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COMPARISON OF THE MORPHOLOGY
OF STREPTOMYCIN-PRODUCING AND
NONPRODUCING STRAINS
OF STREPTOMYCES GRISEUS

S. Vitalis, G. Szabé and T. Valyi-Nagy
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Synopsis

The life cycles of a streptomycin-producing strain (No. 52—1) and of a strepto-
mycin-nonproducing strain (No. 45 H) of Str. griseus were compared by observing
the morphological changes ensuing in submerged culture in a synthetic medium. Strain
45 H develops peculiar structures called “clumps” by us. The mycelia very soon
differentiate into vegetative and reproductive forms. Latter need a very short time
to split to spores. The life cycle of this strain is thus complete and short. In reproductive
mycelia PAS-positive substance cumulates and, subsequently, shows characteristic
changes in distribution related to spore formation. Strain 52 —1 fails to form clumps.
Its life cycle is incomplete and its development is slow. Significant quantity of PAS-
positive substance appears in certain filaments, but — as far as its distribution is
concerned — changes resembling those observable in the reproductive mycelia of
strain 45 H do not appear here. The other streptomycin-nonproducing strains tested
so far also form clumps, and their life cycle is also rapid and complete.

Introduction

Szabé, Barabas and Valyi-Nagy [u,] studied the physiology and
macromorphology of streptomycin-producing and streptomycin-nonproduc-
ing strains of Str. griseus in various solid and liquid media. The growth curves
of the micro-organisms cultivated in submerged culture suggested that the
life cycle of streptomycin-nonproducing strains was peculiarly short.

Closer analysis of the life cycles needed studies of the fine morphology
of the strains. The morphology and histochemistry of Streptomyces strains were
studied by numerous investigators [3, 4, 5, 6, 9, 10, 13, 14]. However, the
results obtained were too general to answer the question raised by us. Finer
and more specific markers were needed to distinguish streptomycin-producing
strains from those producing no streptomycin. First of all we tried to reveal
the dynamics of the histochemical changes and compare these results with
those obtained by other members of our working group using different methods.

In order to arrive at correct conclusions, we had to study the problems
of life cycle in general, too.

1 Acta Biol. llung. 14. 1963



2 S. VITALIS, G. SZABO and T. VALYI-NAGY

The present study makes a part of investigations aimed at elucidation
of the significance of streptomycin in life processes of streptomycin-producing
strains.

Materials and methods

Strains of Str. griseus. The streptomycin-producing strain No. 52 1 and its non-
producing mutant No. 45 H [16] were studied. The micromorphologicalpictures were compared
from time to time with those shown by other streptomycin-nonproducing strains (No. 187
and No. 176). In order to investigate life cycle, samples were taken from submerged culture.
Shaken cultures growing in 100 ml culture medium in 500 ml Erlenmeyer flasks were used.

The culture medium contained 20.0 g glucose, 5.0 g asparagine, 2.0 g NH4NO03 1.2 g
KH.POp 2.9 g K.,HP04, 4.0 g sodium liexametaphosphate, 4.0 g CaC03, 1.0 g NaCl, 1.0 g
MgSO, 7 H.,0, 0.0064 g CuSO, «5H.O. 0.0011 g FeSO, *7 H.,0, 0.0015 g MnCI2 +4 H.O,
0.0020 g ZnSOj «7H20 in 1000 ml distilled water; pH was adjusted to 7.4. To dissolve the
constituents except glucose the mixture was placed in streaming steam for 15 minutes. Then
glucose was added and the medium was sterilized by filtering through the Jena-Glass filter G-5.

Inoculation. Slreptomyces cultures on soy agar slants [16] were shaken with glass heads
to obtain spores. These were suspended in physiological saline and filtered through Schleicher-
Schiill filter-paper 2043 h having been soaked in 0.67 per cent collodion to remove most of
the mycelium fragments. (Spores pass through this filter, mycelial fragments are held back
and the few which pass did not disturb our morphological investigations.) Culture medium
was inoculated with the filtered spore suspension.

Samples for morphological examination were taken at 4, 8, 12, 18, 24, 36, 48, 72, 96,
120, 168, and 264 hours after inoculation. Location of the filaments and their relation to
one another were examined by the phasecontrast microscope in fresh preparations. For
histochemical purposes and for staining the samples were centrifuged, washed with saline,
and after another centrifugation, suspended in distilled water and smeared on slides. The
preparations were dried at room temperature. (This method was chosen because we had
failed to observe any structural difference between fixed and unfixed mycelia.) For histo-
chemical reactions needing fixation the preparations were fixed in a solution of 4% formal-
dehyde.

Staining for cell wall. Several procedures including Guttstein’s [7, 8] tannic acid-
crystal violet and dilute carholfuchsin methods and the phosphomolybdenic-acid method
of Bisset and Hale [2] were tried. These methods gave satisfactory results, particularly
in thick mycelia. In most of the filaments, however, either the intensity of staining was
insufficient or the plasma was also stained. For this reason a combined procedure was developed:
unfixed preparations were treated with 1.5 per cent phosphomolybdenic acid for 5 minutes,
washed three times with distilled water, and placed for ten minutes in a solution containing
20 per cent tannic acid and 4 per cent formalin. The preparations were then washed in three
changes of distilled water for at least 10 minutes, stained with 1 : 5-diluted carholfuchsin
for 10 minutes, washed with tap water until drippings were colourless. This method of wall
stain provides satisfactory pictures of a considerable number of mycelia, yet it is not suitable
in every case. Prolongation of treatments wilh any of the solutions failed to improve or spoil
the quality of preparation, whereas insufficient washing was greatly confusing.

Methylene blue stain. Unfixed preparations were kept in Loeffler’s methylene blue
solution for 1 hour, washed with tap water until no colour was seen in drippings and rinsed
with distilled water.

Feulgen reaction. Formalin-fixed preparations were hydrolyzed in N HC1 for 10 minutes
and treated with Schiff’s reagent for 1 hour |1].

Periodic-acid-Schiff (PAS) reaction. Formalin-fixed smears were treated according
to McManus and Hotchkiss [11

Acta Biol. Hung. 14. 1963



COMPARISON OF THE MORPHOLOGY OF STREPTOMYCIN-PRODUCING 3

Results

Morphology of spores in the inoculum

The spores of strain No. 45 H are rounded and variable in size (Fig. 33).
The smaller spores are approximately as large as the spores of strain No. 52-1,
the larger ones are several times larger. The picture is unusually heterogeneous
as regards form of spores, intensity of stain, metachromatism and ortho-
chromatism. Observable amounts of PAS-positive substance are present,
mainly in the wall of spores (Fig. 3).

The spores of strain No. 52-1 are cylindrical, relatively homogeneous
in size and shape (Fig. 15). They are stained orthochromatically by methylene
blue. Here, too, PAS-positive substance is demonstrable in the spore Avail.

Life cycle

Before germination the spores of strain No. 52-1, too, round off. The
spores of both strains begin to germinate as soon as after 4 hours of incubation.
By 8— 12 hours the majority of spores show germination. The myeelia growing
out of the spores are thick, their walls are hardly detectable (Fig. 16). They
are filled by a homogeneous basophilic substance showing orthochromatism
with methylene blue. The PAS-positive substance is pale and diffuse (Figs.
23 and 34). Immediately after germination the two strains cannot be dis-
tinguished from each other. The myeelia of both strains show some ramifi-
cation (Figs. 4, 5, 23).

Cultures of 12 to 18 hours. In this period cultures grow most rapidly.
The myeelia grow in length while lose in thickness. Those of strain No. 52-1
show an evenly loose network (Fig. 17), whereas the network formed by strain
No. 45 H, though consisting of similar thin filaments, develops very compact
textures in certain foci. In this period the hyphae can still be followed in the
texture; in the fine structure of the hyphae of the two strains no differences
can be demonstrated (Figs. 24 and 35). The cores of myeelia show intensive
orthochromatic staining by methylene blue.

Cultures of 24 hours. The network of strain No. 52-1 develops somewhat
denser. There is no considerable difference between individual filaments
(Fig. 18). The homogeneous, basophilic substance stainable with methylene
blue splits into rods inside filaments. The PAS-reaction appears pale and
shows diffuse colouration (Fig. 24).

Nearly all myeelia of strain No. 45 Il cumulate in characteristic foci
called “clumps” by us (Fig. 2). Low magnification shows the clump to be
spherical with smooth surface or provided with shorter or longer myeelia
forming “beard” on the surface. The spherical body itself is built up of con-

1~ Acta Biol. Hung. 14. 1963



4 S. VITALIS, G. SZABO and T. VALYI-NAGY

Fig. 1. Scheme of the development of the two strains. Forms of strain No. 52—1 presented
in the last pictures of the two left columns appear only in soy-bean medium

Acta Biol. Hung. 14. 1963
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Figs. 2 to 13. Development of strain No. 45 Il in synthetic medium. Wall stain. Magnification

X 2000 if otherwise not stated. Fig. 2. Typical clump from 36-hour culture. Native pre-

paration, X 120. Fig. 3. Spores suspended in saline and filtered through collodion-soaked

filter paper. Fig. 4. Eight-hour culture. Fig. 5. Twelve-hour culture. Fig. 6. Twenty-four-

hour culture. Mycelium network of a clump showing a compact marginal area (on the upper

part of the picture) and a loose central one. Wall stain, X 1600. Fig. 7. Culture of 36-hours.
Part of a clump crushed by pressing

Ada Biol. Hung. 14. 1963



6 S. VITALIS, G. SZABO und T. VALYI-NAGY

centric zones. The outer (cortical) zone is denser than the intermediary one.
The centre of the clump is denser again. In younger clumps this characteristic
structure is not visible. First of all, hyphae cumulate showing a longer “beard”
which later becomes shorter and forms the outer dense zone (24 hours). This
is followed by the rarefied mid-zone and at last by the dense center. Exami-
nation of the clumps crushed by pressing by high magnification showes the
clumps as consisting of mycelia (Fig. 6).

Subsequently, parallel with the development of the clump, the mycelia
show highly progressive changes; as a result of these, extremely thick and
thin mycelia develop (Fig. 7). The thick mycelia have proved to be branches
of the thin ones. The thick mycelia show very pronounced wall staining. The
cytoplasm of the mycelia being 1—1.5 in width is very intensely stained
and show's orthochromatism with methylene blue. Initially the basophilic
material filling the mycelia is homogeneous, only few fissures divide it into
long rods. The thickness of the other filaments is variable, and only the thickest
ones approximate 0.6 /J, in thickness. Even these contain relatively much
basophilic substance in long rods separated from one another by intervals,
which are longer than those in the thick mycelia. The basophilic mass is stained
with methylene blue orthochromatically. In the gaps light-violet-coloured
material is visible. The PAS-stained thin mycelia show pale, diffuse colour-
ation, while in the thick mycelia PAS-positive segments showing intense
colour are observable (Fig. 37). This characteristic differentiation process was
observed in the 48-hour cultures in every series of experiment.

Cultures of 48 to 60 hours. In thick mycelia of strain No. 45 H cross walls
appear about as far from one another as wide the mycelium is (Figs. 8 to 10).
Both the size of mycelia and the intervals between cross walls are very vari-
able and irregular even w'ithin individual thick hypha. Accordingly parts
greatly variable in shape and size are demarcated from one another within
the mycelia. The cross walls are thicker and more pronounced than the side
walls. When stained with methylene blue, the orthochromatic, intensely stain-
ing core of the mycelia appears to be divided into angular pieces and shows
a picture corresponding to the negative of the preparation, stained for cell
wall. The basophilic character of the thin mycelia weakens, the core of the
mycelia appears light violet in colour. The PAS reaction gives pale, diffuse
colouration in the filaments. In thick filaments the walls give an intensive
PAS reaction (Figs. 36 to 38). The distribution of PAS-positive substance in
individual thick mycelia is variable. As a rule, the PAS-positive segments
of the cross walls are very pronounced and wider than the cross walls stained
by ordinary cell wall staining.

The cultures of strain No. 52-1 show little change in this period (Fig. 19).
In smears stained with methylene blue rod-shaped, orthochromatic, baso-
philic substance and, beside the pale, violet-coloured core oval metachromatic

Acta Biol. Hun:. 14. 1963



COMPARISON OF THE MORPHOLOGY OF STRFPTOMYCIN-PRODIJCING

Figs. 8 to 10. Culture of 48 hours. Marginal parts of clumps. Fig. 11. Culture of 72 hours.
Solitary reproductive mycelium fragment with rounded spores. Fig. 13. Culture of 168 hours

bodies appear. These are large, fill the whole width of mycelium and seem to

bulge it. (Staining for wall does not show any bulge. This appears only when

compared to the substance stainable by methylene blue.)
PAS reaction shows a regular series ofrod-shaped, PAS-positive formations

in certain mycelia; the other mycelia appear pale or coloured diffusely (Figs.

25 and 26).

Acta Biol, llung. 14. 1963



8 b. VITALIS, G. SZABO and T. VALYI-NAGY

Figs. 14 to 22. Development of strain No. 52—1 in synthetic medium Magnification X2000,

if otherwise not stated. Fig. 14. Spores from slant soy-agar; crushed by pressing in dry state.

X 1200. Fig. 15. Spores suspended in saline and filtered. X 1600. Fig. 16. Culture of 8 hours.

Fig. 17. Culture of 18 hours. Fig. 18. Culture of 24 hours. Fig. 19. Culture of 48 hours. Fig.

20. Nine-day-old culture. The arrow shows a leached segment of mycelium. Fig. 21. Culture

of 96 hours in filtered soy-bean medium. The arrows point to septate mycelia. Fig. 22. Eight-
day old culture in filtered soy-bean medium

Cultures of 72 and 80 hours. The segments of the mycelia of strain No.
45 H, after having been separated from one another by thick walls, round off
while still remain connected with each other, thus showing formations resembl-

Acta Biol. Hung. 14. 1963
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Figs. 23 to 32. Strain No. 52— 1. Changes in the distribution of the PAS-positive polysaccha-.

rides. Synthetic medium. PAS-reaction. Magnification X 2000, if otherwise nbt stated

Fig. 23. Culture of 8 hours. Fig. 24. Culture of 24 hours. Fig. 25. Culture of 36 hours. Fig. 26.

Culture of 48 hours. X 1400. Fig. 27. Culture of 72 hours. Figs. 28, 29 and 30. Cultures of
96 hours. Fig. 31. Culture of 120 hours. Fig. 32. Culture of 168 hours

ing strings of beads (Figs. 11 and 12). The thickness of the wall of developed
spores appears to be uniform. Spore chains consist of spores rather variable
in size and shape. When stained with methylene blue, the spores appear to be
filled by a basophilic substance. The Feulgen test shows a small, round,
Feulgen-positive nucleoid in the centre of each spore. The nucleoid is much

Acta Biol. Hung. 14. 1963



10 S. VITALIS, G. SZABO and T. VALYI-NAGY

Figs. 33 to 42. Strain No. 45 H. Changes in the distribution of the PAS-positive polysacchar es.
Synthetic medium. PAS reaction. Magnification X 2000 if otherwise not stated. Fig. 33.
Spores suspended in saline and filtered. Fig. 34. Culture of 8 hours. Fig. 35. Culture of 18 hours.
Fig. 36. Culture of 48 hours. PAS-positive polysaccharides in side walls. Fig. 37. Culture of
48 hours. Spherical and disc-shaped polysaccharide bodies corresponding to the subsequent
cross walls. Above: rod-shaped formations reminding of similar bodies in cultures of strain
No. 52—1. X 1600. Fig. 38. Culture of 48 hours. Increased amounts of PAS-positive poly-
saccharides in both the cross and side walls. Fig. 39. Culture of 72 hours. Arrows point
to bracket-like distribution of PAS-positive substances. Fig. 40. Culture of 96 hours. PAS-
positive polysaccharides surround the spores of spore chains evenly. Fig. 41. Culture of 168
hours. Fig. 42. Culture of 264 hours, reminding of the initial picture

Acta Biol. Hung. 14. 1963



COMPARISON OF THE MORPHOLOGY OF STREPTOMYCIN-PRODUCING n

smaller in diameter than the spore. In spores different in size the nucleoids
seem to be of equal size, larger ones are uncommon. The intensity of staining
of spores by methylene blue is variable, and in some spore chains spores show-
ing metachromatism and those showing orthochromatism succeed each other
without any rule. Inside of the spores the basophilic substance appears to be
homogeneous in distribution and colour when examined under the light-
microscope. Methylene blue stain of spore chains provides a picture resembling
the negative of the preparation stained for wall. PAS reaction gives intensive
colouration (Figs. 39 and 40). It should be noted that the PAS-positive sub-
stance does not cover the cell wall evenly; the PAS-positive zone is relatively
wide at the cross Avail and is gradually thinning towards the middle of the
segment and so, like a bracket, encloses the spore (Fig. 39). Later, when the
spores have been separated from each other, this distribution of the PAS-
positive substance changes and the substance surrounds the spore evenly.
Spore chains split into shorter chains or solitary spores. The spores tend to
aggregate (Figs. 13, 41, and 42). The vegetative mycelia are stained less and
less intensely until they are fully dissolved. Some resistant, middle-thick, well-
stainable filaments may remain unchanged over 15 days or more (Fig. 13).

Strain No. 52-1 does not show much change after 48 hours (Figs. 19 to
22, and 27 to 32). Cross walls are placed far from one another, the filaments
arc long and relatively thin. Some filaments and certain segments of some fila-
ments are first leached, then dissolved (Fig. 20). The basophilic character
gradually weakens and more and more filaments appear being autolyzed.
After 10—15 days intact fragments of filaments are visible among shadow-like
ones. The Feulgen reaction fails to show variability in the distribution of DNA
among individual filaments.

DNA appears in the form of rods or spherical formations, in agreement
with previous data [10, 15]. Appearance of cross walls is very uncommon.
Sporulation could not be detected in deep cultures having grown in the synthe-
tic medium employed, not even after 10—20 days of incubation. Submerged
culture in filtered soy-bean medium produced mycelia with cross walls placed
nearer to each other, but even these were greatly different from the repro-
ductive mycelia of strain No. 45 H; their thi'kness was uniform, the segments
between cross walls were approximately identical in size and square-like in
shape (Figs. 21 and 22). Cross walls were not formed at the ends of mycelia
and the segment divided by cross-walls continues in both directions in myce-
lium-segments in which the cross-walls are fairly remote from each other.

Discussion

The morphological and histochemical characteristics oftwo strains, viz. the
streptomycin-producing strain No. 52-1 and its streptomycin-nonproducing
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variant JNo. 45 Jrl, were compared to each other in shaken cultures grown in
synthetic medium. Differentiating markers of their life cycles were sought.

Certain morphological and histochemical events arc common for every
Streptomyces strain; other markers are characteristics of certain strains and
appear in those consistently. A third group of histochemical markers need
special conditions to appear, even in strains capable of developing such
features. In order to elucidate the life cycles, one should analyze the observed
changes accordingly. However, literature does not provide sufficient basis
and our own experiments are too limited to analyze the data with complete
security.

The life cycle of strain No. 45 H is complete in deep culture growing
either in soy-bean medium or in a synthetic one; a great number of spores is
formed by the end of the cycle. The period of sporulation follows the way
corresponding to that designed by a—b—c—d—dx—d. in the scheme of
PENAU and co-workers (Fig. 43) [13]. The vegetative period of the life cycle
is rather shorl. Walls tending to separate spores from one another appear as
early as between 48—60 hours even in the synthetic medium. These walls
indicate a progressed state of the reproductive phase. The reproductive phase
keeps on long; new reproductive mycelia are still formed on the fourth day
of incubation. The strain develops characteristic aggregation of mycelia
(called clumps by us). The observations obtained so far are insufficient to
reveal the way of development of these clumps and their role played in the
short life cycle. (Other streptomycin-nonproducing strains, viz. No. 176 and
No. 187, also produce clumps and, also, their life cycles are short. Parallelism
or, at least, unilateral correlation was observed between these tAvo phenomena:
clump-formation consistently indicated short life cycle.) (Fig. 1).

During the life cycle peculiar changes in the distribution of polysaccha-
rides were observed in reproductive mycelia, parallel with the course of
sporulation. Although our experimental data are insufficient to draw final
conclusion, these changes do not seem to be characteristic of the strain under
study, rather of sporulation in general.

The most pronounced micromorphological characteristics of the strain
are heterogeneity of spores in shape, size, and staining. The variability in
staining does not mean that some spores arc sterile, others include nuclei;
nor does it mean detectable differences in the quantity of DNA. The factors
responsible for heterogeneity in staining may be located either in the plasma
or in the walls.

The life cycle of strain No. 52-1 is incomplete in deep cultures. Neither
spores are formed, nor the polysaccharides are re-arranged. The morpho-
logical picture remains unchanged for a long period (Fig. 1).

The synthetic medium used by us proved to be favourable; both strains
grew well in it and the morphological characteristics of strains were much more

Acta Biol. Hung. 1-i. 1963
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Fig. 43. Pénau’s scheme [13]
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pronounced in this than in the soy-bean medium; phenomena appearing as
uncertain tendencies in the latter, developed to valuable morphological
markers in the former.

Further conclusions need thorough study of the life cycles of several
distinct strains and of the conditions of clump formation.
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VERGLEICHENDE MORPHOLOGISCHE UNTERSUCHUNG VON STREPTOMYZIN
PRODUZIERENDEN UND NICHT PRODUZIERENDEN
STREPTOMYCES GRISEUS-STAMMEN

Auf Grund der Verdnderungen des morphologischen Bildes wurden die Lebenszyklen
eines Streptomyzin produzierenden (Nr. 52 —1) und eines Streptomyzin nicht produzieren-
den Streptomyces griseus-Stammes (Nr. 45-H) bei Tiefenfermentation auf synthetischen
Nédhrboden untersucht.

Bei dem Stamm Nr. 45-H entstehen eigenartige von den Verfassern als Knétchen
bezeichnete Gebilde. Die Myzelien differenzierten sich sehr bald zu vegetativen und repro-
duktiven Formen. Die reproduktiven Myzelien zerfielen in dusserst kurzer Zeit zu Sporen.
Der Lebenszyklus ist also vollstdndig und geht schnell vor sich. In den reproduktiven Myzelien
ist die Menge der PAS-positiven Stoffe grdosser, und in ihrer Verteilung kann man im Zusam-
menhang mit der Sporenbildung charakteristische Verédnderungen beobachten.
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Beim Stamm Nr. 52 1 entstehen keine Kndtchen, der Lebenszyklus ist nicht voll-
standig und die Entwicklung verlduft langsam. Auch bei diesem Stamm lasst sich in einzelnen
Myzelienfdden eine erhebliche Menge von PAS-positivem Stoff nachweisen, in dessen Ver-
teilung jedoch die bei dem Stamm Nr. 45-H beobachteten Verdnderungen nicht erfolgen.

Die bisher untersuchten, kein Streptomyzin erzeugenden Streptomyces griseus-Stdmine
zeigen gleichfalls ein noduldares Wachstum, ihr Lebenszyklus verlauft rasch und vollstandig.

CPABHWTE/IbHOE MOP®OJ/IOM'MYECKOE WCCJ/IEOOBAHUVE LUTAMMOB
STREPTOMYCES GRISEUS, TMrPom3BogAaWlnXx W HE MPON3BOAALNX
CTPENTOMN11VH

ABTOpbI HA CUHTETWUYECKOMN NUTATE/IbHON Cpefe npy r1y60KON (epMeHTaumm Ha OCHO-
BaHWM M3MEHEeHUs MOPM(ONOrMYeCKO KapTuHbl CPaBHWUBANM XXU3HEHHbIA UMKA LWTaMma Strep-
tomyces griseus (Ne 52—1), npoussogsLlero cTpenToMuumH u wramma (Ne 45—H), He npous-
BOAALLEro CTPENTOMULMH.

Y wramma Ne 45—H ¢opmupyroTca cBoeobpasHble 06pa3oBaHus, KOTOpble aBTOpbI
Ha3Basim Oyropkamu. Muuenun BecbMa ObICTPO AUPHEPEHLMPYIOTCA B BereTaTvBHbIE U BOC-
npoun3BoauTeNbHbIE (HOPMbl. BOCMPOW3BOAWTENbHBIE MWLM B TeYeHWe BecbMa KOPOTKOMo
BPEMEHW pacnafaloTcs Ha Cropbl. 3HAYMT, XXM3HEHHbIM UMK MNOHbIA U OCYLLECTBASETCS
6bicTpo. B BOCMPOM3BOAMTENBHBIX MULENAX KOMMYeCTBO PAS-MONOXUTENbHBLIX  BELLECTB
6onblle 1 B pacnpefeneHun 3TUX PAS-MONOXUTENbHLIX BELLECTB Hab/MofaloTca xapakTep-
Hble M3MeHeHUs B CBSA3WM C MPOLIECCOM Cropoo6pasoBaHus.

Y wramma Ne 52—1 6yropku He 06pasyroTcs. XXU3HEHHbIA LMK HEMOJHbLIA, pasBuTue
MefifleHHOe. B OTZAeNMbHbIX HUTAX Y 3TOro LWTaMma TakXe nosBnseTcs 6onee 3HauMTeslbHOe
KonnyecTBO PAS-NOMOXNTENBHOMO BELLECTBA, HO B CTO pacrnpefeneHuy He MpoucxogaTt Tex
XapaKTepHbIX U3MEHeHUIA, KoTopble HabnogatoTes y wramma Ne 45—H.

ViccnepfoBaHHble [0 CMX HOp LUTaMMbl Streptomyces griseus, He CUHTETW3MpYtOLLMe
CTPENTOMWUMH, TakXe 06pa3ytoT OYropKu, MX XXM3HEHHbIA LUKA GbICTPbIA U MOMHBIN.

Sandor Vitalis

Gabor Szabo Debrecen 12., Gydgyszertan, Hungary
Tibor Valyi-Nagy
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Synopsis

The change in nucleic acid content has been studied in denervated and tenoto-
mized gastrocnemius muscles of Columba domestica and Emys orbicularis on the 5th,
10th, 15th and 20th postoperative days. In the denervated pigeon muscle the quantity
of DNA related to 100 mg of dry tissue and defined in relation to the contralateral
muscle increased, and that of RNA decreased. In the denervated turtle muscle the
RNA content decreased, while the DNA content did not show any appreciable change.
After tenotomy the change in nucleic acid content was less than after neurotomy.
Denervation was followed by a greater change in nucleic acid content in the phylo-
genetically higher species.

Introduction

In our former investigations [3] it was established that the interruption
of peripheral innervation was followed by a significant change of nucleic acid
content in the striated muscles of mammals: in the denervated gastrocnemius
muscle of the rat the desoxyribonucleic acid (DNA) content showed an increase,
while the quantity of ribonucleic acid (RNA) decreased.

The data in the literature of this field are divergent. Mandel and
Jacob [5] found the DNA content unchanged on the 30—40th postoperative
days while the quantity of RNA had decreased to 30—60 per cent. Hearn
reported similar results [2]. Schmidt and Schlief [6] observed an increase
of both nucleic acids in atrophied muscles; Gutmann and 2ak [1] reported on
an increase in the absolute quantity of RNA.

In the present paper we have studied the differences between the various
groups of Amniotes in the regulatory role played by the nervous system in the
metabolism of nucleic acids, and also the problem of how far the metabolism
of DNA and RNA is influenced by the interruption of neural control of the
striated muscle tissue in the investigated species.

2 Ada Biol. Hung. 14. 1963
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Methods

Adult pigeons (Columba domestica) and turtles (Emys orbicularis) of either sex were
used. Under ether anaesthesia and aseptic conditions a 10 mm part of the sciatic nerve was
excised unilaterally, to achive total denervation of the gastrocnemius muscle. The contra-
lateral muscle served as control.

To determine in what measure the nucleic acid content of the muscle was influenced
by inactivity alone in another group of animals monolateral Achilles tenotomy was per-
formed.

The nucleic acid content of gastrocnemius muscles was determined by means of U. Y.
spectrophotometry using the method of Tsanev and Markov [8] on the 5th, 10th, 15th
and the 20th postoperative days. In the preparation of tissue powder we modified the original
method of these authors, in the first place by applying a more effective removal of the lipids.
According to our observations it was thus possible to increase the extractibility of DNA
from the muscle tissue, and the results of U. Y. absorption measurements were more in
agreement with those of the Schmidt—Tannhauser method, because of the complete removal
of the lipid-P.

The method for determining nucleic acids was as follows:

Fresh tissue :

200 —250 mg homogenized in 5 vol. 5% ice-cold trichloroacetic acid (TCA).
Stirring in a centrifuge tube (90X 18 mm) at 0—3 C for 20 min.
Centrifuged at 1050xg, 0—3° C, 10 min.

Residue is dissolved in 5 vol. ice-cold 10% TCA. Stirring. Centrifugation.
Repetition of the extraction until supernatant is free of phosphorus.

| ; " ~ |
Tissue residue : (proteins, lipids, Extract : acid-soluble nucleotides, sugar
nucleic acids) phosphates, glycogen, etc.

Lipid extraction:

10 ml ice-cold ethanol (66%), stirring for 15 min.

10 ml ethanol (96%), stirring at room temperature, 15 min.

10 ml chloroform-96% ethanol (3 : 1), in water bath at 55° C, 30 min.

10 ml ether, 40° C, 20 min.

10 ml ether, 40° C, 10 min. Centrifuged.

Sediment : proteins, nucleic acids Extract : lipids
|

Drying in thermostat at 37° C for 24 hours

Measuring of tissue powder (20 mg) and digestion in KOH (1 ml 0.5 N KOH per 100 mg fresh
| tissue) 37° C, 18 hours.

Cooling. Acidification to pH 3. Centrifugation.

Precipitate : DINA and proteins Supernatant :
RNA as mononucleotides
Extraction of DNA
by 5 ml N HCIO, at 80° C for

j 30 min. Centrifugation. The

' extraction is repeated once more.
Measurement of supernatant DNA content The measurement of combined supernatant
in 15 ml vol. at 268 and 284 mu. RNA content in 25 ml vol. at 260 and 286 mu.

U. Y. measurements were done by means of a Beckman DU Spectrophotometer.
As standards desoxyribonucleic acid sodium salt (made from calf thymus, L. Light and Co.
Ltd. Colnbrook, England), and ribonucleic acid sodium salt (Fluka AG., Switzerland) were
used.

Significance was computed according to Student’s test [7].
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Results

The weight changes of denervated and tenotomized muscles

After denervation and tenotomy the weights of gastrocnemii of Columba
domestica decreased as compared with the contralateral controls. In the birds
tenotomy caused a more marked atrophy than denervation did. Twenty days
after denervation the weight of the pigeon muscles decreased on an average,
by 7.66 per cent and 20 days after tenotomy, by 41.55 per cent.

In the denervated muscles of Emys orbicularis oedematous changes could
be observed, resulting in increased weight of muscles. The maximum increase
was reached on the 10th postoperative day (13.5%), and then a return to
normal started. There was no significant change of muscle weight in the
tenotomized turtles.

The change in the nucleic acid content

Depending on the species and the surgical interference the loss of Aveight
of tenotomized and neurotomized muscles was different, which can be attrib-
uted, in the first place, to differences in water content. To exclude the non-
uniform changes of water content, as a factor rendering comparison of the
results more difficult, the nucleic acid content of the muscles was related to
100 mg dry tissue weight. In denervated pigeon muscles the quantity of DNA
increased in relation to the contralaterals (Table 1). A significant rise could be
demonstrated on the 10th day, while the maximum rise occurred on the 15th

Table 1

DNA content of denervated and normal gastrocnemius muscles
of Columba domestica

DNA —P Per cent P
DNA —P content of difference  Significance
Number Post- content of normal denervated
of operative muscles (N) muscles (D)
animals days (tig P/100 mg (/ig P/100 mg
dry tissue)* dry tissue)* between series N and D
is 5 20.8+0.2 21.4x0.1 + 29 > 0.7
15 10 20.4+£ 0.3 231%0.1 +13.2 < 0.01
15 15 20.3+ 0.2 23.7+0.4 +16.7 < 0.001
15 20 21.0+ 0.2 245%0.2 + 16.6 <0.001

* mean + standard error of the mean
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day. In tenotomized muscles a rise, low in degree, but significant could be
observed only on the 15th day (Table 2).

The change in RNA content showed a decreasing tendency in denervation
as well as in tenotomy (Tables 3 and 4).

The change of RNA content induced by tenotomy was of lesser measure
than that observed in the case of denervation and reached a significant level
only on the 15th day. In the denervated and tenotomized turtle muscles the
DNA content did not show any significant change during the period of in-
vestigation (Tables 5 and 6). The quantity of RNA changed only in the dener-

Table 2

DNA content of tenotomized and normal gastrocnemius muscles
of Columba domestica

DNA —P Per cent I
DNA—P content of difference  Significance
Number Post- content of normal tenotomized
of operative muscles (N) muscles (T)
animals days ("ug P/100 mg (/xg P/100 mg
dry tissue)* dry tissue)* between series N and T
15 5 20.3+ 0.4 20.6+0.1 + 1.4
15 10 19.9+ 0.3 20.8+ 0.3 + 4.5 > 0.05
13 15 20.3+ 0.3 22.1+ 0.5 + 8.8 < 0.01
15 20 20.7+ 0.1 21.3+ 0.1 + 2.8

*mean + standard error of the mean

Table 3

RNA content of denervated and normal gastrocnemius muscles
of Columba domestica

RNA —P Per cent -
RNA—P content of difference  Significance
Number Pust- content of normal denervated
of operative muscles (N) muscles (D)
animals days (/xg P/100 mg (ue P/100 m
dry tissue)* dry tissue)*g between series N and D
15 5 36.5+ 0.4 35.0+ 0.5 — 41
15 10 35.8+ 0.3 294+ 0.5 —17.9 < 0.001
13 15 36.2+ 0.3 29.1+ 0.3 —19.7 < 0.001
15 20 36.2+ 0.2 31.3+ 0.5 — 135 < 0.001

*mean + standard error of the mean
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Table 4

RIMA content of tenotomized and normal gastrocnemius muscles
of Columba domestica

RNA-P Per cent o
RNA-P content of difference  Significance
Number Post- content of normal tenotomized
of operative muscles (N) muscles (T)
animals days (/xg P/tO0 mg P/100 mg
dry tissue)* dry tissue)* between series N and T
15 5 36.6+x0.4 35.2+0.3 - 3.8
15 10 34.0+x0.4 35.3x0.4 - 49 > 0.06
13 15 36.4+0.3 32.4%x0.4 —10.9 < 0.01
15 20 35.8+0.1 33.1+0.5 — 7.7 < 0.03

*mean ” standard error of the mean

Table 5

DNA content of denervated and normal gastrocnemius muscles
of Emys orbicularis

DNA- P Per cent
DNA —P content of difference [ Significance
Number Post- content of normal denervated
of operative muscles (N) muscles (D)
animals days (ig P/100 mg (IAg P/100 mg
dry tissue)* dry tissue)* between series N and D
8 5 29.3+0.1 29.3+0.3 -
5 10 28.9+0.2 30.0+0.1 +3.8 > 0.8
5 15 29.5+0.1 30.4+0.1 +3.1 > 0.8
5 20 29.2+x0.4 30.2+0.3 3.4 > 0.7

*mean ~ standard error of the mean

Table 6

DIMA content of tenotomized and normal gastrocnemius muscles
of Emys orbicularis

DNA —P Per cent .
DNA—P content of difference  Significance
Number Post- content of normal tenotomized
of operative muscles (N) muscles (T)
animals days (fig P/100 mg i
dry tissue)* (fdlgy Pt/i]égge)Tg between scries N and T
8 5 29.6+0.6 29.8+0.3 +0.6
5 10 29.5%£0.2 30.3+x0.3 +2.7
5 15 29.0+0.4 29.9+0.2 +3.1 > 0.5
5 20 29.5+0.3 30.2+0.3 +2.3

*mean ” standard error of the mean
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Table 7

RNA content of denervated and normal gastrocnemius muscles
of Emys orbicularis

RNA —P Per cent L
RNA —P content of difference  Significance
Number Post- content of normal denervated
of operative muscles (N) muscles (D)
animals days (fi.g P/100 mg (fitg P/100 mg
dry tissue)* dry tissue)* between series N and D
8 5 451+ 05 442+ 0.3 - 20
5 10 44.7+0.2 40.9+ 0.6 - 8.2 < 0.03
5 15 45.570.4 40.6+ 0.5 —10.7 < 0.01
5 20 44.7+0.5 40.1+ 0.5 — 103 < 0.02

* mean + standard error of the mean

Table 8

RNA content of tenotomized and normal gastrocnemius muscles
of Emys orbicularis

RNA —P Per cent -
RNA —P content of difference  Significance
Number Post- content of normal tenotomized
of operative muscles (N) muscles (T)
animals days (Ug P/100 mg

(trg P/100 mg

dry tissue)* between series N and T

dry tissue)*

8 5 45.6+0.2 46.0+ 0.4 +0.8
5 10 45.0+0.5 45.1+ 0.6 + 0.2
5 15 451+ 0.2 431+ 0.3 —4.4
5 20 45.6+0.6 43.2+ 0.4 —5.3 > 0.6

* mean + standard error of the mean

vated muscles, showing a decrease of 10.7 per cent and one of 10.3 per cent on
the 15th and 20th days, respectively (Tables 7 and 8).

Discussion

These experiments have shown that denervation of striated muscles in
the investigated species, and the state of inactivity produced by tenotomy are
followed by changes in nucleic acid content which are similar to those seen in
mammals. But the intervention influenced the DNA metabolism in a lesser
degree. It can be established that after denervation ihe nucleic acid content
showed a change of a higher degree in the phylogenetically higher species. This
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is proved also by our observations made on Anainnia (Rana esculenta).
We failed to demonstrate any change of the nucleic acid content in the dener-
vated muscles of these phylogenetically lower animals, even in the second post-
operative month. One explanation of the difference in the change of nucleic
acid content observed in different species, may be that the time course of
muscle degeneration exhibits species variations as demonstrated by Know1-
ton [4]. In addition the difference in metabolic rate between the poikilo-
thermic and homoiothermic animals must be born in mind.

In the case of bird muscles, the inactivity atrophy occurring within the
investigation period was of a higher degree than the atrophy observed in the
denervated muscles, but in spite of that the change of the nucleic acid content
computed for 100 mg dry tissue weight was always higher in the denervated
muscles than in the tenotomized ones. This observation also supports the
existence of the trophic effect assumed by us.
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DIE ANDERUNG DES NUKLEINSAUREGEHALTES
IM MUSCULUS GASTROCNEMIUS DER TAUBE UND SCHILDKROTE
NACH DENERVATION UND TENOTOMIE

Die Anderung des Nukleinsduregehaltes im denervierten und tenotomierten Musculus
gastrocnemius von Columba domestica und Emys orbicularis wurde am 5., 10. und 20. Tag
nach dem operativen Eingriff studiert.

Im denervierten Taubenmuskel steigt die auf 100 mg Gewebstrockengewicht bezogene
und mit dem Muskel der anderen Seite verglichene DNS-Menge, wéhrend die RNS Menge
sinkt. Im denervierten Schildkrotenmuskel vermindert sich die RNS Menge, wobei der DNS
Gehalt sich nicht signifikant verédndert. Nach Tenotomie verdndert sich der Nukleinsdure-
gehalt in geringerem Masse als im Falle der Neurotomie.

Bei den phylogenetisch entwickelteren Arten folgt auf einen Innervationsausfall eine
bedeutendere Veranderung des Nukleinsduregehaltes.
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M3MEHEHNE COLEPXAHWA HYKNEWHOBbLIX KUCIOT B WMKPOHOXHbIX
MbILLULUAX TONMYBEW N YEPEMAX MOCNE AEHEPBALMWA N TEHOTOMUN

Vlsyqam/l M3MEHEHME COAEPXaHNA HYKNEMHOBLIX KWUCNOT B WMKPOHOXXHbLIX MblLlLax
Columba domestica M Emys orbicularis nocne feHepBauuv W MNepepeskn CyxXoxuaua Ha 5.,
10., 15. n 20. geHb nocne onepauum.

Konn4yecTBo [e30KCMPUOOHYKNENHOBOM KUCNOTbl B [EHEPBUPOBAHHOW WKPOHOXHOM
Mbiwle rony6bs (Ha 100 Mr. cyxoro Beca TKaHW MO OTHOLUEHUIO MPOTWMBOMO/IOXHOW CTOPOHbI)
noBbILWaeTcd, a KO/IM4YeCcTBO pVI6OHyK}'IEVIHOBOI7I KUCMOTbI MOHWKaeTca. B BeHepBI/IpOBaHHOVI
MbilILE 4Yepenaxm KONYECTBO pI/I6OHyK/'IE'VIHOBOI7I KNCNOTblI MOHWMXaeTCA, a cofdep>XaHne nes-
0KCVIpVI6OHyK]'IGVIHOBOI7I KWCNOTbl He MEeHAETCA CVIFHVI(*JVIKaHTHO. Co,qepx(aHVle HYKNENHOBbIX
KNCNOT MEHEE BbIPaXXEHHO MEHAETCA NOCNE Mepepe3kn CyXoxXunumsd, 4em nocne Hel7lp0TOMVII/I.
Yy (*)VI!'IOFeHETI/IHeCKI/I HU3LWNX BNOOB 60/blUe M3MeHseTCA cofepXXaHne HYKNENMHOBbLIX KUCNOT
npu  BbIMaEHUN WHHepPBaLUW.

Gabor Hollési

Andras Tigyi Pécs, Rakodczi Ut 80, Hungary

Kalman Lissak
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Synopsis

The viability of Streptomyces isolates in various “soil cultures” was studied.
Out of the materials applied to prepare soil cultures, soil samples obtained from the
habitats proved to be most suitable for the preservation of isolates. Washed clay
was also utilizable, but in washed, glowed and sterilized quartz sand the cultures soon
perished. Organic matter (humus) content of the soil of the habitats does not influence
the viability of isolates during storage in soil cultures. Isolates obtained from habitats
with ionizing radiation (uranium soils) were less viable than those obtained from
non-radiating habitats.

Isolates of soil microorganisms often have to be preserved under labo-
ratory conditions until their antibiotic-producing capacity, or possible cyto-
static or virucidal etc. effects, are determined. In the case of certain moulds
and Actinomycetae considerable problems arise. The maintenance of several
thousands of isolates in vegetative cultures, i.e. in continuous passages, is
highly expensive and work-consuming while often r.ot assuring the preservation
of the original characteristics of the isolates.

In order to preserve their viability and morphological, physiological,
cultural and biochemical characteristics fungi were successfully preserved and
stored by lyophilizing their spores or vegetative forms [2, 3].

Another method, not less generally applied in the preservation of fungi
is the preparation of “soil cultures”. Greene and Fred [1] were the first to
apply this method to maintain preparatory cultures of fungi in the laboratory.
They succeeded in preserving fungi in such cultures for a number of years.
Streptomyces strains and isolates have also been maintained in some laboratories
by the soil culture method, namely by drying dense spore suspensions in sterile
clay. When screening for antagonistic effect Streptomyces strains and isolates
Valyi-Nagy and co-workers often observed rapid decrease in the viability
of spores preserved in washed clay, and this decrease was especially striking
in the case of Streptomyces isolates that proved to be antagonistic.
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Since no literary data were available on preservation of Streptomyces
spores or parts of mycelia in dry soil cultures the present experiments have
been initiated. We wanted (i) to reveal the influence of the soil on the preser-
vation of isolates and (ii) to demonstrate the possible influence of the conditions
prevalent at the habitat on the viability of Streptomyces isolates.

Materials and methods

Streptomyces isolates. The best spore-forming isolates obtained from various soils of
Hungary in the years 1959 to 1960 and stored in our strain collection were tested.

The isolates were inoculated into soy bean medium and incubated in a thermostat
at 27° C for 7 to 10 days. During this period abundant growth and spore formation were
observed on the surface of the medium; the isolates formed a confluent sheet. Subsequently
the colonies were suspended in two different fluids, viz. (i) in sterile saline (0.9 per cent sodium
chloride) and (ii) in an extract of the own soil of the isolate. These extracts were prepared
as follows. The soil was dried, pulverized, and suspended in two volumes of distilled water.
After shaking for 10—15 minutes the suspension was filtered through G5 bacterium filter
under sterile conditions.

In both fluid suspensions containing 100—200 million spores per ml were prepared.

To prepare soil culture (i) quartz sand (arena marina. Merck), (ii) clay, and (iii) soil
sample from the own habitat of the isolate were washed and glowed. Five g of the material
were placed in each of glass tubes 100 ml in length and 9 mm in diameter. The tubes were
stoppered by gauze-wrapped cotton and twice sterilized at 160° C for three hours in dry air.
From the sodium chloride spore suspension 0.5 ml was placed in each of the tubes containing
quartz sand and clay. The same volume of the suspensions prepared in soil extracts was
placed in each of the tubes with quartz sand and sterile soil obtained from the habitat. The
further procedure was the same as described elsewhere [4].

As regards the conditions prevalent at the habitats two factors, viz. (i) the organic-
m atter content of the soil and (ii) the ionizing radiation of the background were studied in
relation to the viability of the stored isolates.

To study the influence of the organic-matter content, viability of 18 isolates deriving
from soils containing 0 to 3 per cent humus was compared to that of three isolates obtained
from soils with approximately 5 per cent humus.

As to the influence of the background radiation, the viability of Streptomyces isolates
obtained from soils containing uranium were compared to that of isolates from soils without
any demonstrable background radiation. The background radiation of the former group of
soils ranged from 55 to 4900 nr per hour.

“Soil cultures” were prepared from each of the isolates included in the present study.
The viability of the soil cultures was studied by plating 10-6 diluted cultures on soy bean
plates 1, 6, and 12 months after the preparation of the soil cultures. The soy bean cultures
were incubated at 27° C for two days. If 100 per cent viability of the isolates had been pre-
served, 100—200 colonies would grow on each of the plates.

Principially, determination of the live germ count seemed to be the most reliable method
to determine the quantitative changes in viability during storage.

However, the cells of the soil cultures containing clay or the soil of the habitat could
not be counted in the Buerker chamber because of the incomplete sedimentation of these
soils.

Consequently, the mere fact of the growth on the soy-bean agar plate irrespective
of number of colonies was chosen as criterion of the viability of spores.

Results

The changes in viability of the spores of 66 isolates as determined during
the first year of storage in soil cultures are shown in Table 1.

It appears from Table 1 that the cultures prepared with the original soil
or with the extract prepared from the latter proved to be most viable. The
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Table 1
The viability of Streptomyces isolates in soil cultures of different preparation

Viable cultures at tli end of storage in

Number of Period of soil of original

isolutes Suspending medium storage quartz sand tiny habitat
tested month
No. % No. % No. %
0.9 per cent sodium 49 71.2 60 90.9
chloride
soil extract 40 60.6 — 59.0 89.4

0.9 per cent sodium 12 18.2 310  46.9

66 chloride
6
soil extract 15 22.7 — — 37.0 56.0
0.9 per cent sodium 4 6.0 210 318
chloride
12
soil extract 6 9.09 - — 26.0 39.3

viability of the samples stored in washed clay was not much lower. That of
the samples preserved in quartz sand showed, however, a considerable decline
as soon as after the first month of storage and the loss of viability was more
explicit in the cultures stored for 6 or 12 months. Addition of extracts
prepared from the own soil of the isolates could not suspend the inactivation
of the spores.

The considerable difference that exists in the preserving capacity between
clay and quartz sand appears to be attributable to the difference between these
two materials as to water binding capacity.

Table 1 also shows that the isolates, in general, reserved their viability
for the longest period if the spores were stored in the soil of their own habitats.

Table 2 presents comparative data on the viability of 35 isolates after
storage in soil cultures. Eighteen of the isolates had derived from soils with
low humus content, 17 from soils rich in humus. Viability of the cultures stored
in quartz sand was with one or two exceptions essentially the same, and was
not influenced by the organic-matter content of the soil of the habitats.
During storage in clay the samples deriving from relatively rich soils appeared
to be more viable. As a contrast, storage in the soil of the habitat was better
tolerated by the Streptomyces strains obtained from soils poor in organic
matter than by those isolated from rich soils.

In Table 3 viability of strains obtained from soils different in background
radiation are compared to each other. From the data of Table 3 it appears
that Streptomyces isolates from soil samples with irradiation background are
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Table 2

Influence of the organic matter content of the habitat on the viability of Streptoinyces isolates
stored in soil cultures

Viable cultures at the end of storage in

Number of Average Period of Suspending
isolates humus storage medium quartz sand clay soil of habitat
tested content month
No. % No. % No. %
Saline 12 66.6 18 100 — —
|
soil extract 12 66.6 — — 17 94.4
1.86 Saline 4 16.6 9 50.0 — —
18 (0.46— 6
—2.85) soil extract 8 444 — 12 66.6
Saline 1 5.55 6 27.8 — —
12
soil extract 2 111 - — 8 44.4
Saline 13 76.3 14 83.3 — —
1
soil extract 8 47.0 — — 13 76.3
3.56 Saline 5 29.3 9 52.9 — —
17 (3.02— 6
—4.75) soil extract 3 176 _ — 10 58.8
Saline 2 11.7 8 47.0 — —
12
soil extract 1 589 — — 7 411

in all types of soil culture more sensitive to storage irrespective of whether
sodium chloride or soil extracts were used in preparation.

The enhanced sensibility to storage in soil cultures of the isolates obtain-
ed from soils with high background radiation prompted usto examine whether
there is any quantitative relationship and, if there is, what kind of correlation
exists, between dosage rate of background radiation and sensibility of isolate.

Table 4 provides evidence that there exists a positive correlation.

Discussion

The present studies have shown that the soil types applied in the pre-
paration of so-called “soil cultures” considerably influence viability of Actino-
myces isolates. Arena marina consisting of rather hydrophobic quartz granules
seems to be least suitable for prolonged storage of the spores of Actinomyces
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Table 3

Influence of the background radiation of the habitat on the viability of Streptomyces

isolates stored in soil cultures

Viable cultures at the end of storage in

Number of Background Period of i
isolates radiation storage Sﬁggﬂjd%ng quartz sand clay soil of habitat
tested nr/hour month
No. % No. : % NO. ; %
Saline 24 77.4 28 90.32 _
1
soil extract 20 60.6 — — 28 90.32
2 4800— Saline 3 9.67 12 38.70 — —
—55 6 _
soil extract 5 16.10 — — 14 45.16
Saline 1 3.22 7 2290 — —
12
soil extract 3 9.67 — — 10 32.25
Saline 25 71.42 32 9142 — —
1
soil extract 20 57.12 — — 31 88.57
Saline 9 25.7 19 54.28 _ _
35 0 6
soil extract 10 28.57 — — 22 62.85
Saline 3 8.57 14 40.0 — _
12
soil extract 3 8.57 — — 16 45.71
Table 4
Influence of the intensity of background radiation on the viability of
Streptomyces isolates
Per cent of viable cultures after
Background Suspending 1 month in 6 months in 12 months in
radiation medium
nr/hour quartz soil of quartz soil of quartz soil of
sand clay habitat  sand clay habitat  sand clay huhitat
Saline 66.6 733  — 0 26.6 — 0 6.66
soil extract 73.3 — 100 6.66 — 40.0 0 — 13.3
Saline 87.5 100 — 18.7 50.0 — 9.25 375 —
0— 1000
soil extract 56.2 — 81.2 25.0 — 50.0 125 — 50.0
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isolates. It appears unlikely that products extractable from the soil of habitats
could considerably influence the viability of the isolate when stored in quartz
sand. The viability of the cultures preserved in clay or in the soil of the habitat
proved to be significantly higher as compared with cultures preserved in quartz
sand. The soil of the habitat was superior even to clay when used for the pre-
servation of spores. The cause of the different preserving capacity of these
subst ances could not be established. Some physico-chemical characteristics,
viz. granule size and perhaps water-retention capacity, may — among other
factors — play a role in this connection.

Among the environmental factors of the soil of the habitat the humus
content seems not to influence the viability of the isolate. Thus in this sense
the life history of Actinomyces does not determine its behaviour during storage.

The background radiation of the habitat, on the other hand, consider-
ably diminishes the tolerance of the Streptomyces spores to storage. Our earlier
observations [(>] suggest that isolates obtained from soils containing uranium
are less resistant also to common damaging effects than those deriving from
habitats with no significant background radiation. The direct relation between
the intensity of background radiation and the decrease in viability during
storage supports the above statements.

The question has arisen whether the low7resistance of the Strepiomyces
isolates obtained from soils with background radiation is attributable to the
possible common origin of the strains living under such conditions. However,
these isolates had derived from areas remote from each other. It is hardly
acceptable that such remote regions possess the same Streptomyces flora.
Furthermore, the biochemical characteristics of the isolates obtained from
radiating habitats were not identical either.
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DIE FORSCHUNG NACH ANTAGONISTISCHEN AKTINOMYCETEN
IN UNGARISCHEN HOHEN

Il. Lebensfdhigkeit von Strep tomycesisolaten unter
Reservierung in Bodenkulturen

Von den untersuchten Medien der Bodenkulturen, die zur Speicherung von Strepto-
mycesisolaten dienen, gewannen wir bei Verwendung der eigenen Fundortbéden die besten
Ergebnisse. Auch der gewaschene, sterile Ton ist zur Bereitung der Bodenkulturen gut ver-
wendbar. Der gewaschene, geglihte und sterilisierte Quarzsand ist aber zur Préparation
der Bodenkulturen unverwendbar. Der Gehalt an organischen Stoffen (Humus) des Bodens
der Fundorte ubt keinen Einfluss auf die Lebensfdhigkeit der in der Bodenkultur gespeicher-
ten lIsolate aus. Die auf dem Fundort herrschende ionisierende Hintergrundstrahlung in
uranhaltigen Bdéden hat einen nachteiligen Einfluss auf die Lebensfahigkeit der Strepto-
mycesstimme in Bodenkulturen.

MCCNEOOBAHVNE AKTUHOMUMLIETOB-AHTAITOHNCTOB B MNOYBAX BEHIPUU

Ill. BbiXXnBaemMocTb CTpenTtToMULETOB BO BpeMs COXPaHeHMUS
MX B MOYBEH HOM KynbType

Mpu UccnefoBaHUU OCHOBHbBIX BELUECTB «MOUBEHHBIX KY/bTyp», CYXallnX s coXpa-
HEHVS M30/IMPOBAHHbBIX CTPENTOMULETOB, Hauyullve pesy/bTaTbl fai0 MCMO/b30BaHUE MOYBbI
COGCTBEHHOTO MecTa [f0Gblun. BbIMbITas CTepuibHas FAMHA TOXE XOPOWO NpUMEHUMA A
MPUrOTOB/IEHNSI MOYBEHHBIX KY/bTYP. HO BbIMbIThINA, MPOXKEHHbIA U CTEPUIM30BaAHHbIN KBap-
LeBbIA MECOK Ans 3TOW Lenu He npurogeH. OpraHWYeckoe BelecTBO (FyMyC), COAepalleecs
B MOYBE MecTa A06blun, He BIUSET Ha XKM3HECMOCOBHOCTb M30/IMPOBAHHBIX KY/bTYp BO BpeEMs
COXpaHeHUs1 UX B MOYBEHHOW KyNbType. VOHMU3MPYLOLLEe (hOHOBOE U3NyUYeHUE, UMEIOLLEecs Ha
MecTe o6bluM (B MOYBaX, COAEPXALLMX YpaH) OTPULATENbHO BAMSIET HA YKU3HECTIOCOGHOCTb
KYNbTypbl CTPENTOMMLETOB, HAXOAAWMXCH B «MOYBEHHOW Ky/bType».

Tibor Valyi-N
tbor Valyi-Nagy Debrecen 12. Gyodgyszertan, Hungary.

Gabor Kulcsar
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Synopsis

The material examined was supplied by the perspective deep-borings Tat No. 4,
Tokod No. 350 and Tokod No. 352 (Museum of the Hungarian Geological Institute,
Budapest).

Author derives the Heterostegininae subfamily from the most ancient form
of the Operculina genus, the Operculina species appearing in the Senonian stage of
the Upper Cretaceous. In the present paper the change of the Operculinella vaughani
(Cushman) species belonging to the Upper Eocene Heterostegininae subfamily of
the Carpathian basin is discussed. In the phylogeny of the Heterostegininae sub-

family, the differentiation of the spiral line, the septum and the secondary septa,
is illustrated.

From the spectral analysis of the Operculinella walls and the layers enclosing
the organic remnants, relationships have been established between the incorporation
of strontium into the wall and the statistical evaluation of the extent of the distortion.

The phylogénie range presented demonstrates the evolution of the Hetero-
stegininae subfamily.

Introduction

The Operculina species illustrated from South and East European regions
considerably differ in their morphological forms from the American species.
It was found necessary to study the Operculina species in European material,
as the type-species of the Operculina genus was established by d’OimiGNY
from the Miocene layer of the Bordeaux basin. Paleontological examinations
and stratigraphic results made it necessary to elucidate the geographical and
chronological appearance of the Operculina and the derivation of the phylogeny
of the Heterostegininae subfamily descending from that genus.

These investigations led to the conclusion, that the Operculina species
described and illustrated from European regions agree with d’ORBIGNY’s
(1826) description of the genus, while the “Operculina” species reported from
American regions exhibited differences. Since the iiOperculina'n species describ-
ed from American regions were traced also in Upper Eocene strata of Hungary,
a comparison could be established by the material. Investigations resulted in
the conclusion that the Operculina species determined from European and
American regions belong to two different genera. The specimens published
from European regions belong to the Operculina genus of the Nummulitinae
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subfamily, whereas the Operculina species published from American regions
to the Operculinella of the Heterostegininae subfamily. Phylogeny of the
Operculina and Heterostegina species has been investigated from the appear-
ance of the Operculina, from the Senonian stage of the Upper Cretaceous up
to the Miocene, supplementing the Hungarian material by literary data

(Fig. 4).

Fig. 1. Percentage distribution of operculinella studied in the Upper Eocene series of the
bore holes Tat No 4 (1), Tokod Nos 350 (IlI), and 352 (IlI)

The considerable changes observed in Operculinella species afforded the
possibility for observations, by reason of which the changing features, that
were traceable through phylogeny, could be outlined. The differentiation of
the Operculinella vaughani (Cushman) species occurring in the Carpathian
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basin anil in the flysh zone of the Carpathian Mountains, offered a chance for
studying (1) development of mutation, (2) phylogeny of the Heterostegininae
subfamily.

The mutation of the Opcrculinella species

From the shells of Foraminifera obtained from deep-borings, 1 made
thin slices and performed the spectral analysis both of the enclosing rocks and
of the Foraminifera shells elutriated of them. Investigations of the external
surface and internal structure of the shell revealed the following changes in
the examined Operculinella species: (a) on the external surface of the shell,
(b) in the composition of the walls, (c) in irregular building of the shell, (d) in
sexual dimorphism.

(@) On the outer surface of the shell the ornamentation is absent.

(b) From chemical analyses performed it appeared that in the substance
of shells containing calcium carbonate, the calcium is partly replaced by
elements having similar ionic lattice: strontium, cobalt, manganese etc. The
organisms excreted extremely thin walls. In chemical analyses no shift of the
calcium-magnesium ratio was observed. In these specimens a greater amount
of strontium was demonstrable in the walls. Besides, a weak cobalt spectral
line appeared (Fig. 1).

(c) In irregular shell construction very different forms appeared. The
differentiated forms were ranged into 3 groups (Fig. 1). From the changes of
forms observed the following results were obtained:

Observations Conclusions

1. Appearance of megalo- 1. Unfavourable biotope.
spheric forms Avith big initial
chambers.

2. Shells of nearly identical 2. Mass decay of the microspheric forms
size at the change of gener- Avith small initial chambers before com-
ations. plete development.

