular ratio  yqjecular ratio
fraction, antibody of gel-filtered of whole
jug N/0.5 ml fraction, antibody immune serum
jug N/0.5 ml fraction
l. 50 45 2.46 31
2. 100 105 3.06 3.1
3. 78 85 2.46 2.6
4. 65 52 2.02 2.26
5. 75 80 2.80 2.26
Table 11

Anaphylaxis experiments on guinea pigs passively sensitized
with antiovalbumin isolated by gel-filtration on Sephadex G-200

V\‘?e?g%,t Sensitizing dose Eliciting dose

of guinea of antibody of antigen, Reaction after challenge
pigs Mg N/kg mg
S

260 480 4 Fatal shock within 2 min.
310 480 4 Fatal shock within 1 min.
360 240 4 Fatal shock within 2 min.
277 240 4 Fatal shock within 2 min.
380 120 4 Fatal shock within 2 min.
370 120 4 Fatal shock within 2 min.
338 120 4 Fatal shock within 4 min.
355 120 4 Severe shock, survived
372 120 4 Fatal shock within 2 min.
306 120 4 Fatal shock within 2 min.
270 120 4 Fatal shock within 2 min.
226 120 4 Fatal shock within 2 min.
213 120 4 Fatal shock within 2 min.
228 120 4 Fatal shock within 2 min.
256 60 4 Mild shock symptoms

246 60 4 Severe shock, survived
337 60 4 Severe shock, survived
173 60 4 Fatal shock within 2 min.
178 60 4 Severe shock, survived
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According to the data compiled in Table I, the purified antiovalbumin
retained its precipitin activity to nearly 100 per cent. Antigen antibody molec-
ular ratio measured at the point of equivalence was found somewhat lower
than in the case of whole immune serum.

Finally, guinea pigs were passively sensitized with different amounts
of isolated antiovalbumin and challenged with 4.0 mg OA 48 hours later.
Results of passive anaphylaxis experiments are shown in Table II.

Lethal anaphylactic shock could be elicited not only after the usual
sensitizing dose of 480 fig antibody-N/kg body weight, but also in animals
sensitized with only 240 or even 120 fig antibody-N/kg body weight. Since in
previous experiments the minimum sensitizing dose of immune serum for lethal
anaphylaxis proved to be 480 fig antibody-N/kg body weight for the used
guinea pig strain [14], our present studies indicated a fourfold increase in
biological activity of antiovalbumin antibodies purified by gel-filtration.

The final question to be answered refers to the yield of antibodies after
gel-filtration. Losses during preparation may be attributed to the following
circumstances. (1) After quantitative precipitation the precipitates obtained
cannot be dissolved completely in N acetic acid. (2) Only a 10 ml combined
portion of eluates is considered to be purified antiovalbumin, while some anti-
body is obviously contained also in other fractions. (3) During neutralization
of the 10 ml combined eluate precipitates are formed, consisting mainly of
ovalbumin having remained in the eluate but comprising also antibody mole-
cules. The summed effect of these factors resulted during preparation in an
antibody loss of about 21 —34 per cent. Considering that antiovalbumin iso-
lated by gel-filtration retained nearly 100 per cent of its precipitin activity,
the described method allowed to isolate and recover about 66 to 80 per cent
of the antibodies of whole antiovalbumin immune serum.

Discussion

In our introductory experiments Sephadex G-200 gel was found suitable
for the separation of ovalbumin from normal rabbit y G-globulin. The thus
isolated rabbit y G-globulin retained only 4 to 5 per cent of the ovalbumin
content of the mixture. It seemed therefore likely that Sephadex G-200 would
separate also the components of dissociated ovalbumin rabbit antiovalbumin
complex on a molecular weight basis. The prerequisite for separation is the
complete dissociation of the antigen antibody complex, as demonstrated by
Bennett and Haber [15].

In the present experiments antigen antibody complexes were dissociated
by N acetic acid. Attempts were, however, also made to promote dissociation
by changing the pH of the solutes. Thus, the precipitates were dissociated
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according to Lee et al. [16] in alkaline medium. The resulting marked reduction
in flow rate, however, has made us to abandon this modification. Complete
dissolution of precipitates could be achieved at pH 1.0 in 0.1 N hydrochloric
acid. The quantity of ovalbumin remaining in the y G-globulin fraction during
gel-filtration was not inferior to that observed in the case of dissociation in
N acetic acid. On the other hand, 0.1 N hydrochloric acid is close to the degree
of acidity that would exert a deleterious effect on Sephadex gel. Considering
these two circumstances, dissociation in hydrochloric acid was disregarded.

As demonstrated in Table Il, a one-fourth dose of antiovalbumin sepa-
rated by gel-filtration and dissolved in physiological saline was only required
to sensitize guinea pigs for lethal anaphylactic shock, as compared to sensiti-
zation with whole immune serum [14]. This discrepancy may have its expla-
nation in a competetive effect between normal gamma globulin and immuno-
globulin molecules of native rabbit immune serum, similar to that observed
by Biozzi, Halpern and Binaghi [17] in passive cutaneous anaphylaxis
experiments on guinea pigs.

Acknowledgement. We are indebted to Dr. M. Szabolcs, Research Associate, Central
Laboratory, University Medical School, Debrecen, for the ultracentrifuge analyses.
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Summary. Attempts have been made to elicit by the intracutaneous administration
of antigen-antibody complexes a passive Arthus phenomenon and passive cutaneous anaphy-
laxis in rabbits and mice with alloxan diabetes. These skin reactions of allergic type were
prevented or suppressed by the induction of alloxan diabetes. Hyperglycaemia after glucose
administration had a similar inhibitory effect. The decrease of the skin reactions might have
been due to the suppression of histamine release and impairment of granulation tissue forma-
tion by hyperglycaemia.

Several authors have observed the influence of carbohydrate metabolism
on the intensity of reactions provoked by dextran or ovomucoid [1 —4].
Hyperglycaemia had a pronounced anti-inflammatory effect, while hypo-
glycaemia promoted inflammation. In our previous studies on animals with
alloxan diabetes, Jancso’s test [5] and Shwartzman phenomenon were less
intense than in normoglycaemic controls [6].

The experiments to be reported had the aim of clarifying the influence
of alloxan diabetes and glucose induced hyperglycaemia on allergic skin reac-
tions, such as the local passive Arthus phenomenon, inflammation evoked by
antigen-antibody complexes, and passive cutaneous anaphylaxis.

Materials and methods

Skin reactions were performed on rabbits and mice. Alloxan (Reanal, Budapest) in
doses of 100 mg per kg body weight was injected intravenously to rabbits twice in a 24 hour
interval, while the mice received a single intraperitoneal dose of 250 mg per kg body weight.
Transient hyperglycaemia was induced in rabbits by the intravenous or subcutaneous injec-
tion of 20 per cent glucose solution. Blood sugar levels were determined according to Hagedorn
and Jensen.

Three times crystallized ovalbumin, and antiovalbumin rabbit immune sera were used
throughout. The local passive Arthus phenomenon was elicited by the intracutaneous injection
of antiserum, 60 minutes prior to the administration of antigen into the same skin area. Oval-
bumin was applied in a triple dose as compared to the antigen amount at the point of
equivalence in quantitative precipitation studies.

Antigen-antibody complexes were prepared by mixing the ingredients in ratios cor-
responding to the point of equivalence, followed by incubation for 2 hours at 37° C and 48
hours at 4° C. The resulting precipitate was exhaustively washed with physiological saline in
the cold, dissolved in a 3 4-fold excess of antigen at room temperature and injected into the
back skin of rabbits. The resulting reaction was read after 24 hours.
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The local passive Arthus phenomenon and the skin reaction evoked by antigen-antibody
complex were evaluated according to the scheme of Cochrane and w eigte [7] as follows.

+ : mild oedema and erythema, up to 15 mm in diameter; -j-+ : mild to moderate
oedema and erythema, 20 to 30 mm in diameter; + + + : moderate oedema and erythema of
30 to 40 mm with haemorrhage measuring 5to 15 mm; -j----j- :marked oedema and erythema
of more than 40 mm, with haemorrhage measuring more than 15 mm, or necrosis.

Passive cutaneous anaphylaxis experiments were performed on mice. Injection of
1.5—2.0 /tg N of antigen into the abdominal skin was followed 2 hours later by the intra-
venous administration of 1.5 mg antibody-N in a 0.5 per cent Evans blue solution. The result-
ing blue coloration read after 45 minutes on the internal skin surface was evaluated according
to diameter as follows. + =5—10 mm; +-f- = 10—15 mm; + + + = 15—20 mm;
+ + = above 20 mm.

All experiments included appropriate controls; in these tests normal rabbit serum was
administered instead of the anti-ovalbumin immune serum, with uniformly negative results.

Results

Local passive Arthus phenomenon was elicited in rabbits, with immune
sera of varying titres. As demonstrated in Table I, normoglycaemic control
animals responded with marked skin reactions. On the other hand, rabbits
with alloxan diabetes and a blood sugar level of above 250 mg per 100 ml

Table |

Local passive Arthus phenomenon in control rabbits

No. of Antil -N Antigen-N Blood ; Reaction
animel tr)%jy % gy per S]E%rm

intensity
I 0.17 0.078 85 ++ + 4+
2 0.17 0.078 113 ++ +
3 0.21 0.060 85 + 4+ + +
4 0.21 0.060 113 + + +
5 0.24 0.14 85 + 4+ + 4+
6 0.24 0.14 113 + + +
7 0.24 0.14 75 ++ +
8 0.24 0.14 105 + +
9 0.48 0.20 75 + +++
10 0.48 0.20 105 + o+ + 4+
1 0.65 0.18 85 + 4+ + 4+
12 0.65 0.18 113 + + +

(Table Il) exhibited mild or no reaction. Myperglycaemia due to glucose admin-
istration exerted a similar suppressing effect on the local passive Arthus
phenomenon.

Antigen-antibody complexes were prepared from immune sera of various
antibody content. After the intradermal injection of these complexes normo-
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Table 11

Local passive Arthus phenomenon in rabbits with alloxan
diabetes or glucose induced hyperglycaemia

No. of Antibody-N Antigen-N Blood sugar, Reaction
animal mg my mg per 100 ml intensity
13* 0.17 0.078 183 +

H 0.17 0.078 143 +
15 0.17 0.078 385 —
16 0.21 0.060 385 —
17 0.21 0.060 385 -
18 0.24 0.14 183 +
19 0.24 0.14 266 —
20 0.24 0.14 280 —
21 0.24 0.14 385 —
22 0.48 0.20 280 —
23 0.48 0.20 266 —
24 0.65 0.18 183 +
25%* 0.40 0.30 183 + + +
26 0.40 0.30 385 —
27 0.48 0.20 280 +
28 0.48 0.20 183 + +
29 0.65 0.18 266 +
30 0.65 0.18 266 +

Rabbits with alloxan diabetes
Rabbits with glucose induced hyperglycaemia

Table 111
Skin reaction evoked by antigen-antibody complex in control rabbits

No. of Antibody-N Blood sugar, Reaction
animal mg mg per 100 ml intensity
31 1.22 105 i
32 1.22 97 + 4+ + 4+
33 1.22 110 4ot
34 1.32 84 + o+ 4+ +
35 1.32 90 o+t
36 1.32 84 PR
37 1.64 102 + o+ + +
38 1.64 84 + o+ + o+
39 1.68 97 R
40 1.68 112 + 4+ + 4+
1 2.52 112 o4+
42 2.52 104 R
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Table IV

Skin reaction evoked by antigen-antibody complex in rabbits
with alloxan diabetes or hyperglycaemia induced by glucose

No. of Antibody-N Blood sugar, Reaction
animal mg mg per 100 ml intensity
43* 1.22 279 + +
44 122 340 —
45 122 295 +
46 1.37 349 —
47 1.37 322 —
48 1.37 315 —
49 1.64 385 —
50 1.64 355 —
51 1.68 385 —
52 1.68 340 —
53 2.52 315 —
54 2.52 263 +
55%* 1.64 385 —
56 1.64 220 + +
57 1.68 183 + o+
58 1.68 185 P
59 2.52 385 —
60 2.52 185 o+

* Rabbits with alloxan diabetes
** Rabbits with glucose induced hyperglycaemia

glycacmic rabbits almost without exception displayed a maximum response
(Table 111), whereas hyperglycaemic rabbits failed to exhibit the characteristic
skin reaction (Table 1V).

In order to clarify whether or not the observed suppressing effect was
specific to the rabbit, a series of experiments was performed in mice, this
species being very suitable for the induction of both alloxan diabetes and passive
cutaneous anaphylaxis [8]. As demonstrated in Table V, marked diabetes
fully prevented the development of passive cutaneous anaphylaxis in mice.

Discussion

In our previous studies, diabetes or glucose induced hyperglycaemia was
found to suppress orinhibit Jancso’stest, but to exert no effect on anaphylactic
shock in the dog or the guinea pig [6]. The role of histamine in the pathogenesis
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Table V

Passive cutaneous anaphylaxis in control and diabetic mice

No. of Blood sugar, Reaction
animal mg per 100 ml intensity
61* 104 + o+ o+
62 54 + o+ o+
63 52 + o+ o+
64 64 + o+ 4+
65 80 + + + +
66 70 4+ o+ o+
67** 518 —
68 418 —
69 408 +
70 478 —
71 522 —
72 452 —
73 542 —
74 442 +
75 460 —
76 466 —
77 520 -
78 474 —

* Control mice
** Mice with alloxan diabetes

of anaphylaxis in these species is undoubted. We suggested that hyperglycae-
mia, while exerting a definite inhibitory effect on protracted histamine release,
could not be operative when histamine liberation occurred promptly, e.g.
in the case of acute anaphylaxis.

In the present experiments allergic skin reactions were suppressed or
prevented by alloxan diabetes or glucose-induced hyperglycaemia. Since hista-
mine plays an important role in the development of allergic skin lesions [8],
diabetes and hyperglycaemia are likely to exert their inhibitory action by
interfering with histamine liberation, as suggested also in the literature. Accord-
ing to Gotii et al. [9], diabetes markedly inhibits histamine release induced
by dextran. Fowter, Szegs and Si1oan [10] found a significant drop in intrin-
sic histamine release in the uterus of rats with alloxan diabetes. As reported
by Shetdon and Bauer [11], and recently by Sacra and Adamkiewicz [12],
hyperglycaemia prevented disruption of mast cells and suppressed the toxic
action of the histamine liberator compound 48/80.
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The impairment of granulation tissue formation by diabetes and hyper-
glycaemia [11, 13, 14] may be a related phenomenon. Besides the inhibition
of histamine release, that effect may contribute to the marked depression of
allergic skin lesions during hyperglycaemia.
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KIDNEY CELLS TO CERTAIN ENTEROVIRUSES
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(Director: T. Bakacs), Budapest
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Summary. Previous studies showed that the multiplication of certain mutants of haem-
agglutinating echoviruses was enhanced in primary monkey kidney (MK) cultures treated
with human erythrocyte extracts (HEE). The practical applicability of this phenomenon was
studied in comparative virus isolation experiments made in HEE-treated and untreated MK
cultures. From faecal specimens of 175 healthy infants altogether 53 virus strains were isolated;
of these 32 were detectable in both kinds of cultures; one in untreated, and 20 in HEE-treated
ones. Of the latter strains 13 belonged to haemagglutinating enterovirus types. Treatment of
MK cultures with HEE is recommended for routine diagnostic tests, as the virus isolation
rate was significantly increased by this simple procedure.

Investigations of the action of cell extracts on haemagglutinating echo-
viruses led to the discovery that extracts of human cells — including eryth-
rocytes — contain substances which enhance the multiplication of certain
haemagglutinating viruses in primary monkey kidney cells. This effect was
first demonstrated in the case of haemagglutinating (H+) virus lines derived
by the terminal dilution technique from prototype strains of echovirus type
3,6,7 and 12, and of some echovirus strains present in faecal samples [!]*
Further studies on mutants of echovirus type 19 have revealed that just those
H+ virions (mutant No. 6) are sensitive to this action of human cell extracts
which appear to represent the natural kind of this serotype [2]. Thus, it seemed
of interest to study the practical usefulness of this phenomenon invirus isolation
experiments. Faecal samples of 175 healthy children under 2 years of age were
tested for enteroviruses by inoculating them into normal monkey kidney cell
cultures and those treated with human erythrocyte extract.

Materials and methods

Collection and preparation of faecal specimens. Faecal samples were taken from 175
healthy infants between 3 months and 2 years of age, in December, 1964, i.e. before the start
of a nation-wide vaccination campaign with live poliovirus vaccine. These samples constituted
part of the material taken for virological control of vaccinations. The infants lived in 12 coun-
ties of Hungary. Only one or two of them belonged to the same child community. The speci-
mens were sent on by ordinary mail, and were prepared for virus isolation experiments as
described previously [31
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Virus isolation experiments were performed on primary monkey (rhesus) kidney (MK)
cell cultures prepared by a minor modification of Y oungner’s method [4]. 7 to 9 day-old tube
cultures were used. All faecal specimens were inoculated into 6 tube cultures 3 of which were
pretreated immediately before inoculation with human erythrocyte extract (HEE) as follows.
After the growth medium had been poured off, 0.1 ml of HEE was added to the cultures and
these were allowed to stand in slanted position for 30 minutes, at room temperature. HEE
was prepared as described previously [1] and diluted to contain 1 HAI units in 0.025 ml
titrated against 8 HA units of echovirus type 7 H + line [1]. Both HEE-treated and untreated
cultures were inoculated with 0.1 ml of faecal specimens each and after 30 minutes of incuba-
tion at room temperature 0.9 ml Parker’s medium No. 199 was introduced.

The cultures were incubated at 37°C for 14 days and checked for the appearance of
cytopathic alterations every other day. On the 7th day of incubation the medium of all negative
cultures was replaced by afresh one. Blind passages were carried out with media of cultures
showing toxic or uncharacteristic alterations. Harvests from HEE-treated and untreated
cultures were passaged in respective cultures. The cultures were investigated for 14 days in
blind passages, too.

Virus isolation was attempted also in primary human embryonic kidney cell cultures
from specimens which previously yielded virus in HEE-treated MK cell cultures only. The
method of inoculation, maintenance, and observation of these cultures was identical with that
of MK cultures.

Identification of the isolates was carried out by the CPE neutralization test in the cell
system in which isolation had been made. In the case of haemagglutinating strains the iden-
tification was first attempted with the haemagglutination inhibition test (HAI). Rabbit immune
sera prepared against poliovirus type 1—3, coxsackievirus type A-7, A-9, B 1—6, echovirus
type 1—9, 11—27, 29, 30, 32, adenovirus type 1—7 and reovirus type 1, were used. The sched-
ule of immunization was described previously [3]. HA and HAI tests were carried out in
Takatsy’s Microtitrator apparatus [5].

Results

Virus isolations from faecal specimens of infants in untreated and HEE-
treated MK cultures are summarized in Table I. Of 175 specimens 53 gave
positive results. All but one of specimens yielding virus in untreated MK
cultures were positive in HEE-treated ones, too, but in the latter 20 additional

Table |

Results of virus isolation experiments in untreated
and HEE-treated monkey kidney cell cultures

Isolation experiment

in untreated cultures Total
positive negative No %
Isolation positive 32 20 52 30
experiment in
HEE-treated negative 1 122 123 70
cultures
No 33 142 175
Total
% 19 81 100
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samples proved to be positive. Thus, the number of isolates in HEE-treated
cultures was more than one-and-a-half times more than that obtained in
untreated ones.

Types and frequency of the viruses isolated in untreated and HEE-
treated cultures are shown in Table Il. Of the 20 strains isolated in HEE-
treated cultures, 13 belonged to the echovirus group, 1 to the coxsackievirus
group, 2 to the reovirus group; 4 remained unidentified. The latter viruses
were ether resistant. Their isolation was repeatedly successful in HEE-treated
cultures, thus they had very probably originated from faecal specimens and
not from the cell cultures. The majority (15) of the additionally isolated strains

Tabic 11

Type-distribution of strains isolated in untreated
and HEE-treated monkey kidney cell cultures

Number of strains iso-

lated in
Virus types untreated 1IEE -treated
cultures
Echo 3 0 |
5 0 |
6 3 4
7 3 3
8 2 2
1 2* 4
12 2 5
13 1 1
n 4 4
19 0 4
Coxsackie B-2 6 6
B-3 4 5
Reovirus 1 3
Coxsackie B-2 + Echo 12 1 1
Unidentified 4 8
Total 33 52

* One of these strains failed to be isolated in HEE-treated cultures
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belonged to virus types capable of agglutinating human erythrocytes (echo-
virus type 3,6, 11, 12, 19; coxsackievirus B-3, reovirus).

Isolation experiments in human embryonic kidney cultures made with
specimens from which virus had only been isolated in HEE-treated cultures
gave positive results in as few as 12 cases. One echo 11, two echo 12, one
Coxsackie B-3, one reovirus and 3 unidentified viruses failed to be isolated
in human embryonic kidney cells.

HEE-treated cultures were more favourable than untreated ones not
only with respect to the number of isolates but also to the average interval
between inoculation and the first sign of CPE, which interval amounted to
4 days in contrast to the 9 days in untreated cultures. Moreover, toxic
alterations occurring after inoculation of faecal suspensions were significantly
less frequent in HEE-treated cultures.

Discussion

It has been shown earlier [1] that MK cells treated with HEE or extracts
of permanent human cell lines yielded higher titres of the haemagglutinating
mutants selected from prototype strains of certain echovirus types. A later
analysis of the virion population of echovirus type 19 revealed that out of the
nine mutants obtained (six HT and three H-) only one H+ mutant was en-
hanced by HEE. This mutant seemed, however, the most important from the
practical point of view because in contrast to the prototype strain freshly
isolated strains consisted predominantly or exclusively of such virions which
thus might be regarded to represent the natural kind of virion predominating
the virus population multiplying in the human intestinal tract [2]. We sup-
posed that virions of all of those serotypes the growth of which was enhanced
by HEE in MK cultures might have been similar in nature, i.e. such virions
may occur also in other echovirus types. As this kind of virion was observed
to grow poorly in MK cells except when HEE had been added to the cultures,
we assumed that the isolation rate will be increased when HEE-treated MK
cultures are used in virus isolation experiments. The present investigations
have justified that expectation since among the 175 faecal specimens there
were 20 which contained virions able to multiply only in HEE-treated cultures.
Of the 20 strains isolated in this way, 15 gave HA with human erythrocytes
and 13 of the latter belonged to the enterovirus group. Tlus, it is suggested
that this particular kind of virions occur mostly in haemagglutinating entero-
viruses.

It is not known which component of the cell extracts acts as a multipli-
cation-enhancing factor, but it is contained only in cells of human origin.
The same extracts also inhibit the HA of echoviruses, and treatments destroy-
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ing this action deprive the extracts from the multiplication-enhancing effect.
There is also a positive correlation between the two actions [6], hut the avail-
able data are not sufficient for stating that the two effects are due to the same
compound. As to the mode of action, our further studies [6] revealed that the
component of human cell extracts promotes the penetration of virions which
in the absence of human cell extracts are able to adsorb to, but unable to
penetrate into, the MK cells.

Lee et al. [7] observed that the human kidney cell culture is the optimal
system for isolation of viruses present in the human intestinal tract. Human
kidney cells surpassed the MK cells “not only in number of positive isolations
but also in the range of viruses isolated”. As our experiments have shown,
HEE-treated MK cells are more susceptible to certain viruses than human
kidney cells. There are, however, no data, whether the range of isolable viruses
is widened by HEE-treatment of MK cells. Nevertheless, it is recommended
to use HEE -treated MK cultures instead of untreated ones for routine diagnos-
tic purposes, because this simple procedure ensures significant increase in
isolation rate.
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Summary. Cells of HeLa and of a permanent monkey kidney line (PM K 111/1) were
treated with versene or trypsin for different periods of time prior to their infection with
type 1 (Mahoney) poliovirus. Virus reproduction cycles were compared in cells suspended
in Hanks’ balanced salt solution (HBS) with, or without, bovine albumin (BA).

In identically infected permanent monkey kidney (PMK I11/l) cells the final virus
yield was regularly 10 times higher in HBS -f BA than in plain HBS. Pretreatment of cells
with versene or trypsin did not affect the difference, only the absolute yields decreased moder-
ately parallel to the duration of trypsinization. The highest absolute titres were obtained in
versenized cells.

In versenized or protractedly (30, 60 minutes) trypsinized HelLa cells, yields were iden-
tical in HBS and HBS -j- BA. The absolute titres were low. Trypsinization for 5 to 20 minutes
resulted in a tenfold increase of the final yield in cells suspended in HBS + BA.

Wherever the tenfold difference of yield occurred also the lag period was shortened
in HBS + BA.

HelLa cells seem to have three, whereas PMK 111/ cells two, different kinds of receptor.

According to a recent survey by Holtand [1], most studies on the condi-
tions of adsorption and eclipse of enteroviruses in general and of polioviruses
in particular have been performed on HelLa cells. Recent studies in this labo-
ratory [2] on the permanent monkey kidney cell line PMK 111/l have revealed
an infection-enhancing effect of bovine albumin (BA), in a system comprising
type 1 poliovirus infected cells suspended in Hanks’ balanced salt solution
(HBS). Permanent monkey kidney cells being less frequently used by other
authors, it seemed to be of interest to check our observations also on the
poliovirus-HeLa cell system under identical experimental conditions.

Materials and methods

HelL a cells were obtained from the M. R. C. Laboratory Hampstead, in 1964, and main-
tained since that time in this laboratory by serial transfers in a medium consisting of Parker’s
medium No. 199 (P 199) and 10 per cent calf serum.

One day prior to each experiment, the growth medium was replaced by serum-free P 199.

Trypsin treatment of cells. An 0.25 per cent solution of Difco trypsin in Ca and Mg free
PBS was used. Monolayers of HeLa or PMK 111/l cells in culture bottles were washed three
times with Ca and Mg free PBS. Trypsin solution heated to 37 C was then added and the
bottles were incubated at that temperature. After one minute, the cells were suspended by
shaking and incubation was continued as required in the actual experiment. Trypsin treatment
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was stopped by adding to the suspension 9 volumes of chilled HBS. The cells were washed

3 times with HBS in the cold prior to addition of virus.
Versene treatment of cells. Monolayers washed 3 times with Ca and Mg free PBS were

overlaid with an 0.1 per cent solution of versene in PBS. Incubation took place at 37°C for
15 minutes with occasional shaking. Suspended cells were washed 3 times with HBS at room

temperature.
Other details concerning materials and methods have been described previously [2].

In all the present experiments, cells were infected with an input multiplicity of 1 of
strain Mahoney, type 1 poliovirus.

Experimental

In the first experiment, the viral cycle was examined in HeLa cells
suspended by versenization or trypsinization for 20 minutes at 37°C. Time
of onset, course of replication and final yield of the viral cycle were compared

Fig. 1. Growth of poliovirus in versenized or trypsinized HelLa cells in Hanks’ balanced salt
solution with and without bovine albumin
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in cells suspended after adsorption of virus in HBS with or without BA.
Results are shown in Fig. 1.

Equally low yields and retarded onset were observed in both media when
versenized HelLa cells were used. Trypsin treatment resulted in a tenfold in-
crease of the yield and a shortening of the lag phase in cells suspended in

Fig. 2. Growth of poliovirus in HeLa cells trypsinized for different periods and suspended
in Hanks’ balanced salt solution with and without bovine albumin

HBS -f- BA following the infection. In plain HBS, both the yield and the time
of onset resembled those observed with cells versenized prior to infection.

Trypsin treatment thus appeared either to remove some inhihitor(s)
of infection or to activate (demask) certain efficient receptors. The time of
onset and the final yield of the viral cycle were, therefore, examined in cells
treated with trypsin for different periods of time prior to the adsorption oi
virus. Results are shown in Fig. 2.
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HelLa cells trypsinized for 5 to 15 minutes yielded in a single cycle ten
times more virus after a one hour shorter lag in HBS BA than in plain
HBS. Trypsinization for 30 and 60 minutes reduced the yield in HBS -(- BA
to the level observed in plain HBS. Duration oftrypsin treatment had, however,
a remarkable effect on the lag phase of viral cycle in cells maintained in plain
HBS, since the longer the period of trypsinization, the shorter was the lag
phase (Fig. 2B). Trypsin treatment for 30 minutes abolished the infection
enhancing effect of BA, hut did not affect the lag phase. After 60 minutes,

Table 1

Comparison of absolute* and relative** final poliovirus yields
in HeLa and PMK [IIl/lI cells in HBS + BA and plain HBS

Final yield in cells reated irior to infection with trypsin
Versene

for 5 min. for 15 min. for 30 min. for 60 min.
Cells Medium
re-
absolute la- abs. rel. abs. rel. abs. rel. abs. rel.
tive
Hela Hes+ sa 25x 104 3.5x 105 3.5 X105 5x 104 5x104
1 14 14 i 1.25
HBS 2.5 X 10* 2.5 X 104 2.5x10* 4.5x 104 4 X 10*
PM K Hes+saA 1.2x 10G 5x 105 3X 105 5x 105 Ixio5
i 12 10 12 10 13
Wes IX HP 5x 104 2.5x 104 5x 104 7.5x 103
*PEU/mI

* Yield in H B S + B A

Yield in H B S

however, the effect of BA disappeared completely as regards reduction of lag
and increasing final yield (Fig. 2A).

To clarify whether this effect of trypsin treatment was specific for HeLa
cells, the same experiments were performed also with PMK [I11/l. Results
are compared in Table I.

As compared to versenization, trypsinization for 5, 15 and 30 minutes
reduced the final virus yield in PMK 1il/1 cells by 2 to 3 factors, without,
however, affecting the tenfold difference between the yields in HBS BA
and plain HBS. Trypsinization for 60 minutes caused an about tenfold reduc-
tion of yield as compared to the versenized system, but still did not alter the
roughly tenfold difference between yields in the two types of media.

With HelLa cells trypsinized for 5, 15 or 20 minutes, an about tenfold
increase of yield was observed in the presence of BA. Yields were independent
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of the presence of BA in versenized cells as well as in those trypsinized for
30 to 60 minutes. Among all the systems tested, versenized HelLa cells pro-
duced the lowest absolute amounts of virus.

Discussion

There is a fair amount of information available on the nature and many
characteristics of the enterovirus receptors of different normal and malignant
primate cells in vitro and in vivo [1]. The specific substance itself has been
identified as a lipoprotein able to react with the appropriate enteroviruses
also in the form of a solubilized “inhibitor” [3, 4]. The amount of receptors
for enteroviruses is high in the membrane of HeLa cells, while relatively low
in cultured monkey kidney cells [5]. Adsorption studies in appropriate systems
using live untreated HelLa cells have shown that large numbers of virions may
rapidly attach to most of the cells [6]. Nevertheless, a discrepancy was observed
between the number of attached and virtually eclipsed virions and of those
effectively initiating infection [7, 8 ]. Later it was discovered that the majority
of virtually eclipsed virus was actually rejected in an “inactive” form into the
fluid phase of the system. The “inactive” virions were demonstrated to have
formed a stable complex with receptors and were rejected in this form [8].
Part of the firmly attached virions remained on the cell surface throughout
the whole replication cycle initiated by a truly eclipsed virion [9].

Adsorption studies on monkey kidney cells have revealed very little,
if any, rejection of “inactive” receptor-virion complexes [10]. Evidence is
available concerning the possibility of prolonged persistence of firmly attached
but not eclipsed fully active enterovirus virions on the surface of cultured
monkey kidney cells [11].

Last but not least it should be remembered that the sensitivity to polio-
viruses of HeLa and monkey kidney cells is mostly quite similar, thus both
may reasonably be supposed to eclipse comparable numbers of virions in systems
suspended in a rich nutrient medium with 5 to 10 per cent serum content.

Using haemagglutinating and non-haemagglutinating mutants of certain
enteroviruses, extracts of HeLa cells were found to enhance the efficiency of
infection of monkey kidney cells by virions producing normally low titres in
these cells [12].

In situ receptors of HeLa cells were shown to be sensitive to the action
of trypsin as measured by the cells’ capacity measurably to reduce the titre
of a given virus suspension [13]. Even extensively trypsinized HeLa cells Mill
fully regenerate their receptors within a short time [14]. HelLa cultures are
known to produce considerable amounts of s ilubilized receptors [12, 15] sitting
on blebs extensively released parallel to the ageing of cells.
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Considering the above, the present results have been interpreted as fol-
lows. The PMK I11/1 cells carry a relatively small amount of receptors which is,
however, easily available for the virus and exhibits a considerable resistance
to trypsin. HeLa cells, on the other hand, possess large amounts of receptors.
A major part of these is localized on the readily detachable blebs covering
large areas of the surface, whereas the rest is to be found on the smooth areas
of the cell surface. The former may act as “virtual inhibitors” of infection.
The virions bound by them are rejected in an “inactive” form together with
the whole bleb. Trypsinization for short periods (up to 20 minutes) appears
to remove the detachable receptors from HelLa cells, thus facilitating sterically
the attachment to receptors on the residual smooth areas. The latter type of
adsorption offers a higher probability of a true eclipse, resulting in the infection
of the cell. Versenization of cells fails to remove the detachable receptors
which may, therefore, act as virtual inhibitors of infection.