3. Recognition of the three 3. Damage intervened in the develop-
degrees of distortion (Fig. 1). ment of septa (Fig. 2, a, b, ¢). The swarm-

ing isogametes were damaged and the ygots
arisen from the copulation of tAvo such
isogametes produced the different forms of
distortion (Fig. 2, d, e, f).

The following phenomena were established:
Disorders arising in the septa (Figs. 1 and 2).
Distortion of the spiral sheets of the walls (Figs. 1 and 2).
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Development of irregular undulated and irregular secondary septa
(Figs. 1 and 2).

Statistical evaluation revealed that the most distorted forms are always
those with small initial chambers. Forms with big initial chambers are relative-
ly intact in the construction of the shell disorders appear at the worst in tin-
septa. Distortions taking place in the septa and the spiral sheets appear
invariably in the microspheric B forms with small initial chambers. These
forms originate from sexual reproduction. From this it was concluded, that
the isogametcs swarming out of the megalospheric A form with big initial
chambers, were damaged and from the zygotes originating from the copulation
of these isogametes, distorted specimens developed. As a result of the damage
ensued in the sexual cells, the calcium carbonate secretion was considerably

Fig. 2. Stages of the distortion in Operculinella

reduced in the cell, so that it was able to secrete only a very thin wall. Owing
to the thin wall secretion the edge of the shell became thin and the central
part (umbonal area) flattened. Such defective specimens tried to restore their
balance by assuming a spherical form i.e. by increased sickle-like vaulting
of the chambers. When even this became insufficient, and the septa were
unable to connect even the distance between the spiral lines, the specimen
applied a simplification by building three to four rudimentary chambers,
which it failed to close off from each other, but joined them with the next
chamber using an increased vault. In these distorted specimens the difference
of size known in dimorphism, disappears, for the microspherical A forms ought
to have attained a greater size, but exactly owing to the impairment of the
calcium carbonate secretion ability necessary to the construction of shells,
the full development of the specimens was inhibited. These specimens mostly
perished before having attained full development and thus they remained
similar in size to the megalospheric specimens with big initial chambers.
On the significance of the greater proportion of strontium present in the walls
of distorted specimens, thus far | failed to get an exact answEr in the course
of my investigations. The statistical computations showed as much, that in
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the walls of the distorted specimens a greater amount of strontium was de-
monstrable. Here the question arises, why does the defective specimen (in
reduced calcium carbonate secretion) build into its wall instead of calcium
a greater amount of strontium. The investigations rather led to the supposition
that the damage was brought about by the radioactive isotope of the strontium
increased in connection with volcanism, and on the other hand by the effect
of the RDb& isotope originating from the earlier biotitic volcanism, from the
decomposition of which the inactive strontium might have arisen. Tn the
Upper Eocene seawater of the relatively well separated and enclosed basin of
Esztergom the organisms with calcareous skeleton, chiefly the Foraminifera
and Bryozoa, assimilated both the active and inactive strontium increased by
volcanic activity. Experiments of Martin with a benthonic Foraminifera [8],
the Discorbis floridana Cushman revealed that in a seawater of considerable
radioactive concentration the frame of the organisms exhibited high radio-
active concentration. According to the same author this concentration is more
frequent, chiefly in littoral benthonic organisms, which obtain their food with
the detritus material of the sea.

Strontium in the walls of Foraminifera exhibits an explicit rise in the
direction of Tokod—Tat (Fig. 1), tending towards the Eocene volcanic area
demonstrated recently. This means that in the proximity of volcanism con-
siderably more biotite gets into the Eocene sea. The amount of the active and
inactive strontium increased on account of the volcanic activity and the
decomposition of biotite transported into the seawater. It should be noted,
that the Foraminifera examined by the author are also benthonic and live in
the littoral seawater, their food being supplied by the organic substance of silt.

Phylogénie features of the Heterostegininae subfamily

In the course of material testing features were looked for, that occur in
every genus of the Heterostegininae subfamily, but at the same time show
differences during the history of the Earth. These Mere derived partly from
the further development of existent properties, partly from the complication
and reduction of the individual properties (Fig. 3):

I. Complication phenomena

Change of the curvature of the chambers.

Role of the initial chambers.

Development of secondary septa.

Tighter arrangement of chambers and secondary chambers.

B oD
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Genus Axialand equatorial section Modifications ofinitiai chambers
septa andsecondary septa

Oval/-Shaped shell,
excentric umbo

Operculinella

Opercul!fnella vaughani (Cushman 1921)

Heterostegino Oval-shapedshell

excentric umbo

Heterostegina sp.

Grzc/bowskia Lenticular shell

Grzybowskia reticulata (Rutimeyerj

Spiroc!ppeus Umbo oftransitional
position

Spirodypeus tidoenganensisvan der Vlerk 1325

Cuc/oclupeus Discodialschell biconvexe in its
centre,umbo ofcentra/position

. . Cycloc/ypeus (Cyctociypeus)Tan
Cyctociypeus carpenteri Brady 1881 war. indopacifico Tan 1932

Fig. 3. Phylogenetic features of the inner shell structure of the subfamily Heterostegininae
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Il. Reduction phenomena

5. Evolute-involute character.

Operculinella is the first and simplest genus of the Heterostegininae sub-
family (Fig. 4) occupying as to its morphological appearance and shell con-
struction a place between Operculina and Heterostegina. Its phylogenetic
features differ considerably from those of the Operculina. It exhibits a closer

Fig. 4. Evolutionary table of the subfamily Heterostegininae
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relationship to the Heterostegina and therefore — departing from the taxonomic
system of Nemkov [9] adopted so far — | ranged it into the Heterostegininae
subfamily (Table 1).

1. | observed the considerable vaulting of the septa first in the Operculi-
nella ; this feature is still more manifest in the Heterostegina and amounts
in the Spiroclypeus almost to a semicircle. By the end of the developmental
branch in the Cycloclypeus, the septa turn into a ring form, enclosing a full
circle. Thus in the course of development the change of the curvature of the
chambers exhibited a steadily progressive development (Fig. 3).

2. The role of the initial chambers. In the Operculinella, Heterostegina
and Grzyboivskia genera of the phylogénie line, the round initial chamber is
followed by a second kidney shaped chamber. In the Spiroclypeus already the
apparatus of initial chambers develops. Also the initial chambers exhibit
a progressive development.

3. Secondary septa appear for the first time in the Heterostegina, by
which the latter can be separated from Operculinella. The secondary septa of
the Heterostegina are regular and perpendicular to the chamber septum. In
Grzyboivskia irregular secondary chambers develop with corners and partitions,
which can be seen not invariably between the two septa of chambers, but often
bring about accessory chamber septa consisting of several rows. In Spiro-
clypeus the secondary septum is again at right angles to the chamber septum
and is arranged much more densely than in the Heterostegina. The height of
the chamber septa is in every case filled up by secondary septa, situated at
perfectly regular distances from each other. The chamber septa form small
columns, subtending right angles (Fig. 3).

Finally it should he noted that, except for the Grzyboivskia, in the phylo-
génie line a row of secondary septa was seen growing steadily denser. The Grzy-
bowskia genus showed for this feature an instabile character, that failed to
follow the trend of development, exhibiting in Upper Eocene varied forms of
irregular septa.

4. Closer location of the chambers and secondary chambers appears in
Grzyboivskia and is considerably increased in Spiroclypeus.

Investigation of the phylogénie line of the Heterostegininae subfamily
made it necessary to consider also the reductive features.

5. Evolute-involute character. The evolutional line starts with an evolute
form, the Operculinella, showing in the Heterostegina a slight reduction. In the
Grzyboivskia this feature turns into an involute form and can be followed in the
Spiroclypeus genus. Examination of the phylogénie line revealed a retrograde
development of the evolute character.

I derived the Heterostegininae subfamily from the Operculina, where
the spiral line is visible even on the outer surface of the shell. The presence
of this feature can be faintly traced in the Heterostegininae subfamily on the
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GLABSSNEK 1945 [6]

Numinulitidae

Nummulitinae
Operculina

Sulcopercu-

lina
Miscellanea
Ranikothalia

Nummulites
Assilina
Pellatispira
Operculinoides

PATHOLOGICAL CHANGES IN OPERCULINELLA SPECIES

Table 1

Systematic divisions of the family /1 »mmulitidae

Cushman 1950 [5]

Camerinidae
Archaediscinae
Archaediscus
Camerininae
Numm ulosle-
gina
Camerina

Operculinoides
Paraspirocly-
peus
Miscellanea
Assilina
Operculinella
Operculina
Sulcopercu-
lina
Heterostegina
Spiroclypeus
lleteroclypeus
Cycloclypeus

Pokos NY 1958 [12]

Numinulitidae

Nummulitinae
Assilina

Operculinoi-
des
Pellatispira

Heterostegini-

Operculina
Heterostegina
Spiroclypeus
Cycloclypeus
Grzybowskia

Nemkov 1959 [9]

Numinulitidae

Nummulitinae
Nummulites

Operculinella

Assilina
Operculina

Miscellaneinae
Miscellanea
Sulcoperculina
Laffiteina

Siderolinae

Siderolites
Pellatispira
Arnaudiella

Heterostegininae

Heterostegina
Grzybowskia
Spiroclypeus
Cycloclypeus

41
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Numinulitidae

Nummulitinae
Nummulites

Assilina

-f-Operculina
N coopéreulinéi-
des
Miscellaneinae
Miscellanea
Sulcoperculina
Laffiteina
Siderolinae

Siderolites
Pellatispira
Arnaudiella

Heterostegininae

-fOperculinella
4-//eterostegina
-f-Grzybowskia
-f-Spiroclypeus
-J-Cycloclypeus

outer surface of the shell, hut a distinct line is not visible even in the Oper-

culinella.

It distinctly appears from the examination of the internal structure of

the shell in the evolutional line, that in the Operculinella, Heterostegina and
Grzybowskia genera the spiral sheet is a firm support to the shell. Besides, it
controls the shape of the shell. In the older chambers of the shell of Spiro-
clypeus the spiral line still serves as a support. Later the younger chambers
and the secondary chambers constitute such a strong frame as to afford a more
important support to the construction. By the complete coiling of this spiral
sheet, the phylogénie line arrives at its final branch, the Cycloclypeus (Fig. 2).

In the study of phylogeny | was concerned with dimorphism, because
the comparison of the A and B forms of the same species supplied an expla-
nation to the ranges of the lleterostegininae subfamily. In illustrating the
features concerning the internal structure and shell construction of the sub-
family, I employed the macrospheric A form, so that these specimens might
still better illustrate the evolution and reflect at once a more advanced stage
of evolution.

Actr Biol. Hili? 11. 963
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PHYLOGENESE DER HETEROSTEGININAE"FORAMINIFERA) UND
PATHOLOGISCHE VERANDERUNGEN BEI OPERCULINELLA-ARTEN

Das Untersuchungsmaterial stammt aus den perspektivischen Tiefbohrungen Téat 4,
Tokod 350 und Tokod 352 (Museum der Ungarischen Geologischen Anstalt).

Verfasserin leitet die Unterfamilie Heterostegininae aus der im Senon (obere Kreide)
auftretenden Operculina-Art, aus der altesten Form der Operculina-Qattung ab. In der Arbeit
wird die Verédnderung der die zur Unterfamilie Heterostegininae gehdrigen Art Operculinella
vaughani (Cushman) beschrieben, und veranschaulicht, wie sich die Spirallinie, die Kammer-
scheidewédnde und die sekundéren Septen im Laufe der Phylogenese der Unterfamilie
Heterostegininae differenziert haben.

Auf Grund der Spektralanalyse der die Operculinella-Schalen und organischen Reste
einschliessenden Schichten wurden Zusammenhange zwischen dem Sr-Einbau in die Schalen
und den Daten der statistischen Auswertung des Deformationsgrades festgestellt. Die von der
Verfasserin aufgestellte phylogenetische Reihe veranschaulicht die Entwicklung der Unter-
familie Heterostegininae.

Acta Biol. Hung. 14, 1963



PATHOLOGICAL CHANGES IN OPERCULINELLA SPECIES 43

®UNOMEHE3 NOACEMENCTBA HETEROSTEGININAE (FORAMINIFERA)
il NTATONOIr’MYECKUVE M3MEHEHWA BNAOOB OPERCULINELLA

Martepuan ana vccnefioBaHns 6bin B3AT U3 MaTepuana nepcnekTUBHbLIX rny6okux Gype-
HWiA Tat 4, Tokog 350 n Tokog 352 (Myseit BeHrepckoro Meonoruyeckoro VHCTUTYTA).

Mo mMHeHWio aBTopa MoAcemMeiiCcTBO Heterostegininae npoucxoauT w3 BuAa Operculina
BO3HWKHLLETO B CEHOHCKOM SIpyCe BEPXHero mMena w3 fpeBHeWLein dopmbl poga Operculina
(tabn. 4.). B craTbe um3naraetcsi u3MeHeHWe Buaa Operculinella vaughani (Cushman),
OTHOCALLerocs K nofcemelictBy Heterostegininae BepxHero soueHa KapHaTckoro 6acceiiHa.
Mpu onwucaHun unoreHesa nofcemelictBa Heterostegininae HarnsgHo nokasbiBaetca Audie-
peHuMauns CnupasbHOW NWHUKM, KaMepHOA Neperopofky M BTOPUYHbLIX MEPEropofokK.

Ha ocHOBaHWM CMEKTPasbHOro aHanusa Crl0eB, COfepXKalyuMX PakoBWHbI W OpraHu-
yeckue ocTaTkm Operculinella, aBTOp 06HApPY>XUN B3aVMOCBA3b MeXJy BCTpavMBaHWEM Sr
B PaKOBMHbI U CTATUCTUYECKOI OLEHKON pa3sMepa UCKaXKeHWs. YCTaHOB/EHHbIVi aBTOPOM (n10-
reHeTUYeCKNn PAj HarnfagHO WAMIOCTPUPYET BO3HWKHOBEHME NOACEMECTBA Heterostegininae

Lidia Vitalis-Zilahy, Budapest XIV., Népstadion Gt 14, Hungary

Acta Biol. Hung. 14. 1963



/c



Acta Biol. Hung., 14 (1), 45-50 (1963)

STUDIES ON ASPERGILLI

XI1Il. CARBON REQUIREMENTS OF SOME ASCOSFORIC MEMBERS
OF THE ASPERGILLUS NIDULANS GROUP1

V. P. Agnihotri

BOTANY DEPARTMENT, UNIVERSITY OF ALLAHABAD, ALLAHABAD, INDIA

(Received January 25, 1963)

Synopsis

The relative growth supporting values of several carbohydrates were determined
quantitatively in the case of five species of the genus Aspergillus, viz.,, A. nidulans
(Eidam) Wint., A. rugulosus Thom and Raper, A. quadrilineatus Thom and Raper,
A. violaceus Fennell and Raper and A. variecolor (Berk, and Bn.) Thom and Raper.
All the monosaccharides were found to be favourable sources of carbon. Sucrose and
raffinose supported good growth of all the Aspergilli whereas maltose was good for
A. quadrilineatus and A. variecolor and poor for the rest of the organisms. Amongst
the polysaccharides, starch and dextrin supported good growth of all the moulds
under study while inulin gave poor growth. Arbutin was either good, moderate or
poor for the growth. Sugar alcohols supported good growth. Organic acids were useless
for the growth of these Aspergilli. In general, monosaccharides, di- and trisaccharides
supported either excellent or good sporulation of the majority of the present Aspergilli.
Amongst polysaccharides, dextrin and starch induced good sporulation while arbutin
gave poor sporulation. Organic acids were useless for the fruiting of these fungi.

Introduction

Carbon occupies a unique position amongst the essential elements
required by living organism. Generally, carbohydrates are preferred by fungi
a3 the source of carbon, but no single carbohydrate is the best source for all
the fungi. However, most of the fungi can use a large variety of carbon sources
for their growth and sporulation. Fungi arc so specific in utilization of these
substances that a carbon source may be utilized while another source of
similar chemical structure may prove useless for them. Steinberg [8] reported
that Aspergillus rtiger utilized D-xylose and L-arabinose but not their enantio-
morphs.

Hour [4] observed inhibitory effect of galactose and mannose on the
growth of A. niger and Pénicillium glaucum. Tamiya [9] reported better growth
of A. oryzae on arabinose than on xylose. Steinberg [7] found D-glucose,
D-fructose, D-mannose and L-sorbose to be equally effective in the nutrition
of A. niger while D-galactose, glycerol and mannitol were poor sources of

1Part of a thesis approved for Ph. D. degree of Allahabad University
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carbon for this organism. Fergus [3] reported that organic acids were useless
for the growth of Penicillum digitatum.

Literature is full of such examples which not only indicate the impor-
tance of carbon for growth and sporulation, but also establish that there is
a wide difference in the types of the carbon compounds necessary for good
growth of closely related organisms or even of different species of the same
genus. Out of the several Aspergilli known the carbon needs of only few have
been investigated. An attempt has been made here to study the effect of dif-
ferent carbon sources on the growth and fruiting of five moulds belonging
to the Aspergillus nidulans group.

Materials and methods

Pure cultures of A. nidulans (Eidam) Wint; A. rugulosus Thom and Raper; A. viola-
ceus Fennel and Raper; A. variecolor (Berk, and Rr.) Thom and Raper and A. quadrilinea-
tus Thom and Raper were selected for the present study. Czapek’s medium minus carbon
source served as the basal medium (NaNOa, 3 g; KH2P 04, 1g; KC1,0.5g; MgS04«7H20, 0.5¢;
and distilled water 1.000 ml). The different carbohydrates were supplied in amounts to yield
4.210 mg of carbon per litre. Twenty ml of the medium was taken in 150 ml Pyrex flasks.
Solutions containing monosaccharides, organic acids and sugar alcohols were autoclaved
at 15 Ibs. pressure for 15 minutes, while fractional sterilization was carried out for di-,
tri-, and polysaccharides. The flasks were inoculated by seeding ascospore suspensions of
different species. They were incubated for 15 days at a temperature of 2521° C. After the
incubation period the content of the flasks was filtered separately and the dry weight was
taken as a criterion for growth. The trial was conducted in triplicates. The results were
subjected to statistical analysis in which the standard error was calculated by the formula;

Mean square of the error

. and the critical difference (C. D.)
Number of replicates

Standard Error (S. E.) =

was determined by the formula;
Critical difference (C. D.) =S. E .xtxj"2

Experimental

The effect of various carbohydrates on the growth and sporulation of
different Aspergilli is graphically represented in Fig. 1

A perusal of Fig. 1 shows that the present Aspergilli could not growrin
absence of carbon.

In general, pentoses supported good growth of all the present fungi.
Only rhamnose was moderate for A. violaceus. Amongst hexoscs, glucose and
mannose were statistically poor sources of carbon. Fructose was either good
or moderate for these Aspergilli. Galactose was poor for A. variecolor and good
for the rest of the moulds. Sorbose was good for A. nidulans, A. variecolor and
A. violaceus, moderate for A. rugulosus and poor for A. juadrilineatus.

Amongst disaccharides, sucrose supported good growth of all the present
forms whereas maltose was good for A. variecolor and A. quadrilineatus and
poor for the rest of the species. Lactose was good for A. variecolor, poor for
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A. nidulans and moderate for the rest of the moulds. Raffinose gave favourable
growth of all the present Aspergilli.

Starch and dextrin supported good growth of all the organisms. Arbutin
was found to be good for A. variecolor and A. nidulans, moderate for A. rugu-

160 A nidulans A O Growth
12 O Sporulation
80 Good
5 Fair
O mlf § Poor
II L
160 A ruautosus
120 B Excellerr
30 Good
Fair
AO 1 Poor
A variecolor
Excellent
160 A v/oioceus
120 n Excellent
80 Good
Fair
AO Ol Poor
A quadnhneatus
Excellent

Fig. 1. Effect of different carbon sources on the growth and sporulation of five
Aspergilli

losus and A. violaceus and poor for A. quadrilineatus whereas inulin supported
poor growth of all the Aspergillus species.

All the pentoses induced good sporulation of the present fungi. Amongst
the hexoses, sporulation was either excellent or good on glucose, fructose and
mannose. Sorbose gave excellent fruiting of A. rugulosus, good of A. nidulans
A. variecolor and A. violaceus and of A. juadrilineatus. Galactose, in general,
induced fair sporulation in all the present fungi.
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Sucrose, maltose and raffinose were excellent sources of carbon for the
sporulation of these fungi. Lactose induced fair reproduction in A. nidulans
and A. violaceus and good in the rest of the species.

Polysaccharides and sugar alcohols, in general, supported good sporul-
ation while organic acids were useless for this purpose.

Discussion

| tilization of various carbon compounds depends on the ability of the
fungi either to assimilate them directly or to convert the complex carbon
compound into forms that can he used directly. In the latter process the en-
zymes associated with the organism play an important role. Those carbon
compounds which can be assimilated most readily or can he oxidized with
the least expenditure or energy stored in the compound appear to constitute
the food of first choice for fungi.

In the present study pentoses were utilized well by these organisms.
Xylose has been reported to be superior to glucose for some forms [1, 6].
Similar behaviour of xylose was also noted here. Arabinose and xylose were
found to be slightly better than rhamnose. The less of growth in medium con-
taining rhamnose was probably due to the presence of CH3group in its struc-
ture which is absent in the two other pentoses.

Of the disaccharides, sucrose supported good growth of these moulds
whereas maltose and lactose were either good, moderate or poor for the growth.
This difference in the amount of growth may be connected with the availability
of the enzyme in question. Raffinose was good for all the moulds because of
the general occurrence of the enzyme invertase. Similar results have been
reported by Tamiya [9] for A. oryzae and Steinberg [8] for A. niger.

According to Litty and Barnett [5] the polysaccharides, in general,
are soluble or only colloidally soluble. The utilization of these substances by
fungi depends upon the secretion of the necessary hydrolytic enzymes. In the
present investigation all the organisms utilized starch and dextrin satis-
factorily. On the other hand Pénicillium digitatum is unable to grow on starch
[3]. The poor growth on inulin is probably due to the limited supply of the
enzyme inulase. It has also been reported as a poor source of carbon for A.
niger [8] and P. digitatum [3].

Reduction of sugars yields sugar alcohols. In the present study sugar
alcohols supported excellent growth of these fungi. Good utilization of these
sugar alcohols may be due to the efficient oxidation of these compounds by
the present fungi. Poor utilization of mannitol and glycerol has, however, been
reported by Steinberg [8] for A. niger.

Organic acids are generally poor sources of carbon for fungi. In the
present study also organic acids were found to be useless for the growth of
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these moulds. Similar results have been reported by Tamiya [9] for A. oryzae,
Steinberg [8] for A. niger and Fergus [3] for Pénicillium digitaturn. There
are some factors which, however, interfere with the utilization of the organic
acids. Firstly, cells are often impermeable to organic acids at physiological
pH levels. Secondly, the utilization of neutralized organic acids causes a rise
of the culture pH which may interfere with growth. Thirdly, certain organic
acids cause chelation of the inorganic ions.
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STUDIEN AN ASPERGILLI

XIIl. Ko bienst off bedarf einiger Askos porentrdger der
Aspergillus nidulans Gruppe

Das relative Wachstum auf Nahrboden mit verschiedenen Kohlenhydraten als Kohlen-
stoffquellen wurde quantitativ an finf Arten der Gattung Aspergillus bestimmt, d. h. an
A. nidulans (Eidam) Wint., A. rugulosus Thom und Raper, A. quadrilineatus Tiiom und
Raper, A. violaceus Fennel und Raper und A. variecolor (Berk, und Br.) Thom und Raper.
Es wurde festgestellt, dass alle Monosaccharide eine gunstige Kohlenstoffquclle sind. Sucrose
und Raffinose gaben gutes Wachstum an allen Arten, dagegen erwies sich Maltose als gut
fur A. quadrilineatus und A. variecolor und schlecht fiir den Rest der Organismen. Unter
den Polysacchariden riefen Starke und Dextrin gutes Wachstum aller untersuchten Schim-
melpilze hervor, wéhrend Inulin schlechten Wachstum ergab. Arbutin war entweder gut.
maéssig oder schlecht fiir das Wachstum. Zuckeralkohole erzeugten gutes Wachstum. Organi-
sche Séauren waren fur das Wachstum dieser Aspergilli unbrauchbar. Im allgemeinen riefen
Mono-, Di- und Trisaccharide entweder ausgezeichnete oder gute Sporulation bei der Mehr-
heit der vorliegenden Aspergilli hervor. Zwischen den Polysacchariden veranlassten Dextrin

und Starke gute Sporulation, dagegen Arbutin eine schlechte. Organische S&uren waren fur
die Fruchtbildung dieser Pilze unbrauchbar.

OYEPKW HAJL ACNEPTUANN

XIl. MoTpebneHne B yrnepopj HeCKONbKUX aCKOCUOPOBLIX hOpM
rpynna — Aspergillus nidulans

Cnoco6cTBytollee  POCTY OTHOCUTENbHOE KauecTBO PasUYHbLIX YINeBOAOB Onpeaens-
nocb aTopamy KonuuecTBeHHO y nsiTv Criefylowmx BALOB pofa Aspergillus: A. nidulans
(Eidam) Wint., A. rugulosus THOM U Raper, A. quadrilineatus THOM U Raper, A. viola-
ceus Fennell u Raper u A. variecolor (Berk, u Br.) Tuom n Raper. BCe MOHOCaxapugpl
OKa3a/IuCb COOTBETCTBYHOLMMN MUCTOYHMKaMWN yrnepoga. Caxapo3a n pa(bl/ll/lo:ia obecneumBanu
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XOPOLMA pocT y BCEX U3y4aeMblX BULOB, MaibTo3a 06GeCreunBasa XOpoLUiA pocT y A. quad-
rilineatus M A. variecolor, B TO BPeMsl KaK Yy OCTa/lbHbIX OPraHW3MOB Ha Ma/jbTO3e Hab/io-
Jancs cnabblii pocT. M3 nosmcaxapuaoB Kpaxman M AeKCTPUH oBecrieumBasiv XOpoLUUin pocT
Y BCeX M3y4aeMmblX MJECHeBbIX TPMOKOB, B TO BPEMS Kak Ha MHY/IMHE MX POCT Obln CnabbiM.
Ap6yTrH 06ecreyrBan XopoLniA, N CpefHUid, unu cnabblii pocT. CaxapHble cnupTbl oGecne-
UMBa/ZIM XOpPOLIWiA POCT. Ha OpraHMYecKMX KUCMOTaxX YKasaHHble BuAbl Aspergillus He pacnu.

Booblle MOHO-, AM- U TpuU-caxapuibl OGECMEYMBAIM OT/IMUHYK UM XOPOLLYIO Cropy-
NAUMI0 Yy GOMBLUMHCTBA YKa3aHHbIX BW0B; U3 MOAWCAXapUAOB Kpaxman U AeKCTPUH MHAYLW-
pOBany XOpOLUYH CMOPY/sLMIO, B TO BpeMsi Kak Ha apOyTuHe oBHapyxuBanacb cnabas cro-

pynauunsa. OpraHMyeckue KWUCNOTbl 3TU FpVI6KVI He CrocobHbl MCMob3oBaTh A1 cnopoo6pa-
30BaHKA.

VIRENDRA P. Agninotri, P. O. Rudrapiir, Distt. Nainital, U. P. India
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MYELOPEROXYDASE ACTIVITY
TN NORMAL RAT BONE MARROW

Erzsébet Zombai and G. Kelényi

DEPARTMENT OF PATHOLOGY, MEDICAL UNIVERSITY, PECS (HEAD: G. ROMHANYI)

(Received February 15, 1963)

Synopsis

Myeloperoxydase activity in rat bone marrow increases with the weight of
the animal and runs parallel to the myeloid : erythroid ratio of the bone marrow cells.
Bleeding of the animals decreases myeloperoxydase activity and also the myeloid:
erythroid ratio. It seems that bone marrow myeloperoxydase activity is directly pro-
portional to the number of myeloid cells (granulocytic series) in the bone marrow.
The activity of the isolated blood leukocytes is quite similar to that of the bone mar-
row cells.

In 1941 Agner [1] described an enzyme, verdoperoxyda.se, in human
granulocytes, which is present in normal myeloid cells and in chloromas, the
green tumours of the bone marrow. The enzyme, also called myeloperoxydase
(MPO) is green in colour and has a peroxydative effect. It uses H20 2 as sub-
strate, while the enzyme-substrate complex dehydrogenates a suitable donor
molecule (aromatic amines, phenols) and H20 develops:

Enzyme - H0 2-)- AH2—=enzyme — H2 2 HA2 —>=enzyme (A —
4- 2H20, where All, is the hydrogenated donor molecule.

MPO is a haem enzyme which contains porphyrin and iron and is inhibit-
ed by hydrogen cyanide, hydroxylamine and sodium azide. It is worth while
mentioning that purified enzyme preparations also contain a small amount of
copper [1].

The physiological role of the enzyme is not well understood and it is
supposed to degrade the H20 2 developing during different metabolic dehy-
dration processes. It seems probable that MPO is bound to cellular particulates
other than mitochondria [5, 11]. Schultz and co-workers [6] have compared
the properties of an MPO purified according to Agner’s [1] method and those
of an MPO extracted from tissues of the Shay chloroma [8], purified by a
column chromatographic method. They have also described the nature of the
linkage between the peptide chain and the prosthetic group in the chloroma
enzyme [7].

Histoehemically MPO can be demonstrated by the use of benzidine-
peroxydase and stable Nadi-reactions. According to eytological observations
on smears and sections of the bone marrow and the blood, only the myeloid
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elements (promyelocytes-granulocytes) and some of the monocytes give a
positive myeloperoxydase reaction.

During our investigations on the Shay chloroma of rats [3] we observed
that various types of these tumours showed different MPO activities [4]. For
a thorough examination of the chloroma MPO it seemed necessary to make
a close study of the MPO activity of the bone marrow of normal rats. Some
preliminary results have been described elsewhere [4].

In the present study we have determined the MPO activity in the bone
marrow of normal rats of different weight and observed that it increases with
the weight (age) of the animals and runs parallel to the myeloid : erythroid
ratio of the bone marrow cells. Comparison of the MPO activities of the mature
blood granulocytes of animals of different weight showed that the values for
the older animals equalled those for younger ones.

Methods

Preparation of the homogenates. Albino rats of our random bred strain were kept on
a diet consisting of maize, oats and powdered milk, casein, meat meal, ol. Helianthi, ol. Lini,
baker’s yeast, carrots, NaCl, CaCO03, sprouting wheat grains and the preparation “Erra”
(Allami Vaccinatermelo Intézet, Budapest, Hungary) containing Oxytetracycline, vitamin
B 12 and amino acids in rice bran.

The animals were killed by cervical dissection under light ether anaesthesia. Both
femurs were exposed and their shafts opened with a sharp knife. The bone marrows were
collected, put in glass stoppered siliconized small flasks containing 2 ml of 0.05 M tris(hydroxy)
inethylaminomethane (Tris) buffer at pH 7.0 and weighed. Then Tris-buffer was added so
that a bone marrow tissue concentration of 4—10 mg/ml was achieved. The marrow suspensions
were homogenized in a motor-driven all-glass Potter-type homogenizer for two minutes.
After homogenization the homogenates were diluted to 1 mg/ml tissue concentration. MPO
activity was determined by the method previously described [4] and expressed in units/100
mg wet tissue.

Myeloid: erythroid ratio. Bone marrow smears were prepared, fixed in methanol,
stained with Giemsa solution, and 200 cells counted. The averages of the myeloid : erythroid
ratio in the bone marrow of rats whose hone marrow MPO activity was determined is given
in Table 1. These values are somewhat higher than those of Shen and lloshina [9] and
Burke and Harris [2].

Bleeding experiments. Animals weighing 190—200 g were bled by cardiac punctures.
The blood loss was 0.58 —0.85 m1/100 g body weight/day for 7—10 days. In the bone marrow
smears of such animals the myeloid : erythroid ratio was reduced to 0.27 —0.50 showing
an increase in number of the erythroblasts.

Isolation of the blood leukocytes. 4—6 ml blood was withdrawn by cardiac puncture
from rats weighing 100 170 and 250—300 g with “Liquoid” (Roche). The blood samples
were poured into test tubes containing 4—6 ml of 6% dextran solution in saline (“Tntradex”,
Crookes Lab.) and allowed to stand until settled. After the majority of the erythrocytes had
settled the upper leukocyte-rich suspension was sucked off, centrifuged at 100 g for 10 minutes,
resuspended in Tris-buffer and homogenized. It should be mentioned that erythrocytes do
not exhibit any appreciable MPO activity [10]. MPO activity was determined in the same
way as in the case of bone marrows and expressed in units per 107 neutrophil and eosinophil
granulocytes. The supernatant of the 100 g centrifugate did not show any measurable activity.
The number of the isolated blood leukocytes was determined in quadruplicate samples and
each sample counted twice. The standard error of the counts was ~10% of the total cell
count. The smears were prepared from leukocyte suspensions, fixed with methanol and
stained with Giemsa solution. From each suspension two smears were prepared and 200 cells
counted. The percentage distributions of the neutrophilic and eosinophilic granulocytes and
ymphocytes were determined.
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Results

The MPO activities in the bone marrow of 26 rats weighing 20—80 g,
of 14 weighing 81—180 g and of 17 weighing 181—300 g were determined.
In Table 1 the number, sex and weight of the animals, the myeloid: erythroid
ratios and the means, standard errors and ranges of the MPO activities in the
bone marrows are given as the results of a statistical analysis. As may be seen,
the MPO activity of the bone marrow increases with weight and is parallel to
the myeloid: erythroid ratio. The differences in MPO activity in relation to the
weight of the animals seem to be significant. Sex-related differences could not
be demonstrated. In a few animals weighing 180—300 g the MPO activities
in both femoral bone marrows were determined individually, but no signif-
icant differences were found.

Table 2 shows the MPO activities of the bone marrows of 7 rats with
blood losses of 0.58—0.85 ml/100 g body weight/day for 7— 10 days. The
average MPO activity of the bone marrows is about one third of that of the
healthy animals; the same is true for the myeloid : erythroid ratios.

In Table 3 the means, the standard deviations, and the ranges of the MPO
activities of isolated blood leukocytes for two groups of rats are given. Each
group consisted of 6 animals, weighing 100— 170 and 250 300 g, respectively.
There is no significant difference in activity of the isolated blood leukocytes
between the two groups.

Table 1

Myeloperoxydase activity of the bone marrows of rats of different ages

SeX M14) activity
Number of Weight of in units/100 mg Myeloid: Significance
No. animals animal wet bone marrow erythroid of the differences
Male Female 00 tissue, means, ratio
t SD (ranges)
86 42 0.49 (1)vs(2)
i 20— 80
(i) 26 " 13 (26- 170) p < 0.001
145+58 1.23
(2) 14 6 8 81 180 (2)vs (3)
(62— 287) 0.02 > p > 0.01
17 10 7 181— 300 230 104 1.60 (vs (3)
(3) (88 461) p < 0.001
Discussion

In our experiments we found the MPO activities of the rat bone marrows
to show definite differences which seemed to be related to the weight (age)
of the animals. Searching for the causes of the low MPO activity in young, and
for those of the higher activity in older rats we found that the bone marrow
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Table 2

Myéloperoxydase activity of the bone marrows of rats bled for 7—10 days

MPO activity

body weight) et tissue) ratio
| 50 0.58 7 83 0.27
2 280 0.57 7 50 0.28
3 (80 0.79 7 108 0.45
4 Mo 0.85 7 03 0.46
5 s 0.85 7 07 0.46
6 nfi?e 0.90 10 80 0.38
7 n%g?e 0.78 10 4 0.50

Table 3

Myeloperoxydase activity of blood neutrophils and eosinophils in tivo groups of rats with an
average body weight of 265 and 135 g respectively

Number of isolated Percentage of neutrophils MPO activity
Number Weight (g), mean, blood leukocytes and eosinophils, means, (units{lO)
of animals +SD (ranges) ~(10e cells/ml) +SD (ranges) neutrophils and
Tris-buffer, means, eosionophils, means,
+ SD (ranges) Neutrophils Eosinophils +SD (ranges) *
6 265+25 4.2+1.2 10.7 | 20.8
(250—300) (2.5—6.0) + 1-2 +0.6 +4.6
(10— 13) (0-2) (13.4—27.2)
6 135+25 3.8+0.8 11.3 2.7 19.0
(100—170) (2.6—4.7) +3.4 +2 +4.0
(7-16) (0-5) (13.7—25.4)

The difference in MPO activity between the two groups is not signif icant (0.5 > p > 0.4)

MPO activities ran parallel to the myeloid : erythroid ratio, i.e.,, the number
of myeloid cells might be responsible for the differences in activity. The same
conclusion may be drawn when our cytological findings and enzyme activity
values are compared with the data of Burke and Harris [2], who determined
the number of bone marrow cells and their percentage distribution in rats of
different ages. These authors [2] examined rats of 1 to 50 weeks of age and
found, as we did, that the number of myeloid cells of the bone marrow increas-
ed with the weight of the animals.
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That the myeloid cells of the bone marrow arc responsible for MPO
activity and that their rate of activity is determined by their number is further
demonstrated by our bleeding experiments. Bone marrow erythroblastosis
(decrease of the myeloid : erythroid ratio to 0.27—0.50) produced by bleeding,
was accompanied by a decrease in MPO activity by about a third of the con-
trol values.

It seemed to be of great interest to determine the MPO activity of some
types of the granulocytic series. For that purpose the activity of mature blood
granulocytes (neutrophils and eosinophils) isolated from the blood with
dextran was examined. No weight (age)-related difference was found.

A comparison between the activity of the bone marrow and that of
isolated blood granulocytes was made on the basis of the data of Burke and
Harris [2]. They examined the number of cells per vinit of weight in the wet
bone marrow of the rat and found that there were about two million cells in
1 mg wet bone marrow tissue. They also observed that about 50% of all cells
were myeloid elements (granulocytic series). Since 10 mg wet bone marrow
tissue (i.e. 107 myeloid cells) displays an MPO activity of about 23 units, and
107 blood granulocytes an average activity of 20 units, it can be said, that the
activity of the bone marrow myeloid cells (mainly immature cells) is similar
to that of the mature blood granulocytes.

It should be mentioned that, according to our uncompleted experiments, dextran
inhibits to some extent the MPO activity of the bone marrow. Mature granulocytes isolated
from the peritoneal cavity, however, are not inhibited by dextran, when treated in the same
way as blood granulocytes. Thus, there might be a difference in sensitivity to dextran between
mature and immature cells.

From our data it is impossible to estimate the MPO activity of myeloid
celltypes other than mature granulocytes. The determination of MPO activity
of other cell types of the granulocytic series could be achieved by separating
the bone marrow myeloid cells or rather by provoking a reactive bone marrow
change with the predominance of some types of the granulocytic series. That
will be the purpose of further investigations.
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MYELOPEROXYDASEAKTIVITAT IM KNOCHENMARK DER NORMALEN RATTE

Die Myeloperoxydaseaktivitdt im Knochenmark der Ratte steigt mit dem Gewicht
des Tieres an und verlauft parallel zum Verhdltnis der myeloiden und erythroiden Zellen
des Knochenmarkes. Blutung der Tiere vermindert die Myeloperoxydaseaktivitdt sowie das
inyeloid-erythroide Verhé&ltnis. Es scheint, dass die Myeloperoxydaseaktivitdt des Knochen-
markes sich zur Zahl der myeloiden Zellen (Granulozytenreihe) im Knochenmark direkt
proportional verhalt. Die Aktivitat der isolierten Leukocyten des Blutes ist derjenigen der
Knochenmarkzellen &hnlich.

AKTMBHOCTb MW3JIONMEPOKCNAA3bI B KOCTHOM MO3ry ¥ HOPMAJIbHbIX
KPbIC

AKTUBHOCTb MW3/I0NEPOKCHAA3bl B KOCTHOM MO3rY KpbIC MOBBILIAETCS C YBEJIMUEHUEM
BeCa XMBOTHbLIX U W3MEHSETCA Mapanfie/lbHO MWU3MIOUAHO-3PUTPOUAHBIM OTHOLLEHUSIM KOCTHO-
MO3rOBbIX KNeToK. KpOBOMyCKaHWE >XMBOTHBLIX MPUBOAUT K CHUDKEHWIO aKTUBHOCTU MWU3/O-
MepoKCcKAasbl, a TakXKe K YMEHbLUEHUID MU3/IOMAHO-3PUTPOMAHOMO OTHOLIEHUs. OKkasbiBaeTcs,
UTO aKTMBHOCTb MM3/I0, HEPOKCMAA3bl MPSMOMNPOMNOPLMOHATbHA  KOSIMYECTBY — MW3MOUAHBIX
KNneTok (psfa rpaHynoLMToB) B KOCTHOM MO3ry. AKTUBHOCTb NEMKOLMTOB, U30IMPOBaHHBIX 13
KPOBM, Takas e, Kak aKTUBHOCTb KOCTHOMO3TOBbIX K/ETOK.

E rzsébet Zombai , . Y
Pécs, Dischka Gy6z6 u. 5., Hungary
Gabor Kelényi
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Synopsis

The paper deals with the causal explanation of the occurrence of Corynephorus
canescens in the region of Nagykd6ros. Evaluation of the site factors of the forest com-
plex wmNagyerd6” proved that soil acidity represents the limiting factor in the
distribution of this plant. To establish its acidity demands, a method indicating the
regulation power of the root system was applied. It appeared that in unbuffered
medium the acidity amplitude of the regulation power ranges from 3.4 to 9.2 pH with
an optimum around 5.8 pH. Simultaneously the soils under the following closely
adjacent plant associations were examined:

Festucetum vaginatae danubiale corynephoretosum canescentis,

Festucetum vaginatae salicetosurn rosmarinifoliae,

Festucetum vaginatae danubiale.

The buffer capacity and reducing effect of these soils were established. Thus
the supposition could be confirmed that in the examined region Corynephorus canescens
grows only in sites where buffer capacity and reducing effect of the soil are minimal.
The plant does not occupy soils of higher buffer capacity which cannot be regulated
by its root system.

Introduction and problems

Studying the causal phytogeography of Corynephorus canescens, the
author had to cope with the problem of substratum acidity constituting -
beside climatic conditions — an important limiting factor in the distribution
of this psammophilous plant. Corynephorus canescens may be commonly found
on acidic sandy soils of Central Europe but avoids the large alkaline sand com-
plexes of the region between the Danube and Tisza rivers in Hungary, although,
as to its climate and physical properties of the substratum, this region may be
looked upon as a potential area of Corynephorus canescens in compliance with
Boysen-Jensen (1]. This is corroborated by the fact that Corynephorus
canescens does appear in the region, but only in some restricted areas, e.g. near
Nagyk6ros [5]. An attempt at explaining the fact that its presence is confined
to sporadic and small patches of land was made as early as 1940 by Hargi-
tai [3], who pointed to the neutral or moderately acid soil reaction differentiat-
ing these localities from the basic calcareous sands in other parts of the region.
By the courtesy of the Hungarian Academy of Sciences, in the autumn of 1961
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the author could obtain a deeper insight into this highly interesting problem
of ecology and phytogeography.

A thorough investigation of the acidity demands of Corynephorus
canescens in Czechoslovakia showed that the plant can regulate the unbuffered
substratum by its root system within a relatively wide range, approximately
between the pH-values of 3.5 to 10.0 towards the optimum values ranging
from 5.5 to 5.9 pH. Its natural occurrence in Czechoslovakia was also found to
comply with the latter figures 17]. Thus it is potentially possible for this plant
to grow on sandy soils of 7 to 8 pH, if they possess a minimum buffer capacity.
Hargitai found the pH-values for soils under Festuceto-Corynephoretum in
Nagykdrds as ranging from 6.92 to 7.89. Whether these were indeed sandy soils
of minimum buffer capacity or a special ecotype of Corynephorus canescens
had developed with somewhat different acidity demands — this was a question
which could he solved by experiments only. The author thus examined the
ability of plants to control the pH-value of the soil by their roots and also
directed her research towards the buffering and “reducing” effect of the soils
near Nagyk6rds and for comparison on the Szentendre Island of the Danube,
following the method of Ulehta and Martinec [8, 9, 10]. (The “reducing”
effect of the soils manifests itself in the changes of buffering capacity in the
course of time.) All these factors participate in the establishment of a dynamic
equilibrium between plant and soil; their analysis should contribute to the
causal explanation of the occurrence of the plant under consideration.

Material and methods

With the assistance of dr. Vera Karpati and Dr. Margaret Kovacs two patches of
ground covered predominantly with Corynephorus canescens were chosen in the complex
of the Nagyerdé Forest near Nagykdrds and in its close vicinity other patches with pre-
dominating Festuca vaginata and lacking entirely in Corynephorus canescens were marked
off. According to the sociological surveys made by V. Karpati and M. Kovacs the vegetation
of these areas could be defined in accordance with the classification of Hargitai [3] as well
developed plant associations. For comparison experimental material of sandy soils of the
Szentendre Island was also examined; it was collected between Pdécsmegyer and Sziget-
monostor from two localities similarly covered with typically developed associations. The
characteristic data of all localities are presented in Table 1.

In the above-mentioned plant associations soil samples from the rhizosphere of the
dominant plants and in the localities 1 and 2 also complete individuals of Corynephorus
canescens were collected; the latter were brought into the laboratory very carefully and
examined experimentally on the next day.

The regulative power of the plants was studied according to a previously described
method [6, 7]. The whole root system was divided into six equal parts and each of these put
for two hours into an unbuffered solution of a fixed pH-value obtained by adding hydro-
chloric acid or potassium hydroxide to distilled water. The acidity of the solution was measured
colorimetrically by means of the universal indicator i(ita-Kamen (a Czechoslovak make)
before and after the experiment. This procedure was repeated six times.

Extablishment of the buffer capacity of the soil. The airdried soil samples were treated
in the laboratory for several weeks. Generally the method described by Braun-Blanquet [2]
was applied. The fine soil samples weighing 10 g each were doused with the following solutions

16 —8—4—2—1—0 ml 0.01 n hydrochloric acid (F = 0.984)
16—8—4—2—1—0 ml 0.01 n sodium hydroxide (F = 1.062)
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Table 1

Data of localities studied

No. Locality Plant association Dominant plants Remarks

1 Nagyerdd Festucetum vaginatae Corynephorus
danubiale corynephore- canescens
tosuin canescentis

2 Nagyerdé Festucetum vaginatae Corynephorus Mostly one-
danubiale corynephore- canescens year old
tosum canescentis seedlings

3 Nagyerd6 Festucetum vaginatae Festuca vaginata On the slope
salicetosum rosmarini-  Stipa joannis of a dune
foliae

4 Nagyerdd festucetum vaginatae Festuca vaginata
danubiale

5 Szentendre-Sziget Festucetum vaginatae Festuca vaginata
danubiale Phleum phleoides

6 Szeiiteiidre-Sziget Festucetum vaginatae Festuca vaginata
danubiale

and filled up to 100 ml with distilled water. Poured into glass-stoppered vessels and occa
sionally shaken, these soil suspensions were left standing for 24 hours and subsequently their
pH-value was measured with a glass electrode. As standard for comparison a similarly pre-
pared suspension of sea-sand pro analysi was employed.

Determination of the reducing effect of the soil means in principle the introduction of
the time factor into the establishment of buffering capacity. Here again the method described
under “buffer capacity of the soil” was applied but the process of restoring the acidity equi-
librium was registered 10 minutes, 1, 2, 4, 8, and 24 hours after introducing the soil into
solutions. Further details of this procedure may he found in the paper of Uteiita and Martinec
[8,9,10].

Results

Data pertaining to the regulative power of the plant are plotted in Fig. 1.
It is shown there that the regulation point indicating the optimum pH-value
to which the unbuffered solutions are adapted by the plant lies at 5.8 pH.
The range of the regulation zone represented by the pH-values of 3.4 to 9.2
on the abscissa corresponds to the amplitude of acidity within which the un-
buffered medium can be regulated by the plant toward its optimum.

The buffering of soil suspensions prepared from the material of the
localities 1 to 6 and examined after 24 hours is characterized by the curves in
Fig. 2. These graphs demonstrate that both soils taken front the rhizosphere
of Corynephorus canescens in Festucetum vaginatae danubiale corynephoreto-
sum canescentis (1, 2) have a relatively low buffer capacity, being nearly equal
with that of the suspension of seasand pro analysi in acid medium. The soil
under Festucetum vaginatae salicetosum rosmarinifoliae (3) has a higher
buffer capacity although the values of the actual acidity — measured in aque-
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Fig. 1. Regulation power of the root system of Corynephorus canescens from the “Nagyerd6’
forest. Mean curve of six measurements. Abscissa: initial pH-value. Ordinate: regulated
pH-value

Fig. 2. Buffer capacity of soils taken from the rhizosphere of psaminophytes compared with

the buffer capacity of a suspension of seasand pro analysi. Numbers indicate the sites.

Abscissa: 0.01 n hydrochloric acid or sodium hydroxide in ml per 100 ml of the solution.
Ordinate: pH of the suspension after 24 hours
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ous suspension — do not considerably differ from those of the two soils men-
tioned above. The other three nearly identical curves belong to 3 samples
taken from the association Festucetum vaginatae danubiale although in
three different localities (4, 5, 6). Their buffer capacity is high, especially in
acid medium.

Fig. 3. Reducing effect of the soil from the rhizosphere of psainmophyte vegetation in “Nagy-

erdé”. Soil sample from the association Festucetum vaginatae danubiale corynephoretosum

canescentis. Abscissa: 0.01 n hydrochloric acid or sodium hydroxide in ml per 100 ml of the

solution. Ordinate: pH of the suspensions; the curves correspond to the time period of the
examined process

The reducing capacity of soil suspension is illustrated graphically in

igs. 3, 4, and 5. For this purpose only soils from the forest “Nagyerd6” were
chosen, their vegetation corresponds to the three analysed plant communities
(1, 3, 4). The reducing capacity of the other soils is analogous, which may be
after all found from the curves of the buffer capacity. Since, however, the time
factor plays a decisive role in the buffering process of the suspension, this
process should be represented in three dimensions. Still, the required clearness
of demonstration may be ensured by extrapolation carried out in one optional
point only. Thus from the curves represented in Figs. 3 to 5 the extrapolation
was performed for the values 8 ml 0.01 n hydrochloric acid per 100 ml, con-
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sidering time as the variable quantity. Fig. 6 shows the graphical illustration
of the result, demonstrating the complicated reducing process in a soil system
with its acidity equilibrium upset.

Fig. 4. Reducing effect of the soil from the rhizosphere of psammophyte vegetation in “Nagy-

erdé” . Soil sample from the association Festucetum vaginatae salicetosum rosmarinifoliae.

Abscissa: 0.01 n hydrochloric acid or sodium hydroxide in ml per 100 ml of the solution.

Ordinate: pH of the suspensions; the curves correspond to the time period of the examined
process

Discussion

If we try to establish causal relations between the distribution of some
plants and soil acidity, we cannot content ourselves, despite the highest
precision in measurement, with a pH-valuc only, even though it may be the
result of a measurement carried out in an apparently dynamical manner during
the vegetation period. In the localities under study a coincidence between the
presence of Corynephorus canescens and the initial acidity could be hardly
found; we measured the following pH-values in the various localities (in ten
minutes intervals):

No. of site: 1 2 3 4 5 6
pH: 5.50 5.62 5.65 6.23 8.01 6.78
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Fig. 5. Reducing effect of the soil from the rhizosphere of psammophyte vegetation in “Nagy-

erdé”. Soil sample from the association Festucetum vaginatae danubiale. Abscissa: 0.01 n

hydrochloric acid or sodium hydroxide in ml per 100 ml of the solution. Ordinate: pH of the
suspensions; the curves correspond to the time period of the examined process

pH
7
) e
6-
5-
4-
o* O-------- °2
° n
3-
0 0 Seasand
10min 1 2 4 8 24 4Bhours

Fig. 6. Reducing effect of soils from the psammophyte vegetation of the “Nagyerddé” as
related to the time factor. Abscissa: time (logarithmically) in hours. Ordinate: pH of the
suspension. Extrapolation for suspensions of 0.8 ml 0.01 n hydrochloric acid
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The occurrence of Corynephorus canescens was, however, established only
in the localises 1 and 2, whereas the plant species constituting the vegetation
of the other localities belonged to other associations. It is therefore necessary
to assess soil acidity more comprehensively, even if the components of this
complex need not be analysed. One of the methods supplying information on
the pattern of soil reaction is the common method establishing the soil buffer-
ing. Fig. 2 reveals at a glance to which ecological groups the examined soils
belong. Those in localities 1 and 2 are unbuffered soils, No. 3 shows moderate
buffering, whereas the material from localities 4, 5, and 6 represent highly
buffered soils. It is not accidental that Corynephirus canescens occupies only
the areas of low buffer capacity in this region although all the other conditions
in the localities are almost identical in the entire forest complex. Whether the
low buffer capacity is due to the relief, the soil profile or the previous vege-
tation, cannot be answered in the present paper. The determination of buffer
capacity discloses only the final stage reached by the soil suspension after
24 hours, thus being a quantitative measure, revealing nothing about the
qualitatively different course of the process as to the time factor. The study
of the reducing effect of the soil is of much importance exactly at this point.
It shows that the soil suspension is not only a buffer system analogous to
aqueous solutions, which change their pH-values after the admixture of acids
or bases and sooner or later reach their equilibrium according to the composition
of the solution. The soil suspension represents a complicated heterogeneous
system in which the regulation principle makes itself felt. This means that the
system, if transformed by external interference, returns in a new process into
ils original state [8, 9, 10]. The validity of this principle, which is an important
factor in the ecology of the examined species, is demonstrated in Fig. 6. The
soil from Festucetum vaginatae danubiale of the Nagyerd6é, when acidified,
returns to its original pH-value in the course of a few hours. In comparison
with this soil, that of Festucetum vaginatae salicetosum rosmarinifoliae shows
a lower reducing power, although its buffer capacity is of medium value. From
these facts it may be concluded that after some climatically favourable years
promoting its vitality Corynephorus canescens would also occupy this part of
the locality. The soil under Festucetum vaginatae danubiale corynephoreto-
sum canescentis is characterized not only by insignificant reducing power but
also by very low buffer capacity. The occurrence of Corynephorus canescens is
thus quite regular here, because if the other ecological conditions are favour-
able, there is no obstacle hindering the plant in its adaptation to optimum
acidity. It was sufficiently proved by the experimental investigation of the
regulative power of roots that in the case of plants on the outpost site in the
region between the Danube and the Tisza no adapted ecotype is involved.
The run of the regulation curves is identical with that of the graphs established
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for the same plants in Czechoslovakia, both in the region of the Morava Valley
and in Elbe Valley [7].

The results of researchwork reported here have proved again that certain
phytogeographical questions may be causally solved on the basis of a thorough
ecological analysis by envisaging the whole problem dynamically and con-
sidering both factors which prevail in the occupation of localities, i.e. both
the habitat and the plant.

My thanks are due to the workers of the Botanical Institute of the Hungarian Academy
of Sciences and to Professor B. Zolyomi for enabling me to perform all the investigation.
| am especially indebted to Mrs. Vera Karpati for her valuable cooperation.
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DER VORPOSTENSTANDORT VON CORYNEPHORUS CANESCENS
IM DONAU—THEISS-ZWISCHENSTROMGEBIET UND
SEINE KAUSALE ERKLARUNG

Die vorgelegte Arbeit befasst sich mit einer kausalen Erkldrung des Vorkommens
von Corynephorus canescens im Gebiete von Nagyk&éros. Bei Beurteilung der Standortsfakto-
ren des Waldkomplexes Nagyerdd zeigte es sich, dass die Bodenaziditatsverhaltnisse hier
den Grenzfaktor der Verbreitung dieser Pflanze bilden. Zur Feststellung der Aziditatsan-
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Spriche der Pflanze wurde eine die Regulationsfahigkeit des Wurzelsystemes anzeigende
Methodik verwendet. Es zeigte sich, dass sich die Aziditdtsamplitude des Regulationsver-
maogens im ungepufferten Medium von 3,4 bis 9,2 bewegt, mit einem Optimum um pH 5,8.
Zugleich wurden auch Bo6den unter folgenden, eng angrenzenden Assoziationen geprift:

Festucetum vaginatae danubiale corynephoretosum canescentis

Festucetum vaginatae salicetosum rosmarinifoliae

Festucetum vaginatae danubiale.
Es wurde ihr Pufferungs- und Dampfungsvermdgen bestimmt. Auf diese Weise wurde die
Voraussetzung bestatigt, dass in diesem Gebiet die Pflanze nur dort vorkommt, wo die Boden-
pufferung und Bodendampfung minimal ist. Boden mit grésserer Pufferung, welche die Pflanze
durch ihr Wurzelsystem nicht zu regulieren vermag, werden von ihr nicht mehr besiedelt.

MECTOHAXOXAEHNE CORYNEPHORUS CANESCENS B PAVIOHE MEXOY
Tncconm N AYHAEM N EFO0 KAY3AJIbHOE OBBbACHEHUE

Iﬂ,aHHalfl pa60Ta 3aHMMaeTCA Kay3a/lbHbIM 00bACHEHNEM HaxoXXgeHna Corynephorus
canescens B paiioHe r. Hagbképéw. [pu oueHke (haKTOPOB MNpOM3pacTaHWUs IeCHOr0 KOMn-
nekKca Ha,qbsp,qé BbIACHMNOCbL, YTO KUCNOTHOCTb MNOYBbI ABNAETCA q)aKTOpOM, orpaHnymsaroLLIMm
pacnpoCcTpaHeEHNEe [aHHOro pacTeHUA. ﬂ'l'lf-l YCTaHOB/IEHNA I'IOTpe6HOCTI/I pacTeHna B KUCNOT-
HOCTW, aBTOP MPUMEHAN MEeTOf, OCHOBbLIBAIOLMIACA HAa PerynupytoLleii CnocoO6HOCTM KOPHEBOM
CUCTEMbI. BbIICHWIOCh, 4TO aMNAIMTYAa PerynupytoLieil cnocobHocTM B HebydepHoli cpege
n3meHsetcsa ot 3,4 go 9,2 pH, npy uem onTumym o6HapyxmBaeTca npu pH 5,8. OpHoBpe-
MEHHO npoun3BeAeHO W3y4YeHME NOoYBbl CNeayroWmnX, TECHO MPUMbIKaOLWKUX accou,mau,mVl:

Festucetum vaginatae danubiale corynephoretosum canescentis,

Festucetum vaginatae salicetosum rosmarinifoliae,

Festucetum vaginatae danubiale.

OnpefeneHa Takxke 6ytepHOCTb M TOPMO3ALLAs CMOCOBHOCTL 3TUX MoYB. Ha OCHOBaHMM
3TOro NoATBEPXAEHO MPEeAnosioXKeHne, YTo Ha ,IJ,aHHOVI TEPPUTOPNN YKa3aHHOE pacCTEHWE BCTpPe-
YaeTCAa TO/IbKO Ha TeX MecCTaXx, rge 6yq}epHOCTb n Topmosdulasn CMoCOBHOCTb NOYBLI MUHUMAIb-
Had. Ha nouyBax ¢ 60/bLIOA 6GYyPEpHOCTLIO, KOTOPYH PacTEHUE YXXe HeCrnocobHO yperynmpo-
BaTb CBOE KOPHEBOM CUCTEMOM, OHO Y)XKe He Npou3pacTtaerT.

Milena Rychnovska, Brno, Starda 18, CSSR

Ac.a Hint. Hung. It. 19'3
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Synopsis

The new formation of articular cartilage from granulation tissue was investigated
by morphological, histochemical, biochemical etc. methods. In the initial stage the
granulation tissue supplied by capillaries showed a predominant oxybiotic metabolism.
Parallel with the gradual occlusion of the capillaries an adaptative shift of tissue
metabolism from oxybiosis to anaerobic glycolytic fermentation was observed. Later
on, parallel with increasing local oxygen deficiency, the anaerobic glycolysis was
found to decrease, simultaneously the mucopolysaccharide content of the tissue increased.
The latter process appeared to he parallel with the formation of hyaline cartilage.