This concept would explain the differences observed in the time of onset
and final yield in versenized or trypsinized HelLa cells incubated after the
infection in HBS -) BA. In plain HBS, however, low but reproducible yields
were obtained apparently independently of pretreatment as well as of the
absence or presence of BA in the incubation medium. The latter phenomenon
was observed also with PMK I/l cells. Thus it appeared that part of the
receptors of primate cells exhibits a special avidity. Attachment to an “avid”
receptor results in a ready eclipse independently of the presence or absence
of an infection-enhancing factor like BA. In HeLa cells trypsinized for 30 and
60 minutes only these “avid” receptors will remain intact, while the “reject-
able” as well as the “common” receptors (i.e. those requiring an enhancing
factor for true eclipse) are destroyed.

PMK 111/l cells fail to have “rejectable” receptors, while they possess
both “common” and “avid” ones. In both cell lines, the number of “avid”
receptors isten times lower than that of the “common” ones. The relative resist-
ance to trypsin of “common” receptors of PMK I/l cells remains to be
explained. No evidence is available to decide whether the differences in the
behaviour of receptors are of a quantitative or a qualitative nature.

Further studies are in progress in this laboratory to test this tentatively
proposed hypothesis.
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Summary. Suspended cells of a permanent monkey kidney cell line (PMK 111/1) infected
with type 1 (Mahoney) poliovirus yielded low amounts of virus in plain Hanks’ balanced salt
solution (HBS). Addition of 0.2 per cent bovine albumin (BA) caused a tenfold increase of
the yield. The possible similar action of fatty acids regularly present in BA and of Tween 80,
present in Parker’s No. 199 (P 199) medium has been studied.

Linoleic and oleic acids completely suppressed virus reproduction when applied at
10-4 M final concentration. At the same concentration, arachidic and stearic acids exhibited
about 50 per cent of the activity of BA. Palmitic acid was somewhat less effective. At 10~5M
concentration, as referred to BA, the activity of arachidic acid was 90 per cent, that of linoleic
and oleic acids was 40 per cent, while stearic and palmitic acids exhibited 32 and 22 per cent
activities, respectively. Arachidic acid showed 50 per cent activity at 10~7 M concentration.
Oleic acid had 30 per cent activity, whereas stearic and palmitic acids were practically inactive
at this concentration.

Tween 80 was inhibitory at 150 /fg/ml concentration, inactive at 1.5 /ig/ml and as active
as BA at 15 //g/ml concentration.

The activity of fatty acids within the concentration range of 10“4to 10-7 M appeared
to depend on the concentration and the chain length. The higher the concentration and the
longer the chain, the higher was the activity. The inhibitory action of unsaturated fatty acids
at high concentrations (10 ~4 M) suggested the possible involvement of some events sensitive
to oxidation-reduction processes.

The presence of the tested fatty acids and of Tween 80 in the first hour of the cycle was
necessary for ensuring the production of full final yield. Addition at later points of time failed
to have any effect.

These substances are supposed to be factors facilitating the penetration of attached
virions. A working hypothesis is presented.

As already reported [1], an infection enhancing action of bovine albumin
(BA) was observed in a system comprising suspended permanent monkey
kidney cells (PMK 111/l) infected with type 1 (Mahoney) poliovirus by brief
exposure at an input multiplicity 1. The basal maintenance fluid was Hanks’
balanced salt solution (HBS). A preliminary assay with K-linoleate pointed
to the probable importance of fatty acid contaminants of BA in the effect
observed.

The present report deals with some further studies of some saturated
and unsaturated fatty acids and the detergent Tween 80.
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Materials and methods

Cells, media, methods of infection, of one-step growth experiment and of virus assay
have been described previously [1].

Chemicals. Tween 80 was a product of Hilltop Labs., Cincinnati, Ohio, U.S.A. Appro-
priate dilutions were prepared in HBS.

Fatty acids. Stock solutions of 10~r M of the fatty acids listed below were prepared
in 96 per cent ethanol. Dilutions were also prepared in ethanol, so as to allow for a further
1 :100 dilution in HBS to obtain the final concentration required in the actual experiment.
Arachidic (eicosanoic) acid, Fluka A. G. Switzerland. Stearic (octadecanoic) and palmitic
(hexadecanoic) acids, Institute of Nutrition, Budapest. K-linoleate (octadeca-9,12-dienoic
acid), Serva, Germany. Oleic (octadeca-9-enoic) acid, Institute for Pharmaceutical Research,
Budapest. All substances including ethanol were tested for acute toxicity at final concentrations
twice the highest one used in the one-step experiment. In monolayer tube cultures of PMK 111/1
cells incubated with the substances (five parallel tube cultures each) for 72 hours at 37° C.
no microscopically detectable toxic effects were observed.

Experimental

Final yields of type 1 (Mahoney) poliovirus in PMK 111/l cells were
identical in both Parker’s No. 199 (p 199) and HBS BA media. On the
basis of some preliminary assays this was considered an indirect evidence of
the possible role of Tween 80 included at 15 /rg/ml concentration into P 199
medium as a detergent facilitating the solution of cholesterol and fat soluble
vitamins. An experiment with K-linoleate appeared to support the assumption
that substances with detergent activity may be involved in the “infection
enhancing” action of BA. The latter has been known to be regularly contam-
inated with fatty acids.

The experiment performed with Tween 80 and K-linoleate at different
concentrations yielded results shown in Fig. 1.

The effect of linoleate was essentially identical with that already reported.
Tween 80, at 150 /ig/ml concentration, completely suppressed virus reproduc-
tion. At a concentration of 1.5 /ig/ml it had no influence whatever on the final
virus yield in HBS. At 15 //g/ml concentration, Tween 80 was found to have
an effect essentially identical with that of BA. Thus the role of Tween 80 in
P 199 appeared to be clarified.

At appropriate concentrations in HBS, linoleate and Tween had not only
elevated the final yield, but also reduced the lag phase in a way similar to that
observed with BA. The relatively limited concentration range in which linoleate
and Tween 80 (containing oleic acid) were active, suggested the possibility
that at higher concentrations the presence of unsaturated bonds might have
been responsible for the inhibition.

Oleic acid, present in Tween 80 and carrying a single double-bond, as well
as some saturated fatty acids of different chain lengths were, therefore, also
examined. Results of these comparative studies are shown in Table I.

In general, the activity of saturated fatty acids appeared to be in direct
relation to concentration and chain length. At concentrations of 10«5 to
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10~7 M, arachidic and palmitic acids exhibited the highest and lowest activities,
respectively. The activity of stearic acid was intermediate. Arachidic acid
was moderately active at 10_4 M. Until further information will he available,

Fig. 1. Growth curve of poliovirus strain in the presence of Tween 80 (a), and K-linoleate (b),
at various concentrations

we cannot tell whether this was the result of its poor solubility in HBS or of

its true inhibitory action at that concentration.
The initially supposed inhibitory action of double bonds appeared to be

confirmed also by the fact that at 10~4 M, both linoleate and oleic acid were
strongly inhibitory, whereas stearic acid was distinctly active. At 10 & M

Acta Microbiologica Academiae Scientiarum llungaricae 13 (1966)
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Table 1

Per cent final yield in Hanks' balanced salt solution supplemented
with different fatty acids as referred to that in Hanks' plus bovine albumin

Fatty acid Final yield (per cent) at fatty acid concentration (M)

Chain length Double

Name in C atoms bonds 105 j0-« 10-7
10
Arachidic acid 20 0 52 95 67 52
Stearic acid 0 52 32 22 11
Oleic acid 18 1 0.0006 45 41 30
Potassium linoleate 2 0.005 40 70 n. d.
Palmitic acid 16 0 40 22 11 11
n. d. = not done
Table 11

Increase of final virus yield in the presence of different substances added
at different points of time

Time orladdition (minutes)
Substance added

0 30 60 120 180
Bovine albumin 0.2 per cent 10.0 5.0 2.0 1.0 1.0
Arachidic acid 10"5M 10.0 8.0 5.0 15 1.0
Potassium linoleate 10-5iW 4.3 n. d. n. d. 1.0 n. d.
Tween 80 20 (ig/ml 9.7 4.4 3.0 1.5 1.0
Hanks’ balanced salt solution only 1.0 — — — —

n. d. = not done

concentration, all the three fatty acids containing 18 C atoms exhibited com-
parable activities, irrespective of the presence or absence of double bonds.
Tinis the inhibitory action of double bonds appeared to be “diluted out”
and only the detergent activity manifested itself. The activity of fatty acids
with double bonds appeared to exceed that of stearic acid at lower (10 e
and 10“7 M) concentrations.

Independently of their effects, all the tested fatty acids were uniformly
reducing the lag phase in the same degree as 0.2 per cent BA did. To clarify
whether fatty acids and BA were in fact required at the same phase of the viral
cycle, experiments were performed in which 10-~5 M arachidic acid or lino-
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leate, or 20 /ig/ml Tween 80 were added to the system at different phases of
the viral cycle. Results as referred to a control system suspended in HBS -|- BA
are shown in Table II.

The activity of BA as well as that of each of the tested substances was
the lower the later the addition had taken place. From the second hour on,
no activity whatever of either substance was demonstrable. This observation
suggested the necessary presence of these substances during some early events
of the viral cycle between the phases of adsorption and true eclipse. This
assumption has been based on the fact that adsorption of virions was always
allowed to take place prior to the transfer of cells into the experimental
system (0 minute) and that photosensitivity has been shown by Wilson and
Cooper [2] to be lost after 90 to 120 minutes.

Discussion

The present paragraph contains a general discussion of all the three
papers of this fériés [1, 10] and a tentative working hypothesis.

The vague schedule of a possible new approach to the problem of pene-
tration of polioviruses into susceptible cells seems to emerge from the experi-
mental results obtained recently in this laboratory. We are perfectly aware
of the incompleteness of information available, yet are unable to resist the
temptation to describe some speculations in the form of a tentative working
hypothesis.

As stated in a recent survey by Philipson [3], studies on the early phase
of attachment (adsorption) have long shown the general importance of ionizable
groups of the virion and the receptor. Examination of the electrophoretic
motility under different environmental conditions yielded important data on
the average net charges of several different kinds of virions and cells as well
as on the changes induced by their mutual interactions. In an earlier work
from this laboratory [4, 5, 6], the number and nature of ionizing groups of
influenza virus have been determined by potentiometry. Reaction of the basic
groups with formaldehyde was shown to result not only in the disappearance
of the corresponding parts of the titration curve, but also in a parallel loss of
infectivity and haemagglutinating activity. Thus in this case, the electrostatic
(Coulomb) nature of forces involved has been directly demonstrated in the
attachment of the virus to the receptor.

The present studies have been performed in a poliovirus host cell
system. Adsorption of virus at an input multiplicity of 1 was allowed to take
place in a highly concentrated system (108 virions and cells per 0.5 ml) for
10 minutes at room temperature and for an additional five minutes at 37° C.
This method was supposed to limit the interaction to the formation of electro-

Aria Microbiologica Academiae Scientiarum Ilungaricae 13 (1966)



248 A. KOCH, B. LOMNICZI and E. GYORGY

static bonds. This phase of enterovirus—host cell interaction has repeatedly
been shown by others [7, 8, 9] to be reversible by appropriate methods.

The virion —cell complex thus formed was transferred into different media
and the one-step growth curves were registered. In plain HBS the penetration
was poor as shown by the low final yield and the delayed onset of the cycle.
The presence of BA or of an appropriate fatty acid in the same system resulted
in a shortening of the lag phase and an optimally tenfold increase of the final
yield.

Comparative studies on HelLa cells [10] have shown that a similar effect
of BA was only demonstrable with cells trypsinized for a short period (5 to
20 minutes). Versenized HeLa cells produced but poor yields after a prolonged
lag phase, independently of the presence or absence of BA.

It was supposed that in untreated PMK I11/]1 and HeLa cells trypsinized
for a short time there were two similar receptors present, viz. one allowing
for penetration without BA (“avid receptor”) and another, requiring the pres-
ence of BA for the successful penetration of a virion (“common receptor”).
The third type, the “virtually inhibitory” receptors, observed in versenized
HelLa cells, are thought to be those localized on blebs being released together
with the attached virions, and thus deprived of their chance to initiate infection.

The studied fatty acids, as well as Tween 80, were found to have an effect
similai to that of BA. The activity of the individual fatty acids at appropriate
concentrations appeared to be related witli the chain length and the number
of double bonds present. This importance of chain length suggested the require-
ment of fairly strict steric conditions for full effectiveness. It has been thought
therefore that fatty acids may be involved in the formation of certain hydro-
phobic van der Waals type bonds between the virion and the receptor.

As to possible mechanism of action of fatty acids, we propose the follow-
ing facts to be considered.

In contrast to some other enteroviruses, the fine structure of the icosa-
hedral capsid of poliovirus has scarcely been elucidated. Nevertheless it is
quite certain that it is constructed, like any other icosahedral virion, of a cer-
tain number of identical equivalent symmetrically packed structural units
and of exactly 12 vertices. In the vertices, the arrangement of structural
units results in their “quasi equivalence”, thus the icosahedron’s 12 vertices
are likely to carry some “extra” electrostatic charge. This would suggest the
supposition that these points might play the leading role in the orientated
attachment of the virion to certain appropriate oppositely charged groups,
tentatively designated as “receptor sites” within a receptor region of the cell.

The receptor sites may be distributed within a receptor region in a pat-
ternized or random way. This would definitely influence the possible modes of
attachment of a virion. It is easily conceivable that the orderly or random
distribution of sites has little influence on the probability of a one site one
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vertex collision between a receptor and a virion. This factor has, however,
an increasing importance if simultaneous collisions of two or three sites with
two or three vertices are required.

Supposing a random distribution of sites, the probability of accidental
fitting of two or three sites with two or three vertices of a virion must be
extremely small. The probability of a two-vertices two-sites hit will remarkably
increase if sites are distributed in a nearly regular triangular plane net with
their mutual distances varying within a narrow range close to the length of one
edge of the actual virion. In this system the simultaneous fitting of three sites
to three vertices has still a very low probability, the accidental occurrence of
equilateral triangles in such a net being dependent merely on chance. Should
the sites be localized at the intersection points of a perfectly regular equilateral
triangular plane net, comprising triangles exactly corresponding to those form-
ing the facets of the viral icosahedron, the fitting of two vertices with two sites
would necessarily involve the fitting of the third vertex, too (Fig. 2). Naturally,
the one-vertex one-site hit, supposed to be the main type of the first reaction
between virion and receptor, would allow also for a wide variety of non-fitting
landings in any of the above systems.

Vertex to site attachment is supposed to involve Coulomb forces. These
forces are known to be quite weak though having relatively wide ranges; thus
an appropriate orientation as well as a stable attachment of a virion to a re-
ceptor would very probably require the simultaneous and cooperative function
of several charged groups at minimally two vertices and two receptor sites.

A virion, landed on one of its facets, and attached through its three
corresponding vertices to three appropriately arranged receptor sites seems
therefore to represent a lowest state of energy, i.e. an optimal attachment.
Should the attachment be of a two-vertices two-sites type, the Coulomb
forces on the third vertex of the icosahedron’s involved triangle fail to partic-
ipate in the stabilization of attachment. This state is, therefore, regarded
as suboptimal. If only one vertex reacts with one site, the attachment is highly
labile in respect of both the virion’s statics and the strength of the involved
forces. Thus, apparently, the statistical probability of a given type of attach-
ment is inversely related to its stability.

The model proposed would explain the experimentally evidenced relative
average stability of attachment as well as its reversibility by factors efficiently
influencing the net and total charges of the surfaces involved [3]. Current
concepts on the probable chemical composition and molecular structure of
enterovirus receptors [11] do not seem to contradict this model.

On the basis of general information available on the interaction of pro-
teins, it appears reasonable to suppose that the simultaneous reaction of three
receptor sites with three vertices of the virion may result in important confor-
mational changes in the involved area of the receptor region. This, by itself
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may represent a satisfactory stimulus for the initiation of extensive molecular
and fine structural changes in the cell membrane. Should the attachment occur
between two vertices and two sites only, this stimulus may conceivably be
below the threshold required for further changes. In the latter case, therefore,
some additional factors may be necessary to induce appropriate changes in
the cell membrane.

c

Fig.2. Possible ways of the virion’s attachment to the cell’s receptor sites, (a) One vertex—one

site hit. Random distribution of sites, (b) Two vertices — two sites attachment. Closely regular

distribution of sites, (c) Three vertices — three sites attachment. Perfectly regular distribution
of sites

Considering the results of our experiments with cell-virion complexes,
suspended in the presence or absence of BA or fatty acids, the relatively low
number of virions initiating infection in plain UBS may he those which are
accidentally attached at three vertices simultaneously (“avid receptors”).
A major part of the Aurions attached at two vertices only did not initiate in-
fection in the absence of an appropriate factor, viz. BA or fatty acid (“com-
mon receptors”). In this case, fatty acids appear to be required to stabilize
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attachment through Debye, Keesom or London forces. These forces are known
to decrease by the 7th power of the distance. Thus a fairly close adjacency of
molecules is required for the manifestation of these forces. The corresponding
triangular facet of an icosahedral virion attached to the receptor through two

Virion

-Fatty acid

I1£)Q YD Receptorregion ofthe
yCett membrane

Nonreceptor-site part of
the receptor
Receptor-site

Conformational

changes Hydrophobic bonds

Seated cell membrane

Pynocytotic vacuole
comprising extensively
altered cellmembrane
and a virion with
loosened capsid

Fig. 3. Supposed mechanism of the virion’s engulfment

vertices appears to lie close enough to the cell wall to allow for such inter-
actions. Regions near the third unattached vertex of this facet appear liable
to react with the fatty acid’s polar end. Interactions between the non-receptor-
site parts of the receptor region with the unattached vertex of the virion charg-
ed with fatty acids may result in orienting and polarizing effects sufficient
to increase above the threshold the stimulus produced by a two-vertices two-
sites attachment. The interactions involving fatty acids arc considered non-
specific in the strict sense of the term.
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As shown in Fig. 3, it has been supposed that, as a result of conforma-
tional changes of the receptor sites and consequent ultrastructural changes in
the neighbouring molecules, the cell membrane starts to develop an invagi-
nation at the area of virus attachment. Consequently, the presence of further
receptor sites in the neighbouring area may conceivably result in the formation
of further virion-vertex to receptor site attachments, facilitating further in-
vagination of the cell membrane through appropriate changes.

In the absence, scarcity or irregular distribution of receptor sites in the
receptor region, the above described effect is supposed to be induced by the
fatty acid-mediated mechanism. This assumption appears the more probable
as enterovirus receptors have been shown to be lipoproteins [11]. The process
of invagination by any of the suggested mechanism continues step by step
until a complete pinocytotic vacuole has been formed and the unimpaired parts
of the cell wall are sealed together. Parallel to the development of a vacuole,
the involved area of the cell membrane as well as the virion’s capsid undergo
increasing alteration, thus by the time of the vacuole’s full development, both
its wall and the enclosed virion’s capsid develop sensitivity to the proteolytic
enzymes released from lysosomes. This “non-specific” enzyme action would
represent the end of penetration and the start of true eclipse.

Dependence of the infection enhancing action on the fatty acid’s chain
length appears to point to the strict sterical requirement of the formation
of hydrophobic bonds involved in the receptor-virus interaction. At certain
concentrations, linoleic and oleic acids exhibited activities comparable to
that of saturated stearic acid. At higher concentrations, however, the two
fatty acids with double bonds were strongly inhibitory. This phenomenon
and the role of SH-groups observed by others [3] and by ourselves [1]
strongly favoured the supposition that certain oxidation-reduction reactions
or the necessity of protection of certain sensitive, active groups might be of
considerable importance in the process of penetration.

The full effectiveness of the infection-enhancing activity of the studied
factors is limited to a short period, viz. the first 30—60 minutes of the cycle.
This seems to suggest the possibility that after a certain time the virions at-
tached in a suboptimal way undergo some alteration rendering them inacces-
sible to the infection-enhancing factor. Such active, not penetrating virions
have repeatedly been shown to be recoverable by different methods or to
initiate infection of the same cell after appropriate treatment [12]. The latter
experiments were, however, performed under conditions fundamentally dif-
fering from those used by us.

Studies performed in both PMK and HelLa cells [10] appear to sup-
port, or at least not to exclude, the validity of the proposed model. As to
the role of “virtually inhibitory” receptors of HelLa cells, we have already
offered an explanation. The release of blebs carrying attached virions and
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resulting in a low efficiency of infection are in accordance with the observations
of Fenwick and Cooper [13] and Jokiik and Darnet1 [14]. Blebs appeared
to be removable by short trypsinization.

Comparative studies performed in HBS and P 199 media [1] suggested
that the main constituent of P 199 in respect of virus reproduction may well
be the detergent Tween 80. This observation correlates well with that ofDarner1
and Levintov [15], who found that poliovirus was synthesized from the intra-
cellular metabolite pool and not from the extracellularly available substances.

Recent studies by Strandstrom [16] on the effects of lysolecithin and
some other phospholipids on the interaction of host cells and attenuated polio-
virus suggest that these substances may also act in a way essentially similar
to that observed in this laboratory with fatty acids and Tween 80

Based on the present working hypothesis, further studies are in progress
to produce additional evidence to fill the gaps of our hypothesis with experi-
mental data.
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Summary. (1) The wasting syndrome following neonatal thymectomy appears earlier
and is more severe in mice infected intracerebrally with lymphocytic choriomeningitis (LCM)
virus at the time of weaning.

(2) All the mice surviving neonatal thymectomy and the subsequent intracerebral LCM
virus infection proved to be virus carriers. Immunologically, however, they did not behave
uniformly. About half of them gave an immune response while the others proved to be tolerant.
Irrespective of their immunological status, most of the mice showing the wasting syndrome
had died by the 80th postinfection day.

(3) Based on the corresponding literature and our own experience we assume that in
the state of immunological depression the organism can only give a nonspecific response,
i.e., develop the wasting syndrome, to various antigenic stimuli.

(4) A possible analogy between the human neonatal and senile atrophies and the patho-
genesis of the wasting syndrome are discussed.

The decisive role of the thymus in the development of immunological
competence has been generally accepted. Mice thymectomized immediately
after birth develop immunological depression and, within several weeks, the
wasting syndrome [1, 2]. To study the immunological depression following
neonatal thymectomy, other investigators [3—6] and ourselves [7—9] have
found lymphocytic choriomeningitis (LCM) virus infection to be an appro-
priate model. We had supposed and later have shown experimentally that
mice in the state of immunological depression due to neonatal thymectomy
fail to develop fatal meningitis, the characteristic response of normal animals
to LCM infection. In spite of this, only part of such mice survived for longer
periods, viz., 2— 10 weeks, after infection; the rest died at the same time as the
non-thymectomized infected animals, i.e., 8— 10 days after infection, without
displaying meningeal symptoms. These informative experiments still failed to
reveal the cause of the early deaths and supplied no experimental data on
the immunological status of the virus carrier mice showing the wasting syn-
drome. We only assumed that LCM virus might aggravate the wasting syndrome.

The aim of the present experiments was to elucidate the cause of the
early death and the immunological status of mice surviving for longer periods
in spite of developing the wasting syndrome.

* Deceased in 1965.

5* Acta Microbiologica Academiac Scientinriim Hungaricae 13 (1966)



256 I. SZERI et al.

Materials and methods

Experimental animals, thymectomy and virus: see our earlier report [9].

He-isolation of virus. To re-isolate virus, samples of brain, blood, liver and ascitic fluid
were inoculated into mice intracerebrally. The brain and liver samples were ground with
quartz sand and suspended in saline. Then the tissue fragments were allowed to sediment and
the supernatants were used for inoculation. Heparinized blood samples were taken from the
orbit, under ether anaesthesia.

Excretion test. Three adult mice were kept for 3—6 weeks together with each of the mice
to be tested for virus excretion. The test animals were subsequently challanged with 100 to 300
LD50 of virus each. From the orbit of the survivors blood was taken for complement-fixa-
tion test.

Complement-fixation (CF) test. LCM antigen was kindly supplied by Italdiagnostic Ltd.
The test was performed according to the original prescription. Immune serum was prepared
as recommended by Traub [10]. The CF titre of this serum was 1 : 256 while the negative sera
showed no fixation at 1 :4 dilution. The highest dilution tested was 1: 16.

Immunization. Mice were immunized by a single intraperitoneal injection of 0.5 ml of
a concentrated influenza A-2 antigen (haemagglutination titre: 1:20,000). To titrate haemagglu-
tination-inhibiting antibodies, Takatsy’s Microtitrator technique was used.

Histological technique. Sections from the brain, spleen, liver and thymus of experimental
animals were stained with haematoxylin-eosin. In the spleen attention was paid to the lympho-
cyte count, the number of follicles, the degree of atrophy and the signs suggestive of reticulosis
and/or fibrosis.

Control animals. Non-operated mice of the same age served as controls in every experi-
ment. The organs of these animals were subjected to the same histological examination.

Experimental

A hundred and sixty mice thymectomized on the first day after birth
were divided at weaning into two groups: in group “0” (operated) the con-
sequences of neonatal thymectomy were observed, whereas group “0O-j-LCM”
served for the observation of the joint effect of neonatal thymectomy, and
intracerebral LCM virus infection at the time of weaning (three weeks of age).
Litter-mates of the mice included in the two experimental groups, a total of
160, were sham-thymectomized or used as non-operated controls. The period
of observation after weaning was 120 days.

Data concerning the development of the wasting syndrome are sum-
marized in Figs 1 and 2.

Fig. 1 show's the mortality with wasting disease and the incidence of
spleen atrophy and of reticulosis. In group “O”, 32 per cent of the mice died
within 120 days after weaning. All these showed gross and microscopic signs
characteristic of the wasting disease. The rest (68 per cent) were still alive
and apparently healthy on the 120th day when they were killed and prepared
for histological examination. Severe atrophy of spleen was found in 16 per
cent, w'hereas pronounced reticulosis in the spleen w'as present in 28 per cent.
In 24 per cent no histological abnormality was found.

The severe splenic atrophy was considered a histological sign of wasting
disease, therefore the mice with this finding were classified w'ith those having
developed the wasting disease. Poor or lacking immune response to influenza
A-2 antigen supported this classification.
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B reticulosis in the spleen
O macroscopic thymus residue

Fig. 1. Mortality, splenic atrophy and reticulosis in the spleen in thymectomized mice and in
mice thymectomized and infected with LCM virus

Fig. 2. Cumulative mortality of mice showing the wasting syndrome. “O” = thymectomy
on the first day after birth; “0 -(- LCM” = thymectomy on the first day after birth -f-intra-
cerebral LCM infection at weaning
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According to this interpretation, 48 per cent of our thymectomized not-
inbred mice developed the wasting syndrome.

The 24 per cent of the “0” mice, those showing no histological abnor-
mality, had residual thymus tissue satisfactory to prevent any sign of the
wasting syndrome.

In group “O+ LCM?” 65 per cent of the mice had died with the wasting
syndrome by the 120th postinfection day. Only 11 per cent survived. These
had severely atrophied spleen (6 per cent) or showed reticulosis in the spleen
(5 per cent). Thus, 71 per cent of the thymectomized and subsequently infected
mice were considered to have developed wasting disease. In the remaining
24 per cent the thymectomy proved to be incomplete. These mice nevertheless
died because their residual thymus tissue was sufficient to develop the im-
munological conflict after LCM virus infection. Thus, these mice died with
the characteristic meningeal symptoms, simultaneously with the non-operated
controls. At autopsy the thymus residue could be found in every case. The
mice showed the cerebral lesions characteristic of LCM infection.

The cumulative mortality curves for groups “0” and “0-)-LCM?” are
shown in Fig. 2. In both groups the majority of deaths occurred 8 to 70 days
after weaning. In group “0-j-LCM” a striking number of mice died between
the 8th and 20th days. Only from the 20th day on show the two curves a
parallel course.

The thymectomized mice which died 8 to 15 days after infection seemed
to be normal. They showed neither convulsions nor any gross or microscopic
sign of meningitis. However, each of them had an atrophic spleen. On the
other hand, the mice which died after the 15tli day, exhibited symptoms of
wasting disease: such as diarrhoea, dermatitis, humped back, etc.

The thymectomized mice that had survived LCM infection by at least
three weeks were tested for virus carriership. It was attempted to re-isolate
the virus from the blood, in several cases from the ascitic fluid and, when an
animal had died, from its brain and liver. Virus was re-isolated from 56 mice.
The samples taken 20 to 70 days after infection were all positive. The five
negative results were yielded by samples taken at a later time.

For virus excretion, 12 mice were examined during the period 30 to
45 days after infection and four mice from the 75th to the 120th postinfection
day. In the earlier period seven mice, in the later period two of the four mice
were found to excrete virus.

The thymectomized mice that had survived LCM infection were tested
for CF antibodies to LCM virus on each of the 20th, 75th, 125th and 162nd
days. On the 20th day 50 per cent had antibodies detectable up to 1:16
dilution. The others were negative even at 1:4 dilution. By the second
bleeding (75th day) most of the mice had died with the wasting syndrome,
irrespective of their antibody status on the 20th day.
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Of the mice that had survived infection hy 120 days only one (No. 16)
failed to give antibody response, even after superinfection. This mouse was
excreting virus and the virus could be re-isolated from its blood, too. No thymus
residue, either gross or microscopic was found in it. Its spleen was severely
atrophied.

Table |

Some data of six thymectomized mice surviving
for long periods after LCM virus infection

Desig- E>tamiii ations performed oil day Histology

"a:)ifon Y4 75 125 162 Thymus 1 ALr_o-

mouse CF 1Vi CF VE Vi Ch CF VE Vi Ch CF vE residue ] szlelecn
16 <i 4 o = <] .4 0 . s s
51 >i 116 1+ — > i6 + P
39 > i 16+ s — >1 .16 N .
26 >i 16 — — — >1 .18 + P
78 >0 16 — — — > is6 + —
A >1 .16 — >i 16 —

CF serum CF titre

Vi = re-isolation of virus
VE = virus excretion
Ch = challenge

The other mice that were still alive on the 120th postinfection day had
CF antibodies at least up to 1 : 16 dilution. Their carriership was fluctuating,
they had a minimal thymus residue and severely atrophied spleen, or retic-
ulosis in the spleen.

Discussion

In the present study 48 per cent of the thymectomized mice (group “0”)
developed the wasting syndrome; two-thirds of these (32 per cent) had died
within 120 days after weaning, whereas the remainder (16 per cent) survived
the observation period. Most of the deaths occurred between the gth and 70th
days after weaning, in a nearly even distribution.

Among the thymectomized and subsequently infected mice (group
“0O-f-LCM”) 71 per cent developed the wasting syndrome. Most of these
(65 per cent) had died within 120 days after weaning (i.e., after infection),
only 6 per cent survived that period. In this group, too, most of the deaths
occurred between the 8th and the 70th days, but the distribution in time,
unlike that in group “0 ”, was uneven, showing a well-pronounced cumulation
from 8 to 20 days after infection.

Acta Microbiologica Academiae Scientiarum Hungaricae 13 (1966)



260 I. SZERI et al.

In brief, the wasting syndrome due to thymectomy on the first day
of life developed more frequently and more rapidly in group “O+ LCM” than
in group “0O”.

It has, however, been reported that the LCM virus itself may cause
some wasting in animals with insufficient immune apparatus. Hotchin [11]
infected immunologically immature mice in the neonatal phase of physiological
immune depression. During the subsequent 10 15 days he observed loss of
weight, wasting and death. Presumably in the present experiments the same
effect of the LCM virus had manifested itself during the persistent immunologi-
cal depression due to the neonatal thymectomy. This effect led to the high
mortality between the 8th and the 20tli postinfection days.

The animals alive three weeks after infection all carried the virus, hut
did not behave uniformly from the immunological point of view. Fifty per
cent of them produced antibodies, the others were tolerant immunologically.
This apparently heterogenous residt might be explained in the sense of the
experiments of Hotchin and Voirkert [Il, 12]. According to these authors
normal mice are in the status of immunological depression in the first 2—12
hours after birth. Antigen administered in this period induces tolerance.
After the 6th or 7th day of life, on the other hand, the response to antigenic
stimuli is specific, i.e., in the case of the LCM virus it includes an auto-
immune process. Between the 12th hour and the 6th day there is a period
when probably the thymus plays the most important role. Antigen adminis-
tered in this period induces either tolerance or an antibody response, depend-
ing on the time of administration within the period and the intensity of the
antigenic stimulus. Our mice were thymectomized during the first 24 hours
after birth, but, since the hour of birth had not been recorded, part of the
animals were certainly operated upon as late as during the second 12 hours,
when according to Hotchin and Voirkert even total thymectomy may fail
to cause tolerance. Thus, the mice operated upon in the second half-day
might have become either tolerant or capable of producing antibodies. Further-
more, thymectomy in this transitory period might have prepared the mice
for the wasting effect of the LCM virus.