Three subsequent maxima occurred. In the stage of granulation tissue the
conditions of oxybiotic metabolism were given, while the stage of fibrotic transformation
of the tissue is characterized by anaerobic glycolytic metabolism. In the stage of newly
formed hyaline cartilage a further form of metabolism was found to he prevalent,
characterized by lack of conditions for oxybiosis, decrease of lactic acid content and
increase of mucopolysaccharides.

Introduction

The regeneration of the articular surface with special regard to cartilage
formation was studied by authors for a considerable period. The morphological,
histochemical and biochemical examinations were carried out on an adequate
experimental material: on the so-called half-joint of Krompecher [4]. This
biological model was studied by Krompecher chiefly from causal viewpoint
of cartilage formation — regarding qualitative adaptation and neodifferenti-
ation [8, 9, 10, 11]. The study of the process of cartilage formation, in particular
its metabolic aspects yielded interesting data. It has been established that due
to considerable reduction of vascularisation of the articular surface not only
respiration decreases but even the glycolytic activity becomes greatly restrict-
ed although no signs of necrosis were observed in the tissue. This occurrcn ce
and the remarkable increase of the hexosamine content of the tissue in the
regenerating articular surface seem to be interrelated on tin* basis of the dat a
described below in detail.
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Material and methods

Investigations were conducted on 450 dogs. On the kneejoints of these dogs the “half-
joint” of Krompecher was performed. The cartilaginous articular surface of the distal part
of the femur was completely removed and subsequently a new articular surface was formed
of the granulation tissue originating from the spongious bone.

The dogs were sacrificed after 7, 20, 26, 33 and 70 days following operation (for detailed
description of the operation see [9, 10, 11, 4]). On the regenerating articular surface the
following morphological and biochemical examinations were carried out: conventional
histologic procedures [8, 9, 4], determinations of the degree of vascularisation by planimetry [5],
determinations of haemoglobin (W ong) and tissue respiration by Warburg’s method [14],
determinations with the same method hut after the addition of methylene blue and glucose [6],
examinations of anaerobic and aerobic glycolysis according to Warburg [7], determinations
of tissue hexosamine content using the method of Morgan and Eissn [15].

Results

Study of the newly formed articular surface after different intervals
following operation revealed some characteristic stages. On the 7th day the
development of a granulation tissue rich in capillaries was observed in the
bone wound (Fig. 1). In this stage of development the conditions for oxybiosis
arc given, i.e. the metabolic products of glucose can be broken down through
the tricarboxylic acid (Szent-Gysrgyi and K rebs) cycle. On the 20th day,
in the deepest layer of the granulation tissue, on the margin between the
granulation tissue and bone, stenosis of the capillaries occurs. The granulation
tissue becomes dense and fibrotic. Subsequently, the capillaries of the deepest
layer become occluded |9, 4]. On the 26th day, the stenosis of the capillaries
begins to extend and to spread over the median zone. In the depth of the
granulation tissue lying directly on tin* bone border the first cartilaginous
formations appear. In a next stage (on about the 33rd day) 3 zones can be
distinguished: 1. an upper zone with wide capillaries where the conditions for
oxybiosis are present; 2. a median zone with compressed capillaries where the
conditions for oxybiotic metabolism are reduced and anaerobic glycolytic
metabolism prevails; and 3. a lower zone in close vicinity of the bone where
the cartilage islet has developed (Fig. 2). The metabolic conditions of this zone
are discussed in the present paper.

Fig. 1. Granulation tissue covering the bone wound after removal of the cartilaginous articular
surface. 7 day-stage. Undifferentiated granulation tissue with wide blood vessels. See also
next stage
Fig. 2. 26-day stage of the new formation of articular surface from granulation tissue. In the
deeper part cartilage islets covered with a perichondrium-like sheet. In the upper layer
granulation tissue with patent vessels. At the perichondrium-like border the blood vessels
are compressed
Fig. 3. New formation of cartilaginous articular surface. 350 day-stage. The entire granulation
tissue has been transformed into cartilage
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When studying the process in its development we have to consider that
the cartilage of the lower zone increases at the expense of the median and
upper zones. The upper zone being at the site of oxybiotic metabolism will be
the first to disappear, giving place to the median and subsequently to the
cartilaginous lower zone. The cartilaginous islets are still small and isolated
on the 33rd day but they gradually get into touch with each other and become

respiration = anaerobic glycolysis

- herosemine v aerobic glycolysis
. = enhancing effect of methylene blue on
respiration

Fig. 4. Graph illustrating the alteration of respiration, anaerobic and aerobic glycolysis,
hexosamine content and the enhancing effect of methylene blue on respiration. 7, 20, 26, 33
and 70 day-stage of differentiation of the granulation tissue into cartilage

on about the 70th day almos confluent (Fig. 3). Through the interspaces the
vessels maintain the decreasing supply of the granulation tissue of the upper
zone.

For complete new formation of cartilage more than a year is necessary.

On the basis of the data obtained from the many-sided investigation of
this material the following major conclusions can be drawn.

1. The vascularisation and circulation of the newly formed articular
surface respectively, display a gradual decrease. The planimetrically measured
cross-section of the capillaries [5] was found to decrease from 6 per cent to
about 1per cent between the 7th and 70th day. During this time the haemoglo-
bin content of the articular surface [13] diminished from the initial 40 y Fe+++/g
granulation tissue to about 13 y Fe+++/g granulation tissue (Fig. 5).
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2. The tissue respiration measured [14] by the method of Warburg
increases from 100 per cent to 345 per cent from the 7th to the 33rd day, then
it decreases. On the 70th day it amounts to no more than 151 per cent (Fig. 4).

3. The lactic acid content of the tissue [13] also exhibits an initial in-
creasing trend (7th day 644 mg%, 33rd day 1040 mg%) but it becomes con-
siderably reduced in the later stages (70th day 462 mg%) (Fig. 5).

......................................... JLEL rh
fTTTH oxybiotic |  !anaerob glycolytic
nTT3 mucopolysaccharide

Fig. 5. Graph showing the shifting of metabolism during the development of cartilaginous
articular surface from granulation tissue. 7—70 day-stage. Compare the graph with Figs
1, 2, 3. First maximum (lower figure, left side): conditions of oxybiosis in the initial stages
are given. Second maximum (middle part of lower figure): the capillaries necessary for oxy-
biosis are reduced. Lactic acid content reaches its maximum. Cartilage islets appear. Third
maximum (lower figure, right side): conditions of oxybiosis (blood supply) no more prevail.
Reduction of lactic acid content indicates the decrease of anaerobic glycolysis. Mucopoly-
saccharide content reaches its maximum

4. Similar data were obtained by determinations of anaerobic glycolysis
[7] according to Warburg’s method. The value of 100% anaerobic glycolysis
measured on the 7th day rose to 230 per cent on the 20th day after which date
it showed a decreasing tendency (70th day: 135%). The maximum value of
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aerobic glycolysis was observed [7] on the 20th and 26th day (138 and
176%) subsequently it decreased. On the 70th day the decrease was 94 %.

5. Methylene blue as 0 2transporter, enhanced the respiration rate of the
material on the 70th day, while on the 7th and 26th day it Mas much less
effective [6].

6. The tissue hexosamine content on the 70th day showed an increase
of 41 per cent (see Fig. 5); increase in the other stages ranged between 2 and
8 per cent [15].

Relative values concerning the results obtained are given in Fig. 4
presenting the data for anaerobic and aerobic glycolysis, tissue respiration
and increased respiration caused by methylene blue. It should be noted that
these results permit an insight into the respiratory or glycolytic activity
respectively, of the tissue in vitro under optimal conditions.

In vivo conditions are more explicitly reflected in Fig. 5. The differences
between the in vitro and in vivo states are conspicuous in respiration. While in
examinations in vitro the oxygen supply mas found satisfactory and unchanged,
in the examinations in vivo — on account of the decrease in vascularisation

- the respiratory conditions were more and more reduced actually, as shown
by the lactic acid values, most probably hypoxydosis ensues. On account of
the lack of oxygen and of the possible damage or inactivation of the cyto-
chromes the course of respiration becomes disturbed. The oxygen supply
decreases, the tricarboxylic acid cycle and the terminal oxidation are gradually
inactivated and therefore fermentation becomes predominant. The course of
fermentation, however, is not typical. This observation is supported by the
finding that the production of lactic acid of the later stages decreases. At the
same time large amounts of mucopolysaccharides determined by the hexosa-
mine content of the tissue appear.

Discussion

These data indicate that tissue metabolism in cartilage formation under-
goes several changes. In the initial stage there is respiration as well as fermen-
tation (glycolysis) due to the special nature of the granulation tissue. The muco-
polysaccharide (hexosamine) content is relatively low.

In the second phase respiration becomes more and more insignificant
and fermentation prevails. The mucopolysaccharide content is still low. In the
third phase respiration is reduced to a minimum. Even the lactic acid content
of the tissue decreases while the mucopolysaccharide (hexosamine) content
increases, reaching nom' a maximum (see Fig. 5).

In other case of oxygen deficiency (varicose ulcer, necrotic caseous
tubercles, C3H carcinoma and thermal injuries [11, 2]) examinations yielded
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comparable results indicating that a similar mechanism may work under these
circumstances too.

Szent-Gyoérgyi [17] claims the possible role of the shift in the balance
of oxidation and fermentation as different pathways of energy production.
Our experimental results seem to point out that a further type of metabolism
involved in the balance has to be reckoned with.

Local metabolism is likely to have certain adaptative possibilities when
the circulation is gradually inhibited [7 to 11, 13 to 15]. This adaptative change
displays first predominance of oxidation then of fermentation which is fol-
lowed by a phase in which the production of mucopolysaccharides prevails.

The assumption that a metabolic phase may exist in which mucopoly-
saccharides are produced, was based on the observation that during hypoxy-
dosis both lactic acid production and content decreased. It seems probable
that this phenomenon may be in connexion with mucopolysaccharide for-
mation. This supposition has been confirmed by the data of Leloir and Car-
DiNi [12], Castellani and Zambotti [3], OHKNBO, Nowinski and Blocker
[16] and of others. According to these data certain intermediaries that take
part in fermentation may serve as sources for the formation of the components
of mucopolysaccharides. Banga [1] [minted out that various mucopoly-
saccharides possess the capacity of inhibiting or stimulating the activity of
certain enzymes. It is possible that in the course of mucopolysaccharide for-
mation, in a later stage this effect is also instrumental.

The present publication should give for the time being a working hypo-
thesis for the study of the enzymes and intermediaries of fermentation under
the given circumstances. Investigations in this direction are in progress.
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DIE ADAPTATIVE VERSCHIEBUNG DES GEWEBLICHEN STOFFWECHSELS
BEI LOKALER HYPOXIE EINHERGEHEND MIT EINER STEIGERUNG
DES MUCOPOLYSACCHARIDGEHALTES

Der Vorgang der Neubildung einer knorpeligen Gelenkflache, ausgehend vom Granula-
tionsgewebe, wurde durch morphologische, histochemische, biochemische etc. Methoden
untersucht. Im Anfangsstadium zeigt das gut vascularisierte Granulationsgewebe einen
vorwiegend oxybiotischen Stoffwechsel. Parallel mit der stufenweise erfolgenden Kompression
der Kapillaren verschiebt sich der gewebliche Stoffwechsel adaptativ von der Oxybiose in
Richtung des anaerob glykolytischen Stoffwechsels. Spater, parallel mit der Steigerung des
lokalen Oxigenmangels, zeigte sich eine Abnahme der anaeroben Glykolyse; gleichzeitig
zeigte sich eine Zunahme des stofflichen Mucopolysaccharidgehaltes. Diese Steigerung lief
parallel mit der Knorpelbildung.

Drei aufeinander folgende Maxima waren zu finden. Das Maximum der Bedingungen
des oxybiotischen Stoffwechsels im Stadium des Granulationsgewebes. Darauf folgend, im
Stadium der faserigen Transformation des Gewebes, zeigt der anaerob glykolytische Stoffwechsel
das zweite Maximum. Im Stadium des neugebildeten Hyalinknorpels gelangte eine weitere
Form des Stoffwechsels in den Vordergrund, charakterisiert durch das Fehlen der Bedingungen
der Oxybiose, eine Abnahme des Milchsduregehaltes und durch die Zunahme des Mucopoly-
saccharidgehaltes.

AJANTATUBHOE V3MEHEHWE TKAHEBOTO OBMEHA MNPV MECTHOW FUMOK-
CWW, MPOBOASALLIEE K MOBBLILEHHOMY COAEPXAHUIO MYKOMOMCAXA-
PUJOB

ABTOpbI M3y4ann 06pa30BaHMe CYCTaBHOTO XPslla U3 rPaHyNALMOHHOW TKaHM mpw
MOMOLLY MOPOIOTMYECKNX, TUCTOXMMUYECKUX, BUOMOTMYECKUX U APYTUX METOA0B. B Hauasb-
HO cTaguu py6UOBas TKaHb, GoraTas KanunisipHoll CeTbio, UMEET Npeobnafatolimii, OKcK-
6MOTUYECKMiA 06MeH. MMapanesbHO CAABNEHUID KanuAaspoB Habnoaancs uaMeHeHue oGMeHa
TKaHell afanTaTMBHOTO XapakTepa, U3 paHee BbIPAXEHHOrO0 OKCUOMOTMYECKOro 06MeHa B
Hanpas/ieHNe aHaspPOBHOro rMMKONMTMUYECKOTO O6MeHa. MMo3Xe, MpU YCUNEHAN MECTHOrO He-
JocTaTKa KMCMopoAa, M aHaspoGHbIA TIMKOAM3 OTCTyMas Ha BTOPOA NnaH, B TO XKe Bpems
YBE/MUMBANOCh W COZEPXKaHME MyKOMONMCAXapUAoB B TKaHAX. [MOCAEAHWA MPOLECC Gbll
napannenbHo 06pa3oBaHUI0 TMA/IMHOBOFO Xpslla, COAEPXALlero XOHAPOUTUHCYNbAT.
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ADAPTATIVE SHIFT OF TISSUE METABOLISM

OTMevanoch TpU MaKCUMyMa, CMeAytolmx Apyr 3a Apyrom. B HauyasbHOW rpaHyns-
LIMOHHOI CTaaMM UMEHOTCS YC/IOBMSI OKCUBMOTUYECKOTO 0OMEHA; CTaZusi MepecTpoiiku BOMOKOH
XapaKTepu3yeTcsl aHadpoBHbLIM TNIMKONN30M, a B CTaZMM HOBOOOPA30BAHHOTO FMaMHOMO XpsLia
MOABNAETCA HOBbIN, faNbHeALWiA TUN 06MeHa, KOTOpbIA OTANYAeTCA CNeayHoLLMM: OTCYTCTBUEM
OKCUGUMO03a, YMEHbLUEHWEM COZEPXAHWS MOJIOUHOW KWCMOThI U YBEJMYEHNEM  COZEP>KaHUM

MYyKOMo/IMcCaxapuao..

Csaba Hadhazy
Eva H. Olah : Debrecen 12, Anatémia, Hungary

Istvan Krompecher
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Caveness, W. C.: Atlas of electroencephalography in the developing monkey
Pergamon Press, London (1962), 146 pages. £ 6/6

Introduction to the Atlas has been supplied by Hallowel Davis, one of the American
pioneers of electroencephalography. The author, a member of the Institute of Neurology,
Columbia University, in his Atlas traces the changes in the EEG activity of the developing
monkey (Macaca mulatta) from birth till 24 mont hs of age, i.e. until full maturity. The 96 full-
page figures have been selected from among 434 EEG recording in 47 animals. After a discus-
sion of the properties of the strain of monkey used, in Chapters 1 and 2 the technique of the
leads is described in detail. Three pairs of needle electrodes were placed subcutaneously in the
frontal, temporal and occipital areas, to carry out bipolar longitudinal and transversal leads.

In Chapters 4 and 5 the development of the spontaneous waking activity at rest is
dealt with. The forms of activity characteristic of the different ages are illustrated by 35 Figures,
with 16 other recordings showing the variations deviating from the average. Subsequently the
average amplitude and frequency values of the characteristic alert rhythms are evaluated sta-
tistically and represented in tabulated and diagrammatic form. The recordings obtained in the
monkey are carefully compared with the data published in the literature for man. The similarity
is remarkable, when assuming the rate of development of Macaca mulatta to be sixfold that
of the human brain, and very explicit as regards the frequency domains. In early age the ampli-
tudes are greater in the monkey, but this difference disappears in adulthood.

In separate chapters, illustrated with 45 figures the transition from alertness to sleep,
the EEG characteristics of superficial and deep sleep in the developing animals are discussed.
Here, too, a comparison with human activity is given at the end of each chapter, corroborating
the view that EEG activity of the developing Macaca mulatta shows but a minimum difference
as against electrical activity of the human brain of comparable age. It was only in the adult
monkey that the cyclic, low-amplitude, fast EEG activity described by Dement and Kleit-
mann in man could be observed during sleep. Unfortunately, there is no figure to illustrate this,
although this observation is a most valuable contribution to the explanation of the physiological
mechanism of these cycles. In the Appendix the curves characteristic of the various ages are
presented comprehensively. The material included in that chapter is particularly well selected.

In the past decade EEG has become an everyday tool both in therapeutical and ex-
perimental medicine. One of the most difficult problems in clinical electroencephalography is
the analysis of the EEG activity in children. Along with the works dealing with the electrical
activity of the developing human brain this Atlas may offer valuable help for clinicians con-
cerned with the EEG of children.

Rhesus monkeys are being used more and more frequently as test subjects in neuro-
physiological and psychopharmacological studies. The use of these animals makes it possible
for the research workers to work on preparations resembling the human brain in function and
structure much closer than the brain of any other species generally made use of before. Research
workers unable to deal with large series because of the high price and insufficient availability
of monkeys who therefore could not gain personal experience in the field of monkey EEG may
derive most valuable information from this excellently composed and well arranged Atlas and
may take into account the special data characteristic of the various ages when working with
younger animals.

The Atlas is beautifully executed: the excellent reproduction of the records should be
particularly stressed.

KALMAN Lissak (Pécs)
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Siegel S. M.: The Plant Cell Wall. A Topical Study of Architecture, Dynamics, Compara-
tive Chemistry and Technology in a Biological System

Pergamon Press, Oxford (1962), 123 pp., 60 s.

Although this little book by S. M. Siegel gives a brief outline of the vast subject in all
its more significant aspects, it is mainly from a chemical, respectively biochemical perspective
that the author approaches the problems involved. The book opens with an introduction
briefly describing the constitutional features of the cell wall recognizable in the light-micro-
scope and the cell types of the most frequent occurrence (parenchyma, sclerenchyma, collen-
chyma, tracheids, vessels, fibres, etc.). This is followed by a chapter on “Constitution and
Architecture in the Cell Wall”, beginning with the examination of some of the chemical-
physical methods employed in studies on the chemical constitution and structure of the cell
wall (polarized light. X-ray diffraction, ultracentrifuge, etc.), after which the results obtained
with the aid of these techniques are dealt with. In this connection, the author gives much atten-
tion to the organization of the polysaccharides (cellulose, pectin, etc.) constituting the cell
wall and to that of lignin. Under the heading “The Wall as a Unit” consideration is centered
about the crystal lattice of cellulose, the structure of elementary fibrils, microfibrils and tbhe
orientation of cellulose inicrofibrils in the cell wall, respectively in its different layers. In
Chapter 2 (Cell Wall Dynamics) a brief, but particularly interesting description is given of
current knowledge as to the biosynthesis of cell wall components, first of all, of the mechanism
governing extracellular cellulose formation (Acetobacter xylinum). Novel and important
problems are touched upon in the pages where the changes occurring in the walls of growing
cells are discussed, — mainly from biochemical viewpoints, — and further, where the regulation
of cell wall formation is considered in connection with the effects of growth-promoting sub-
stances (auxins) and lignification. A short sub-chapter is dedicated to the various possibilities
of natural cell wall breakdown (The Lysis of Ce'l Walls). In Chapter 3 (Comparative Chemistry
of Intercellular Substances and Walls) the occurrence and biosynthesis of lignin in higher
vascular plants, as well as the cell wall chemistry of bacteria, fungi, algae, protozoa and meta-
zoa are examined, with respect to their evolutionary significance and their phylogenetic
aspects. In Chapter 4 which is the last one (Properties and Uses of Cell Walls and their
Derivatives) the practical aspects of the subject are presented, the author giving a brief
account of the chemical, physical and structural properties of woods and fibers with a view
to their industrial uses. After discussing the coal, its origins and the process of coalification the
book closes with a list of references, an index of the organisms dealt with in the text and a

general subject index.
Lorand Fridvalszky (Budapest)

Dougherty, T. F.,, W. S. S. Jee, Ch. W. Mays, B. J. Stover: Some Aspects of Internal
Irradiation. Proceedings of a Symposium held at the Homestead, Heber, Utah, 8—11

May, 1961
Pergamon Press, Oxford (1962), 529 pp., 69 tables, 242 ill. £ 5

The bulky volume in a fine get-up, published by the Symposium Publications Division
of Pergamon Press, comprises the lectures and the discussion at the Symposium held in Heber
(Utah). The Symposium was concerned with the harmful effects of radioactive substances
got into and incorporated by the organism as well as with those of chronic low-level radiation.
The ample material, the 33 lectures delivered, are grouped into 5 parts by the editors.

Part I, containing 11 lectures discussing the various biological effects of internal irradi-
ation, is the most comprehensive of all. All the lectures render account of the researches con-
ducted at the University of Utah, College of Medicine, Salt-Lake City. The experiments referred
to in the lectures were carried out on dogs, on beagles. Ra2%6, Ra28 Th28 Pu239, Sr% were
applied at different dose levels, as internal emitters. The distribution of the said radionuclides
in the organism as well as the long-term biological effects of chronic radiation were studied.
Because of the bone-seeking character of the applied radionuclides, to bone injuries and to
the development of bone tumours were given the greatest attention. However, one of the
lectures discusses the hematological damages, another the changes occurring in blood chemism,
a further one the eye changes induced by internal irradiation. Finally, a lecture deals with
the effect of radionuclides on corticosteroid biosynthesis.
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Part Il comprises 8 lectures, discussing the biological effects both of internal irradiation
and X-ray irradiation. Two communications deal with the problems of low-level irradiation
in general, respectively, with the reparable and irreparable properties of radiation injury.
An interesting lecture reports on the role the hormones play in radiation-carcinogenesis. Two
papers deal with the changes in premature — generalized and localized radiologic aging,
a further one discusses the effects of continuous irradiation at different dose-rates on the
hematopoietic organs. Another lecture is consacrated to the specific radiation injuries of the
lung and one to the radiation effect on the bone-forming cells.

The five lectures forming Part 11l discuss some problems of the toxicity of Sr9. The
harmful effects of the prolonged administration of Sr9 —in the first place on the hone structure
and on the hone marrow as a hematopoietic organ — were studied on monkies, beagles, rabbits,
rats and Pitman- Moore miniature swine. This latter species is considered as extremely suit-
able for experimental purposes, since the animals weigh 60 —70 kgs. when mature, are omni-
vores and their gastro-intestinal tract and bone mass are most similar to those of man.

Part IV includes the 6 lectures delivered on the dosimetry of internally deposited radio-
nuclides. One of these lectures discusses the interaction of alpha and beta particles with
matter, another one the relationship between alpha and beta dosimetry. The remaining lectures
approach the difficult task of in vivo dosimetry, both theoretically and experimentally. One
of the lectures reports on the skeletal retention of alkaline earth radioisotopes.

Part V contains but two lectures discussing the delayed harmful effects of Thorotrast
(thorium dioxide), formerly applied in diagnostic medicine. One of these communications
reports on 842 individuals who had been given Thorotrast injections and many of whom
developed malignant tumorous diseases in course of the subsequent years. The other lecture
treats of the metabolism of thorium daughters.

Thus, the volume publishes quite a number of more recent data concerning the results
of researches in the field of toxicology of radioactive substances. The production of nuclear
fission materials and the more and more extensive application of radioactive isotopes rendered
the researches in the field of radiotoxicology continuously more important. The communi-
cations in this volume summarize the results of generally thorough and detailed researches.
It is of importance to point out that the experiments on dogs were always carried out on
individuals from the very same strain.

It would be a difficult task, indeed, to prefer any part of the book to the others. Our
stating that the communications in Part Il and the lectures on the dosimetry of incorporated
radioactive substances are of a special interest to us, represents by no means a grading. The
publication of the sometimes rather active and thorough discussions following each lecture
renders the book even more precious to the specialist. The University of Utah College of
Medicine undertook a most important task, indeed, when organizing this Symposium and by
publishing the written record of the same, Messrs. Pergamon Press promoted the development
of radiotoxicology a great deal.

78 specialists, engaged for a long period of time in investigating the biological effects
of radionuclides got into the human and animal organism — many of whom are the most
outstanding experts on this problem attended the Symposium. This enabled the manysided
discussion of the data presented. In the literature of radiobiology disproportionately more
thought is given to the effects of external radiations and the number of International Symposia
discussing the pathological effects of internal emitters is insignificant. Also, there are but
a few general works on radiotoxicology. This is also one of the reasons one is pleased to have
this volume published. We do hope that similar works will follow in the future.

Printing was done in Poland, Warsawa. Apart from the relatively small number of
errata, the typographic execution in general equals the contents. Though the quality of the
photos is objectionable, even the microphotographs can be satisfactorily interpreted. The
other illustrations and the graphs are perfect.

Yiimcs Varilrisz (Budapest)
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ELECTRON MICROSCOPY OF PARATHYROID
SECRETION IN RANA ESCULENTA

T. MONTSKO, A. TIGYI, |I. BENEDECczKY and K. LISSAK

DEPARTMENT OF PHYSIOLOGY AND BIOLOGY, MEDICAL UNIVERSITY, PECS (HEAD: K. LISSAK)

(Received June 20, 1962)
Synopsis

Parathyroid hyperfunction was induced in frog by experimental hypocalcaemia
due to EDTA-Na2 administration and hypofunction was evoked by hypercalcaemia
due to AT-10 and CaCl2 administration. Changes in different organelles w'ere traced in
electron microscope studies. Observations demonstrate the secretory process to be
the result of a complex nucleo-cytoplasmic interaction. Authors establish the follow-
ing assumptions concerning the role played by individual organelles in the secretory
process. The Golgi apparatus has an indirect role by producing empty vesicles. Vesicles
leaving the Golgi ground substance are filled in the cytoplasm either with the specific
secretory substance or with its precursor and thus become transformed into secretory
granules with great density and increased diameter.

Introduction

Submicroscopic study of secretory processes in endocrine glands has no
long history and left a fair number of problems still unsettled.

This is especially true for the parathyroid gland. Light microscopic
studies were performed with mainly morphological targets. In certain papers,
however, the problem of the secretion mechanism has been already raised.
Light microscopic descriptions of the finer mechanism of parathyroid secretion
are not fully reliable and often contradictory data are found in papers by
different authors.

Rosof [25] performed a study on rat parathyroid and arrived at the
conclusion that changes in the cytoplasm due to different secretory phases
are reflected in the morphological appearance of the individual cells. On this
basis light and dark cells may be distinguished. According to this author a
certain substance, identical with the Golgi-apparatus-mitochondrial complex
producing the secrete, can be found in the cytoplasm.

The cytology of rat parathyroid is not difficult to survey since only
light and dark cells were found in this species by all workers. Castlemann
and Mallory [3] confirmed this finding by demonstrating the absence in
rats of oxyphil cells characteristic of ungulates and primates. De Robertis [6]
found a relationship between the normal or increased function of the gland
and the cell types. In hyperfunction, an increased number ofdark cells occurred.
Bensley [1] regards the appearance of dark cells as being due to a certain
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physiological state of secreting cells which is characterized by high lipid and
low water content of the cytoplasm. Pappenheimer [21] ascribes a role in
secretion to the basophil or iuxtanuclear structures. In variance with the
above views Cowdry [4] questions any dependency of the appearance of
cytoplasm on the stages of secretion. The above survey of previous works
makes it clear that light microscopy only slightly promoted the understanding
of the mode of secretion and especially of the finer mechanism of this process.

In recent years electron microscopy in more than one respect approached
the general problem of the secretory process but the main emphasis was laid
on the exocrine glands. Less is known concerning the endocrine glands and
particularly as to the parathyroid.

Lever [13] performed a detailed electron microscopic study on rat
parathyroid and rejected the static distinction of dark and light cells, stating
that a single cell type may appear in different light or dark — cell forms.
In a subsequent publication [14] the same author reported on the submicros-
copy of the secretion demonstrating the dependence of the state of cytoplasm
on the secretory process and dominance of dark cells in hyperfunction. He veri-
fied his earlier findings on mutual transformation of light and dark cells. The
ergastoplasm is regarded as the site of secrete production as shown by its
dilatation in hyperfunction and slackening in hypofunction. Increased secre-
tion is accompanied by an increase in the number of ribosomes.

Stoll’s [29] results on thyroid gland also led to the assumption of
ergastoplasmic origin of the colloid.

The experimental results of Lever were apparently invalidated by a
communication of Ekiiolm [7] stating that erroneously thyroid gland instead
of parathyroid was used by the former author, while Lever [15] assumes that
adipose tissue was mistaken for parathyroid by Ekhoi.m.

In the present work frog parathyroids were studied, as only a single cell
type has been found in this gland in light microscopic studies [24, 31]. The
ultrastructure of the organ was described in an earlier study [16] -which also
revealed the presence of only a single cell type.

Experimental hyper- and hypofunction of parathyroid tvas induced to
obtain further information on the role in secretion of individual organelles.

Materials and methods

Female frogs (Rana esculenta) of 100 g weight were used in the present experiments
performed in early spring in order to avoid seasonal influences. The glands were extirpated
in ether narcosis according to the — somewhat modified — method of Bomskow [2] and
immediately fixed in Palade’s osmic acid for 15 min. at room temperature [17]. The material
was embedded in an 1:4 mixture of methyl and butyl methacrylate. The mixture was prepoly-
merized to a honeylike consistency. 300 to 500 A thick sections were cut on an LKB Ultrotome
and examined with a Zeiss ELMI1 D 2 electron microscope.

Hyperfunction of the gland was induced by experimental hypocalcaemia. This condition
was obtained by s.c. injection of aqueous solution of ethylendiamine-tetraacetic acid (dinatrium
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salt K. Ill) in an amount of 20 mg per 100 g body weight. This amount was given twice
daily for 6 days.

Hypofunction was induced by experimental hypercalcaemia. Dihydrotachysterine
(AT-10) and calcium chloride were administered through a gastric sound. 0.5 ml AT-10 and
0.5 ml 10 per cent CaCh were given twice daily for 6 days.

Not all animals were subjected to a morphological study. In most of them only the
blood and urine Ca-level was examined to reveal their changes. The serum Ca-level was deter-
mined immediately after the extirpation in animals whose glands were embedded for electron
microscopy. The Ca-levels were established according to a complexometric method with erio-
chrome indicator [10J.

Glands of hyper- and hypocalcaemic animals were fixed in the same fluid and at the
same time and embedded into the same medium to minimize errors due to microtechnical
treatment.

Results

The first experiments were intended to demonstrate possible active
Ca-regulation in the frog, liana esculenta. We present now results which
pointed to the development of hyperfunction when artificial hypocalcaemia
was induced by the method referred to above. Table 1 shows the effect of
prolonged K. Ill treatment against the normal original Ca-levels. This treat-
ment reduced the mean value of serum Ca from 11.3 mg to 8.3 mg per 100 ml
and increased the urine Ca from 1.3 mg to 4.3 mg per 100 ml. These values
show that actually hypocalcaemia was produced. The increase of urine Ca-level
can be most probably explained by renal excretion of Ca bound in the serum

by K. Ill and by its release in the urine.
Table 1
Effect of K. 11l treatment (for 6 days) on serum and urine Ca-level (mg per 100 ml)

in Rana esculenta

Normofunction Hypocalcaemia

No of animal . .
serum urine serum urine
| 11.0 1.7 8.5 4.7
2 11.3 1.5 8.2 4.5
3 11.5 11 8.3 2.7
4 12.0 1.0 8.0 4.6
5 11.0 1.7 8.4 4.8
6 11.2 1.8 8.7 4.5
7 11.4 15 8.5 4.9
8 11.3 1.2 8.9 4.1
9 11.0 1.3 8.0 4.5
10 11.6 1.0 7.8 4.6
mean 11.3 1.3 8.3 4.3
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In some animals hourly determinations of serum and urine Ca-level
were made after K. Ill administration. Fig. 1 shows that the decrease of
serum Ca-level evoked by K. Ill is only temporary. One hour after treatment
the level is already rising and becomes almost normal after 6 hours. A complete
restoration, i.e. a rise over 11 mg per 100 ml is seen after 18 hours. Control
of K. Il effect by the frog points to increased parathyroid activity. If this
conclusion is valid, there is an active Ca-regulation in amphibia.

Changes in urine Ca-level follow an opposite trend the possible expla-
nation of which was already exposed.

Fig. 1. Changes of serum and urine Ca-level in a frog following s. c. injection of EDTA —Na

These preliminary experiments allow the assumption that hypocaleaemia
due to prolonged K. Ill treatment induces a hyperfunction of the parathyroid.
The electron microscope study of glands in hyperfunction may contribute to
the knowledge of the mode of parathyroid secretion by revealing those orga-
nelles which exhibit the greatest changes as compared with the normal
situation.

In the cytoplasm of hyperfunctional cells secretory granules of great
density and increased diameter are prominent. In normal glands these granules
have a diameter of 700 m”t whereas in hyperfunction they attain 100 to
1200 mp (Figs. 6 and 7). In hyperfunctional cells allmost all secretory granules
are filled with a very dense substance and the membrane-bound granules of
low density which are so frequently found in normal glands are almost missing
(Figs. 2 and 3). A further difference between the two granules appears in their

Fig. 2. Low-power view of frog parathyroid in normofunction. The mass of the cytoplasm is

small compared to the large nucleus (N) which usually contains one nucleolus (n). Numerous

mitochondria (M) few secretory vesicles (V) and slightly dense secretory granules (g) are seen in
the cytoplasm. X 5200
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membrane which is continuous in the normal glands but shows discontinuities
in hyperfunction. Electron micrographs show the leakage ofthe secrete through
the discontinuities into the cytoplasm (Figs. 4 and 6). Certain granules have
retained only small portions of their membrane and convey the impression
as if their content were eluated in the cytoplasm (Fig. 8). This mode of release
of the secretory granule content is rarely seen in normofunction (Fig. 6).

Mitochondria are shorter and have an intensely osmiophil membrane
in hyperfunction (Figs. 3 and 8).

The Golgi apparatus is more pronounced in hyperfunction. Its ground
substance includes numerous empty vesicles. No structures, osmiophil sub-
stance or electron density are found in these vesicles. Larger vacuoles move to
the periferic zone of the apparatus and migrate into the cytoplasm (Figs. 5
and 8).

In the nuclei following changes are observed and thought characteristic
of parathyroid cells in hyperfunction. The nuclear membrane has larger and
more frequent pores than in normal cells. Structures of the karyoplasm become
enhanced as expressed by the appearance of channels which run from the pores
into the karyoplasm. Isolated areas were also seen in the karyoplasm in certain
cases. Wetzstein [33] found similar areas in adrenal medulla.

In the last series of experiments frog parathyroids were studied in hypo-
function evoked by artificial hypercalcaemia as described above.

Table 2 shows that AT 10 and CaCl2 treatment induced a marked
hypercalcaemia. The mean serum Ca-level rose from 11.3 mg to 13.5 mg per
100 ml. Urine Ca-level also increased, from 1.3 mg to 9.4 mg per 100 ml.
The latter effect finds its explanation in the probable absence of AT—10 effect
on intestinal Ca-resorption in amphibia. AT—10 never induces as high Ca-levels
in amphibia as in mammals. In our unpublished experiments much higher
Ca-levels were obtained in rats by means of prolonged AT—10 treatment.

The ultrastructure of parathyroids in hyperfunction differs to a great
extent from that of normal or hyperfunctional glands. Secretory granules are
rarely seen in the cytoplasm. Mitochondria and ergastoplasm arc largely de-
stroyed. No nuclear pores are found and the usually finely homogeneous nuclear
structure shows a coarse precipitation (Fig. 9).

Fig. 3. Cytoplasmic area of hyperfunctional frog parathyroid. Secretory granules are very
dense (gt.). In certain granules (g2) the membrane is dissolved and the content released into
the cytoplasm. Mitochondria (M) are bound by thick osmiophil membrane. The cellsin hyper-
function are characterized by numerous Palade granules (P) and by the marked development
of the saccular ergastoplasm (E). In the upper part a nucleus is seen (N). X 15000. Fig. 4.
Part of a hyperfunctional cell. All secretory granules (g) are very dense and release their
content into the cytoplasm. X 16500. Fig. 5. Golgi apparatus of a cell in hyperfunction. In
the lamellar ground substance (1) of the apparatus Golgi vesicles (V) information. The size of
the vesicles increases as they approach the periphery. X 24000
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Table 2

Effect of AT—10 and calcium chloride treatment (for 6 days) on serum and urine Ca-level
(mg per 100 ml) in Rana esculenta

Normofunction Hyperealcaemia
No of animal . .
serum urine serum urine
1 11.0 1.7 13.2 7.0
2 11.3 15 14.1 13.1
3 115 11 135 125
4 12.0 1.0 13.1 10.4
5 11.0 1.7 13.4 6.5
6 11.2 1.8 131 135
7 11.4 15 13.6 9.4
8 11.3 1.2 14.0 7.2
9 11.0 1.3 135 8.4
10 11.6 1.0 13.7 9.3
mean 11.3 1.3 135 9.4
Discussion

According to the results reported in a previous [16] and in the present
paper marked differences can be observed in secretory granules, Golgi appa-
ratus, mitochondria, ergastoplasm and nuclei of frog parathyroids in normal,
hypo- or hyperfunctional state. This points to a role of these structures in the
secretion of parathormone.

Numerous contributions demonstrated the protein synthesis, i.e. in this
case the formation of the secretory substance to proceed in the basophilic
parts of the cytoplasm, i.e. in the cisternes and vesicles of the ergastoplasm.
This view is supported among others by Palade [18 to 20] and Porter [22].
Dempsey [5] found that the colloid forms and accumulates in the saccules
of the thyroid ergastoplasm.

In hyperfunctional rat parathyroids Lever [14] found a dilatation of
certain parts of the ergastoplasm. This finding is in accordance with the views
of the authors referred to. No similar changes were observed during the present
study in frog. In the case of hyperfunction most marked changes were found
in the secretory granules. Trier [30] reports membrane-bound granules from
parathyroids of primates, which were suggestive of the granules observed by us.

Fig. 6. Cytoplasmic area of a cell in normofunction. Empty secretory vesicles (V) and numerous
semiopaque secretory granules (g) of 700 m/u diameter are seen. Golgi apparatus (G), Palade
granules (P) and vesicular ergastoplasm (E) are also shown. X 26400. Fig. 7. Cytoplasmic
area of cell in hyperfunction. Secretory granules (g) are increased to a diameter of 1200 m/n.
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The hyperfunction, i.e. enhanced hormone formation in frog parathyroids
is accompanied by enlargement and increased density of the secretory granules.
On tilese grounds it may be assumed that these granules carry the parathor-
mone or its precursor. According to literary data outlined above the ergasto-
plasm is mainly involved in the formation of the secretory product. In hyper-
function, an increase of the number of the Palade granules was observed also
in the present study.

The next two issues of the mode of inner secretion are represented by the
genesis of the secretory granules and by the release of the secrete by the cells.

As to the genesis of the secretory granules certain clues might be obtained
from the study of the Golgi apparatus. Our experimental results allow the con-
clusion that in the Golgi ground substance empty vesicles are formed which
pass into the cytoplasm and get filled there with the secretory product. This
assumption is supported by observations made by Farquhar and Rinehart
[8, 9], Goodsir [11] and Severinghaus [26]. Rinehart and Farquhar [23]
found intimate interaction between Golgi substance and the granules in the
chromophobe cells of the anterior hypophysis. They found undeveloped Golgi
substance when no granules were present.

In variance with the opinion of Schneider [27, 28] who assumes that
the definite specific products are formed in the Golgi substance, the present
observations do not permit a similar conclusion. We observed larger secretory
granules which, especially in the case of hyperfunction, contain a large amount
of osmiophil substance whereas the vesicles resp. vacuoles in the Golgi sub-
stance are smaller and empty. It may be assumed, therefore, that the role of
the Golgi apparatus is to supply empty vesicles.

The assumption that the Golgi system produces only the membranes of
the secretory vesicles while it is not involved in the synthesis of the specific
cell product, issupported to a great extent by literary data concerning the chem-
ical composition of the Golgi apparatus. Raker [12] demonstrated the
presence of lecithine, kephaline and sphyngomyeline by histochemical methods.
The predominance of lipid components was supported by the observations of
Granaglia 112] and Berg [12] on the failure of the Aoyama impregnation
to demonstrate the Golgi apparatus in pancreas cells treated with lipid solvents.
Gersh [12], Arzac [12] and F1ores [12] found a positive PAS reaction. The
protein content was rather low according to several authors.

Fig. 8. Cytoplasmic area of cell in hyperfunction. The content of the large and dense secretory

granules (g) is released into the cytoplasm. The well developed vesicular ergastoplasm (E) and

the vesicular and lamellar components of the Golgi apparatus (G) are prominent. Mitochondria

(M) possess highly osmiophil membrane. X 15000. Fig. 9. Cytoplasmic area in hypofunc-

tional cell, contains remarkably few mitochondria (M) and secretory granules (g). Neither the
ergastoplasm nor the Golgi apparatus are seen. X 11000
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These findings corroborate our assumption that the Golgi apparatus
produces only the markedly osmiophil lipid membrane structures of the
secretory vesicles. As it is generally accepted that the development of the
secretory product is the result of a complex nuclear-cytoplasmic interaction,
our observations concerning the nuclei may be not devoid of interest. The
more marked prominence of the nuclear pores described by Watson [32] and
the enhanced structures of the karyoplasm offer morphological evidence for
the increased nucleo-cytoplasmic interactions in hyperfunction.

Opposite changes found in parathyroids in hypofunction are also in
accordance with the above results. As the transport of secretory granules from
cell to cell was never seen but the release into the cytoplasm of the content of
the granules was often observed in hyperfunction, it is assumed the product
is transported in the form of inacromolecules in a way unknown as yet.

The question may arise whether discontinuities in the membranes of the
secretory granules are not artifacts due to acrylate explosions. In this case
the above explanation of release were invalidated. However, the phenomenon
was observed only in hyperfunctional and never in normofunctional glands.
On this basis it may be assumed that the discontinuities in the membranes of
the granules and the release of product are characteristics of the hyperfunctional
glands. Accordingly, these findings are most probably reliable and not due to
artifacts.

Summing up the literary evidence and present results the following
assumption can be established concerning the mode of secretion. Secretory
vesicles are produced by the Golgi ground substance and appear as empty
vesicles. They separate from the ground substance and are filled with the secre-
tory product as a result of synthetic processes occurring in the cytoplasm,
while the inner density and size increase, until they become secretory granules.
As no transfer from cell to cell of secretory granules was observed but release
of contents into the cytoplasm takes place in hyperfunction with great inten-
sity — the secrete is presumably transported in a macronuclear form from
cell to cell and finally into the blood stream.

It may be further assumed that granules which are formed as discussed
above contain but a precursor of the secrete. This precursor undergoes further
changes either in the granules or being released becomes the definite product
in the cytoplasm of the same or adjacent cells.
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ELEKTRONENMIKROSKOPISCHE UNTERSUCHUNGEN UBER DEN SEKRETIONS-
MECHANISMUS DER EPITHELKORPERCHEN VON RANA ESCULENTA

Hyperfunktion der Epithelkdrperchen wurde durch, mit EDTA —Na2Gabe ausgeldste
Hypocalcaemie und Hypofunktion durch mit AT—10 und CaCL-Verabreichung ausgeldste
Hypercalcaemie im Frosch hervorgerufen. Verdnderungen der Zellorganellen wurden in elektro-
nenmikroskopischen Untersuchungen verfolgt. Die Ergebnisse zeigten, dass der Sekretions-
prozess das Resultat einer komplexen nukleo-zytoplasmatischen Interaktion ist. Den einzelnen
Zellorganellen werden folgende Rollen im Sekretionsprozess zugeschrieben. Der Golgi Apparat
spielt eine indirekte Rolle durch die Bildung von leeren Vesikeln. Vesikel, welche die Grund-
substanz des Golgi Apparates verlassen, werden im Zytoplasma mit dem spezifischen Sekre-
tionsprodukt oder dessen Prakursor aufgefillt und dadurch in dunkle und grdssere Sekret-
granilen umgewandelt.

3NIEKTPOHHAA MWKPOCKOMUA CEKPELIMM B OKOMIOWNTOBUAHOW YXENE3E
NArywKn

MUNepgyHKUMS OKOMOLIMTOBUAHOM XKenesbl NATYLIKY Obla Bbi3BaHa SKCMNEPUMEHTalb-
HOW runokanblemueid, nossnstoweinca scneacteve BeeaeHMss EDTA-Na2 u runodyHKums
Xenesbl 6blna Bbl3BaHa ruMNepKanbLeMueil, HacTynawolein BcnegcTBue BeegeHus AT—I10
n CaCl2 Vi3mMeHeHUss B OT[efIbHbIX OpraHennax npocfefoBasncb B 3/1EKTPOHHOM MUK-
pockone". CornacHo aTM HabntoAeHNAM MPOLECC CEeKpeuuu ABASETCA Pesy/nbTaTOM CH0XKHOro
A4EPHO-LMTONNA3MaTUYECKOTO B3aMMOAENCTBUSA. ABTOPbI MPUMMUCBLIBAIOT B MPOLLECCE CEKPeLmn
OTAeNbHbIM OpraHensiaM crefytouive 3HavyeHns. Annapat [OnmKW UrpaeT KOCBEHHYIO PoOfb
nyTem o06pa3oBaHMA MYCTbIX Be3WKYN. Be3nkynbl, MUrpUpYIOLLMEe M3 OCHOBHOIO BellecTsa
annapata [ONfXW, HaMoONHAIOTCA B LUWTOMMasMe WAn cneuudmryecKM CEKpPeTOM WA npef-
LUECTBEHHNKOM €ro W TakK OHW CTaHOBATCA 00fiee MNOTHBIMW W YBENMYEHHbIMU TpaHynamun
ceKpera.

Tibor Montské
Andras Ti i , s .
i Pécs, Ré&kéczi at 80, Hungary

Istvan Benedeczky

Kalman Lissak
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Synopsis

Fermentation liquids of 361 Streptomyces strains isolated from soil samples
collected from different geographical regions were tested for antibiotic activity against
three virulent strains of M. tuberculosis and the non-pathogenic acid-fast strain M. sp.
M607. Antibiotic activity was demonstrated in 29.8, 25.4 and 17.2 per cent of the
fermentation samples against the strains H37Rv, H37Rv (streptomycin-resistant)
and H37Rv (isonicotinic acid-hydrazide-resistant), respectively. The M607 strain was
inhibited by 5.9 per cent of the samples when tested in liquid medium, and by 12.2
per cent when examined by the solid-testing method. The growth of each of the four
strains was completely inhibited by 2.9 per cent.

The above findings show that in the search for antituberculous substances the
exclusive use of strain M607 is not satisfactory. Of the fermentation samples inhibiting
the strain H37Rv 32 proved to be ineffective against the streptomycin-resistant variant
of the same strain. Using the streptomycin-resistant strain in screening tests enables
us to select those strains producing streptomycin or streptomycin-like substances.

Isolation of the active substances from the most effective fermentation samples is in
progress.

Introduction

The appropriate control and eradication of tuberculosis is anu rgent task
for Hungary as well as for other countries. For the complex research and
therapeutic procedures aiming at the control of tuberculosis the application
of chemotherapeutics and antituberculous drugs is of decisive importance.

In the course of chemotherapeutic studies numerous isonicotinic-acid-
hydrazide (INH) derivatives have been synthesized, but, unfortunately, none
of these had a significant advantage to the basic compound. In the field of
antibiotic research, on the other hand, production of nearly 8000 active sub-
stances has been reported, but none of these is more effective than streptomycin
(STRM) in the therapy of tuberculosis.

The significant results so far obtained and the present knowledge of the
biology of M. tuberculosis and of the tuberculous organism makes more exten-

sive research and the synthesis of more and more active substances possible
and necessary.
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For this reason we decided to test the fermentation liquids of antagonistic
Actinomycetae obtainable from soils of Hungary and other countries for anti-
tuberculous activity.

In general, M. tuberculosis is not used as test organism to screen anti-
biotic strains. Some biological properties of this microorganism, viz. the long-
lasting cultivation, the questionable homogeneity of the inoculum, and the
higher requirement in nutrients make its use unfavourable. Besides, because
of the risk of accidental infection special caution is necessary.

Nevertheless, when the object of research is to produce substances active
against Koch’s bacillus, the use of virulent strains in vitro tests is unavoidable.

We carried out experiments in order to extend the applicability of the
screening test used in the search for substances active against other micro-
organisms to the particular case of M. tuberculosis. We could not find any
report on the use of the same screening test, in spite of thorough survey of the
relevant literature.

For the same purpose Valyi-INagy and co-worker [5 6], Waksman
and co-worker [8], and Leciievalier and Piledger [4] used non-pathogenic
strains of M. tuberculosis.

As regards chemotherapeutic investigations, the works of Youmans, D oub
and Youmans [9], Lembke and Kruger-Thiemer [1], Mayer [3], and of
Zsolnay [10] should be cited. These authors tested a great number of semi-
products and crystalline compounds against virulent and non-virulent strains.

Materials and methods

The methods of collecting soil samples, of the isolation and identification of Actinomycetae,
and the techniques of producing fermentation liquid have been published elsewhere [5, 6, 7].

The samples of fermentation were filléred through G —5 bacterium filters and regarding
the necessity of transportation and storage, sealed in ampoules under sterile conditions. The
contents of the ampoules were used in each case within 24 hours after the sample was taken.

Test organism. M. tuberculosis var. H37 Rv (ATCC); M. tuberculosis var. H37 Rv,
STRM -resistant (10,000 //g per ml.); M. tuberculosis var. H37 Rv, INH-resistant (100 /tg per
ml.); and M. tuberculosis sp. M607 (ATCC).

So-called inoculum suspension was prepared first from each of these strains. For this
reason the strains were passaged in modified Sula medium three times [2].

In the case of resistant strains the corresponding inhibiting substances were added to
the medium. After three successive passages, i. e. after 16 days for the virulent strains and
four days for the non-pathogenic cultures, the culture amounting to approximately 150 ml
was centrifuged at 3000 r. p. m. The sediment was ground in a “potter” mill. The centrifuga-
tion and washing with saline of the sediment were repeated three times, and the final sediment
was weighed in a semi-wet state. Then a stock suspension containing 1 mg bacterium per ml
prepared. By testing serial dilutions of the suspension the smallest quantities in weight were
determined that induced an abundant growth of virulent and non-pathogenic strains within
12- 14 and 3 days, respectively. This quantity being 0.05 mg for the H37 Rv strain and 0.005
mg for the non-pathogenic strain was used as inoculum throughout.

As liquid medium modified Sula medium was applied; 4.5 ml were placed in each tube.
To this first 0.5 ml fermentation liquid, then the inoculum was added under sterile conditions.

On the solid medium the M607 strain only was used. The agar plate was prepared from
pulverized medium enriched with 1 per cent glucose; pH was adjusted to 7.2.

Titration plate like that used in the agar diffusion technique was prepared by inoculat-
ing each plate with a suspension containing 0.005 mg M607 in a volume of 0.5 ml. Then pre-
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incubation wells of 9 mm diameter were made by a punch, and 0.1 ml of sample of fermenta-
tion was placed in each of the wells. After an incubation of 48 hours the inhibition was scored
by measuring the diameter of the extinction area.

Sterility test. Glucose broth (1 per cent) was inoculated with each sample immediately
after opening the ampoules, under sterile conditions.

pH control. Simultaneously with the sterility test the actual pH of each sample was
estimated by using the “Reanal” indicator paper series.

Heading and evaluation ofthe test. The test was read after 14 and 21 days of incubation
for virulent strains and after 48 and 96 hours for the M607 strain.

The cotton stoppers of the tubes were covered with cellophane and this was fixed by
a rubber ring to avoid evaporation.

Growth equal to that observed in the control tube was indicated by + + + ! “complete
inhibition” means no bacterial growth in the tubes with sample of fermentation.

Results

The anti-tuberculous activity of the fermentation liquids of 361 Strepto-
myces strains was tested. Of these 16.3 per cent proved to be contaminated
by bacteria, most of them by ubiquitous microorganisms, viz. B. subtilis,
S. lutea, and Staphylococcus albus ; in four cases Actinomycetes were present.

The pH of most samples ranged from 7.5 to 8.5, in 32 cases between 5.5
and 6.5; in a single sample it was under 4.

The activity of the acidic samples was, in general, low. None of the
fermentation liquids with pH 5.5 6.5 were active against all the four test
organisms. The percentage distribution of the fermentation liquids as cal-
culated from their inhibiting activity against invidual strains is presented in
Table 1.

It is striking that the virulent strains were inhibited by more samples
than the non-pathogenic strains. The solid-medium test and the test in liquid
medium gave divergent results. Only 18 samples inhibited the growth of the
M 607 strain in liquid medium while 37 samples appeared to be inhibitory on
the solid medium.

Table 1

Testing of 361 actinomyces filtrates against five strains of M. tuberculosis

M 607 M 60 H37 Rv H37 Rv
I|qu_|d plate test HH7 Rv ST_RM- INH-
medium resistant resistant
Active strains
Number ... 18 37 9« 53 77
Per cent ... 5.9 12.2 29.8 17.2 25.4

Table 1 also shows that a large number of samples were found to be
active against the virulent strains; 90, 77 and 53 liquids inhibited the H37 Ryv,
the INH-resistant, and the STRM-resistant strains, respectively. The abundant
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growth of the virulent strains in the control tubes provided evidence that the
inhibition was caused by the active substances present in the fermentation
liquids.

Table 2 gives an account of the samples active against more than one
of the test organisms. It is seen that the number of samples inhibiting each
of the four microorganisms was as small as eight. Thirty-seven liquids inhibited
the H37Rv strain, but not the STRM-resistant variant. This finding supports
our assumption that the strains producing STRM or STRM-like substances can
be selected and consequently, omitted from further studies, by using STRM-
resistant test organism. We hope that the use of further test organisms each
of which is selectively resistant to one or other well-known antibiotic, such as
Neomycin, Viomycin and Kanamycin, will enable us to select the strains pro-
ducing these drugs. In this manner the number of the strains to be subjected
to further analysis can markedly be reduced.

Table 2
Distribution of the filtrates active against two or more test organisms

Active against Active against  Active against

Active against H37 Rv, not Active against M 607, not M 607 both in
all the 4 strains against the virulent strains,  against virulent  liquid and on
STRM-resistant not against M 607 strains solid media
variant
Active strains
Number . 8 37 39 5 18
Per cent ... 2.9 13.5 14.2 1.8 6.5

The number of fermentation samples that inhibited the virulent strains,
but did notinhibit the non-pathogenic M607 strain was 39; the inverse situation
was observed in as few as five cases. Consequently, the exclusive use of the
M607 strain or any other non-pathogenic Mycobacterium does not reflect the
in vitro activity against the virulent strains of M. tuberculosis.

Eighteen samples elicited antagonistic effect against the M607 strain
both in liquid and on solid media. Every strain that inhibited this strain in
the former was active when tested on the latter.

Table 3 gives information on the origin of the eight Streptomyces strains
which proved to be antagonistic against all four test organisms. The quality
of the soils and the activity of the strains against other bacteria, viz. Ps.
pyocyanea and B. proteus are also presented. The latter data were obtained
from previous studies. As regards the inhibiting activity, no relationship was
found between the origin of the strain and the quality of the soil.

The antagonistic activity of four strains was specific to mycobacteria.
Strains No. 3668 and No. 3670 had their origin in the same soil; it was shown
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by micro-biological tests that these two strains were identical. The antibiotic
spectrum of strain No. 2500 is wide; it inhibits E. coli, B. subtilis, and Staphylo-
coccus in addition to the bacteria given in Table 3.

Table 3

Data concerning the strains producing the most active fermentations

Activity against

No. Strain No. Origin Quality of soil M. Proteus Proteus Pyocyanea
tubercul. AH. X19 CM.
| 2940 Josvafé (Hung.) .. silvan + o+ + -f _
2 2981 Tihany tillage o+ o+ + o+ + _
3 2983 Tihany tillage o+ o+ o+ _ _ _
4 2500 Szakéllas " sodic + o+ + + o+ o+ + o+ o+ + o+ o+
5 6038 Szakallas " .. sodic + o+ 4+ _ _ _
6 2745 Gorbehaza .. sodic o+ o+ + o+ — —
7 3670 Sochi (USSR) .... palm grove + o+ + — _ _
8 3668 Sochi (USSR) .... palm grove + o+ o+ — _
Discussion

Clinical practice needs further anti-tuberculous drugs, and the search
for such substances needs proper methods. According to our knowledge the
method used in the present studies had not been applied for the same purpose.
Only crystalline substances, some of them as semi-products had been tested
in vitro and in vivo against Koch’s bacillus.

The results obtained by using virulent strains of M. tuberculosis as test
organisms have brought evidence that a considerable number of Actinomy-
cetae, which are abundant sources of antibiotics, in general, are antagonistic
against M. tuberculosis.

The practical importance of these experiments is still questionable.
Y oumans [9], Lembke [1] and others have shown that the number of sub-
stances inhibiting the growth of mycobacteria in vitro is high, but most of
these substances are ineffective in vivo. The present results suggest that the
divergencies between in vitro and in vivo effects of the same substance may be
due to the divergent sensitiY'ity of the in vitro test organism. The use of virulent
strains in vitro tests will certainly reduce these divergencies, i.e. improve the
reliability of the in vitro screening tests in search for anti-tuberculous drugs.
Further improvement may be expected by introducing resistant strains of
M. tuberculosis in the screening tests. It is hoped that the tiresome work con-
cerning the isolation of already known antibiotic substances will be avoided
in this manner.
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The use of Sula’s medium was found to be favourable because in this
medium the drugs whose effect is suspended or inhibited by protein appear to
be inactive.