We summarize our opinion as follows. Intracerebral LCM virus infection
of non-operated control animals leads to an immunological conflict accompanied
by lymphocytic choriomeningitis, which is an autoimmune process of fatal
outcome [13, 14]. In successfully thymectomized mice the autoimmune reac-
tion either fails to ensue or proceeds in an unusual way. The mice that died
8 to 15 days postinfection had not enough time to develop the typical wasting
syndrome; atrophy of the lymphatic apparatus was the only sign charac-
teristic of the syndrome. In these cases the immediate cause of death might
have been a developing wasting syndrome and/or an LCM virus infection
modified by the persisting immunological depression.
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In the mice which died 15 to 20 or even more days after infection the
wasting syndrome was predominant as the joint consequence of the persistent
virus multiplication and the lack of thymus. The virus could he re-isolated
from all the animals that died in this period. Fifty per cent of these were
similar to the tolerant mice of Traub [10]: they carried the virus without
producing antibodies. However, Traub's tolerant mice were symptom-free,
whereas our experiments and those of other investigators have unequivocally
evidenced that persistent carriership is not a physiological state in these
animals. They sooner or later develop symptoms not specific for the virus,
instead, characteristic of the wasting syndrome. According to present knowl-
edge these symptoms are autoimmune in nature [16, 17]. Most of our carrier
mice died of wasting disease; among those surviving 120 days two were found
to carry virus and even these were ill and died soon. The non-carrier survivors
showed only microscopical signs of the wasting disease.

The pathogenesis of the wasting syndrome is a debated question. Recent
studies have called attention to the role of various antigens [17, 18], which
may originate from any sort of pathogenic or nonpathogenic microorganisms,
e.g., from some members of the intestinal flora [19]. Germfree mice fail to
develop the wasting syndrome after neonatal thymectomy [17, 20], though
their being in immunological depression is clearly proven by the successiul
take of heterografts [17]. The same was observed when streptococcus or
staphylococcus antigen had been given to mice in the physiological state of
neonatal immunodépression [21]. In the present studies 48 per cent of the
mice thymectomized on the first day after birth (group “0O”) developed
wasting disease owing to natural antigenic stimuli. In group “O }LCM”,
besides antigens occurring at random, a massive dose of LCM virus antigen
and the persistence of this virus played a role in inducing the wasting disease,
which thus occurred more frequently and developed more rapidly. In con-
sequence of this, most of the carrier mice died, whereas two-thirds of the
mice that survived 120 days were not carriers. It should be noted that patho-
genic bacterium could never be isolated from the mice which had died of
wasting disease, in spite of the occasional occurrence of hepatic necrosis and
ascites.

Based on the present experiments and literary data we may state that
in the status of immunological depression of various origin (neonatal age,
neonatal thymectomy, cortisone treatment, X-ray irradiation, etc.) the most
diverse antigens [11, 17, 19, 20, 22] may induce the same nonspecific response,
which results in wasting disease usually fatal in outcome. Unlike this, the
organism possessing a thymus and an intact immune apparatus responds to
antigenic stimuli in a specific way, usually protecting the organism against
the agent. In the organism rendered immunologically depressive by thym-
ectomy or any other intervention, foreign antigens induce processes which
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are considered to be autoimmune in nature [23]. In our opinion these processes
impair the whole organism and their consequences are independent of the
specificity of the antigen.

This interpretation of the wasting syndrome’s pathogenesis might
furnish an explanation of some conditions of human importance, viz., those
resembling wasting disease and developing on the grounds of immunological
depression. Such are for instance some conditions due to infectious diseases
including certain forms of atrophy of premature and newborn infants. It
would be reasonable to extend this conception to the old organism as well.
It is well-known that while the immunological reactions of the organism are
declining in old age, the organism is exposed to extrinsic antigens to the same
extent as in young age. In the state of senile immunological depression various
antigenic stimuli may initiate a process resembling wasting disease and
eventually leading to the well-known senile atrophic alterations. Experiments
concerning this question are in progress.
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Summary. After parenteral administration of endotoxin, no difference was demonstrable
in the metabolism of cells with and without nerve supply.

In a Balassa memorial lecture in 1948, G. Mansfetd stated that the
action of bacterial endo- and exotoxins requires the presence of nerve supply.
He believed that, like the centripetal migration of tetanus exotoxin, any
endotoxin entering the central nervous system is proceeding centrifugally along
a neuron to reach the target cell [1]. This concept, daring and bright as it
was, has neither been proved nor disproved ever since. In fact, no metabolic
process of the cell has been known to be particularly enhanced or inhibited
by endotoxin action. Assay of the effect of endotoxin on cell metabolism has
begun in 1960 [2 8]. In this context, one of the most important findings
has been that endotoxins enhance aerobic glycolysis in various kinds of cells.
In possession of this information we had a sufficient basis to start investigation
of the influence in vivo of parenterally administered endotoxin on tin* aerobic
glycolysis of cells with and without nerve supply.

Materials and methods

Albino rats from the inbred strain of our Institute were used throughout. The animals
were given intraperitoneally 0.1 ml/100 g body weight of Salmonella typhi endotoxin extracted
according to Boivin and Mesrobeanu [9]. This caused the death of about 10 per cent of the
animals. Forty-eight hours after toxin administration the rats were killed by decapitation
and their organs to be examined were removed. Innervated cells were studied in specimens
of kidney and small intestinal mucosa. Aerobic glycolysis of non-innervated cells was studied
on thymocytes, granulocytes and macrophages. To obtain granulocytes, 10 ml/100 g of sterile
broth was injected intraperitoneally 8 hours prior to the experiment. Granulocytes obtained
from the peritoneal cavity were washed with physiological Na-citrate solution and suspended
in Krebs’ phosphate buffer, pH 7.4. Macrophages were obtained by injecting sterile broth
intraperitoneally 72 hours prior to the experiment. Oxygen uptake and lactic acid production
were measured after 1 hour incubation at 37 C, using the traditional Warburg and the
Diesche—Lasz16 method, respectively [101
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Results

The examinations revealed no notable influence of endotoxin on the
oxygen uptake of non-innervated cells, except for granulocytes where a
significant difference has been found. In contrast, distinct differences in lactic
acid production in the presence and absence of oxygen have been observed
witli granulocytes and macrophages. With thymocytes, there was no demon-
strable increase in lactic acid production.

I | Control
w \ dbé hours after endotoxin administration

Fig. 1. 0 2-uptake and aerobic glycolysis in non-innervated cells, in terms of ~1/10Gcells/hour
and ~g/107 cells/hour, respectively. Abbreviations: T = thymocytes; G = granulocytes;
M = macrophages

Previous injection of endotoxin did not enhance aerobic glycolysis in
the small intestinal mucosa, although it is known to have a very distinct
glycolytic activity also normally. Enhancement of aerobic glycolysis was
bordering significance in the kidney. Simultaneously, no notable oxygen
uptake alteration took place in the intestinal epithelium and kidney spec-
imens.

In a subsequent series of experiments the left kidney of albino rats was
denervated surgically. Denervation was further ensured by phenol treatment
of the renal hilum. Four or five days later LD10 toxin was injected into the
animals and 48 hours later the respiration and aerobic glycolysis of the inner-
vated and denervated kidneys was compared. No notable difference was found.
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| Control

LU d8 hours offer endotoxin administration

Fig. 2. O.,-uptake and aerobic glycolysis in innervated cells, in terms of /<1/100 mg wet weight
hour,

and /tg/100 mg wet weight/hour, respectively. Abbreviations:

I —small intestina/
mucosa; K = kidney specimens

300-
250-
200
150-
- 1001
50-

| 1 Control

[~~1 4-8 hours after endotoxin administration

Fig. 3. O.,-uptake and aerobic glycolysis in denervated and innervated cells, in terms of
/<1/100 mg wet weight/hour and /<g/100 mg wet weight/hour, respectively. Abbreviations
| innervated kidney; D = denervated kidney

Discussion

The experiments imply with great certainty that the endotoxin induced
alteration of the cells’ aerobic glycolysis depends not so much on their nerve
supply as on their metabolic type. Out of the examined non-innervated cells,
thymocytes showed no increase in oxygen uptake or lactic acid production
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in the presence of endotoxin. Increased lactic acid production was observed
with granulocytes and macrophages. The former even showed an increased
oxygen uptake. Similar contradictions were observed also with the innervated
cells. Lactic acid production of kidney specimens increased moderately, while
that of the intestinal mucosa was not affected. This difference cannot be
ascribed to an eventual storage of endotoxin in the cells, since according to
recent data not even granulocytes, showing the most distinct metabolic
alterations, are capable of storing endotoxin [11]. The similarity of metabolic
activity in innervated and denervated cells also shows that a nerve supply
is not indispensable for the development of endotoxin action. This, however,
is not exclusive of an action of endotoxin on the nervous system. The presence
of target cells in the central nervous system has been described recently
[12—14]. All we wish to note is, therefore, that the present study failed to
supply evidence of the passage of endotoxin along the neurons as well as of
any definite, indispensable role of the nervous system in endotoxin action.
Accordingly, the results have not been supportive of Mansfeld’s theory.
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DATA ON THE CYTOTOXICITY OF ANTI-TUMOUR
SERA

By
G. Ertek and L. Vekerdi

Institute of Oncopathology (Director: B. Kellner”, Budapest

(Received April 14, 1966)

Summary, Immune sera to NK/Ly mouse ascites tumour were prepared in rats. Such
sera contain incomplete antibodies producing a cytotoxic effect only in association with
complement. Attempts were made to adapt for quantitative assay a cytotoxicity test invol-
ving the neutralization of tumour cells with tumour immune serum in the presence of comple-
ment, and administration of this mixture to animals.

A similar, though less cytotoxic antiserum was obtained with spleen homogenate from
normal mice. On adsorption to mouse spleen cells the cytotoxic effect disappeared. When
examined at a concentration of 800.000 ascites tumour cells/ml, the adsorbed anti-tumour
serum contained no cytotoxic antibody capable of ensuring the survival of experimental
animals.

The adsorbed anti-tumour serum, however, prolonged the animals’ survival with a few
days when the cytotoxicity test was carried out with the lowest cell count sufficient for the
tumour to take. Further studies are required to elucidate whether or not this effect has been
brought about by the action of a tumour specific antigen induced antibody.

The purpose of the present experiments was to examine whether NK/Ly
[1] ascites tumour contained a tumour-specific antigen and whether an anti-
serum, containing antibodies exclusively to that antigen might be obtained.
In this report experiments based on the cytotoxic effect of heteroantibodies
are discussed.

As a rule, anti-tumour serum is produced in an animal species not sus-
ceptible to that particular tumour. Since NK/Ly ascites lymphoma was found
to take readily in many inbred mouse strains [2] as well as in random bred
albino mice, the use of mouse immune serum (isoimmune serum) was beyond
consideration.

Isoimmune serum should he preferred for the demonstration of tumour
antigen [3], as heteroimmune sera contain various antibodies (agglutinin,
lysin) [4, 5] most of which are not tumour-specific, being formed rather against
normal tissues or cells. Therefore of the available combinations of exper-
imental animals we have chosen the mouse-rat system.This, although a heterol-
ogous system, seemed to be more suitable for our purposes than the rabbit
mouse system. The mouse and rat belong to the same taxonomic order (Roden-
tia) and family (Muridac), being phylogenetically more closely related than
the mouse and the rabbit, rabbits being classified into a different order (Lago-
morpha) [6]. Our supposition seemed to be supported by the fact that in rats
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immune tolerance could be induced to mouse erythrocytes [7] duly considered
a very complex mouse antigen.

Materials and methods

Antigen. As tumour antigen, we used freshly harvested 10-days old NK/Ly ascites from
the 50th to 60th passage in Swiss mice. Of 10-day ascites cells only 8—10 per cent stained
with a 1 per cent solution of trypan blue.

Normal mouse tissue specimens (spleen, liver, lung, kidney) used for immunization or
immune serum adsorption were excised from the killed mice under sterile conditions. The speci-
mens were minced with scissors and suspended in saline in a Potter all-glass homogenizer.
Although cells are impaired by homogenization (15 per cent of the suspended spleen cells
stained with trypan blue), no notable loss of antigen was demonstrable. The homogenate was
filtered through two sheets of gauze, centrifuged and diluted in saline or serum, depending on
its use for immunization or adsorption purposes. The sediment of the homogenate was sus-
pended to contain 80—120 million nucleated cells per ml.

Immune serum. Two groups, each containing forty CB Wistar rats were immunized with
10-day NK/Ly ascites and normal mouse tissue homogenates (spleen, liver, lung, kidney),
respectively. The rats have been in kin breed for about 10 years. Immunization with tumour
cells was done intraperitoneally three times weekly for three weeks, using 0.5 ml of tumour cell
suspension (about 40 million cells) per animal on each occasion.

On the first occasion, the antigen was mixed with adjuvant prepared as follows. One
ml of fluid culture of Mycobacterium butyricum in Sauton broth was centrifuged, the sediment
suspended in 1 ml sterile paraffin oil and mixed with 100 mg of aluminium stearate. The anti-
gen and the adjuvant were mixed for 30 minutes prior to inoculation [8]. The adjuvant used
for second inoculation did not contain mycobacteria and further inoculations were made
without adjuvant. One week after last immunization all animals were exsanguinated through
the cervical vein under sterile conditions. Sera of each group of animals were pooled. The
antibodies obtained were identified by agglutination, lysis and complement fixation tests
carried out with Takatsy’s micro-method [9]. Agar gel diffusion precipitation was performed
according to Ouciitertony [10].

Evaluations were based on the fact that in mice, 8—10 million intraperitoneally admin-
istered NK/Ly tumour cells gave rise to ascites in 6 —8 days, and killed the animals in about
15 days. A part of the tumour cells that had contacted immune serum and complement was
destroyed and in animals inoculated with such cells tumour development was protracted. The
inoculated animals were examined three times weekly for half a year. Dead animals were
dissected. As complement and control, serum pools of fresh sera from at least 10 normal rats
were used.

Results

Results of serological tests and agar gel diffusion precipitation tests per-
formed with antitumour serum are shown in Table 1.

As shown in Table I, antibodies were present in the sera of the immu-
nized animals. An agglutination reaction took place only when the test was per-
formed in macromolecular medium. This is typical of incomplete agglutinins.

Next, the cytotoxic effect of anti-tumour serum was studied. Ten-day
N K/Ly ascitic fluid was centrifuged and the sedimented cells were resuspended
in immune serum, corresponding in volume to the ascitic sample’s fluid phase.

The suspension was incubated at 37°C under gentle shaking. Samples
were taken every 30 minutes and inoculated into Swiss mice. As a control,
tumour cells suspended in normal rat serum were used under the same experi-
mental conditions. Results of repeated examinations are shown in Table II.

Acta Microbiologica Academiae Scientiarurn Hungaricae 13 (1966/1967)
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Table |

Serological reactions with anti-tumour serum

269

Test Antigen Antibody Titre No. of assays
Complement fixa- Washed NK/Ly ascites Pool of immune
tion tumour, at 10 million sera inactivated 32 64 3
eells/ml concentration at 56 °C for 30
minutes
Lysis 2.5 per cent mouse Pool of fresh
erythrocyte suspension immune sera 2-16 5
Suspension of washed Pool of heat in-
NK/Ly ascites tu- activated
mour cells immune sera 0 6
Agglutination
2.5 per cent mouse Pool of heat in-
erythrocyte suspen- activated 0 3
sion immune sera
Agglutination in a 2.5 per cent mouse Pool of heat in-
medium contain- erythrocyte suspension activated 8-16 3
ing 5 per cent immune sera
human albumin
and made up
with 1/20 vol.
of Plasmodex
solution
Agar gel diffusion Filtrate of NK/Ly asci- Pool of fresh No precip- 3
tes tumour cells ho- immune sera itation
mogenized in dist. undiluted or line

water; ascitic fluid
(7% protein)

diluted 1:2,
1:4

When the cells had been incubated with the antitumour serum for 90
minutes, no ascites tumour developed until the 10th day, whereas in the con-
trols it had regularly appeared by that time. Average survival of the animals
was 15 days.

The phenomenon seemed to be due to a decrease of live cell count in
the immune serum. This was indicated by the observation that, unlike the
controls, the cells kept in immune serum for 10 minutes and then diluted ten-
fold did not induce tumour in ten days. The immune serum treated cells were
examined electronmicroscopically [16]. The correlation between mortality
rate and the number of inoculated tumour cells will be discussed elsewhere.

The cytotoxic titre of the immune serum was expressed in terms of the
survival of animals inoculated with immune serum treated tumour cells. Eighty
million INK/Ly cells were suspended in 1 ml serum dilution and incubated
for 90 minutes at 37 °C. From this mixture individual doses of 0.2 ml were

Acta Microbiologica Academiae Scientiarum Hungaricae 13 (7966/1907)
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Tabic 11

Growth of implanted tumour cells in dependence on the period
of incubation with immune serum

Number of mice injected

Duration of treatment intraperitoneally ~ with  Number of mice develop-
with_immune serum at 02ml of treated tumour  ing ascites one week later
37°C  (minutes) cells
30 10 10
60 10 3
90 10 0
10 10 0

then inoculum diluted
tenfold with saline

90
exposed to control 10 10
serum
10
in control serum, then
inoculum diluted 10 10

tenfold with saline

inoculated intraperitoneally into mice. Fig. 1 shows the survival of these ani-
mals.

Fig. 1 shows that 50 per cent of the control animals died by the 15th
day. Incubation of tumour cells with undiluted immune serum prolonged the
survival time. With 1 :2 diluted immune serum, the 50 per cent survival time

jFig. 1. Survival of mice inoculated with NK/Ly cells treated with different dilutions of
tumour immune serum (Incubation mixture: 80 million cell per ml serum. Inoculum: 0.2 ml
of incubation mixture)

Acta Microbiologica Academiae Scientiarw Hungaricae 13 (1966/1967)
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was 90 days. At dilution of 1 :8, the immune serum had hardly any effect.
The relatively low protective activity of undiluted immune serum seemed to
he due to its toxicity [11]; this however, remains to he investigated.

Preliminary experiments have shown that the intraperitoneal adminis-
tration of a reduced number of tumour cells would result in a delayed devel-
opment of ascites, prolonged survival time and a higher incidence of solid
tumours than of ascitic ones.

Dead mice were subjected to post mortem examination. The nature of
gross lesions is shown in Table Il11. Part of the mice survived for a long time.
Five per cent of them developed leukaemia (enlargement of spleen and lymph
nodes) in about 1 month. Five to ten per cent developed a solid tumour in
the abdomen. In more than 50 per cent ascites was conspicuous after one month
only.

In these cases, too, the cell count in the ascitic fluid was low and tumour
nodules appeared in the pancreas and on the peritoneum. Thus part of the
intraperitoneally inoculated cells had apparently survived the 90-minute anti-
serum treatment and it was in only about one third of the animals that ascites
failed to appear during a long observation period.

Fresh anti-tumour serum loses its cytotoxicity by inactivation at 56 °C
for 30 minutes. This effect of heat inactivation is, however, reversible by the

Table 111
Gross lesions in mice died after the injection of immune serum treated ascitic cells

Post mortem findings

Inoculum: No. of Swiss .
80 million tumour cells mice given 0.2 _ ) No-lesions
er ml immune serum, mlintraperi- Ascites Solid .
reated for 90 min. toneally of the  ‘tumour tumour ~ Leukaemia  for half after
inoculum year alf a
year
Undiluted serum no 57 10 6 18 19
Diluted 1:2 30 18 1 2 2 7
Diluted 1:1 30 19 2 1 2 6
Table IV
Role of thermolabile complement factors in cytotoxicity assay
Incubation at 37 C for Number of mice Number of mice with
90 minutes; . cell  count inoculated with 02 ml  ascites in 10 days
80 million
Heat inactivated immune 20 20
serum
Heat inactivated immune 20 0
serum -f- fresh normal rat
serum v/v
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addition of fresh normal serum. Since heat treatment is known to destroy main-
ly the complement, the latter’s presence seems to be required for the develop-
ment of the antibody’s cytotoxic action.

Anti-tumour antibodies may be adsorbed with NK/Ly ascites cells
(Table V). For this purpose, the immune serum is incubated for a short time
with tumour cells, and centrifuged. This treatment deprives the rat immune
serum of the cytotoxic principle. The adsorption procedure was repeated twice
with each immune serum. The NK/Ly ascitestumour being a lymphoma, we used
normal mouse spleen tissue as the control. Lymph nodes would have been more
suitable for this particular purpose, but their collection in adequate amount
would have been too difficult. The centrifuged spleen sediment was suspended
in immune serum to make a concentration of about 80—120 million nucleated
cells per ml. After incubation for 90 minutes at 37°C, the suspension was
centrifuged and the serum adsorbed again with spleen cells. The adsorbed se-
rum was tested for cytotoxicity in the presence of fresh complement and tu-
mour cells.

Table V

Cytotoxicity assay with adsorbed anti-tumour serum

Incubated at 37°C for

- Number of mice Number of mice
% m‘,ﬂ%ﬁs p(e:$|| n(ﬁo “2} inoculated devel_oping ascites
serum with 0.2 ml in 10 days
Serum adsorbed with NK/Ly 20 20
cells

Serum adsorbed with mouse
spleen cells 20 18

The cytotoxic principle was equally adsorbed by two cycles of treat-
ment with mouse spleen homogenate. Except for a few animals developing
ascites only by the 15th to 18th day after inoculation by the 20th day they
all died.

Thus, mouse spleen cells were capable of binding the cytotoxic antibodies
present in anti-tumour serum. It was supposed that if spleen cells and tumour
cells have a common antigen, a cytotoxic serum might be prepared also with
mouse spleen cells.

For this purpose, 20 Wistar rats were immunized with mouse spleen
homogenate in the same way as in the case of tumour cells.

The action of 1 :2diluted fresh immune serum was assayed on tumour
cells (Table VI).

As shown in Table VI and Fig. 2, the cytotoxic activity of anti-spleen
serum was weaker than that of the anti-tumour serum, the former causing a
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Table VI

Cytotoxicity assay icith serafrom rats immunized with mouse spleen
and mouse tumour homogenates

Number of mice

Incubated at 37 C for Number of animals developing
90 minutes; cell count inoculated ascites tumour
80 mill, per ml of serum with 0.2 ml in 10 days

In twofold diluted tumour
immune serum 20 0

In twofold diluted spleen
immune serum 20 10

20

16

0 30 60 90 120 150 180
Days

Fig. 2. Survival of mice inoculated with tumour cells treated with tumour serum and anti-
spleen serum (Incubation mixture: 80 million cells per ml serum; inoculum: 0.2 ml of incuba-
tion mixture)

hardly twofold prolongation of survival. The effect of anti-liver, anti-lung
and anti-kidney sera was even less.

Accordingly, anti-spleen serum, though being cytotoxic for tumour cells,
was less active than anti-tumour serum. In contrast to the above described
adsorption experiment, this observation suggested the dissimilarity of lym-
phoid and lymphoma cell antigens.

Therefore, in further assays lower numbers of tumour cells were used to
test the cytotoxicity of anti-tumour sera adsorbed with spleen cells.

Eight million or 800,000 tumour cells per ml were incubated for 90 min-
utes in normal and spleen adsorbed anti-tumour sera with complement. After
incubation, the materials were injected intraperitoneally into mice in 0.2 ml
individual doses. Thus the inoculated cell count per mouse in the first case
was 1.6 million and in the second case 160,000. Among the animals inoculated
with the lower dilution, deaths occurred simultaneously in the experimental

Acta Microbiologiea Acadsmiae Scientiarum Hungaricae 13 (1966/1967)
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and control groups. The development of tumour cells treated with normal
respectively adsorbed immune serum differed only in the group inoculated with
the higher dilution. Animals having received a higher dilution of the tumour-cell
immune serum complex developed tumour and died, hut the presence of
immune serum caused a delayed growth of the tumour (Fig. 3). The anti-
tumour serum did not Kkill all tumour cells. In fact, tumour cells damaged by
specific antibody treatment were still capable of inducing tumour growth in
mice and killed them with 20 days delay within a period of 90 days.

“ 14—
-------- L Adsorbed immunt
j1¥eerum diluted 1:7
1 L
_ Ll
—1
L
!
? -
! Control serum *
— LJ ————— PR i 1 L* N L:ILI L 1;
0 15 30 15 60 75 90

Days

Fig. 3. Survival of mice inoculated with tumour cells incubated with tumour antiserum,
previously adsorbed with normal spleen (Incubation mixture: 800 thousand cells per ml serum;
inoculum: 0.2 ml of incubation mixture 160,000 cells)

According to further studies, 3-month old Swiss mice survive the intra-
peritoneal inoculation of 16,000 to 20,000 tumour cells by more than six months.
Part of these animals fail to develop tumour. This allows the conclusion that
treatment with anti-tumour serum had been survived by more than 20,000
of the 160,000 tumour cells used for inoculation.

Discussion

According to Dulaney and Arnesen [12J, sera from rabbits immunized
with mouse tumour and normal mouse organs differ only in the degree of their
cytotoxic effect on tumour cells. From tumour antisera produced in rabbits
the cytotoxic principle could he adsorbed with homogenates of normal organs.
The specific antigen of murine lymphoid tumour was, however, demonstrable
in isoimmune system [3, 17J. Thus the animal species used for antiserum pro-
duction should carefully be chosen. In the case of inadequate choice, a small
proportion of the antibodies in the antiserum will only be tumour-specific,
being surpassed by the large amount of specific antigens [13].
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We, too, have found that rat antisera to mouse spleen and mouse tu-
mour differ in titre values. Rat antiserum to mouse tumour had lost the hulk
of its cytotoxic activity after adsorption with normal mouse spleen. Yet when
the cytotoxic test was set up with a low tumour cell count,the adsorbed immune
serum brought about a slight but distinct prolongation of survival in compari-
son to the controls. This means that for the differentiation of mouse antigens
in the cytotoxic test, rat antisera are more efficient than rabbit antisera.

After adsorption with normal organ homogenates of isoimmune sera
to lymphoid tumours Gorer, Maureen and Batchelor, too, failed to ob-
serve a tumouricide activity and registered merely the survival, or prolonga-
tion of survival of part of the animals [14].

In order to conclude to the presence of a specific tumour antigen under
our experimental conditions, first of all it is necessary to adsorb the control
sera in the cytotoxic test with spleen homogenate. Although it is hardly pos-
sible that the factor responsible for the prolongation of survival should origi-
nate from the spleen, this type of control test is indispensable in view of the
tumour cell impairing action of spleen extracts [15]. Finally, the sensitivity
of the neutralization test should also be increased, as under the given condi-
tions only a slight difference in the lower titre range was demonstrable between
adsorbed immune serum and normal serum.
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EFFECT ON INFLUENZA VIRUS OF A MODIFIED
FRANCIS INHIBITOR AND ITS ACETONE-SOLUBLE
FRACTION

Il. STUDIES ON THE MODE OF ACTION IN DE-EMBRYONATED EGGS

By
I. Hollos

National Institute of Public Health (Director: T. Bakacs), Budapest

(Received June 20, 1966)

Summary. Francis inhibitor (K,,), its diethyl-p-phenylene-diamine-diazonium-salt de-
rivative (modified Francis inhibitor or 8m) and the acetone-soluble fractions of these substances
(K(ac and 8ac) were examined for inhibitory action on the multiplication of the Budapest
4/49 strain of influenza A—1 virus in the cells of the chorioallantoic membrane of de-embryo-
nated eggs.

(i) Twenty mg per ml K (ac or 5 mg per ml 8ac added to the medium half an hour after
infection completely prevented the reproduction of infective virus, whereas 20 mg per ml of

or 8m caused no inhibition.

(if) Twenty mg per ml Sac, administered 1 hour after infection stopped virus multiplica-
tion. The same dose given at 5 hours acted also immediately, considerably reducing the yield of
the cycle in progress and preventing further cycles. Its administration at 10 hours prevented
further cycles.

(iii) The duration of the events sensitive to 8ac depends, among others, on the dose of
the inhibitor: those (or that) sensitive to 5 mg per ml take(s) place from 30 minutes to 2 hours;
those sensitive to 7.5 or 10 mg per ml start between 30 and 120 minutes and last until the end
of the eclipse. It appears likely that some viral constituents which have not stabilized until
6 hours remain sensitive to large doses of 8ac. The progress of the inhibitor-sensitive process
of virus synthesis runs parallel with the appearance of infective virus in untreated controls.
After removal of 8ac virus synthesis regenerates and after a very short lag phase proceeds at
the same rate as in the control membranes.

Previous studies [1, 11] have shown that the acetone soluble fraction
(Hac) of our 8m preparation (Francis inhibitor coupled with diethyl-p-phenyl-
ene-diamine-diazonium chloride) significantly inhibits the multiplication of
influenza virus in the roller drum as well as in de-embryonated eggs. Virus
growth was measured by titration of the haemagglutinating (HA) activity of
the medium. The degree of inhibition depended on the inhibitor concentration
and, not always significantly, on the size of the inoculum.

In the present work two questions have been studied in the de-embryo-
nated egg, (i) the correlations between inhibitor concentration and degree of
inhibition, considering the infective titre of the membrane homogenate at a
given time to represent the index of virus multiplication; (ii) to determine the
inhibitor-sensitive period of the reproduction cycle.
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Materials and methods

Follow-up of the reproduction cycle. The strain Budapest 4/49 of influenza A—1 virus
was used throughout. The procedure of de-embryonation has been published [1].

The inoculum was placed in each DEE in 3 ml medium. Then the DEEs were rolled at
37° C for 30 or 60 minutes and rinsed twice. Subsequently 10 ml medium, with or without
inhibitor, was added. At intervals, samples of 0.1 ml volume were taken from each DEE and
those taken from the same group of eggs were pooled. At the same times three chorio-allantoic
membranes (CAM) were removed from each group. These were rinsed separately three times
each in a Petri dish. The fluid on the surface of the CAMs was removed by repeated pressing
between sterile blotting papers; the CAMs were ground with quartz sand suspended in 10 ml
saline each. After centrifuging at 3000 r. p. m. for 10 minutes the supernatants were sucked
off and signed as 10° dilution of the CAM extract.

Both the pooled medium and the CAM extract were titrated in the roller drum [2] in
3 hours after preparation, using 10-0'5fold dilution series and 4 ampoules for each dilution.
After the drums had rolled for 72 hours at 37°C, the HA titres of the maintenance fluids
were determined [3]. The infectivity titre was expressed in D60 per 0.1 ml units [4]. The vo-
lume of both the maintenance fluid and the CAM extract being 10 ml, the total amount of
virus produced was 102 times the value obtained.

To control the reproducibility of the titres, we titrated a stock virus preparation 10
times within a period of 5 weeks. The standard deviation of the ID50 per ml values was 100,18.

Change of medium. The medium of the DEE was sucked off with a syringe and cannula
through a hole made in the plastic cap of the DEE. After rinsing the membrane twice with
the medium, 10 ml fresh medium was added.

Designation of the inhibitor preparations. K0 = Francis inhibitor prepared from human
serum [11]; 8m = diethyl-p-phenylene-diamine-diazonium-chloride derivative of K 0; 8ac =
acetone-soluble fraction of 8m; K,ac = acetone-soluble fraction of K,,.

Results

Correlation between the dose of inhibitor and the inhibition of virus multi-
plication in the CAM of the DEE. Eighty-eight DEEs were infected with 108
IDso of virus each, rolled for 30 minutes and rinsed. Then 8 DEEs were filled
with inhibitor-free medium, whereas the remaining DEEs were divided into
20 equal groups, each of which received inhibitor at a given concentration.
Thus each of the four preparations were tested at concentrations of 20, 10,5,
2.5 and 1.25 mg per ml. Four of the control DEEs were opened after 4-hour
incubation in the roller apparatus, i. e. still in the eclipse phase; the remain-
ing eggs were opened and used for virus titration after 16 hours.