Most of the chemical and biological characteristics of the active sub-
stances of our fermentation liquids are still unknown. Isolation of the active
substances from 'the fermentation liquids listed in Table 3 is in progress.
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DIE FORSCHUNG NACH ANTAGONISTISCHEN AKTINOMYCETEN
IN UNGARISCHEN BODEN

IV. Untersuchung der antituberkulotischen Wirkung
von Streptomycesfermentflissigkeiteri

Aus Bodenproben verschiedener geographischer Herkunft wurden 361 Streptomyces-
fermentlésungen gezichtet und ihre antituberkulotische Wirkung gegen M. tuberculosis var.
H37 Rv. gegen streptomycinresistenten H37Rv-Stamm, gegen den isonikotinsaurehydrazid-
resistenten H37 Rv-Stamm, sowie gegen den apathogenen, sdurefesten Stamm MG607 von
Mycobakterium sp. untersucht. 29,8% der untersuchten Fermentlésungen waren gegeniber
dem H37 Rv-Stamm. 25,4% gegen den INH-resistenten H37 Rv-Stamm und 17,2% gegen
den streptomycinresistenten H37 Rv Stamm wirksam. Gegen M. tuberculosis sp. M607
zeigten in flissigem Medium 5,9% Fermentflissigkeiten, bei der Testmethode mit festem
Nahrboden 12,2% eine hemmende Wirkung. 2,9% der Fermentlésungen hemmten voéllig die
Vermehrung aller untersuchter Mycobakteriumstdmme. Aus den Untersuchungen kann fest-
gestellt werden, dass im Experiment als Wirkstoff gegen Tuberkulose der allgemein gebréuch-
liche Stamm M607 allein nicht anwendbar ist. 32 auf den H37 Rv-Stamm wirksame Ferment-
flussigkeiten erwiesen sich als wirkungslos gegeniber der streptomycinresistenten Variante
desselben Stammes. Mit unserer Methode bietet sich bei Anwendung des Streptomy-
cinresistenten Stammes die Mdéglichkeit zur Ausfiltrierung von Pilzarten, die Streptomycin
oder streptomycinartiges Material produzieren. Die Isolierung des W irkstoffes der sich im
Laufe unserer Untersuchungen als hdchst wirksam erwiesenen Fermentflussigkeiten ist im
Gange.
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NCCNEAOBAHNA AKTUHOMUMLIEETOB-AHTAITOHNCTOB B MNMOYBAX BEHTPUU

V. W3yyeHune nNpoTuBoTyb6epKynesHoro pelicTsusa GepMeHTHBIX
XWAKOCTEN CTpenTOMULETOB

ABTOpbl M3y4yanu MpOTMBOTYOGepKynes3Hoe feiicTBMe 361 (epMEeHTHbIX >KMAKOCTEN
cTpenToMMLEeTa Ha WwraMmbl: M. tuberculosis var. H 37 Rv, pe3uCTeHTHbIN K CTPENTOMULNHY
H 37 Rv, pesnCTEHTHbIN K rnapasniy U30HUKOTMHOBON KMCNOTbl H 37 Rv a TakXXe Ha KMCnoTo-
YCTOYMBLIA anaToreHHbIn wrtamm  Mycobacterium sp. M 607. CtpentomvueTbl 6bia1 nony-
YeHbl M3 MOYBEHHBLIX MPO6, MPOUCXOASALLMX C Pa3/IMYHLIX reorpaUyUeckmx MecT.

29,8% WM3yUeHHbIX ()ePMEHTHbIX XXMAKOCTel OKas3ano feicTene Ha wTtamm H 37 Rv
25,4% — Ha pe3nCTeHTHbIV K rmapasuay U30HMKOTUHOBOW KUCAOTbI WTamm H 37 Rv n 17,2%
Ha PEe3NCTEeHTHbI K CTPenTOMUUMHY wWTamMm H 37 Rv

Ha wramm M 607 M. tuberculosis sp. B XWUAKOii Cpefie OKa3ano TopMo3sliee feiicTaue
5,9% epMeHTHbIX XMUAKOCTeW, a NpU MEeTOAMKE Ha TBEpAOA nuTaTenbHOW cpege — 12,2%.

Pa3mMHOXeHWe BCex M3y4eHHbIX wWTaMMoB Mycobacterium npekpaiianocb MOMHOCTHIO
npu peicTeun 2,9% (epMEHTHBIX JKUAKOCTEN.

W3 pe3ynbTaToB WCCNeAOBaHUIA BbISCHAETCA, YTO B WCCMEOBaHWAX, HampaBfieHHbIX
Ha MOMCK MPOTMBOTY6EPKYNE3HOrO AeiCTBYHOLLErO BeLlecTBa, HeNb3s MoMb30BaTbCA MPUMEHS-
owymMes BoobLle OfHMM TONbKO LwTamMMom M 607.

[Oelvictytowme Ha 32 wrammbl H 37 Rv (hepMeHTHble XUAKOCTM OKas3anucb HepeicT-
BUTEMbHLIMWA Ha YCTOWUMBBLIA K CTPENTOMWLMHY BapuMaHT TOro e lTamma. [pyMeHeHuem
YCTOMYMBOr0 K CTPENTOMULMHY LUTAMMa Mbl MOMYYUIN BOSMOXHOCTb [J11 MONYYEHUS COPTOB
rpn6KoB, BblpabaTbIBAIOLMX CTPENTOMULMH, WX CTPENTOMULMHMIOAOOHOE BELLECTBO.

B HacTosilee Bpems BefyTcs paboTbl M30NMPOBAHMA [ENCTBYIOLLErO BeLLeCTBa (hepMeHT-
HbIX JXMAKOCTEW, OKa3aBLUMXCA B HALMX MCCNeA0BaHWAX CaMbIMU 3(EKTUBHbIMMU.

Pal Juhasz Szolnok, Vo6rds Csillag u. 4, Hungary
Ti Valyi-N
tbor Valyi-Ragy Debrecen 12, Gydgyszertan, Hungary

Gabor Kulcsar
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Synopsis

The cytotoxic effects of the fermentation liquids of 480 Streplomyces isolates
obtained from various regions of Hungary were examined in Miyamura’s in vitro test:
the positive liquids Were examined for antibacterial activities. The cytotoxic effects
exerted in the Miyamura test and in tissue cultures by the fermentation liquids of 19,
morphologically distinct Streptomyces isolates were compared. The peculiar difficulties
of anti-tumour antibiotic research are analyzed. Alternation of in vitro and in vivo
tests are suggested in search for active substances of natural origin.

Introduction

In preceding reports of this series [9, 10] an account was given of the
incidence of Streptomyces strains antagonistic against various pathogenic
microorganisms in different soils of Hungary.

Stimulated by works of other investigators [3, 4, 5] we endeavoured to
examine for anti-tumour activity the great number of isolates available to
us and to obtain some information on the adequacy of the tests applied in
the examination of these “natural materials”.

Miyamura [6] was the first to develop a routine agar-diffusion test for
demonstration of in vitro cytotoxic and cytolytic effects of synthetic and biolog-
ical products. Since then the basic principle of this procedure has been applied,
with or without modification, by numerous groups of investigators [1]. We
demonstrated in a preliminary study [8] that as test organisms for the
Miyamura test normal or pathological leucocytes of human origin are as
suitable as ascites tumours. The well known tumour-inhibitors also in these
conditions exert a strong positive reaction. On the other hand, we found the
Miyamura test suitable, first of all, for demonstration of the cytotoxic effect.

The objectives of the present investigations were: (i) to examine by the
Miyamura test the tumour-inhibiting effects of the isolates available and (ii) to
establish how far the results obtained by the Miyamura test agree with the
effects observable in tissue cultures.
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Materials and methods

Most of the fermentation liquids examined in the course of the present study had been
characterized in earlier reports of this series. The spores preserved in sterile sand were inoculated
on a soy-bean medium containing 2 per cent agar. The spores of cultures showing good vege-
tative growth were suspended in saline by shaking with glass beads.

Two ml of each of these suspensions were used for inoculation of submerged cultures.
The composition of the medium applied was published elsewhere [9j. Mycelia from 8-days-old
Streptomyces cultures were spined down by centrifugation, and the clear supernatants absorbed
by filter paper disc of 10 mm in diameter were used in the Miyamura test. Small samples of
the fermentation liquids were sterilized by filtration through Jena G5 filters and kept in frozen
state befor testing them in tissue cultures.

In order to demonstrate the in vitro cytotoxic effects of Streptomyces fermentation
liquids, essentially the unmodified Miyamura test was used. Ascites tumour cells were obtained
from mice inoculated with the Ehrlich ascites tumour 8 to 10 days before. The final cell concen-
tration of the agar medium was 5.106 cells per ml. The filter discs soaked with fermentation
liquid were kept on the agar for 10 hours, a period that proved to be sufficient for the cytotoxic
substances to diffuse into the medium. The inhibition activity of fermentation liquids acting
on the cell dehydrogenases was recorded by reading of diameters of the blue zones appearing
around the paper discs after incubating the plates in 37° C thermostate for 120 —180 minutes.

Among the fermentation liquids used in Miyamura test only those were considered as
cytotoxic which caused an inhibition zonen ot less than 15 mm in diameter. In each of the experi-
ments threefold controls were used: (1) disc absorbed with non-inoculated medium used for
the cultivation of streptomyces isolates, (2) a disc soaked in a solution containing 100 /ig/ml
Degranol* and (3) another disc soaked in a solution containing 10 //g/ml HgCI2.

The medium alone gave never positive reaction. Both the discs of the type 2 and 3
served as positive controls.

The tissue culture tests were carried out as suggested by Palyi and Gréczi [7]. The
fermentation liquids were tested on chicken embryo heart fibroblasts, Crocker’s mouse sarcoma
cells (S 180) and HelLa cell cultures. The first two sorts of culture were obtained by explanting
in sterile test-tubes tissue fragments of 1to 22 cubic mm on clots produced by mixing chick em-
bryo extract with hen’s plasma. Subsequently 1 ml of medium was added. The liquid medium
consisted of 5 per cent embryo extract, 10 per cent inactivated horse serum. 85 per cent
Hanks’ balanced solution, 100 units of penicillin and 100 fig streptomycin per ml.

HeLa cells were cultivated on the flasks’ wall. Monolayers were scraped off and cells
were suspended in fresh medium. The suspension was distributed in steril tubes, 1 ml in each.
The medium consisted of 30 per cent human serum, 70 per cent Hanks’ solution, and anti-
biotics as above.

The cultures were incubated at 37° Cin an approximately vertical position. Undiluted
or diluted fermentation liquid, 1/10th in volume of the medium, was added to each culture
24 hours after explantation. The tubes were re-incubated for another 24 hours and then exam-
ined for cytotoxic changes with low magnification. The degree of cytotoxic effect was estim-
ated on comparison with untreated control cultures. Granulation, rounding and disintegration

of cells and the difference in the area of growth were the criteria of cytotoxicity, which was
scored as follows.

®_ = initial minimum, slightly increased granulation of the cytoplasm, decreased
cell division rate;

well-defined lesions of cells; rounded cells at the edges of cultures, the cells

are loosened, cytoplasmic vacuolization appears;

severe lesion; most of the cells show pathological changes; greatly reduced

growth; the contiguity of the cell layer has ceased;

+ + + —complete destruction of cells which are either rounded or detached from the
glass wall;

no effects;
not tested.

—+

+ +

0

In the heart fibroblast cultures the rate of growth was measured by means of the ocular
micrometer. For examination of the fine cell structure slide cultures were prepared and stained

according to Giemsa (heart fibroblast cultures) or with Harris’ haematoxylin solution (tumour
cells).

* Mannomustine, |,6-bis/2-chloroethylamino/-1,6-dideoxy-D-mannitol dihydrochloride.
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Results

The tumour-inhibiting effects of the fermentation liquids of 480 Strepto-
myces isolates from Hungarian soils were examined by the Miyamura test-
inhibition was shown by 179 liquids (37.2 per cent). Table 1 summarizes the
distribution by habitats of tumour-inhibiting Streptomyces strains as well as
the inhibition of the growth of various test microorganisms due to the same
liquids. The data allow to compare the anti-tumour effects with the antibacte-
rial effects of the same materials.

Table 1
Anti-tumour effects of Streptomyces fermentation liquids demonstrable by the Miyamura lest

Coincidente of tumour-inhibition Bnd
anti-bacterial effect

Fermenta-
tion liquids
Number showing Liquids Liquids Liquids
- ) of anti-tumour inhibiting inhibiting inhibiting .
Origin of isolate isolates activity in tumour and tumour and tumour and Liquids
examined the Miyarnli- Gram-posi- Gram-nega- Gram-posi- inhibiting
ra test tive tive tive a_nd tumour only
bacteria bacteria negative
bacteria
No. % No. 0p* No. %o No. %* No. %o
Békebarlang ... 74 27 36.4 7 259 - - 20 741
Tokaj-Nyirtelek .. 126 44 349 14 313 — — — — 30 68.2
Karcag ... 18 3 16.6 2 66.6 — — 1 33.3 — —
Szabolcs-Szatméar . 143 42 293 11 265 — — 9 317 22 523
Aggtelek-Josvafd 119 63 529 21 333 — — 4 6.5 38 60.2
Totalaeiiiee, 480 179 37.2 55  30.7 — — 14 7.8 110 614

* As related to the total of tumour-inhibiting fermentation liquids.

The figures in Table 1 suggest that the incidence of Streptomycetes
qualified as “anti-tumour” effect by the Miyamura test was high in various
soils, but only few of the tumour-inhibiting fermentation liquids proved to
be antagonistic against bacteria.

Comparative data of 19, morphologically distinct isolates arc shown in
Table 2. The liquids cytotoxic for one kind of tissue culture were, in general,
cytotoxic for the other two as well. In contrast with this, the inhibitions shown
by the Miyamura test were inconsistent with those obtained in the tissue cul-
tures in about 50 per cent of the cases.
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Table 2

Comparison of anti-tumour effects demonstrable by the Miyamura test and in tissue cultures

Effects on tissue cultures Correlation

Dilution of Miyamura test, between the

solate, No. fermentation . inhibition in mm tissue-culture
liquid Fibroblast Crocker Hela method and the

Miyamura test

1187 1:10 0 20 —
1005 1:10 0 — +

1008 1:10 0 15 _
1140 1:10 0 N +

1038 1:10 P 16 .

1145 1:10 . _ .
1000 1:10 ++ + o+ o+ 18 A
1066 1:10 + + n 20 o
1211 1:10 + — 16 —
1320 1:10 + + ++ + - 17 -L
1525 1:10 + _

1536 1:10 + 3 — _
1786 1:10 + + + o+ _ _
2204 1:10 + o+ _ _
2226 1:10 b o4+ — _
1310 1:10 + o+ o+ 18 ¥

1812 1:10 + + + + o+ o+ 20 +

1870 1:25 + o+ o+ 20 +

1913 1:10 y o+ o+ 15 +

Explanation in the text.
Discussion

The present studies have shown that a great number of the Streptomyces
isolates from different regional units of Hungary are cytotoxic in the Miya-
mura test. In an earlier report of this series [10] the morphological character-
istics of the same isolates were analyzed. The morphological variety of the
strains excludes the possibility that the cytotoxic isolates represented the same
strain.

In accordance with Kato [5] we failed to find any correlation between
cytotoxicity and antibacterial effect. We therefore assume that the factors
responsible for these two effects are mostly different even in the strains possess-
ing both properties. This assumption is not at variance with the observation
that the substance obtained through chemical enrichment of the fermentation
liquid of isolate 1320 being positive both in the Miyamura test and in tissue
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cultures inhibited the growth of the test microorganisms B. subtilis ATCC
6638 as well.

The 19 Streptomyces isolates had not been selected intentionally for the
comparative study. For this reason it is remarkable that the 19 isolates fre-
quently exhibited positive effects not only in the Miyamura test, but even in
tissue cultures. Though the correlation between the results obtained by the
two methodsis incomplete and the number of the strains involved in the study
is low, the relationship isnot to be overlooked as the strains were different mor-
phologically and the tissue culture studies were performed in three different
cell cultures. It can be stated that all the liquids strongly positive in tissue
cultures also gave the Miyamura test; on the other hand, in all cases where
the two tests gave inconsistent results, the inhibition was only moderate,
except for material No, 1187, the strong effect of which in the Miyamura test
was presumably nonspecific.

The present study cannot answer the question whether the compara-
tively often observed tumour-inhibiting capacity of the fermentation liquids
was specific or due to the toxic effects of certain metabolites. The fact that
only low grade dilutions of liquids were effective favours the latter alternative.

The in vitro tests play a significant role in the search for anti-tumour
antibiotics. Of chemotherapeutics of natural origin (antibiotics, phytoncides)
only little amounts of the active agent are usually available and the con-
centration of even a highly active substance may be so low that its activity
cannot be demonstrated by means of animal experiments. On the other hand,
attempts to concentrate the active substance by physical or chemical means
may lead to inactivation of the substance.

Consequently fairly rapid tests requiring minute amounts of active sub-
stance are essential in the search for anti-tumour chemotherapeutics. For this
reason attention has recently been drawn to the in vitro methods although it is
well known that in vivo and in vitro methods often differ. The present results,
though based on a small number of experiments suggest that even the two
in vitro tests most generally used are in disagreement which in our opinion
should be ascribed to the inadequacy of the Miyamura test.

When searching for anti-tumour antibiotics rapid screening tests in
tissue cultures are preferable, although in vivo active substances lacking direct
in vitro toxicity cannot be recognized by these tests. The observations of
Dixon and co-workers [2], viz. that the in vivo positive filtrates are more
toxic in tissue cultures than those found to be ineffective in vivo, diminish the
significance of this deficiency of the tissue-culture tests.

The fermentation liquids that have been found to be effective in vitro
should be examined in vivo. Animal experiments are to decide whether it is
worthwhile to isolate the active substance or not. When biologically assaying
single fractions, one should return to the tissue culture, which is the best
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suited in vitro test. The sample of active substance required by the tissue cul-
ture assay is so small and the test is so rapid that complete loss of the active
substance must not be feared. Besides, the progress of the isolation procedure
should be controlled from time to time animals.

In our opinion there are hardly any available methods more effective in
overcoming the innumerable obstacles hindering the anti-tumour antibiotic
research than alternation of in vivo and in vitro tests.
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FORSCHUNG NACH ANTAGONISTISCHEN AKTINOMYCETEN
IN UNGARISCHEN BODEN

V. Wirkung der Fermentationssdafte auf Tumorkdérper in vitro

Die zytotoxische Wirkung des Fermentsaftes von 480 Strep/omyces-Isolaten aus ver-
schiedenen landschaftlichen Einheiten Ungarns wurde an Miyamura-Methode in vitro unter-
sucht. Verfasser beobachteten ob die positiven Fermentsédfte am Miyamura-Methode lber ein
antibakteriales Spektrum verfigen. Die zytotoxische Wirkung des Fermentsaftes von 19
morphologisch verschiedenen Streptomyces-Isolaten auf Gewebekulturen und auf Miyamura-
Methode wurde verglichen. Verfasser analysieren die besonderen Schwierigkeiten der Forschung
nach Antibiotika gegen Geschwiilste. Es wird die parallele Anwendung der in vitro und in vivo
Methoden in der Forschung nach natirlichen Wirkstoffen empfohlen.

MCCNEAOBAHNA AKTUHOMUWLIEETOB-AHTAITOHUCTOB B TOYBAX
BEHIPUU

V. fQeicTBne GepMeHTAaTUBHBLIX COKOB Ha pPas3fiM4HbIe ONYyXO-
neBble Tena

WcecnenoBanoch LUTOTOKCUMYECKOE [eicTBUE (DEPMEHTATUMBHBIX COKOB M30M1sTOB 480
LITaMMOB CTPENMTOMMLIETOB, MOAYYEHHbIX M3 Pa3sUYHbIX NaHAWAhTHEIX efuHUL, BeHrpuu, Ha
Miyamura-meTog in vitro. Wccnegosancs Bompoc, 061afaloT-n epMEHTATUBHbLIE COKM,
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OKa3zaBLUMecs Ha Miyamura-MeTos MONOXWUTENbHbIMK, aHTUGaKTepUanbHbIM cnekTpom. Cpas-
HUBANIOCh LMTOTOKCWUYECKOe [elcTBME (DEPMEHTATMBHOIO COKa W301STOB  MOP(OIOrMYECKU
pasnnuHbIX 19 LITAaMMOB CTPENTOMMULETOB, BbI3BaHHOE Ha TKAHEBYIO Ky/bTypy 1 Ha Miyamura

MeTOA. AHaNM3MpyrTcs 0cobble TPYAHOCTM WCCMEAOBaHWS MPOTUBOOMYXOMEBbIX aHTUBUOTH-
KOB. ABTOpbI MpefiaraloT napainesbHOe NPUMEHEHWE in vitro W in vivo METOAOB MpU ucche-
[OBaHUM NPUPOJHBIX [e/CTBYHOLIMX BELLECTB.

Andras Jeney jr.

Ferenc Hernadi Debrecen 12, Gydgyszertan, Hungary
Tibor Valyi-Nagy
Istvan Pai.yi Budapest XIl. Rath Gy. u. 4, Hungary
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Synopsis

Twenty Streptomyces strains isolated from the radioactive soil (8—10 mfi Curie)
of a uranium mine were compared with 20 control strains from inactive soils. Macro-
scopic, microscopic and electron microscopic morphology of the two groups of strains
and their growth on 35 differentiating media were examined. The fermentation liquids
were tested for antibiotic activity against St. aureus Duncan, E. coli 0 111, Ps. pyocyanea,
Mycobacterium 607, B. subtilis and the Ehrlich ascites tumour. The radioprotective
effects of the liquids were also determined. Between the two groups of isolates only
one essential difference was demonstrated, viz. out of the Streptomyces strains exposed
to relatively intensive ionizing radiation for a great number of generations 85 per cent
belonged to Pridham’s section | while out of the control strains only 26 per cent. Theore-
tical conclusions were drawn from the results.

Introduction

In earlier reports of this series [9, 10] an account was given of the rela-
tionships found between certain chemical properties and the Actinomyces
flora of the soil. More recently the relations of the physical characteristics of
the soil to its Streptomyces flora have been investigated in this laboratory.
Out of the physical characteristics radioactivity was first chosen for study.

The United Nations’ Scientific Committee on the Effects of Atomic
Radiation [7] has called attention to the importance of investigations of the
living organisms that have been exposed to high background radiation. During
the last 15 years intensive efforts were made to clarify the possible somatic
and genetic injuries elicited by high dosage of acute short-term radiations,
but the somatic, and especially the genetic, consequences of radiations con-
tinuing for several generations have remained almost entirely unknown.

Mewissen and co-workers [5] studied the biology of higher plants living
in regions with high-grade, natural radioactivity. These authors found no
difference in radiosensitivity between individuals of Andropogon filifolius
exposed to radioactive background and those living in inactive areas of Congo
when the composition of the two soils was similar.
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In oui opinion microorganisms are the most suitable to be studied for
the biological effects of chronic radiation because their short life cycle permits
to observe a long series of generations.

For this reason Streptomyces isolates obtained from the radioactive soil
of a uranium mine were examined parallel with control organisms originating
from inactive soils. We searched for biological characteristics (morphological
and biochemical features, antibiotic production) being possibly related to
chronic irradiation.

Materials and methods

To detect the soils with appropriate radiation, the G. K. 4 portable apparatus was used.
The soil samples were dried, ground and homogenized. The radiation of the homogenized speci-
mens was measured by the 2.8 mg per cm2mica-end-window counter. The data thus obtained
were compared to the radiation of a uranium standard (U.,08) and calculated for 1 g soil sample.

For detailed study 20 isolates from the most active soils were chosen; the activity of
these ranged between narrow limits (8.0 —10.0 m/i C). Efforts were made to include as many
species as possible. Out of the 20 control strains 13 were selected from our international strain
collection while 7 were isolated from the inactive soil of the Békebarlang-cave (J6ésvafé, Hun-

gary) The morphology of the strains was assessed according to Pridham’s scheme [8]. The
shape of sporophores was examined by Okami’s procedure as modified in this Institute [10].
The electron micrographs were prepared in the Central Laboratory of the University Medical
School, Debrecen. The procedures were published elsewhere [4].

The series of media suggested by Waksman served for the determination of biochemical
characteristics of the isolates. A few media were modified and some media used by Gause
were included in the study.

The series of differentiating media was as follows.

1. Czapek agar [13]; 2. glucose-asparagine agar [13]; 3. glycerol agar [13]; 4. tyrosine
agar [13]; 5. meat-peptone agar [13]; 6. glucose-peptone agar A [13]; 7. glucose-peptone agar
B [13]; 8. meat-peptone gelatin [13]; 9. peptone gelatin [13]; 10. starch agar A [13]; 11. starch
agar B [13]; 12. egg-protein agar [13]; 13. potato nutrient agar [13]; 14. potato-glucose agar
[13]; 15. starch-nitrate agar [13]; 16. glucose broth [13]; 17. the same without glucose [13];
18. Czapek solution [13]; 19. starch solution [13]; 20. yeast extract A [13]; 21. yeast extract
B [13]; 22. yeast extract agar [13]; 23. Emerson’s medium [13]; 24. corn steep [13]; 25. soy-
flour medium [13]; 26. synthetic lactate medium [13]; 27. calcium-malate medium [12]; 28.
cellulose medium [1]; 29. litmus milk [12]; 30. peptone-gelatin medium for liquefaction test
[1]; 31. nitrate medium [1]; 32. potato slice (in 2 ml saline) [1]; 33. carrot slice (in 2 ml saline)
j11; 34. test medium for hydrogen sulfide production [12]; 35. the same without cystine [12].

Four parallel media were inoculated with each of the isolates to observe growth and
biochemical responses.

The antibiotic spectra of fermentation liquids were investigated on the test micro-
organisms used in routine screening tests in this laboratory, viz. St. aureus Duncan, B. subtilis
ATCC 6633, Ps. pyocyanea (received from the State Institute of Hygiene, Budapest), E. coli
0 111 and Mycobacterium 607.

The anti-tumour activity of fermentation liquids was assayed by Miyamura’s test [6]
as modified in this laboratory [11].

The microbiological assay of radioprotective activity was worked out in this Insti-

tute [2, 3].
Results

Morphological characterization

The two groups of strains were compared (a) macroscopically, (b) mic-
roscopically (sporophores) and (c) electron microscopically (spores).
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Fig. 1. Per cent distribution of Streptomyces isolates according to the Priadham scheme. Shaded
columns: 89 strains isolated from radioactive soils. White columns: 145 control strains

Figs. 2 to 7. Electron micrographs of Streptomyces spores. There is no difference in the shape
of spores between the strains isolated from active soils and the control strains. Round (Figs.
2 and 3), oval (Figs. 4 and 5) and cornered (Figs. 6 and 7) spores are present in both groups
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The pPridiiam scheme was used for classification. As it is well-known,
Pridiiam distinguishes seven sections of the Streptomyces subgenus ranging
these sections in six series by the colour of air mycelia [8]. Preliminary experi-
ments had shown some difference in the microscopic picture of the sporophores
between the two groups. Therefore, in order to obtain statistically appreciable
results, the sporophores of 89 “radioactive” and 145 control strains were
examined.

It appears from Fig. 1 that, in contrast to the 26 per cent of the control
strains, 85 per cent, i.e. the great majority, of the strains isolated from radio-

figs. 8 to 11. Electron micrographs of Streptomyces spores. There is no difference in the spore
surface between the strains isolated from active soils and the control strains. Spores both
with smooth (Figs. 8 and 9) and spinous surface (Figs. 10 and 11) are present in both groups

active soils belonged to Pridiiam’s Section |. The difference is significant,
P<0.1 per cent. In addition to the quantitative data it should he noted that
the “radioactive” strains had sporophores as long and straight as never seen
before. Thus, there existed even a qualitative difference in the sporophores.

The electron micrographs (Figs. 2 to 11) show that the spores are variable
in size, shape and surface in both groups. Round, oval and cornered spores
and spores of smooth or spinous surface were equally found in the two groups,
with diameters of spores ranging from 0.6 ft to 1.6 h.

Biological characterization

To detect further characteristics of isolates, differentiating media were
used. Cultivation on the media listed above yielded information on pigment
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production and certain biochemical properties, viz. utilization of organic and
inorganic N and C sources, liquefaction of gelatin, coagulation of milk, hydro-
lysis of starch and hydrogen sulfide production (Tables 1 and 2).

Detailed analysis of the data revealed no essential difference in the
behaviour on these media between the two groups.

Fig. 12 shows antibiotic spectra, anti-tumour and radioprotective activ-
ities of the fermentation liquids. Neither the antibiotic spectra nor — in
contrast to expectations — the anti-tumour activities and radioprotective
effects of the two groups exhibited any significant differences.

Fig. 12. Antibiotic, anti-tumour and radioprotective activities of Streptomyces fermentation
liquids. Shaded columns: number of strains obtained from radioactive soils. White columns:
number of control strains

Discussion

The present studies revealed but a single substantial difference between
the Streptomyces strains from radioactive soils and those isolated from inactive
backgrounds. The sporophores of the vast majority of the strains which for
a series of generations had been exposed to high-level (about 10 mft Curie)
ionizing radiation belong to P riaham’s section I, i.e. they are straight, do not
form bendings or loops or spiral formations. As a contrast only a small propor-
tion of the control strains belong to Pridham’s section | on the grounds of
their sporophores.

It should be noted that in Prianam’s opinion the scheme is based on
evolutionary principles, i.e. the groups designated with higher numbers are
supposed to have attained higher levels of evolution. If so, chronic ionizing
radiation would preferably Kkill cells younger from the evolutionary point of
view, i.e. the most ancient cells had the best chance to survive. However, this
assumption cannot be accepted as a general rule unless confirmed by data to
be obtained by finer genetic and biochemical methods on the Streptomyces
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Table 1

Cultivation characteristics of Streptomyces

< o
E - %’ % £ % 5
.= @ - = : é % : % < o % § @ g
2 5 & & 2 5§ & § 5 3 s 5 = % §& 3
£ N i s @ Y o & Y @ e & £ = > z
[ T 8 g z oy g & L g s 5 = g L] 5
b7 & S S b4 E E 54 = = = = 3 S =
8§ 3 5 & = & © s & & & & & & £
103 0 4 2 2 3 2 4 0 0 2 0 | 4 2
IV VI VI VI v VI
109 4 3 1 2 3 2 3 3 21 2 3 0 4 I 2
IV VIl VI VI v 1 Vi v Vi
110 0 3 2 2 3 2 4 2 3 1 2 2 4 2 2
VI VLI v 1 VI
115 0 2 1 2 2 1 3 0 1 2 0 1 3 2 4
VIl v I VIL IV IV
117 1 3 2 2 2 3 4 4 3 4 1 3 3 4 2
IV VIl VI VI v v v \Y
120 0 4 0 2 2 3 3 2 1 1 0 2 3 1 3
v v v \2 VI Vi Vi
125 2 4 2 3 4 2 4 3 2 3 0 1 3 2 4
VII v VI VI VI \%
128 0 3 0 2 3 3 3 2 2 3 2 1 2 0 4
v VI VI Vi v ' VI
131 4 3 1 1 2 3 3 3 2 1 4 1 3 4 3 4
IV VI v viilk Vil v v v v VI \Y
136 3 4 2 2 4 3 4 1 2 3 0 1 3 | 3
VvV VI VI VI v VI
138 0 4 3 1 3 3 4 1 3 4 0 1 2 0 2
v VI VI VI
140 2 3 2 2 2 4 3 1 o1 3 0 1 2 2 1
VIl v v \Y VIl
142 2 1 1 3 1 2 2 0 0 2 1 o0 3 1 2
VI VI
1535/A 3 3 1 3 4 3 4 3 21 4 3 2 4 3 4
\2 I VI VI 1 | | VI v 1l
1518 4 4 2 2 2 2 4 4 3 4 3 4 3 1 3
VI I VI VI 1 | VIl v |
1919 4 4 2 2 4 3 4 3 21 4 1 3 4 2 4
VI v IV VI VI
1929 2 4 2 3 2 2 4 2 21 4 1 3 3 2 3
I VIlI I 1 VIl 1]
1931 4 4 2 3 4 3 4 2 21 4 0 2 3 0 4
v v VI 1 v
1944 2 4 1 2 4 3 4 2 21 4 0 1 2 3 2
VI 11 VIl 1
1995 3 4 2 3 4 3 4 1 11 4 0 1 2 2 4
\Y \Y v v VII
Key to the signs used
1: minimum growth I: blue pigment
4: maximum growth I: red pigment
*: hydrogen sulfide production I11: green pigment
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isolates obtained from inactive soils

E S
2 5 - 2 @
g - ¢ E o : =3
S ¢ _ < o < 3 s g 2 § = e Q )
£ 5 2 & 5 3 3 ¢ 2 3 E 8 x E 2 Z 5
S £ % 2 f f f s 5 TP EsE E
P . 0% sz oz oz § 07 % £:ftso:ogcs. G
S ) S = S 3 & H < = = & = ° S B9 o
o = 13 2 3 > > g 3 § a &8 & 3 & z & § s=* b=l
3 2 | 3 2 2 2 2 1 3 2 1 0 0 2 3 3 2
" v VIl
2 2 1 2 2 1 1 2 | | o 3 o | 0 3 3 — 3 3
v
2 3 2 1 3 2 3 1 2 2 o 3 o | 0 1 3 - 3 2
1\
2 2 1 2 2 2 3 2 1 3 0o 3 o | 0 1 3 — 2 3
VI VIl
2 2 2 2 3 2 2 1 1 3 0 4 I — 2 3 2 1 3 3
VI
3 2 1 2 3 3 2 2 1 2 1 4 o | o 1 2 - 0 0
v
2 2 2 2 3 4 1 3 1 3 1 4 o — 0o 3 2 — 2¢ 2%
VI VI \! 111 VI
4 4 1 2 2 1 1 2 1 11 2 o | 3 1 2 — 3 2
1\ VI vV IV
2 2 3 2 3 4 2 ° 1 4 o 3 I — o 2 4 2 2 3
Vi
2 3 2 3 2 3 4 1 2 1 o 3 o | 0 2 3 2 3 3
2 1 1 4 2 1 2 2 1 2 0 2 0o — o0 3 2 _ 2* 3*
1 \|
2 1 1 2 3 2 2 2 2 1 1 3 o — o 2 2 _  2* 3*
v Vi
2 2 2 1 4 1 1 1 1 2 0 2 o — o 1 3 2 1 3
1
2 4 1 3 3 3 4 3 1 4 2 4 o | 3 2 4 2 2% 3
1 1 1l 1 \4
2 2 1 2 4 4 4 1 4 4 3 4 1 1 2 2 4 — 2 2
1 1l n VIl 1 1 1 VIl
3 4 2 3 3 4 3 4 2 2 ¢ 3 o | 0 2 4 _ 4 3
2 4 | 2 2 4 3 2 4 2 0 2 o — o 2 3 3 2 2
1 1 1 1
4 4 1 2 2 4 2 2 4 3 1 3 o I 2 2 2 3 3 2
1 1
3 3 2 1 1 4 4 3 4 31 3 o | 0 3 2 — 2 2
1 1l 1
3 4 3 3 3 4 2 3 1 4 0o 2 o | 0 2 4 - 3* 3
1 vV 1 v \Y/| 1
1V: yellow pigment VII: purple pigment
V: grey pigment VIIl: no sporulation

VI: brown pigment
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Table 2

Cultivation characteristics of Streptomyces

Strain No.

< fi
5 g gz @ 5
3 B © n i 4 & B
s it i3 @ 2 e - . © &
h s 5 f 2 s E = § 3 a3
5§ , = 8 0 g § ° & § B 4 5 5 o 3
- —_ - T ,' - A i=
X [ £ fi- 2 u F e Q a 3 z 2
g § g 3 g 0 g . £ £ % 8
§ 3 & g2 4 2 3 2 & 4 4 = £ £ & 3
@) o o [ o o £ a [l en bl a a on o
2355 4 3 3 1 1 2 3 4 2 3 1 2 Y 2 4 3
2359 4 3 4 3 4 3 1 3 2 4 2 4 3 3 4 2
AV 1| v Vv VI
2360 1 3 1 o o 4 3 2 3 3 o] 3 4 o) 3 3
VI 111 Vi Vi Vi
2390 4 3 4 1 o] 4 3 4 3 4 1 2 4 o 3 3
\2 Vi VI VI \4| Vi
2396 4 1 2 o o 1 1 4 2 3 1 3 4 o 1 2
\ \Y
2400 3 3 3 1 1 4 4 4 1 4 o) 4 4 4 4 3
Vi VI Vi 1 Vi 11
2408 3 2 2 o o 3 3 1 o 3 o 1 2 3 1 3
VI VI 1 \Al
2433 3 2 4 1 o 4 4 4 2 4 o) 3 4 3 3 3
VI VI Vi Vi VvV Vi VI VI
2259 4 3 4 3 I 3 3 4 4 4 2 3 4 3 4 3
\ vV v v
2351 3 3 3 1 1 2 3 4 2 3 1 3 4 2 1 3
11 \ \ v
2353 3 3 4 1 1 3 2 4 3 4 1 1 4 2 t 3
11 \Y \% v
2381 2 2 2 o o 2 o 3 2 2 1 3 2 o 1 2
\2
2407 3 3 4 3 o] 4 4 4 o] 4 2 4 4 4 3 3
Vi Vi Vi 1 vi 1l
2432 4 3 3 o 1 3 3 4 3 4 2 2 4 4 2 3
11 Vi Vi 11 AV |
2361 4 1 3 o o 1 o 4 2 3 o) 1 4 1 1 1
2362 4 1 3 o o 1 o i 2 3 o) 2 4 o) 1 1
2364 4 1 3 o O 1 o 4 2 3 o 2 4 o 1 1
2371 4 1 3 o o 1 o] 4 2 3 o) 1 4 o] 4 1
2379 3 3 3 o o 3 2 4 3 3 1 1 3 o) 2 3
11 VI
2382 3 1 3 o o 1 1 4 2 3 1 2 4 o 2 1
| \Y \ Vv Vv

*See footnote to Table 1.
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isolates obtained from active soils*

£ $
3 g % 3 2
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T 5 & > > a 8 & & 8 8 g z & S5 3
2 3 3 3 3 2, 3 3 3 | 0 1 01 2 2 2
VI VI
2 2 3 3 3 4 3 3 2 o 3 o | 0 4 4 _ 3 3
VI
2 3 3 3 3 2 3 3 3 I3 0 — 0 2 4 — 3 3
A1 VIl VI
1 4 3 3 3 4 4 2 3 I 3 o — o0 3 4 — 3 3
VI VIl VI
2 4 4 3 1 3 1 2 2 I3 o0 1 3 2 4 3 4 3
VIl
3 3 3 3 3 4 3 2 3 I3 o0 1 o0 2 4 | 4 3
VI VI VIl
3 2 3 2 1 1 2 2 3 0 4 0o 1 0 2 4 2 3 3
VI VI
3 3 3 2 2 3 3 2 3 I3 o0 1 o0 4 4 1 4% 4%
VI \Y VI VI VI
1 3 3 3 3 3 3 3 3 2 3 0o 1 0o 2 4 — 4% 3
\Y VI
2 2 3 3 3 2 2 3 3 1 3 0 1 o0 3 4 — 3 3
\% \Y 11 VIl
2 2 3 3 3 2 2 3 2 1 3 o0 1 3 3 4 — 3 3
\ \ VI VI
1 2 3 2 2 1 1 1 2 o 4 | 1 0 2 4 1 3 3
3 3 3 3 3 4 3 2 3 2 4 0 1 0 2 4 3 4 4
Vi VI
3 3 3 4 3 3 4 2 1 1 3 o | 3 2 4 3 3 3
VIl 11 111 VI VI
1 3 3 2 1 3 2 1 1 o3 o0 _ 0 2 3 1 3 3
VI VI
1 3 3 2 1 3 1 1 1 0 3 0 _ o0 3 3 4 3 3
VIl VI
1 3 3 2 1 3 3 1 1 o 3 0 _ o0 3 4 3 3 3
VI VI
1 3 3 2 1 3 2 11 1 0 3 o0 1 o0 1 2 2 3 3
VIl VI
1 2 3 3 2 3 3 3 2 1 3 0 _ 0 2 2 _ 3 3
VI VI
1 4 4 3 1 3 3 2 2 Il 3 0o _ 0 2 2 1 2 3
\ Vv VI VI

Acta Biol. Hung. 14. 1963



120 F. HERNADI et al

floras of the radioactive soils of numerous geographical areas remote from
each other.

We had hoped to find in the radioactive soil more strains producing
radioprotective substances. It seems, however, that the higher radioprotective
activity of certain Streptomyces fermentation liquids should be attributed
to the higher metabolic activities of the strains involved rather than to an
adaptation mechanism.
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FORSCHUNG NACH ANTAGONISTISCHEN ACTINOMYCETEN
IN UNGARISCHEN BODEN

VI. Die Wirkung der intensiveren Hintergrundaktivitdat auf
Streptomyces

Zwanzig aus dem radioaktiven Boden eines Uranbergwerkes (8— mju Curie)
isolierte Streptomyces-Stamme wurden mit ebenso vielen aus inaktivem Boden erhaltenen
Stdmmen verglichen. Die makroskopische und elektronenmikroskopische Morphologie der
Stdmme wurde untersucht. Die Beobachtung des Verhaltens der beiden Gruppen erfolgte
an 35 verschiedenen elektiven N&dhrbdden. Das antibiotische Spektrum der Fermentsafte der
untersuchten Stdmme gegentiber Staphylococcus aureus, E. coli 0111, Ps. pyocyaneus, B. subtilis
M. 607 wurde aufgenommen und durch die Untersuchung ihrer Wirkung auf Ehrlichschen
Aszites-Tumor sowie der Strahlenschutzwirkung ergdnzt. Auf dieser Grundlage gelang es
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zwischen den beiden Gruppen einen wesentlichen Unterschied aufzuzeigen. Von den viele
Generationen hindurch einer intensiveren ionisierenden Strahlung unterworfenen Strepto-
myces-Stdmmen gehdrten 85% in die erste Fridhamsche Gruppe, gegeniber 26% der Kontroll-
gruppe. Aus den Ergebnissen wurden theoretischen Folgerungen abgeleitet.

MCCNEAOBAHMNE AKTUHOMUWLIETOB-AHTAITOHUCTOB B MNMOYBAX
BEHIPUN

VI. feiicTBue 607ee WMHTEHCUBHOW pafjUMOaKTUBHOCTUM (OHa Ha
WTaMMbl CTPEeNnTOMMULETOB

ABTOpbI CpaBHMBANM 20 LUTAMMOB CTPENTOMMWLETOB, BbIPALLEHHbIX M3 PafM0aKTUBHOM
MoYBbl YPaHOBOrO PyfAHMKA (8—10 m/i Curie) C KOHTPO/IbHbIMU LUTAMMaMW, MOMyYeHHbIMU
M3 WHaKTMBHON nouBbl. M3yyanacb MakpockKonuyeckas W 31eKTPOHHOMMWKPOCKONMUYecKas
Mopgoorma uccnefyembiX LITaMMOB. ABTOPbI Habntogany Haf MoBefeHWeM ABYX Tpynmn Ha
35 pasfIMyHbIX U3bMpaTeNibHbIX NuTaTenbHbIX cpefax. OHW CHUMaNM aHTUOMOTUYECKUIA CMEKTP
(DePMEHTATUBHBIX COKOB MCC/efyeMblX LUTAMMOB MPOTUB Staphylococcus aureus Duncan,
E, coli 0 111, Ps. pyocyaneus, B. subtilis M. 607, W uccnegoBanm WX AeCTBME Ha acLUTU-
YecKylo OMyxofib 3p/nxa 1 3aliMTHOe AeiicTBMe NPOTMB U3MyYeHUs. Ha OCHOBaHUM NpOBeAeH-
HbIX 3KCMEPVMEHTOB YAANOCh BbISBUTL 3HAUMTE/IbHOE pasnMuMe Mexay [AByMS rpynnamu,
85% LUTAMMOB Streptomyces, MOJBEPXKEHHbIX B TEUYEHWE MHOTMX MOKOJIEHUW [EACTBUIO NOHU-
3MPYIOLLEro M3ny4yeHns 6onee BbICOKOW MHTEHCWMBHOCTW, OTHOCMAOCH K MepBoi rpynne Mpua-
XaMa, B MPOTUBOMOMIOXHOCTb KOHTPO/IbHLIM LUTaMMaM, M3 KOTOPbIX TOMbKO 26% OTHOCWIOCH
K 37Ol rpynne. 3 mony4yeHHbIX pe3ynbTaTOB aBTOPbl CAeNMann TeopeTWyeckue 3akKUeHUs.

Ferenc Hernadi
Péter Kovacs ,
Debrecen 12, Gyo6gyszertan, Hungary

Gabor Kulcsar

Tibor Valyi-Nagy
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Synopsis

Conducting gastric digestion experiments the authors examined the length of
time required for gastric digestion by pike perch (Lucioperca lucioperca L.), perch
(Perea fluviatilis L.), largemouth bass (Microplerus salmoides LacEpEde) and sheat-
fish (Silurus glanis L.) at 5, 10, 15, 20 and 25° C. With a view to comparison, the data
pertaining to all four species were expressed in per cent of the digestion period regis-
tered at 5° C. As to the effect of temperature on the duration of gastric digestion con-
siderable differences were found in the examined species. It was pointed out that the
curve of gastric digestion plotted against temperature may be characterized by a quad-
ratic equation, and that with increasing temperature the period of gastric digestion
diminishes according to geometrical progression. The duration of gastric digestion
decreased from the values established at 5° C to 11 per cent in pike perch, to 18 per
cent in perch, to 17 per cent in largemouth bass and to 10 per cent in sheat fish when
a temperature of 25° C was applied. The data were also evaluated from the aspect of
ferment kinetics. The graphic representation of experimental records by the Arrhenius
equation yielded straight lines from which the activation energy could be calculated.

Introduction

In the course of examining the natural food of pike perches living in
Lake Balaton and weighing 300 to 500 g conspicuously many starving indi-
viduals with empty stomach were found [10]. Searching into the cause and
degree of starvation it had to be clarified what time the food-filled stomach of
pike perch needs to become empty in different seasons and, consequently,
what is the frequency of food uptake. With the field methods of ecology these
questions could not be solved, therefore gastric digestion experiments were
established at different temperatures.

Applying the X-ray method [2] elaborated to observe the emptying of
pike perch stomach and conducting experiments at 5, 10, 15, 20 and 25° C
the changes caused hy temperature in the duration of gastric digestion were
assessed. The data thus obtained express the time necessary for softening
(pulpifying) the food fishes of known size and reveal what time the decom-
position by pepsin takes at different temperatures in the hydrochloric medium
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of pike perch stomach. Illustrating graphically the mean values, the tempera-
ture curve of gastric digestion period in pike perch was obtained [3, 4]. From
this curve and from the proportion of the results of temperature experiments
carried on with pike perch conclusions may already be drawn as to the fre-
quency of food uptake and its seasonal changes as influenced by temperature.

Pike perch experiments confirmed the validity of the radiographic
method, therefore, considering also the possibility of interspecific comparison,
similar investigations were started with perch, largemouth bass and sheat-
fish [5, 6].

Temperature dependency of gastric digestion time

The temperature curve constructed from experimental data pertaining
to the duration of gastric digestion in the tested fish proved unsuitable for
direct comparison. This was due the fact that from the four species only speci-
mens of different size were at disposal, the ratio between the weight of the
experimental fishes and the food fish (Alburnus alburnus L. and Acerina
cernua L.) was different for the four species. Therefore it had only to be
established, to what degree temperature changes affect the duration of soften-
ing process in the stomach of the four fish species.

Having finished the investigations, for the sake of comparison a common
starting point had to be chosen. Because within the same species always
entirely identical experimental conditions were provided for, it seemed right
to compare the data obtained for the four fish species by expressing them in
per cent.

Computation was based in case of all four species on the mean of gastric
evacuation time registered at 5° C while the records obtained at the other four
temperatures were expressed in per cent of the 5° C values. The comparison
of percentual ratios and the curves constructed by the aid of these numbers
denote clearly the differences existing among the four fish species.

The comparable percentual data are presented in Table 1, showing the
basic values obtained at 5° C also in hours (between brackets).

A graph was constructed from the data of Table 1 (Fig. 1). For all four
fish species the curve was plotted in a system of coordinates showing the per-
centual values of gastric digestion period as the function of temperature.
On the ordinate the percentual data of gastric digestion period registered
at 5° C, on the abscissa temperatures were plotted. Curves originate naturally
at the same point (5° C = 100). Their further course demonstrates the effect
exerted by temperature changes on the duration of gastric digestion and reveals
that in this respect great differences exist among the four fish species.

A comparison of the curves led to following statements.

Acta Biol. Hung. 14. 1963



DURATION OF GASTRIC DIGESTION OF SOME PREDATORY FISHES 125

(1) It attracts attention immediately that a rise of temperature increases
the intensity of gastric digestion mainly in sheat fish, whereas in perch the
smallest “acceleration” may be observed.

Table 1

Percentual changes of gastric digestion period on the basis of
the values obtained at 5°C

i Pike pereli Lafg;g‘sg“‘h Sheat fish Perch
c

per cent (hours)

5 100 (257h) 100 (1lot) 100 (206l1>) 100 (1151')
10 61 46 42 55
15 32 34 24 43
20 18 22 14 24
25 u 17 10 18

100
90-
80-
70-
60-
N50-
¥ 40
30
20.

10

10 15 20 25

Fig. 1. Changes in percentual data of gastric digestion period, taking the values registered at
5° C as a 100 per cent basis (pike perch - Lucioperca lucioperca L; perch Pereafluviatilis
largemouth black bass = Micropterus salmoides Lace¢pede; sh'at fish Silurus glanis 1,.)
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(2) In pike perch, perch and sheat fish the decrease of gastric digestion
period shows — towards 25° C — an equal rate. In largemouth bass the increase
of intensity is very vigorous at lower temperatures, and disminishes con-
siderably between 15 and 25° C.

(3) Gastric digestion in sheat fish and largemouth bass accelerates spe-
cially between 5 and 10° C, whereas in pike perch and perch the acceleration
is hardly greater in this low temperature range than between 10 and 15° C.

(4) The stomach of sheat fish and pike perch digests approximately
ten times faster at 25° C than at 5° C. With largemouthed bass and perch the
same comparison shows only a five to sixfold difference.

(5) Due to rise of temperature the duration of gastric digestion dimi-
nishes according to geometric progression, with major or minor differences
per species.

Enzyme kinetic calculations

The statement presented under paragraph 5 of the previous chapter
rendered the supposition probable that the connection observed between tem-
perature and gastric digestion of the tested predatory fishes reflects a simple
interdependence of ferments and temperature. This was confirmed by having
obtained quadratic empirical curves [3, 4, 5, 6], and by the fact that in the
stomach of predatory fishes a simple decomposition by pepsin and hydrochloric
acid takes place.

According t0 Johnson, Eyring and Poutissar [1] and sizer [7] several
complicated biological processes are similar to fcrmentkinetic relations observed
in vitro. These authors pointed out that many biological processes differing
from each other entirely, are in complete conformity with the following equa-
tion well known in chemistry and applied first by Arrnenius:

A= (Ink, —Infc)RmTIl ' Td .
T, - Tx

This indicates that the connection existing between the natural loga-
rithms of a kinetic velocity constant and the reciprocal values of absolute
temperature is represented by a straight line, the directional angle of the latter
being the thermal coefficient from which the activation energy may be cal-
culated.

The durations of gastric digestion registered at different temperatures
were considered as separate “reaction-kinetic velocities” which may be
expressed by using reciprocal values.

Graphing the natural logarithms of the reciprocal values of digestion
time in the sense of the Arrhenius equation a surprisingly close linear regression
was obtained (Fig. 2), and also statistically checked for four and five points
respectively.
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The latter procedure assessed especially good linearity for the 10 to
25° Ctemperature range. Accordingly it may be stated that the gastric digestion
period of predacious fishes measured at different temperatures changes in compli-
ance with the Arrhenius equation. It is interesting to note that this was con-
firmed also by the values pertaining to the gastric digestion of Cohitis fossilis
established by Vonk [8, 9].

| nf)/t-to 9)

pike perch tgo00 £ cal
sheat fish -.16000

perch 113000
lorgeToiith
Pass -Ne000

74 35 1T-tO*

Fig. 2. Values of activation energy exerted by the gastric digestion of different predatory
fish species (pike perch —Lucioperca lucioperca L.; perch = Perea fluviatilis L.; largemouth
black bass = Micropterus salmoides LacEpEde; Sheat fish = Silurus glanis L.)

According to calculations the tested fish species perform gastric diges-
tion with following — rounded off — amounts of activation energy (precise
results of calculation are given within brackets).

Cohitis fossilis .......... 20.000 (20 257.01) gcal
Lucioperca lucioperca 19.000 (18 970.33) ,,
Silurus glanis .......... 16.000 (16 001.06) ,,
Perea fluviatilis .... 13.000 (12 7o01.87) ,,
Micropterus salmoides 12.000 (11 547.16) ,,
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Sizer [7] proved by in vitro experiments that pepsin decomposes casein
with 18,000 gcal. Naturally, the authors do not ascribe higher importance to
their own figures representing as absolute values. However, in the above
mentioned interesting coincidence of data the secondary physiological con-
sequences and comparison of activation energy values must be emphasized

(The findings of the authors are not influenced by the validity or wrong-
ness of Crozier’s theory either, because the trend manifesting itself in a
relatively broad heat interval is obviously linear.)

Grouping and sequence of data is all the more noteworthy. Among the
four species largemouth black bass is the sprightliest, most rapturous fish show-
ing the lowest, i.e. most favourable degree of activation energy. This may
perhaps partly be explained by the fact that the stomach cflargemouth black
bass exerts a vigorous crushing movement too and has many pylori increasing
its surface. Perch and pike perch do not agitate ingested small fishes at all.

Conclusion

Summarizing the results, the general ecological regularity became evi-
dent that despite of an eventual greatest food abundance for predacious
fishes in winter, ferment kinetics relentlessly interferes with the duration of
gastric digestion. From this fact pisciculture has to draw its practical con-
clusions.
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VERGLEICHENDE ANGABEN UND FERMENTKINETISCHE BERECHNUNGEN
UBER DIE TEMPERATURBEDINGTE DAUER UND ANDERUNGEN
DER MAGENVERDAUUNG EINIGER RAUBFISCHARTEN

Verfasser studierten mit bei Temperaturen von 5, 10, 15, 20 und 25° C durchgefuhrten
Magenverdauungsversuchen die Dauer der Magenverdauung beim Zander (Lucioperca lucio-
perca L.), Barsch (Pereafluviatilis L.), Forellenbarsch (Micropterus salmoides Lacépede)
und Wels (Silurus glanis L.). Die Ergebnisse wurden vergleichshalber bei allen vier Arten in
Prozenten der bei 5° C erhaltenen Angaben lber die Verdauungszeit ausgedriickt. In der durch
die Temperatur auf die L&dnge der Verdauungsperiode ausgetbten Wirkung zeigten sich bei
den untersuchten Fischarten betrachtliche Unterschiede. Es wurde festgestellt, dass die Kurve
der Magenverdauung als Funktion der Temperatur mit einer quadratischen Gleichung charak-
terisiert werden kann und die von ihr beanspruchte Zeit mit steigender Temperatur einer geo-
metrischen Progression folgend abnimmt. Wenn eine Temperatur von 25° C angewandt wurde,
verringerte sich die Magenverdauungszeit beim Zander auf 11%, beim Barsch auf 1B%, beim
Forellenbarsch auf 17% und beim Wels auf 10% der bei 5° C ermittelten Werte. Die Ergebnisse
wurden auch vom fermentkinetischen Blickpunkt gewertet. Die Versuchsangaben lieferten
nach der Gleichung von Arrhenius dargestellt — Geraden, aus denen sich die Aktivisierungs-
energie berechnen lasst.

CPABHUTENbHBLIE AAHHBIE N ®EPMEHTO-KUHETWYECKWE WCHNCNEHNA
N3MEHEHWIA BPEMEHW/ XENYAOYHOIO MULLEBAPEHWA, BbISBAHHbIX
TEMIMEPATYPOW Y HEKOTOPbLIX BWAOB XWWHbLIX PbIB

ABTOpbI B OMbITax MO >XENY[OYHOMY MULLEBAPEHUIO MccnefoBann y cypaka (Lucio-
perca lucioperca L.) OKyHs (Percu fluviatilis L.) 60/bWwepoTHOro 4epHoro OKyHs (Micro-
pterus salmoides Lacépeéde) n Yy coma (Silurus glanis L.) B peMsa >XenyAouyHOro nuiiesa-
peHva npu Temnepatype 5, 10, 15, 20 n 25° C. B uHTepecax COMOCTAaB/IEHMS, MONYYEHHbIE
[laHHble B OTHOLLEHUW BCEX YETbIPEX BUAOB Pblb BbIPAXAIOTCS B MPOLIEHTaX BPEMEHW Mepesapu-
BaHWA, nonyyeHHoro npu 5° C. B geiicTBUM TemmepaTypbl Ha Bpems nepeBapuBaHWs Yy uccre-
[0BaHHbIX BWAOB XVMBOTHbIX aBTOPbl HabMOAaNN 3HAUMTENbHbIE Pa3NMyMsA. YCTaHOBMEHO, YTO
KPUBYIO TeMmMepaTtypbl-Xeny404yHOro MNULLEBApeHNs MOXHO BblpasuTb ypaBHEHMEM BTOPOI
CTeMeHn U 4TO NPWU MOBbLILLEHWUN TeMMepaTypbl BPEMA >Ke/y[04HOro NULLEBApEHNs CHUXKaeTcA
no reoMeTpuyeckoin nporpeccumn. onyyeHHas npu 25° C BenMuMHa COCTaBASeT Yy Cyfjaka
11%, y okyHs 18%, y 60/bLUEPOTHOrO YepHOro OKyHs 17%, a 'y coma 10% BpemeHM Xenyaou-
HOro nuLlesapeHuns, nosnyyeHHoro npu 5° C. ABTOpbI MOABEPraloT MoayyeHHbIe faHHble TaKxXe
(hepMEHTO-KUHETUYECKOMY aHanu3y. Ecnn 1300pasuTb 3KCNepuMeHTaslbHble fJaHHble npu Mo-
MOLLY ypaBHeHUsA AppeHuyca, NnonyvatoTcd npsaMble, MO KOTOPbIM MOXHO BbIYUC/UTL 3HEPTUi0
aKTMBU3aLmN.
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Godollé, Agrartudoményi Egyetem, Hungary
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Synopsis

The glial cells containing Gomori-positive substance of the central nervous
system of amphibia, birds and mammals have been studied. The cells occur in every
species examined by the authors. The Gomori-positive cells may be divided into two
distinct groups: (1) Periventricular glial cells, located under the ependyma, possessing
few processes, and having polymorphous nuclei low in chromatin. (2) Perivasal type.
These are cells possessing oval nucleus, rich in chromatin, and more processes, occurring
equally in different parts of the brain around the capillaries and veins. The periventri-
cular type of glial cells is correlated with the ependymosecretory system as regards
both morphology and genesis. In the neurosecretory cell groups the perivasal type of
cells can he found.

Introduction

Ependymosecretion or ependymal neurosecrction is understood to mean
that phenomenon when the ependyma produces a Gomori-positive substance[13].
The most classic example of this is the secretion of the epithalamic subcommis-
sural organ [12]. A similar phenomenon is detectable in the hypothalamic
ependyma, too [13]. In this area the process is significant because the ependy-
mosecretory material reaches the hypophysial portal blood vessels. Thus, the
substance may be involved in the hypothalamic control of endocrine activ-
ity [14], which is at presentin the focus ofinterest in neuroendocrinology [1,11].

Thus far, in the hypothalamus the neurosecretory substance as the best
known Gomori-positive hypothalamic substance, has been the object of most
extensive study. However, beside neurosecretory and ependymosecretory
material there exists also a third, morphologically different Gomori-positive
substance: the Gomori-positive granules accumulating in certain glial cells.
Smith was the first in 1951 to find glial cells — containing Gomori-positive
substance — in the hypothalamus of vertebrates [10]. Diepen [4] mentions
that similar cells could be found subependymally in adult mice. He thinks,
just like Noda, as well as Lofgren later [9, 7] that the substance in the glial
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cells is ingested neurosecretory material. In contrast to this, Hita [5] claims
that such cells occur not only in the hypothalamus, but in other parts of the
brain as well; and the granules of the cells can he stained with Gomori’s
method even after treatment with alcohol-chloroform, or acetone, whereas
the neurosecretory substance dees not stain after such treatment. From all
these he concludes that the granules of the glial cells are not identical with
the neurosecretory material. Barry [2], too, thinks that the granules of the
glial cells are different from neurosecretion. The problem has been studied in
more detail by wistocki and Leduc [17, 18]. As early as 1952, the authors
divided the Gomori-positive glial cells in the rat in two groups: the true glial
cells, found directly under the ependyma, around the third ventricle and the
Sylvian aqueduct, and the macrophage-like cells, that occur throughout the
brain perivascularly and in the meninges. They did not mention any correla-
tion between the periventricular glial cells and the neurosecretory nerve cells.