In the period from 4 hours to 16 hours the infectivity of the control
CAMs rose from 1035to 1050. In the presence of KOor8m at the above concen-
trations, the infective titre of the CAM pools attained the control level, indi-
cating that these preparations had not inhibited virus multiplication. In the
presence of 20 mg per ml K Qac the titre remained at the 4-hour level, indicat-
ing a complete or almost complete inhibition of virus multiplication, whereas
10 mg per ml of the same preparation showed no inhibition. Of 8ac even 5 mg
per ml caused 100 per cent inhibition, whereas in the presence of 2.5 mg or
1.25 mg per ml medium the infectivity increased to 1041and 1050, respectively,
indicating 87 and 0 per cent inhibiton.
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From this experiment two conclusions can be drawn, viz. (i) only the
acetone-soluble preparations inhibited the rise of the intracellular virus titre
when such a large virus inoculum was used; (ii) the dose-response curves for
the two effective substances are steep.

The results of this experiment are consistent with the experience pub-
lished in the first report of this series [1]; then the same conclusion was based
indirectly on the HA titre of the medium.

Attempts to determine the inhibitor-sensitive period of the reproduction
cycle.

(a) Follow-up of virus multiplication and release (Table I, Fig. 1). DEEs
were infected with 10«31D50 each. After 1 hour adsorption period the seed virus
was removed by rinsing the CAMs. Samples were taken 1, 3, 5, 7, 12, 24 and
32 hours after infection.

Table 1

Multiplication of influenza virus in de-embryonaled eggs (DEE) in the
presence and absence of 8 ac

Strain: A—1 Budapest 4/49 Inoculum: IG®8 ID5,/DEE
Adsorption ratio: 76%

Infeetivity titres* of samples taken

8ac added .
ut Specimen
1 3 5 7 1 12 24 k7
hours after inoculation

membrane 3.3 2.2 2.2 2.2 4.0 43 4.3
medium 35 ' 33 3.0 5.0 7.0 6.5
membrane 3.0 3.0 3.0 3.0 3.0 1.0

1 hour
medium 1.0 1.0 3.0 2.3 3.0 2.3
membrane 1.2 2.0 2.0 1.7

5 hours
medium 1.0 1.0 34 15
membrane 3.3 31 3.0

10 hours
medium 2.0 1.0 1.3

*log 11)50 in 0.1 ml

Titration of the pooled maintenance fluid at one hour showed that about
76 per cent (10*-78 ID50) of the seed virus had been adsorbed to cells; from the
difference between this and the three-hour CAM titres it was established that
10«- ID50 per CAM had turned into eclipse.
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Fig. 1A shows the dynamics of virus infectivity in the control CAM and
medium pools. The infectivity of the CAM rose after the 7th hour only, to
attain 1040hy the 12th, and 1()43 by the 24th hour. Then it remained at the
same level. The titre of the medium too began to rise after 7 hours; it reached

hours

Fig. 1. The virus-reproduction-inhibiting effect of 8ac when added to DEE at different times
after inoculation with influenza virus. Strain: A—1 Budapest 4/49, inoculum: 10I;9 ID50;
adsorption time: 1 hour; virus turned into eclipse: 10fi'77 ID 50; dose of inhibitor: 20 mg per ml
medium. A: infectivity curves without inhibitor (virus control); B, C, D: infectivity curves
when inhibitor was added at 1, 5 and 10 hours, respectively. 1: titre in CAM; 2: titre in medium

105 and 107 by 12 and 24 hours, respectively. Such a behaviour speaks for a
multicyclic multiplication.

Fig. IB shows the effect of 20 mg per ml 8ac added to the system one hour
after infection. Rise in the CAM’s infectivity could not be demonstrated, in
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spite of frequent samplings. The slight rise in the titre of the medium between
5 hours and 7 hours and its stagnation at the same level in the presence of the
virucidal 8ac shows that some virus was nevertheless released into the medium.
The peak at the level of 103-0 was, however, not comparable with the 107 titre
of the control medium.

Another difference between the control membranes and those treated
with 8ac was that in the former the litre fell from 103'3to 1022during the first
two hours after infection, presumably as a result of a continuous turning of
virus into eclipse: a similar drop could not he observed in the CAMs that
had received 8ac at 1 hour, suggesting that 8ac may cause a transitory disturb-
ance in penetration or in turning into eclipse.

In the third part ol the experiment (Fig. 1C) 8ac was added in the
second third ofthe reproduction cycle, at 5 hours. Subsequently, the CAM’s
infective titre dropped from 1022to 1012 then rose to 102'0 and remained at
this level till the end of the experiment. The further course ofthe curve did not
differ significantly from that seen in Fig. IB. The reduction in the CAM’s
infectivity might he explained by a forced release of virions which had been
adsorbed hut had not penetrated.

In the fourth part of the same experiment 8ac was added at 10 hours.
Here, too, there was no further rise in the titres after addition of 8ac. The declin-
ing titre of the medium after 10 hours showed that further cycles had failed
to proceed.

(b). Attempts to determine the inhibitor-sensitive period of the reproduction
cycle by varying the time of adding or of removing 8ac, and titrating CA M infec-
tivity at a constant time.

Since the virucidal effect of 8ac preventsthe analysis of its effect on virus
adsorption, inhibition of intracellular virus multiplication was analyzed by
combining two methods.

(i) Under experimental conditions resulting in an approximately one-
step reproduction 8ac was added to the system at different times and left in
the medium until the end of the experiment. The latest time at which the addi-
tion of 8ac still caused 100 per cent inhibition was considered to indicate the
beginning of the inhibitor-sensitive processes. The earliest time at which the
addition failed to result in inhibition was considered to indicate the end of the
sensitive processes.

(ii) 8ac was added immediately after the end of the adsorption period
and the time of its removal was varied. Tinlvirus yield was estimated at a
constant point of time (Il or 16 hours after infection in different experiments).
The latest time at which the removal of 8ac was still followed by an approxi-
mately 100 per cent yield was considered to indicate the onset of the sensitive
processes, while the earliest removal which was followed by the lowest yield
was considered to indicate the end of the same processes. On the basis of ex-
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periments of this type we attempted to estimate the lag phase of the regenera-
tion of virus reproduction from the difference in time needed for producing the
same yield by the treated CAMs after removing the inhibitor and by the con-
trol CAMs after infection.

DEEs were infected with 10741D 50 of virus each and rolled for 30 minutes.
Then the medium was sucked off and the membranes were washed. From
the titre of the medium the amount of infective virus that had been adsorbed
to a CAM was estimated at 1009 IDg0. Infectivity of control CAMs was

Fig. 2. Correlation between the time of addition or removal of 8ac and the inhibition of virus

multiplication in the CAM of the DEE. Virus: A—1 Budapest 4/49; inoculum: 1074 LUl 50 Pel"

CAM; adsorption period: 30 minutes; dose of 8ac: 10 mg per ml. Titration of infectivity at 11

hours, in control CAMs at the indicated times. Virus titre expressed in per cent of the titre of the
control CAM extract at 11 hours

Explanation: Each empty-circle (O-------------- O) in the curve indicates the virus yield obtained

at 11 hours when 8ac was added at the time indicated by the position of the empty circle.

Each full triangle (A-------—- A) in the curve indicates the virus yield obtained at 11 hours

when 8ac was added at 30 minutes after infection, and removed at the time indicated by the
position of the full triangle

titrated at 3, 5, 8 and 11 hours after infection. The titre at 3 hours was consider-
ed as 0 per cent multiplication, that at 11 hours as 100 per cent. The curve in
the right of Fig. 2 shows the dynamics of multiplication in the control system.

The medium of groups 1—5 was changed for a medium containing 10 mg
per ml 8ac at 30 minutes, 2, 4, 6 and 8 hours, after infection (see the empty
circles in Fig. 2). At 11 hours, i.e. when the first cycle had practically come to
an end, the groups of CAM were titrated. Taking the 11-hour titre of the con-
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trol group as 100 per cent, those for groups 1—5 were 28, 31, 18, 62 and 82
in the order of the time of adding the inhibitor.

Four further groups of DE F were given Hac in the 301 minute after
infection. The inhibitor was changed for inhibitor-free medium at 2, 4, 6 and
8 hours after infection (see the filled triangles in Fig. 2). All the CAM homoge-
nates were titrated at 11 hours. In these cases the virus titre at 11 hours was
57, 67, 25 and 28 per cent of the 11-hour value of the control, in the order of
the times of removing the inhibitor.

According to these data, neither 100 per cent inhibition nor 100 per cent
multiplication (i.e. regeneration of the multiplication) occurred in the CAMs
once treated with 10 mg 8ac per ml. If 50 per cent multiplication is accepted
as practically unimpaired, the sensitive process may be considered to occur
before 6 hours after infection.

Although a reproduction cycle in this system does not last longer than
11 or 12 hours, it was nevertheless supposed that a prolongation of the incuba-
tion might he favourable for approaching 100 per cent multiplication even after
a period of treatment with Hac.

DEEs were infected with 108 IDY) of virus each and rinsed after 30-
minute rolling. Then six groups of DEE were given 5 mg per ml Hac, whereas
seven groups received the inhibitor-free medium. CAM homogenates obtained
from the control group were titrated 4, 6, 8, 12 and 16 hours after infection.
The 4-hour level was considered 0 per cent, the 16-hour level 100 per cent, mul-
tiplication. In Fig. 3 the virus titres of the control membrane homogenates are
indicated by a solid line and full circles. The empty circles indicate the addi-
tion of 5 mg per ml Hac at 2 or 4 hours. Filled triangles indicate removal of
the inhibitor and substitution with the inhibitor-free medium (five groups).
Infectivity was titrated at 16 hours in all groups.

Five mg per ml Hac added after 30-minute incubation with the virus
caused 100 per cent inhibition. The same concentration, however, failed to in-
hibit virus multiplication when added at 2 or 4 hours.

According to this experiment the process which is most sensitive to such
a minimum concentration of Hac takes place between 30 minutes and 2 hours
after virus had been added to the membranes. Regeneration ensues without
any demonstrable lag phase or reduction in the final titre.

The experimental conditions and the symbols in Fig. 4 are the same as
for the previous experiment and Fig. 3. The only difference was in the concen-
tration of Hac, this having been twice higher, i.e. 10 mg per ml. Five groups
of DEE were given inhibitor at 0.5, 2, 6, 8, and 12 hours, respectively, infec-
tivity of all these groups was titrated at 16 hours, whereas inhibitor-free groups
were titrated at 4, 8, 12 and 16 hours.

This large dose of inhibitor caused 100 per cent inhibition even when
added to the system after 4-hour incubation with the virus. Addition of the
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Fig. 3. Correlation between the time of addition or removal of 8ac and the inhibition of virus

multiplication in the CAM of the DEE. Virus strain: A—1 Budapest 4/49; inoculum: 10s ID%0

per CAM; adsorption period: 30 minutes; concentration of Sac: 5 mg per ml. Infectivity

titration at 16 hours and in control CAMs at the indicated times. Virus titre expressed in per

cent of the infectivity of the control CAM extract estimated at 16 hours. Explanation: See
under Fig. 2

Fig. 4. Correlation between the time of addition of 8ac and the inhibition of virus multiplica-

tion in the CAM of the DEE. Virus strain: A—1 Budapest 4/49; inoculum: 108 1D H per CAM;

adsorption period: 30 minutes; concentration of 8ac: 10 mg per ml. Infectivity was titrated at

16 hours and in control CAMs also at the indicated times. Virus titre expressed in per cent of
the titre of the control CAM extract at 16 hours. Explanation: See under Fig. 2
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inhibitor at 6, 8 and 12 hours resulted in 90, 50 and 0 per cent inhibition of
virus multiplication, respectively .Thiswas consistent with the former experiment.
According to the control group there was still no newly-produced infective virus
in the CAM homogenate at 8 hours.

The event(s) sensitive only to this relatively large dose of inhibitor started
in the 4th hour and came to an end between 8 and 12 hours, i.e. in the
period of the appearance of new virions in the control membranes. Meanwhile
the products of these events seemed to grow in amount and/or stability. Given
at 12 hours, even the large dose of Bac failed to inhibit the further processes
of reproduction. The existence of a process taking place after 12 hours is evi-
denced by the steep rise of the control curve between 12 and 16 hours. There
is little doubt that this process was the building up of the virion from the viral
components the production of which had come to an end by 12 hours. If the
rise in infectivity between 12 and 16 hours had been due to a second cycle of
reproduction, this — being in an early phase of the cycle — would have been
inhibited by the Bac added at 12 hours.

The results of previous three experiments suggest that the inhibitor-sen-
sitive phase of the reproduction cycle starts at about the 30th minute of the
incubation with virus and the product(s) of the inhibitor-sensitive processes
remain in an unstable state in which they cannot resist a large dose of Sac.

For the next experiment the virus inoculum was raised to 1035 ID 50,
whereas the concentration of the inhibitor was reduced to 7.5 mg per ml.
Otherwise the experiment, and also the symbols in Fig. 5, corresponded to the
preceding experiment, sac was added at 30 minutes and removed from the
four groups at 4, 6, 8 and 12 hours, respectively.

Owing to the large inoculum, a considerable rise in the infectivity of the
control CAMs was observed as soon as at 4 hours. Removal of the inhibitor
at 2 hours resulted in 100 per cent multiplication, suggesting that the 14-hour
period after removal was sufficientto complete the reproduction cycle. Removal
at 4, 6 and 8 hours (followed by 12, 10 and 8 hours of re-incubation in in-
hibitor-free medium) resulted in 81, 54 and 44 per cent multiplication, re?
spectively. Removal at 12 hours (followed by 4-hour re-incubation) was too
late to allow any rise in infectivity measurable at 16 hours.

This experiment has shown that after the inhibitor had been removed
CAM cells were again able to continue the interrupted cycle and produce the
same infective virus yield as the untreated cells, provided there was enough
time to complete a reproduction cycle until titration.

It may he concluded that the sensitive process started at about the
2nd hour and came to an end after the eclipse had been finished.

The two curves in Fig. 5, i. e., the curve representing virus production
and that representing the regeneration of virus reproduction after removal of
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the inhibitor, were in close relation, suggesting that virus multiplication pro-
ceeds at the same rate whether or not the cells have been pretreated with 8ac.

To visualize the expectable lag phase between the removal of 8ac and
the regeneration of the reproduction cycle, a graphic method was applied
(Fig. 5). A horizontal line was drawn from each of the filled triangles represent-
ing virus production after the removal of 8ac at the corresponding time. These
horizontal lines intersect the control virus production curve (a curve drawn

Fig. 5. Correlation between the removal of 8ac and the inhibition of virus multiplication in

the CAM of the DEE. Virus strain: A—1 Budapest 4/49; inoculum: 109’5 1D 50 per CAM; con-

centration of 8ac: 7.5 mg per ml. Infectivity was titrated at 16 hours and in control CAMs

also at the indicated times. Virus titre expressed in per cent of the titre of the control CAM
extract at 16 hours. Explanation: See under Fig. 2

arbitrarily through three experimentally determined points). From each of
the intersection points the perpendicular line to the time co-ordinate axis
was drawn to show the period of time necessary for producing by the control
membranes the same amount of infective virus which was produced until
the titration time by the CAMs from which the inhibitor had been removed
at the given time. Any delay in virus reproduction in the pre-treated CAMs
was considered to be informative of the lag phase of regeneration. Fig. 5 shows
some delays, but these correspond to very short lag phases. Production of
a yield equal to that produced by the pre-treated CAMs during 12, 10 and 8
hours took approximately 11 hours 45 minutes, 8 hours 40 minutes, and 7
hours 45 minutes, respectively, in the control membranes. Thus, the estimated
lag phases appear to range between 15 and 80 minutes.
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Discussion

The roller drum method [2] is a sensitive procedure for titrating the in-
hibitors of influenza virus multiplication. The method has, however, two dis-
advantages: (a) the yield mostly consists in incomplete virus, which cannot
be titrated hut by its HA effect; (b) the inhibitor once added cannot he removed
from the system. Thus, evaluation of the true effect on viral reproduction is
disturbed if the inhibitor influences virus adsorption or virus HA, or both.
The presence of our inhibitor inhibited both.

The DEE technique, on the other hand, has been used on a wide scale
to study the reproduction of influenza virus [5—s8] and the antiviral effect of
chemical compounds [9, 10]. Virus production is measurable with the growth
of infectivity in both the CAM cell homogenate and the fluid medium.

Using large inocula in the DEE, only two of our Francis inhibitor deriv-
atives (K nac and 8ac) have proved to inhibit viral reproduction to an extent
measurable by the reduced infectivity of the CAM. Both of these derivatives
are soluble in organic solvents and fail to precipitate during dialysis against
distilled water. 8m, on the other hand, which had proved more effective than
K mac when tested in the rolling drum, had no such effect. Our earlier prepara-
tion termed No. 8 [11], which inhibited the multiplication of the influenza
virus in the embryonated egg, was a mixture which contained part of the 8ac
fraction.

The investigations into the mechanism of action of 8ac have already
pointed to several characteristics. The effect of the substance appears very
soon after its addition to the system, enforcing an elution of the adsorbed
virions and, possibly disturbing the virus release. A disturbing effect on the
penetration or on turning into the eclipse phase cannot he excluded, either.

The length of the period of virus synthesis which is sensitive to 8ac de-
pends on the dose of the inhibitor (and on the length of the observation). The
correlation with the dose might be explained by assuming that a larger dose
inhibits more processes or that the early products of viral reproduction are
labile and their stabilization is inhibited by large doses of 8ac. Accordingly,
the sensitive events start between 30 minutes and 2 hours, this is followed by
a stabilization period of 2 hours to 6 hours and terminates at the end of the
eclipse period.

Sensitivity to large doses of inhibitor does not cease before the end of
the eclipse phase. The processes in progress are slowed down by the addition
of large dose of 8 ac and then new cycles are prevented.

Virus reproduction soon regenerates after 8ac has been removed.

Elucidation of the effect in vivo of 8ac and its mode of action on the syn-
thesis of viral constituents needs further studies.
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Summary. From 1037 acute neurological cases observed in Hungary in 1963 1965,
serum samples were examined with the quantitative neutralization and haemagglutination
inhibition tests. Neutralizing antibodies to the Hungarian KEm, strain of tick-borne encepha-
litis virus were found in 23 per cent of the cases of encephalitis and 10 per cent of those of
aseptic meningitis. The haemagglutination inhibition test was positive more often than the
neutralization test and the two tests gave divergent titres in the same serum samples. On the
basis of the divergencies it is supposed that some other arbovirus of Casals’s group B is preva-
lent in Hungary.

Acute neurological cases, caused by the tick-borne encephalitis (TBE)
virus, occur sporadically in almost the whole area of Hungary in every year.
One of us (E. M.) has examined the frequency of neutralizing antibodies to
the TBE virus in the sera of such patients since 1958. Out of the cases of en-
cephalitis and aseptic meningitis examined until the end of 1962, 25 per cent
and 13 per cent, respectively, proved to be seropositive [I]. The present report
describes similar serological studies for the years 1963—1965. For comparison,
parallel with the neutralization test in HeLa cultures, the sera were tested for
haemagglutination-inhibiting (HI) antibodies with an antigen prepared from
TBE virus.

Materials and methods

Serum samples. Sera submitted to the Virus Department of this Institute from
1037 neurological cases clinically suspect of TBE or other virus infection were inactivated
at 56°C for 30 minutes and kept at —7° until tested.

Virus strain. The KEnq strain of TBE virus was isolated in Hungary from ticks [2J
and carried over numerous passages in the mouse brain before adapted to HelLa cells |3].

HelLa cell suspension. Fifteen thousand HelLa cells per ml were suspended in a medium
containing 90 per cent Hanks’s balanced salt solution enriched with 0.5 per cent lactalbumin
hydrolysate, and 10 per cent calf serum [4].

Neutralization test. A hundred CPD-,, of virus was mixed with an equal volume of the
indicated serum dilution. The mixture was kept at 37°C for 90 minutes, then added in a test
tube to the freshly prepared HeLa cell suspension. The test was described in detail elsewhere [11

Haemagglutinating antigen. Noninfectious TBE virus antigen for the group-specific HI
test was kindly supplied by the Poliomyelitis and Viral Encephalitis Research Institute of the
USSR Academy of Medical Sciences, Moscow.

Haemagglutination-inhibition test. Sera were freed from nonspecific inhibitors and
haemagglutinins by adsorption with 25 per cent kaolin and a 10 per cent goose erythrocyte
suspension, respectively. The test was performed as recommended by Cranke and Casars [5].

As neuratralization and HI titre the highest serum dilution preventing the cyto-
pathic effect and haemagglutination, respectively, was considered.
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Results

In the years 1963—1965, 1500 serum samples obtained from 1037 cases
were examined with virus neutralization test. The diagnosis was encephalitis
in 462 cases and aseptic meningitis in 575 cases. Neutralizing serum antibodies
were present in 23 per cent ofthe encephalitis cases and 10 per cent of the
aseptic meningitis cases (Table 1).

Table |

Incidence ofneutralizing serum antibodies to the KE T n strain of TBE virus in patients with various
acute neurological diseases

(1963-1965)

E ncephalitis Aseptic meningitis Total
Year No. of Positive No. of Positive No. of Positive

cases cases cases

tested No. % tested No. % tested No. %
1963 106 20 19 250 28 1 356 48 13
1964 132 22 17 174 7 4 306 29 9
1965 224 65 29 151 19 13 375 84 22
1963-65 462 107 23 575 54 10 1037 161 16

Table 1l shows the neutralization titres of the paired sera of 294 patients:
253 cases were negative, antibodies were present in 41 convalescent-phase
samples. In 9 of the seropositive cases the acute-phase sample contained high-
titre antibody. In the remaining 32 cases the rise in titre was significant.

Table 11

Neutralization titres of paired sera
(1963 —1965)

Convalescent samples
Total

~10 100 1000
~10 253 3 20 276
Acute
sam- 100 0 0 9 9
pies
1000 0 1 8 9
Total 253 4 37 294

“Reciprocals
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In Table Il the HI titres of 221 serum pairs are presented. Out of these
76 proved to be seropositive in the convalescent phase; 33 patients had anti-
bodies in the acute phase already.

Table 111

111 titres of paired sera to the group B of arboviruses
(1964 1965)

Convalescent sera

Titres* Total
<10* 40— 160 320—640 71000
10 145 19 6 « 170
Acute
phase 40- 160 4 17 15 2 38
sera
320 640 1 5 7 0 13
Tota 150 41 28 2 221

*Reciprocals

A comparison of the results of the neutralization test with those of the
H | test (Table 1V) has shown that out of the 1007 samples examined with both
tests 124 proved to be positive (NP in the following) while 718 proved to be
negative with both tests; 165 patients had only HI antibodies (HIP-NN
cases). It should be emphasized that all the NP sera bad group-specific HI anti-
bodies as well.

Table 1V

Comparison of | lil'. virus neutralization and group-specific Il titres in sera
(1964 1965)

Neutralization titres

Tires” ~Oo+ 100 ;>i000 Tol

g 10 718 0 0 718
'2 40 320 128 35 69 232
* 640- 1000 37 3 17 57
Total 883 38 86 1007

* Reciprocals

Fig. 1shows the incidence by age and sex of the NP cases. As seen, the
incidence of seropositivity grew with the age, being 5, and 26 per cent in the
three age groups, irrespective of sex. Of the 1037 patients 653 (63 per cent)
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were males and 384 (37 per cent) females. The sex incidence among the dis-
eased persons was about the same, 16 and 15 per cent, respectively.

Most seropositive cases occurred in the period from May to August (Fig.
2). The incidence of NP cases was the highest in June in both 1964 and 1965.
The curve representing the HIP-NN cases reached its peak in July; in 1965
it remained at the same level in August (Fig. 2).

276 139 2 82 219 133 37 30 653 381

Fig. 1. Incidence of cases with neutralizing antibodies to the TBE virus, distributed by age
and sex (1963 —1965)

Fig. 2. Monthly incidence of seropositive TBE cases (1964 and 1965)
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The geographical distribution of the NP cases observed in the years
1958—1965 is shown in Fig. 3. It is clear that the incidence was highest in the
region near the western border of Hungary. Out of the 305 cases 159 (52 per cent)
occurred in four counties, where on the average more than 30 per cent (in
Gy6r-Sopron county 50 per cent) of the cases proved to be positive. In the

O

0% 1-9% 10-14-% 15-25% 40-50%

Fig. 3. Geographical distribution of seropositive patients suffering from acute diseases of the
central nervous system. Numerator: cases with neutralizing antibody to TBE virus. Denomi-
nator: acute neurological cases tested. Encircled figures: cases with H 1 antibodies having no

neutralizing antibodies

other 15 counties the average positivity was 10 per cent. Pest county and the
town of Budapest are treated together in the map. Thus the 11.2 per cent posi-
tivity of neurological cases in a mostly urban population appears relatively
high. Many of these patients must have had acquired the infection in the
country. In three countiesno NP cases were observed. From these counties,
however, few (altogether 62) serum samples were submitted.

The incidence of IIIP-NN cases is also shown in Fig. 3; more than 60

per cent of these cases were observed in two counties at the southwestern
border.
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Discussion

The clinical diagnosis of TBE presents great difficulties in the early phase,
when the complaints are indistinct and thus suspection usually arises af-
ter several days’ observation only, when specific serum antibodies have already
appeared. Moreover the majority of patients are adult men, who usually con-
sult a physician after they have developed neurological symptoms. In this
late phase a further rise in antibody titre cannot he expected and a persistent
high titre may equally indicate a current or a previous infection.

It is well-known that under the temperate climate cumulation of arbo-
virus infections occurs from the early summer to the autumn, depending on
the blood-sucking arthropod vector. In the present study the peak of the curve
representing the incidence of HIP-NN cases followed the peak of the NP curve
with a delay of one or two months, suggesting that the former cases should
represent infections with a group B arbovirus of different ecology. The diver-
gencies between the HI and neutralization titres in the NP group appear to
support this view.

Data suggestive of the occurrence of another group B arbovirus have
been reported recently from Austria [7] and Czechoslovakia [8]. In both coun-
tries areas near the Hungarian border appear to be affected. The most affected
areas of Hungary are the valleys of the rivers entering the country from the
affected areas of Austria and Czechoslovakia, and now we must reckon with
mosquito-borne arboviruses in those valleys.

Aknowledgement. The authors are indebted to Professor M. pP. Chumakov (Moscow) for

supplying the antigen used in the 111 tests.
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SEROLOGICAL PROPERTIES OF PSEUDOMONAS
AERUGINOSA

I. GROUP-SPECIFIC SOMATIC ANTIGENS

By
Il. LANYI

National Institute of Public Health (Director: r. Bakacs), Budapest
(Received June 21 1966)

Summitry. Immune sera prepared with boiled suspensions of PS. aeruginosa agglutinated
most definitely living cells and cultures heated first at 100°C for 2% hours then at 130°C for
1 hour. Mild heating, alcohol, saturated sodium chloride and formalin rendered PS. aeruginosa
cultures O-inagglutinable. Heating at 109° to 130°C restored O-agglutinability proportionally
to the time and temoperature of exposure. Acid treatment exerted an effect similar to that of
higher temperatures. W hen subjected to the above treatments, somatic antigens retained
their immunogenicity and agglutinin-binding capacity

On the basis of studies on 2197 PS. aeruginosa strains isolated from various materials,
an antigenic schema containing 13 O groups has been devised. By diagnostically imoportant
partial antigens serogroups 3, 4, 5, 7 and 10 were further divided into 13 subgroups. In addition
to group-specific antigens most PS. @aeruginosa strains contained a common somatic factor
No thermolabile somatic antigens were detectable by agglutination test.

Parallel tube agglutination with heated suspensions and slide agglutination with living
bacteria indicated that the two methods were equivalent for the determination of group-specific
antigens. A detailed description of type strains and methods for the preparation, checking and
absorption of typing sera is presented. The group and subgroup distribution of 2197 strains in

various materials is discussed

The importance of the serological differentiation of Pseudomonas aeru-
ginosa is clearly shown by the fact that since sacobsthai’s studies in 1912
[1] at least 47 papers dealing with this problem have been published. Investiga-
tions performed until 1961, the results of which have been excellently reviewed
by Verdek and Evans [2], indicated generally that Ps. aeruginosa was a
serologically heterogeneous species. Although the first investigators already
referred to the possible presence of distinct thermostable and thermolabile
antigens, later some authors claimed that unlike in the family Enterobacteri-
aceae, the somatic and flagellar antigens of Ps. aeruginosa cannot be distin-
guished serologically. Other authors suggested that the precipitation test with
antigenic extracts was more helpful for the serological division of Ps. aerugi-
nosa. The contradictory findings of earlier workers are explained by the fact
that in lack of a knowledge of the properties of Ps. aeruginosa antigens, many
of them performed serological studies in systems not allowing a sufficient sep-
aration of reactions given by antigens with different physicochemical prop-
erties.

More recent authors, utilizing data of the serological properties of En-
terobacteriaceae, have made a great progress in the elucidation of the nature

Acta Microbiologica Acadcmiae Scientiarurn Hungaricae 13 (1966/1)67)



296 B. LANYI

of Ps. aeruginosa antigens. Habs [3] in 1957 by the use of heated antigens and
immune sera prepared against them devised an antigenic schema suitable for
the practical differentiation of Ps. aeruginosa strains. Habs divided 70 strains
by thermostable antigens into 12 groups. Kleinmaier [4] showed that the
slide agglutination technique was suitable for the differentiation of strains
according to Habs’ antigenic schema, as slide agglutination with living bac-
teria in sera prepared with heated organisms and the tube agglutination test
performed as described by Habs always gave similar results. Kleinmaier and
Muller [5] demonstrated that precipitation test in sera prepared with heated
bacteria also gave identical results with Habs’ agglutination test. Muller and
Kleinmaier [6] confirmed the Habs schema with the agar gel diffusion
technique.

Kleinmaier, Schreiner and Graeff [7] have recognized that reactions
given by thermolabile antigens can be distinguished from those due to thermo-
stable antigens only in sera devoid of agglutinins reacting with the thermo-
stable antigen. Working thus with pure antibodies, they were able to demon-
strate a definite difference between the granular-type agglutination of thermo-
stable and the fluffy-type agglutination of thermolabile antigens. They also
observed that identical or related thermostable antigens may he present in
strains containing different thermolabile factors. These investigations gave no
definite answer as to whether these thermolabile factors were somatic or flag-
ellar components. Verder and Evans [2] divided 326 pyocyanin-producing
Ps. aeruginosa strains into 10 0 groups and 13 O subgroups. On the basis of
10 H factors they distinguished 29 serotypes. In the history of Ps. aeruginosa
serology, Verder and Evans were the first to use the designation system
known as “a—b relationship”, which has recently been employed in different
Enterobacteriaceae serological schemata.

Sandvik [8] included the majority of 87 strains of animal origin into
his antigenic schema containing 7 0 groups. He compared his type strains
with those of Habs and thus first attempted to coordinate two independently
elaborated Ps. aeruginosa antigenic schemata. Gould and McLeod 19] examin-
ing 240 Ps. aeruginosa strains concluded that at least 4 different antigenic com-
ponents were present in their strains. They observed no difference in immuno-
genicity between antigens treated at lower and higher temperatures. Meitert
[10] by use of sera prepared with heated antigens and heated suspensions di-
vided 304 strains into 10 O groups. Meitert’s 10 groups correspond in reality
to 8 groups, since due to bilateral relationships, groups | and IV as well as VI
and X cannot be considered distinct groups. Hobbs, Cann, Gowland and
Byers [11] showed by agar gel diffusion a number of different antigens in
pseudomonads and other Gram negative bacteria. Of the 6 common compo-
nents at least one was present in all examined Pseudomonas, Achromobacter,
Vibrio and Aeromonas strains. Wahba [12] in a study of 1961 Ps. aeruginosa
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strains confirmed that living cultures could be typed by slide agglutination
according to Habs’ antigenic schema.

The purpose of the present work was to elaborate a simple, well-repro-
ducible method for the serological typing of Ps. aeruginosa, which, in addition
that it allows the differentiation of a relatively large number of serological
units, offers valuable information to the epidemiologist. In order to elucidate
contradictory findings of earlier authors, special attention has been paid to
the properties of Ps. aeruginosa antigens.

Materials and methods

Ps. aeruginosa strains. The sources of the 2197 strains isolated during the years 1958 —

1965 are presented in Table X . Strains originating from non-faecal material were isolated on
culture media used in routine bacteriology (nutrient, blood, chocolate, eosin-methylene blue
and brilliant green agar). Part of the faecal samples was cultured on eosin-methylene blue,
brilliant green, desoxycholate citrate and bismuth sulphite agar; other faecal specimens were
seeded into liquid merthiolate-brilliant green enrichment medium [13]. W ater and sewage

samples were cultured by the membrane filter or the multiple tube dilution technique [13]

In order to obtain pure cultures, each primary isolate was streaked onto a brilliant
green agar plate, then one isolated colony was transferred to an agar slant. The strains were
stored in a dark place at room temperature in Liebig extract agar stab cultures stoppered
with cork sterilized by heating in paraffin. Subcultures were made at 1 % to 2 year intervals.
More important strains were maintained also by freeze drying

Identification of Ps. aeruginosa. strains exhibiting the following properties were regarded

as Ps. aeruginosa:character.suc growth after 18 hours at 37°Con brilliant green agar, growth at
42°C on beef extract agar, positive oxidase test [14], oxidative decomposition of glucose,
rapid liquefaction of gelatin [15], reduction of nitrate into nitrogen [16]. Pigment production
was also examined, but because of a fairly frequent incidence of pyocyanin negative strains, it
was not considered a differential criterion.