In our earlier investigations we, too, found similar cells under the epen-
dymal cells [13], in such areas in which the ependyma produces Gomori-
positive material. Thus, it has been suggested that a correlation may exist
between the Gomori-positive glial cells and ependymosecretion.

To investigate the problems that have emerged, in the present work we
have studied in different vertebrates the glial cells containing Gomori-positive
substance. We have been seeking answers to the following questions: (a) Do
the glial cells mentioned occur in every species examined by us? (6) What is
the more detailed morphology of the cells like? (c) Is there a morphological
correlation between these cells and ependymosecretion or neurosecretion?
A short abstract has been published elsewhere [15].

Materials and methods

The following species have been involved in the investigations: Triturus cristatus,
Triturus vulgaris. Pleurodeles waltlii, Amblystoma mexicanum, Kana esculenta, Xenopus laevis,
Passer domesticus, Columba livia, Epimys norvégiens.

The total number of animals studied was 90, using an average of 10 of each species,
of either sex. The investigations took place during the summer months.

The animals were killed by decapitation. The brain was fixed in Bouin’s or Helly’s
fixative, embedded in paraffin and sectioned serially at 7 fi. The sections were stained with
Gomori’s chrome hematoxylin phloxine by the modified method of Bargman'N, as well as
with paraldehyde fuchsin, according to Gabe.

Results

The glial cells staining electively with chrome hematoxylin and aldehyde-
fuchsin have been found in every species examined by us. The cells are not
uniform in shape, size and location; they can be divided into two morpholog-
ically distinct groups:
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(@) The nucleus of one type of cell (Fig. 1 A) is round, in the rat the
diameter averages 8 u, the chromatin content is low. By the staining methods
employed processes were seldom demonstrable on the cells. The cells occur
in larger numbers periventricularly, under the ependyma. Their number
decreases fast with the increase in the distance from the ependyma. This type
of cell occurs in considerable numbers in the hypothalamus, but it is found
in the epithalamus, too, usually around the third ventricle and under the
ependyma of the aqueduct of Sylvius. In some species it occurs subependymally
around the lateral and fourth ventricles, too.

Fig. 1. Schematic representation of the “periventricular” (A) and the “perivasal” ()
types of Gomori-positive cells

This Gomori-positive type of glial cells is not found in the area of the
neurosecretory cell groups, or, at the most, it is found in such areas in which
the secretory nerve cells lie next to the ependyma.

(b) The other type of glial cells staining Gomori-positive (Fig. 1 B) is
smaller than the first one. The cells have processes, are spindle-shaped or
elongated. The nucleus, too, is smaller, oval rich in chromatin. In the rat the
longitudinal diameter of the nucleus averages 6 /i, the shorter diameter about
3 /l. This type of cell occurs next to blood vessels, capillaries. The cells of this
type can be detected in the periventricular gray matter, in the neurosecretory
cell groups, but also in other, more distant areas of the brain, in the meninges,
choroid plexus, peripheral ganglia, etc.; everywhere alongside the capillaries.

The morphological picture varies from species to species.

In Rana esculenta the glial cells of type one, with the big round, light
nuclei, are found in the proximity of the cerebral ventricles (Fig. 2). In cross
sections they make a single row of cells, immediately under the ependymal
epithelium. They can be found subependymally in the area of the lateral
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Fig. 2. Gomori-positive glial cells located periventricularly of Rana esculenta. Third ventricle.
Paraldehyde-fuchsin stain. Fig. 3. Gomori-positive glial cells under secreting ependymal
cells of Rana esculenta. Third ventricle. Paraldehyde-fuchsin stain

ventricles, optic lobe and fourth ventricle, too, but they occur in largest num-
bers in the area of the third ventricle. They are found always in areas in which
the ependyma shows the signs of ependymosecretion, Gomori-positive secre-
tion. The close correlation between these glial cells containing the Gomori-

Acta Biol. Hung. 14. 1963



EPENDYMOSECRETION. V. 135

positive granules and the secretory ependyma can be followed up clearly
(Fig. 3). The correlation does not simply mean that they are found next to
one another; we can namely find cells representing continuous forms of tran-
sition between the secreting ependymal cells and the Gomori-positive glial
cells (Fig. 4). In the ependyma itself regular secretory cyclicity is observable:
cells different in shape and filled in different measure with the Gomori-positive
substance are found. At first, the ependymal cell is long, conical, contains a

Fig. 4. Gomori-positive glial cell and ependymal cells filled in different measure with granules
in Hana esculenta. Paraldehyde-fuchsin stain

few' apical Gomori-positive granules, the nucleus is oval. The cell forms
containing more granules are short, the nucleus is dislocated toward the base
and is round. After that, the accumulated mass of granules fills out the cell
as a whole. The nucleus is pressed against the base, the ependymal cell is
rounded and lies next to the base of other cells. However, these rounded epen-
dymal cells filled with secretion are absolutely identical already with the glial
cells containing the Gomori-positive substance located subependymally.

The glial cells mentioned cannot be detected among the neurosecretory
nerve cells (Fig. 5). In the area in which the neurosecretory nerve cells are
found immediately under the ventricular ependyma, the ventricular ependyma
exhibits in the frog no sign of ependvmosecretion and no Gomori-positive
glial cells can be found subependymally, either.

The cells of the other type, with the small, chromatin-rich nucleus and
processes occur in the brain of the frog too. They may be found also near
the secretory nerve cells, but always closely alongside blood vessels. Such
Gomori-positive cells can be detected around the capillaries not only of the
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hypothalamus, but of other areas of the brain as well. They occur in largest
numbers in the meninges and in the choroid plexus (Fig. 6).

In Xenopus laevis we find similar morphological features.

In the brain of the newt (Triturus cristatus) nee find cells similar to those
occurring in the frog’s brain. The subependymal Gomori-positive cells belonging

Fig. 5. Neurosecretory cells from the hypothalamus of Rana esculenta. No subependymal
Gomori-positive glial cells are visible. Paraldehyde-fuchsin stain

to type one occur in smaller numbers. However, large numbers of the processed,
perivascular cells are visible around the capillaries and veins (Fig. 7).

Essentially the same are found in the species
Triturus vulgaris,

Pleurodeles waltlii and

A mblystoma mexicanum.

Acta Biol. Hung. 14. 1963



EPENDYMOSECRETION. Y. 137

Fig. 6. Perivasal, multipolar Gomori-positive cell from the choroid plexus of Rana esculenta.

Paraldehyde-fuchsin stain. Fig. 7. Gomori-positive cell adherent to capillary wall in the

diencephalon of Trilurus cristatus. Paraldehyde-fuchsin stain. Fig. 8. “Periventricular” Go-

mori-positive glial cell in the hypothalamus of the rat. Paraldehyde fuchsin stain. Fig. 9.

Subependymal Gomori-positive glial cells in the hypothalamus of the rat, Paraldehyde-

fuchsin stain. Fig. 10. Subependymal Gomori-positive glial cells with polymorphous nuclei
in the hypothalamus of the rat. Paraldehyde-fuchsin stain

In Passer domesticus and in Columba livia many Gomori-positive glial
cells are found around the third ventricle of the brain. The cytoplasm stains
very lightly with the stain used by us. The Gomori-positive granules, which
occur independently or in smaller or bigger groups, often draw out a few
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short cellular processes. The other type of cell, too, is present in the birds we
have studied. They are found perivasally in these species also.

The two types of Gomori-positive glial cells occur in the rat (Epimys
norvegicus) too.

One type is bigger, the nucleus is round, measures about 8 p, is poor in
chromatin, processes are seldom visible on it (Fig. 8). It is found always near
the ependyma, in the largest numbers around the third ventricle and the
aqueduct of Sylvius (Fig. 9). It is characteristic that the nuclei, just like those
of the secretory nerve cells and secretory ependymal cells are polymorphous.

The other type of cell containing Gomori-positive substance is smaller
in size (Fig. 10), the nucleus is oval, rich in chromatin, measures about 3 x 6 p.
The intracellular Gomori-positive granules are small, much smaller than those
of the other cell type and mostly fill the entire cell.

The cell form described occurs in considerable quantities in the rat’s
brain, especially next to the wall of the capillaries and smaller veins. They
occur also in the hypothalamic neurosecretory nerve cell groups, but always
in conjunction with capillaries. They can be found not only in the hypothala-
mus, but in other areas of the brain as well.

Discussion

On the basis of the questions outlined in the introduction, the consid-
erations connected with the morphological patterns found in different verte-
brates may be grouped as follows.

(a) From the point of view of comparative morphology it is significant
that the glial cells containing the Gomori-positive substance occur in every
species examined by us. In Urodela the number of periventricular glial cells
is low and the Gomori-positive cells are represented first of all by the processed
cells appearing as pericytes. This is probably due to the primitivity of the
nervous system.

The periventricular glial cells appear in clear-cut form first in Anura,
though they are even here rather simple, forming a single, scarce row of cells
at the base of the ependymal cells.

In birds, just like in mammals, the periventricular periependymal Gomori-
positive glia is already a well-defined periventricular system.

We have examined only rats from among mammals. On the other hand,
similar glial cells have been described to occur in the dog by Noda 19].
W istlocki and Leduc [18] have studied mice, guinea pigs, as well as a Rhesus
monkey and found also in them the periventricular Gomori-positive glial
cells. It therefore appears that these glial cells exist from the amphibia to the
highest mammals.
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The Gomori-positive cells of species different in the grade of development
are similar to one another.

(b) As to the more detailed morphology of the Gomori-positive glia,
we can confirm the statements made by Wislocki and Leduc [18]. The cells
may, namely, be divided into two groups in the different vertebrates: bigger
cells with few processes and round, light nucleus, on the one hand, and multi-
polar macrophage-like cells with oval nucleus rich in chromatin, on the other.
These two morphologically distinct cell types appear in special areas. Those
of type one always appear periventricularly, forming a kind of coat closely
under the ependyma. Type two is found alongside the capillary walls.

The nucleus of the “subependymal” Gomori-positive glial cells is closely
similar to that of the ependymal cells producing Gomori-positive secretion.
The similarity manifests itself first of all in the size, shape and chromatin con-
tent of the nuclei. Besides, the nucleus of the glial cells is also markedly poly-
morphous (Fig. 11). Often it is quite lobated, intractions, glove-finger-like
prolongations are visible in it. In this regard, too, the cell closely resembles
the ependymosecretory cells, whose nuclei show a similar polymorphism [13].
The cells may contain variable quantities of granules. The granules are always
rather big, bigger than those in the perivascular cells of type two; they are
similar in size to the granules of the ependymosecretion, which is another
evidence suggesting that a correlation exists between ependymosecretion and
periventricular glia.

Tin;se cells differ from other, non-Gomori-positive glial cells not only
in that they contain Gomori-positive substance, but also in that they possess
absolutely special, well-defined form. Moreover, their site of occurrence is
also special, inasmuch as they are found closely subependymally, forming
a kind of periventricular system.

The other, the “perivasal” cell type is clearly distinct in morphology
from the “periventricular” one; the cells of that type have small, oval nucleus,
have processes or are spindle-shaped. Similar multipolar Gomori-positive cells
have been found in the newt around the cerebral blood vessels by Mazzi [8],
as well as in the choroid plexus of the axolotl by Kappers [6]. They think the
cells are identical with mast cells. It is namely known that the granules of
mast cells, too, are Gomori-positive [16]. However, it is also known that
among similar cells also the melanocytes may give positive Gomori-reaction [3].
The melanocytes, too, occur perivascularly, and therefore we think that the
present investigations and the data published in the literature cannot decide
where the type two, perivascular Gomori-positive cells belong to. Further
investigations, first of all detailed histochemical studies, will have to decide
this problem.

(c) Finally, as to the relationship between the Gomori-positive glial
cells and neurosecretions it has to be pointed out that there is a divergence of
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opinion in this respect among the authors concerned with this problem. Diefen
and co-worker [4] as well as Noda [9] claim that the granules of glial cells
arise as a result of a phagocytosis of neurosecretory material. Lofgren [7]
thinks the same. However, Hild [5] refuses to accept this view, starting from
the fact that similar cells occur also outside the hypothalamus and that, unlike
the neurosecretion, the granules stain even after treatment with fat solvents.
Barry [2] calls the granules of glial cells “granules denses” and thinks them
to be different from neurosecretion. The above mentioned authors have not

Fig. 11. Perivasal multipolar Gomori-positive cell from the hypothalamus of the rat.
Paraldehyde-fuchsin stain

written about the two groups of Gomori-positive cells. Wistocki and Leduc
[17, 18] have analyzed the problem in detail and found that the Gomori-
positive glial cells occur periventricularly and are definitely distinct from
the perivascular Gomori-positive cells, which they called macrophage-like
cells, but they have not written about the relationship between the neu-
rosecretory system and the Gomori-positive glial cells.

In our present investigations we have found no morphological relation-
ship between the type one “periventricular” Gomori-positive glial cells and
the neurosecretory system.

On the other hand, a close correlation seems to exist between this cell
type and the Gomori-positive secretory ependymal areas. In Rana esculenta
the close correlation between these two areas is obvious. On the one hand, the cells
are found in the areas in which the ependyma shows Gomori-positive secretion,
and, on the other, every transitory cell-form exists between the ependymal
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cells in different phases of secretory activity and the Gomori-positive glial
cells under them (Fig. 5). From the pattern we think it likely that the epen-
dymal cells filled with secretory material and not evacuated — become
rounded, penetrate under the epithelium and become transformed there to
Gomori-positive glial cells. Accordingly, the granules of the glial cells are
morphologically identical not with the neurosecretory, but with the epen-
dymosecretory material.

Although Gomori-positive cells resembling glial cells do occur among
the neurosecretory nerve cells, they are always found near capillaries and
correspond to what we call type two of cells, perivasal ones with small, oval
nucleus rich in chromatin, with small granules and processes. These Gomori-
positive cells often occur directly between the capillary and nerve cell. It is
conceivable that the granules of these cells originate from neurosecretion.
However, a contradictory evidence is that thev occur in similar or larger
numbers also in other areas of the brain, in the meninges and in the choroid
plexus. Further histochemical and experimental morphological studies are
required to determine their true nature and their relationship to neurosecretory
processes.
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EPENDYMOSEKRETION (EPENDYMALE NEUROSEKRETION)

V. Gomori-positives Material enthaltende Gliazellen und ihre
Beziehung zur Ependy mosekretion in verschiedenen
Wirbeltieren

Gomori-positives Material enthaltende Gliazellen des Zentralnervensystems von
geschwdnzten und schwanzlosen Amphibien, Vogeln sowie Sdugern wurden untersucht. Die
Zellen konnen in allen von uns untersuchten Arten gefunden werden. Die Gomori-positiven
Zellen kann man in zwei voneinander gut zu unterscheidende Gruppen einteilen: 1. ,Peri-
ventrikuldre”, wenig verzweigte Gliazellen, die ihren Platz unter dem Ependym nehmen und
die Uber einen chromatinarmen, polymorphen Kern verfiigen. 2. ,Perivasaler” Zelltyp. Um
Kapillaren und Venen herum, in verschiedenen Gehirngebieten in gleicher Weise erscheinende
verzweigte Zellen mit chromatinreichem, ovalen Kern. Die periventrikulare Gliazellart steht
sowohl morphologisch als auch hinsichtlich ihrer Genese mit dem ependymosekretorischen
System in Verbindung. Der perivasale Zelltyp ist in den neurosekretorischen Zellgruppen
zu finden.

SMEHAVMOCEKPELINA (SNEHAUMANBHAA HEMPOCEKPELNS)

V. CBA3b KNEeTOK rnuu, copgepxawmx [oMOpPU NONOXWUTENbHOE
BewecTteso, C SHGHAMMOCEKDGLLMEI‘;I Yy pas3ffnydYHbIX NO3BOHOYHBbIX

WccnegoBanu KNeTkU AWy, cofepxatine FoMopy MONOXWTENbHOE BELLECTBO, B LIEHT-
panbHol HepBHOI CUCTEME XBOCTATbIX U GECXBOCTHBIX 3eMHOBOZAHbIX, MTUL, Y MIEKOMUTAIOLLMX.

KneTKky iy UMeKTCs y BCEX MUCCMEfOBaHHbIE BUAOB XMUBOTHbIX. [OMOpPY MONOXMUTENb-
Hble KNEeTKU MOXHO pasfe/nTb Ha [Be, XOPOLUO PasnuMyaemblX Fpynmbi:

1 «lepuBEHTPUKYNSAPHbIE» KNETKW [NAKM, Pacrofaralouinecss Mo SneHAUMON, UMero-
LLMe Mafio OTPOCTKOB U GefHble XPOMAaTMHOM MOMUMOP(HbIE AApPa.

2. «[epuBasanbHble» KNeTKU. 3TW KIETKW 0TPOCYaThble M PacrofiaraloTcs BOKPYT Kanui-
NSIPOB 1 BEH B PasNMuHbIX 061acTAX MO3ra; apa UX 0Ba/IbHOM (hOpMbl 1 GOTaThl XPOMATUHOM

MepuBEHTPUKYNSAPHAS Pa3HOBUAHOCTb KIETOK /MU, KaK B MOP(OIOrMYECKOM, Tak W
B reHETMUYECKOM OTHOLLEHWM CBSI3aHbl C CUCTEMOI aMeHAMMOCeKpeLn. B rpynnax Helipocekpe-
OpPHbIX K/METOK NepuBasa/ibHblii TUM KIETOK OGHapy>XUBaeTCs.
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Synopsis

In chick embryos (Hamburger and Hamilton stages 15 and 16) the previously
extirpated brachial cord segments were replaced by brachial, thoracic, or lumbo-
sacral cord segments taken from other embryos of the same age. Innervation and func-
tion of the wings innervated by the grafted cord segments were investigated after
hatching. The brachial segments of another chick can substitute for the extirpated
brachial segments in every respect. Normal innervation and function of the wings had
developed in such cases. Although the nerves of grafted thoracic segments innervated
the wings, which became sensitive to pain, the musculature became completely atrophic
and the joints ankylotic. Hypertrophy developed in the dorsal grey columns of the
grafted segments, whereas the motor column exhibited certain signs of distrophy.
Wings innervated by heterotopic lumbo-sacral segments showed moderate motility
in the shoulder, perfectly synchronized with the movements of the legs on the same
side. In spite of well developed and normally innervated musculature no coordinated
movements in the other joints could be observed. The possible mechanisms underlying
the immobility of the distal joints and the synchronized movements in the shoulder
are discussed.

Introduction

A number of data support the assumption that coordinated limb move-
ments can be controlled only by the appropriate limb innervating segments
of the spinal cord in the newt [1,3, 10, 15]. Supernumerary limbs, both in
amphibia and birds, innervated by trunk segments remained motionless [9,14],
unless a single branch from the brachial plexus, however small, contributed to
the limb innervation [4]. Quite recently direct experimental evidence was
furnished by szexery [13] for the existence of a specific segmental apparatus
in the cord at limb level, capable ofeliciting coordinated function of the inner-
vated limb. By transplanting brachial or lumbo-sacral segmental groups into
the place of the previously excised thoracic segments and additionally grafting
supernumerary limbs at the same level, he succeeded in demonstrating that
besides perfectly coordinated stepping movements the participation of the
supernumerary limbs in the stepping pattern was characteristic of the nature
of the limb innervating heterotopic cord segments. As all of these experiments
were performed on amphibia, it seemed promising to extend the investigations
to birds whose more elaborate locomotion patterns and central nervous system
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of histologically higher differentiation might contribute to the problem of the
function of heterotopic spinal cord segments. We attempted, therefore, to
replace the tving innervating brachial segments by thoracic and lumbo-sacral
segmental groups in chicken embryos and to investigate the motility of such
wings after hatching. An account of these experiments is presented in this
paper. An abstract of this paper has been published elsewhere [12].

Method

The experiments were performed on the embryos of inbred strains of two local varieties
of fowl (Hungarian Yellow and Speckled). The embryos were operated upon on the third day
of incubation in stages 15 and 16 of Hamburger and Hamitton [8]. The thoracic spinal cord
segments of the donor were excised by the aid of the electromagnetic vibrating needle [5],
then carefully cleaned from chorda and myotome material and after transferring in the accep-
tor egg, fitted into the place of the previously removed brachial (16 to 19) spinal cord segments.
In another group of embryos the lumbosacral (23 to 29) segments were similarly grafted into
the same place. To control the possible influence of the operation itself on wing function, the
brachial segments of two embryos were interchanged in the third group of experimental
animals. From a total of 226 operated embryos we succeeded in getting 17 viable hatched
chicks, from which 4 bore thoracic, 11 lumbosacral segments on the place of the removed
brachial segments, while 2 animals belonged to the control group. After hatching, the animals
were kept alive from 2 weeks to 5 months. During this period motility of the wings was observ-
ed continuously and the most successful cases were recorded by cinematrography. After
sacrification the animals were fixed in formol 1:4.

Innervation and musculature of the wings were studied partly by gross anatomical
dissection and partly in microscopical sections stained with Bielschowsky’s silver method.
The histological investigation of the grafted cord segments has been performed also in Biel-
schowsky stained transverse sections.

Results

Thu general behaviour and growth of the operated chicks — disregarding
the wings — was normal in the majority of cases. Reconstruction of the
vertebral column and fusion of the grafted segments with the remaining cut

Fig. 1. Dissection finding concerning an animal in which the brachial segments had been
interchanged between two embryos. Normal brachial plexus had developed from the 12th
and 13th cervical segments and from the 1st thoracic segment. A strong branch from the 2nd
thoracic segment contributes to the plexus formation. This chick was kept alive for 5 months.
Fig. 2. Dissection finding in thoracic segments grafted into the place of brachial segments.
The spinal cord developed normally. The brachial plexus originates on the right side from the
11th, 12th, 13th cervical and from the 1st thoracic segment, while on the left side from the
12th, 13th cervical and from the 1st and 2nd thoracic segments. The chick was sacrificed 6
weeks after hatching
Fig. 3. Dissection finding in lumbo-sacral segments grafted into the place of brachial segments.
The spinal cord developed normally and the characteristic glial swelling (arrow) was preserved.
The branches of the brachial plexus emerged, as in normal animals, from four segments. The
chick was sacrificed at the age of 5 months
Figs. 4 and 5. Demonstrate the difference between the normal (Fig. 4) and a grafted (Fig. 5)
thoracic cord of the same animal. The dorsal horn and the intermediate zone of the grafted
segments are considerably enlarged and a reduction in number of ventral motoneurons appears
to have taken place. Magnification 65 X
Figs. 6 and 7. Normal motor end-plates (arrow) have developed in the wing musculature,
innervated by grafted lumbo-sacral segments
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ends of the spinal cord was also complete, so that no sign indicated the site
of operation. The function of the legs in 5 animals was more or less damaged,
these chicks were mostly sitting on their belly and unable to perform normal
locomotion. Small protrusions and deviations were found on their vertrebral
column and the grafted segments were connected with the lower spinal cord
through a somewhat narrowed region. No immunological reaction was detected
even in animals which were kept alive for the longest period. The following
characteristics were found in the several experimental groups.

1. In the two successfully hatched cases, in which brachial segments
had been exchanged between two embryos, the function of the wings was

Fig. 8. The wing of a chick with thoracic segments grafted into the place of the brachial ones.

The musculature of the free extremity has completely disappeared, save for a thin bundle at

the place of the triceps. The median nerve (full line) and the radial nerve (partly broken line)
follow the normal course of the wing nerves

indistinguishable from that in normal animals (Fig. 10). The dissection findings
revealed complete fusion of the ends and normal plexus formation (Fig. 1).
The arborization pattern of the peripheral nerves and the musculature of the
wings, in as much as it could be traced under dissecting microscope, xvas
exactly similar to those of an intact animal. Formation of regular end-plates
was seen in the impregnated wing muscles. Heterotopic brachial segments
can, therefore, substitute for the normal ones in every respect.

2. When the brachial segments had been replaced by the thoracic
segments, the wings remained perfectly motionless. The joints became anky-
lotic and the xvings were slightly retarded in growth. The chicks were unable
to stand up when they happened to fall on the side or to be turned upside
down, although locomotion by the legs xvas normal otherwise. The animals
exhibited a remarkable sensitivity to painful stimulation of the xvings, but
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they could not localize the exact place of stimulation. The general locomotion
of the animals was otherwise normal, save for some slight uncertainty in
maintaining the equilibrium during certain strained movements as for instance
jumping.

According to the dissection findings, the fusion between the grafted and
orthotopic segments was complete (Fig. 2). Macroscopic cervical enlargement
failed to develop and the nerves formed a plexus before entering the wings.
In spite of the fact that five primordial thoracic segments had to be trans-
planted in order to fill in the gap left by the extirpated brachial segments,
four segments developed from the grafted cord, and the innervation of the
wing, like in intact animals, emerged from the 13 to 16th spinal nerves including
a small branch from the 12th nerve. The nerves, however, were very thin,
hardly exceeding the thickness of normal thoracic nerves. The spinal ganglia,
as compared with the normal thoracic ganglia, were larger in size, owing to
their relatively overloaded peripheric field, but they did not reach the size of
normal brachial ganglia. The peripheric arborization pattern was suggestive
of the normal wing (Fig. 8). The radial and median nerve could be well recog-
nized; no side branches, however, were found in macroscopical preparation,
owing, apparently, to the lack of musculature. This corroborates Piatt’s [9]
earlier observation that the arborization pattern is determined by the struc-
ture of the innervated organ. The histological pictures of the heterotopic seg-
ments revealed an enlargement, especially in the head of the posterior column,
containing more neurons than orthotopic thoracic segments (Figs. 4 and 5).
Considerable hypertrophy was found also in the intermediate zone. The number
of motoneurons in the anterior column, on the other hand, was not increased.
This finding is in accordance with Hamburger’s observations [7], who has
demonstrated that the motor column of an overloaded thoracic spinal cord
does not change its size in contrast to the sensoric one which shows a clear
gain in size correspondent to the peripheric load.

The musculature of such wings was atrophied. While the muscles of the
girdle, although much smaller in size, more or less persisted no muscle was
found on the free extremity, except for a small distrophic muscle bundle in
the place of the triceps (Fig. 8). This bundle was present in every case.

3. The most interesting result of the experiments was the establishment
of the function of wings innervated by heterotopic lumbo-sacral segments.
A peculiar motility had developed which occurred always parallel with move-
ments of the legs. When walking, the animals raised and adduced the wing to
the shoulder joint (Fig. 12) exactly in time with the step of the leg on the same
side. This movement of wing was of little excursion, about in the 15 to 20
degree range. Although the musculature of the free extremity was fairly
well maintained and normally innervated (Figs. 6 and 7), the joints were
mobile, no movements occurred in the other joints or they were so small as
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to escape detection. The wings remained completely motionless under all
circumstances that elicit the characteristic wing reflexes in intact animals.
Letting fall down a chick provokes rapid flattering of the wings, or tilting
around the longitudinal axis an extension of the wing on the side turned
downwards and a flexion and adduction on the other. None of these responses
appeared in the operated animals (Fig. 11). It was, on the other hand, interest-

ing. 9. The wing of a chick with lumbo-sacral segments grafted into the place of brachial

segments. All muscles of the wing have developed, peripheral course and arborization pattern

of the median (full line) and the radial nerves (broken line) are similar to those in the normally
innervated wing

ing to note that when the chick was pecking and bending down for grains
on the ground, all movements involving the hip joint were accompanied by
the motions of the wings described above. From the study of the function of
the wings the general impression was gained that the innervating lumbo-
sacral segments on the place of the brachial segments did not react to central
impulses addressed to the brachial cord, but were set into work simultaneously
with the orthotopic lumbo-sacral segments.

Dissection studies revealed typical lumbo-sacral cord in the brachial
region with the characteristic glial swelling in the rhomboidal sinus (Fig. 3).

Figs. 10. 11 and 12. Show wing movement and posture in chicks with brachial spinal segments
replaced homoplastically in early embryonic age. Fig. 10. The brachial segments have been
replaced by the same segments of another embryo of similar age. Characteristic wing reflexes
upon quick downward movement of the hand. Fig. 11. Lumbo-sacral cord grafted into the
place of the brachial segments. Although wing muscles are well innervated and fairly well
developed, there is no wing reflex during downward movement of the hand. Fig. 12. Similar
case as in Fig. 11. with characteristic wing posture: somewhat extended and abduced. Simul-
taneously with each step the ipsilateral wing is clearly extended and abduced
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From the seven primordial lumbosacral segments transplanted four cord
segments developed and four nerves emerged which formed a plexus before
entering the wing. The rearrangement of the heterotopic spinal cord in the
number of segments both of lumbo-sacral and thoracic origin, was apparently
influenced by the number of the neighbouring myotomes, as already shown
by Detwiter [2] in the newt. The four plexus forming spinal nerves were
mostly thicker than those of the heterotopic thoracic segments, but did not
reach the thickness of the normal brachial nerves. Although the lumbar
enlargement was present in brachial position as well, the histological examina-
tions showed considerable loss of motoneurons as compared with the normal
lumbo-sacral segments. The general histological appearence of the motoneurons
left did not differ from that of the normal ones in any part of the spinal cord.
The branching pattern of the peripheral nerves, as far as it could be traced
under dissection microscope, was perfectly regular (Fig. 9) although the
nerves were considerably smaller than in the normally innervated wings.
The same held true for the muscular apparatus of these wings: all muscles
were well developed, but their size did not reach, in general, that of normal
wing muscles.

Discussion

As this investigation aims mainly at studying the function of heterotopic
cord segments of different origin, the morphological findings are only briefly
outlined, a more detailed discussion of myotrophic aspects being reserved for
a following paper.

From the results the unequivocal conclusion can be drawn, that clear
differences prevail in the functional capacity of different spinal cord segments,
which are determined already in early embryonic life (Hamburger-Hamilton
stages 15 and 16). Foreign brachial cord can substitute for the host’s own
brachial cord in every respect. As to the function of connecting higher and
lower levels of the CNS, all segments seem to be equivalent. Thoracic segments
are unable to perform whatever movement in the wing, which supports the
several data available in literature [4, 10, 14]. The axons of thoracic moto-
neurons for some unknown reason cannot establish effective myoneural junc-
tion with wing musculature, which therefore soon undergoes complete atrophy,
just as in the experimentally induced nerveless limbs of the chick [6]. Sensory
nerves invading the wing can, on the other hand, promote pain and touch
sensitivity. This difference is clearly represented by the distrophic motor
column and the hypertrophic sensory columns in the histological pictures of
the heterotopic thoracic segments.

Wings innervated by heterotopic lumbo-sacral segments are able to
produce, if not complete, still considerable movement, synchronously with the
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movements of the ipsilateral legs. There is no satisfactory explanation, as yet,
to account for the incomplete movement in the otherwise normally developed
and perfectly innervated wings. Szekety [13] has reported a similar obser-
vation in the newt, according to which in forelimbs innervated by lumbo-
sacral segments, although showing well coordinated stepping movements,
the elbow moves only to that limited extent which can be observed in the knee
of normal hindlimbs. But the adaptation of inappropriate segmental apparatus
to the task of moving a limb is much better in the newt. It might well be that
some higher plasticity of the segmental apparatus at the moment of the trans-
plantation accounts for this difference. It must be considered, however, that
the gross anatomical difference and consequently also the requirements of
building up a highly specific nervous apparatus for coordinated limb move-
ment are smaller between a newt fore- and hindlimb, than between wing and
leg of the chick. This consideration is supported by the fact that both in the
newt and the chick the movements in a limb, innervated by the inappropriate
segmental apparatus, are better preserved in the proximal joints and progres-
sively less in the distal ones, where the divergence between the two limbs becomes
naturally larger and particularly explicit between wing and leg.

Another observation deserving some comment is the perfectly synchro-
nous movement of the wings with the legs on the same side (Fig. 12). In similar
experiments carried out on newts, Székety [13] could observe but an inclina-
tion to perform by the forelimbs movements synchronized with those of the
hindlimbs, when the lumbo-sacral segments were substituted for the brachial
segments. He suggested that the hindlimb character of the lumbo-sacral cord
might have been not completely determined at the time of transplantation,
and the grafted segments might have more or less adapted themselves to their
new situation, resulting in forelimb trends of their function. Literature dealing
with embryonic determination phenomena includes a large body of evidence
suggesting that embryonic differentiation of most tissues, in general, is earlier
determined in the chick than in the newt. The dissimilarity between these and
Székely’s findings can, therefore, be explained by assuming that the lumbo-
sacral cord, being in the chick definitely determined at the time of transplan-
tation, can maintain the hindlimb character in its function. Perfect synchro-
nisation of movements in both limbs and the fact that the wings remain motion-
less under circumstances that in normal animals evoke wing responses, suggest
furthermore that the grafted lumbo-sacral segments can somehow select from
impulses descending from higher centres to answer only to those which are
addressed to the normal lumbo-sacral segments. Trying to interpret such
selective responses of the grafted segments, one may think of two alternatives:
(i) The motoneurons of the grafted and the normal lumbo-sacral segments
might establish connections with exactly the same descending neuron systems,
and these specific neuronal connections might rise to the synchronous move-
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ments in the extremities. The establishment of the specific connections might
be regulated by some specific properties, claimed by Weiss and Sperry [15, 11]
to exist in the neurons, which would allow the development of functioning
synapses only between sets of certain particular neurons having gained during
neurogenesis qualitative specification to match each other, (ii) The alternative
is that certain parts of the CNS have the capacity to analyze different impulse
patterns and answer only to the appropriate ones, as suggested in earlier
works from this Department [14]. The limb segments of the spinal cord might
have some property of this kind, probably on the grounds of a peculiar struc-
tural arrangement of neurons in the segmental apparatus. Further experiments
are necessary to analyze these problems.
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DIE FUNKTION HETEROTOPISCHER RUCKENMARKSEGMENTE
BEIM HUHNCHEN

Bei Huhnerembryonen der Stadien 15—16 (Hamburger—Hamilton) wurden die
operativ entfernten Brachialsegmente des Medullarrohres durch brachiale, thoracale und
lumbosacrale Medullarrohrabschnitte gleichartiger anderer Hihnerembryonen ersetzt. Inner-
vation und Funktion der durch solche Implantate versorgten Flugel wurde nach dem Aus-
schliipfen der Hihnchen untersucht.
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Brachialsegmente eines anderen Embryos kdnnen die entfernten Brachialsegmente des
Wirtstieres in jeder Beziehung ersetzen. Innervation und Funktion der Flugel erwiesen sich in
solchen Fallen als normal.

Obwohl an Stelle des entfernten Brachialteils implantierte thoracale Segmente die
Flugel innervierten und dieselben schmerzempfindlich waren, war ihre Musculatur voll-
kommen atrophisch und es entwickelte sich eine Ankylose der Gelenke. Die Hinterhdrner der
implantierten Rickenmarkssegmente zeigten wohl eine deutliche Hypertrophie, die Vorder-
hérner waren dagegen atrophisch.

Flugel, die durch implantierte lumbo-sacrale Segmente innerviert wurden, zeigten
lediglich im Schultergelenk kleinere stets mit den Schreitbewegungen der gleichseitigen unteren
Gliedmassen synchronisierte Bewegungen, aber keinerlei fur die Flugel sonst typische Bewe-
gungen und Reflexe. Trotz gut ausgebildeter und normal innervierter Fligelmuskulatur waren
in den anderen Gelenken keinerlei koordinierte Bewegungen nachweisbar. Frklarungsmoglich-
kciten dieser Befunde werden diskutiert.

VMCCNEAOBAHUME Y UbIMNAT ®YHKUWUW TETEPOTO11INYECKWMX CIMNHHO-
MO3roBbliX CEFMEHTOB

B 3apofbiwax ubinnart (ctagun 15—16 no Mamb6yprepy v FaMunbTOHY) NpeaBapuTesibHO
yfaNneHHble M/eyeBble CMUHHOMO3IOBble CErMeHTbl OblNM 3aMeLLeHbl MNIeYeBbIMU, PYAHBIMY,
WM NOACHUYHO-KPECTLOBbLIMU CEerMeHTamMmu CMWHHOTO MO3ra, B3ATbIMW OT APYrMX 3apofblLleit
04MHaKoBOro Bo3pacrta. locne BblIyNeHMs U3 AidLa McCnefoBanncb MHHepBaLns U hyHKUUS
KpbINbEB, MHHEPBMPOBAHHbLIX OT MEPECcaKeHHbIX CErMEHTOB CMUHHOr0 Mosra, .

MneyeBOW CErMeHT [APYroro LpliNfieHKka MOXeT 3aMeHWTb Y[aneHHbIi Nneyesol cer-
MEHT BO BCEX OTHOLUEHMAX. B Takux cny4vasx pas3suBanacb COBEPLUEHHO HOpPManbHas WHHep-
BaUMA U yHKUUSA.

XOTA HepBbl MEPecaXeHHbIX FPYAHbIX CErMEHTOB PA3BETBAANNCL B KPbINbAX, KOTOPble
CTanu YyBCTBUTE/IbHLIMW B OTHOLUEHWW 60/el, MbILLbI CTa/M COBEPLUEHHO aTPOIMUECKUMU ©
CYyCTaBbl aHKWNO3HbIMWU. B [opcabHOM CepoM BELLeCTBE MepecaXKeHHbIX CerMeHToB Habnto-
fanacb runeptpodus, Torda Kak B [IBUraTe/lbHOM HepBe UMENUCH OnpefeneHHble Mpu3Haku

ncrpouu.

AP KpbIbAX, WHHEPBMPOBAHHLIX OT TeTepPOTOMUYECKUX MOACHUYHO-KPECTLOBbIX Cer-
MEHTOB, HabNIOLANNCL YMEPEHHbIE ABVXEHUS M/1eYa, COBEPLUEHHO CUHXPOHHBIE C [BUMXEHUAMMU
HOT TOI >Xe CTOPOHbl. Bonpekn XopoLwlo pasBuToi U HOPMaSibHO WHHEPBMPOBAHHOW MYCKYNs-
Typbl He YyAanocb YCTaHOBWUTb KOOPAMPOBAHHBLIX ABWMXKEHWIA Lpyrux cycTaBoB. O6CyxaaeTcs
npesnonaraemMblii MexXaHu3M aHKW03a AUCTabHbIX CyCTAaBOB W CUHXPOHHbLIX [ABMXKEHWIA B
nneyvax.

Karoly Straznicky, Pécs Dischka Gy. u. 5, Hungary
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Synopsis

The amount of mitochondria in the three growing zones (meristem, zone of
cell elongation and the zone of root hair development) of lupine roots was determined
by direct counting on thin microscopic sections or on the basis of N content of
the mitochondrial fraction obtained by differential centrifugation. The amount of mito-
chondria changes in the root cells as they pass the various phases of growth. Maxi-
mum values are found in cells which have just completed the elongation,
while minimum number is obtained for meristematic cells. The observed changes might
in part account for the development of gradients of certain physiological characteris-
tics in the lupine root.

Introduction

The close relationship of growth and absorption in the root system is
now firmly established. This explains recent interest in the metabolism of
growing zones of the root and in the elucidation of their role in uptake and
translocation of inorganic substances. These studies supply a picture on the
metabolic changes in cells on different stages of growth, on the one hand,
and may characterize the functional development of the root as the organ of
uptake and translocation of substances, on the other. Several studies [18, 19, 20]
revealed certain differences between the cells of growing zones of the root
as to the accumulation of dry matter, protein and nucleic metabolism, res-
piration, activity of certain oxidases, etc.

The recognition of the almost exclusive role of mitochondria in release
and transformation of energy in living cells induced the study ofdistribution
and activity of these organelles in the growing zones of root.

The present paper involves data on quantitative determination of mito-
chondria in cells of growing zones in lupine root. Authors are fully aware of
the fact that mitochondrial number alone is not an exclusive criterion of the
energetic capacities of the cells. The latter can he determined only if the poten-
cies of the mitochondria and their working capacity under experimental con-
ditions are known.

We assume, however, that the results of the first phase of our work
represent certain interest in view of the paucity of reliable quantitative data
on the mitochondrial number of plant cells.
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The number of mitochondria in cells of different animal organs has been
estimated in several papers [3, 4,5, 16, 23]. Numbers ranging from 1400 to
2500 per cell were found in animal tissues; the half life period of the organelles
was 5 to 10 days [10]. As to plants, more mitochondria were found in young
cells as compared to old cells [21, 22]. The number of mitochondria per unit
area remains relatively constant even when the cell volume increases [6, 22].
This observation permits the assumption that the mitochondrial number might
increase as the elongation and differentiation of cells proceed. A similar
conclusion is suggested by data concerning the protein content in the
mitochondrial fraction of cells of different age [1, 2, 9, 15]. In root tip
cells of four grass species the number of mitochondria per cell area was esti-
mated to be 40 to 100 [6, 7]. Electron microscope and biochemical studies on
mitochondrial development in maize root tip [15] revealed several changes
of mitochondria during cell growth and differentiation. Immature mitochon-
dria of low biochemical activity are transformed into differentiated active
organelles in the cells which have just completed elongation. Most probably
destruction of the structure and decline in the activity of mitochondria
occurs in mature cells. The present data on percentual ratio of mitochon-
drial to total cell protein content also suggest that changes occur in mi-
tochondrial number, structure and functional activity.

Materials and methods

Changes in the mitochondrial population of growing cells were studied in the present
work by means of direct counts on permanent slides and by determination of total and protein
nitrogen in the mitochondrial fraction obtained from the growing zones of lupine roots. Five
to eight day old seedlings of the lupine variety Blue Nemtchinovska were used. The plants
were grown in 1/5 Knop solution of pH 6.2. For direct counts root tips were cut into zones,
fixed in Regaud and Levitsky [11, 21]. 3fi thick cross sections were cut, stained with Hei-
denhain haematoxylin and the mitochondria counted in serial sections. The data were ob-
tained by counting in 10 roots. In addition, mitochondrial counts were made on sections
of living roots after reaction for succinic dehydrogenase [6]. The mitochondrial fraction
was prepared by differential centrifugation (35 min. 17000 rpm) in an MSE refrigerated
centrifuge. The preparation was performed in a refrigerated room at 0-]-30C. The material
was homogenized and centrifuged in sucrose solutions made up with phosphate buffer of pH
7.4 to which 5.10—2 M versene was added. 0.88 M sucrose was used for the division zone,
whereas 0.25 M solution for the stretching zone and for the zone of root hairs. Total and
protein nitrogen were determined according to the method of Lubochinsky and Zaita
[14]. Cell number in the growing zones has been counted according to Bbown’s method [8].

Results and discussion

The number of mitochondria in the cell areas on the section of the cell
is rather constant (Table 1). Data obtained with plant sections (42 to 58
[6, 7]) and in sea urchin larves (10 to 30 [12]) are in good agreement with the
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present observations. Table 1 shows the mitochondrial number in cells of
tissues in the zone ofcell division (0to 2 mm) and of cell elongation (2to 7 mm).

Table 1

Mitochondrial number per cell in the tissues of the first cm
of lupine root (8 day old seedlings)

Number of mitochondria

Tissue on the section the sa ne on the
in one cell basis of tetra/o’ium in me cell
reaction
0—2 mm
root cap .o 12.8+0.5 15.6+0.9 864 49
meristem ... 22.0+0.1 24.6+0.8 149 , 1L
2—7 mm
[of0] (=)' QNN 35.9+0.7 35.1+1.2 1176 + 38
epidermis........... 31.2+1.5 29.9+1.5 936 , 43
endodermis ... 27.3+2.1 — 810 +41
pericycle 253+2.1 800 +37
cell of central
cylinder (plerome) 15.0+0.4 1696 +58

The mitochondrial population in an average meristematic cell is about
150. This number increases parallel to the growth of the cell and differentia-
tion of primary tissues. A considerable number of mitochondria is found in
the elongating cells of vascular bundle which will form later where sieve tu-
bes of the phloem are already developed. The counting inpermanent mounts
of the root hair zone encounters difficulties because the cytoplasm is locat-
ed at the cell wall and no reliable counts can be obtained. The mitochon-
drial number in cells of this zone may be assessed on the basis of the total
and protein nitrogen content in the mitochondrial fraction (Table 2).

Table 2
Nitrogen content of the mitochondrial fraction separated from growing zones of lupine seedlings
(mg 10 9 per cell)

A €
Growing zone 5 days 8 days

total N protein N total N prote’n N

division .. 40.2 30.2 245 19.0
elongation ... 92.1 60.1 75.6 44.7
root hair development 73.2 34.9 76.1 31.8
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The values shown in Table 2 are means of 8 experiments. They show a
decreased mitochondrial protein content in the dividing and elongating cells
and no changes in the mature cells.

The protein nitrogen content of the mitochondrial fraction depends on
the age of the cells. It attains a maximum level in the cells of the zone of
elongation and decreases again in the mature cells of the zone ofroot hairs.

At the same time there is an increase of non-protein nitrogen in the
mitochondrial fraction of the zone of root hairs which is probably due to the
destruction of the internal structure of mitochondria. The increase of mito-
chondrial nitrogen in the zone of elongation might depend on an increase in
the number of mitochondria, on the on eliand (Tablel), and on theirincreased in-
ternal differentiation, i.e. on the increase in number of their cristae, on the
other. In mature cells in the zone of root hairs the number of mitochondria
probably decreases with parallel changes in their structure and activity. When
the total nitrogen content of the mitochondrial fraction is expressed as per
cent of the total nitrogen content of all fractions a rather constant value is
obtained which does not depend on the age of the cells and roots (Table 3).
These values fall at the same time within the range reported in the literature
for different animal tissues (26.9 to 34.0 per cent).

Table 3

Total nitrogen content of the mitocdondrial fraction in per cent of total
nitrogen content of all fractions studied

Age of seedlings in days
Growing zone

5 8
divisSion .. 35.1 37.9
elongation ... 38.9 40.7
root hair development ... 32.8 345

A comparison of the present findings with data published earlier [13]
shows a remarkable agreement in the total protein content per cell in rat liver
and in the two first growing zones of lupine root.

The results obtained in the present study must be taken with great
caution in view of the great difficulties connected with direct counting and
of the uncertainty of the completeness of the mitochondrial fraction isolated
by means of differential centrifugation. However, a comparison of the present
data with results obtained with animal cells show that our results are real.
E.g. the mitochondrial population in cells of cortex or of the central cylin-
der is only slightly less than in animal cells. There is a very close agreement
in the mitochondrial nitrogen content per cell. In view of the ideas outlined
above the results obtained in this work seem to be quite real.
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Accordingly a gradient of mitochondrial number was found in the growing

zones of the lupine root. The number of mitochondria changes in the cells as
they pass the various phases of growth. Maximum values are found in cells
which have just completed the elongation while these values somewhat de-
cline in the cells of the root hair zone. Minimum number is obtained for meris-
tematic cells. The observed changes might in part determine the development
of certain physiological gradients in the lupine root.
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ANZAHL DER MITOCHONDRIEN IN DEN ZELLEN DER WACHSTUMSZONEN
DER WURZEL VON LUPINEN

Die Anzahl der Mitochondrien in den Zellen der drei Wachstumszonen (Teilungszone,
Streckungszone und Zone der Wurzelhaare) wurde durch Zahlung in diinnen Mikrotomschnit
ten und auf Grund des Stickstoffgehaltes der durch Differenzialzentrifugierung erhaltenen
Mitochondriumfraktion bestimmt. Es wurde eine Veranderung der Anzahl der Mitochondrien
in den Wurzelzellen festgestellt, welche darauf zurtickzufiihren ist, dass die Zellen nacheinander
zu den aufeinanderfolgenden Zonen gehéren. Die grésste Anzahl wurde in den Zellen gefunden,
die soeben die Streckung vollzogen haben, wahrend die kleinste in den Meristemzellen. Die
nachgewiesenen Veranderungen gehdren nach der Meinung der Verfasser zu den Faktoren,
welche das Auftreten von Gradienten in bestimmten physiologischen Eigenschaften der
Lupinenwurzel bedingen.

O KOJIMYECTBE MUTOXOHAPUM B KNETKAX 30H POCTA KOPHA JIOMUHA

B cTatbe MpUBOASTCS PE3yNbTaTbl KOMMYECTBEHHOTO PacrpefiesieHnsi MUTOXOHAPWIA B
KNeTKax TPex 30H pocTa KOpHA NtonuHa (MepucTema, 30Ha PacTsHKeHUsl 1 30Ha KOPHEBbIX BO-
nockoB). O KO/MUECTBE MUTOXOHAPWIA aBTOPbI CYAWIM MO /jaHHBIM HEMoCPeACTBEHHOrO Nog-
cyeTa MUX Ha TOHKMX MUKPOTOMHBIX Cpes3ax U Mo KOMMYECTBY asoTa BO (PaKLUM MUTOXOHAPUN,
NONYYeHHO AndepeHLIManbHbIM LIEHTPUGYrpoBaHeM. ABTOPbI YCTaHOBMAW, YTO MpW Mpo-
XOX/JEHWU KIETKOM KOpHS OTAe/bHbIX 3TaroB pocTa KOJMYecTBO MUTOXOHAPWIA B Hell MEHSETCS.
Uncno MUTOXOHAPWIA MaKCUMa/bHO B KETKAX, 3aKOHUMBLUMX PacTsKeHWe, MUHUMAIbHO -
B KMeTKax MepucTeMbl. OGHapy>XeHHble U3MEHEHWs B KNETKAX 30H POCTa KOPHS /IHOMNWHA, Mo
MHEHWIO aBTOPOB, SIBNSIOTCA OAHUM M3 (haKTOPOB, OGYCMAaBMMBAIOLMX BO3HWUKHOBEHME Tpa-
AVeHTa psafga (U3MONOTMYECKVX CBOWCTB B HUX.

H. I'. noranos, MockBa B— 234, MT'Y, Kadegpa comavosnormm pacteHumin, CCCP.
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UC02incorporation in normal and albino

CORN LEAVES AT DIFFERENT LIGHT INTENSITIES

B. Fatudi, |. Gyurjan and Agnes F. Daniel

DEPARTMENT OF PHYLOGENETICS AND GENETICS, EOTVOS LORAND UNIVERSITY, IIUDAPEST
(HEAD: B. FALUDI)

(Received June 15, 1963)

Synopsis

The 14CO,, assimilation of normal and albino corn seedlings was compared at
different light intensities. It has been established that more 14C02 was fixed by the
alcohol soluble and insoluble fractions of albino leaves at 5 and 100 lux intensities,
than by the corresponding fraction of the normal leaves. At higher intensities (1000,
10 000 lux), however, it was found that the fractions of the normal leaves were label-
led much more intensively than the corresponding fractions of the albino leaves,
which at these intensities already exhibited a decreasing trend. The 14C fixation maxi-
mum of albino leaves appears between 100 and 1000 lux, which is clearly illustrated
also by the initial increase and subsequent destruction of pigment content.

By the quantitative distribution of I4C among the alcohol soluble compounds
it may be seen that light, besides affecting the extent of 14C fixation, largely influences
the further pathway of carbon too. As light intensity is raised, the 14C contents of
alanine, serine, glycine, and aspartic acid increase in normal leaves, whereas in albino
leaves the 14C fixation over 100 lux is shifting towards the organic acids. These data
show that the difference between the light enduring capacity of normal and albino
leaves influences the further mechanism of t4C02 fixation.

Introduction

The efficiency of plant photosynthesis, and the distribution of CO02
incorporated into the different compounds, is greatly influenced by the
wavelength and intensity of light. This effect may assert itself differently in
the various photosynthetic processes. Light intensity also plays a role in the
formation of the pigment content of the leaves which is connected to the
relation between their synthesis and decomposition [27, 45, 46]. To maintain
the dynamic equilibrium a light intensity is needed, at which pigment content
and/or photosynthetic activity of the pigment are at a maximum. There is an
activity decrease, at illumination appreciably stronger than optimum, which
may be followed by an increasing pigment decomposition [52, 31, 50]. This
process occurs even at lower light intensities in the case of very light sensitive
albino plants [22, 48].

Strong illumination has an effect on CO02 assimilation processes too.
In such cases CO, incorporation partly or completely discontinues and “dark
fixation” dominates [47].

Light intensity changes — besides influencing the extent of C0O2incorpo-
ration — may influence the further pathway of oxygen and carbon also in
leaves having normal pigment content.

| Acta Biol. Hung. 14. 1963
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Bassham [6] has shown that during normal assimilation most of 14C
(70— 85%) is fixed when ribulosediphosphate carboxylase is present. Experi-
ments conducted with etiolated bean leaves [10] showed a fast incorporation
of 14C02 at 20,000 lux light intensity and there was of 14C into the leaf
pigments too. Illumination, first of all, stimulates a-alanine, serine, and
glycine synthesis. The start of the /S-carboxylation of phosphoenolpyru-
vic acid is indicated by increased activity of aspartic and glutamic acid.

Proteins are the first to be labelled at weak illumination, while at strong
illumination — on account of the increased activity of the Calvin cycle —
the synthesis of carbohydrates predominates [40, 41]. When illuminated with
light of different wavelength, it was found that a higher proportion of C02
was incorporated into the amino acids of leaves kept in bluish-green light;
in red light, however, the formation of carbohydrates comes into prominence
[17, 42].

The synthesis of organic acids continues [20, 21] both in light and dark,
the Krebs-cycle, however, is inhibited in intensely illuminated leaves, and
Co02fixation is of less significance [4].

CO02 assimilation tests conducted with 14C, show that the wavelength
and intensity of light influences the distribution of activity with in the molecule.
Cayte and Emerson [13] found that in alanine the position of 14C synthetized
in blue and red light was similar; in glycine the amount of 14C in a position
was 21% in red light, and 42% in blue light. B radbeer [12] determining the
proportion of labelling in the C-1 and C-4 atoms of malic acid formed during
assimilation, pointed out that CO2incorporation into the C atoms of malic
acid was different depending upon light intensity. The metabolic differences
referred to arise from the fact that light intensity is diversely involved in the
various paths of metabolism [32, 56].

Shade-plants are more sensitive to light of different wavelength and
energy [58], which is also shown by the relation between the distribution of
synthetized C02and light tolerance.

The aim of our work was to examine, which way the C02assimilation of
the genetically extremely light sensitive albino plants differs — at various
light intensities — from the similarly treated normal leaves.

Materials and methods

Our experiments were made with the offspring of Zea mays heterozygote for albino
mutation. Our albino strain synthetizes protochlorophyll in the dark to an extent approach-
ing normal, which on light becomes transformed into chlorophyll-a, and chlorophyll-b.
The carotenoid synthesis of the strain is abnormal, since it accumulates a partly saturated
carotenoid: f-carotene [18]. The homozygote recessive albino phenotype can be distinguished
easily, by the pale yellow coloured endosperm of kernels, from the homozygote dominant and
heterozygote normal grains. The strain was inbred at the Alségdd Biological Station of this
University. The corn seeds, used for the 14CO, assimilation tests, were germinated in the
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dark at 27° C. The 3 days old seedlings were placed in the 14C02atmosphere, then kept at light
intensities of 5, 100, 1000, and 10,000 lux, supplied by a 500 watt low pressure Xenon bulb.
The 14C02 atmosphere was produced in a 4-compartment case of plexiglass [23], in which
the light intensities mentioned above could be secured under otherwise similar conditions.
A small dish was placed into the lower, inner meeting point of the compartments where 20
mg Ba 14C03having an activity about 900 uc, and methyl red indicator showing the endpoint
of the liberation and fixation reaction were placed.

The shoots of the seedlings were disposed in the compartments, in small dishes contain-
ing phtalate buffer (0.005 M phtalic acid; pH 4.8). Subsequently, the case was her-
metically sealed. After producing a low vacuum, C()2 was released by an excess of lactic
acid made available from a ground glass burette. After 48 hrs. 14C02absorption the C0O2content
of the atmosphere was fixed by an excess of Ba(OH)2 The leaves were homogenized with
sand and some MgCO03in acetone, then the lipid soluble components were removed by ether-
extraction [32, 331 The soluble components were dissolved from the residue by repeated
alcoholic extraction, and were added to the water-acetone extract. An aliquot was brought
from the total pigment as well as from the alcohol soluble fractions, on a small aluminum
dish and the activities were measured after during. The total activity of the protein fractions
were measured by hydrochloric hydrolysis [43].

To evaluate each of the components of the alcohol soluble fractions, a quantity of the
material corresponding to an activity of 5X 105 tpm. was taken up on a Whatman No 1
paper washed previously in oxalic acid. The soluble carbohydrates, amino and organic acids
were separated by two-dimensional chromatography using Benson’s [9] solvent system (1.
water-saturated phenol, 2. n-butanol-propionic acid-water 100/50/70). The chromato-
grams, when run, were placed on “Agfa Laue” X-ray films and exposed for 10 days. The
developed film showed the position of the 14C labelled materials. For quantitative
evaluation — on the basis of comparison with X-ray films — the constituents were
eluted by hot water from the paper, then placed on a small plate and the activities were
measured by 2n geometry gas-flow GM tube. The characterization of the various spots was
based on R values and map, as well as information by special developers.

Results and discussion

Table 1 shows the 14C activities incorporated into the lipid soluble frac-
tions (pigments, other lipid materials) of leaves kept in 14C02 atmosphere for
48 hrs at different light intensities.

From Table 1 it may be seen that the 14C content of the lipid soluble
fraction of normal leaves increases with growing light intensity. At strong
illumination (10 000 lux) the activity is significant. There is an increasing
trend of activity in albino leaves at lowr light intensities while at stronger

Table ]

The distribution of ,4COsfixed by the lipid soluble fractions of normal and albino leaves of corn
subjected to different light intensities
(103 cpm/g fr. w.)

Lightoint)ensity 5 100 1000 10,000
material normal albino normal albino normal albino normal albino
10{ cpm/g ... 5.6 4.7 5.7 5.2 16.0 5.1 74.0 4.8
103 cpm/lux ... 0.06 0.05 0.02 0.005 0.007 0.0005
aln 0.8 0.9 0.3 0.07
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Table 2

The quantity of 14C02fixed by the alcohol soluble compounds of normal and albino leaves
at different light intesities
(103 cpm/g fr. w.)

Light intensity 5 100 1000 10,000
(lux) '
Material normal albino normal albino normal albino normal albino
103 cpm/g ... 44.0 54.0 34.0 55.0 310.0 59.0 5832.0 58.0
103 cpm/lux ... 0.3 0.6 0.3 0.06 0.5 0.006
total fix.% .... 0.96 0.95 1.10 0.61 4.18 0.53 11.20 0.70
aln 1.2 1.6 0.2 0.01

illumination it drops to the level corresponding to the value of the dark variant.
14C02 incorporation is the most intensive at 100— 1000 lux intensities. The
differences, between the amounts of HC incorporated into the lipid soluble
fractions of normal and albino leaves, are illustrated by the activity increase
(cpm/lux) related to the different light intensities and/or by the albino/normal,
(a/n) ratio. The cpm/lux values are the same in normal and albino leaves at
100 lux intensity. From this it may be concluded that, at this light intensity,
the pigment synthesis of the albino leaves is also normal.

At 1000 lux light intensity the cpm/lux value hardly differs from the
value of the 100 lux variant; in the albino leaves, howex”er, it is about 1/10
of the original value. This tendency is more explicit at 10 000 lux, in so far
as the cpm/lux value in the normal leaves drops to 1/10 of the cpm/lux value
of the variant kept at 100 lux; in the albinos this drop may amount to txvo
orders of magnitude. At this light intensity the albino leaves are practically
bleached.

The a/n quotient is the highest at 100 lux light intensities, then —
because of the decomposition of the albino leaf pigments, and mainly due to
intensive increase of the pigments in the normal leaves — it rapidly decreases
with the increase of illumination.