Preparation of immune sera. o sera were prepared with strains producing “smooth” or
“mucoid” colonies. From all strains selected for serum production at least two different antigens
were prepared as follows. An 18 to 20 hour nutrient agar culture of the strain was washed off
with saline, then half of the suspension was heated in a 75°C water bath for 1 hour; the other
half was steamed at 100°C in an Arnold sterilizer for 2% hours. The suspension was then

diluted so as to correspond approximately to the density of a standard suspension which

when diluted 1 :10 and placed in cuvettes with 1 cm light path, gave 60 per cent transm ittance
in the Beckman model DU spectrophotometer set at 0.03 mm slit and 530 m Tl wavelength.
Rabbits were injected twice weekly with graded intravenous doses of 0.5— 1.0 2.0 — 4.0 — 5.0
mi. W hen living antigens were used, 0.1 0.2 — 0.5 — 1.0 2.0 — 4.0 ml doses were given. The

sera were preserved with 0.5 per cent phenol and stored at 4°C.

Slide agglutination was performed with 18 to 20 hour ox-blood agar cultures in the
“working dilution” of O sera.The working dilution corresponded to a dilution of the serum in
which the homologous culture and antigenically identical strains agglutinated strongly in 1 to
4 seconds (+ + + ~b agglutination), but reactions due to minor antigenic relationships were
weak or absent. The sera were diluted with physiological saline containing 0.5 per cent phenol.
The working dilutions usually varied from 1 : 10 to 1 : 30; some sera were used in dilutions 1 :50
to 1 : 150

Tube agglutination. Anaitysis of 0 antigens was performed with suspensions heated first
for 2 1/2 hours at J00°C then for 1 hour at 130 °C. This antigen, referred to in the following as

2 1/2 hr. 100° -f- 1 hr. 130°" antigen, was prepared as follows. The growth of nutrient agar
plates was suspended in saline and steamed for 2 1/2 hours at 100°C in an Arnold sterilizer.
The suspension was centrifuged and the bacteria were resuspended in glycerol (1 Roux flask
culture in 2 to 3 ml), pipetted in 50 mI| Erlenmeyer flasks which were then placed in a 130 °C
hot air oven for 1 hour. After heating the antigens were left to stand at room temperature for
2 days, then adjusted photometrically with phenolized saline to the density of a standard giving
74 per cent transmittance in 1 : 10 dilution in | cm cuvettes of the Beckman model DU spec-

trophotometer set at 0.03 mm slit and 530 in// wavelength.
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Tube agglutination was performed with 0.5 m1l serum dilutions and 0.05 m1l bacterial
suspensions Readings were made after incubating the tubes in a water bath at 50°C for 20
hours

Special antigens for lube agglutination. serological properties of PS. aeruginosa were
examined by use of the following antigens. Bacteria grown for 18 to 20 hours on agar, blood

agar, 0.3 per cent sodium desoxycholate-containing blood agar or eosin methylene blue agar

prepared with 1 per cent Mavekal (anionic detergent [17]) were used as living suspensions or,
after an exposure to various temperatures, as heated suspensions Acid treatment was per-
formed by adding 3 volumes of N hydrochloric, 0.1 N hydrochloric, or glacial acetic, acid to

suspensions about two or three times as concentrated as the standard density described for
the “ 2 1/2 hr 100° + 1 hr 130°” antigen After incubation at 37 °C for 1 day the suspensions
were centrifuged and the depositwas neutralized with sodium hydroxide. Alcoholized antigen
was prepared by adding 1 volume of 96 per cent ethanol to the suspension, then after incuba-
tion at 37°C for 2 days the bacteria were centrifuged and finally resuspended in saline. Sodium
chloride treatment was carried out as follows The living suspension was saturated at 37°C
with sodium chloride then after 2 days incubation at 37°C the salt was removed by centri-
fugation or dialysation against tap water Formalinized antigen was prepared either with
bacteria cultured on the above media or with broth cultures of strains passaged previously in
U tubes containing semisolid agar. Formalin was added to a final concentration of 0.5 per cent,
then the suspensions were incubated at 37°C for 2 days. AIll the above antigens were adjusted
to the approximate density described for the “ 2 1/2 hr 100° -f- 1 hr 130°” antigen
Absorption of agglutinins. Absorbed sera for the determination of O subgroups were

prepared as follows. The growth from 18 to 20 hour Roux flask cultures (1 Roux flask
contained about 130 ml nutrient agar) was suspended in saline, steamed at 100°C for
1 hour then centrifuged. The bacteria were resuspended in saline to a volume which to-
gether with the concentrated serum gave the required serum dilution. Generally, serum

dilutions 3 to 4 times as concentrated as the working dilution were absorbed. The suspensions
were incubated first for 2 hours at 37°C then overnight at 4°C. After centrifugation the
supernatant serum dilution was preserved with phenol at 0.5 per cent final concentration
The bacteria remaining in the deposit could be used for a repeated absorption; they were resus-
pended, heated at 100°C for 1 hour, centrifuged and used for exhausting a fresh aliguot of
unabsorbed serum. For the complete removal of all unrequired agglutinins a considerable

amount of culture was needed (see Table V I11).

Results
1. Properties of Ps. aeruginosa antigens

Agglutinability. The properties of Ps. aeruginosa antigens were studied
on a number of different strains. Bacterial suspensions used in the experiments
were treated with heat and chemical substances, then their agglutinability,
immunogenicity and agglutinin-binding capacity were examined. In Table |
some characteristic data are presented. These results were obtained with strains
Ps 11 and Ps 304, which contained identical H antigens but different O anti-
gens. Table I shows the effects of various treatments on agglutination. Only
titres obtained in tubes incubated at 37°C for 2 hours are presented. All tests
were performed also in series incubated for 20 hours at 37°C, 2 hours at 50°C
and 20 hours at 50°C. Readings differing significantly from results obtained
after 2 hours at 37°C are presented in the text.

From Table 1 it is clear that the living antigen after a short incubation
period gave a high titre agglutination in all sera. In this respect there was no
significant difference between sera prepared with homologous antigens sub-
jected to different treatments. The living suspension produced a coarse granu-
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lar dumping resembling the agglutination of Escherichia B antigens. The
living antigen did not show this type of agglutination in sera absorbed with
a boiled culture of the homologous strain. If serum dilutions were further
incubated at 37°C for 20 hours with the living antigen, the agglutination,
instead of becoming stronger and higher in titre, remained distinct only in the
first tubes of the series (approximately up to a titre of 1: 160). At higher se-
rum dilutions the fluid became clear, the cells underwent lysis and the bacterial
debris adhered to the tube wall. When the living culture was incubated at 50°C
for 2 hours, the titre was similar to that of tests read after 2 hours at 37°C.
After 20 hours incubation at 50°C, due to a loss of agglutinability discussed
in the following, the titre was practically nil.

When prior to the tube agglutination test the bacterial suspension was
exposed to mild heat (several hours at 50°C or 1 hour at 60 to 75°C), it be-
came inagglutinable. If the antigens treated in this manner were incubated
overnight at 37°C, weak agglutination occurred in the first tubes. The suspen-
sions (especially those exposed to 75°C) became strongly viscid on heating;
they could be pipetted into the agglutination tubes only after vigorous shak-
ing. Suspensions heated at 100°C for | hour somewhat differed in behaviour
from those exposed to mild heat; they were less viscid, and although after 2
hours incubation at 37°C they gave a readable agglutination only in the first
tubes, after 20 hours at the same temperature the agglutination became higher
in titre. Antigens heated at 100°C for 2 1/2 hours showed definite agglutina-
tion (1 :40 to 1:160) as soon as after 2 hours; by the 20th hour they had
reached titres of 1 :320 to 1 :640. When tubes with these antigens were in-
cubated at 50°C, the titres rose by a further degree (Table II).

Table 11

Effect of incubation lime and temperature on the somatic agglutinability of Ps. aeruginosa antigens

Reciprocal titres in serum Ps 11 prepared with “2 1/2 hr. 100°”
antigen; duration and temperature of incubation

Antigens
2 hr. 37° 20 hr. 37° 2 hr. 50° 20 hr. 50°
Ps 11 living 1280 lysis 2560 slime pro-
duction
Ps M 21/2 hr. 100° 80 640 160 640
Ps 11 2 1/2 hr. 100° + 1 hr. 130° 320 1280 640 2560

The titres were even higher if “2 1/2 hr. 100° -f- 1 hr. 130°” antigens were
used. As these antigens gave the highest titres and were the most sensitive
detectors of serological relationships among somatic factors, they were used
throughout this study for the serological analysis of 0 antigens. As compared
to living cells, “2 1/2 hr. 100° 1 hr. 130°” antigens showed a finer type of
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granular clumping, which resembled the agglutination of Salmonella O anti-
gens. Temperatures over 130°C had a deleterious effect on the antigen and
caused spontaneous lability. Even the “2 1/2 hr. 100° -f- 1 hr. 130°” antigen
was satisfactory only when the suspension reached 130°C slowly (in a hot air
oven). Suspensions heated in a 130°C oil hath were unstable.

Antigens treated with saturated sodium chloride or ethanol were similar
in behaviour to suspensions exposed to mild heat. These antigens were practi-
cally inagglutinable within 2 hours. When incubated for 20 hours they aggluti-
nated only in the first tubes.

Suspensions treated with hydrochloric or glacial acetic acid showed a
reaction somewhat lower in titre than, but similar in appearance to, the agglu-
tination of “2 1/2 hr. 100° -f- 1 hr. 130°” antigen. Among acid treated antigens
that exposed to IV hydrochloric acid showed the best agglutination. Acetic
acid-treated cells reacted in somewhat lower titres. Bacteria treated with 0.1 N
hydrochloric acid gave titres corresponding only about to litres obtained with
suspensions treated at 100°C for 2 1/2 hours.

The lower rows of Table I show the agglutination of formalinized sus-
pensions of motile cultures of strains Ps 11 and Ps 304. Titres marked with
asterisks indicate a reaction different from the aforementioned types of agglu-
tination: after 2 hours incubation at 37°C this reaction appeared as a finely
granular clumping of bacteria. After prolonged incubation at 37°C the titre
became higher anti the reaction was not unlike the agglutination of peritrichate
cells, although no such large loose clumps were observed, in contrast to somat-
ic agglutination, the H agglutination of Ps. aeruginosa was characterized by a
definite zone phenomenon. H agglutinins were detectable also with living sus-
pensions when H sera not reacting with the 0o antigens of the culture were used
(right hand columns ofTable I: serum Ps 304 or Ps 11 absorbed by heated Ps 11
culture).

I'lie action of formalin on O-agglutinability was similar to the effect of
mild heat, alcohol or saturation with salt, as especially after short incubation
periods the formalinized suspension was practically inagglutinable in 0 serum.
There was, however, an essential difference between the above-mentioned and
formalinized suspensions, in that formalin did not inhibit H agglutination.

When the suspensions were first treated with chemical substances then
exposed to 75°C for 1 hour the following results were obtained. As expected,
suspensions which had lost their agglutinability as a result of alcohol or salt
treatment, remained inagglutinable after heating at 75°C. The formalinized
suspension also remained inagglutinable in O serum and, owing to the heating,
lost also its H-agglutinability. In contrast to the others, suspensions treated
previously with N hydrochloric acid, retained their agglutinability after ex-
posure to 75°C. Suspensions treated with glacial acetic acid showed a slight
decrease in agglutinability after heating at the same temperature.

3* Acta Microbiologica Acadcmiue Scientiarum llungaricae 13 (1966/1967)
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Tabic 11

Effect of heat and chemical agents on the agglutinin-binding capacity of Ps. aeruginosa antigens

(Reciprocal agglutinin titres in tubes incubated for 2 hours at 37°C)

Antigens used for absorption of serum Ps 11 prepared with

Antigens Ps 11 Ps 11 Ps 11 Ps 11

living 1 hr. 1 hr. 1 hr.

60° 750 100°

Ps 11 living 0 0 320* 320*
Ps 11 2 1/2 hr. 100° +1 hr.

130° 0 0 0 0

Ps 11 0.5% formalin 0 0 640* 640*

Ps 304 0.5% formalin 0 0 640* 640*

Ps 11

2 1/2 hr.

100°

320*

0
640*
640*

Ps 11
sat.
NaCl

Strains Ps 11 and Ps 304 contained different O antigens, but identical H antigens.

Titres marked with asterisks correspond to H-type agglutinations.

Ps 11
50%
ethanol

0
traces*

traces*

Ps 11
iVHCI

160*

640*
640*

living

antigen

Ps 11
acetic
acid

160*

640*
640*

Ps 11
0.5%
formalin

Ps 304
0.5%
formalin

5120

640
0
0

(40}
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In order to exclude that reactions attributed to flagellar antigens were
caused by thermolabile somatic factors, some strains were cultured on media
inhibiting the development of flagella (blood agar containing sodium desoxy-
cholate and eosin methylene blue agar containing anionic detergent). Although
there was a marked difference in H agglutination between such suspensions
and motile cultures, the development of flagella was never suppressed com-
pletely. Immunization with bacteria grown on the inhibitory media yielded
fairly good H antibodies and, when applied in sufficient amounts, these cul-
tures removed Il agglutinins.

Immunogenicity. As it follows from the reactions of strains Ps 11 and Ps
304 which contained different O but identical H antigens, sera prepared with
living, formalinized and sodium chloride-saturated antigens contained both
O and H antibodies. Bacteria treated with alcohol or heated at 60°C still gave
rise to lower titre flagellar agglutinins. It is clear from Table | that suspensions
heated at 75°C or higher temperatures as well as acid-treated bacteria failed
to produce H antibodies. Good O titres were obtained with suspensions
treated for 1to 2 1/2 hours between 75°C and 100°C. Heating at 130°C or over
impaired the agglutinogenic capacity of the antigen.

Agglutinin-binding capacity. Antibody absorption by antigens exposed
to the action of various physical and chemical agents is shown in Table I11.
It is clear that O agglutinins were removed by all antigens. H agglutinins were
left unabsorbed by bacteria heated at 75°C or over and also by acid-treated
bacteria. Living, formalinized, salt-treated organisms and even bacteria heated

Tabic 1V

Properties of group specific antigens of Ps. aeruginosa

M e o
capacity**
Living +o+ o+ o+ + o+ o+ +o+ o+ o+
1 hr. 60—75°C ) r s ot
1 hr. 100°C + + + + + R
2 12 hr. 100°C - s et
2 1/2 hr. 100°C + 1 hr.
130°C + o+ o+ + o+ + o+ o+
Saturated NaCl — o+ o+ o+ + o4+ + 4+
50% ethanol - + o+ o+ o+ o+ o+ 4+
JV HC1 + o+ o+ oo+ o+ o+ 4
0.5 % formalin — + o+ o+ o+ + o+ 4+ 4+

*In tubes incubated for 2 hours at 37°C. After prolonged incubation
negative reactions are characterized by low titre agglutinations.
** Absorption of antibodies from sera prepared with heated antigens
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at 60°C removed H agglutinins. Absorption experiments with alcoholized
suspensions were diffieult to evaluate, as the highly viscid antigen could not
sufficiently be separated from the serum.

Table IV summarizes the agglutinability, immunogenicity and aggluti-
nin-binding capacity of Ps. aeruginosa O antigens after exposure to various
physical and chemical agents.

2. Somatic antigens of Ps. aeruginosa

Group specific antigens and intra-species antigenic relationships. From each
type strain representing an antigenic group or subgroup at least two different
sera were prepared (one with bacteria heated for 1 hour at 75°C and one with
bacteria heated for 2 1/2 hours at 100°C). All sera and all type strains were
examined in cross agglutination tests performed with “2 1/2 hr. 100° -} 1 hr.
130°”, “2 1/2 hr. 100°” and living antigens. The heated antigens were examined
with tube agglutination tests incubated at 50°C for 20 hours. Tests with liv-
ing antigens were read after 2 hours incubation at 37°C.

Some cross agglutinations obtained with “2 1/2 hr. 100° -f- 1 hr. 130°”
antigens are presented in Table V. It is seen that the homologous strain gave a
high titre agglutination in each corresponding serum. This reaction was de-
monstrated also with living bacteria and suspensions heated for 2 1/2 hours at
100°C. The latter antigens agglutinated in much lower titres than antigens
“2 1/2 hr. 100° -f- 1 hr. 130°’*or living bacteria (see Table Il1). A definite ag-
glutination of the homologous culture was observed also with the slide method.
Antigens responsible for this type of agglutination were regarded as group
specific factors constituting the basis of serological classification.

From Table Y it is also evident that almost all strains showed a more or
less marked cross agglutination. As compared to the homologous strain, heter-
ologous cultures reacted in a lower titre and showed a much finer granular
clumping. This type of cross agglutination between heterologous strains was
not observed when living or “2 1/2 hr. 100°” suspensions were tested. These
findings indicated that, in addition to the group specific antigens, Ps. aerugi-
nosa strains contain certain common components. These factors produce low
titre antibodies which can be detected only with bacteria exposed to high tem-
peratures. In order to confirm this finding, the O sera were absorbed with dif-
ferent heterologous strains. After absorption the sera agglutinated only the
homologous “2 1/2 hr. 100° -f- 1 hr. 130°” antigens. Sera absorbed in this
manner retained their original titres also against living and “2 1/2 hr. 100°”
antigens.

Certain 0 sera after absorption with heterologous cultures still aggluti-
nated some Ps. aeruginosa strains. This reaction resembled the coarser type
agglutination of the homologous strain and was observed with living and “2 1/2
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Table ¥
Cross-agglutination reactions obtained with some Pr. aeruginosa strains

(Reciprocal agglutination titres with “2 1/ hr. 100° + 1 hr. 130°” antigens in tubes incubated for
20 hours in 50°C water bath)

mmune sera

Designation )
of 0 antigens straine Ps 304 Ps 21 Ps 11 Ps 340 Ps 317 Ps 161 Ps 217 U 645 Ps 319 U 72/59 U 118/59
| Ps 304 5120 40 40 0 0 320 20 160 160 80 20
2 Ps 21 160 5120 0 0 0 20 20 20 80 160 0
3a, 3b Ps 11 20 0 2560 320 2560 20 40 40 40 160 0
3c Ps 340 20 20 160 10 240 320 40 40 320 40 40 320
3a. 3d Ps 317 20 160 1280 40 2560 20 40 160 160 40 40
4a, 4b Ps 161 320 160 40 80 20 5120 1280 640 320 320 320
4a, 4c Ps 217 20 160 320 320 320 5120 10 240 320 80 80 160
5a, 5b, 5¢ U 645 0 80 0 20 20 160 40 1280 1280 160 160
5a, 5b, 5d Ps 319 320 160 160 20 0 640 40 640 10 240 160 160
6 U 72/59 40 0 20 0 0 20 40 320 80 5120 80
7a, 7b U 118/59 0 0 0 0 0 160 20 80 80 160 10 240

Figures printed in italics designate reactions detectable also with living or “2 1/2 hr. 100°” antigens and after an absorption of the serum by
strains of different O groups. Nonitalicized titres were demonstrated only with “2 1/2 hr. 100° + 1 hr. 130°” antigens and the corresponding anti-
bodies were removed practically by any heterologous culture.
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hr. 100°” as well as with “2 1/2 hr. 100°-)- 1 hr. 130°” suspensions. These strains
were therefore regarded as containing group specific (0) antigens identical
with, or related to, the O antigens of the strain used for the preparation of the
serum. In Tahié V figures printed in italics show titres due to group specific
antibodies which cannot be absorbed with strains belonging to other O anti-
genic groups. Titres indicating inter-group agglutinins, which are removed prac-
tically by any heterologous strain, are shown by non-italicized figures.

Cross-absorption experiments with strains belonging to the same O
group showed that certain groups were constituted of two or more subgroups.
An example of an antigenic analysis is presented in Table VI.

The antigenic schema elaborated in this manner and cross-agglutination
titres obtained with tube agglutination in sera depleted of intergroup anti-
bodies are presented in Table Vila.

Table VIIb presents the slide agglutination of living strains in the work-
ing dilutions of unabsorbed 0 sera. When comparing Tables Vila and VIIb
it is evident that the same cross reactions are revealed with heated and living
antigens. It should be noted that the presented antigenic schema contains
only major somatic antigens which are useful for the practical differentiation
of strains. Minor antigens which were often absent or gave unilateral reactions
were omitted from the schema.

Several hundred strains belonging to various O groups were compared
by tube agglutination with “2 1/2 hr. 100° -j- 1 hr. 130°” antigens and by slide
agglutination with living cultures. As the results were always identical, slide
agglutination was regarded satisfactory for routine 0 grouping. As to the re-
sult of slide agglutination there was no major difference between 18 to 20 hour
cultures grown on common dye and indicator-free solid media. As yeast agar
containing 5 per cent ox-blood yielded the most readily suspendable cultures,
this medium was used throughout the study.

The above experiments were performed in parallel with sera prepared
with cultures heated at 75°C for 1 hour and at 100°C for 2 1/2 hours. Aggluti-
nation with living and heated antigens and cross-absorption tests gave identi-
cal results in both kinds of sera. Unrequired cross-agglutinations were some-
what less marked in sera prepared with antigens heated at 75°C than in sera
prepared with boiled antigens, therefore the former were used for slide aggluti-
nation.

Antigenic variation. Formulae shown in the antigenic schema represent
the O antigens of the majority of strains. In addition to differences in minor
antigens omitted from the schema, not unfrequently there was a variation in
diagnostically important antigens. A smaller part of strains characterized by
O antigens “3c¢” and “3d, 3f” showed a more or less developed antigen “3a”.
From Table VI it is seen that the type strains of these subgroups (Ps 340 and
Ps 48), although they agglutinated in very low titres in serum 3a, 3b, were
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Cross-absorption experiments with 0 group 3 strains

Table VI

307

(Reciprocal agglutination titres with “2 1/2 hr. 100° -f 1 hr. 130°” antigens in tubes incubated
for 20 hours in 50°C water bath)

Strain
Ps 11
Ps 340
Ps 317
Ps 469
Ps 48
Agglutinins
Strain
Ps "
Ps 340
Ps 317
Ps 469
Ps 48
Agglutinins
Strain
Ps n
Ps 340
Ps 317
Ps 469
Ps 48
Agglutinins

2560
160
1280
640
160

3a, 3b

80
40
2560
320
320

3a, 3d

160
20
640
160
2560

(32)
3d, 3f

0 serum Ps 11 absorbed by

Ps 340 Ps317 Ps460 Ps 48

320 320 320 320
0
0
0
0

0 0
0 0
0 0
0 0

o O o o

3b 3b 3b 3b

0 serum Ps 317 absorbed by

Ps 11 Ps 340 Ps 469 Ps 48

0 0 0 0

0 0 0 0
320 160 0 0
160 160 0 0
160 160 0 0
3d 3d — —

0 serum Ps 48 absorbed by

Ps 11 Ps 340 Ps 317 Ps 469

0 0 0 0
0 0 0 0
80 160 0 0
20 20 0 0

640 640 640 640

3d, 3f 3d, 3f 3f 3f

320

10 240
40

320
40

(3a),
3c, ...

2560
320
2560
10240
1280

3a, 3d,
3e, ...

O serum Ps 340 absorbed by

Ps 11

320

3c

Ps 317 Ps 469

0 80
320 320

3c 3c, ...

)serum Ps 469 absorbed by

Ps 11

0
0
160
320
160

3d, 3e

Ps 340 Ps 317

0 0

0 40

160 0
160 160
160 0
3d, 3e 3e, ...

Ps 48

640

3c

Ps 48

20

160

3e, ...

Result of antigenic analysis:

Ps
Ps
Ps
Ps
Ps

1

340

317
469
48

3a, 3b

3a, 3d

(3a), 3d,

(3a), 3c
3a, 3d,3e
3f
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table to absorb agglutinin 3a. This finding indicated that “3c¢” and “3d, 3f”
strains which did not contain antigen “3a” in detectable amounts, should be
placed in O group 3. Many “4a, 4d” cultures occurred in which antigen “4a”
was slightly developed.

An interesting antigenic variation has been observed among strains iso-
lated in the Laszl6 hospital. In two wards of the hospital O group 7 strains
were commonly encountered. One strain from one ward and 6 strains from the
other were characterized by the antigenic formula “7a, 7¢”, whereas the major-
ity of strains from both units contained antigens “7a, 7b”. Among the latter
some strains produced colonies agglutinating in absorbed serum ”7c¢”. Thus,
although antigen “7c¢” was a distinct partial factor and antigen “7b” was never
present in “7a, 7c¢” strains, it was supposed that strains “7a, 7¢” developed
from strains “7a, 7b”.

Mucoid variants. Part of the examined cultures produced mucoid colo-
nies. Such mucoid forms were observed in most antigenic groups. Moreover,
in materials derived from one hospital unit, members of the same antigenic
group often appeared as mucoid and non-mucoid forms. These findings indi-
cate that mucoid and non-mucoid strains have a common origin. The two forms
behaved similarly in tube agglutination with heated bacteria. With slide agglu-
tination mucoid strains reacted less readily than their non-mucoid counter-
parts; however, determination of the O antigens of mucoid strains was as exact
as that of non-mucoid variants. The mucoid substance probably exerts some
inhibitory effect on the agglutination of living cultures. None of our results
indicated that the mucoid substance was antigenic.

Polyagglutinable and unstable strains. Due to agglutination in several (but
not all) sera, certain Ps. aeruginosa strains could not be included in any of
the antigenic groups. This agglutination occurred independently of the treat-
ment of the antigen used for the preparation of the serum. The receptor re-
sponsible for this reaction was probably identical or related in all such strains
as, although with different intensity, all strains agglutinated in the same sera.
These strains were not “unstable” variants since, in addition to their produc-
ing smooth colonies, they showed no agglutination in 3 per cent sodium chlo-
ride solution. Provisionally these bacteria were named polyagglutinable strains.

Unstable strains were characterized by agglutination in 3 per cent so-
dium chloride and spontaneous lability of heated suspensions.

3. Routine determination of 0 antigens

Preparation, checking and absorption of sera. It follows from the results
of this study that immune sera prepared with cultures heated in the range 75°
to 100°C for 1 to 2 1/2 hours are suitable for the determination of O antigens.
Checking of the serum and routine grouping of unknown strains are most
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Sero-
group

10

11
12
13

0 antigens

1
2
3a
3c
3a,
3a
3d
4a,
4a,
4a,
5a,
5a,
5a,
6
7a,
Ta,
8
9
10a

10a,

1
12
13

3b

3d
3d, 3e
3f
4b
4c
4d
5b, 5c¢
5b, 5d
5d

7b
7c

10b

Type
strain

Ps 304

Ps 21

Ps 11

Ps 340

Ps 317

Ps 469

Ps 48

Ps 161

Ps 217

Ps 323

n 645

Ps 319

Ps 194

n 72/59

n 118/59

B 415

n 900/60

Ps 910

Ps 196

Ps 275

Ps 828

L 83

V 142a

Table Vila

Antigenic relationships between Ps. aeruginosa 0 groups
(Reciprocal agglutination titres with “21/2 hr. 100° + 1hr. 130°” antigens in tubes incubated for 20 hours in 50°C water bath)

Titre of
homologous
serum

5120
5120
2560
10240
2560
10240
2560
5120
10240
10240
1280
10240
2560
5120
10240
5120
2560
2560
2560
10240
5120
10240
2560

3c:
3a,
3a

3a

3a.
4a,
4a,
4a,
5a,
5a,
5a,

7a
7a,

10a
10a
7a,

160
3b:
3b
3b:
3b:
4c:
4b:
4b:
5b,
5b,
5b,

Tc:
7b:

320

80

2560
160
5120
1280

160

5d: 640
5c: 1280
5c: 1280

640
5120

10b: 2560
1280

7c:

160

Cross-agglutination titres in 0 sera absorbed by strain

3a
3a,
3c:
3c:
3c:
4a,
4a,
4a,
5a,
5a
5a

11:

Pe 10 (01) or Ps 21 (02)

3d: 1280
3d: 40
40

320

20

4d: 640
4d: 640
4c: 320
5d: 320
5d: 2560
5b, 5d: 2560

320

3a
3a
3a
3a
3a

3d,
3d,
3d.
3d:
3d:

3e: 640
3e: 320
3e: 320
2560
640

10a, 10b: 80

3d
3d
3d
3d
3a

3f:
3f:
3f:
3f:

3d

160

40

320
1280
3e: 160
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Sero-
group

10

11
12
13

3a,
3c

3a,
3a,
3d,
4a

4a,
4a,
5a,
5a,
5a,

7a,
7a,

10a

antigens

3b

3d
3d, 3e
3f
4b
4c
4d
5b, 5¢
5b, 5d
5d

7b
7c

10a, 10b

11
12
13

Antigenic relationships between Ps. aeruginosa 0 groups

Table Vb

(Slide agglutination with blood agar cultures in working dilutions of sera)

85
Ps 304
Ps 21
Ps 11
Ps 340
Ps 317
Ps 469
Ps 48
Ps 161
Ps 217
Ps 323
U 645
Ps 319
Ps 194
U 72/59
U 118/59
B 415
U 900/60
Ps 910
Ps 196
Ps 275
Ps 898
L 83
V 142a

Hormologous
serum

+ o+

+ + + + 4+ o+ o+ o+
+ +

+ o+

+ +t 4+ + +
+ 4+ + + + o+

+ o+ o+ o+ o+ o+

+
+
+
+

4a,
3c:
3a,
3a,
3a,
3a,
4a,
4a,
4a,
5a,
5a,
5a,
7a,
7a,
7a,

4c:

+ +
3b:
3b:
3b:
3b:
4c:
4b:
4b:
5b,
5b,
5b,

7c:
7b:
7c:

8: + +

10a, 10b: + + +

+ +

5c: ++ + +

5c: 4-_bl~

++ + 4+

+ o+

10a: + +

7a,

7c:

+ +

Qoss agglutination in unabsorbed 0 sera

3a, 3d:
3a, 3d:
3a
3c: 4
3a, 3d:
4a, 4d:
4a, 4d:
4a, 4c:
5a, 5d:
5a, 5d:
5a, 5b,

+ + +

+

3d, 3e: +——+AF

4~4"
+ + +

+ +

3a, 3d, 3e: + +
3a, 3d, 3e: 4~b
3d, 3f: + + +
3a, 3d: 4—1-h
3a, 3d, 3e: 4—1-h

3d, 3f: +
3d, 3f: + 11:
11: +

3d, 3f: + + + +

10a, 10b: +

I+

0T€
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Table VI

Determination of the O antigens of Ps. aeruginosa

O anti-

gens Agglutination in

Unabsorbed serum Ps 304 (1)
2 Unabsorbed serum Ps 21 (2)

3a Unabsorbed serum Ps 11 (3a, 3b) and unabsorbed serum Ps 317 (3a, 3d)

3b Serum Ps 11 (3a, 3b) absorbed by Ps 317 (3a, 3d)

3c Serum Ps 340 (3c) absorbed by Ps 469 (3a, 3d, 3e) + Ps 11 (3a, 3b)

3d Serum Ps 317 (3a, 3d) absorbed by Ps 11 (3a, 3b)

3e Serum Ps 469 (3a, 3d, 3e) absorbed by Ps 317 (3a, 3d) + Ps 340 (3c)

3f Serum Ps 48 (3d, 3f) absorbed by Ps 317 (3a, 3d)

4a Unabsorbed serum Ps 161 (4a, 4b) and unabsorbed serum Ps 217 (4a, 4c)

4b Serum Ps 161 (4a, 4b) absorbed by Ps 217 (4a, 4c)
4c Scrum Ps 217 (4a, 4c) absorbed by Ps 161 (4a, 4b)

4d Serum Ps 323 (4a, 4d) absorbed by Ps 217 (4a, 4c) + Ps 831 (4a, . ..

5a Unabsorbed serum U 645 (5a, 5b, 5¢) and unabsorbed serum Ps 194
(5a, 5d)

5b Serum Ps 319 (5a, 5b, 5d) absorbed by Ps 194 (5a, 5d)
5¢c Scrum U 645 (5a, 5b, 5c) absorbed by Ps 319 (5a, 5b, 5d)
5d Serum Ps 319 (5a, 5b, 5d) absorbed by U 645 (5a, 5b, 5c)

6 Unabsorbed serum U 72/59 (6)
Ta Unabsorbed serum U 118/59 (7a, 7b) and unabsorbed serum B 415
(7a, 7c)

7b Scrum U 118/59 (7a, 7b) absorbed by I' 415 (7a, 7c¢)
7c Serum B 415 (7a, 7c) absorbed by U 118/59 (7a, 7b)
8 Unabsorbed serum U 900/60 (8)

9 Unabsorbed serum Ps 910 (9)

10a Unabsorbed serum Ps 196 (10a)

103 Serum Ps 275 (10a, 10b) absorbed by Ps 196 (10a)

1n Unabsorbed serum Ps 898 (11)
12 Unabsorbed serum L 83 (12)
13 Unabsorbed serum V 142a (13)

311

No. of
Roux
flasks*

15
20+ 10
30
25+ 20
20

20
30
20+ 10

30
30
30

30
30

20

Amount of bacteria needed for the absorption of 10 ml diluted serum. Serum dilutions
used for absorption should be about 3 to 4 times as concentrated as the working dilution.

conveniently carried out by slide agglutination using 18 to 20 hour blood agar
cultures. A serum is regarded suitable when it gives cross reactions not differ-

ing signilicantly from the pattern presented in Table VIIb.

Differentiation of subgroups by partial antigens can be performed only
by use of absorbed sera. Preparation of absorbed sera and determination of

partial antigens are shown in Table VIII.
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Polyvalent sera. When dealing with larger numbers of strains it is advis-
able to use polyvalent sera. In preparing polyvalent sera minor antigenic rela-
tionships omitted from the schema should also he considered, as the combined
effect of related antibodies may cause unrequired cross-reactions. In this
study always pooled sera were used. In view of antigenic relationships it is
often unnecessary or even disadvantageous to incorporate in the pooled serum
the whole amount of monovalent serum calculated on the basis of the working
dilution. Table 1X presents a guide to corrections in the amount of unabsorbed
sera necessary for the preparation of polyvalent sera I, Il, 11l and IV. In cal-
culating the needed amount of one monovalent serum constituent, other mono-
valent sera of the same pool should, of course, be regarded as a diluent. It
should be emphasized that prescriptions for the preparation of absorbed (Table

Table IX

Monovalent ingredients of pooled sera

Correction Correction

Ingredients Fabogin Ingredients factor*
Polyvalent | Polyvalent in
1 0 serum Ps 304 0.5 3a, 3> 0 serum Ps 11 0.5
4a, 4b 0 serum Ps 161 0.25 3c 0 serum Ps 340 0.5
4a, 4c 0 serum Ps 217 0.25 3a, 3d, 3e 0 serum Ps 469 10
4a, 4d 0 serum Ps 323 0.5 3d, 3f 0 serum Ps 48 0.5
8 0 serum un 900/60 0.5
9 0 serum Ps 910 10
10a 0 serum Ps 196 0.75
10a, 10b 0 serum Ps 275 0.6
11 0 serum Ps 898 0.75
Polyvalent 11 Polyvalent 1V
7a, 7b 0 serum mn 118/59 1.0 2 o serum Ps 21 10
12 0 serum L 83 1.0 5a, 5b, 5d 0 serum Ps 319 0.5
13 0 serum V 142a 1.0 5a, 5d 0 serum Ps 194 10
6 0 serum un 72/59 1.0

*The needed amount of each serum is calculated from the corresponding working dilu-
tion and the result is multiplied by the given correction factor. In the serum pool the corrected
amount of serum should be incorporated. E. g. If the previously determined working dilutions
of sera 3a, 3b; 3c; 3a, 3d, 3e; 3d, 3fare 1:20; 1:10; 1:50; 1:40, respectively, the necessary
amount of each for the preparation of 10 ml polyvalent serum 111 will be: 3a, 3b, 0.5 ml X 0.5 =
- 0.25ml; 3c, 1.0 ml X 0.5 = 0.5 ml; 3a, 3d, 3e, 0.2 ml X 1.0 = 0.2 ml; 3d, 3f, 0.25 ml X 0.5 =

0.12 ml. The corrected amounts of concentrated sera are mixed and the volume is made up
with phenolized saline to 10.0 ml.
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VIIIl) and pooled sera (Table IX) have been elaborated on the basis of results
obtained with sera used in this study. The amounts of bacteria suggested for
absorption and serum quantities recommended for the preparation of poly-
valent sera are approximate and may differ with each serum batch.

Polyvalent sera prepared as shown in Table 1X were found to be an ex-
cellent help in grouping 2197 strains by slide agglutination. Major cross-reac-
tions between the pooled sera causing diagnostic difficulties were rarely ob-
served. As each pooled serum contained at least one monovalent component
reacting with “polyagglutinable” strains, these cultures were easily recognized
by their agglutination in all polyvalent sera.

4. Distribution of Ps. aeruginosa serogroups

Table X summarizes the serogroup distribution of 2197 Ps. aeruginosa
strains. In order to avoid erroneous conclusions, strains originating in larger
numbers from one hospital unit are shown independently of the material from
which they had been isolated.

Table X indicates that more prevalent serogroups or subgroups of Ps.
aeruginosa have been encountered in all kinds of materials. However, the sero-
group distribution is not quite uniform. In miscellaneous non-faecal patholog-
ical materials taken from hospitalized individuals or out-patients (columns
1 to 5 of Table X), strains belonging to serogroup 3 occurred particularly fre-
quently (306 out of 827 strains = 37.0 per cent). The incidence of O group
1,4 and 5 strains in this material was 9.4, 14.1 and 12.9 per cent, respectively.
In miscellaneous faecal specimens (columns 6 to 8 of Table X) the members of
O group 3 occurred considerably less frequently than in non-faecal material
(82 out of 403 strains = 20.3 per cent). The incidence 0f01,04 and 05 strains
in faeces was 6.9, 28.8 and 10.2 per cent, respectively. Thus in faeces 04 strains
were the commonest. This holds true also for water and sewage specimens,
in which 04 strains comprised 26.7 per cent of all Ps. aeruginosa strains.

The above results should be evaluated separately from those of strains
derived in large numbers from certain hospital units. In these materials
members of otherwise less frequent serogroups or subgroups tended to pre-
dominate. This was due partly to repeated isolations of the same organism
from the same patient, partly to the “nosocomial” character of the sero-
group.

Faecal and non-faecal strains isolated on several subsequent occasions
from the same patient usually belonged to the same serological unit. Ac-
cordingly, these examinations indicated the epidemiological reliability of the
method. Those results will be discussed elsewhere.
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Table X
Distribution of 2197 Ps. aeruginosa strains

Non-faecal materials Faeces Miscellaneous
0 antigens

g 1 2 3 4 5 6 7 8 « 10 ik 12 13 14 Toel
| 26 21 12 3 i6 5 19 4 3 2 | 4 19 135
2 4 — 1 — — 1 2 4 - - 1 17 - 13 _ 43
3a, ... — — - - - 3 — _ — _ 1 — — 4
3a, 3b 53 16 9 13 29 13 9 28 4 23 2 _ 2 2 203
3c 8 14 3 4 10 4 - 1 1 3 3 _ — _ 2 53
3a, 3d 15 8 30 4 5 3 2 3 - 4 6 49 _ 5 4 138
3a, 3d, 3e 6 2 4 2 4 2 1 - — 1 1 13 27 2 5 70
3d, 3f 27 7 7 10 16 6 3 4 - 11 10 - 3 _ 104
4a, . .. — — — — - 1 — _ — — — — 4 1 6
4a, 4b 13 — 1 - - 5 6 5 _ 1 — _ — 7 1 39
4a, 4c 27 2 3 2 3 4 13 21 1 2 2 _ — 18 98
4a, 4d 46 1 5 7 7 10 5 46 10 56 15 88 8 23 — 327
5a, 5b, 5¢ 7 1 1 — — 1 - - 8 — 1 — — 1 — 20
5a, 5b, 5d 37 7 6 2 5 8 6 11 - 1 1 8 1 4 — 97
5a, 5d 20 7 2 7 5 2 5 8 - 4 1 1 — 12 — 74
6 16 5 1 1 6 5 13 4 3 - 3 — 1 39 — 97
7a, 7b 33 6 6 7 7 1 7 21 1 78 19 95 1 9 — 301
7a, Tc — - - — — - - - - - - 1 6 — 7
8 1 - - - - - - 3 — — 1 _ — — 5
9 1 3 - - - - 1 - — — _ _ — 1 6
10a 13 1 1 2 1 1 5 3 - — _ 2 — 13 — 42
10a, 10b 1 - - - - - 4 — — _ _ — 2 - 7
11 12 _ — _ — 1 5 9 - 6 - 1 - 9 6 49
12 - _ _ _ _ - 1 - - - 3 2 1 1 8
13 - - - - - - - - — — — — - 2 2
Unstable - - 3 — 3 - 3 3 - 4 2 2 1 4 1 26
Lolyagglutinable 42 2 14 10 16 5 7 27 5 12 13 71 6 2 4 236

Total no. of strains 408 103 109 74 133 77 118 208 33 209 83 352 68 195 27 2197

1 = ear; 2 = wounds; 3 = urine; 4 = other non-faecal materials (blood, CSF, duodenal juice, etc.); 6 = miscellaneous faecal samples; 7 =
faeces from healthy adults; 8 = faeces from infants treated in various hospitals; 9 = infants’ faecal samples from Apathy Hospital;
H) = infants faecal samples from Arpad Hospital; 11 = non-faecal samples from Arpad Hospital; 12 = miscellaneous materials I,
LaszI6 Hospital; 13 = miscellaneous materials 11, L&szl6 Hospital; 14 = water and sewage; 15 = miscellaneous strains obtained from
other laboratories.
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Discussion

Tlie present studies have confirmed that successful serological analyses
can he performed only in systems allowing the separate study of antigens with
different physicochemical properties. This conception has heen well known
from studies on the serology of Enlerobacteriaceae and has recently been em-
ployed hy some authors for Ps. aeruginosa. The group specific antigens of
Ps. aeruginosa can he determined in sera containing both O and H antibodies,
if the tests are performed with bacteria not reacting with H agglutinins. Such
antigens can he prepared by heating the suspensions at 100° C for 2 1/2 hours
[2, 3, 7, 10]. If a more sensitive method suitable for the demonstration of minor
antigenic relationships is required, the “2 1/2 hr. 100° -f- 1 hr. 130°” antigens
used in this study may he employed. On the other hand, O antigens can be
determined simply with slide agglutination of living cultures if sera devoid of
H agglutinins are prepared [4, 8, 12].

From the observation that Ps. aeruginosa suspensions become inaggluti-
nahle after exposure to mild heat, many authors have suggested that different
antigens are responsible for the agglutination of living and boiled cells. Thus
it has heen supposed that thermolabile somatic antigens cause inagglutinabil-
ity by masking O antigens. A well-defined differentiation of reactions given
by thermostable and thermolabile antigens of Ps. aeruginosa was first made by
Kleinmaier, Schreiner and Graeff [7J. Although at first they were unable
to demonstrate whether the agglutination obtained in sera absorbed by heated
bacteria was due to somatic or flagellar factors, it seems probable that their
thermolabile components were Il antigens. Later Kleinmaier, Sciireil and
Quincke [18] demonstrated by morphological examinations that this type of
reaction corresponded most probably to a flagellar agglutination. Verder and
Evans [2] allowing that Ps. aeruginosa may possess thermolabile somatic anti-
gens, suggested that agglutination of formalinized suspensions in sera absorbed
with heated bacteria was due to H antigens.

The present studies indicate that Ps. aeruginosa contains no thermolabile
somatic antigens. In agreement with findings of other investigators [4, 8, 12]
it has heen revealed that immune sera prepared with heated antigens aggluti-
nate living bacteria in high titres and group antigen determinations performed
with living and heated suspensions always gave identical results. It has also
been demonstrated that homologous cells treated with various physical
and chemical agents completely adsorb antibodies responsible for the agglutina-
tion of both living and heated cells. H sera which have been depleted of their O
agglutinin content hy absorption with heated cultures strongly agglutinate
bacteria with iveli developed flagella (broth cultures passaged previously in
semisolid medium). The same serum agglutinates agar plate cultures less defi-
nitely and organisms grown on media inhibiting the development of flagella,
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poorly. This type of agglutination definitely differs in appearance from 0
agglutination. These findings correspond to our knowledge of the nature of
Enterobacteriaceae H antigens. Thus the thermolabile factors of Ps. aeruginosa
are probably flagellar and not somatic antigens.

If the agglutination of living and heated cells of Ps. aeruginosa in O
serum is attributable to the same somatic factor, how can we explain the in-
agglutinability of bacteria treated with mild heat, alcohol, formalin and saturat-
ed sodium chloride? The phenomenon of reduced agglutinability as an effect
of mild heating has been observed also with other bacteria. Fe1ix [19] showed
that heating at 75°C rendered S. typhi and S. paratyphi-C completely Vi-in-
agglutinable and partly O-inagglutinable; exposure to 100°C restored full
O-agglutinability of all strains. van den Ende [20] observing that alcohol
reduced the agglutinability of Ps. aeruginosa, concluded that the masking of
specific 0 agglutination was due to a precipitation of nucleoprotein which
appeared to be a relatively inert antigen on the surface of the cell. According
t0 Tchernomordik [21] who has also shown the loss of agglutinability of
Ps. aeruginosa heated at 60°C, this organism contains a non-immunogenic
component which inhibits the reaction of antibodies with more deeply
situated antigens. This substance, forming a thin envelope, masks somatic
agglutination but does not affect flagellar agglutination. It was therefore
concluded that the agglutination of living Ps. aeruginosa cells was a pure
flagellar reaction.

The present studies did not confirm Tchernomordaik’s latter conclusion.
It is evident that living strains show a strong, high titre somatic agglutina-
tion. The assumption of a non-antigenic layer or envelope is, however, prob-
ably correct. It would appear that mild heat, alcohol and saturated sodium
chloride cause a swelling of the hypothetical envelope, which results in a vis-
cidity of the suspension. Therefore not only O antigens are masked but H-agglu-
tinability is also inhibited. Formalin, instead of inducing swelling, causes
perhaps a dénaturation of the envelope, and therefore it inhibits O agglutina-
tion but not Il agglutination.

Ps. aeruginosa strains did not lose their O-agglutinability when the sus-
pensions had been treated with hydrochloric acid prior to exposure to 75°C.
This finding may be explained by a hydrolytic decomposition of the substance
responsible for the O-inagglutinability of heated cells.

The present studies gave no answer as to whether the hypothetical enve-
lope is composed of the same substance as the mucoid material produced in
large amounts by some strains. Although living mucoid strains showed a mark-
edly reduced O-agglutinability, they were far from being inagglutinable
and determination of their 0 antigens with slide agglutination was as accurate
as that of non-mucoid strains. The present investigations did not give any
indication asto the antigenicity ofeitherthe hypothetical envelope orthe mucoid
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substance; at least, these components produced no antibodies detectable by
agglutination.

The observation of Kleinmaier, Schreiner and Graeff [7] that in O
scrum living bacteria produce much larger aggregates than heated cells, which
has been confirmed in the present studies, does not indicate that two different
components are involved. It has been shown that O-inagglutinability caused
by mild heat can he eliminated only by subsequent exposure to relatively high
temperatures. Thus suspensions treated at 100°C for 2 1/2 hours give still
considerably lower titres and weaker agglutination than living bacteria. Titres
of living suspensions can he approached only by heating at unusually high
temperatures.

The lysis of living Ps. aeruginosa cells in higher dilutions of immune se-
rum on prolonged incubation at 37°C is an interesting phenomenon. It was
observed by Meitert and Meitert in 1960 [22]. Hobbs et al. [11] demonstra-
ted in electron micrographs that cell walls and flagella are broken down in the
presence of antibodies.

In the present studies, in addition to group specific somatic antigens,
the existence of a common thermostable factor has been observed. This anti-
gen is piesent practically in all Ps. aeruginosa strains. Agglutinins against this
factor can he demonstrated only with cells heated first at 100°C for 2 1/2
hours then at 130°C for 1 hour. This factor had no importance in the serologi-
cal determination of Ps. aeruginosa. Hobbs et al. [11] revealed several compo-
nents widely distributed in pseudomonads and other bacteria; at least one
of these was present in all examined strains.

Serological examination of 2197 cultures isolated from various materials
has shown that the antigenic schema elaborated in this study is suitable for
the detection of the source and epidemiological importance of Ps. aeruginosa
strains.

Acknowledgement. The author is greatly indebted to Mrs. M. Beck for skilled technical
assistance and maintenance of cultures, and to Mrs. I. Kozma for her help in collecting the
strains.
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Summary. Bacterial examination of 9219 drinking water, 1065 river water and 419
sewage samples and faecal specimens of 7650 healthy adults and 650 hospitalized infants
supplied 521 Ps. aeruginosa strains. The percentage frequency of Ps. aeruginosa was 1.6 in
wells, 4.1 in springs, 0.6 in piped water, 1.8 in river and 10.0 in sewage samples. The faeces of
healthy adults living in the same geographic area were positive in 1.5 per cent. Hospitalized
infants harboured the organism in 32.0 per cent.

The serogroup distribution of Ps. aeruginosa was similar in water and adults’ faecal
samples. In both groups of material serogroups 1, 3, 4, 5 and 6 were the most frequent. This
finding indicates that the presence of Ps. aeruginosa in drinking water is probably the result of
faecal contamination. A comparison of the data with other studies has shown that, although in
a somewhat different distribution, the above serogroups of Ps. aeruginosa are most commonly
encountered in intestinal and extraintestinal infections. The results support the opinion that
waters containing this organism are unsatisfactory for human consumption.

Bacteria of the genus Pseudomonas are common in surface waters. Ps.
aeruginosa, which differs in cultural and pathogenic properties from other
pseudomonads, is sometimes also isolated from different water samples. It is
questionable whether Ps. aeruginosa found in such materials originates from
humans or, as other pseudomonads, is a normal inhabitant of water.

As this problem has not been investigated extensively, it is difficult to
draw final conclusions. Hunter and Ensign [1] have observed that after in-
gestion of milk contaminated with Ps. aeruginosa, a number of adults develop-
ed diarrhoea or became carriers. New-born babies infected secondarily by
these adults developed serious, often fatal enteritis. Bacteriological examina-
tion of water samples during the outbreak revealed the presence of Ps. aeru-
ginosa in some wells. Bingen and Drake [2] by the use of an effective enrich-
ment medium isolated Ps. aeruginosa from human faecal samples in 11.0 and
from raw and clarified sewage samples in 90 per cent. They were unable to re-
cover this organism from sludge, soil, animal faeces or surface waters and wells
free from faecal pollution. Hoadley and McCoy [3] found that 3 per cent of
glucose-oxidizing Gram negative bacteria isolated from river specimens belong-
ed to Ps. aeruginosa. This organism occurred with great frequency at a sam-
pling point situated near to a sewage inflow. More than two thirds of oxidase
positive strains isolated by Selenka [4] from surface waters were identified
as Ps. aeruginosa.
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Although in view of these data it would appear that Ps. aeruginosa occur-
ring in water originates from human faeces, only some authors regard such
waters as inadequate for human consumption. According to Selenka [4]
water samples containing Ps. aeruginosa may represent a danger to the health
of the community and therefore on the basis of the German Food Sanitation
Law, they must not be used for human consumption. The Hungarian National
Standard for the Bacteriological Examination of Water [5] prescribes defi-
nitely that the presence of Ps. aeruginosa indicates pollution and therefore any
drinking water that contains this organism is of unsatisfactory quality.

The following investigation has been performed in order to collect fur-
ther evidence by serological typing concerning the association between Ps.
aeruginosa strains isolated from drinking water and human excreta.

Materials and methods

Water specimens. A total of 9219 drinking water (5293 well, 170 spring and 3756 piped
water specimens), 1065 river water and 419 sewage and sludge samples were examined. The
overwhelming majority of samples were taken for laboratory examination from villages and
smaller towns of 3 neighbouring counties (Pest, N6gradd and Fejér) comprising an area of
13,310 square kilometres and an approximate population of 1,400,000.

Faecal specimens. One group of the examined samples originated from 7650 healthy
adults (mainly food handlers) living in the rural area and smaller towns of Pest and Ndégrad
counties (8937 square kilometres, approximately 1,000,000 population). Other faecal samples
were obtained from infants under one year of age hospitalized with intestinal and extraintesti-
nal diseases; the 650 specimens were sent for bacteriological examination mainly by Budapest
hospitals.

Bacteriological examination of water and sewage samples. Coliform bacteria in drinking
water samples were counted by the membrane filter technique described in the Hungarian
National Standard for the Bacteriological Examination of Water [5]. Fifty ml of each sample
was passed through a Co 5 filter (Membranfiltergesellschaft, Gottingen) boiled previously in
twice-changed distilled water. After filtration of the sample, the membrane was placed over
special Endo agar and incubated for 24 hours at 37°C. All lactose positive (purplish)colonies
morphologically characteristic of Enterohacteriaceae, were counted as coliform organism.
Part of river water specimens was also examined by the membrane filter technique. Other
river water samples were examined with the multiple tube fermentation technique by inoculat-
ing 1 ml aliquots of each appropriate dilution into 5 tubes containing lactose-phenol red broth.
After incubation for 48 hours the growth in each tube was subcultured on normal Endo agar.
All purplish (lactose-fermenting) colonies morphologically characteristic of Enterobacteriaceae
were considered members of the coliform group. Suspected colonies of Ps. aeruginosa on
membrane filters or on Endo plates were subcultured on agar plates then transferred to agar
slants. In order to obtain pure cultures, the growth from each agar slant was streaked onto
a brilliant green agar plate, then an isolated colony was inoculated on agar slant. The strains
were preserved by making Liebig meat extract agar stab cultures.

Bacteriological examination offaecal samples. About 0.5 to 1 g amounts of faeces were
inoculated into tubes containing 6 to 8 ml merthiolate-brilliant green broth. After incubation
at 37°C for 18 hours the cultures were streaked with glass rods onto brilliant green agar plates.
The subcultures were incubated at 37°C for 18 hours, then pseudomonad colonies were streaked
again on brilliant green agar. Then one isolated colony from each plate was transferred on an
agar slant. The strains were maintained in Liebig extract agar stab cultures.

Culture media. The special Endo agar for membrane filter technique contained beef extract,
15 g; peptone (Richter), 10 g; agar, 10 g; NaCl, 3 g; Na2HPO, . 12 H20, 4 g; tap water, 1000 ml;
after adjusting to pH 8.4 and autoclaving, 10 g lactose, 5 ml alcoholic basic fuchsin and 1.25 g
Na2s03 were added.

The normal Endo agar contained the same ingredients, except that it was solidified with
1.5 to 1.7 per cent agar.
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Lactose phenol red broth: yeast supernatant (1000 g baker’s yeast cake mixed with
1200 ml water and autoclaved at 121°C for 30 minutes), 10 ml; peptone (Richter), 5 g; lactose,
5 g; 0.02 per cent aqueous phenol red solution, 25 ml; tap water, 1000 ml; pH 7.2.

Brilliant green agar: Tripkazin (pancreatic digest of casein, Human, Budapest), 6.6 g;
peptone (Richter), 1.1 g; yeast supernatant, 15 ml; concentrated yeast suspension, 0.75 ml;
agar, 15 to 17 g; NaCl, 5 g; tap water, 1000 ml; after adjusting to pH 7.4 and autoclaving, the
following ingredients were added: Andrade indicator, 30 ml; lactose, 10 g; sucrose, 1 g; glucose,
0.5 g, 0.1 per cent aqueous brilliant green solution, 4 ml.

Merthiolate-brilliant green enrichment medium: beef extract, 15 g; peptone (Richter),
10 g; NacCl, 3 g; Na2llPO, . 12 H2, 4 g; tap water, 1000 ml; after adjusting to pH 7.4 and
autoclaving, 0.5 ml 0.1 per cent aqueous brilliant green solution and 0.5 ml 0.2 per cent aqueous
inerthiolate solution were added.

Identification of Ps. aeruginosa. Strains showing the following cultural and biochemical
properties were regarded as Ps. aeruginosa: characteristic growth after 18 hours at 37 °C on
brilliant green agar; growth at 42°C on beef extract agar; positive oxidase test [6]; oxidative
decomposition of glucose; rapid liquefaction of gelatin [7]; reduction of nitrate into nitrogen [8].
Determination of O antigens was performed according to Lanyi’s antigenic schema by slide
agglutination with ox-blood agar cultures [9].

Results

Cultivation of Ps. aeruginosa. Examination of a 50 ml portion ol the
sample by the membrane filter technique seemed suitable for an effective iso-
lation of Ps. aeruginosa from drinking water. These specimens usually contained
low numbers of coliform bacteria (0 to 102100 ml), thus pseudomonad colonies
grown on membranes placed over Endo plates were recognized without diffi-
culty. Isolation of Ps. aeruginosa from lactose-phenol red broth used for the
examination of river water and sewage samples, was less effective. Although
the coliform content of sewage (10* to 105ml) was considerably lower than the
coliform counts of faeces, due to the overgrowth of these organisms, samples
containing Ps. aeruginosa in large numbers yielded positive results only.

In view of the high coliform and the generally low Ps. aeruginosa counts
of the faeces ol adults, faecal samples wore inoculated into liquid enrichment
medium. For the selective cultivation of Ps. aeruginosa Lowbuky [10] devised
a medium containing cetylmethylammonium chloride. For the same purpose
Gould and McLeod [11] recommended brilliant green as an inhibitor of other
organism. In our experiments 3 kinds of enrichment medium were compared:
the selenite-brilliant green broth elaborated by Stokes and Osborne [12] for
salmonellae, a brilliant green-cetylpyridinium bromide, and a brilliant green-
merthiolate broth. Model experiments with beef extract broth showed that in
the presence of 1 :2,000,000 brilliant green -j- 1 :200 Sterogenol (10 per cent
alcoholic solution of eetylpyridinium bromide)orin the presenceof 1:2,000,000
brilliant green -|- 1 :1,000,000 inerthiolate even 10 to 20 Ps. aeruginosa cells
were able to multiply freely tvhen inoculated in a dense suspension ol faeces.
As the merthiolate-brilliant green broth seemed to yield more constant results,
this medium was used throughout the investigations. The salmonella enrich-
ment medium was also suitable for the selective culturing of Ps. aeruginosa :
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Table 11

Incidence of Ps. aeruginosa in drinking water samples qualified satisfactory and unsatis-
factory on the basis of coliform counts*

5293 well samples 170 spring samples 3756 piped water sample4
0 antigens unsza?ilsgfac- 2774 unsa??sfac- 123 unsa??slfac- 2185
tory satisfactory tory satisfactory tory satisfactory
samples samples samples samples samples samples
| 5 4 |
5 1
3a, 3b 1 — —
3a, 3d 2 — — —
3a, 3d, 3e 1 — _ _
3d, 3f 2
4a, 1 1 |
la. 4b 2 2 I I —
4a, 4c 4 1 — 2 5
4a, Id 5 4 — I 1 1
5a, 5b, 5¢ — — — 1 _
5a, 5b, 5d 1 _ _ 2
5a, 5d 1 4 — 1 2
[¢] 12 4 — | 4 1
7a, 7b 1 1 — — — —
10a 6 i — 1 —
10a, 10b — 1 — — 1 _
11 5 1 — — — —_
12 1 — — —
Ungroupable 2 1 —
Samples containing Ps. 54 31 3 4 14 10
aeruginosa ’ 19 Lo 6.4% 3.3% 1.4% 0.4%

‘Maximum number of coliform organisms allowable per 100 ml of water: dug wells, 20:
driven wells, 4: springs, qualified according to type of cover and use of water: non-chlorinated
piped water, 2: chlorinated piped water, 0.4.

this medium, however, gave positive results only when larger inocula were
used. Cultures obtained in the enrichment medium were transferred to brilliant
green agar. This inhibited the growth of Escherichia and Proteus cultures effec-
tively, hut, as shown by a long experience, it allowed a free and characteristic
growth of Ps. aeruginosa.

Incidence of Ps. aeruginosa in water and in faeces. From Table 1 it is
clear that Ps. aeruginosa strains occurring in various water and sewage speci-
mens belonged to the same serogroups as strains isolated from human faeces.
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There was a striking similarity as to the relative frequency of serological groups
and subgroups: water, sewage and adults’ faeces usually contained group 1, 3,
4, 5 and 6 strains. As regards subgroup distribution, among O group 3 strains
members of subgroup 3a, 3b were fairly frequent in faeces. The frequency of
O group 4 strains in water and sewage as well as in faeces was remarkable:
about one fourth of all strains belonged to this group. There was no great
difference between water, sewage and faecal samples in the subgroup
distribition of 04 strains.

Ps. aeruginosa occurred in drinking and river water samples with
about the same frequency as in the intestinal tract of the the healthy adult
population (0.6 to 1.8 versus 1.5 per cent). In sewage this bacterium was more
common, 10.0 per cent, in spite of a less effective, nonselective culturing. In the
incidence of Ps. aeruginosa, drinking water and adults’ faecal samples consider-
ably differed from faecal specimens of hospitalized infants, which gave positive
results in 32.0 per cent. Although in predominating serogroups the latter mate-
rial was similar to specimens of other origin, there was some difference in the
group distribution: in infants’ faeces members of groups 1 and 6 were rela-
tively unfrequent, while the incidence of polyagglutinable strains was higher.

Table Il compares the distribution of Ps. aeruginosa serogroups in drink-
ing water samples qualified satisfactory and unsatisfactory on the basis of
coliform counts. It is evident that the serogroup distribution of Ps. aeruginosa
was similar in both kinds of samples. However, unsatisfactory specimens con-
tained this organism about twice as often as satisfactory specimens.

Discussion

The present study has shown that the incidence of Ps. aeruginosa is
similar in drinking water and in the faeces of healthy individuals and the distri-
bution of serogroups is also similar in these materials. From this finding it
would appear that the presence of Ps. aeruginosa in drinking water is due to
faecal contamination.

Since water samples and faecal specimens from healthy adults were ob-
tained from the same geographic area, the question arises whether Ps. aeru-
ginosa appeared in water as a faecal contaminant, or, on the contrary, healthy
individuals became transient carriers of this organism as a result of water-
borne infection. That Ps. aeruginosa is not widely distributed in nature is
indicated by the findings of Ringen and D rake [2] who showed that natural
water supplies presumably not contaminated with waste materials of human
origin were free from Ps. aeruginosa. On the other hand, the fact that Ps. aeru-
ginosa, when introduced as a faecal contaminant, may disappear rapidly
from surface waters, has been observed by Hoadley and McCoy [3]. These
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authors were unable to recover Ps. aeruginosa from river water specimens
taken at sampling points situated lower than an inflow of sewage contain-
ing this bacterium.

Our examinations have shown that drinking water samples qualified
satisfactory according to coliform counts contained Ps. aeruginosa in 0.4 to
3.3 per cent. If we accept Ps. aeruginosa as a faecal contaminant, the said find-
ing indicates that the organism survives in water for longer periods than coli-
form bacteria do.

There was a striking difference between healthy adults and hospitalized
infants in the incidence of Ps. aeruginosa carriers. Since faecal specimens of
infants were obtained from several different hospitals, it may be concluded
that the majority of infants had acquired their Ps. aeruginosa strains in the
hospital. It should be noted that a considerable part of infants harbouring
Ps. aeruginosa had no enteric symptoms and the present examinations supplied
no data as to the association of the organism with infantile enteritis.

Ujvary et al. [13] found mainly Ps. aeruginosa 03, 04 and 05 strains in
the faeces of infants suffering from intestinal and extraintestinal diseases. In
faecal materials of different origin the same serogroups were found to predom-
inate [9]. From non-faecal pathological specimens (urine, discharge from ear
and wounds, etc.) 03, 04 and 05 strains were also frequently isolated (37.0,
14.1 and 12.9 per cent of all Ps. aeruginosa strains, respectively). These mate-
rials frequently contained members of subgroup 3a, 3b [9].

In infants’ faeces examined in the present work O group 4 cultures con-
stituted 34.6 per cent of all strains; members of O group 3 were also common
(18.7 per cent).

Thus it may he concluded that, although in a somewhat different distri-
bution, the same serogroups of Ps. aeruginosa occur in water, sewage, faeces
and even in non-faecal pathological materials. In serogroup distribution water
samples stand more closely to adults’ faeces than lo other materials: serogroup
1, 3, 4, 5 and 6 strains occurred in water and sewage in 9.7, 6.2, 26.7, 8.7 and
20.0, in adults’ faeces in 16.1, 12.7, 21.2, 9.3 and 11.0 per cent, respectively.
The presented data indicate that in water, sewage and adults’ faeces O group
4 strains predominate, while in non-faecal pathological materials O group 3
strains are the most common. As regards the incidence of O group 3, infants’
faecal specimens occupy an intermediary position between the above two
groups of material.