In our previous work we have stated that there was a difference of about
txvo orders of magnitude between the light tolerance of the normal and albino
leaf pigments [22]. Considering the relatively high activities at 10,000 lux,
one may arrive at the conclusion that the high light intensity in albino leaves,
though increasing the decomposition of the pigments, only slightly damages
the pigment synthetizing system. Concerning the pigment destruction in the
strongly illuminated mutant plants, the hypothesis seems probable that this
process is connected with the increased light sensitivity of the caroteneids of
the albino leaf pigments [18].

Acta Biol. Hung, 14. 1963
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The distribution of 14C incorporated into the alcohol soluble fraction
containing amino acids, sugars, and organic acids of normal and albino leaves
kept at different light intensities is shown in Table 2.

It appears from Table 2 that the 14C content of the normal leaves,
established at 5, or 100 lux light intensities, was nearly the same, and lower
than the corresponding values of the albino variety. At 1000 and 10,000 lux
the activity is substantially higher.

The activity change is slight in the albino leaves with a maximum value
at 100 lux. At 10,000 lux it begins to slightly decrease.

At 100 lux the cpm/lux value of the albino leaves is the double of the
normal ones; at 1000 lux this value decreases tenfold, while there is no change
in the normal leaves. At 10,000 lux the cpm/lux value of the albino leaves
decreases again tenfold, while in the normal leaves the decrease amounts to
60%, as compared to the values obtained at the previous light intensities.
A comparison of the a/n ratios reveals that, at 100 lux intensity, there is a
much stronger fixation of C02 by the albino leaves, than by the normal. This
ratio largely decreases at higher light intensities, on account of the more inten-
sive l4C02fixation of the normal leaves. This intensive fixation is significant,
even as compared to the total fixed 14C02 (11.2%), which may be mainly
correlated with the activity decrease of the “solid” fraction. The activity
shift toward the alcohol soluble compounds may be explained by a drop in
the formation, or an increase in the decomposition of the insoluble compounds.

Table 3 shows the activities of 14C fixed by the insoluble fractions made
up by proteins and different polysaccharides. There was a gradual increase
in activity — apart from the low value at 100 lux — in the leaves of normal

Table 3

The quantity of 1CO02fixed by the alcohol insoluble fractions of normal and albino leaves
at different light intensities
(103 cpm/g fr. w.)

Light intensity 5 100 1000 10,000
Material normal albino normal albino normal albino normal albino
103 cpin/g ... 4600.0 5700.0 3100.0 9100.0 7400.0 11 200.0 52 000.0 8200.0
103 cpm/lux ... 31.0 91.0 7.4 11.2 5.2 0.8
aln 1.2 3.0 15 0.2

plants, when light intensity increased. The activity reaches its maximum at
1000 lux in albino leaves; it is somewhat lower at 10,000 lux illumination.
By comparing the cpm/lux values one can see, that at 100 lux light intensity
the 124C activity fixed by the *“solid” fraction of the albino leaves, is three
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times as high, as the 14C activity of the same fraction of the normal leaves.
At 1000 lux this difference is smaller, but at this intensity the values are
higher for albinos. At 10,000 lux — compared to normal leaves — the 14C
fixation by the “solid” fraction of the albino leaves decreases, and so the
cpm/lux value remains appreciably below the values of the normal leaves.
The a/n ratio shows a maximum at 100 lux, similarly to the corresponding
values of Table 2, then it drops considerably at stronger illumination.

The decrease in protein content of the albino leaves during illumination
may be explained by increased protein decomposition, as referred to also in
the literature [50]. This view is supported also by experiments showing that
the light sensitivity of the photosynthetic apparatus depended considerably
upon protein synthesis [28, 30].

in our further investigations we have studied the distribution of 14C
incorporated into the various components of the alcohol soluble fraction.
After exposition, 25 to 30 active spots appeared on the radiograms, made for
lhe determination of the different components, and for the comparison of the
amount of 14C fixed by each of them. We succeeded in identifying 20 of these
by selective developers, and Revalues: aspartic acid (1), glutamic acid (2),
alanine (3), glycine + serine (4), phenylalanine (5), leucine (6), proline (7),
tyrosine (8), glutamine (9), sucrose (10), phosphoglyceraldehyde (11), phospho-
glyceric acid (12), malic acid (13), glycolic acid (14), succinic acid (15), citric-
isocitric acid (16), a-ketoglutaric acid (17), glyceric acid (18), tartaric acid (19),
fumaric acid (20).

The characteristic radiograms of the alcohol soluble components in the
albino and normal leaves kept at 10,000 lux intensities, are shown by Fig. 1.

Fig. 1 shows clearly the relative difference in distribution of activities
fixed by the alcohol soluble components of normal and albino leaves.

Aspartic acid, glutamic acid, alanine, glycine -~ serine show an intensive
labelling in the leaves of normal plants. The organic acid content — compared
to the albinos — is low at this light intensity. Chiefly malic acid, and among
the amino acids aspartic and glutamic acid spots have strong activity in albino
leaves.

On the basis of the qualitative evaluation of the radiograms, the com-
ponents — characteristic of albinism and light effect — showing the greatest
differences, were analyzed quantitatively. These components are the following:
aspartic acid, glutamic acid, alanine, glycine -\- serine, malic acid, and glycolic
acid. The active spots were dissolved, from the paper and their isotope content
measured. The percentage distribution of the fixed 14C per unit weight material
is shown by Table 4.

It may be seen, from Table 4, that in the dark the activity is mainly
due to glycolic acid, aspartic acid and malic acid. As light intensity is increased,
the 14CO,, content of amino acids increases in normal and decreases in albino
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Fig. 7. Radiograms made from the alcohol soluble fractions of normal and albino leaves
kept at 10,000 lux light intensity, a — albino, b — normal
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leaves. The tendency is the same for glycolic and malic acids, but the dif-
ferences between the normal and albino leaves are much smaller.

The a/n values obtained at different light intensities show that more
14C is fixed, at 5 and 100 lux, by the alcohol soluble components of the albino
leaves, than in the normal. The a/n values, belonging to these two light inten-
sities, are nearly the same, only at 100 lux decrease in a/n concerning glycine -f-
serine is observed. This shift in the ratio is due to the fact that the correspond-
ing values of the albino drop to half of the 5 lux values. At 1000 lux the a/n
ratio is low on account of the more intensive labelling of the alcohol soluble
components in the normal leaves. Also, at this light intensity, the a/n value
of glycine -)- serine is the lowest, simultaneously, the a/n value of glycolic

Table 4

The UC content of some of the alcohol soluble components of normal and albino leaves
at different light intensities

Light intensity (lux) 5 100 1000 10,000
Material normal albino a/n  normal albino a/n  normal albino a/n  normal albino W
aspartic acid........ 4.0 6.0 15 24 40 1.7 455 48 0.16 2840 3.4 0.001
glutamic acid .... 2.2 2.5 1.1 2.1 24 12 201 28 014 735 3.6 0.005
alanine .. 0.8 1.2 15 0.6 0.9 15 5.0 08 016 226 0.8 0.004
glycine -f- serine .. 04 o8 2.0 04 04 1.0 4.4 44 0.09 516 0.3 0.006
glycolic acid ... 50 74 15 45 6.2 14 164 52 0.32 58 3.7 0.06
malic-acid ............. 2.7 3.5 1.3 2.1 3.2 1.5 6.2 34 055 35 29 0.08

and malic acid is markedly high. The situation is similar at 10,000 lux, the
differences are, however, even greater: the a/n ratio of glycine -|- serine is the
smallest, while the a/n value of glycolic and malic acid is appreciably higher
than of the rest. At this light intensity the a/n ratio decrease for to aspartic
acid is also more important.

The diagrams in Fig. 2 show14C fixation by the components at different
light intensities. Light intensity is shown on the abscissae, while the ordi-
nates epresent the perreentage activity distribution related to the amounts
(5x 105tpm) brought up.

The following values were obtained by quantitative evaluation of the
components of the alcohol soluble fraction.

Aspartic acid : Aspartic acid 14C activity of the normal leaves is lower
at dim light than in the dark, while at more intensive light it significantlv
increases.

Activity decreases with increasing illumination in albino leaves. During
14C02 assimilation — in accordance with literature — aspartic acid is labelled
both in dark and light [16, 35]. Fixation may take place directly, via oxalo-
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Fig. 2. The effect of various light intensities on the percentual distribution of the alcohol

soluble components of normal and albino leaves, a — aspartic acid, b — glutamic acid,

¢ — alanine, d — serine + glycine, e — glycolic acid, f — malic acid, normal:-
albino ... Y L o
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acetic acid, from pyruvic acid of photosynthetic origin, or indirectly through
the Krebs cycle [14, 15]. With stronger illumination — on account of more
intensive protein synthesis — fixation into aspartic acid diminishes [2].

The possibility of these pathways may refer to the fact that the processes
in normal and albino leaves are essentially different. Presumably dark fixation
may be the only means of aspartic acid formation, because of the absence of
photosynthctic 14C02 fixation in albino leaves at intensive illumination. This
may be the pyruvic acid — oxaloacetic acid path.

Glutamic acid : Glutamic acid activity is nearly the same at low and
medium light intensities in normal leaves, increasing only at 10,000 lux. This
activity increase, however, is of much lesser extent than in the case of aspartic
acid. The values were similar in albino leaves to those of the normal ones,
at a low'er level.

From the similar trend appearing in normal and albino leaves, the
conclusion can be drawn, that the pathways of glutamic acid formation are
the same. During 1IC assimilation, shortly after exposition, glutamic acid
activity appears both in the light, and in the dark [5]. The amount of glutamic
acid may be increased though at more intensive illumination by the increasing
oxidation processes the inhibition of the Krebs cycle, however, interferes this
process to a certain extent [40]. This would explain the relatively insignificant
activity increase during illumination.

Some authors assume, that glutamic acid is formed from the reduction
products of C02(acetate, glycolic acid, phosphoenolpyruvic acid, alanine) [51].
This hypothesis would account for the fact that the glutamic acid content is
lower in albino, than in normal leaves.

Alanine : 14C activity in alanine is relatively low at less intensive
illumination in normal leaves, while at high intensities (10 000 lux) it increases
to a greater extent. As a contrast, in albino leaves the labelling of alanine is
low at any light intensity.

Alanine is one of the characteristic products of photosynthesis [57]. The
views are different as far as its formation is concerned. Earlier experiments
made with 14CO, point out phosphoglyceric acid as its starting material [55];
according to recent data it forms by the reductive amination of phospho-
enolpyruvic acid [35, 42]. The latter may explain the opposite activity change
found in the albino leaves. So far, however, we were unable to interpret the
high activity observed at 5 lux in normal leaves.

Serine -)- glycine : The change in the 14C content of these two amino
acids is similar to that of alanine, which is understandable, since during photo-
synthesis, starting from pyruvic acid, they form part of a common trans-
formation process [44].

Glycolic acid : We have found that the activity of glycolic acid decreased
appreciably at increasing light intensity in normal leaves. There is a decrease
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also in albino leaves, but to a smaller extent. Several authors have shown
[7, 8] that glycolic acid appears among the first products of photosynthesis
in algae and in higher plants, and it would serve as intermediary towards the
further — mainly amino acid — synthesis [54]. In our experiments, however,
the considerable decrease of activity, upon increased light intensity, refers
rather to connections with the increasing oxidation processes.

Malic acid : The 14C activity of malic acid decrease considerably with
increasing illumination in normal leaves. At the same time, the high activity
of malic acid is not affected by the light intensity change in albino leaves.

There are two ways of formation of malic acid: one of them by ribulose-di-
phosphate carboxylase, the other by phosphoenolpyruvic acid carboxylase
[38, 12]. Lyttieton [37] and Furrer [26] were unable to find ribulose-
diphosphate carboxylase in albino brome grass and xantha barley leaves, and
so the Calvin cycle did not function, either. Their objects were plants without
chlorophyll. It seems probable that dark fixation is the main pathway of
malic acid formation also in the leaves of albino corn used in our experiments.
This would explain why malic acid activity is not affected by different light
intensities. At i10av light intensity there is a possibility for photosynthetic C02
fixation, by the leaves containing a considerable amount of pigment. Upon
the effect of high light intensity, the 14C02 fixation is shifting toward the
carbohydrates [41, 3], or rather, the malic acid formed in light is rapidly
oxidized 138]. This problem could be solved with certainty by the examination
of the labelling of the C-I and C-4 atoms of malic acid.

When interpreting results, obtained in our experiments and found in
literature, the question arises: how are the differences observed in the 14CO,
assimilation of normal and albino plants related to albinism? It has been
established that the differences observed in amino acid content show a
parallelism relatively easy to trace with the changes in the pigment content
[24, 23, 19]. According to certain data in literature, there are more free amino
acids in the leaves of pigment defective mutants, than in normal leaves kept
under similar conditions [25, 29]; at the same time, their protein content
decreases [53]. This may be due to the destruction processes of the chloroplast
structure [1]. The CO02 photosynthetic fixation curve considerably flattens,
on account of protein and pigment destruction processes due to high light
intensity. It seems very probable, that the abnormal photosynthetic CO.,
fixation by the albino leaves is caused by troubled protein — pigment synthesis.
From the diversity of the differences, however, it may be concluded that
there are abnormalities at several points of metabolism.

The authors owe a debt of gratitude to Nora Jermy student of biology and chemistry,

to Maria Pacséry research assistant, and Sarotta Anda laboratory technician for their
valuable help in their work.
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EINBAU VON Cl02 IN NORMALE UND ALBINO MAISBLATTER
BElI VERSCHIEDENEN LICHTINTENSITATEN

Die C140 2Assimilation von normalen und albino Maiskeimpflanzen wurde bei ver-
schiedenen Lichtintensitdten verglichen und hierbei festgestellt, dass bei 5 und 100 Lux in
die lipoidlésliche, alkohollésliche und unlésliche Fraktion der Albinoblatter mehr CH4 ein-
gebaut wird, als in die entsprechenden Fraktionen der normalen Blatter. Bei hoherer Licht-
intensitat (1000, 10 000 Lux) wurde dagegen die Beobachtung gemacht, dass die obigen
Fraktionen der normalen Blatter viel starker markiert werden, als die der Alhinohlatter,
deren Cl14-Gehalt bei diesen Lichtintensitdten schon eine abnehmende Tendenz aufweist. Die
Albinoblatter zeigen zwischen 100 und 1000 Lux ein Maximum des Cl4Einbaues was auch
durch die paralelle Erhéhung und Destruktion des Pigmentgehaltes veranschaulicht
wird. Die Untersuchung der quantitativen Verteilung von C14 zwischen den ein-
zelnen Verbindungen der alkoholléslichen Fraktion hatte gezeigt, dass das Licht ausser dem
Ausmass der Cl14 Inkorporation auch den Weg der Weitergabe stark beeinflusst. In den BIlat-
tern steigt der Cl4Gehalt an Alanin, Serin, Glycin und Asparaginsdure mit zunehmender
Belichtungsintensitat an, in den Albinoblé&ttern wird dagegen tber 100 Lux die Cl4-Inkorpora-
tion in der Richtung der organischen S&uren verschoben. Aus den Versuchsangaben geht
hervor, dass der Unterschied der Lichtintensitat der normalen bzw. albino Blatter auch
auf den Mechanismus der C140 2Fixierung und der Weitergabe des assimilierten Kohlenstoffes
auswirkt.

YCBOEHWE 14C02 B JINCTbAMMU IjOPMAﬂbHOIZ N ANIbBUHOCHOW KYKYPY3bl
MnPnN PA3TMYHOU MHTEHCUMBHOCTW CBETA

ABTOpbI MPOBE/N CpaBHeHMEe accumunauuy 14C02 HOPMaNbHbIX W aNbGUHOCHBIX MPO-
POCTKOB KYKYpYy3bl MpW PasnnyHOW WHTEHCUBHOCTW CBeTa. YCTaHOBMEHO, YTO B SIMMOMAPACT-
BOPUMYIO, CMMPTOPACTBOPUMYIO Y HEpacTBOPUMYIO (hpakLmio anbBUHOCHBIX NCTbEB npu ocee-
weHumn B 5 1 100 NtOKCOB BKNtOUaETCs 60Mblue 14C, ueM B COOTBETCTBYHOLLME (DPAKLMN HOPMaSb-
HbIX NMCcTbeB. OpHako, Npu 6onee cuibHOM ocBeleHWn (1000, 10 000 ntokcoB) tpakuum Hop-
MaslbHbIX MCTLEB CTAHOBATCHA ropasfio CU/bHEee MeYeHbIMW, YeM COOTBETCTBYIOLLME (PaKLun
anbBUHOCHBIX NUCTbEB, cogepXaHue 1IC KOTOPbIX MPY 3TUX MHTEHCMBHOCTAX CBETa YXKE He-
CKONbKO CHWXaeTca. Makcumym ycBoeHMs 14C B aNbOMHOCHBLIX NUCTBAX OOHapY>XMBaeTcs
Mexay 100 n 1000 ntokcamu, 4TO XOPOLUO BWUAHO TaKXE W3 Mapan/ie/lHoro yBe/ivyeHus u
AECTPYKLUM COAepXKaHWs MUrMEHTOB. A3 KONMYECTBEHHOrO pacnpedeneHus 1AC mexay
OTAENIbHLIMI  COBIMHEHNAMM  CMIMPTOPACTBOPUMON  (pakumn BWAHO, 4YTO KPOME CTEMeHu
BK/IOYEHNA 14C CBET B 3HAYMTENIbHOWM CTEMEeHW BAMSET TakXXe M Ha ero JalbHelillyto cyaboy.
Mo mepe yBeNMYEHMS WHTEHCMBHOCTW OCBELLEHUA B HOPMa/bHbIX JIMCTHAX YBeINYMBAeTCA
cofepxaHune MC anaHuHa, CepuHa, MLMHA U acnaparmHoBoi Kucnotbl. HanpoTws 3Tomy, B
anbOUMHOCHbLIX NUCTbAX Bbilwe 100 NHOKCOB YCBOEHWE 14C cABUraeTcs B CTOPOHY OPraHWUYeckux
Kucnot. [lonyyeHHble AaHHble MOKasbIBAKT, YTO pasHuLa MeXAY CBETOUYYBCTBUTE/bHOCTbIO
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Synopsis

The effect of cortisone, desoxycorticosterone acetate (DOCA), heparin, prota-
mine sulfate and hyaluronidase on mast cells was studied in rats. Cortisone was found
to influence the formation and destruction of mast cells. DOCA antagonizes the effect
of cortisone only to a limited extent. Heparin given alone has no effect on the number
and morphology of mast cells but administered together with cortisone it has such
effect. These results suggest that cortisone may have a role in physiological control
of mast cells.

Introduction

Mast cells represent characteristic cell types of the loose connective tissue
and contain heparin, histamine and serotonine in their cytoplasm [3, 15].
Their most conspicuous feature is a metachromatic staining obtained after
treatment with basic dyes. This gamma metachromasia is characteristic of
heparin. The mast cells are apt to desintegrate with a release of stored heparin.
As most mast cells are pericapillary localized the heparin released mostprobably
enters the blood stream and leads to an increased level of serum acid mucopoly-
saccharides. The origin of the mast cells is not fully understood. Indeed, all
cells carrying the characteristic metachromatic granules are termed as mast
cells [4, 9]. It is well known from literature [18, 19] that fibroblasts or macro-
phages may transform into such cells by heparin uptake. Our earlier studies
[6, 7, 8, 11] revealed an intense primary mast cell formation in rat thymus.
Large and medium sized thymocytes take up the PAS positive substance of
Hassall’s bodies and cysts and transform it intracellularly into metachromatic
substance, i.e. heparin. Cortisone plays an important role in the mast cell
formation thus occurring in thymus [10, 12] by eliciting mast cell formation
parallel to the evacuation of thymus — and subsequent destruction of
hypergranulated mast cells which leads to increased acid mucopolysaccharide
level in blood serum.
There are several reports on the influence of cortisone on mast cells.
A decrease of their number upon hormonal effect was observed by Asboe-
Hansen [2] and Cavallero and Braccini [5]. Others, e.g. Arvy [1] in
contrast found an increase of mast cell number after cortisone treatment.

Acta Biol. Hung. 14. 1963



176 G. CSABA and L. KULMANN

Others again e.g. Smith and Lewis [17] and Devitt,Pirozynsky and Samuels
[13] regard the cortisone to have no effect on mast cell number and in general
on these cells.

As in our experiments [10, 12] cortisone unequivocally produced the
above described changes, in this study the effect of gluco- and mineralo-
corticoids on mast cell formation was tested also in loose connective tissue.
For the sake of comparison some other substances having an affinity to
heparinoids were also tested.

Materials and methods

The method of Higginbotham [14] seemed to be most suitable to follow up the faee
of mast cells in loose connective tissues. Approximately 10 ml air is inflated with a syringt
into the subcutaneous connective tissue in the interscapulary area of rats. (The pouch obtained
in this way is similar to the air pouch which is the first stage in the preparation of seirye’s
granuloma pouch [16].) The skin is dissected to leave only a two-three layer thick connective
tissue wall above the pouch. The air is then aspirated and replaced by physiological saline.
The substances to be tested could be introduced at will into the fluid-filled pouch.

Higginbotham removed and placed the membrane on a slide prior to staining. In our
modification 1 per cent toluidine blue in physiological saline was dropped on the membrane
in vivo which resulted in a red staining of mast cell granules. Excess stain was rinsed with
saline. The number and/or the numerical and morphological changes of mast cells due to
different agents were ascertained under a stereomicroscope in vivo. Changes were expressed
as per cent of the initial number observed in the same field. If certain substances were repeat-
edly administered after washing of the pouch or were applied after previous treatment with
other substances, the changes were expressed as per cent of the number observed immediately
before the last treatment.

The experiments were performed on a total of 60 W istar rats of about 150 g weight.
Anaesthesia was performed with intraperitoneally administered Intranarcon. The observations
lasted 15 minutes. After this time the wall of the pouch was removed, placed on aslide, fixed
with Carnoy and stained with toluidine blue. Microphotographs presented in this paper were
made of such membranes.

The effect of following substances was tested: Prednisolon (Di-adreson F-aquosum
Organon) — 5 mg; desoxycorticosterone acetate (Docagquosum, Organon) — 2 mg; heparin
(Heparin pulvis, 100 IU/mg Richter) — 4 mg; Protamine sulphate (Roche) — 5 mg; hyalu-
ronidase (Hyason, Organon) — 50 IU.

Results and discussion

Table 1 shows the results of observations for 3 and 15 min. (i.e. mast
cell numbers as per cent of the numbers observed before the administration
of the substances tested). These moments were chosen as preliminary obser-
vations revealed that increase of the mast cell number attains maximum value
after 3 minutes and that no further destruction is observed after 15 minutes
with the exception of protamine sulphate which elicited maximal destruction
as early as after 5 minutes.

The 1 per cent solution of toluidine blue produced a sharp staining of
the mast cells but had no adverse effect on the cells within the duration of the
experiments. This is shown by the fact that not only destruction but also
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Table 1

Changes of mast cell number
(% i S. D. of original value)

Effect after

Treatment

3 min* 15 min.**
Heparin no effect no effect
Cortisone 11% * 6.5% -7% + 6.5%
(P< 5 (P< O
Cortisone and heparin ... 30% + 11.0% - "25% + 8.0%
(p< 1) (P < 0.1)
Repeated administration of cortisone and
NEPATTN (e 15% = 4.0% 1% + 4.0%
(P > 5) (P > 5)
DOCA ettt no effect no effect
DOCA and heparin..s no effects no effects
Cortisone, DOCA and heparin......... 10% + 3.0% —4% + 9.0%
(P > 5) (P > 5)
Protamine sulphate (5 mMin.) . —61% + 9.0%
(P< 0.1)
Cortisone after protamine sulphate no further effect no further effect
Hyaluronidase ... no effect no effect

*Significance against initial value
** Significance against 3 min. value

increase of mast cell number occurred further by the fact that the cells regained
its ability to stove after washing and removal of the pouch content.

The experiments revealed that cortisone has a marked effect on mast
cells resulting in changes both of their number and of their morphology.
Cortisone produced a 10 per cent increase of cell number after 3 minutes
followed by a destruction of the hypergranulated cells amounting to a 10
per cent decrease of the number after 15 minutes. The simultaneous admin-
istration of cortisone and heparin into the pouch gave a more explicit effect.
A 30 per cent increase and a subsequent 25 per cent decrease was observed
after combined treatment. Heparin alone has no effect on mast cell number.
These results suggest the assumption of two factors controlling the mast cell
number: (1) cortisone which elicits mast cell formation and (2) heparin which
must be present to enable the transformation of cells into mast cells. Heparin
normally present in the circulating blood can presumably also be taken up
by the cells — this might account for the increase of mast cell number after
cortisone administration in itself — but excess heparin is promoting the
transformation. Cortisone produces increased granulation in addition to higher
cell number (Figs 1 and 2). This hypergranulation is presumably one of the
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main causes of cell destruction and consequent decrease of mast cell number
(Figs 2 to 4). In the presence of excess heparin, cortisone induces not only
increased mast cell number but, subsequently increased destruction as com-
pared with the effect of cortisone alone. These observations support the above
assumption.

The prevalence of increase of mast cell number at the beginning of
cortisone effect and the subsequently appearing decrease might explain the
inconsistencies in the findings of other authors. Those who made only short
range experiments found increased cell number whereas those counting only
after a while found decreased number. Similar explanation has most probably
given for observations revealing no changes in cell number. Changes of cell
number are, however, most probably also dose dependent in addition to the
time factor.

Repeatedly administered cortisone has a similar but less pronounced
effect. If the pouch is washed after short cortisone treatment and the treatment
is repeated after a certain time, again an initial increase followed by a decrease
of mast cell number was observed. It can not be decided, however, whether
heparin was taken up by the same cells or by other cells indifferent so far.

The origin of the cells transforming into mast cells under cortisone effect
presents an interesting problem. smitnh and Lewis [IB] produced a destruction
of peritoneal mast cells by intraperitoneal injection of water. The released
granula were taken up by fibroblasts, macrophages and leucocytes which
then gave “abnormal mast cells”. Others, e.g. Vetican and Vverican [19]
observed the transformation of macrophages into mast cells which were,
however, not completely identical with genuine mast cells. No differences
between newly formed and preexistent mast cells could be observed in our
experiments which allows the assumption that the more or less indifferent
cells giving rise to new mast cells are potential mast cells even if they do not
contain actually metachromatic substances. The existence of such potential
mast cells was already assumed in an earlier paper [9].

Desoxycorticosterone acetate, a mineralocorticoid, alone or given with
heparin had no effect on the number or morphology of mast cells but slightly
blocked the increase of cell number and more markedly the destruction of
mast cells under cortisone effect if given simultaneously with cortisone and
heparin. This result corresponds to earlier findings of increased heparin storage
in thymus under the effect of DOCA [12].

The effect of protamine sulphate should be especially mentioned. This
strongly basic protein has great affinity to the highly negative heparin and
this is most probably the explanation of its decreasing effect on mast cell
number. The binding is so intense that even cortisone can not induce the cells
to take uj> more heparin. Presumably the heparin and protamine sulphate form
a complex which is inaccessible for the cells or the protamine sulphate kills the
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r*

Figs 1 to 4. Wall of the pouch stained with toluidine blue. Fig. /. Normal mast cells.

Fig. 2. Commencing destruction of hypergranulated mast cells under cortisone effect.

Fig. 3. Increased destruction of mast cells. Fig. 4. Very intense destruction producing only
metachromatic patches where no cell boundaries are seen. X200
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cells and no substrate remains for cortisone effect. Both suggested modes of
action show the effect of protamine sulphate to be non-physiological.

Hyaluronidase had no effect on mast cells, showing that the mucopoly-
saccharide present in these cells is no hyaluronic acid-like substance hut
highly complex heparin. This finding renders improbably that mast cells
were responsible for the production of connective tissue ground substance
[3, 15].

Of all substances tested only cortisone produced a regular biphasic
effect. This finding and earlier results concerning mast cell formation suggest
that cortisone is the physiological regulator substance of mast cell formation
and destruction. This is to say that this substance occurs in normal organism
and is not artificially introduced as protamine sulphate, histamine liberators,
etc. Cortisone has central (on the thymus) and peripheric (on connective
tissue) effect. Only further studies may, however, show whether other sub-
stances, not yet tested, have an effect on mast cells.
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DIE PHYSIOLOGISCHE REGULATION DER MASTZELLEN DES BINDEGEWEBES

Es wurde die Wirkung von Cortison, Desoxycorticosteronazetat (DOCA), Heparin,
Protaminsulphat und Hyaluronidase auf Mastzellen untersucht. Cortison beeinflusste im
Versuch die Bildung und den Zerfall von Mastzellen. DOCA wirkte nur in geringem Masse
antagonistisch zum Cortisoneffect. Allein verabreicht erwies sich Heparin als unwirksam in
bezug auf Morphologie und Anzahl der Mastzellen, war aber mit Cortison wirksam. Nach
den Ergebnissen spielt Cortison bei der physiologischen Regulation der Mastzellen eine gewisse
Rolle.

®N3NONOTNYECKUIM KOHTPO/Ib TYUHbIX KMNETOK COEAVHWTE/IbHOMN
TKAHU

ABTOpbI UCCNefoBaNu BAUSHUE KOPTM30Ha, alertarta Ae30KcMkopTukocTepoHa (JOKA),
renapuHa, NpoTamuH-cynbdara U rmanypoHugasbl Ha TyuHble KneTku. KopTU30H oOKasan
BAIMSIHVE Ha 06pa3oBaHune 1 pacnag Ty4HbIX KneTok. OguH Tonbko JOKA B mManoii cteneHw npe-
MATCTBOBAN BAUAHUIO KOPTWU30HA. OfVH TOMbKO remnapuH He oKasan BAUAHWE Ha YWC/IO U MOp-
(hONOTUI0 TYYHbIX KNEeTOK, OfIHAKO NMPUMEHAS BMeCTe KOPTU30HOM OKa3an 3aMeTHOe BNUsHUe.
Mcxofs 13 NonyyveHHbIX Pe3ynbTaToB MOXHO CKasaTb, YTO KOPTWU3OH MUrpaeT posib B (m3nono-
TMYECKOM KOHTpO/ie TYYHbIX K/IETOK.

Gyo c '
yorgy CLsaba Budapest IX., Tiizolté u. 58, Hungary

Lajos Kulmann J
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Synopsis

The effects of different sugars on the tumorous growth of potato tissue cultures
have been compared. It was found that the 12 different sugars, added to the medium,
may he classified into three types depending on their effect exerted on the tumorous
growth of potato tissue cultures: (a) sugars with a positive stimulating effect on growth
of cultures (sucrose, trehalose, D-glucose); (b) sugars ineffective or poorly utilized
(glycerine, D-ribose, I)-fructose, maltose); (c) definitely toxic, antagonizing even the
utilization of sugars ensuring basic growth (L-arabinose, D-galactose, L-sorbose,
lactose). Comparing the effect of different sugars upon tissue cultures with the data
found in literature, the conclusion was drawn that the observed antagonisms probably
are due to competition connected with epimerization difficulties.

Introduction

Complicated stimulating and inhibiting effects, depending on the object
and sort of sugar have heen observed while studying the influence of different
sugars on the growth of plant tissue [14, 19, 27, 30]. Certain sugars (galactose,
lactose, arabinose) in root tips have shown a definite toxic effect ; they inhibited
even the metabolism of sugars originally present in plant tissues [13, 16, 29].

It is well known that sugar metabolism is changed by the auxonherbicide
2,4-D: invertase activity is increased [25]; respiration tends towards direct
oxidation [21]; several ketonic acids are mobilized by the deamination of
amino acids [8]. It was shown that 2,4-D, as a growth regulator decreases
sugar incorporation into pectin and cellulose molecules, which indirectly
contributes to the continuation of growth in an undifferentiated manner [28].

The object of the present survey was to study the influence of different
sugars on tumorous growth characteristic of the auxin effect of 2,4-D on
potato tissue cultures.

Material and methods

The tissue cultures serving as experimental material were prepared from the tubers of
the 2,4-D sensitive “Gil Baba” (GB), and the relatively resistant “Margit” (M) varieties (10).
The material was obtained from the National Institute of Agricultural Botanies (Tapidszele)
in 1959, and was grown at the Als6gdd Biological Station of this University.
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50 to 100 g tubers were used for the experiments. The surface of the tubers were washed
according to surgical sterility, and sterilized for 20 minutes in a 2% solution of sodium-
benzenesulphonechloramide. Pieces of tubers of optimum size and weight for growth [11]
6mm X 6 mm X 0.5 mm and 25 -Ji 1-6 mg) were cut from the tubers, under sterile condi-
tions. The cultures were grown on [7] White’s modified nutrient solution [24] containing 10 4
M2,4-D, 0.05% caseinhydrolysate and 0.058 M different sugars equivalent to 2% sucrose.

The effects of the different sugars were studied in three series, each comprising 80 to
120 pieces of tissue. Tissue culture growth was evaluated on the basis of fresh weight gain
after 14 days.

Results

Experiments were concerned with glycerine, pentoses, liexoses, and
disaccharides generally occurring in plants.

Table 1 shows the variation of fresh weight in “Gul Baba” liable to
intensive tumour formation as affected by 2,4-D and the less intensively
growing “Margit” cultures, grown on culture media containing different sugars.

Table 1

The growth of potato tissue cultures on nutrient mediums containing different sugars and
10 4 M 2.4-dichlorophenoxyacetic acid

Gll Baba Margit
Sugars weight gain weight gain
nig fs
rate % rate %
Base line growth without sugars
added 83 + 20.6 3.3 100 48 + 126 1.9 100
Triose
GlYCRIINE oo 101+ 363 41 124 43+ 129 17 89
Pentoses
D -FiDOSE covvvererssicssrerssssnsssenss i 75+ 204 3.0 91 34+ 17 14 73
D-XYI0SE  oorvveeecvveeeeseeees e 37+ 4.6 15 46 30 £ 20 12 63
L-arabinose  .ocooooerevcooneeeeeenn. 48 + 17.3 1.9 58 41« 6.0 1.6 84
Hexoses
D-glUCOSE .o 119 + 275 4.6 139 75 + 204 3.0 158
D-fruCtoSe v 97 + 447 3.9 118 49 + 85 2.0 110
D-galactose ..o 28+ 14 11 33 29 + 2.2 1.2 63
L-SOrD0SE oo 28+ 1.0 11 33 29 + 17 1.2 63
Disaccharides
SUCTOSE ot 122 + 32.5 4.9 149 87 + 25.4 3.5 184
trehalose . 106 + 21.1 4.3 130 103 + 31.9 4.1 216
Maltose 75 +.34.2 3.0 91 35+ 97 1.4 74
Lactose 28+ 1.0 11 85 29+ 14 1.2 63

The rate of weight gain is related to the initial 25 mg fresh weight
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From Table 1 it may be seen that tissue cultures significantly increase
also on sugar free medium. Growth takes place by the utilization of the inner
reserve: the degrading starch [6]. This basic growth (100) conspicuously shows
the sensitivity of the two species as far as 2,4-D is concerned: “Gil Baba”
increase its weight threefold during the growing period, while *“Margit”
only doubles.

Table 2

The interaction of different sugars in the growth of Gul Baba tissue cultures

No Sugars mgts e %
| Basic growth without sugar ..., 81 + 18.0 3.2 100
2 194) SUCTOSE oottt 104 + 30.6 4.2 128
3 f- 1% D-riboSe e 106 + 25.0 4.2 131
4 + 1% D-XYl0SE s 88 + 21.0 3.5 109
5 " " f- 1% L-arabinose ... 92 + 185 3.7 113
6 + 1% D-glucose ... 108 + 24.0 4.3 133
7 f- 1% D-fructose ..cceovvevvcvnicens 93 + 26.4 3.7 114
8 + 1% D-galactose ... 30+ 36 1.2 37
9 1% L-SOrb0SE .cvvecevricieirreicienes 27 £ 53 1.1 33
10 " S(-19% SUCIOSE o 107 + 185 4.2 132
11 " F- 1% 1aCt0SE oo 46 + 28.1 1.8 57

Glycerine has a slight stimulating effect on the growth of GB cultures
while it has no effect upon M. As to pentoses, D-ribose is not utilized by GB,
but it inhibits the growth of M. Both varieties result in a lower growth rate
as compared with basic growth in media containing D-xylose and L-arabinose.

From hexoses, D-glycose is utilized very efficiently by the tissue cultures.
Basic growth was not effected in either variety by D-fructose. D-galactose
and L-sorbose proved to be toxic: weight increase was practically inhibited.

Among the disaccharides applied sucrose seemed to be optimal for GB,
and very beneficial for M. In GB trehalose very closely approached and in M
surpassed the growth promoting effect of sucrose. Maltose proved to be
indifferent in both varieties. When feeding lactose a toxic effect, similar to
that caused by D-galactose was observed.

To study the mode of action of the different stimulating and inhibiting
sugars, their effect on the growth of tissue cultures was examined in the
presence of sucrose. Experimental results are condensed in Table 2.

Fig. 1 shows the characteristic picture of the tissue cultures obtained
in experimental variants presented in Table 2.
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From Table 2, and Fig. 1 it appears that D-ribose does not influence
the wutilization of sucrose while D-xylose and L-arabinose even if applied
together with sucrose cause a weight gain surpassing the basic growth only
to a small extent. For sucrose utilization D-glucose is indifferent; D-fructose
has a slight inhibiting effect. D-galactose and L-sorbose in the presence of

Fig. 1. The growth of potato tissue culture in growth media containing different sugars
and sucrose (10— M 2.4-D; the concentration of sugars was 1% -)- 1%). Serial numbers
the same as in Table 2

sucrose are similarly toxic as when applied separately. The toxic effect of
lactose on the other hand is partly balanced by sucrose. However, it should
be noted that the cultures from the individual potato tubers widely differred
as far as the lactose inhibiting effect of sucrose was concerned, which was

reflected by the unusually high standard deviation.
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Discussion

The 12 sugars used may be classified into three types based on the effect
exerted on the growth rate of tumorous potato tissues:

a) Definite growth promoters (sucrose, trehalose, D-glucose);

b) Ineffective or poorly utilized (glycerine, D-ribose, D-fructose,
maltose);

c¢) Explicitly toxic i.e. antagonizing even the utilization of sugars
assuring basic growth (L-arabinose, D-galactose, L-sorbose, lactose).

The composition of these groups indicates that the effect produced by
sugars on potato tissue cultures does not depend upon the number of C atoms
of the sugars.

Among the stimulating sugars sucrose serves as a Standard energy
source in plant tissue cultures [32]. According to our knowledge concerning
its mode of utilization, sucrose absorption is uneffected in the presence of
2,4-D [4, 12]. In metabolism, UDP serves as carrier of glycosyl radical [23].
Since PO, uptake [3, 9] and phosphorylase activity are reduced by 2,4-D [33],
sucrose utilization through fermentation is suppressed, and it is metabolized
mainly through the pentose cycle [2, 21].

The effect of trehalose is similar of that of sucrose. This may be
correlated with glycose, involved in the structure of both and with their
C-l-a glycosidic bond. The growth promoting action of trehalose is particularly
conspicuous in M cultures. Further investigations are needed to explain this
phenomendn.

D-glycose resembles the previously mentioned sugars in the mode and
extent of its action upon growth. In cases, when the effect of sugars is indifferent
or only slightly stimulating tumorous growth of potato tissue cultures,
permeability or utilization troubles may be involved.

In connection with glycerine it was shown [15] that tissue cultures
prepared from different plant species utilized glycerine to various extent,
and sometimes only after several passages. Nickel and Burkholder [27]
succeeded to grow viral planttumour on glycerine as a carbon source; the same
was achieved by Hildebrandt [19] using the normal tissues of several species.
GB cultures utilized glycerine appreciably in our experiments, with M cultures,
however, this was not observable.

There are no data available in literature concerning the way of utilization
of D-ribose in higher plants. The catabolism of D-ribose in bacteria occurs by
phosphorylation [22]. It was not possible to stimulate the pentose cycle, from
outside, by D-ribose in animal tissue and yeast [20]. Similar phenomenon was
observed in potato tissue cultures, moreover the development of M cultures
was slightly inhibited by D-ribose. It was possible to lift the inhibition by
sucrose.
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According to literature D-fructose is utilized similarly to glucose [19],
our experiments, however, did not support this view: D-lructose was found
to be considerably more poorly utilized.

Maltose did not appear to be a suitable carbon source for either variety.
Similar results were obtained by A rya and co-worker [1] in Vilis tissue cidtures.
The absence of the growth promoting effectin the case of maltose is presumably
due to the fact that its glucose molecules, unlike to trehalose, form a C-4-/?
glucosidic bond. This view is supported by data in literature, giving account
of the inefficiency of cellobiose containing C-4-a glucosidic bond 118].

It is characteristic of sugars having a positively toxic effect on potato
tissue cultures, that they differred in the configuration of one of their C atoms,
from more or less similar analogues.

The toxicity of D-xylose was observed also on the growth ofroot tips [13].
Pentose fermentation data on microorganisms may give an explanation for
this [17]. It was shown that C-4 epimerase was needed to the interconversion
of D-xylulose and D-ribidose, which possibly is missing from the tissues of
the higher plants. In connection with the development of inhibition it must
be supposed, however, that exogenic xylose may be interconnected with some
branch of sugar metabolism, engaging there one of the major mediators,
possibly UDP [26].

There may be a similar explanation for the toxic effect of L-arabinose.
With the latter, however, C-4 is the critical C atom for epimerization. The
competition of D-xylose and/or L-arabinose with the normal metabolites may
not be \ery hard, because it is possible to suppress their growth inhibitory
effect by adding sucrose.

The toxicity of D-galactose is explained by transport-antagonism [5]. Since
the latter is not to be thought ofin tissue cultures, it may be suggested the toxic
effect of D-galactose is connected with C-4configuration contrary to glucose
and fructose. The sterie difference forms an inhibition for the metabolic
incorporation of galactose, if the tissue does not possess sufficient epimerase
activity when C-4 makes a Walden turn. L-sorbose toxicity can be explained
similarly when the necessity for epimerization arises between L-sorbose and
D-fructose for the C-5 atom. D-galactose and L-sorbose have a stronger toxic
effect, possibly involving metabolism at a different point than D-xylose and
L-arabinose, since it is not possible to suppress the effect 1y 1% sucrose
It was possible to successfully suppress galactose toxicity in root tips by ATP
and inorganic PO, [13].

The toxic effect of lactose is probably attached to its D-galactose content.
It is interesting to note that in the presence of sucrose this inhibition is partly
removed which indicates that the attachment of the larger lactose molecule
to the inhibitory point is less stable, than that of D-galactose.
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ZUCKERANTAGONISMEN IN DEN DURCH 2.4-DICHLORPHENOXYESSIGSAURE
INDUZIERTEN PFLANZLICHEN TUMORGEWEBEN

In Kartoffelgewebekulturen wurden die Wirkungen verschiedener Zucker auf das
Tumorwachstum verglichen. Es wurde festgestellt, dass vom Gesichtspunkt der auf das
Ausmass des Tumorwachstums ausgelbten Wirkung die 12 in das Nahrmedium verabreichten
Zucker in drei Typen eingereiht werden kdnnen: (a) das Wachstum der Gewebekultur aus-
driicklich fordernde (Saccharose, Trehalose, I)-Glucose); (b) wirkungslose oder nur wenig
verwertbare (Glycerin, D-Ribose, D-Fructose, D-Maltose); (c) ausgesprochen toxische Zucker,
welche sogar die Verwertung der das Grundwachstum fdérdernden Zucker antagonisieren
(L-Arabinose, D-Galaktose, L-Sorbose, Lactose). Aus der vergleichenden Untersuchung der
Wirkung verschiedener Zucker auf das Gewebewachstum und aus den Literaturangaben
wurde gefolgert, dass die beobachteten Antagonismen wahrscheinlich mit einer Kompetition
zu erkldren sind, die mit Schwierigkeiten der Epimérisation verbunden ist.

AHTAIOHN3M CAXAPOB B MHAYUMPOBAHHbLIX 2,4-OUXTOP®EHOKCU-
YKCYCHOWN KNCNOTOWN PACTUTEJ/IbHBLIX OMYXOMEBbLIX TKAHAX

B KynbType TKaHell KapToensi aBTopbl CPaBHUBAIM B/IUSHWE Pa3/IMUHbIX CaxapoB Ha
POCT OMYXONEBLIX TKaHEW. Y CTaHOBW/M, YTO C TOUKM 3PEHWS BAUSIHUA Ha CTeneHb pocTa omny-
XOMnel TKaHeBbIX Ky/MbTyp KapTodens, fo6aBneHHble K NUTaTe/lbHOMY pacTBopy 12 pasHOBM[-
HOCTel caxapoB MOXHO pacnpefenMTb B TPU Fpynrbl: @) caxapa, ONpPeAeneHHO CTUMYIUPYHO-
LMe pocT Ky/nbTypbl (caxaposa, Tperanesa W D-rnioko3a); caxapa, HefeicTBUTE/bHbIE,
nan cnabo wucnosmb3yeMble (ravueprH, D-pubesa, D-hpykTc3a, ManbTo3a); B) caxapa, onpe-
[leNIeHHO TOKCUYHbIE, T. €. MOAABASIOT MCMOMb30BaHNEe CaxapoB, 06ECMeYMBAHOLLYX OCHOBHOM
pocTt (L-apabuHo3a, D-ranaktosa, L-cop6osa, nakros3a). COMoCTaBnAs pasnunyHoe AelicTaue
OT[eNbHbIX CaxapoB Ha POCT TKaHel C nMTepaTypHbIMW AaHHbIMMW, aBTOPbI NPULLAM K BbIBELY,
4TO O0GHapY>XXEHHble aHTarOHW3Mbl MO BCE BEPOSTHOCTU OCHOBBLIBAKOTCS HAa KOMMETWLMM, CBSI-
3aHHOI C 3MYMEpU3aLMOHHBIMA TPYAHOCTAMM.

Bérta Faludi
Agnes F. Daniel ,
Budapest VIII., Mlzeum krt. 4/a, Hungary

Istvan Gyurjan

Sarolta Anda
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Synopsis

The authors have studied the diameter distribution of the secretory elements
of the Harderian gland, the lipid droplets or vesicles, using a statistical method.
According to the observations made, significant differences in lipid vesicular dia-
meters can be demonstrated in the native glandular homogenate smears, electron
microscopic preparations and chromodacryorrhoeic secretions obtained from infantile
and adult animals, in the sense that the granules are the smallest in the infantile
animal’s gland, larger in the adult animal’s gland and largest in the chromodacryor-
rhoeic secretion.

Introduction

The Harderian gland is an intraorbital gland which occours in most
land-vertebrates and contains a high amount of porphyrin in certain rodents.
Light microscopy shows the cytoplasm of the epithelial cells of the gland of
tubulo-alveolar structure to be filled with fine sudanophilic lipid granules;
accordingly, in embedded sections the cytoplasm of the glandular acinar cells is
of foamy structure. In the lumina of the acini and the efferent ducts brownish,
presumably porphyrin, crystals are found. Electron microscopic examination
reveals that the glandular epithelial cells are filled with innumerable vesicles,
possessing well-defined membranes.

As to the function of the apocrine gland, the secretion of the gland
appears as a fluid rich in lipids and may contain porphyrins, too. In the state
of hyperfunction blocd-like “tear drops”, resulting from massive porphyrin
secretion, appear in the palpebral fissure (chromodacryorrhoea) [7].

In agreement with the results of Kanwar [2], obtained by light micro-
scopy, earlier investigations conducted in this Department indicated that the
lipid vesicles building up theglandular epithelial ccllshad complex structure [4].
These observations supplied information about the genesis of the vesicles,
maturation of the gland and development of the glandular epithelial cells.
Further investigations [3] showed that in the Harderian gland of the rat the
biosynthesis of porphyrin differred from that in the liver and the Kkidney,
and was suggestive rather of the analogous process taking place in the bone
marrow and in chloroma. The porphyrine content of the Harderian gland
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increases with the advance of age [6], and correspondingly porphyrin bio-
synthesis is less definite in the glands of young animals than in those of older
ones [1]. The observations concerning the Harderian gland made so far in this
Department [3, 4, 5, 6] in their totality point to the fact that the number of
lipid vesicles originating in the cytoplasm increases gradually with the matura-
tion of the glandular epithelial cells, while the lipid vesicles fuse to form major
structures and these appear in the secretion. The increase in vesicle count
accompanying the maturation of the glandular epithelial cells seems to run
parallel with the changes in the porphyrin content of the gland. Moreover,
Orban and Keteényi [5] reported that according to their electron microscopic
observations concurrently with the maturation of the glandular epithelial cells
not only the number, but also diameter or size of the vesicles showed a gradual
increase.

In the immature glands of infantile animals a few lipid vesicles of small
diameter can be found, while in the glandular acini of bigger animals they
occur in masses and seem to have larger diameters.

The function of the Harderian gland seems to be correlated primarily
with the lipid vesicles. Therefore it was expected that by analysing more
exactly the differences in diameter of the vesicles by electron microscopy,
a deeper insight might be gained into the process of glandular function. In these
investigations the diameters of the lipid vesicles in the Harderian glands of
animals of different ages were statistically analysed and the diameter distribu-
tion in glandular hyperfunction, or chromodacryorrhoea studied. The results
confirm the suggestions made on the basis of the electron microscopic findings,
since the diameters of the lipid vesicles appeared to be smaller in the young
and larger in the adult animals.

Methods

Infantile and adult albino rats of 30 and 220 to 280 g b. w., respectively, kept under
the same conditions, were used. The animals were decapitated under light ether anaesthesia,
exsanguinated, the Harderian glands removed, weighed, minced and homogenized at a con-
centration of 100 mg wet tissue/0.5 ml saline in a Potter glass homogenizer with the same
number of brayings (25 X). The native smears of the fresh homogenates were covered with
saline and examined by phase contrast microscopy. Setting the secondary magnification to
exactly 2000 X, the enlarged, positive pictures were evaluated by means of a TGZ-3 semi-
automatic granule counter (IPTC, Zirich), in the form of distribution curves plotted accord-
ing to exponential progression. The apparatus records the vesicles in 48 orders of magnitude.

In connection with the evaluation of the smears obtained from the glandular homoge-
nates it was suggested that homogenation might cause fragmentation of the lipid vesicles.
To make this clear, we homogenized manually and/or mechanically the glandular specimens
in saline for different periods, and compared the granule distribution curves of the substances
thus obtained with those of glandular specimens squashed with a cover-slip. The observations
made it clear that the 25 X homogenation in the Potter homogenizer produces no appreciable
fragmentation of the vesicles. This is indicated also by the fact that the vesicle distribution
curves obtained electron microscopically in embedded material had the same shape as those
of the native homogenates.
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We plotted the distribution curves also of tlie electron micrograms of ultrathin sec-
tions of OsO,-fixed, ethanol-dehydrated and methacrylate-embedded Harderian glands,
using the Elmi-Do Zeiss electron microscope of the Central Laboratory, Medical University
of Pécs, and the BS 242 J1 type Tesla apparatus of the Electron Microscopic Laboratory,
Coal Mining Trust of Pécs.*

Chromodacryorrhoea was induced by a single intravenous injection of 2 per cent
pilocarpine or 20 per cent choline chloride, in 100 mg/kg doses. The smears of the excretion
were covered, photographed and evaluated in the same way as described above.

Results

The Harderian glands of 5 animals of the 30 g weight group, and of 8
animals of the 220 to 280 g weight group were subjected to a study, measuring
1000 vesicle diameters in each case. The distribution curves obtained indicate

Fig. 1. Phase contrast micrograms of native smears of a) Harderian glands of infantile,
b) adult rat and c) chromodacryorrhoeic excretion. X 2000

that with the infantile animals the maximum of the distribution of vesicle
diameters fell into the 1.29 0.07 fi order of magnitude, as compared with
the 1.66 ~ 0.18 fi value found in adults. The phenomenon indicates that the
majority of the vesicles of the adult, actively functioning glands are larger
than those of the almost inactive, immature, hardly secreting ones. The dif-

*We wish to express our thanks to the Coal Mining Trust of Pécs, and to Istvan
Gyurk0, chemical engineer, in particular, for having placed the apparatus at our disposal.
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ference in the maxima of the vesicle diameters between the infantile and
adult animals is significant (p < 0.001).

Fig. 1shows the native smears of the glandular homogenates of infantile
and adult animals, as well as that of the native smear of the chromodacry-

orrhoeic discharge.
Fig. 2 shows the vesicle diameter distribution curves of infantile and

adult animals.

Fig. 2. Lipid vesicle distribution curves, plotted from native smears of infantile and adult
glands and of chromodacryorrhoeic excretion. The maxima of the values are: for infantile
gland, 1.29 (--------- ); for adult gland, 1.66 (-------—-- ); secretion, (- ®- i ) 2.02 /1.

For the electron microscopic studies 2 Harderian glands of the infantile
and 2 of the adult group were embedded. 1000 vesicles per animal were counted
in the ultrathin sections. The result for infantile animals was 1.05 ~ 0.042 /n
for adults 1.37 £ 0.057 /n.

Figs 3 and 4 show the electron microscopic view of the Harderian
glands of infantile and adult animals, as well as the distribution curves obtained.

The curves are similar in shape to those obtained from the homogenates,
but in both age groups the maxima are smaller by 3 orders of magnitude.
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Fig. 3. Electron microgram of the Harderian gland of infantile (a) and adult (b) rat. Fixation
with OsO,, embedding in methacrylate, X 4000

Fig. 4. Lipid vesicle distribution curves plotted from the electron micrograms of the Harderian
gland of infantile and adult rats. Maxima: infantile animals, 1.05 // (....cconnne. ); adult ones,
1.37 /1 (--—-- )
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This difference amounts to about 0.3 fi and may apparently be due to tissue
shrinkage resulting from fixation and embedding for electron microscopy.

In the second group of observations we analysed the picture of the
vesicles in the smears prepared from chroinodacryorrhoea induced by pilo-
carpine and choline chloride treatment, respectively. No significant difference
could be detected in the response to these two parasympathicomimetics.
Pilocarpine was injected into two adult animals weighing 170 and 190 g, and
choline chloride into one animal. The distribution curves were plotted by
measuring 1000 vesicles in each smear. The maximum of the values found was
2.02 £ 0.081 L (see Fig. 2).

In the chromodacryorrhoeic discharge the larger vesicles are excreted,
in the first place, while, as indicated by the ascending branch ofthe distribution
curve, the vesicles of minute size are not excreted at all. The outflow of vesicles
begins with those about 1.2 fi in diameter, whereas the vesicles of larger
diameter, present in comparatively small quantities in the gland, occur in
relatively larger numbers in the excretion. In each of the chromodacryorrhoeic
curves there is a small peak in the 3.41 to 3.64 u range, clearly visible in the
overall curve, too. This presumably corresponds to the maximum of the
mature vesicles, ready to be excreted.

Discussion

On the basis of experimental observations the conclusion has been arrived
at that in parallel with the maturation of the Harderian gland the diameter
size of the lipid vesicles of the glandular epithelial cells gradually increases.
This phenomenon can be observed both under the light and electron micro-
scope. However, the electron microscopic studies call attention to the fact
that besides the gradual increase in vesicle size another factor: the increase
in number of the vesicles should also be taken into account in the process of
maturation of the glandular cells. Although no quantitative data are available
in this respect, we still think that the two factors: the increase in size and
number of the vesicles clearly define the process of glandular maturation.
This observation seems to be in parallel with an earlier one made in this
Department according to which in the gland of infantile animals the quantity
of porphyrin bound to the unsaturated lipid membrane of the lipid vesicles is
smaller than that in the glands of adult animals [6].

Summing up the morphological and functional evidence obtained thus
far in connection with the Harderian gland, the function of the gland may be
characterised as follows: the vesicles arising from the cytoplasmic Golgi
apparatus, possessing an unsaturated lipid membrane, increasing gradually in
size and number enclose the cytoplasmic components (lipids, porphyrin) and
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in the course of secretion leave the glandular acini together with these com-
ponents.

Many details of this process are not fully understood. So very little or
nothing is known of the chemical structure of the lipid of the Harderian gland,
of the cellular localisation of the biosynthesis of porphyrin, of the apocrine
or holocrine nature of glandular secretion.

At this stage of our observations it is still questionable how the lipid
vesicles increase in size. Earlier electron microscopic observations point to
appositional growth from the cytoplasmic Golgi apparatus [5], but a fusion of
single lipid vesicles may also be involved. Statistical analysis of the lipid vesicle
diameters ofthechromodacryorrhoeic excretions suggests that those are the larger
vesicles in the first place that leave the glandular acini by chromodacryorrhoea.
However, it should be emphasized that under the present experimental con-
ditions chromodacryorrhoea can by no means be considered to be aphysiological
phenomenon, since the animals with rare exceptions are lost during the experi-
ment: the phenomenon should rather be considered as supravital. For this
reason no far-reaching conclusions can be drawn from the chromodacryorrhoea
experiments, as to glandular function. Nevertheless, the circumstance that
those are the vesicles of larger sizethat appear in the first place in the chromo-
dacryorrhoeic excretion, the ones that are nearer to the luminar surface of the
glandular epithelial cells, as determined by electron microscopy, suggests that
the maximum of the increment in diameter observed during the maturation
of the vesicles occurs in the secretory stage.
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UNTERSUCHUNG DER DURCHMESSER-VERTEILUNG IN DEN SEKRETORISCHEN
LIPOIDTROPFEN VON HARDER-DRUSEN

Die Durchmesser-Verteilung der sekretorischen Elemente, der Lipoidtropfen oder
Vesiculae der Harder-Driuse wurde untersucht. Die Untersuchungsergebnisse lassen sich wie
folgt zusammenfassen: In den nativen Drisenhomogenisat-Ausstrichen, in den elektronén-
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mikroskopischen Pré&paraten von infantilen und ausgewachsenen Tieren sowie im chromo-
dacryorrhoeischen Sekret weisen die Lipoidtropfen- (Vesiculae-) Durchmesser erhebliche
Unterschiede auf. Die Driisen infantiler Tiere enthalten die kleinsten, die Driisen ausgewachse-
ner Tiere grossere, und das chromodacryorrhoeische Sekret die gréssten Kornchen.

MCCNEAOBAHWMNA PACMNPEAENEHWA PA3SMEPOB AWMAMETPA CEKPETOPHbIX
NUMNOUAHBLIX 3EPHBLIWEK TAPOEPOBOW XXEJ/E3bI

ABTOpbI CTaTUCTUYECKUM CMOCOBOM MCCMEe0Banu YCNOBUS pacnpefencHUs pasMepoB
AMaMeTpa CEKPETOPHbIX 3/IEMEHTOB, UMOUAHbIX 3€PEH UM My3bIPbKOB ["apiepOBOH XKENe3bl.
CorfacHo MoflyYeHHbIM pesynbTaTam AMaMeTpbl MMOUAHBIX 3epeH (My3bIPbKOB) B HATWBHbIX
Ma3Kax roMOreHu3aTa >Xefesbl, B 3/1EKTPOHHOMWUKPOCKOMMYECKUX MpEnepaTax M B Xpomoja-
KPUOPENHOM CEKpeTe WH(AHTUIbHBIX U B3POC/bIX YXMBOTHLIX MOKa3aiM 3HAUMTE/bHYH0 pas-
HULY B TOM CMbIC/IE, UTO Xe/e3bl MHAHTUIBHbIX XXMBOTHBIX COAEPXKAT HAVMEHbLUVE 3ePHBILLKM;
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Synopsis

Actinia equina L. in different stages of development (late larvae with 12 tentacles
taken from the gastral cavity ofthe mother, young sessile individuals with 24 tentacles and
adult forms of 3 to 4 cm diameter) were transsected at different levels of the body.
Aboral pieces lacking oral structures were capable to restore them. Restoration was most
rapid in the young animals. Removed pedal disc was regenerated only in larvae. The
latter process was frequently accompanied by the formation of a second individual
from the regenerated pedal disc. The results are discussed on the basis of Tokin’s theory
on the dependency of regeneration and somatic embryogenesis on the level of integ-
ration.