As the causative agents of water-borne infectious diseases originate pri-
marily from the human intestine, the main purpose of bacteriological examina-
tion of water is the detection of faecal pollution. In the evaluation of coli-
form counts as an indicator of faecal pollution there are two conceptions. Part
of the authors divide lactose-fermenting Enterobacteriaceae into strictly intes-
tinal organisms present in faeces in large numbers (“coli type 1”) and into
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bacteria more common in nature (Klebsiella,Enterobacter). Other authors
claim that organisms of the latter group, though in smaller numbers, are also
normal inhabitants of the human intestine and, as in routine examinations
they cannot reliably be differentiated from strictly intestinal bacteria, their
presence should also be regarded as an indicator of faecal pollution. For the
Hungarian National Standard for the Bacteriological Examination of Water
the latter conception has been adopted, that is, above given counts, the pres-
ence of any Enterobacteriaceae strains fermenting lactose promptly (Escheri-
chia, Klebsiella, Enterobacter, Citrobacter) is regarded as an index of pollu-
tion 15].

According to this principle any other easily cultivable bacteria which are
present in the human intestinal tract and do not survive long in water, should
be regarded as evidence of faecal pollution. Although the incidence of Ps.
aeruginosa in faecal samples of normal adults was low, the similarity of sero-
group distribution in water and faecal samples indicate that the presence of
this organism in drinking water may be a result of faecal contamination. A
comparison of the present results with other studies on the incidence of Ps.
aeruginosa in non-faecal clinical material has shown that, although in a some-
what different distribution, the same Ps. aeruginosa serogroups predominate
in water and in intestinal and extra-intestinal infections. These findings support

the opinion that waters containing this organism are unsatisfactory for human
consumption.
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Summary. With cells in shift down state the total infective centre count immediately
increases on the addition of mitomycin; the increase is not affected by Chloromycetin and is
inhibited by trypaflavin. In the presence of Chloromycetin the dissociated prophage retains
primary activity for long periods.

Wi ithout shift down, the dissociated prophage is inactivated in the presence of Chloro-
mycetin.

A group of anticancer substances induces the $phage production of
E. coli [1], and there is a good correlation between the inductive and anti-
cancer effect of these substances [2]. This method and its modification suitable
for mass-examinations [3J have been routinely used in our laboratory for the
detection of anticancer substances. In the course of these experiments several
observations have indicated that by the aid of antibiotics further information
can be obtained concerning phage induction and multiplication, and concern-
ing the effect on multiplication of the host cell’s metabolism. Phis latter possi-
bility is especially facilitated by the fact that the E. coli strain Ku A-28 used
in our laboratory is inhibited by valine [4], and in the shift down state also by
leucine and other amino acids [5].

The present paper will deal with the action of Chloromycetin (CM) which ,
due to its inhibitory effect on protein synthesis, inhibits the multiplication of
phage. We have shown that in the shift down state on the addition of mito-
mycin the prophage dissociates and the dissociated prophage maintains its
primary activity for a long time.

M aterials and methods

Strains. E. cili K 122A-28 was used as lysogenic strain. Phage-determinations were carried
out with E. coli C 600 strain.

Nutrient media. Bouillon was used as complete medium, while as minimal medium that
of Davis and Mingioli [6] was used. In some cases tlie hitter was complemented with “Difco”
casein hydrolysate.

Experimental conditions. Preparation of culture in shift down state: a 16-hour-old
bouillon culture is inoculated in 1:10 proportion to the same medium and after incubating
for two hours, the cells are washed twice and suspended in minimal medium at an average
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concentration of 10ecells/ml. With cultures without shift down, the same media were used in
all the three steps.

The cultures were incubated in the upright position, generally at 37°C.

The concentration of mitomycin C used for induction was 1/tg/ml on minimal medium
and 5 /tg/ml in bouillon.

After induction the viable cell count was determined, and the count of total infective
centre (CTIC) was also assayed at 28° by mixing the induced strain with the indicator strain.
After treatment with 2 drops of chloroform/ml culture, at least for 5 minutes at 2°C, the plaque
count was determined at 28°C and regarded as the relative number of free phages. Without
induction the free phage number of the culture is low, thus the CTIC-value can be directly
used for the estimation of the number of induced cells.

Results

In Fig. 1the inductive effect of mitomycin C is shown in the shift down
state. It can be seen that the CTIC-value increased sharply after the addition
of mitomycin without a lag-phase. Between 60 and 90 minutes the induced
cell-count did not change appreciably. CM at a concentration of 20 /tg/ml did
not affect the shape and the peak of the curve attained in 90 minutes. The
free phage number began to rise after a long lag-phase, but before the first
cell-division in the control culture had taken place. Free phage production
was completely inhibited by CM.

Minutes

Fig. 1. Effect of CM on induction in the shift down state. Symbols: circles: viable cell count;

squares: CTIC value; triangles: free phage number. Empty symbols: not induced culture;

filled symbols: culture induced with 1 /tg/ml of mitomycin C; half-filled symbols: culture
induced with 1 /tg/ml of mitomycin Cin the presence of 20 /tg/ml| of CM
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If under conditions identical to those described above, the cells grown
on complete or minimal medium were induced in a medium identical to that
of the inoculum (Fig. 2a and 2b), in the presence of CM the CTIC-value in-
creased only slightly and transiently as compared to the control.

Fig. 2. Effect of CM on induction in media identical with that of the inoculum. A: complete

medium: B: minimal medium. Symbols: circles: viable cell count; squares: CTIC-value; trian-

gles: free phage number. Empty symbols: not induced culture; filled symbols: culture induced

with 5 or 1ftg/'ml of mitomycin C, respectively; half-filled symbols: culture induced with 5 or
1/(g/ml of mitomycin C, respectively in the presence of 20 //g/ml of CM

If the shift down state was partly suspended by the addition of casein
hydrolysate (Fig. 3), the concentration of the latter failed to affect the viable
cell count in the induced and not-induced cultures within the experimental
period. In the absence of CM, minimal (0.005 per cent) amounts of casein hydro-
lysate already increased the rise in CTIC-number as compared to the shift
down state, and this increasing effect was of the same extent at different con-
centrations of the hydrolysate. If different amounts of casein hydrolysate
were added to the induced cells in the presence of CM, 0.005 per cent did not
influence the rise of the CTIC-value. At very high concentrations, after a
transient increase the CTIC-value decreased.

Since acridine derivatives such as acriflavine are especially damaging
episomes in the unintegrated state [7, 8], it was assumed that the sensitivity
of the prophage also increases during induction.

If 30 /(g/ml acriflavine was added together with mitomycin to a shift
down culture, the CTIC-value failed to increase. At lower concentrations acrifla-
vine caused partial inhibition (Fig. 4). Acriflavine at the concentrations applied
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decreased only slightly the CTIC value of not-induced cultures. 15 /rg/ml did
not affect the CTIC value, 30 /rg/ml caused an 80 per cent decrease. When
acriflavine was added to induced cells, it took longer for the CTIC value to
decrease to the level of uninduced cultures (Fig. 5).

The effect of acriflavine is irreversible. If induction with mitomycin was
performed at 4+2°C, CTIC increased rapidly by about one order of magnitude
and persisted at that level for prolonged periods. If the culture was diluted

Fig. 3. Effect of CM on induction in the case of partial suspension of the shift down state.

Symbols: Viable cell counts on minimal medium completed with 0.005—0.25 per cent casein

hydrolysate: a: not induced; b: induced; c: induced in the presence of 20 fig/ml of CM. CTIC

values in the induced cultures: d:in shift down; e: in minimal medium complemented with

0.005 —0.25 per cent casein hydrolysate. CTIC values in cultures induced in the presence of

20 fig/ml of CM: f: in shift down; in minimal medium complemented with g: 0.005, h: 0.02,
i 0.1, j: 0.25 per cent casein hydrolysate

200fold with a medium containing 1/tg/ml of mitomycin at -f-2° C, the CTIC
value calculated for the initial volume did not change for a long time. If this
experiment was carried out in the presence of 20 /tg/ml of acriflavine with or
without mitomycin, CTIC failed to rise, and if diluted 200fold with a medium
containing 1/ig/ml of mitomycin, the CTIC value remained at the original
level (Fig. 6).

The extent of induction by mitomycin at -F2°C agreed in every experi-
ment with the value yielded by immediate determination at higher tempera-
tures. This finding might mean that the cells must be in a certain state (in a
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Fig. 4. Effect of acriflavine on induction in the shift down state. The cultures were induced

with 1 fig/ml of mitomycin C. Symbols: circles: acriflavine-free control; squares, triangles,

and rhomhi: 15, 20, and 30 fig/ml of acriflavine, respectively, added to the culture at 0 time.
Empty symbols: viable cell count; filled symbols: CTIC value

1 | | | i | 1 I
15 30 45 60 90 120 160
Minutes

Fig. 5. Effect of acriflavine added at various times to induced cultures in the shift down state.

The cultures were induced with Lfig/ml of mitomycin C. Symbols: x ----- —x: CTIC value in

culture induced without acriflavine. Circles, squares, and triangles: addition of 15, 20, and 30
fig/m\ of acriflavine at 15 minutes (empty symbols) or at 90 minutes (filled symbols)
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certain phase of DNA replication?) to allow the prophage to dissociate. Inves-

tigations into this problem are in progress.
The above described effect of acriflavine was exerted also in case of in-

duction in the presence of CM.
These experiments suggest that the prophage, dissociated in the shift
down state and detectable in the presence of CM for a prolonged time, is in-

Fig. 6. Effect of acriflavine on induction at +2°C in the shift down state. The cultures were
induced with 1 fig/ml of mitomycin, a: CTIC values in cultures induced in the absence of
acriflavine, b: the same as before but at 30 minutes the culture was diluted 200fold at unchanged
mitomycin concentration, c: at 0 time 20 //g/ml of acriflavine was added together with, or
without, mitomycin C, then at 30 minutes it was removed by diluting 200fold with the mainte-
nance of the mitomycin C concentration. Inoculum concentration in all three cases 108 cells/ml

Minutes

Fig. 7. Decrease of CTIC value at temperatures favourable to metabolism, a: the bouillon
culture was induced with 5//g/ml of mitomycin C at -j-2°C in the presence of 20 //g/ml| of CM,
then after 90 minutes it was further induced at 37°C, b: induction under unchanged conditions
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activated by acriflavine. Without shift down, the CTIC value after a transient
increase decreased in the presence of CM; this means that under such
conditions the prophage is inactivated by aspecific enzymes. This hypo-
thesis is supported by the observation that if induction is carried out at 2° C
in CM containing huillon, a rapid rise of CTIC value occurs which otherwise
would have been stable at that low temperature. If the culture is allowed to
stand in the presence of CM at 37°C, the CTIC value decreases (Fig. 7).

Fig. 8. Decrease of CTIC value in media favourable to metabolism, a: the culture was induced

with 1/«g/ml of mitomycin C at 37°C in the presence of 20 //.g/ml of CM in the shift down state,

then after 90 minutes it was diluted two-fold with bouillon with maintenance of the original
CM concentration; b: induction under unchanged conditions

Essentially the same result is obtained if induction is performed in the
shift down sate in the presence of CM and then bouillon is added to the culture

(Fig. 8).

Discussion

Numerous papers have been published concerning the effect of CM on the
multiplication of phage. The view has been formed that both with infection
[9, 10] and induction [11] an early stage of the vegetative cycle requires pro-
tein synthesis, therefore the inhibitory effect of CM is the more pronounced
the earlier it is applied. According to earlier data [12, 13], in UY induction
protein synthesis is required also for the dissociation of the phage. Marco-
vicii [14] has shown that UV irradiation interferes with the replication of the
bacterial chromosome thus resulting in the dissociation of the prophage. In
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this respect the UY irradiation would act through the same mechanism as
alkylating agents and thymine-deprivation, consequently protein synthesis
may be required also in the latter cases.

This question is, however, still not clear. Korn and Weissbach [15] and
Melechen and Skaar [16] observed the inhibitory effect of CM in the case on
induction by thymine-deprivation. Later, however, Metlechen [17], Seno and
Melechen [18] have modified their conclusion, stating that the initiation of
induction is independent of protein synthesis. Their experimental approach,
which is based upon the assay of induced cell-number by plating, does not
exclude the possibility that protein synthesis taking place after plating could
play a role in the induction.

It was to answer this question that we have applied acriflavine which,
in addition to its slight effect on the spontaneous CTIC value, inhibited the
induction by mitomycin. The irreversible nature of this effect compared to
the effect of acriflavine added after the induction shows that in the latter
case the dissociated prophages were inactivated by the acriflavine. However,
if the dissociation of the prophage had taken place only after plating, inde-
pendently of the time of application, the gradual decrease of CTIC value could
not be caused by the acriflavine.

Consequently, the prophage dissociates already in the shift down cul-
ture. Since the occurrence of some slight protein synthesis at the expense of
the amino acid pool cannot be excluded even under these conditions, the inde-
pendence of induction from protein synthesis is proved convincingly only by
the fact that the rise of CTIC in the shift down state takes place in the presence
of CM in the same way as in the control, and acriflavine has the same effect
as in the case of induction without CM.

W ithout shift down at 37° C the dissociated prophage is inactivated to
an extent depending upon the composition of the medium. It is, however,
seen from our experiments, too, that the shift down state is very suitable for
the prolonged preservation of the primer activity of the dissociated prophage
since, if the prophage can dissociate from the bacterial chromosome in spite
of the inhibition of protein synthesis, and the replication of DNA cannot begin,
the induced cells retain their plaque-forming ability only in the case if the
prophage as a primer is not inactivated.

Completion of an induced down-shifted culture or a temperature shift
from 2 to 37° C already allowed to inactivate the dissociated prophage in the
presence of CM, but only to a smaller extent.

The independence of induction of protein synthesis does not exclude a
preformed protein to play a role in the induction. Lieb [19] and Green [20]
have observed CM-resistance on heat-induction with certain mutants. Both
authors have assumed the presence of a protein participating actively in the
induction, a protein either occurring in preformed state and liberated during
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the inactivation of repressor [19], or one formed from the Coproduct itself
[20]. in the case of mitomycin induction this mechanism is not conceivable
since mitomycin is unable to act on the protein-like Cl-product. Consequently,
mitomycin induction does not require a special protein which would he directly
activated by mitomycin.
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Summary. Purified and concentrated samples of complete and incomplete Paris PL
1/49 A —1 influenzavirus particles were mixed with Dow polystyrene latex particles. The
preparations were fixed with OsO, or left unfixed and examined either shadowed with palla-
dium or unshadowed.

By means of the latex particles, the S value characteristic for the used microscope was
calculated. The gradation of the photonegative (y) for electron expositions of 45 KV accelera-
tion was determined.

By means of scanning measurement, density curves were taken of individual virions.
Their diameter and height were measured by a comparator.

It was demonstrated that during preparation and examination, the virions were
considerably flattened. An attempt was made to calculate the virion’s real diameter on the
basis of data for the flattened preparations.

The virion’s dry mass was calculated from the data of density measurements, and
estimates were made as to the amount of OsO, uptake.

An attempt was made to calculate the real (wet) mass and density. It is emphasized
that no particular changes are required in the method of preparation and micrography to
obtain data not only concerning the particles’ dimensions, but also their mass.

The requirement for some quantitative interpretation of electron micro-
scopic data has arisen ever since the very first electron microscopic studies on
viruses [1]. The introduction of shadowing techniques permitted the determi-
nation of the shapes and dimensions of the particles [2]. The addition of poly-
styrene latex spheroids of known and constant diameter increased the accuracy
of measurement of the dimensions of the examined virions [3]. In shadowed
preparations of mixtures of latex and virus [(articles, the electron microscopic
magnification can be determined and the local angle of shadow casting can be
controlled [4]. By the above methods, data were obtained on the flattening and
possible other distortions of the virions during preparation and examination.

Different optical methods (interference microscopy, absorption of X-ray
and UV light) have extensively been used for mass, thickness and density
measurements in quantitative cytochemical studies [5, 6, 7].

The application of the above optical methods in electron microscopy
represents a shift of the method’s limits towards lower orders of magnitude.
Marton and Schiff [i5] in 1941 already used the measurement of density on
photographic plates for the determination of the preparation’s thickness. Essen-
tially the same technique was used by Hall in 1955 [9] and by Amenlun-
xen in 1959 [10], for the examination of the effectiveness of electron stains
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used to increase the contrast in virus micrographs. In 1957, Hol16s [11] made
estimations of the structural and compositional differences of complete and
incomplete influenzavirus particles from the differences measured in their
densities. The mass of phage particles was measured by electron microscopy
in 1960 by Burge and Sylvester [12].

In the present study the density, diameter and thickness of complete
and incomplete influenza particles was measured. The flattening of the parti-
cles, the diameter of non-flattened (spherical) particles and the dry mass of
virions were estimated. Approximative calculations were made as to the true
mass of virions, their density and O sO4-uptake.

Materials and methods

Virus strain. The Paris PL 1/49 A—1 strain of influenzavirus, kindly supplied by the
World Influenza Centre, London, was used throughout.

Complete virus. From the 104dilution of the virus suspension considered complete, 0.1 ml
was inoculated into the allantoic cavity of 11-day old chick embryos, incubated for 36 hours at
35°C and harvested after appropriate chilling. The ID5J/HA quotient was 106. The 1D 50 was
determined by the method of H orvatn [13], calculated according to Reed and Muench [14].
Haemagglutination (HA) titration was performed according to Takatsy [15].

Incomplete virus was obtained as described by ven Magnus [16]. Three subsequent
passages were made with freshly harvested undiluted allantoic fluid inoculated in 0.3 ml
volume into the allantoic cavity of 11-day old chick embryos. Incubation and harvesting
were made as described above. The IDOYHA quotient of the virus from the 3rd passage was 104.

Purification of the virus. Both complete and incomplete virus suspensions were clari-
fied by centrifugation at 3000 r.p.m. for 1 hour. The material was then adsorbed to washed
chick red blood cells at +4°C and washed with saline. Elution took place at 37°C in physiolog-
ical saline, in one tenth of the initial volume. The eluate was centrifuged for clarification.
The supernatant was centrifuged at 16 000 r.p.m. for 1 hour. The sediment was resuspended
in physiological saline, in 1/50 of the initial volume. The suspension was centrifuged for one
hour for clarification. The supernatant obtained was used as purified concentrated virus sus-
pension.

Electron microscopy. To the purified and concentrated virus suspensions appropriate
amount of Dow latex particles L3 (1880 A ~ 70 A) were added. The virus-latex mixed suspen-
sion was carried by means of a micro-loop onto micro-screens with Formvar films. The prepa-
rations were either unfixed [1] or fixed [2] with 1 per cent 0s04 buffered solution according
to Partade [171 at -j-4°C for 20 minutes. Crystalloids were removed from the micro-drops by
repeated immersion into distilled water. The preparations were then dried in air. Part of the
preparations was shadowed with palladium.

Electron micrographs were made with EM-3 1951 USSR electron microscope, at 45 KY
at 11,000fold direct magnification at 5x10-3 radian objective aperture angle, using Agfa
document film. Illumination, exposition and development of films was made in a standard way
throughout.

Measurement of density. The apparatus for density measurement was constructed from
an optical microscope equipped with a cross table endowed with a nonius scale and a high
sensitivity densitometer (Orion EMG Magnefot Type 2212). Scanning of the original electron
micrographs was made with a light beam 0.2 mm in diameter, obtained by a special illumina-
tion system. The disturbance possibly caused by the dispersed light was eliminated by a dia-
phragm placed before the densitometer’s photocell and constructed in accordance with the
testing light spot and the magnification of the optical microscope. The relative diameter of the
scanning light spot was 19 in//, considering the [1,000fold direct magnification of the electron
micrograph. The zero point of the apparatus was adjusted to the density of the unexposed film
and density measurements were taken at 19 m/z steps along the diameter of the virion or latex
particles and thereafter on the background. Two series of measurements were performed per
particles, along its two perpendicular diameters. From these measurements density value
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were obtained for support microfilm (Dj) and for the examined particle (D2). The distribution
of mass in the individual particles was characterized by the individual (Dx—D 2) values.

The y-curve of the photographic material was measured under constant conditions of
development, after exposure to constant intensity 45 KV electron beam for 0.1 to 22 seconds.
Blackening of the film was exponentially related to the exposition time in the region D = 0.35 —
0.9. The y-value of the photographic material was 0.88.

Of the micrographs oidy those were used which displayed densities of both the supporting
microfilm and the particles within the linear region of the y-curve.

Density distribution was established along the diameters of at least 24 virions per
preparation, 114 in all, and a total of 47 Ls latex particles, in uniform distribution.

The Dj—D2 values obtained in individual measurements were plotted. The values for
the identical points plotted against the diameters were summed and their mathematical
means were calculated. The density curves along the diameter of an average latex or virus
particle were constructed from the above mean values.

Determination of the diameter. The diameter of the particles was determined during
density measurement, by graphical interpolation and, in shadowed preparations, perpendicular
to the direction of shadow casting, by means of an Abbe comparator (Zeiss).

In the Tables data obtained by both methods are presented. Since measurements of
shadowed preparations allowed a direct determination of the diameters these data were given
preference in further calculations.

Determination of height. The height of the particles was determined in shadow ed prepara-
tions. In each evaluated preparation there were 2 to 5 latex particles allowing calculation of
the local angle of shadow casting, tga.

tga o

where d is tlie diameter of the latex particle and h the length of the shadow. Measuring the
length of the shadow of virus particles, their height can he determined on the hasis of the
local tg a. When measuring the shadow length, full shadows were only considered

In density measurement, only the mass-thickness of the particle pxt, could be deter-
mined (Q = density of the particle, t = the particle’s height measured parallel to the electron
beam). For the determination of density (p), the data on the mass obtained by density measure-
ments and those for the volume obtained by measurements of shadowed preparations, were
used. The density (p) of the particle being known, its height could he calculated from data of
density measurements.

Statistical methods. Arithmethic means (x), standard deviation (S), and standard error
of the mean (Sx) were computed.

Results

In Table | data on the measurement of Dow latex L8 are shown.

In the first part of Table I, the density values of 47 latex particles, meas-
ured along two perpendicular diameters and expressed as differences, are
presented. The averaged points of measurement were at the five sixths, two
thirds, one third, and middle of the diameter. The percentual error of the aver-
age density values was the highest at the edges of the particles and decreased
towards the centre. Thus, the percentual standard error of the mean tended to
decrease (+ 8 per cent; + 4.7 per cent; +1.4 per cent; +1.8 per cent).

In Fig. 1, the average density curve of the latex particle is presented.
On the axis r(x), the diameter and its fractions, whereas on the axis J)] — D.,(y)
the corresponding density values are shown. The points approximate well a
parabola, characterized by the second degree equation, y = 0.274 x2. The
normal value x = | corresponds to 9.1x10 O centimeters.
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Table 1

Measurements of Lg Dow latex particles

Density measurement in grades Dj — D2 N X S Si
At 5/6 of the diameter 94 0.055 0.043 0.005
At 2/3 of the diameter 94 0.164 0.074 0.008
At 1/3 of the diameter 94 0.283 0.038 0.004
At middle of the diameter 47 0.307 0.037 0.006

Diameter in myu

Diameter from density measurement 47 187 62 3
Measured diameter 32 185 37 6.5
X Zx Z (x —X)2

n SX n(n—1)

In the second part of Table I, statistically evaluated data of measure-
ments on the diameter of a total of 79 shadowed and unshadowed latex particles
are shown. The given diameter of 188 + 7.6 Tu was satisfactorily approximat-
ed by both methods of measurement. With density and direct diameter meas-
urements, the values obtained were 187 + 3 mu and 185 + 6.5 TL, respec-
tively.

~re

Fig. 1. Average density curve of L8 Dow Latex particles
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Determination of the mass constant (S) of the electron microscope. The
electron beam deviated by a particle of “M ” mass, resulting in differences of
darkening of the photographic film is related to the mass of the particle.

S XM In 11 dA , (2)

where A is the projection of the particle along the electron beam, /, the elec-
tron beam reaching the particle, 12 the electron beam traversing the particle
and reaching the photographic film, and s a relation factor.

The value of “S” depends hardly on the particle’s material; it is deter-
mined chiefly by the adjustment of the electron microscope. Its dimension is
cm2Xg-1.

When referred to particles of rotational symmetry with 1i radius, for-
mula (2) is

iz

S= -=-[(Inl11— In12AdA. (3)
M3

Since in the case described, the grade of darkening of the photographic mate-
rial is related to the natural logarithm of the electron beam’s intensity, from
formula (3)

S =\/r — \(Di~D2AdA, 4
Y log e 3 ( ) (4)
(o]
where y is the darkening factor of the photographic material, (U, — D.))A

the difference in darkening measurable in relation to the background (site
dependent).

The S value characteristic of the electron microscope was computed from
the known and measured values of the polystyrene latex particles. The aver-
age density curve of the latex particles (Table 1) is well approximated by an
analytically expressed D 0.274a2 parabola (x — 1 normal value = 9.1 X
x 10 ecm). By the aid of the approximating parabola can be computed the
integral in (4), from which can be derived the value of “S”. Under the condi-
tions prevailing in this experiment, the electron microscope used is character-
ized by

S 2.4x10" + 0.4x10* cm2 e g“1.

The standard deviation of the “S” value was derived from the given fluctua-
tion (+ 7.6 m/i) of the latex diameter and from the standard error of the mean
densities.
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Density measurements ofvirions are summarized in Table Il, as related to
complete, incomplete or fixed, unfixed preparations. Presentation of the
virions’ densities along the diameter was made in the same manner as with
the latex particles, viz. at two thirds, one third, and middle of the diameter.
Fig. 2 shows the average density curves of virions per preparation. The stan-
dard error of the mean tended to decrease towards the centre also with the
complete unfixed virus, yielding +4.6, 2.6 and 2.4 per cent at the above points.

© 1D 2 © Dt-Di

© Dr02 © Di'D2

Fig. 2. Average density curve of the virions. a: complete unfixed virions; b: complete
Os04-fixed virions; c: incomplete unfixed virions; d: incomplete 0s04fixed virions

W ith the fixed preparation, the standard error of the mean was higher, being
+ 5.3, 2.8 and 4 per cent. The standard error of the mean was unproportionally
high with the incomplete virions. The reason for this should not be sought
in the lesser number of measurements, neither in the greater probability of
subjective error at the adjustment and reading of the lower absolute values,
but rather in the more mixed population of the incomplete preparations.
Therefore, the standard error of the mean of the unfixed preparation was
+ 12.8, 7.5 and 2.5 per cent, in the above sequence and also for the fixed prep-
arations it was higher than that of complete preparations, being +7.3, 4.4
and 3.9 per cent. These deviations show that the measurements were of satis-
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Table 11

Density of virions

Preparation U.-D, N X S Si
Complete unfixed At 2/3 o * 80 0.027 0.011 0.001
At 1/3 o 80 0.054 0.013 0.001
At middle 40 0.067 0.010 0.002
Complete fixed with At 2/3 o 84 0.036 0.018 0.002
0s04 At 1/3 0 84 0.080 0.020 0.002
At middle 42 0.107 0.028 0.004
incomplete unfixed At 2/3 o 48 0.013 0.012 0.002
At 1/3 0 48 0.030 0.015 0.002
At middle 24 0.048 0.019 0.001
Incomplete fixed with At 2/3 o 70 0.024 0.015 0.002
0Os0, At 1/3 0 70 0.053 0.020 0.002
At middle 35 0.074 0.017 0.003
z x s U(Zx-xY s. |
n [ a — 1 \'n{n 1
*0 = diameter

factory accuracy as compared to the usual error of electron microscopic meas-
urements.

The niruses’ average density curve approximated a perpendicular sec-
tion along the axis of a cone or a truncated cone, thus the value of the integral
in formula (5) (see later), readily could he computed.

Diameter and height of virions. Pertaining results are presented in Table
Ill. In shadowed preparations, the diameter of non-fixed and fixed complete
viruses was 125 inft and 121 mft, respectively. The cause of this moderate, hut
significant discrepancy was due to data for height, i.e. 47 m/i for non-fixed,
and 56 m/i for the fixed viruses. The respective Mid quotients were 0.376 and
0.46. Thus, the cause of the moderate difference of the diameters was the more
marked flattening of the unfixed preparation, as compared to the fixed ones.
It is clear, moreover, that independently of the measured difference, a more or
less pronounced flattening of the viruses occurred during the preparation pro-
cedure in both types of preparation.

The diameter of unfixed incomplete virions was 133 m/t and their height
was 40 m/t. The corresponding data for fixed preparations were 127 and 43 mi/t.

Aria Microbiologica Acadctniae Scieritiarum Hungaricae Id (1966/1967)



344 . HOLLOS and A. BARNA

Tabic 111
Height and diameter of virions

a) Measured in shadowed preparation

Preparation Diameter (m) Height (m/x)
N X S X N X S Si
Complete unfixed 50 125 16 2 50 47 8 1
Complete 0s0 4-fixed 50 121 11 2 50 56 11 2
Incomplete unfixed 50 133 18 3 50 40 12 2
Incomplete 0s04-fixed 50 127 17 2 50 43 1 2

b) Measured in unshadowed preparation by densitometry

Complete unfixed 40 124 20 3 40 60 - -

Complete 0s04fixed 41 117 17 3 20 70 — -

Incomplete unfixed 24 126 21 4 24 63 - -

Incomplete 0s04-fixed 22 118 21 5 35 72 — —
r n S // " (: - >1<A2 S yyn (?n--_-i))z

The M/d quotient, showing the degree of flattening, was 0.30 and 0.34, respec-
tively.

Diameters measured parallel to density assessment agreed well with
those obtained in shadowed preparations. Height in these preparations was
not measured directly, hut derived by computation. The error of these data
was not calculated, but it should be noted that it comprises a sum of the errors
of S values and of diameter and density measurements. Thus, these data were
considered less reliable than those obtained by direct measurement.

Three conclusions were drawn from the above data, viz. (i) all prepara-
tions were flattened; (ii) complete virions were less flattened than the incom-
plete ones; (iii) flattening was less distinct in fixed than in unfixed prepara-
tions.

Attempt to compute the true diameter from data obtained with flattened
virions. Our reasoning was based on the following considerations. (1) The virion
is a perfect sphere; (2) flattening results in the formation of another solid fig-
ure, a rotational ellipsoid; (3) flattening is not accompanied by disintegration;
(4) the original and the flattened solid figures are identical in volume. Since
the virion is not a perfect sphere, nor is the flattened virion a regular solid
figure, the computed volume is an approximative value and so is the computed
diameter of a non-flattened virion.
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Assuming that the volume of the rotational ellipsoid and that of the orig-
inal sphere are identical, and expressing the radius of the latter, we obtain

V,= —a2b= Vg i'h
3

r=y " dph drm®

where d& is the sphere diameter, dc the diameter of the rotational ellipsoid
(identical with the measured diameter of the virion), M e the height of the rota-
tional ellipsoid (identical with the measured height of the virion).

Table IV

Diameter of the spherical virion

on the basis of dia- on the basis of den-

Preparation meter measurement  sity measurement
(mf4 (rw
Complete unfixed 90 97
Complete Os04-fixed 93 99
Incomplete unfixed 89 100
Incomplete OsO,-fixed 89 100

The computed diameters are shown in Tahié IV. The values calculated
by direct measurement on shadowed preparations are in particularly good
correlations, the virion diameters vary from 89 to 93 m/.i. Density measure-
ments uniformly show that differences in the diameters (97—100 m[i) result
exclusively from the varying extent of flattening. The fitting of the results
obtained by the two different methods was much better than expected, espe-
cially in view of the difficulties involved. In further work therefore, 90 in// was
taken lor the diameter of the non-flattened virions.

The virion's mass. Values of A and S in formula (5) can be derived from
formula (4):

j|R2

Mririon = N(D1— D.,)a mdA . (5)
Selogey
0

The integral in formula (5) represents the approximation of the volume of a
cone or truncated cone, the basic area of which corresponds to the virion’s
projection and height to the maximum density value.
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The first column in Table V shows the masses of virions computed
by means of formula (5), together with the S values and the limits of error in-
volved in the diameter determination. Considering the technical conditions of
preparation, the mass obtained represents the dry mass of the virion. Taking
into account the limits of error, the dry mass of complete virions exceeded
that of incomplete ones. The mass of fixed virions exceeded that of unfixed
ones, obviously as a result of 0s04 uptake.

Tabic V

Data obtained by electron microscopy (EM) and ultracentrifugation (UC)

Electron  micro-

Wet mass Wet mass scopic density
; Dry mass EM dry mass + EM volumex
Preparation (x% g +UC Whter content x UG density Em V\(Ie;h:rnn]:s
(X10--«g) (X10->«g)
(x 10 Ieg)
2.8 5.5 4.2 1.4
Complete unfixed (3.3—2.6) (6.4-5.0) (1.7- 13)
Incomplete unfixed 19 4.1 4.1 1.0
(1.95-1.8) (4.3—3.9) (1.1—1.0)
Complete 050 4-fixed 4.3 — — —
(4.7- 3.9)
Incomplete OsO,-fixed 2.5 — —
(2.8 1.9

The computed amount of 0s04 fixed by the complete and incomplete
virions was 1.451 X 10 10,ug and 0.647 X 10~10/tg, respectively. Considering
Avogadro’s number, the above amounts represent about half a million mole-
cules for the complete and a quarter million molecules for the incomplete
virion.

Further data characteristic of the virion and derived from other data avail-
able. The computed diameter of a non-flattened virion was found to be 90 mp
(9x10 _ecm), and its volume, 3.8X10~16cm'l

If our hypothesis on the flattening of the virion is correct, the wet and
dry mass of the virion is comprised in an identical volume. According to
Takatsy’s ultracentrifugal analysis [18], the water content of complete and
incomplete particles is 48 and 56 per cent, respectively. Adding this to the
electron microscopically determined dry mass of the virion, the wet mass of
the virion is obtained. These values are shown in the second column of Table Yy,
for unfixed complete and incomplete virions. Data calculated by taking into
consideration the error of mass determination are also given in brackets. The
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density determined by ultracentrifugation [18] was 1.104 for complete and
1.073 for incomplete virions. Multiplying these values by the average volume
of a virus, we obtain data on the wet mass of a virion. Values derived by this
method for the wet mass agreed well with those obtained by the method used
in the present study. It should be noted that data on the complete virion yield-
ed by electron microscopic mass determination arc somewhat higher than
those obtained by ultracentrifugation. As to the incomplete virion, both meth-
ods yielded identical values. Electron microscopic data for the density of
the complete virion are somewhat higher than in reality, those for the density
of the incomplete virion correspond to the actual values, thus the relative
difference between K 0and I K Uis higher than the density difference found with
ultracentrifugation.

Discussion

Considerable differences between the complete and incomplete influenza-
virus have been demonstrated by ultracentrifugation, electron microscopy
and chemical analysis [19, 20, 21]. Our aim was, therefore not to present fur-
ther evidence in favour of these well-known facts, but rather to decide whether
from appropriately obtained electron micrographs it was possible to derive
data on certain characters of the virus, determined usually by other methods.
To certain preparations latex particles were added and fixed as well as unfixed
preparations were examined. Our preparations were not superior to those used
by Williams in 1953 [4] for the determination of M/d quotient for unfixed,
formalin fixed influenzavirus (0.3 and 0.5, respectively) and the electron micro-
graphs were taken with the usual technique. The gradation of a given photo-
graphic material had to be determined only once. Naturally, for adequate
measurements special apparatuses are needed. The choice of an appropriate
method of measurement and the evaluation of the results require, however, a
thorough knowledge of the physical phenomena involved. In the work reported
in the present paper, the collaboration of the physician and the physicist
proved to be fruitful.

It seems to be of interest to perform similar measurements on negatively
stained preparations. The more so, as measurements can only be performed in
an order of magnitude considerably below the resolution of the available elec-
tron microscope. Thus, for the measurement of the mass of influenzavirus,
the electron microscope used in this laboratory Mas just the ideal one.

An apparatus with a resolving power of 10 A, however, Mould allow to
determine the mass of 50—60 A elements.
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Summary. In Streplomyces rimosus, similarly to other microorganisms, there is a transi-
tory increase in the synthesis of enzymes participating in the biosynthesis of isoleucine and
valine after inoculation. This increased synthesis is further enhanced by valine. The spontaneous
increase of enzyme synthesis can be repressed by valine, leucine and isoleucine.

The previously described inductive effect of a-ketobutyric acid prevails during the
whole period of cultivation; it can be repressed by the simultaneous administration of valine
and leucine while valine alone causes only partial repression.

The first common enzyme of valine and isoleucine biosynthesis, acetohydroxy acid
synthetase, is inhibited by valine.

In our metabolic studies with Streplomyces rimosus, isoleucine secretion
has been observed in media containing threonine [1, 2]. Studying the secre-
tion of isoleucine with washed mycelia we have found that a-ketobutyric acid,
whether added to the medium, or formed from threonine, increased inductively
the synthesis of enzymes which participate in the biosynthesis of valine and
isoleucine. The acetohydroxy acid synthetase content of cells, the amount of
enzyme measured in toluene-treated cells, was four times higher in the* induced
cells than in the control ones [2, 3]. Metabolic studies have shown that this
induction affects the metabolism and Oxytetracycline production of the micro-
organism [2, 4, 5].

The jiresent paper presents further experiments on the regulation of
valine and isoleucine metabolism in Streplomyces rimosus.

Materials and methods

Cultivation of Streplomyces rimosus. The experiments were carried out with Strepto-
myces rimosus BS 21/76 strain. Cultivation was performed in media containing glycine-glucose,
which was complemented with substances as indicated in the Tables and Figures. The samples
were inoculated with a 5 per cent, 44-hour-old vegetative inoculum |6].

Assay of enzymic activity. The cells were washed twice with distilled water by centrif-
ugaiion and suspended (6 —8 mg/ml dry weight) in 0.4 M phosphate buffer, p11 7.6, contain-
ing 0.1 M MgSO, and 100 fig/ml thiamine pyrophosphate. The suspension was sonicated three
times for three minutes each at 0°C (Mulard sonic disintegrator, 20 000 KC, 50 soundwatt),
then the crude extract thus obtained was gel-filtered on Sephadex G 50 column equilibrated
wilh the buffer solution used for sonication at 0°C, to remove the inhibitory effectors [7].
Acetohydroxy acid synthetase activity was estimated according to Umbarger and Brown [8],
dihydroxy acid dehydration by the method of w ixom et al. [9], while threonine deaminase
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was assayed according to Szentirmai and Horvath [10]. If threonine deaminase was also
determined, sonication was carried out in the presence of aluminium oxide, to achieve solubili-
zation of the enzyme [10]. Enzyme activities were assayed at 28°C, and specific activity was
defined in terms of/tmole products formed in 1 hour per mg of protein. Protein concentration
was estimated by the method of Lowry et al. [11], with crystalline serum albumin as the

standard.
Chemicals. Commercial preparations of reagent grade were used. a-/i-dihydroxy-isovale-
ric acid was synthesized according to the method of Sjolander et al. [12].

Results

In the course of cultivation acetohydroxy acid synthetase activity was
estimated in the crude extracts gel-filtered on Sephadex G-25. Following inoc-
ulation the specific activity of extracts increased transitorily. A similar phe-

Fig. 1. Enhanced synthesis of acetohydroxy synthetase after inoculation; the effect of valine.
The following additions were made to the glycine-glucose medium 1: none; 2: 8 mM L-valine;
3: 8 mM L-valine -j- 8 mM L-leucine -f- 8 mM L-isoleucine

nomenon was observed first in E. coli [8] and later in several other microorga-
nisms [13, 14, 15]. This initial increased enzyme synthesis was influenced only
by valine from among the branched chain amino acids. In the presence of va-
line there was an increase in enzyme production only during enhanced synthe-
sis. This effect of valine varied considerably from experiment to experiment,
sometimes a 50 per cent, in other cases a five-fold increase was observed. The
enhanced enzyme synthesis which followed inoculation was inhibited by the
simultaneous presence of all three branched chain amino acids (Fig. 1).

If a-ketobutyric acid was added to the media, the increase in enzyme syn-
thesis was considerably more marked than in the above cases and persisted
during the whole period of cultivation. This enhancing effect of a-ketobutyric
acid was not influenced by isoleucine and leucine, was partially repressed by
valine, while complete repression could be achieved by the simultaneous addi-
tion of both leucine and valine (Fig. 2). As to the influence of a-ketobutyric
acid concentration on induction, 1 mM had a significant effect, while the maxi-
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mum effect Avas achieved by K)—20 mM. Threonine and a-aminobutyric acid
also had an inductive effect; the breakdown of these led to a-ketobutyric
acid, but the inductive ability of the substances avas weaker than that of a-

ketobutyrie acid (Fig. 3).

Fig. 2. Inductive effect of a-ketobutyric acid. The following additions were made to the

glycine-glucose medium. 1: 20 mM a-ketobutyric acid; 2: 20 mM a-ketobutyric acid -f- 8 mM

L-leucine; 3: 20 mM a-ketobutyric acid -|- 8 mM L-valine; 4: 20 mM a-ketobutyric acid -\~ 8
mM L-valine -f~ 8 mM L-leucine; 5: none

Fig. 3. Inductive effect of threonine and a-aminobutyric acid. The following additions were

made to the glycine-glucose medium. 1: 20 mM a-ketobutyric acid; 2: 10 mM a-ketobutyric

acid; 3: 1 mM a-ketobutvric acid; 4: 10 mM L-a-aminobutyric acid; 5: 10 mM L-thrconine;
6: none

In the above experiments the effect of various substances was followed
by the aid of one enzyme, a-acetohydroxy acitl synthetase. In further experi-
ments in extracts of points showing the greatest differences, threonine deami-
nase and dihydroxy acid dehydrase activities Avcrc also assayed, since these
enzymes participate in the synthesis o( isoleucine and valine. The specific ac-
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tivity of threonine deaminase did not depend on cultivation conditions and
additional substances [10] while dioxy acid dehydrase activity changed paral-
lel with that of a-acetohydroxy acid synthetase (Table 1).

Table |
The coordinalive character of changes in enzyme levels

Threonine deamina- Acetohydroxy acid Dihydroxy acid de-
se, /Ixmoles of a-keto-  synthetase, /xmoles hydrase, jumoles of

Addition butyric acid hour-1  of a-acetolactic acid  a-ketoisovaleric acid
protein- 1 hour-1  protein-1 hour-1  protein-1
- 2.75 0.58 0.15
8 mM L-valine 2.45 0.85 0.17
20 mM a-ketobutyric acid 2.55 3.30 0.50
20 mM a-ketobutyric acid -f-
+ 8 mM L-valine 2.85 1.47 0.24
20 mM a-ketobutyric acid +
+ 8 mM L-valine -~ 8 mM L-leucine 2.36 0.34 10.0

The extract was made from 24-hour-old cultures

It has been shown in several microorganisms that acetohydroxy acid
synthetase, the enzyme catalyzing the first common step of valine-isoleucine
biosynthesis, is inhibited by valine [8, 13, 14, 15, 16]. In our first experiments
with toluene-treated cells valine failed to cause inhibition [2, 3]. In the present
experiments, however, in extracts treated with Sephadex G—25 inhibition by
valine was observable, but the extent of inhibition never exceeded 50 per cent
(Fig. 4).

The degree of inhibition depended on the substrate concentration.

Fig. 4. Inhibition by L-valine of acetohydroxy acid synthetase. 1: substrate concentration,
3.10~2M pyruvate; 2: substrate concentration, IOMN'iVf pyruvate
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Discussion

It has been shown with washed mycelia of Streptomyces rimosus that
a-ketobutyric acid caused an inductive increase in the amount of enzymes
participating in the biosynthesis of valine and isoleucine. With mycelia grown
in media containing glycine, chloramphenicol inhibited the secretion of isoleu-
cine, while with mycelia grown in threonine containing media, chlorampheni-
col was ineffective, and production of valine from pyruvic acid could even be
observed in the presence of chloramphenicol with mycelia grown in media
containing threonine [2, 3]. As a continuation of these experiments we have
attempted to estimate the acetohydroxy acid synthetase activity with washed
toluene-treated mycelia, the results obtained were not equivocal. The fila-
mentous growth of Streptomyces rimosus was the source of several errors.
In the possession of source experience gained in experiments with bacteria [14,
15], we reassumed the experiments with Streptomyces rimosus the result of
which was as follows.

The spontaneous and transitory enhancement of enzyme synthesis in
Streptomyces rimosus following inoculation was similar to that in other micro-
organisms [8, 13, 14, 15]. This explains why we could not obtain reliable data
in experiments with washed mycelia. The different degree of spontaneous
increase was partly or completely masking the inductive effect of a-ketobutyric
acid within the short experimental period. The effect of branched-chain amino
acids on spontaneous increase was examined. It was found that valine increased
the transitorily enhanced synthesis which varied considerably from experiment
to experiment. This transitory increase in enzyme activity did not lead to
isoleucine secretion even in the presence of valine, in contrast to induction
with a-ketobutyric acid. A similar spontaneous increase and valine-effect could
he observed with Streptomyces fradiae [17],which also failed to cause isoleucine
secretion.

In the above spontaneous increase a decisive role must have been played
by the endogenous pool of branched-chain amino acids determined by the rate
of synthesis, breakdown and utilization. This hypothesis is supported by our
observation that the simultaneous addition to the media of the three amino
acids completely inhibited the spontaneous rise. The biosynthesis of branched-
chain amino acids is known to have three common steps, and thus in the
regulation of biosynthesis the regulating system should control not only the
functioning of enzymes, through influencing the enzyme action or synthesis,
but also the appropriate proportion of the synthesis. This multiple regulation
system probably loses its equilibrium after inoculation resulting in the spon-
taneous increase of the enzyme level.

The enhancing effect of valine on the spontaneous increase of the enzyme
level can be interpreted in light of the results obtained in our experiments with
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Mycobacterium pellegrino [15]. In this microorganism the effect of valine is
much more pronounced, it prevails for a longer period, and can he elicited at
any stage of growth. The effect of valine can be explained hy the fact that the
first common enzyme of the biosynthesis is intensely inhibited by valine. In
the case of Streptomyces rimosus the increase in enzyme synthesis can be con-
ceived on the basis of a similar mechanism, since the first common enzyme
of the biosynthesis in this case is also sensitive to valine. The extent of inhibi-
tion achieved by valine in the crude extract did not exceed 50 per cent which
could be attained at low valine concentrations. This may presumably be due
to the fact that the sensitivity to valine of the enzyme decreases in the course
of preparation. The question obviously arises why this effect of valine is only
transient. In the regulation of enzyme synthesis, in addition to the endogeneous
pool determined by synthesis, breakdown and utilization, the state of the
enzyme might also have a regulatory role, as it has been proved in the case of
Pseudomonas aeruginosa [7, 18, 19]. We have shown with Pseudomonas aerugi-
nosa that the enzyme is present in the cell in two states, one of which is sensi-
tive, while the other insensitive to valine. These two states can reversibly be
transformed into each other. Valine promotes the formation of the sensitive
form, while pyruvate that of the insensitive form. If we deal with a similar
system in Streptomyces rimosus, it appears probable that in the early stages ol
growth at a low metabolic rate the pyruvate is unable to exert any effect and
the valine-sensitive form predominates, but with the increase of the metabolic
rate sufficient amounts of pyruvate are produced to counteract the effect
of valine.

The inductive effect of a-ketobutyric acid could be observed so far only
in tile case of Streptomyces rimosus. As to the mechanism of this induction
inferences can be made from the factsthat valine causes a partial, and valine-)- leu-
cine a complete, repression. On this basis it may be assumed that the cause of
enhanced enzyme synthesis is the lack of both valine and leucine, that brings
about a derepressed state. In Mycobacterium pellegrino the derepressed state
could be achieved by the addition of valine [15], since the action of the first
enzyme of the biosynthesis is strongly inhibited by valine.

W agner et al. [20] studied in a cell-free system of Neurospora crassa the
synthesis of valine and isoleucine from the corresponding ketoacids. They have
shown that the substrate affinity of acetohydroxy acid synthetase plays an
important role in controlling the ratio of valine and isoleucine production.
On this basis it may be assumed that in the case of Streptomyces rimosus, in
one ofthe steps ofthe two-step condensation reaction the affinity ofa-ketobutyric
acid is so strong as compared to that of pyruvate that it results in a lack of
valine and leucine.
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Summary. It has been shown by complement fixation test that in BS-C-1, human
embryonic fibroblast, and HeLa cells infected with multiplicity of 1 -8 TCD50 per cell of
Herpes simplex virus (HSV) there is a production of a virus specific, early antigen component.
Its production is not inhibited by the presence of 10/tg/ml of cytosine arabinoside. The antigen
is heat labile, ether labile, sensitive to repeated freezing and thawing, and is not sedimented by
centrifugation at 100 000 g for | hour.

3 of 8 HSV immune rabbit sera reacted with the early component, but there was no
correlation between the anti-early and anti-viral CF antibody titres. None of 6 human conva-
lescent sera reacted with the early antigen in dilution of 1 :4 or higher.

In recent years experimental cancers have been produced with certain
DNA viruses [1—4], which under natural conditions exist in mice, monkeys
and human beings, and produce either no recognizable disease, or only mild
iliness. These viruses multiply in certain normal tissue culture cells with destruc-
tive effect, and prior to the onset of viral DNA synthesis there appears in the
cells a new antigenic component, identical with the specific antigen present
in the tumour cells caused hy the same virus.

On the hasis of these findings increased attention has been focussed on
the eventual role of human DNA viruses in human cancerogenesis. Until now
experiments have failed to detect a specific antigen in human tumours. This
might have been due to the small amount of antigens present in the tumour
cells and/or to the methods being unsuitable for detecting such antigens.

As one of the new approaches it has been studied whether sera of humans
with malignancies contain antibodies against the early antigens present in
normal tissue culture cells infected with different human DNA viruses, thus
trying to detect the viral aetiology of certain human tumours [5].

As a first step in this research we have detected the “early” antigen in
the extract of Herpes simplex virus infected tissue culture cells, and have
determined certain characteristics of this component.
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Materials and methods

Tissue cultures used for the preparation of antigens. Bs-c-1 stable line of Cercopithecus
monkey kidney cells (kindly supplied by Dr. A. B. sabin). The cultures were grown in 1 liter
Roux bottles by plating about 107 trypsinized cells in 80 ml of medium No. 199 (0.125 per
cent NaH C03), containing 0.1 per cent yeastolate and 20 per cent foetal calf serum. The medium
was changed 2 and 5 days after plating.

HeLa cell line was grown in 1 liter Roux bottles. 3 x 106trypsinized cells were plated in
one bottle, in 80 ml of medium No. 199 (0.125 per cent NaHCO03) containing 10 per cent bovine
serum. The medium was changed on the 7th day after plating.

Human embryonic fibroblast tissue culture was prepared from 4—6 week old embryos
with trypsinization as described previously [6]. Secondary tissue cultures were used for the
preparation of antigens. 107 trypsinized cells were added to 1 liter Roux bottles in 80 ml of
medium No. 199 (0.125 per cent NaHCO03) with 10 per cent bovine serum. The medium was
changed on the 2nd day for the same medium with 0.25 per cent NaH C03content.

Virus strain used was HSV—"“0S” in passages 133—137. This is a syncitium-forming
strain isolated from the vesicle fluid of a patient with simple labial herpes and maintained by
passages on human embryonic fibroblast tissue cultures. Its infective titre was 106-5—106,75
TCD50 per ml.

Preparation of CF antigens. The tissue cultures were washed three times with pH 7.2
phosphate buffer solution when dense cell sheets had formed. Herpes simplex virus suspension
was added in different amounts in different experiments, the multiplicity ranging from 0.2 to
8 TCDH0 per cell. Inoculated tissue cultures were incubated at -j- 37°C for 1 hour, then the
inoculum was poured off and the cell sheets were washed three times with Basal Medium (Eagle)
(BME) (0.125 per cent NaH C03) without serum or phenol red, to remove unadsorbed viruses.
80 ml of BS-C-1 maintenance medium consisting of Medium No. 199 and 2 per cent calf
serum (0.25 per cent NaHCO03) was added per bottle. The early antigen was prepared after
5 1/2 hours of incubation, the “viral” antigen after 15 hours of incubation at +37°c.

The medium was poured off and discarded. The cell sheets were washed three times
with BME (0.125 per cent NallCO03) without serum or phenol red. Cells were scraped off with
“rubber policeman” into BME. The cell suspension was centrifuged at 2500 r. p. m. for 5
minutes. The supernatant was discarded, the sediment resuspended in BME, and centrifuged
again. The procedure was repeated once. The final sediment was weighed, and a 10 per cent
suspension was prepared in BME. Cells were disrupted by freezing and thawing four times at
— 78°C in a REVCO ultra-low-temperature cabinet. Occasionally the 10 per cent suspension
was centrifuged at 100 000 g for one hour, and the sediment was resuspended to original volume
in BME. The upper and lower halves of the supernatant and the reconstituted sediment were
saved separately.

CF test was carried out in precipitating tubes in a total amount of 0.5 ml. 1.5 units of
complement were used. Before use, the dose of complement was determined in the presence of
the components used in the test.

Cytosine arabinoside was added at a concentration of 10 fig per ml to the tissue culture
medium which was added to the HSV inoculated tissue cultures as maintenance medium after
the 1 hour adsorption period to detect the effect on the development of the “early” antigen in
HSV infected cells. The compound was stored as 1 mg/ml stock solution in medium No. 199 in
the dark at —78°C.

Determination of ether sensitivity. Twenty per cent of ethyl ether was added to the anti-
gen, kept at 4-4°Covernight with repeated shaking. Next day it was centrifuged at 2500 r. p.m.
for 10 minutes. The lower clear layer was removed, put into an Erlenmeyer flask covered with
gauze, and evaporated at -j-37°C for 10 minutes. After shaking for 10 minutes at room tempera-
ture it was stored at — 78°C until use. The control antigen suspension was kept under the same
conditions.

Heat stability test. Antigen was kept at 56°C, and other samples were boiled at 100°C in
a water bath for 30 minutes.

Repeatedfreezing and thawing. An aliquot of antigen was frozen ten times at — 78°C in a
REVCO cabinet and thawed under running tap water.

Results

Selection of Herpes simplex immune rabbit sera reacting with HSV-early
antigen. sanin has shown [5, 7] that some African green monkeys inoculated
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with massive dose of SV-40 virus developed antibodies not only against the
viral antigens hut also against the “early”, “tumour-like” antigens which are
present in the SV-40 tumour cells and also in normal tissue culture cells
early after inoculation. On the hasis of these results we have attempted to
find HSV-immune rabbit sera which would react with hoth “early” and
“viral” HSV-antigens, and sera which would only react with viral components.
The use of both kinds of immune sera allows the detection of “early” antigens
in HSV infected cells.

For the selection of anti-“early-antigen” immune rabbit sera we have
prepared our first early antigen 5 1/2 hours after inoculation of BS-C-1 tissue
culture cells (see Methods). To eliminate the viral particles still present in the
suspension, the antigens were centrifuged at 100 0oo g/1 hr. and both the
sediment (reconstituted to the original volume) and the supernatant were saved
and tested separately. The viral antigens were prepared similarly, 15 hrs after
inoculation.

Table 1

Complement fixing antibody titres of HSV-immune rabbit sera
against I1SV/BS-C-1 “®early” and *“viral” antigens of 3—8 66

CF antibody titres against 10 per cent antigen suspensions

BS-C-1 control 100,000 | HSV/BS-C-1 “early” HSX,’E:,’-(?'I
9/l hr | 100,000 g/1 hr 100,000 g/I hr
. Supernatant  Sediment Supernatant Sediment
Supernatant  Sediment 1 unit 1 unit 1 unit Lunit
R No. 6 <4 <4 <4 <4 16(32) 16(32)
R No. 4 <4 <4 8(16) 4(8) 16(32) 16(32)
R No. 12 <4 <4 <4 <4 < 4
It No. 22 54 54 (4) 54 54 54

According to the data of Table I, two of four HSV immune rabbit sera
R No. 4, and R No. 6 were identical in anti-viral antibody titre. On the other
hand R No. 6 did not react with the early extract of HSV infected cells, while
R No. 4 reacted with this component at a lower titre than with the viral
ones. The early supernatant had no infectivity when titrated on human embry-
onic tissue culture, while the early sediment showed an infectivity of 101'3
TCDso per 0.1 ml of 10 per cent homogenate.

R No. 22 serum reacted with the BS-C-1 control antigen, while R No.
12 serum reacted with the viral antigen at a very low titre and failed to react
with the early component.
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The effect of cytosine arahinoside on the formation of “early” antigen in
H SV infected cells. To ascertain that the component present in the early
extract of HSV infected cells is an early antigen which is formed before viral
DNA has been synthetized, we have tested the R No. 6 and R No. 4 rabbit
sera against antigens prepared from HSV infected tissue cultures which were
incubated in the presence of 10 pg per ml of cytosine arabinoside.

According to the data of Tahié Il, the presence of cytosine arabinoside
did not inhibit the formation of the “early” antigen, thus proving its non-
virion nature. The formation of viral components was inhibited even 15 hours
after inoculation, as indicated by the lack of reactivity with the 15 hour antigen
prepared in the presence of cytosine arabinoside of serum R No. 6.

Table 11

Effect of 10/ig/ml of cytosine arabinoside on theformation of "early” and "viral™ antigens in HSV.
inoculated BS-C-1 continuous cell line

Complement-fixing antibody titres against 10 3er cent antigens of 4/20/66

HSV/BS-C-1** HSV/BS-C-1*** HSV/BS C-I***
Serum BS-C-1 con- HSV/BS-C-1 “0” “early” with CA+ “late” with CA+ “viral”
trol 100,000 /1  time* 100,000 g/1 hr 100,000 g/1 hr 100,000 g/1 hr 100,000 g/1 hr
hr supernatant supernatant supernatant supernatant supernatant
1 unit 1 unit 1 unit
R No. 4 <4 (4) 8(16) 8(16) 16(32)
R No. 6 <4 <4 <4 <4 16(32)

**“0” time antigen was prepared at the end of the incubation period after inoculation
with HSV, before cytosine arabinose had been added.

**5 1/2 hours after inoculation.

***15 hours after inoculation.

4Cytosine arabinoside.

Data of different batches of 10 per cent HSV-early antigen. Using sera
R No. 4 and R No. 6, we have tested 8 different antigen preparations for the
presence of “early” components in RS-C-1, human embryonic fibroblast
and Hela tissue cultures (Table II1).

All the preparations but twro contained the “early” antigen at a low
concentration in the 1()(,000 g supernatants. Two, not ultracentrifuged prepa-
rations, labelled as 3—31—66 and 5—18—66, contained somewhat more of
the antigen. One of these preparations, which did not contain the early compo-
nent, was made in PRS instead of BME (labelled as 5—4—66). The other
was prepared from a tissue culture inoculated with only 0.2 TCD30 per cell, an
amount probably too low for the production of the early component in detect-
able amounts.

The reactivity of 11S V immune rabbit and human sera with w'mearly"” and
mmviral" antigens. Among 8 HSV immune rabbit sera 3 reacted with the early
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Table 111
Data of 10 per cent “early” antigens prepared from HSV-infecled tissue culture cells

CF “early” antigen titre when tested with rabbit No
4 serum (2u. of antibodies) in

HSV strain Inoculum Tissue culture
Antigen used for TCD./C1l used for prepa-
inoculation ration 100,000 g/1 hr 100,000 gI1 hr not ultra-
supernatant sediment centrifuged
3— 8-66 1SV 0OS 1 BS-C-I und.“ (2) und. (2) N.T.°*
3-29 66 HSV OS 8 Human und. und. N. T.
embryonic
fibroblast
3-31-66 HSV-0OS 7 BS-C-I N.T. N. T. und.
i 20 66 HSV OS 6 BS-C-1 und. und. N. T.
5—4—66* HSV OS 1 BS-C-I - — N. T.
58 1SV 0OS 1 BS-C-1 N. T. N. T. 2 (4)
5 27 66 HSV OS ] He La und. N. T. N.T.
6 3 66 HSV- OS 0.2 BS-C-I - N. T.

‘Antigen suspended in PBS instead of BME
“ undiluted
“* not tested

antigen. None of 6 human convalescent sera reacted with the early component
in dilutions 1 :4 or higher in complement fixation test (Tahié V).

Effect of heat, repeated freezing and thawing, ether and storage, on the
HSV-early antigen. We have found that the early antigen is heat labile, ether
sensitive, and it is destroyed by repeated freezing and thawing. It isnot injured
by 60 days of storage at —78°C. At least some part of it is soluble, as it is not
sedimented by 100 000 g centrifugation for 1 hour (Table V).

Discussion

Our finding concerning the presence of “early”, “non-virion” antigens
in 11SV infected normal tissue culture cells are in agreement with the results
of Shedden, Watson and Witdy [8]. These authors have used the gel diffu-
sion technique instead of CF, and have prepared their antigens 12 hours after
inoculation with high multiplicity of virus (10 P. F. U. per cell).

The lact that cells exposed to cytosine arabinoside synthetize the early
component confirms that the component is produced by the infected cell
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Tabic IV

Anti-early and anti-viral CF antibody titre of different
HSV-immune human and rabbit sera

CF antibody titre against antigens

sem Mo gnr Y o 0oogn’ne
supernatant 1 unit sediment 1 unit
* K. K <4 8
« K. sz <4 8
a B- <4 32
a T. E. <4 8
s S. B. <4 8
M <4 4
R No. 4 8(16) 16(32)
a R No. 6 <4 16(32)
« R No. 11 <4 >4
» R No. 10 <4
£ R No. 5 4 nN4
n R No. 34 <4 8(16)
R No. 37 <4 54
R No. 555 8(16) 16(32)
Table V

Effect of heat, repeatedfreezing and thawing, and ether, on the HSV/BS-C-l “®early” 10 per cent
antigen of 5—18—66

Antibody units CF antigenic units in preparations treated
Serum used Frozen Untreated
for test Anti-“ear- L 56°C 100°C and thawed control
Iyn Anti-viral 30 min. 20 min. ten Ether
times
Rabbit No. 555 2 4 — . (und.)* — 4
Rabbit No. 6 0 4 — — — _ _

#undiluted

before viral DNA has been synthetized. Rapp et al. [9] arrived at the same
result with the production of “tumour-like” antigen in SV-40 infected tissue
culture cells.

The properties of our “early” antigen are very similar to those of SV-40
tumour and tumour-like antigens [10]. It is heat labile, ether sensitive, sensi-
tive to repeated freezing and thawing, and it remains at least partly in the
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supernatant after centrifugation at 100 000 g for 1 hour. In agreement with
the results of Siiedden et al. [8] it consists of several distinct components, as
not only the 100 000 g supernatant, hut also the reconstituted sediment
reacted with our indicator serum R No. 4 (Tahié I).

We failed to find a correlation between the antiviral and anti-early
antibody titre of the rabbit sera, though the anti-early titre was always lower
than the former one.

The fact that some HSV immune rabbit sera react with the early antigen
is in agreement with sabin’s finding concerning the sera of some African green
monkeys inoculated with a massive dose of SV-40 virus [5]. These phenomena
call for a study with different methods of human HSV-convalescent sera for
the presence of anti-early antibodies, before sera of patients with malignancies

are tested against the “early” antigens produced by different kinds of human
RNA virus.
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Summary. Production of a virus specific “early” antigen component localized in the
nucleus, especially at its periphery, has been shown immunofluorescence in BS-C-1 and
chicken embryonic fibroblast cells, 5 1/2 and 8 hours after infection with Herpes simplex virus
(multiplicity of 4.5 TCD60). Production of the antigenic component was not inhibited by 10/tg
per ml of cytosine arabinoside.

Virus-specific antigens in tumour cells and in normal ones subjected to
lytic infection by SV-40, adeno-12 and polyoma viruses may be detected not
only by tbc complement fixation (CF) reaction but also by the fluorescent
antibody (FA) technique [1—7].

On the basis of previous results [8], we have attempted to localize the
“early” antigen present in tissue culture cells infected with Herpes simplex
virus (11SV), using HSV-immune rabbit sera and the indirect immunfluores-
cenee technique.

M aterials and methods

Tissue cultures. (1) BS-C-1 stable line of Cercopithecus monkey kidney cells was as
described previously [8]. 7.5 X105 cells were added per coverslip-tube in 2 ml of Medium
BS-C-1 growth. (2) Chicken embryonic fibroblast tissue culture was prepared from 9—10
days old chicken embryos with trypsinization according to the method used for preparation
of human embryonic tissue cultures as described previously [9]. 10° cells were added to 1 cover-
slip-lube in 2 ml of Medium No 199 (0.125 per cent NaH C03) with 10 per cent bovine serum.

Slightly confluent growth was formed 2 days after plating, in both tissue cultures
inoculated with 11SV.

Virus strain was the same as used previously |8].

Inoculation. Tissue cultures were washed 3 times with pH 7.2 phosphate buffer solution.
HSV suspension was added to get a multiplicity of 4.5 TCD )0 per cell. Inoculated tissue cultures
were incubated at 37°C for 30 minutes, then the inoculum was poured off to remove unadsorb-
ed viruses and the cell sheets were washed 3 times with Basal Medium Eagle (BME) (0.125 per
cent NaH CO03) without serum or phenol red. 2.5 ml of BS-C-1 maintenance medium (Medium
No 199 with 2 per cent bovine serum, and 0.25 per cent NaH CO03) containing 10 fig per ml of
cytosine arabinoside was added per bottle. Fixation a