Introduction

The dependency of regeneration phenomena and of somatic embryo-
genesis on the level of organization, age and physiological state of the experi-
mental animal (i.e. on the level of its integration) is an actual and interesting
problem of modern experimental embryology [17, 18J. The comparison of
regenerative power and somatic embryogenesis within individual phyla is of
special interest. It follows from Tokin’s theory [13, 17, 18] concerning the
relationships of regeneration and somatic embryogenesis on one hand and the
level of the organization on the other that decreased regenerative capacity
is to be expected with aged organisms when the integration mechanisms
controlling the life of the organism change. Peculiar forms of regeneration
must occur in larvae if they are simpler and less integrated than the adults.

In this connection certain observations on changes in regenerative power
during the ontogenesis of Actinia equina L. may be of interest.

Asexual reproduction and regeneration of anemones have been con-
siderably studied 11 to 7, 9, 10, 14, 16 etc.] in view of the rich and various
material presented by these animals. In many species of anemones more than
one type of asexual reproduction are assumed to occur. Carlgren [4 to 7],
Hammatt [11], Torrey [19] studied the effect of asexual reproduction on the
morphology of Metridium supplying data on variation of siphonoglyphs, on
the number of septa and general symmetry, further on the frequent formation of
doubled monsters, assuming that Metridium reproduces by fission, budding
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and laceration. In the case of Actinia equina laceration, budding and longi-
tudinal fission are assumed as normal modes of reproduction in addition to
viviparity. Stephenson [16], arecognized authority on this group, showed, how-
ever, that only one mode ofreproduction is a specific characteristic of anemones
while all other cases of asexual reproduction are but results of traumatisation
of the animals under natural circumstances. Torrey [19] found the frequency
of fission and budding in Metridium to attain but 2.5 per cent of the frequency
of laceration. If e.g. budding is reported to occur with certain species it is
actually nothing else than a supernumerary tuft of tentacles (sometimes
with oral disk and pharynx) on one side of the animal. The formation of this
structure is due to restoration after injury, i.c. to the process referred to as
somatic embryogenesis [13, 17, 18]. In this context the different cases of
heteromorphosis found in anemones should also be mentioned [4, 5, 6, 12, 14].
Cerfontaine [8] found e.g. that pieces of transversely cut Asteroides caly-
cularis form tentacles, mouth and pharynx on the aboral side. Hahn [10]
ascribed dimorphism, i.e. the existence of animals with one or two directives
in Metridium to asexual reproduction. This occurs spontaneously by means
of basal fragmentation and can be induced by cutting pieces from the pedal
disc. The type (monoglyphic or diglyphic) of the developing polyp depends
on the presence or absence of a part of the directive in the fragment because
there is an obligate neoformation of this system in regenerating tissues of
young polyps. The formation of animals with two directives which developed
simultaneously in the regenerating tissue and with separate oesophagi, present
the explanation of the occurrence of doubled monsters and triglyphic polyps.
It is evident that these are cases of somatic embryogenesis. The formation of
a second directive in the separated piece in addition to the existent one which
frequently leads also to the formation of a new pharynx is nothing else than
a manifestation of the tendency to form a new organism. Accordingly the
ways of natural reproduction of anemones are not so various as it is generally
assumed because a considerable part of the reported cases represent in reality
cases of asexual reproduction artificially induced (by injuries), i.e. somatic
embryogenesis.

Stephenson [16] proposed the sexual reproduction (viviparity) to be
regarded as the normal way of reproduction in Actinia equina.

Anemones possess a well known high regenerative power. Certain obser-
vations [1 to 7] revealed, however, that complete animals regenerated only
from fragments containing but a small part of the pedal disc. During normal
asexual reproduction, most frequently by longitudinal fission or pedal lacera-
tion, the daughter individuals necessarily obtain parts of the pedal disc.
An interesting exception from this rule constitute the more primitive genera
Protanthea and Boloceroides which are probably less integrated and have a
more simple morphological organization. In Protanthea a transverse fission
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with furrow formation is observed producing an upper half without pedal
disc which, however, develops into a complete organism.

Caulgren [7] made a comparison of developmental processes in isolated
parts of the column wall in Protanthe and Metridium. The first species forms
tentacles and pharynx in this case, while the latter only tentacles. These dif-
ferences were attributed to different levels of organisation. Boloceroides is
capable of autotomy of tentacles which, being separated, give again com-
plete animals [15]. Accordingly, the presence of the pedal disc or part of it is an

Fig. 1. Scheme of operations performed on adult animals

obligate condition for the development of complete organism in Actinia
equina and in most anemones. The physiological basis of this phenomenon
is unknown.

The results of our earlier unpublished experiments with different pieces
of adult Actinia equina are in complete accordance with the above discussed
literature. Basal parts of the body easily restored removed tentacles (Fig. 1 A)
or the distal body region (Fig. 1 B). A complete or incomplete pedal disc gives
rise to complete organisms (Fig. 1 C and D). In certain experiments the pedal
disc isolated by a horizontal cutting and then divided into four sectors give
four complete organisms. Longitudinal cutting produced two organisms
(Fig. 1 E).

In the present work the behaviour of oral and aboral parts obtained by
transverse cutting of animals in different ontogenetical stages were studied
in view of possible differences in the regeneration due to different levels of
integration.

Materials and methods

The experiments were performed on Actinia equina L. collected from the Barents sea.

To study the ontogenetic differences in the regeneration, animals in the following
stages were used:

(1) Late larvae taken from the gastrovascular cavity of the mother. Their pedal disc
did not function yet and was morphologically not quite distinct. Its diameter was 1 to 1.5
mm. In most cases two rows of tentacles (6 large and 6 small) were present.
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(2) Young animals which have left the body of the mother and were attached to the
bottom of the aquarium. They had 24 tentacles and a pedal disc of 5to 7 mm diameter.

(3) Adult animals having not less than 48 tentacles. It is difficult to state their age
but they were the largest available specimens with a diameter of 3 to 4 cm.

Transverse cuttings were made at three levels (Fig. 2), only the oral disc and the ten-
tacles were cut off (1), the mid part and the pharynx were cut (Il) or only the pedal disc with
the attachments of septae was left (I111). Each set of experiments included about 40 animals.
The operated individuals were kept in aquaria fed with running sea water of 6 to 8° C. The
animals were regularly checked and drawings were made in living state. Some animals were
fixed and sectioned. The maximal span of postoperative follow up was 45 to 50 days.

Fig. 2. Levels of transverse transections on anemones in different stages of ontogenetic
development

All the experimental work was executed in the Murmansk Biological Institute of the
USSR Academy of Sciences in June and July, 1957, 1958 and 1960.

Results

Tables 1 and 2 present the results of the experiments. The basal part
of the body in all experiments invariably restored the removed oral part but
the duration of the regeneration was different. Table 1 shows the time (mean
values with individual differences of 3 to 4 days) necessary to the appearance
of clearly visible anlagen of tentacles on the newly formed oral disc. Table 1
shows a direct relationship between the period of restoration and the size of
the removed part.

Table 1

Duration (in days) of complete regeneration
of Actinia equina from the basal part of the body

Stage
Larval Young Adult
Level of cutting
| 19 ] 16
" 23 16 25
in 30 19 45
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The, relationship between regeneration and age of the animal proved to
be more complex. Fastest regeneration was found in young animals with 24
tentacles (11 to 19 days after different types of cuttings); it was much slower
in late larvae (19 to 30 days) which is most probably due to less pronounced
integration of the larvae. Still slower restoration of the oral part is ob-
served with adult specimens (16 to 45 days) which can be most probably
explained by pre-sumable occurrence of old age changes leading to elimi-
nation of certain integrative mechanisms. Mechanophysiological phenomena
(changes in turgor, weaker sphincters which close the wounds) might also be
involved. The fate of the distal parts was rather varied in different experi-
ments (Table 2).

Table 2

Fate of oral parts of Actinia equina after cutting

Stage
Adult
Level of cutting

| Survive for 45 days; Survive for 45 days; Die after 6 days
basal disc not basal disc not
restored restored

il The same; may late- The same Die after 23 days
rally attach for a
certain time

in Complete regeneration Commencement of Survive for 45 days;
of basal disc wound healing basal disc not

restored

Distal parts of adult animals never showed any sign of regeneration.
After level | or Il cuttings oral parts died and started to decay after 6 to 23
days. After level 111 cuttings most part of the body survived for 45 days and
responded to mechanical stimulation with slight changes of body form. The
contraction of the circular muscles closed the wound but no formative processes
could be observed on the wound surface. The greater viability of the oral parts
after level 111 cuttings is certainly explained by their size. 1n fact they are almost
complete individuals with only the pedal disc lacking.

The oral parts of young animals, with 24 tentacles, show the same
behaviour after level | cuttings; they survive for long time but show no signs
of development.

After level Il transection the oral parts of young animals were in a
better condition. In spite of the absence of basal disc regeneration they may
adhere to the substrate with the lateral body wall. The viability of young
animals after level 111 cuttings is still higher. The fragments show an increase
in size (presumably they feed), a membrane covers the wound faintly reveal-
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ing the septa. No pedal disc is, however, formed and the animals attach to
the substrate with their lateral side, as in the previous case.

The results of experiments with larvae proved to be the most interesting.
Subsequently to level I transection the oral part survived for 45 days but
no pedal disc was formed. Oral parts obtained by level Il cuttings show similar
behaviour as found in young animals after level Il or Ill transections.

The oral part of larvae obtained by level 111 transection showed, however,
signs of progressive development. The wound is closed by muscular contraction

Fig. 3. Schematic longitudinal section through animal with “bud”, a — original individual,
b — “bud”

at first and by growth of the ecto- and endoderm later. A genuine pedal disc
with well formed musculature develops serving the attachment to the sub-
strate. Accordingly, complete small animals are formed in this case from the
oral fragment which was never observed with more advanced stages. Presum-
ably the physiological dominance of the pedal disc over other body regions is
less pronounced in this stage of development.

In 8 cases out of 45 level 111 cuttings on larvae (i.e. 17.8 per cent) on the
margin of the newly formed pedal disc a small bud-like appendix appeared.
On longitudinal sections (Fig. 3) the “bud” is seen to represent an outgrowth
of the body wall with forming radial entodermal folds, i.e. septa. They run
in variance to the mother organism not toward the pharynx hut to each other.
The subsequent fate could not be observed due to short range of the experi-
ments performed in 1958.
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Two years later the latter experiments were repeated on 35 larvae which
were followed up for 50 days. 30 animals of 35 survived until the end of the
observation period. On the 3rd to 4th day all specimens attach themselves
to the bottom of the vessel with the mucus-covered body walls. On the 10th
day the wound is closed under the mucus by entodermal and ectodermal layer
creeping from the periphery to the center. A layer of mesogloea invades
between the two layers.

Fig. 4. Somatic embryogenesis of larval Actinia equina

The first “buds” appear two weeks after operation. In the 5th week
these processes formed on the aboral side of the animals already have an oral
disc with a mouth and a circlet oftentacles, i.e. they represent a new individuum
(Fig. 4). Thus no typical regeneration, but somatic embryogenesis, i.e. artificial
asexual reproduction was obtained in this case.

The developing daughter animal tends to assume a vertical position.
The oral discs of both individuums approach and on a common pedal disc
there are two columns both carrying oral discs with tentacles. The tentacle
number is different — if the mother has 12, then the daughter has only 6
which are also thinner and smaller.

The formation of the tentacles repeats the events of embryogenesis, at
first the first circlet (6) and then the second one is formed. There are no dif-
ferences in septa formation either.

Acta Biol. Hung. 14. 1963



206 D. G. POLTEVA

The new oral part is as active as the old one, it captures the pray with
its tentacles and on stimulation the whole oral disk with the tentacles with-
draws into the body.

Fig. 5 shows a scheme of a longitudinal section through an animal with
accessory mouth, pharynx and tentacles. Fixation unfortunately led to con-
traction which obscured the new column and the tentacles are also drawn
into the pharyngeal cavity. The new oral opening with the pharynx leading
to the old one can be, however, clearly seen.

Fig. 5. Longitudinal section of an animal with accessory mouth and pharynx, a — mouth,
b — tentacle, ¢ — pharynx and d — septa of the mother organisms, e— mouth,/— pharynx
and g — tentacle of the daughter organism, h — regenerated pedal disc

In 18 animals out of 30 survivors (i.e. in 60 per cent) was somatic embryo-
genesis observed.

A further interesting result was the appearance of well developed pedal
discs. These carried the “doubled” animals which were formed as a result of
somatic embryogenesis or single forms in which the formation of pedal disc
was the only result of the regeneration.

Discussion

The level of complexity and of integrity of organisms may be different
in various stages of ontogenetic development. Therefore their capacity to
regenerate or to undergo somatic embryogenesis will also change [13, 17, 18].

Ada Biol. Hung. 14. 1963



REGENERATION AND SOMATIC EMBRYOGENESIS OF ACTINIA EQUINA 207

Young anemones which were completely formed and were attached to
the substrate showrthe most rapid regeneration. Adults and larvae regenerate
more slowly. The larvae of Actinia equina can produce new pedal disc which
is never observed with developed individuals. The removal of the pedal disc
of larvae is not an irreparable damage (as it is in more advanced stages of
development).

The work of Abeloos [1] on restoration of Actinia equina from pedal
disc should be referred to in this connection. If the pedal sac (the first result
of regeneration from pedal disc) is transversely cut at the beginning of its
regulation, the aboral fragment regenerates again an oral part, the oral part,
however, changes and forms a pedal disc. Abeloos attributes the absence of
regeneration of pedal disc from normal column wall to the lack of histogcnetic
potency in the latter. We are inclined to assume that the phenomenon might
be interpreted as a consequence of stronger integrity and slighter lability of
parts of the fully formed animals as compared with larvae and with early
regeneration stages of an isolated pedal disc.

The larvae of Actinia equina are capable to undergo somatic embryo-
genesis [13, 17, 18]. At the end of the larval period when the pedal disc does
not function and is only slightly distinct, a local désintégration and a con-
sequent tendency to form a new individual is easily produced in the aboral
region. This points to weaker relationships of the parts of the larvae i.e. to
its weaker integrity as compared with adult forms.

Presumably several cases of somatic embryogenesis were reported in the
literature as modes of natural asexual reproduction.
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REGENERATION UND SOMATISCHE EMBRYOGENESE IN VERSCHIEDENEN
STADIEN DER ONTOGENESE VON ACTINIA EQUINA

Actinia equina L. wurde in verschiedenen Stadien der Entwicklung (junge Larven mit
Tentakeln aus dem Gastralraum der Mutter, sessile Jungtiere mit 24 Tentakeln und adulte
Tiere mit einem Durchmesser von 3 bis 4 cm) in verschiedenen Ebenen zerschnitten. Aborale
Teile, die keine oralen Strukturen besassen, konnten diese neubilden. Diese Neubildung
verlief am schnellsten bei jungen Tieren. Entfernte Fussscheiben konnten nur Larven rege-
nerieren. Im weiteren Verlauf dieses Prozesses wurde von der regenerierten Fussscheibe
h&ufig auch ein zweites Individuum gebildet. Die Resultate werden auf Grund der ToKINsclien
Theorie Uber die Abhadngigkeit von Regeneration und somatischer Embryogenese vom Grad-
der Integration behandelt.

ABNEHWA PEFEHEPALUVMWN N COMATUYECKOIO 3SMBPUMOTEHES3A
B OHTOIFEHE3E ACTINIA EQUINA

Actinia equina L. Ha TPeX CTafusX OHTOreHesa (MO3AHMeE 3apoApILLv, UMetoliye 12 uiyna
NeUn, W3B/EYEHHbIE U3 FacTPO-BaCKy/NAPHOW MOMOCTU MaTepu; MOMOAble aKTUHWUW, CHABXeHHbIe
24 wynanbuamn 1 Befyline NPUKPeneHHbl 66pa3 >XU3HWM W B3POC/ble aKTUHWK AMAMETPOM
3—4 cm) paspesanncb MOMepek Ha TPex YPoBHAX Tena. basanbHas uyacTb pereHepupoBana
yANeHHYI0 0pafibHYK 4YacTb. BbiCTpee BCEro 3TOT MPOLIECC OCYLUECTBASIETCS Y MO0AbIX
aKTWHWIA. Y[JaneHHas NoAOLIBA BOCCTaHAB/IMBAETCH TONMbKO Y 3apofpllleid. JTOT mpoLecc
YacTo COMPOBOXAAETCA Pa3BUTMEM [OYEPHON aKTUHWUU U3 BOCCTAHOBNEHHOMN NOAOLLBLI. ABTOP
06cyX/aaeT pesy/nbTaTbl C TOYKM 3peHUs Teopuu TOKMHA O 3aBMCHMMOCTU pereHepauum i
COMATMYeCKOro 3MOPUOTreHe3a OT YPOBHS MHTErpauuu.

Diana G. Polteva, Mendelejevsky street, 5, Leningrad, U.S.S.li.
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Synopsis

Paramecium multimicronucleatum taken directly from the culture or starved
for a day takes up more or less readily different non-nutritive particles (iron particles,
calcium carbonate, talc, China ink, carmine) and forms vacuoles containig exclusively
these particles. The vacuoles invariably show liistochemically demonstrable intense
acid phosphatase activity. The results support the view that the appearance of activ-
ity in vacuoles is not dependent on the nature of ingested substances but on the
vacuole formation itself.

Introduction

Food vacuoles of protozoa containing nutritive particles are known to
exhibit a strong activity of liistochemically demonstrable hydrolytic enzymes
(for reviews see [1, 13]). It is assumed that these enzymes participate in the
breakdown of ingested materials [4]. Rosenbaum and Wittner [16] recently
reported that no enzyme activity was observed in Paramecium caudatum
vacuoles which contained only non-nutritive, indigestible substances (carmine
or China ink particles). Mutter and co-workers [12, 13] have found, however,
that vacuoles of P. multimicronucleatum containing polystyrene latex particles
exhibit an activity not inferior to that of vacuoles in animals fed with bacteria.
The discrepancies in these results prompted us to test if there were any dif-
ferences in reactions of paramecia to different types of non-nutritive particles.
The present communication contains information concerning animals which
ingested different kinds of non-nutritive particles. Polystyrene latex does not
figure among these. The uptake of and reactions to the polystyrene particles
are dealt with in a separate communication [12] where also the significance
of the results obtained is discussed in detail.

Materials and methods
Paramecium multimicronucleatum, a Hungarian clone, used also in previous studies»

was grown in a crude agnotobiotic culture on diluted manure infusion. The animals were
collected with the aid of a hand driven centrifuge, repeatedly washed and resuspended in
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Losina-Losinsky solution [9] without peptone. The animals were used either immediately
after washing or kept in large amounts of this solution for one day before the experiments
were carried out. This period of time appeared to he long enough for obtaining a very high
percentage of vacuole free animals.

The animals were given different inorganic and organic substances as non-nutritive
particles. The substances used were: iron particles (Ferrum reductum Ph. Hung. Y), calcium
carbonate (Calcium carbonicum precip. Ph. Hung. V), powdered talc (Talcum pulvis), pow-
dered glass (prepared in a ball mill), China ink (obtained by grinding a rod), carmine (Carmin
rubrum optimale). Heavy suspensions of animals were placed in depressionsli des and a compar-
atively large amount of the respective substance was added. The duration of feeding was
30 minutes.

The histochemical reactions were studied in total mounts. A drop of fluid containing
a large amount of animals was spread on an albuminized slide and rapidly dried in an air
current. The slides were fixed in cold Ca-formol for 15 to 30 min. washed in tap water and
mounted in balsam or glycerine jelly after performing the histochemical reactions. Acid
phosphatase activity was demonstrated with the lead phosphate method of Gomori [15]
at pH 5.0 and 30° C or n\~nb the alpha-naphthyl phosphate-hexazotized rosanilin method of
Barka [2] at pH 6.0 and 25° C.

Results

Animals studied immediately after washing contained a large number cf
bacterium filled food vacuoles. Acid phosphatase staining revealed activity
in most of the vacuoles and in a moderate amount of cytoplasmic granules.
Those animals which had been starved for 24 hours were either vacuole free
or contained only a very small number of small vacuoles. After acid phospha-
tase reaction these animals showed a darker cytoplasmic staining than the
former ones. The infrequent individuals containing vacuoles showed intense
vacuolar activity visible as small circles.

Both washed and starved animals ingested most kinds of the particles
tested. Vacuole formation was rapid in the case of calcium carbonate, talc,
China ink and carmine. The larger and heavier iron particles were less readily
accepted. Only the glass powder xvas rejected by most animals. In certain
animals, however, glass vacuoles also appeared. The number of these individuals
was not enough for histochemical evaluation.

Histochemical reactions performed on starved individuals which took
up iron, calcium carbonate, talc or carmine clearly revealed an intense enzy-
matic activity in most large vacuoles containing the non-nutritive substances
(Figs. 1 to 4). Even in animals which were not completely vacuole free the
preexistent small vacuoles and the newly formed larger ones could easily be
distinguished. The activity resulted in a periferic staining of the vacuole,
i.e. most probably the vacuolar wall was stained. Vacuoles formed in animals
fed on China ink were so dark that their black content completely obscured
the picture and it could not be decided if any staining was present.

Similar activity was found in vacuoles filled with non-nutritive particles
when they were formed by not starved animals which contained numerous
bacteria filled vacuole, too.
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figs. 1to 4. Acid phosphatase reaction according to Barka in vacuoles containing exclusively
particles of iron (Fig. 1), calcium carbonate (Fig. 2), talc (Fig. 3) and carmine (Fig. 4) formed
by Paramecium multimicronucleatum which starved for 24 hours. Total mounts, X 1750

Discussion

The ingestion of non-nutritive, indigestible substances by different
species of Paramecium was repeatedly reported either in papers concerning
feeding in this animal or in communications on other physiological problems.
The following list of ingested particles presents only certain examples and is
far from complete: sulphur [5], iron powder [8], aluminium powder [10],
calcium carbonate, stroncium carbonate, magnesium carbonate, barium
carbonate [5, 9], barium chromate [6], glass powder [3, 5, 10], China ink
[9, 10, 16], carmine [9, 10, 16], indigo [9, 10], sepia [10], polystyrene latex
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[12, 13]. The results of all these studies clearly show that non-nutritive sub-
stances are readily ingested by paramecia. In some of these studies the non-
nutritive particles were added to animals in bacterized media. In these cases
the vacuole formation might be due to the bacteria present. In a fair number
of studies, however, the particles were added to thoroughly washed animals
showing no vacuole formation without added particles [3, 12, 16]. Food vacuoles
appearing under such conditions demonstrate that vacuole formation can be
induced by non-nutritive particles.

In the present experiments several of the above listed substances and
some which were not employed formerly were added to washed and vacuole
free animals. All substances tested were found to evoke vacuole formation
thus confirming the view outlined above. The speed of vacuole formation and
the number of vacuoles were completely neglected in view of those large and
non-controllable differences in these values which were due to differences in
the size and other properties of the particles.

The results of histoehemical tests performed in this work clearly show
that intense activity of acid phosphatase can be localised in paramecium
food vacuoles which contain but only non-nutriiive particles. The same result
was obtained in animals fed with polystyrene particles [12, 13]. Accordingly,
no fundamental differences in this respect can be demonstrated between
vacuoles containing nutritive [11, 13, 14, 16] or non-nutritive particles. The
view suggested in other papers [12, 13] that the appearance of activity does
not depend on the contents of the vacuoles but only on their formation seems
to be further supported by the present observations. So far no explanation
can be given for the reports concerning the absence of activity in vacuoles
containing only non-nutritive substances [16].

In the present communication only the appearance of the activity was
emphasized and discussed and the possible differences in the time course and
in the level of hydrolytic activity are not considered. No doubt, the existence
of such differences due to the nature of the ingested particles can be proved
or disproved only by biochemical studies.
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UBER DIE NAHRUNGSAUFNAHME UND VERDAUUNG BEI PROTOZOEN

VI. Die Wirkung der Aufnahme von unverdaulichen Partikeln
auf die saure Phosphataseaktivitdt in Paramecium
multimicronucleatum

Paramecien, die entweder direkt der Kultur entnommen wurden oder einen Tag lang
hungerten, nehmen verschiedene unverdauliche Partikeln (Eisen, Kalk, Talkum, Glas, Tusche
und Karmin) mehr oder minder schnell auf und bilden Vakuolen, die ausschliesslich diese
Substanzen enthalten. Diese Vakuolen zeigen eine starke, histochemisch nachweisbare AKkti-
vitdt von sauren Phosphatase. Dieser Ergebnis unterstiitzt die Annahme, dass das Erscheinen
der Aktivitat in der Vakuole nicht von der chemischen Beschaffenheit der Partikeln,
sondern von der Ausbindlung der Vakuole abhangig ist.

3AXBAT MWW U NMNWEBAPEHWE Y MPOCTENLWNX

VI. BnusaHune 3arna TelBaHUA Henepe BapMmMbiX 4aCTuUL Ha aKTUBHOCTDb
KWCNOM thochaTasb Y Paramecium multimicronucleatum

Paramecium multimicronucleatum B3ATas HEMNOCPEACTBEHHO W3 Ky/bTypbl WAX T0M0-
parolana Ha CYyTKKW ycBauBarOT 60nee MM MeHee OXOTHO pa3Hble HENnepeBapuMblE YaCTULLbI ()Ke-
nesa, Kap60HaTa Kanbyna, TasbKyMma, CTEKNa, Tywun n KapMVIHa) n O6pa308bIBaIOT BaKyo/n,
cogepxalime NUCKNKYNTEbHO 3TN YacTuubl. a1 BaKyO0/In UMEKT BbICOKYHD, TMCTOXUMUYECKN
AOKa3aeMyto aKTUBHOCTb Ku1cnon CbOC(*)OTa3bI. Pe3yanaTb| noakpenaarT MHEHWE O TOM, 4TO
nosB/IEHNE aKTUBHOCTU B BakKyO/IAX He 3aBUCUT OT XVMNYECKOM npumpogbl 4actuu, a CBA3aHa
C noAB/ieHMEM BaKyO/n.

Mik16s Mualler
| Tors
mre [oro Budapest 1X., T{zolt6 u. 58, Hungary

Mariann Polgar

Alice Dura
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Synopsis

Investigating the genetic conditions of natural immunity, we have pointed
out that rats belonging to different varieties (grey, laboratory white and Wistar)
differ from one another regarding their immunobiological titres — namely complement
titre and bactericidal properties — of their sera. Serum of grey rats had the highest
and that of laboratory white ones the lowest complement titre and bactericidal
activity. When Wistar and grey rats were crossed, the complement titre and bacte-
ricidal power of the hybrids’ sera showed intermediate values as compared with the

titres of the parents.

It also has been pointed out that, similarly to the complement titre and bacteri-
cidal activity, the sera of grey rats contained the highest amount of properdin, while
sera of laboratory white rats the lowest. It may be supposed therefore that properdin
level, and consequently factors involved in the formation of natural immunity, are
different not only in species, but also in varieties.

Crossing of grey and laboratory white rats showed a surprising result. While
the average properdin content in the grey rats’ sera was 36.6 U/ml and that of labora-
tory white ones 18.3 U/ml, the sera of hybrid animals contained 48.3 U. of properdin
per ml. On the strength of these results it may be suggested that immunobiological
titres are determined by genetic factors, and heterosis effect may occur in them. On
the other hand it is evident that environmentalfactors (such as exposure to cold) can
change the degree of immunity within a com paratively short period.

Introduction

It is a well known fact that animals belonging to various species differ
from each other as to their immunobiological titres. This has been pointed
out for example by Hegedds and Greiner [3] as well as Pillemer and co-
workers [6] in respect to the complement and properdin, by proving that
human serum contains 80 units, while sera of guinea pigs 200, rabbits 20,
rats 100, pigs 50, dogs 40 units of complement per ml., and serum of cattle,
horses, sheeps and gophers (Spermophilus) have no complement activity at all.
Not only the total complement, hut also its components may differ among
species; to mention only one example, the serum of pigs contains 100 units
of C’I, 800 units of C’2, 12,500 units of C’3 and 50 units of C’4 per ml. As related
to the properdin this difference is also extent. Sera of rats contain 25— 30,
sera of mice 10— 20, cattle 10—20, man and rabbit 4—8, sheep 2— 4 and
guinea pigs 1—2 units of properdin per ml. Kent, Toussaint and Hook’s [4]
data differ from these findings. They established that human sera contain
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4—8, while sera of guinea pigs 8—12 units of properdin per ml. On the other
hand csen and szans [1] who used a modified method for determining pro-
perdin found 2 units of it in a ml. of guinea pigs’ sera, 8 units in rabbits’ and
12 units in pigs’ sera.

From these findings it may be inferred that the immunobiological
properties and consequently the resistance against infections of the various
species have evolved in the course of historical development and are hereditary
characteristics.

Our own experiments, however, have clearly shown that the effect of
environment, namely acclimatization to cold, may raise the complement titre
of guinea pigs and that such a rise is accompanied by an increased bactericidal
capacity of the serum as well as an increased phagocytic activity of the
leucocytes [2, 9, 11]. It was also found that none of these changes — except
increased phagocytosis — disappeared after the animals had been transferred
to and kept in normal environment for a year or longer.

In earlier publications we have already emphasized that the principal
object of our experiments was to elucidate the problem of heredity of natural
immunity [2]. It is the way in which living organisms have developed the
power to resist infections that we tried to find out, and to ascertain the role
of hereditary factors in such developments.

From our experiments it appears that properties acquired in the course
of acclimatization to cold determine the degree of immunity and are trans-
mitted by heredity more or less unchanged to the first generation. It may be
assumed that the great differences in susceptibility of various species to infec-
tions are due to the inheritability of immunological factors, and that some
species must at some time in the past have lived under conditions altering
the titre of immune factors more radically, while others were not subjected
to such conditions. This assumption seems to be confirmed by the well known
fact that persons (and their descendants) who (and whose ascendants) had
much to suffer from exposure to climatic vicissitudes are more resistant to
infectious diseases than persons whose forebears were comparatively more
protected. It is highly probable that good results obtained from raising calves
and other young domestic animals in open air are likewise due to phenomena
of this kind.

Consequently, environmental factors should be taken into consideration
in the development of immunity.

Our results obtained by comparison of immunobiological values of
different varieties within the same species deserve special interest [2, 10].
It has been found in our experiments that from grey, laboratory white and
W istar rats the grey rats had the highest complement titre, bactericidal
capacity and even properdin level, while the serum of laboratory white rats
had the lowest titres. This difference was considerable as related to bactericidal
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activity (48 per cent), grey rats showing a 24 per cent higher, anil laboratory
white ones a 24 per cent lower bactericidal capacity as compared with the
mean value. It is remarkable that serum of rats belonging to the Wistar stock
stood very close to that of grey rats in respect of bactericidal capacity.

From the above mentioned results it is obvious that the natural immunity
factors studied are present to different extent in the various varieties, grey
rats possessing the highest amount of these factors and laboratory white
ones the lowest. The favourable values of grey rats did not considerably decrease
when they were kept or even born in captivity. Special interest is due to the
fact that rats of Wistar stock approached, if not reached, the complement
and bactericidal values found in grey rats. The importance of this finding
lies in revealing that this widely used strain exhibits — besides its other well
known good properties — its advantages in this respect too. This property
of Wistar rats is probably connected with the higher protein requirement of
these animals and should be taken into consideration when evaluating immuno-
bioloeical and even metabolic tests carried out with this variety.

These results confirmed our belief that the factors of natural immunity
are developed both by heredity and environmental influences, for the much
lower immunobiologieal values of laboratory white rats domesticated long ago
as compared with those of their wild relatives can certainly not be accidental.
The relatively higher values of Wistar rats may be due to conselection or
accumulation in the course of inbreeding.

Assuming that the heredity of natural immunity could be elucidated,
we examined the properdin level in the sera of hybrids of grey and laboratory
white rats and obtained the following results.

Materials and methods

The animals studied were bred in our own laboratory. Ordinary grey rats kept in the
laboratory at least for a year after having been captured were crossed with laboratory white
rats; albino males with grey females on the one hand and grey males with albino females on
the other. Hybrids were raised and at the age of 3 to 5 months the properdin level of their
sera was examined.

Blood for the experiments was drawn from male animals only by cutting an about
4 mm piece of their tails with sharp scissors in ether narcosis. The outflowing blood was col-
lected in centrifuge tubes. Immediately after clotting the blood was centrifuged, the serum
drawn off and kept overnight at —20° C in a deep freezer.

The determination of properdin was based on its well known ability to combine with
zymosan, an insoluble carbohydrate derived from yeast cell walls, to form complex (PZ)
that inactivated the third component of complement (C’3) at 37° C.

So when zymosan-treated and zymosan-free sera were simultaneously incubated and
a C’ 3-free hemolytic system (sensitized sheep erythrocytes treated with R’3) was added,
the zymosan-treated serum showed a decrease of hemolytic activity and from the degree
of this decrease, after photometric evaluation, the absolute amount of properdin originally
present in the system could be computed.

Owing to the drawbacks of the various methods for the determination of properdin
originally described by Pillemer and others [5, 6, 7, 8|, and the difficulty in obtaining
reagents, a method developed by Cseh and Szabo [1J was used. The reagents required (zymo-
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san, RP and R’3 sera) were prepared in this laboratory. The scheme of the technique was as
follows.

0.3 ml of buffered salt solution containing 0.003 mol veronal, 0.002 mol veronal sodium,
0.0005 mol magnesium chloride and 0.00015 mol calcium chloride per litre was filled into
each of six test tubes. To the first and third tubes 0.3 ml each of the test serums were added.
From these two tubes amounts of 0.3 ml each were diluted into the second and fourth tubes
according to Widal’s method. After adding 0.3 ml of RP (Properdin deficient) serum to each
tube and 0.1 ml of zymosan solution to the first, second and fifth one, the content of each
tube was brought up to 1 ml by buffered salt solution. The tubes were then shaken and incu-
bated at 37° Cin a water bath for 30 minutes and after cooling to 0° C and separating by
centrifugation the C’3 activity of the supernatant fluid was determined.

Results and discussion

The properdin titres of 24 rats from and 20 from the F2 generation
were examined and the following results obtained.

The properdin level of the Fj rats ranged from 34.5 U/ml to 68 U/ml
(average: 48.31 U/ml). Separate evaluation of the properdin levels of the
descendants of white mothers and grey fathers and vice versa revealed that
the direction of crossing does not essentially influence the results, as the sera
of rats born from laboratory white mothers and grey fathers contained 34.5
to 65 U/ml of properdin (average: 48.56 U/ml), while sera of rats from reciprocal
crossing contained 37.5 to 68 U/ml (average: 48.07 U/ml).

Sera of hybrid rats from the inbred F2 generation showed similar pro-
perdin values. The properdin values of the animals examined were found to
range 30 U/ml to 58.5 U/ml (average: 43.67 U/ml).

Comparing these data with the properdin titres of the different varieties,
the properdin level of hybrid rats was found to be higher even than the titres
of grey rats though in the original examination the latter had the highest
values (from 30.5 U/ml to 40 U/ml).

From these surprising results the following inferences may be drawn:

(1) Though the results of our earlier examinations [2, 9, 10, 11, 12]
showed that the changes in properdin and complement titres were closely
correlated, factors causing the shift of complement titre altered the properdin
titre too, and so the degree of natural immunity whs strongly influenced by
environmental conditions, nevertheless the properdin level of serum proved
to be an inheritable quantitative character.

(2) From the former statement it is also obvious that the change of
complement and properdin titres run parallel with each other only as long
as this change is influenced by environmental factors, but their heredity is
independent from each other. This seems to be supported by the well known
fact that an animal species having a high complement titre (as for example
guinea pigs) may not necessarily have a high properdin content in its serum
as well.
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(3) It may be established that by means of crossbreeding we have
succeeded to produce animals having the highest level of thisimportantimmune
globuline (i.e. properdin) in their sera among all the species hitherto examined.

(4) Consequently it may be suggested that producing animals of higher
properdin level by the joint effect of crossing on the one hand, and environment
on the other, may be an efficient and workable means of obtaining purified
properdin.

(5) On the strength of our results it may be stated that heterosis effect
might have a role in the heredity of immunobiological characteristics. These
results may supply an explanation to the well known fact that vitality and
resistance of hybrid animals to the deleterious effect of environment and
consequently their chance of survival during raising are much better than
those of the purebred ones. Probably the excellent properties of hybrid animals,
especially their high resistance to infections are causally connected with the
relatively high properdin level of their serum.
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GENETISCHE UND UMWELTFAKTOREN IN DER ENTWICKLUNG DER NATURLI-
CHEN IMMUNITAT VON RATTEN

Verfasser untersuchte in fritheren Arbeiten die genetischen Beziehungen der natiirlichen
Immunitat und stellte fest, dass die immunbiologischen Titer, besonders der Komplementtiter
und die bakterizide Aktivitat bei verschiedenen Rassen der Ratte (wilde Ratten, Albino-
und Wistarratten) unterschiedlich sind. Den hdchsten Komplementtiter und die grdsste
bakterizide AKktivitdt hatten die wilden Ratten, am niedrigsten waren die Werte bei den
Albinos. Die Hybriden einer Kreuzung zwischen Wistar- und wilden Ratten zeigten einen
intermedidren Wert in bezug auf Komplementtiter und bakterizide Aktivitdt. Es gelang
auch nachzuweisen, dass ebenso wie beim Komplementtiter und bei der bakteriziden Aktivitat,
das Serum der wilden Ratten den hdéchsten, dagegen jenes der Albinos den niedrigsten Pro-
perdinspiegel besitzt. Es scheint also zweifellos, dass der Properdinspiegel und jene Faktoren
die beim Zustandekommen einer natlrlichen Immunitdt eine Rolle spielen, nicht nur bei
verschiedenen Arten, sondern auch bei Rassen derselben Art verschieden sind.

Die Kreuzung von wilden und Albinoratten zeigte interessante Ergebnisse. Der durch-
schnittliche Properdinspiegel der wilden Ratten ist 36.6 E/ml. Derselbe betrdgt bei Albinos
18,3 E/ml und bei den Hybriden 48,3 E/ml. Hieraus geht hervor, dass die immunbiologischen
Titer durch genetische Faktoren bestimmt werden und dass auch eine Heterosiswirkung méglich
ist. Dies ist um so interessanter, als es in fritheren Arbeiten gelang nachzuweisen, dass Umwelts-
faktoren (wie z. B. Zucht bei niedriger Temperatur) den Grad der Immunitdt in kurzer Zeit
verdndern konnen. Der Grad der Immunitdt eines Lebewesens ist demnach sowohl von
genetische, als auch von Umweltsfaktoren abhéngig.

BAVAHWE HACNEACTBEHHOCTU U OKPYXXAFOLLEN CPEAbI HA OBPA30OBA-
HWE ECTECTBEHHOIO MMMYHWUTETA KFbIC

M3yyas HacnefCTBEHHble OTHOLLEHUS eCTeCTBEHHOrO VMMyHWTETa, aBTOP MOKasas, uTo
MMMYHHOOMOMOTUYECKNE TUTPbI, B YaCTHOCTM TUTP KOMM/IEMEHTA CbIBOPOTKU KPOBU U ee 6ak-
TepuLMaHas aKTUBHOCTb, Y Pa3/IMuHbIX BUAOB KPbIC (CepbiX, Sab0paTopHbIX 6enbix 1 BucTap)
pa3nnyHbl. CaMble BbICOKME TUTPbI KOMMIEMEHTA M GaKTepuuMAHas aKTUBHOCTb Hab/HoAatoTCs
Y CepbIX KpbIC, Camble HU3KME — Yy GenbIX /1ab0PaTOPHbIX KPbIC. Y TMOPUAO0B, MOMYHEHHbIX
npW cKpewmBaHuM BucTap M cepbiX KpbiC, HAONOAAETCS NMPOMEXYTOUHAs CTereHb TUTPa KoM-
nnemeHTa U 6GakTepUUMAHON aKTMBHOCTW. ABTOp TakXXe MoKasan, 4Yto MojobHO TUTPY KOM-
nnemMeHTa M 6aKTePULMOHON aKTMBHOCTW, HaubosbLUiee KOMMYECTBO NpOMepavHa COLEepXMTCA
TaKXXe B CbIBOPOTKE CEPbIX KPbIC, Y HaMMeHbLLIEe — B CbIBOPOTKE BefbIX TAb0paToOpHbIX KpbiC.
Takum 06pa3oM, KOMMYECTBO NMPOMepAMHa M (aKTopbl, UrpatoLLe posb B 06pa3oBaHUM ecTecT-
BEHHOTO0 MMMYHWTETA, OT/IMYAKOTCS HE TOMbKO Y PasHbIX BUAOB, HO [aXe Y PasnunuHbIX Mog-
BULOB.

CKpeLLvBaHUe CepbIX M N1abopaTopHbIX 6efbIX KPbIC MPUBENO K HEOXKMAAHHbIM pe3y/ib-
TaTam. CoAepxaHue nponepavHa B CbIBOPOTKE Y CEPbIX KpbiC 6bU10 36,6 E/M/, a B CbIBOPOTKE
nabopatopHbIX 6enbiX Kpbic 18,3 E/MA; B TO BPeMs CbIBOPOTKa WX rMOpnaoB cogepxkana 48,3
E/mMn nponepavHa. 31 pe3ynbTaTbl FOBOPSAT O TOM. YTO MMMYHHOGMOMOTMYECKME TUTPbI OMpe-
[ieNeHbl  HaCMeACTBEHHbIMU (hakTopaMi U B HUX MOFYT MPOSIBAATLCA [LEACTBUSI reTeposwnca,
HECMOTPS Ha paHHWe WCCMefoBaHUA aBTOpa, HECOMHEHHO MOKa3biBaBLUME, YTO CTEMEHb UMMY-
HUTETAa 3a OTHOCWTENBHO KOPOTKOE BPEMSl MOXET W3MEHSITCA M0 BAUSHUEM OKPYXKatoLLEN
cpefpl (KakK Hampumep, CypoBble Yci0BWs). TakMM 00pasoM, CTeneHb MMMYHUTETA >KUBOTO
CYLL|ECTBa B OfIVIHAKOBOW Mepe 3aBMCUT KaK OT HacnefCTBeHHbIX (JaKTOpOB, Tak U OT (haKTOpOB
OKpYXXatolLLen cpefpl.

Gyorgy Szemere, Szeged, Kossuth L. sgt. 35, Hungary
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Synopsis

The nuclear apparatus of Remanella multinucleata kKani1 (Ciliata, Holotricha,
family Loxididae) consists of 7 to 35 macronuclei and of 2 to 16 micronuclei. Usually,
about 20 macro- and 5 micronuclei are present. The micronuclei are rich in DNA and
contain no RNA. The macronuclei contain several (up to 10) nucleoli of unequal size
which are rich in RNA and proteins. The quantity of DNA per macronucleus is com-
paratively small which allows to consider these nuclei to be diploid. Periodically, the
nucleolar apparatus of all macronuclei undergoes synchronous cyclical changes. The
latter consist in a dissolution of the largest nucleolus of each macronucleus, thus form-
ing a vacuole containing RNA and protein, and in a gradual displacement of the con-
tents of this vacuole from the macronucleus to the cytoplasm. During division of the
ciliate, all existing macro- and micronuclei are distributed at random between the
daughter individuals. The macronuclei of this species, as well as those of other Loxo-
didae, are incapable of division. The reorganization of the nuclear apparatus takes
place between two cell divisions, and includes transformation of a number of micronuclei
into macronuclear anlagen. The number of macronuclei is thus supplemented. No sign
of endoinitotic polyploidization could be demonstrated during the development of the
macronuclear anlagen.

Introduction

In a previous paper [11] we reported that in two species of the marine
psammobiotic genus Remanella (family Loxodidae), namely in R. rugoésa
Kaht and R. granulosa Kaht, the macronuclei are unable to divide, poor
in DNA, and apparently diploid. Both these forms possess 2 macronuclei
and 1 micronucleus. During plasinotomy, the macronuclei are distributed
without division, while the micronucleus divides mitotically twice. Each
daughter individual receives 1 macronucleus and 2 micronuclei, one of the
latter being gradually transformed into a macronucleus. This reorganizatory
process thus results in restoration of the normal number of nuclei — 2 macro-
nuclei and 1 micronucleus. A similar sequence of nuclear events was found
in a fresh-water representative of the family Loxodidae, also having 2 macro-
and 1 micronucleus, in Loxodes rostrum O. F. M. [8]. In a species with2macro-
and 2 micronuclei — Loxodes striatus (Engelm.) — changes of the nuclear
apparatus during cell division are essentially analogous, but their sequence
is somewhat different. Finally, in a third fresh-water species — the multi-
nuclear Loxodes magnus Stokes — the mitoses of the micronuclei and the
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transformation of a part of the micronuclei into macronuclei occur asynchro-
nously between two divisions of the ciliate. During plasmatomy, only a random
distribution of the macro- and micronuclei takes place in this species [8].
The diploidy ofthe macronuclei of Loxodes magnus was recently proved photo-
metrically [13].

The macronuclei contain large nucleoli both in Loxodes and Remanella.
Cyclical changes of the nucleoli related to a transfer of nucleolar RNA into the
cytoplasm were observed [11] in R. rugésa and R. granulosa, while nee failed
to find such phenomena in Loxodes.

Keeping in mind these peculiarities of the nuclei of Loxodidae, we wished
to study the caryological features of a multinuclear species of the genus
Remanella, namely of R. multinucleata Kan1, and to compare its nuclear
processes with those in other species of Remanella and Loxodes.

The structure of the nuclei of R. multinucleata was briefly described by
Fauré-Fremiet [3] and Dragesco [1]; in particular, weak stainahility of
the macronuclei by the Feulgen reaction was noted. In another paper, Fauré-
Fremiet [4] pointed out that the macronuclei of this species did not divide
during plasmatomy, and suggested that the macronuclci of R. multinucleata
as well as those of Loxodes, were incapable of division (“caryostérose”). The
ciliature of R. multinucleata was thoroughly studied by Dragesco [2].

Material and methods

Specimens of R. multinucleata were collected in June—July, 1961, on an intertidal
sandy beach of the White Sea, mainly on the Rjashkov Island within the Kandalaksha Reser-
vation (for details see [10]). Table 1 shows a comparison of some taxonomic characters of
R. multinucleata from the White Sea with data obtained from the literature.

Table 1

Some taxonomic characters of R. multinucleata

KAHL FAURE-FREMIET DRAGESCO

Character [5, 6] [3, 4]* 0. 21 This study
Body length in inicrones......... 400- -700 400—700 500—800 450—600
Number of cineties ... ? 9 20 -22 25—30
Number of Miiller’s vesicles .... 2—5 4—8 4—6 2—10 (Mo= 4)
Number of macronuclei «zahlreiche«  —10-14 12 -23 7—35 (Mo 20)
Number of micronuclei ? —5—7 3—8 2—16 (Mo 5)

*This form is considered by D ragesco [1] to be a separate species, R.faurei.

The ciliates were fixed and attached to coverslips with Nissenbaum’s [7] sublimate
mixture. A part of the material was studied in 5fi sections after fixation with sublimateacetic
acid mixture or Zenker’s fluid. The preparations were stained with Heidenhain’s iron hema-
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loxyline, Mayer’s hemalum or borax carmine. Cytochemical methods for nucleic acids (Feulgen
reaction, methyl green —pyronin, toluidine blue and gallocyanin staining) were w'idely
used. Proteins were stained with Mazia, Brewer and Alfert’s mercuric bromphenol blue.
In all, about 350 specimens of R. multinucleata were cytologically studied.

Results
Structure of the nuclear apparatus

The nuclear apparatus of R. multinucleata consists of 7 to 35 macronuclei
and of 2 to If) micronuclei, arranged in the middle part of the body in a longi-
tudinal row (Fig. 1). For studying the variability of the number of nuclei, the
macronuclei and the micronuclei were counted in 142 specimens of R. multi-
nucleata. Histograms representing the distribution of these specimens according

Fig. 1. Remanella multinucleata. Whole mount, stained with borax carmine; view from the
right body face. Ma — macronucleus, Mi — micronucleus, Mvs — Miiller’s vesicles
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to the numbers of the macro- and micronuclei are given in Fig. 2. The macro-
nuclei as well as the micronuclei showed typicalunimodal distribution curves
indicating the homogeneity of the material. The modal number of mac-
ronuclei is 20, that of micronuclei is 5; the means (M ~ m) are correspond-

79 1 131551719212325272831 3335 Ma

4
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Fig. 2. Distribution of 142 specimens of R. multinucleata according to the numbers of
macronuclei (a) and micronuclei (6). Abscissae: number of nuclei, ordinates: frequencies.

ingly 19.17 ~ 0.42 and 5.58 ~ 0.17. There is a definite positive correla-
tion between the numbers of macro- and micronuclei (r = 0.592 ~ 0.055).

The micronuclei of R. multinucleata are oval, 3.5 /t long. The chromatin
of a micronucleus has a slightly vacuolar structure. It gives a strong Feulgen
reaction (Fig. 3) and stains intensively with methyl green (Fig. 4), suggesting
a high concentration of DNA and the absence of RNA. The micronuclei are
rich in proteins, the reaction for total protein being clearly positive not only
in the chromatin hut also in the micronuclear membrane (Fig. 5).
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Figs. 3 to 11. Morphology and cytochemistry of nuclei of H. multinucleata (from whole mounts
and sections). Figs. 3 to 5 — macronuclei (with ordinary nucleoli) and micronuclei. Figs. 6
to 9 nucleolar cycle of the macronuclei: Figs. 6 and 7 - formation of vacuoles around nuc-
leoli: Fig. 8 — dissolution of nucleoli, the stage of RNA-vacuoles; Fig. 9 the stage of
clear vacuoles. Figs. 10 and 11 two stages of development of macronuclear anlagen. Fig. 3

Feulgen reaction, Figs. 4, 6 and 8 to 11 methyl green — pyroi'in, Figs. 5 and 7 —
mercuric bromphenol blue. Ma — macronucleus, Mi micronucleus, I\ — nucleolus,

Chr chromatin
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The macronuclei are spherical, 6 to 9 /i, in diameter; occassionally they
have an oval or irregular shape (Figs. 3 to 5). The membrane of macro-
nuclei gives definitely positive reactions for total protein only (Fig. 5); it
does not contain RNA (Fig. 4). The DNA content of macronuclei is
comparatively small, as it is in other species of Remanella and Loxodes. A mode-
rate quantity of small granules and a few larger chromocenters in the karyo-
lymph are the only Feulgen-positive elements of macronuclei (Fig. 3).
Chromatin elements contain no RNA, staining pure green with methyl green
pyronin mixture (Fig. 4). Their protein content is relatively moderate (Fig. 5).

Macronuclei commonly contain several spherical nucleoli, the number
of the latter attaining 10. The dimensions of the nucleoli in macronuclei
are nearly always unlike: well visible larger nucleoli coexist Axith smaller
ones, the smallest being at the limit of the resolving power of the light micro-
scope. Sometimes the largest nucleoli do not exceed 2 fiin diameter (Fig 4), but
more often one nucleolus stands out sharply among the others, being up to
3 n or 4+t large (Figs. 3 and 5). The nucleoli are Feulgen-negative (Fig. 3),
definitely basophilic (particularly their periphery, Fig. 4). Control preparations
digested with ribonucléase show that the stainability of nucleoli with pyronin,
toluidine blue and gallocyanin depends or RNA. Nucleoli show also a high
content of total proteins (Fig. 5).

Nucleolar cycle

Cyclical changes in the nucleolar apparatus, observed in the macronuclei
of approximately 20 per cent of the examined specimens, are probably connect-
ed with a transfer of nucleolar RNA into the cytoplasm (Figs. 6 to 9). At the
beginning of these changes, the largest nucleolus of each macronucleus be-
comes surrounded with a clear vacuole and is displaced to the periphery of the
nucleus (Figs. 6 and 7). The content of RNA (Fig. 0) and proteins (Fig. 7)
in this nucleolus diminishes so that, with adequate methods, it stains more
faintly than the other nucleoli.

This nucleolus seems later to be dissolved in the contents of the surround-
ing vacuole. Distinct boundaries of the nucleolus fade away, and the vacuole
appears to be filled with a moderately basophilic matter (Fig. 8). The strongest
basophilia appears at the spot where the vacuole containing RNA and protein
comes in contact with the nuclear membrane.

Then a gradual loss of basophilia occurs in the RNA-vacuole; simulta-
neously its protein content also diminishes. As a result the vacuole soon
turns into a clear vesicle which gives practically negative reactions for RNA
and protein (Fig. 9). The clear vacuole diminishes in size until it vanishes.

This phenomenon may be explained by postulating a transfer of RNA
(and protein) from the vacuole of the macronucleus to the cytoplasm. No
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emptying of the vacuole contents into the cytoplasm (as visible for example in
Geleia orbis [12]) could be observed under the microscope in R. multinucleata.
Tt is therefore possible that RNA migrates into the cytoplasm diffusely
through submicroscopic pores of the nuclear membrane.

Nucleolar changes occur always synchronously in all macronuclei of a
given specimen. The described cycle can apparently be repeated in a single
macronucleus: one of the remaining nucleoli may grow and occupy the place
of the dissolved one. After attaining a certain size, it may in its turn, give
rise to an RNA-vacuole. We have so far failed to ascertain whether nucleolar

processes in the macronuclei arc temporally connected with the division
of the ciliate.

Division
All present observations allow us to confirm the data of Fauré-Fremiet
[4] about the absence of nuclear divisions during plasmotomy in R. multi-
nucleata. During the division of the ciliate, the macro- and micronuclei are
mechanically (and apparently at random) distributed between the two daughter
individuals (Fig. 12). The daughter animals usually receive an unequal number

of nuclei: so, in Fig. 12, the anterior cell receives 12 macronuclei and 3 micro-
nuclei, the posterior one 13 macronuclei and 5 micronuclei.

Fig. 12. Division of R. multinucleata. Whole mount, hemalum stained, viewed from the right.
Ma «— macronucleus, Mi — micronucleus
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The reorganization of the nuclear apparatus, involving an increase in
the number of nuclei, occurs during the interdivision period (as in Loxodes
magnus [8]). The micronucleiapparently multiply by means of mitoses; yet in
spite of a considerable number of specimens studied, we failed to find any
figures of micronuclear division. The mitoses are presumably of a very short
duration. A number of micronuclei transform into macronuclear anlagen
between two cell divisions, aswell. The formation ofmacronuclearanlagenismore
or less synchronous in R. multinucleata : the anlagen which were observed in
approximately 10 per cent of the individuals were always present in consi-
derable numbers (5—10) and at identical stages of development (Figs. 10
and 11).

The beginning of the development of macronuclear anlagen (Fig. 10)
resembles a mitotic prophase. A knotty net-like chromatin structure, obviously
formed by chromosomes, is visible within the anlagen. The diameter of an
anlage is at this stage approximately 5//. The chromatin yields negative
reactions for RNA, staining pure green with the methyl green—pyronin
mixture (Fig. 10). The macronuclear anlagen grow subsequently to 6—7 fi,
and several small nucleoli containing RNA appear therein (Fig. 11). Chroma-
tin elements become more loose and pale, probably as a result of chromosome
despiralization. No signs of duplication of chromatin elements or of DNA
synthesis to indicate an endomitotic process were found in the macronuclear
anlagen.

Discussion

A comparison of the nuclear apparatus of Remanella multinucleata
with that of other lower ciliates (members of the family Loxodidae in particular)
reveals a number of interesting peculiarities. First, the macronuclei of R.
multinucleata should be regarded as diploid like the macronuclei of many other
lower ciliates. This feature distinguishes them sharply from the maeronuclei
of higher ciliates which are known to be highly polyploid (for references see
[13]). The conclusion regarding the diploidy ofthe maeronuclei inR. multinuc-
leata isbased on their low chromatin (DNA) content and on the absence of
any sign of endomitosis during the development of macronuclear anlagen.

The sequence of nuclear phenomena seems to depend directly on the
number of nuclei. In all forms with a small and constant number of inacro-
and micronuclei, mitoses of micronuclei and the development of macronuclear
anlagen occur synchronously during plasmotomy (Loxodes rostrum, L. striatus,
Remanella rugo6sa, R. granulosa, Geleia nigriceps, G. orbis etc. [8, 9, 11, 12]).
Nuclear reorganization occurs during the interval between two divisions in
all multinuclear forms. In Loxodes magnus, the mitoses of the micronuclei
and the formation of the macronuclear anlagen are asynchronous. In Rema-
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nella multinucleata, these processes are apparently more synchronized although
they do not take place during plasmotomy. All multinuclear forms with
diploid macronuclei are characterized by a wide variability of the number
of nuclei, a phenomenon due to the random distribution of nuclei during
plasmotomy.

As to the nucleolar cycle, it certainly reflects a high physiological
activity of diploid somatic nuclei — the macronuclei. At present, most investi-
gators believe that all RNA of the cell or at least a major part of it is synthe-
sized within the nucleus, and migrates thereafter into the cytoplasm. One
of the RNA fractions, the so-called messenger RNA, was shown to carry
genetic information from the nuclear chromosomes to the centers of protein
synthesis in the cytoplasm. In this connection, data about transfer of RNA
from the macronuclear nucleoli of R. multinucleata to the cytoplasm are,
worthy of note.

As regards the character of the nucleolar cycle, R. multinucleata resembles
most closely Remanella granulosa [11]. In both species only a single RNA
vacuole is formed in each macronucleus, and the “secretion” of RNA into
the cytoplasm occurs diffusely, without rupture of the nuclear membrane.
In R. rugo6sa all nucleoli of the macronucleus dissolve simultaneously [11].
while species of Geleia are characterized by emptying the contents of RNA
vacuoles into the cytoplasm through a gap in the nuclear membrane (Geleia
orbis [12]), or by extrusion from the macronucleus of a dense RNA sphaerulum,
likewise through a rupture of the nuclear membrane (Geleia nigriceps [9]).

The presence or absence of a nucleolar cycle does not appear to depend
on the number of nuclei. This cycle is characteristic of all species of Remanella
whether they have two or more macronuclei, and also of all members of the
genus Geleia [9, 12]. On the other hand, in Loxodes and in Trachelocercidae,
we failed to find any microscopic nucleolar changes connected with RNA
migration into the cytoplasm.
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DER KERNAPPARAT VON REMANELLA MULTINUCLEATA KAHL
(CILIATA, HOLOTRICHA)

Der Kernapparat von Remanella multinucleata Kani (Ciliata, Holotricha, Familie
Loxodidae) besteht aus 7 bis 35 Makronuclci und 2 bis 16 Mikronuclei. Gewdhnlich sind
ungefédhr 20 Makronuclei und 5 Mikronuclei vorhanden. Die Mikronuclei sind reich an DNS
und enthalten keine RNS. Die Makronuclei enthalten mehrere (bis 10) Nucleolen ungleicher
Grosse, die an RNS und Proteine reich sind. Die Menge von DNS in einem Makronucleus
ist verhaltnissméssig klein so, dass diese Kerne als diploid betrachtet werden kénnen. Perio-
disch wird der Nucleolarapparat aller Makronuclei synchronen zyklischen Verdnderungen
unterworfen. Die Letzteren bestehen in der Auflésung des grdssten Nucleolus jedes Makro-
nucleus, wobei eine RNS- und proteinhaltige Vakuole gebildet wird, und in einer allmah-
lichen Abgabe des Inhaltes dieser Vakuole aus dem Makronucleus ins Cytoplasma. Wé&hrend
der Teilung des Ciliats geschieht eine zufallige Verteilung aller vorhandenen Makro- und
Mikronuclei zwischen den Tochtertieren. Die Makronuclei dieser Art. wie auch solche anderer
Loxodidae, sind génzlich teilungsunfahig. Die Reorganisation des Kernapparates findet
zwischen zwei Teilungen statt; sie besteht in einer Umwandlung eines Teiles der Mikronuc-
lei in Makronucleusanlagen. Dadurch wird die Makronucleuszahl ergdnzt. Wahrend der Ent-

wicklung der Makronucleusanlagen fehlen jegliche Anzeichen einer endomitotischen Poly-
ploidisierung.

AOEPHbIV AMMAPAT REMANELLA MULTINUCLEATA KAHL
(CILIATA HOLOTRICHA)

AnepHblii annapaT Remanella  multinucleata  Kaiil (Ciliata, Holotricha, Cem.
Loxodidea) COCTOMT M3 7—35 MaKpOHYK/eycoB U 2— 16 MWKPOHYK/EYCOB. Yalle umeetcs
okono 20 makpo- 1 5 MUKpOHYK/eycoB. MuKpoHykneycel 6oratel AHK 1 He cogepxaTt PHK.
MakpoHyKneycbl cofepxar HeCcKonbko (o 10) HyK/eon HeoAMHaKoBOro pasmepa, 6oratbix
PHK u 6enkamn. Konuyectso AHK B 0fHOM MakpoHyKneyce CpaBHUTENbHO HEBENWMKO, YTO
no3BoNfeT cumTaTh 3T AApa AUNAOMAHbIMW. [lepuofMYecKr HYKNeOoNspHbIA annapaT Bcex
MaKpPOHYK/IEYCOB NOABEPraeTCA CUHXPOHHBLIM LMK/IMYECKUM M3MeHeHuaM. locnefHve 3aKio-
4alTCA B PacTBOPEHWM CaMOi KPYMHON HYKeOMbl KaXOro MakpoHYKneyca, NpesBpalieHuu
ee B BaKyosb, cofepxallyto PHK v 6ef0K, 1 B NOCTENEHHOM BbIXOAe COAEPXMMOro Bakyosnun
13 MakpoHykneyca B uuTonnasMy. Bo Bpemsi feneHus WMHAQY30puM MPOMCXOAUT CAy4alHoe
pacnpefiefieHne UMelLWUXca B HaNNYMU Makpo- U MUKPOHYK/IEYCOB MeXAY A04YepHMMM 0co-
6sMK1. MaKpoHyK/eycbl 3TOr0 BUAA, Kak v Apyrux Loxodidae BOOOLLE HECMOCOOHbI K AeNEHUHO.
PeopraHusauma ancpHOro annapata NMPOUCXOAUT B NMPOMEXYTKe MeXAY fABYMS [eNeHusMu U
BK/IOYAET MNpeBpalleHne 4acTu MUKPOHYK/IEYCOB B 3a4aTKW MaKpPOHYKNeycoB. TeM caMbIM
yncno nocnefHWX nononHaetca. Mpu  pasBUTUM 3a4aTKOB MakpPOHYK/eyCcOB OTCYTCTBYHOT
Kakme-nmbo Mpr3HaKy 3HAOMUTOTMYECKOW MOAWMMIOMAN3ALMN.

lgor B. Raikov, Institute of Cytology, Pr. Maklina32, Leningrad F-121,U.S.S.R.
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ON NEUROMUSCULAR JUNCTIONS
OF END-PLATE TYPE IN INSECTS
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DEPARTMENT OF ANATOMY, MEDICAL UNIVERSITY, PECS (HEAD: J. SZENTACOTIIAL)

(Received August 25, 1963)
Synopsis

Ultrastructural organization of an “end-plate” type of insect fibered(leg-
inuscle innervation is described in Apis mellifica (Hymenoptera) and Geotrupes vernalis,
Cetonia aurata (Coleoptera). This type appears to be common in the fibered(leg-)
muscles of Hymenoptera and Coleoptera and is one of the simplest end-plate types
of insect muscle innervation. Effective contact between axon terminal and muscle
fiber is established by pillar-like plasmatic protrusions of the latter that are attached
from both sides alternatingly to small regions of the axon. All other parts of the axon
terminal are covered by a thin cellular lamina of the lemmoblasts and separated from
the muscular (plasma) membrane by a complicated labyrinth of intercellular cysterns.
Some prominent structural properties of lemmoblastic cellular elements, axon terminals
and particularly of postsynaptic muscle fiber regions are described and their possible
functional significance briefly referred to.

Introduction

Neuromuscular junctions of insects have widely been investigated with
the aid of light microscopy [1, 7, 12, 13, 14] and recently also by the electron
microscope [2, 3, 4, 16]. According to all information available, insect muscle
innervation is “multiterminal” — i. e. each muscle fiber having several nerve
endings or contacts with nerve elements — and in many cases “polyneural”,
i. e. the same muscle fiber and/or ending being supplied by nerve fibres of
different origin. A good example of this type of innervation is the highly
specialized jumping muscle of the locusts, which, according to the investiga-
tions of Hoy1e [9] is innervated at the same sites by “fast” as well as “slow”
fibres. From many confusing and often seemingly controversial data on
morphological and functional properties scattered in rather haphazard manner
over different orders of insects and also over different muscles of the same
species it is obvious that a systematic analysis of the structure of neuromuscu-
lar junction in insects is badly needed before any attempt can be made to cor-
relate histological and functional properties on a broader scale. We have
been trying [8] to reduce the wealth of structural details to a few main types
of neuromuscular junction, with the overall architectural design being iden-
tical or at least similar. Apart from the difference already mentioned that the
innervation may be “mononeural” — albeit “multiterminal” — or “poly-
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neural” — two entirely different types of arrangement of neuromuscular
junction can readily be recognized even at the level of the light microscope:
neuromuscular endings of (1) the “endplate” type and (2) of a generally more
diffuse arrangement which for the sake of simplicity might be called “non
end-plate” type. The former type appears to he more general inthe fihered,
(leg-)muscles of Coleoptera and Hymenoptera, but by no means obligatory,
since more diffuse types of innervation occur in the leg muscles of certain
Coleoptera as for example Dytiscus [5]. The latter is the main type of
neuromuscular junction in the fibrillar (flight-)muscle of Coleoptera and
Hymenoptera. The leg muscles of Orthoptera have a rather complex mode
of innervation with diffuse and end-plate types combined [7].

As there is not much to be gained by an attempt to establish a morpho-
logical system of insect muscle innervation merely onthe level of the light mic-
roscope, we have started a comparative series of electron microscope studies
of this subject, with the aim to bring some order and understanding at the
ultrastructural level into the host of controversial or not sufficiently related
structural details. Such investigations are expected to supply sooner or later
a sounder basis for future systematization. The present paper is the first of a
series dealing exclusively with a comparatively simple form of “end-plate”
type innervation.

Material and methods

Femoral muscles of Cetonia aurata and Geotrupes vernalis (Coleoptera) as well as of
Apis mellifica (Hymenoptera) were prefixed in situ for a few minutes with 1 per cent OsO,
solution buffered to pH 7,5, then dissected and the fixation continued for 1 hour at 4° Cin
the same fixative. The muscles were then dehydrated in graded ethanol, stained in some cases
with 1 per cent phosphotungstic acid in absolute ethanol for 1 hour and embedded in Aral-
dite [11]. Ultrathin sections were cut with the LKB-TJltrotome, floated on distilled water:
from there they were picked up on copper grids covered with Formvar films. Some sections
were stained with lead hydroxyde [HO], others left untreated. Observations were made with
the Zeiss (Jena) EI-Mi. Il, and “Tesla” electron microscopes.

Results

A detailed description of peripheric nerves being beyond the scope of
this paper, only two pictures are given in Figs 1 and 2 of the femoral nerve
in the honey bee (Apis mellifica with two large and one (or in other
cases several) small axons, while in Cetonia aurata there occur generally but
one large axon and several smaller ones additionally. The axons are ensheathed
by lemmoblasts, highly different, however, in structure from those of the
vertebrates. Instead of the clear relation between lemmoblast and unmyeli-
nated fibre of the vertebrate with its mesaxon, a complex system of only more
or less circular double membranes is seen to surround the larger axons in a
pattern resembling the “loose myelin” structures of some sensory [15] and most
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Fig. | Cross section of peripheral (leg) nerve in Apis mellifica. Two large (In,, la2) and one
smaller (sa) axons covered by several layers of thin lemmoblast processes (Ip). No mesaxons
may be seen in this section. X 8000

autonomic ganglion cells (ownunpublished observation). True mesaxons, how-
ever, can be recognized in groups of smaller axons, the relation of which to the
lemmoblasts appears to he entirely similar to that of preterminal autonomic
fibres to the Schwann cell (Fig. 2); The nucleus of the lemmoblast is situated
on the periphery (Fig. 2); so are some axon-like profiles containing strange
osmiophilic bodies, which can be seen especially in Geotrupes below the base-
ment membrane embedded into the surface of the lemmoblast. We shall
return to these profiles and their osmiophilic granules in the description of the
terminals. The expression “tunicated” [2] is therefore appropriate also
for the distinction from the myelinated fibre of the vertebrate. This expression
should not, howrever, obscure the fact, that we do not know the real relation
between the lemmoblasts and the larger axons, whether it is essentially a
loose circular, albeit irregular, arrangement of a true mesaxon with a plasmatic
cellularlayer containing mitochondria (Fig. 1) in between two double membranes,
or whether the plasma of the lemmoblast is simply longitudinally folded in
an intricate manner and the folds of several lemmoblasts are interdigitating,
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Fig. 2. Cross section of peripheral (leg) nerve in Apis mellifica. Two large and several

smaller axons; only the smaller axons have mesaxons (Ta). The nucleus of the lemmohlast

(nu) occurs at the periphery of the nerve. Axons are filled with axofilaments (a/); both
axons and lemmoblasts contain mitochondria (am, Im). X 8500

with the larger axons wedged in between, as schematically indicated in Fig.
3. The relation of the smaller axons to the lemmohlast is shown at the cross
section of the lower cell and, as mentioned, does not differ from that in the
vertebrate small unmyelinated fibre. An outer layer of the lemmoblasts with
significantly denser plasmatic structure, forms some kind of “basement
membrane” on the surface of the nerve. More detailed investigations involving
probably plastic reconstruction of ultrathin section series as well as experi-
mental degeneration, will be, however, necessary in order to clarify the struc-
ture of peripheric insect nerves.

The neuromuscular end-plate in its simplest form — more complex
types will be described in a forthcoming paper — is essentially a longitudinal
attachment of an undivided terminal fibre to a specialized and somewhat
elevated part of the muscle fibre (Doyére’s hillock). The lemmoblastic tunic
of the preterminal fibre withdraws from the site of attachment and covers
the end-plate region with the bulk of its plasmatic body from the outer surface.
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Fig. 3. Jin attempt to explain the structure of the peripheral nerve of Apis mellifica, Cetonia

aurata, and Geotrupes vernalis, in a highly schematized stereoscopic diagram showing the

relationship between large and smaller axons and lemmoblasts. Only smaller axons have
mesaxon
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The elevated muscular part of the end-plate consists of alternating, somewhat
curved sarcoplasmatic pillars, which protrude from both sides and attach
themselves closely withtheir concave surfaces — concavitieslooking inward —to
both sides of the terminal part of the axon, as shown in a stereoscopic diagram
(Fig. 4). All other parts of the axonal surface, especially the side facing the
muscle fibre, are explicitly separated from the latter. These structural proper-

Fig. 4. Stereoscopic diagram of end-plate in Apis mellifica, Cetonia aurata, and Geotrupes
vernalis, showing relationship between axon terminal, muscle cell, muscle pillars and lemmo-
blast. Extracellular cystern around pillars and particularly between the nerve fibre and the
surface of the muscle cell situated between the origin of the pillars is also illustrated

ties can be seen clearly in Fig. 5, showing a slightly oblique cross section
—hence two seemingly opposite pillars in the same plane — of an end-plate
with a single large axon terminal, filled with synaptic vesicles of the usual
size, as seen in most synapses of vertebrates. The inset photomicrograph
(Fig. 6) of higher magnification shows the dense structure of the postsynaptic
pillar with its clearly thickened postsynaptic membrane. Concerning the
more detailed structure of the postsynaptic membrane nothing can be inferred
from pictures of such resolving power. — Often it appears as if the dense
postsynaptic pillars were separated from the muscle fibre hv membrane
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Fig. 5. Semi-cross section of an end-plate showing axon terminal (a), muscle pillars (mp),
lemmoblast (Ib) and extracellular cystern (ec. ¢). am axon mitochondria; niy.f — myo-
filaments; sv — synaptic vesicles. Apis mellifica, X 21,000. Fig. 6. Higher power electron
micrograph, illustrating the apparent localized thickening of the postsynaptic membrane
(ps. m) at the region of synapse. Note postsynaptic endoplasmic reticulum (er) connecting
the base of muscle pillar (mp) with the surface of myofibril (fi). Apis mellifica, X 32,000.
Fig. 7. Oblique section of an end-plate with an extended lemmoblast envelope (Ib) and extra-
cellular cystern (ec. ¢). Apis mellifica, X 20.000
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systems, generally tangential to the circumference of the muscle fibre (Fig.
5). This is, however, only caused by a system of membranes suggestive of an
endoplasmic reticulum closely connected with the bases of the pillars (Figs
6 and 8). It is difficult to trace the further connections of this membrane
system — corresponding to rete synapticum of Edwards [3] inthistype of
neuromuscular junction. It is much more prominent in other types ofneuro-
muscular endings and will therefore he treated in more detail in subsequent
papers.

The relation of the lemmoblasts to the neuromuscular junction can be
seen much better in semilongitudinal (Fig. 10), or longitudinal (Fig. 12)
sections. As seen in Fig. 10, the lemmoblast covers the whole surface of the
axon, that is left free from attachment to the postsynaptic pillars with a
thin plasmal layer having strange finger shaped villous protrusions, which
hang freely into a system of extracellular cysterns of the end-plate. The
extracellular cystern system surrounds most part of the terminal axon and
separates it also from the muscular part of the ending, with the exception,
of course, of the sites where the pillars are attached. As seen in several of the
figures (Figs 5, 7, 9, 10 bottom) this cystern system communicates with the
free intercellular space either through the clefts between muscle fibre and
lemmoblasts or through clefts separating the cellular areas of different lemmo-
blasts. — Most part of the postsynaptic pillars is free of attachment oflemmo-
blast processes so that they are separated from the intercellular cysterns only
by the basement membrane. As seen in Figs 8 and especially 12, tracheoles
invade the region ofthe end-plate even as far as between axon and muscle fibre.

Very strange findings are profiles, somewhat resembling axon trans-
verse sections, mentioned already in the femoral nerves, which contain very
large osmiophilic bodies (Fig. 11). They are clearly separated from the cell
body by a double membrane, one being the invaginated surface membrane
of the lemmoblast, the other their own limiting membrane. They have never
been observed in immediate connexion with the muscle fibre, but have always
arather large free surface on the outer side of the end-plate, covered only by a
thin basement membrane. Our original explanation was that they must be
some kind of neurosecretory nerve endings. This inference was based (1)
on the analogy of the so called neurosecretory type synapses with large osmio-
philic granula or vesicles as frequently seen in vertebrates, (2) on the occur-
ence in these profiles of vesicular structures resembling synaptic vesicles,
and (3) on observation of similar profiles in the peripheric nerves leading to
these endings. They are very rare in Apis, but common in the end-plates of
Geotrupes. Now we are not sure of our explanation mainly because we
could never observe such profiles in longitudinal section. It might therefore
well be, that these profiles correspond to vesicular inclusions of the lemmo-
blasts of unknown nature (neurosecretory? pathological-virus-?).
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Fig. 8. Two neighbouring pillars (mpl9 mp2)

Figs. 8 and 9. Oblique sections of end-plates.
may be seen, which came into the same section because of its highly oblique plane, a — axon;

ag — aposynaptic granules; er — endoplasmic reticulum; Ib — lemmoblast; my.f— myo-
filaments; sy. s — synaptic surface; sy — synaptic vesicles; tr — tracheoles. Apis mellifica,
X 21,000. Fig. 9. Two opposite pillars in close contact with the axon terminal. See relationship
of extracellular cystern (ec. c) to axon (a), lemmoblast (Ib) and muscle fibre. Geotrupes vernalis,

X 21,000
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Fig. 10. Semilongitudinal section of end-plate, a — axon; ec. c — extracellular cystern; /6 --

lemmoblast; mp — muscle pillars; my./ — myofilaments. Apis mellifica, X 21,000.

Fig. 11. Oblique section of end-plate with osmiophilic granules (og) embedded into the
lemmoblast (Ib). Apis mellifica, X 21,000
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Fig. 12. Longitudinal, somewhat tangential section of an end-plate, showing on one side

the pillars (mp), the surrounding cystern (ec. ¢) and on the opposite side some of the ends

of the alternating opposite pillars (mpe). a - axon- Ib — lemmoblast; tr - tracheole;
zm — Z-membrane. Apis mellifica, X 21,000
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Fig. 13. Longitudinal section of end-plate with structural elements resembling a Golgi

apparatus (g). am — axon mitochondria: av — aposynaptic vesicles; Ib — lemmoblast;
Im lemmoblast mitochondria; mp — muscle pillars; nu — nucleus of the muscle fibre;
—sv — synaptic vesicles; sy. s — synaptic surface. Cetonia aurata, X 23,000
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Finally an observation should be noted that might throw some light
oil the origin of synaptic vesicles. Fig. 13 shows a longitudinal section of an
end-plate in Celonia. The whole terminal part of the axon is filled with the
usual synaptic vesicles, in the centre of the lower thickened profile, however,
there is a concentric membrane system closely resembling a Golgi apparatus.
Unfortunately this preparation was not in the best state of conservation,
nevertheless it conveys the impression that the synaptic vesicles might be
derived from this membrane system.

We have not been able so far to ascertain the mode of termination,
especially of contact established with the muscle of the small axons that are
found in most limb muscle nerves.

Discussion

At this first step in a longer series of investigations it might probably be
advisable to refrain from drawing far reaching functional conclusions. Wc
want, therefore, only to point out certain characteristic features of the insect
neuromuscular junction Avhich, as will be seen later, in spite of considerable
differences in structural details are common features of the architectural
design.

(1) There is no such thing in insect muscle innervation as the “subneural
apparatus” of the vertebrates; i.e. no folded region of the subsynaptic memb-
rane. One could, of course, consider the muscular pillars as the analogues of
the tops of the folds, where there is an immediate attachment to the axolemma

and the region between the pillars as the analogues of the furrows between
individual folds. But besides the difference in the order of magnitude of these
structures, a direct comparison ofthe two is difficult also from the histochem-
ical viewpoint. The cholinesterases of the insect neuromuscular endings
are neither specific (acetyl-)cholinesterase, nor butyrilcholinesterase of the
vertebrates [6], but of a different kind. Moreovertheir localization is presyn-
aptic and probably to some extent lemmoblastic rather than postsynaptic.

(2) It is a remarkable property of the insect neuromuscular synapse,
that only a small a fraction of the axolemmal surface is in fact attached
directly to the postsynaptic muscle fibre membrane. This leads to another
prominent feature of this type of synapse, the cysterns of intercellular spaces
that separate most parts of the surface membranes of the presynaptic and
postsynaptic elements. These cysterns could be very useful in explaining
currents or extracellular ionic fluxes that are supposed to occur during impulse
transmission. It would be, however, dangerous to draw far reaching conclu-
sions from these observations, because — as we shall see in forthcoming
papers — these intercellular cysterns are far less prominentand even almost
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completely absent in other forms. As seen from Fig. 13, they are rather insig-
nificant already in the end-plates of Cetoniu. Apart from the existence of
intercellular cysterns the region of “active” (?) contact between the axolemma
and postsynaptic membrane is in all types of insect neuromuscular synapses
restricted to highly specialized regions of the postsynaptic muscle part.
- This might be related to the “multiterminal” character of insect muscle
innervation where there is no necessity for impulse propagation from the
end-plate region — as it is the case in vertebrate neuromuscular ending -
due to the many places along the muscle fibre that have immediate contact
with nervous elements.

(3) The postsynaptic region of the muscle fibre is highly specialized

in all ty pes of insect muscle innervation. This has been correctly described
already by Edwards and co-workers. [3]. Although the structure of postsynaptic
regions is relatively simple, ascompared with other types of insect muscle inner-
vation, the postsynaptic pillars are densely packed with aposynaptic granules;
hut even more significant are membrane systems that appear to originate in the
base of the pillars. As to be shown in subsequent papers, this reticulum of
membrane systems seems to be connected with (i) perifibrillar membranes,
(i) /-membranes and occasionally with (iii) muscular mitochondria. From the
viewpoint of the transmission of the excitatory process from the postsynaptic
membrane to the myofibrils, the connexions of these postsynaptic membrane
systems mentioned under (i) and (ii) might he of particular interest.
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ELEKTRONENMIKROSKOPISCIIE STUDIEN UBER DIE MUSKELINNERVATION
DES ENDPLATTEN-TYPUS BEI INSEKTEN

Der submikroskopische Bau neuromuskuldrer Endplatten der Faser-(Bein-)Muskula-
tur bei Apis mellifica (Hymenoptera), Geotrupes vernalis und Cetonia aurata (Coleoptera)
wird beschrieben. Dieser Typus der Endplatten ist in der Faser-Muskulatur von liymenopleren
und Coleopleren recht allgemein und zugleich ein einfacherer Fall des sogen. »Endplattentypus«.
Der tatsdchliche Kontakt zwischen Axonendstreck- und Muskelfaser wird durch pfeilerférmige
Auswiichse der Muskelfaser hergestellt, die von zwei Seiten alternierend an die langs der
Muskelfaser parallel verlaufenden Axon-Endsticke von beiden Seiten herantreten und mit
denselben mittels einer synaptischen Doppelmembran verbunden sind. Alle ubrigen Teile
der Oberflaiche der Nervenendigung sind durch eine dunne Zellschicht der Nervenscheiden-
zellen dicht umschlossen und ausserdem von der Oberflaiche der Muskelfaser noch durch ein
kompliziertes Labyrinth extrazellularer Zysternen getrennt. Einige bedeutsamere strukturelle
Eigenheiten der zelluldaren Nervenscheidenelemente, der Nervenendigung und besonders des
postsynaptischen Gebietes der Muskelfaser werden eingehender beschrieben und ihre mut-
massliche funktionelle Bedeutung kurz besprochen.

SNEKTPOHHOMUMKPOCKOIMUWYECKOE WCCNEOOBAHVME MWOHEBPAJIbBHbIX
CVHATMCOB y HACEKOMBbIX

Ha ocHoBaHuu 3/IEKTPOHHOMUMKPOCKOMMYECKNX VICCI'IEAOBaHVIVI aBTOpP OMUCbIBAET ybTpa-
CTPYKTYPY WHHEpBaUUW MbIWL, HOXEK Apis mellifica (Hymenoptera), Geotrupes vernalis,
Cetonia aurata (Coleoptera). |/|HHepBaLI,VIPO MOXHO MPUYNCNINTL K CUHaNTUYECKOMY TuUMNy MO-
TOPHbIX GAsLIeK, K UX Camoil NpoCcToii (hopme.

B 06pasoBaHuy AeliCTBUTENbHO, OTHOCUMTENLHO HE6OMBLLIOA conpuKacatoLieiics (cuHan-
TVI‘-IECKOVI) MNOBEPXHOCTN YYaCTBYHKT NMOBEPXHOCTb aKCOHa, 06paLLI,EHHaﬂ K MbIlLe, U MOCTUKUN»
MbILWLUbI, BbICTynakwoLwue nonepemMeHHo C 06emnx CTOPOH. AKCOH, 33 UCKIOYEHNEM He6OMbLLON
CMHaNTUYECKOM MOBEPXHOCTM, MOKPLIT Be3fe neMmo61acToM. MoBepXHOCTb aKCOHa, MOKpPbITas
NeMMo61acTomM, oTAeneHa ot CapKOI‘U‘IaSMaTVI'—IeCKOVI MEM6paHbI Ha TEPPUTOPUN HEPBHbLIX 6n4-
LLEK OYeHb CI0XHONM, TaK Ha3biBa€MON CUCTEMOW WMHTEepLENItoNapHbIX UMcTepH. [MpocTpaHcT-
BEHHas PEKOHCTPYKUUA 3TOr0 TUHA HEpBHbIX OsALIEK M306paxkeHa Ha pUCYHKe 3.

BKOHue aBTOp NbITaeTCA Aatb (*)yHKU,VIOHaI'IbHOE 06bsiCHEHWe lemmo61acTa, OKOHYaHWs
aKCOHa W MOCTCMHaNTMYecKol 06nacTu.

Jozsef Hamori, Budapest IX., T(zolt6é n. 58, Hungary.
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D. R. Pitetka: Electron-microscopic structure of Protozoa

Pergamon Press, Oxford (1963). 269 pp., 84 s.

The rapid development of electron microscopy brought about an increased interest
in the fine structure of all types of biological material. Protozoa which fascinated biologists
using light microscope for many years were of course included in the list of objects studied
under the new instrument. Their study revealed a great number of interesting new features
of protoplasmic organization and at lhe same time supplied new support to the idea concerning
basic similarities in the structural composition of different kinds of life at the cellular level.
The intense research work resulted in a long series of publications scattered in various cyto-
logical, parasitological, zoological and medical journals that badly needed to be summarized
and critically evaluated. The book under review is a welcome and highly successful attempt
of this critical evaluation.

An introductory chapter is followed by a detailed treatment of the protozoa as cells
with a comparison of different cell organelles as found in protozoa and metazoan cells. The
findings reviewed in this chapter clearly reveal that the basic tasks of protoplasmic functions
are realized in essentially similar ways in different organisms. This unity of cellular organiza-
tion over both kingdoms of life is one of the most powerful arguments in favour of inonophiletic
origin of life. The greatest part of the book presents the detailed findings on individual spe-
cies grouped according to the major protozoan taxons. These chapters remarkably show
the great diversity of protozoan forms of life. Almost all major groups have been studied
under the electron microscope as yet, but there is an enormous number of interesting and
important species still awaiting study. A final chapter summarizes the main features of proto-
zoan body and gives an outlook for future work.

88 well selected and executed electron micrographs illustrate the text. The comprehen-
sive list of references extends over 27 pages.

The book is an indispensable basic starting point for all future workers in electron
microscopy of protozoa and can be warmly recommended to all protozoologists and cytolo-
gists.

Miklés Muller (Budapest)

M. Fingerman: The control of chromatophores

Pergamon Press, Oxford (1963), IX, 184 pp., 50 s.

Fingerman, professor of zoology at Newcomb College, Tulane University (New Orleans),
is known to have been engaged for many years in research work concerning changes in the
pigmentation of crabs and the mechanism of such changes. Our author began hiscareer at the
side of F. A. Brown Jr., a likewise reputed scientist in this field.

Fingerman’s book under rewiew is not the first work on the subject, nor can it be said
that it is unique in its class; however, the work has no such pretentions since the principal
object of the author was to present the most recent results and hypotheses regarding the
subject indicated by the title.

The book utilizes data from 475 papers and consists of 7 chapters.

Chapter 1 covers 18 pages and deals with the types, chemistry and classification of
chromatophores, the functional significance of colour changes. It presents a concise survey
of the current notions and theories regarding chromatophores and colour changes.
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Chapter 2, the longest of the book, covers 66 pages and is devoted to the chfomato-
phores of crabs. The origin of chromatophores and their chemical composition are discussed
in the first part of the chapter, while the rest thereof deals with the chromatophores and their
control in the Isopoda, Brachyuria, Astacidae and Stomatopoda.

Chapters 3, 4 and 5 deal with the chromatophores of the Insecta (8 pp.), Cephalopoda
(4 pp.) and Echinodermata (3 pp.). The very brevity of the chapters betrays the deficiency
of our knowledge regarding these groups of animals.

Chapter 6 (43 pp.) deals with the chromatophores of vertebrates. It begins with a
general discussion concerning the origin and chemistry of chromatophorotropins and goes on
to treat of the chromatophores and their control in the Cyclostomata, Elasinobranchii, Teleostei,
Amphibia and Reptilia.

Chapter 7, the last and shortest of the book (“Respectives”), summarizes the charac-
teristic features of this valuable monograph.

The book offers an interesting and clear survey of results achieved during the last 15
years. Very aptly, the author occasionally goes beyond a simple listing of the often contra-
dictory physiological data and tries to coordinate them. The work under review is a successful
representative of tendencies toward bridging the wide gap between the two primary divisions
of the animal kingdom.

The work would have gained in value if the author had — however briefly — included
in it all animals which are known or supposed to be provided with chromatophores and the
mechanism regulating them. Chapter 2 might thus have been extended to the Entomotraca
and Malacostraca.

There can be no doubt that the monograph, with its illustrations and indexes, is a
valuable work and might stimulate further fruitful research work.

Istvan Konok (Tlhany)

Printed in Hungary

A kiadasért felel az Akadémiai Kiad6 igazgatdja Miszaki szerkeszt6: Farkas Séandor
A kézirat nyomdaba érkezett: 1963, X. 1. — Terjedelem: 7,50 (A/5) iv, 45 abra (9 sz'nes), 1 melléklet

63.57791 Akadémiai Nyomda, Budapest — Felelés vezeté: Bernat Gyorgy



The Acta Biologica publish papers on biological subjects in English, German, French
and Russian.
The Ada Biologica appear in parts of varying size, making up volumes.
Manuscripts should he addressed to:
»

Ada Biologica, Budapest IX., T(zolté un. 58.

Correspondence with the editors and publishers should he sent to the same address.

The rate of subscription to the Acta Biologica is 110 forints a volume. Orders may
be placed with “Kultara” Foreign Trade Company for Books and Newspapers (Budapest
., F& utca 32. Account No. 43-790-057-181) or with representatives abroad.

Les Acta Biologica paraissent en frangais, allemand, anglais et russe et publient des
travaux du domaine des sciences biologiques.

Les Acta Biologica 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 Biologica, Budapest IX., Tdzolté n. 58.

Toute correspondance doit étre envoyée a cette méme adresse.

Le 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
«Kultara» (Budapest |., F6 utca 32. Compte-courant No. 43-790-057-181) ou a I’étranger
chez tous les représentants ou dépositaires.

«Acta Biologica» Ny6MKYIOT TPaKTaTbl U3 06/1aCTM GMONOTUM Ha PYCCKOM, HEMELKOM,
aHIIMIACKOM U (hPaHLIy3CKOM Si3blKax.

«Acta Biologica» BbIXOAAT OTAE/IbHbIMM BbINyCKaMM pPasHOro ofbema. HeckKonbko
BbIMYCKOB COCTAaB/IAOT OAUH TOM.

MpeaHasHaueHHble ANs Ny6AMKaUUM PYKOMUCKU CriefyeT HanpaefisiTb Mo ajpecy:

Acta Biologica, Budapest IX., Tdzolté n. 58.

Mo aToMy XXe ajpecy HanpaBAATb BCAKYK KOPPECMOHAEHUMIO ANA pejakuvun 1 agMu-
HUCTpauuun.

MognucHaa uUeHa «Acta Biologica» — MO (opuHTOB 3a TOM. 3akasbl NPUHUMAET
npegnpusTve Mo BHELLHE TOproBne KHUT W raseT «Kultura» (Budapest I., F6 utca 32.
Tekywmin cyeT 43-790-057-181) mMnM ero 3arpaHU4Hble MNPeACTaBUTENLCTBA W YMNOMHOMO-
YeHHble.



Index : 2600



ACADEMIAE SCIENTIARUM HUNGARICAE

AD I[UVANTIBUS

B. FALUDI, INDEX
V. FRE,NYO' Peth6, M.: Amino acid metabolism and resistance to XJsti-
B. GYORFFY, lago maydis (De.) Cd. in Maize ..ocoimeeeeceoseeeeeceieneennns 249
B. PARDUCZ, | Habanghy, L.—Kovats, Z.: Water-soluble melanin prepa-
J szentAgothai, FATTON o 265
1. TIGYI Lovkova, M. Ja.: Metabolism of nicotine in tobacco..... 273
Frenyo, V.: The initial phase of CO. uptake of leaves ... 281
Kardos, J.: Comparative studies on Datura stramonium and
REDIGIT its symbiotic MiCro-0rganism ......ecoeieeeessecieneeenns 285
2 Teichmann, |.—Vigh, B.—Aros, B.: Histochemical studies
. TORO on Gomori-positi\e substances. I. Examination of the
Gomori-positive substance in the endolymphatic sac
of the rat .. 293

Csaba, G.—To6ré6, |,—Bernad, |.—Fischer,J.: The immu-
nological competence of the thymus and spleen in
newborn and adult rat e 301

Haranghy, L.—Balazs, A.—Burg, M.: Phenomenon of
ageing in Unionidae, as example of ageing in animals
of telometric growth e 311

Naguib, M. I.: Effect of colchicine on the carbohydrate meta-
bolism during formation of mycelial felts of Cunning-

HHAMETTIA  SP it 319
DEzsi, L.—Farkas, G. L.: Effect of kinetin on enzymes of
glycolic acid metabolism incereal leaves ... 325

3 3 Zoélyomi, B.: New method for ecological comparison of vege-
AKADEMIAI KIADO, tational units and Of NabitatsS ..o 333

BUDAPEST 1964 Recensiones



ACTA BIOLOGICA

A MAGYAR TUDOMANYOS AKADEMIA
BIOLOGIAI KOZLEMENYEI

SZERKESZTOSEG: BUDAPEST 1X., TUZOLTO U. 58. KIADOHIVATAL: BUDAPEST V., ALKOTMANY U. 21

Az Acta Biologica angol, francia, német és orosz nyelven k6zdl értekezéseket a bioldgia
korébél.

Az Acta Biologica valtozé terjedelm( fluzetekben jelenik meg. Tobb flizet alkot egy
kotetet. Evenként 1—2 kdtet jelenik meg.

A kozlésre szant kéziratok a kdévetkezdé cimre kildend6k:

Acta Biologica szerkeszt6sége, Budapest 1X., Tizolt6 u. 58.

Ugyanerre a cimre kildendé minden szerkeszt6ségi és kiadoéhivatali levelezés.

Az Acta Biologica el6fizetési ara kotetenként belfoldre 80 Ft, kulféldre 110 Ft. Meg-
rendelhet6 a belfold szdméara az Akadémiai Kiadonal (Budapest V., Alkotmény utca 21.
Bankszadmla 05-915-111-46), a kulfold szdméra pedig a ,,Kultira” Konyv és Hirlap Kilkeres-
kedelmi Vallalatnal (Budapest 1., F6 utca 32. Bankszamla: 43-790-057-181) vagy annak
kulféldi képviseleteinél és bizoményosainal.

Die Acta Biologica veroffentlichen Abhandlungen aus dem Bereiche der biologischen
W issenschaften in deutscher, englischer, franzdsischer und russischer Sprache.

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

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

Acta Biologica, Budapest IX., T(zolté u. 58.

An die gleiche Anschrift ist auch jede Korrespondenz fir die Redaktion und den
Verlag zu senden.

Abonnementspreis pro Band: 110 Forint. Bestellbar bei dem Buch- und Zeitungs-
AuBenhandels-Unternehmen BKultira« (Budapest 1., F6 wutca 32. Bankkonto No.
43-790-057-181) oder bei seinen Auslandsvertretungen und Kommissiondren.



Acta Biol. Hung., 14 (4), 249—263 (1964)

AMINO ACID METABOLISM AND RESISTANCE TO
USTILAGO MAYDIS (DC.) CD. IN MAIZE
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(Received July 20, 1963)

Synopsis

A paper chromatographic study of amino acid content of healthy and diseased
maize plants infected with Ustilago maydis was undertaken at various stages of disease
development. Maize varieties exhibiting various degrees of resistance to U. maydis
were included in the experiments. A negative correlation between amino-acid content
of healthy plants and their resistance to infection was established. In gall tissues of
infected plants a marked accumulation of aspartic and glutamic acid was observed,
particularly in the susceptible variety. The serine and glycine content markedly
decreased in the susceptible variety. The alanine content decreased in all varieties
tested; the greatest decrease characterized the less susceptible variety. The infection
induced a rise in keto-acid level in gall tissues. The effect of infection was perceptible
in the metabolism of neighbouring healthy leaves as well. On the basis of the data
presented it is postulated that the infection results in the stimulation of biosynthetic
mechanisms and this leads to an accumulation of keto acids and amino acids providing
carbon skeletons for the intense protein synthesis of developing fungal hyphae and
for proliferation of gall tissue. The differences in susceptibility might partly be explained
by the different capacities of these biosynthetic systems to operate upon parasitic
attack. In addition, the preinfectional amino acid level of the young tissues appears
to play a role in resistance.

Introduction

It was found in previous studies [12] that the dicaryotic stage of Ustilago
maydis is able to grow only in the presence of certain amino acids. Of the
examined amino acids, glycine, alanine and serine proved to be the most
effective. In the presence of inorganic N-sources the amino acid requirement
of the dicaryotic hyphae of U. maydis is not highly specific. The growth of
hyphae in synthetic media is ensured by a number of amino acids.

As the parasitic stage of the fungus is unable to synthesize amino acids
from inorganic N-compounds, an important manifestation of parasitism in
U. maydis is the utilization of amino acids present in the host tissues. It was
found [13] that the decrease of amino acids in the gall was due to that they
were necessary for the development of the hypertrophic tissue and were, on
the other hand, utilized by the fungus for its proliferation at the site of infection.

In the leaf tissues of the young maize plant alanine is the predominant
amino acid [14]. It contains further considerable quantities of serine, glycine
and glutamic acid. The amount of other amino acids is insignificant. It is,
therefore, natural that it is chiefly the amount of alanine, serine and glicine

| Acta Biol. Hung. 14. 1964



250 M. PETHO

which decreases in the infected tissues. The level of glutamic acid in the gall
tissue increased in all examined varieties. Concerning glutamine the picture is
more confusing. DeVay and Rowell [4] reported on a lowered level of gluta-
mine in Ustilago-induced galls of young maize plants. By contrast, Turiaiv [20]
observed increased glutamine, glutamate and keto-acid levels in galls collected
in the field.

It was after such antecedents that the present detailed investigations
were started concerning the amino acid metabolism of maize plants infected
with U. maydis. These investigations had the following aims.

(1) To study the effect of the infection on the level of amino acids in
diseased tissues, in the healthy tissues surrounding the galls, and in tissues at
a greater distance from the site of infection.

(2) To carry out these investigations at different stages of the disease.

(3) To ascertain the possible correlation between amino-acid content and
susceptibility. To this end the amino-acid content of various maize varieties
exhibiting different degrees of resistance to infection with U. maydis was
studied.

(4) To study the effect of infection on differently susceptible varieties.

Material and methods

The experiments were carried out with the maize variety “Mindszentpusztai sarga
I6fogu”, moderately susceptible to U. maydis ; with the inbred line “42-313”, hardly susceptible
to infection; and with the extremely susceptible inbred line “62-411". The inbred lines were
produced from local varieties. Sporidia of compatible strains of U. maydis, obtained from a
36-hour culture, were subcutaneously injected near the growing point. The first samples
were collected 14 days after infection, just after the appearance of young galls. Samples were
taken also at later stages in order to study the relationship between hosts and parasites in dif-
ferent phases of the disease.

The tissues were extracted with alcohol (80 per cent final concentration). The content
of total free amino acids was determined by the procedure of Kisfatuay and Braun [10]
modified as follows: 0.15 0.30 ml of the alcoholic extract was added to 4 ml freshly prepared
ninhydrin reagent (60 mg SnCl2- 2H2 -f- 50 ml acetate buffer pH 4.7 -f- 0.75 g ninhydrin -f-
50 ml ethyleneglycol); the tubes were shaken, then left standing for a few minutes, after
which we placed them in a boiling waterbath for 20 minutes. This was followed by cooling
in ice-water for 3 minutes. The reaction mixture was filled up to 10 ml with a 7 : 3 mixture
of acetone and water. After 15 minutes, the amino-acid content was determined by colori-
metry. A calibration curve prepared from alanine served as standard.

The concentration of various amino acids was determined by paper chromatography
after desalting the extracts on aVarion K. S. cation exchange column and elution by 2N NH ,OH.
The eluates were evaporated to dryness on a waterbath and the residue was taken up in 30 per
centisopropanol. Descending paper chromatography was applied (filter paper: W hatman No. 4),
and the mixture was run in a system composed of phenol and water (100 : 20). The chromato-
grams were developed with 0.1 per cent chloroform-containing ninhydrin solution. The
quantitative determination of amino acids was carried out by visual comparison of spot size
and colour intensity with a standard series of amino-acid concentrations [8].

Keto acids were determined according t0 Friedemann and Haugen [7].

The results are presented on a fresh-weight basis. Average values obtained from the
analysis of at least 3 plant individuals are given.
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Results

Free amino acids in maize varieties exhibiting different degrees
of susceptibility to U. maydis

The total free amino-acid content of the three maize varieties included
in the experiments is shown in Fig. 1. It can be seen that the amino-acid
content is highest in the leaf blades of variety No. “42” which is the most
resistant to infection with U. maydis. The lowest amino-acid level was found
in the most susceptible variety (“Mindszentpusztai sarga”). It seems important

leal number

Fig. 1. Free amino-acid content in healthy leaves of three maize varieties of different sus-
ceptibilities to Ustilago maydis (---------- ) local variety No. 62 ;----------- local variety No. 42;
— .—.— “Mindszentpusztai sarga”). The leaves are numbered acropetally

that in very young leaves the relation between amino-acid content and resist-
ance is just the opposite. At this stage the leaves of the most susceptible
variety show the highest amino-acid levels. Therefore, the investigations were
extended, and the amino-acid content of very young leaves of six maize
varieties was determined. In Fig. 2 the correlation between resistance and
amino-acid content can be seen. Higher degree of susceptibility is associated
with a higher amino-acid level.

In Fig. 3 the levels of five amino acids in the leaves of the three varieties
investigated in detail are given. The amino-acid contents of the lower (I),
middle (1) and upper (111) leaves are given separately. The leaves of group Il
correspond to the leaves bearing galls in the infected plants.

It can be seen from Fig. 3 that alanine is the major amino acid. The most
susceptible variety (No. “62”) contains the smallest amounts of amino acids,
including alanine.
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Fig. 2. Free amino-acid content (columns) in the young leaves of six maize varieties, and its

relation to susceptibility (continuous line). Susceptibility is given as “the infection index” =

number of diseased plants multiplied with the degree of infection and divided by the number

of infected plants. 6—321 = “Red King Felsészentivani”;42—313 = “Ilregszemcsei” ; 62—411

= “Ujszentivani” 3-year old inbred lines of local varieties. MV. 1. = “Martonvasari 1. hybrid”;
MP.S. = “Mindszentpusztai sarga”

i W alanine

08

Fig. 3. Free amino-acid content in the leaf blades of three maize varieties of different sus-

ceptibilities to Ustilago maydis. 1. = lower, Il. = middle, Ill. =upper leaves (cf. text).
Empty column = local variety No. 42. Striated column = “Mindszentpusztai sdrga”. Black
column = local variety No. 62

Effect of infection on the amino-acid content of the highly susceptible variety
itNo. 62” at different stages of the disease

It can be seen in Fig. 4 that, after an initial increase, the amino-acid
content of the galls decreased and that the amino acid supply of the host
tissues was jmactically exhausted 28 days after infection. This may have been
due to the utilization of amino acids by the fungus.

Only minor changes were observed in the amino-acid content of the
“healthy” parts of gall-bearing leaves. Simultaneously, amino acids accumu-
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latcd in the lower leaves. In leaves of higher insertions (above those bearing
galls), after some initial decrease, the amino-acid level also increased.

The qualitative analysis of amino-acid content, in line with previous
results [14], indicated that the various amino acids were affected differently
by the infection. This is shown in Table 1.

Fig. 4. Effect of infection with Uslilago maydis on the free amino-acid content of the local

variety No. 62, 14, 21 and 28 days after infection, f gall tissue;--------—-- uninfected part

of gall-bearing leaves;------—----- leaves below the infected ones, — ..—.— leaves above the
infected ones

In the leaves below the infected ones, the amino-acid level (except the
concentration of alanine) was not altered to any marked extent. The alanine
level increased upon infection.

In leaves above the infected ones, a highly increased serine level was found
14 days after infection. In contrast, the glutamic-acid and alanine concentration
decreased. Later, also the serine level decreased. High serine levels are charac-
teristic for young leaves in general. Therefore, the high serine content of the
leaves in question might be explained with the reduced growth of infected
plants [15]. Due to the reduced growth of infected plants, the leaves above
the galls are “younger” than the corresponding leaves of healthy plants.

The effect of infection on the amino-acid level is strongest in the infected
leaves. An increase in aspartic-acid concentration is characteristic both for the
galls and for the tissues of gall-bearing leaves. As can be seen in Fig. 5, in
young galls the concentration of glutamic acid was also highly increased
(700%) as compared to the glutamic-acid level in comparable healthy leaves.
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Table 1

Effect of infection with Ustilago maydis on the amino-acid content of the leaves of the highly susceptible maize variety No. 62*
(a) 14 days after infection

Lower leaves (Ist group) Middle leaves (2nd group) Upper leaves (3rd group)
Amino acid K cgl K f g K eg2

mglg “ ofg gk mglg mglg fiK ™glg gK of “ glg mglg gk

Aspartic acid . + 0.025 + 0.106 + + 0.286 2.69 + 0.038 "r
Glutamic acid . 0.091 0.084 -1.08 0.050 0.243 4.86 0.353 7.06 1.45 0.056 0.027 -2.07
Serine .. 0.041 0.041 1.00 0.076 0.159 2.09 0.231 3.03 1.45 0.172 0.437 2.54
Glycine. ... 0.023 0.030 1.30 0.044 0.043 -1.02 0.065 1.47 151 0.081 0.079 -1.02
Alanine ... 0.318 0.460 1.44 0.330 0.295 -1.11 0.223 - 147 - 132 0.336 0.322 -1.04

(b) 21 days after infection

Aspartic acid . + 0.012 H + 0.054 4- 0.061 + 1.12 + 0.009 +
Glutamic acid . 0.091 0.051 -1.78 0.050 0.152 3.04 0.196 3.92 1.28 0.056 0.012 - 4.66
Serine .. 0.041 0.058 141 0.076 0.137 1.80 0.114 150 — 1.20 0.172 0.152 -1.13
Glycine........... 0.023 0.025 1.08 0.044 0.058 1.31 0.023 191 - 252 0.081 0.073 -1.10
Alanine ... 0.318 0.721 2.26 0.330 0.309 -1.06 0.161 - 204 1.91 0.336 0.180 -1.86
(c) 28 days after infection
Aspartic acid . 4- + + 0.016 -f- + + - 0.011 4-
Glutamic acid . 0.091 0.065 -1.40 0.050 0.035 -1.42 0.111 2.22 3.17 0.056 0.036 -1.55
Serine ... 0.041 0.051 1.24 0.076 0.084 1.10 0.033 230 - 254 0.172 0.157 -1.09
Glycine......... 0.023 0.044 1.91 0.044 0.092 2.09 0.010 - 440 — 9.20 0.081 0.085 1.04
Alanine ... 0.318 1.100 3.45 0.330 0.634 1.92 0.030 - 11.00 -21.13 0.336 0.327 -1.02
* K - leaves of control plants; egl = leaves under the infected ones; eg2 = leaves above the infected ones; f = “healthy” tissue

adjacent to the gall; g = gall; eg/K, f/K and g/K = relative amino acid contents.
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AMINO ACID METABOLISM IN MAIZE 255

In the later stages of the disease, a decrease in the amount of aspartic acid and

glutamic acid also contributed to a general decrease in the level of amino acids

in the galls (Fig. 4). However, decrease was most conspicuous in respect of the
other three examined amino acids.

The level of serine and glycine was initially high in both the galls and in

the tissues of gall-bearing leaves, hut decreased in the later phases of the

Fig. 5. Amino-acid content of infected plants of variety No. 62 in various phases of the

disease (14, 21 and 28 days after infection). Relative amino-acid content of the galls (-------—--- )
and gall-bearing leaves (--------—---- ) as compared to corresponding control leaves (horizontal
line), and relative amino-acid content of the galls (—.— .—), as compared to the gall-bearing

leaves (horizontal line)

disease. By contrast, the concentration of alanine was low even in the gall
tissues throughout the infection.

The observed picture might be explained by two processes taking place
simultaneously in infected tissues:

(a) Increase in amino acid synthesis upon infection.

(b) Synthesis of proteins of the gall tissue and of the fungal mycelia
from the free amino acid pool.

These tow processes lead finally to a decrease of free amino acids in the
leaves of the maize.

It was shown in a previous study [13] that the level of reducing sugars is
increased in the gall tissue. This might he related to the higher respiratory rate
of the gall. The increased rate of amino-acid synthesis is probably correlated
with the stimulated respiration which provides the carbon sceletons (keto
acids) for amino-acid synthesis. The increased glutamic-acid level of the galls

Ada Biol. Hung. 14. 1964
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is in line with this idea. The other amino acids probably arise secondarily by
transamination. The low alanine content remains unexplained unless the syn-
thesis of alanine is primarily a photosynthetic process. The gall tissue contains
little chlorophyll.

To sum up, it appears that the fungus induces a stimulated metabolism
in the host tissues and uses the products of stimulated metabolism for the
synthetic processes necessary for fungal growth. The parasitically induced
alterations are not localized to the immediate neighbourhood of the infection
site.

The effect of infection on the amino-acid, content of maize varieties exhibiting
various degrees of resistance to Ustilago maydis

Results obtained with three varieties are summarized in Fig. 6. It can be

seen that the concentration of amino acid decreased in the leaf tissues of the
more or less resistant and of the moderately susceptible variety, both in the

Fig. 6. Differences in the amino-acid content of similarly situated infected and healthy leaves.

EG1 = leaves below the infected ones. EG2 = leaves above the infected ones. -G = “healthy”
parts of gall-bearing leaves. G = gall tissue. Empty column = local variety No. 42. Striated
column = “Mindszentpuszta! sarga”. Black column = local variety No. 62

uninfected part of the gall-bearing leaves and in leaves below infected ones.
Determinations were made 14 days after infection. The amino-acid content
increased in the corresponding tissues of the highly susceptible variety. The
trend of the change in the amino-acid level was the same in the gall tissue.

Post-infectional changes in the level of various amino acids are shown in
Tables 1 and 2 and Fig. 7. In the figure, the change in concentration (increase

Acta Biol. Hung. 14. 1964
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Effect of infection ivith Ustilago maydis on the amino-acid content of moderately

Lower leaves (1st group)

Amino acid K
mglg

Aspartic acid

Glutamic acid . 0.117
Serine 0.059
Glycine........ 0.040
Alanine ... 0.761
Aspartic acid . 0.017
Glutamic acid . 0.200
Serine . 0.074
Glycine ... 0.057
Alanine ... 0.901

mg/g

0.138
0.012
0.012
0.831

0.026
0.148
0.056
0.040
0.795

* For legends see Table 1.

egl

eg/k

-4.91
-3.30
1.09

1.52
-1.35
-1.32
-1.42
-1.13

K
maglg

0.029
0.127
0.268
0.083
0.938

0.089
0.143
0.137
0.062
0.681

Table 2

susceptible maize varieties*

Local variety No. 42

mg/g

0.188
0.245
0.111
0.088
0.654

»Mindszentpusztai sarga”

0.294
0.307
0.345
0.124
0.447

f

Middle leaves (2nd group)

fIK

6.48

1.92
-2.41

1.06
-1.43

3.30
2.14
2.51
2.00
-1.52

mg/g

0.170
0.216
0.144
0.101
0.187

0.125
0.190
0.062
0.032
0.090

g
g/K

5.86
1.70
-1.86
1.21
-5.01

1.40
1.32
-2.20
-1.93
-7.56

g/f

—1.10
—1.13
1.29
1.14
-3.49

- 235
-1.61
-5.56
-3.87
-4.96

Upper leaves (3rd group)

K
maglg

0.032
0.213
0.526
0.323
0.814

0.097
0.119
0.542
0.177
0.608

mg/g

0.870
0.261
1.044

0.020
0.068
0.500
0.185
0.721

eg2
1

rg K

1.65
-1.23
1.28

-4.85

-1.75

—1.08
1.04
1.18
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or decrease) is given with reference to corresponding healthy leaves. It can be
seen that in all the three varieties the level of aspartic and glutamic acid
increased both in the non-infected part of the gall-bearing leaves and in the
galls. The greatest increase was found in highly susceptible variety No. 62.

The serine content was reduced in the galls and in the uninfected parts
of gall-hearing leaves in variety No. 42. In the variety “Mindszentpusztai
sarga”, the serine content decreased in the gall tissues only. In the highly
susceptible variety there was a general increase in serine content.

Fig. 7. Effect of infection on the amino-acid content of maize varieties. The columns represent
plus and minus differences between the amino-acid content of “healthy” parts of gall-bearing
leaves and control leaves (f—k), gall tissues and control leaves (g—Kk), gall tissues and “healthy”
parts of gall-bearing leaves (g—f). Empty column = local variety No. 42. Striated column =
“Mindszentpusztai sdrga”. Black column = local variety No. 62

The glicine content underwent no marked change. By contrast, the
alanine level decreased in the infected leaves of all the three varieties. The
greatest decrease in alanine was found in the galls. This may have been due
to a process of rapid utilization. The decrease in alanine was smallest in the
highly susceptible variety in all examined tissues. The increased utilization of
alanine was there probably somewhat masked by increased alanine synthesis.

The differences in amino-acid content in infected and healthy tissues,
and the varietal differences are shown inthe column g/K of Table la and Table
2. There was a marked post-infectional accumulation of glutamic acid in the
susceptible variety. It appears that, in the susceptible variety, it is principally
the synthesis of primary amino acid which is geared to a higher level.

In preliminary investigations, the effect of infection on the kcto-acid
level was also tested. The results are summarized in Table 3. It is evident that

4cta Biol. Hung. 14. 1964
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the keto-acid content increased upon infection, particularly in the highly
susceptible variety. Paper chromatographic studies indicated that the major
component was a-ketoglutaric acid. This observation is in line with the theory
that the intensity of primary amino-acid synthesis is increased upon infection.

Table 3
Effect of infection on the keto-acid content of maize varieties

Total keto-acid content
mg/100 g tissue

Local varieties clg
control (c) g»1 (q)

No. 62 212 6.15 2.90

No. 42 2.66 3.62 1.36

Infections localized to the stem also affect the amino-acid metabolism
of the leaf tissues. As shown in Fig. 8, the amino-acid content in the leaf
tissues decreased particularly in leaves above the gall developing on the inter-
node. All amino acids were affected to approximately the same extent (Fig. 9).

leaf number
Fig. 8. Effect of galls developed on the 3rd and 4th internodes on the level of free amino
acids in the leaves of the local variety No. 42. (----------- control;------mmm-m- infected plant)
Discussion

As the parasitic phase of Ustilago maydis is unable to meet its amino-
acid requirement by synthesis from inorganic N-sources [12], it seems justified
to assume that the amino-acid metabolism of the maize plant plays a role in
the resistance of the host to parasitic attack. However, no correlation was found

Ada Biol. Hung. 14. 1964
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to exist between the amino-acid content of healthy plants and their resistance
to U. mardis. This indicates that the relation between amino-acid level and
susceptibility is complex. Older leaves are completely resistant to infection
despite their relatively high amino-acid content. In younger leaves of suscep-
tible varieties, however, the amino-acid content is high (Fig. 2), and the high
amino-acid level of these leaves might have a role in their susceptibility. This
possibility is particularly suggestive, as the major free amino acids in the maize
leaf are identical with those shown to be effective in promoting the develop-
ment of the parasitic phase of the fungus on synthetic media.

leaf number leaf number
Fig. 9. Effect of galls developed on the 3rd and 4th internodes on the level of some amino
acids in the leaf tissues of local variety No. 42. (--------- control; —.— .— infected plant)

It has been shown by a number of authors that the nitrogen nutrition
of the host has an important effect on the outcome of the host-parasite relation-
ship [1, 3, 5, 14, 16, 18, 20, 21]. Atten and Orth [1] demonstrated that an
increased N : K ratio increased the concentration of free amino acids in the
potato tissues and also their susceptibility to Phytophthora. Ofcourse, not only
the total amino-acid concentration is important but the change in amino-acid
spectrum as well. Some amino acids might be inhibitory for the fungus even
at low concentrations. This has been shown in previous studies on the in vitro
growth of the fungus [12]. In this connection the selective inhibitory effect
exerted by extracts from older leaves on the growth of the parasitic phase of
fungus should also be mentioned.

The complexity of the situation is indicated by the fact that various
diseases are characterized by a different relationship between nitrogen metab-
olism and resistance. Thus, there appears to be a positive correlation between
amino-acid content and susceptibility to “brusone” in rice [21]. By contrast,
cabbage varieties resistant to Botrytis cinerea contain 5—6 times higher levels
of some amino acids than the susceptible varieties [16]. In addition, some amino
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acids have no effect on the parasite in vitro but increase the resistance of the
host if supplied to the tissues preinfectionally in vivo [11].

The rise in the level of aspartic and glutamic acids in young galls, as
reported in the present paper, is in line with the earlier findings of T uriain [20].
The increased level of a-ketoglutaric acid found by him and confirmed in the
present study (Table 3) is a further important feature of the parasitically altered
metabolism and indicates that a whole biosynthetic sequence is stimulated
upon infection. It seems possible that the varietal differences in susceptibility
described in the present paper can he explained with a different response to
infection of this biosynthetic system.

In addition to the role of primary amino-acid synthesis, transaminations
also govern the amino-acid level. Thus, it was shown by Shaw and Colotelo
[18] that the concentration of a great number of amino acids became higher
in rust-infected susceptible wheat leaves. The higher level of glutamine may be
due to the enhanced activity of glutamine synthetase and to a higher ammonia
level [5]. It must he stressed that not only dicarboxylic amino acids may be
involved in the transamination process. The mutual transformation of serine
and glycine has also been demonstrated in maize [9].

In our experiments, a decrease in alanine concentration was found in
gall tissues induced by U. maydis. This is in contrast Avith Turian’s obser-
vations [20] who found an increase in the alanine level of young galls. It should
he noted that the data available on amino-acid metabolism in the gall tissues
of maize infected with U. maydis are contradictory. DeVay and Rowell [4]
found no major alteration of the amino-acid spectrum except a decrease in
glutamine. By contrast, Turian [20] reported on a marked increase in gluta-
mine in Ustilago-induced galls. These discrepancies might be explained by the
fact that the various authors used plants of different susceptibilities in their
studies, and the disease was differently advanced in their material.

It is important to stress that the effect of infection extends to the unin-
fected parts of the plant. The obviously toxic effect of the fungus has been
observed by other authors also [17].

Infection of the stem also induces a decrease of amino acids in the leaves
(Fig. 8). The fact that the concentration of all examined amino acids diminished
to the same extent (Fig. 9) suggests that probably some early steps of amino-
acid synthesis were affected. It is possible that the galls utilize the inorganic
N-resources of the plant for the synthesis of amino acids. Therefore, the physio-
logical effect of infection manifests itself in a different way in the infected
leaves and in those above or below the galls.

In addition to the synthesis of keto acids [20], a sufficiently high inor-
ganic N-level is necessary for increased amino-acid synthesis at the site of
infection. As 80 to 95 per cent of the N-compounds taken up by the roots are
transformed already in the root system in organic form [2], it seems possible
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that the inorganic nitrogen content of the overground organs hampers inten-
sive amino-acid synthesis in the infected tissues. Differences in the levels of
free amino acids in the investigated maize varieties may be in connection with
differences in the metabolic activity of their root systems. It is well known
that, in the maize, there is a close correlation between the growth of the root
system and that of overground organs [6].

13.

14.

15.
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17.

18.
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AMINOSAURESTOFFWECHSEL UND RESISTENZ GEGEN USTILAGO MAYDIS
BElI DER MAISPFLANZE

Verfasser untersuchte papierchromatographisch den Aminosauregehalt von verschie-
denen gesunden und infizierten Individuen von Zea mays, die gegen Ustilago maydis einen
unterschiedlichen Resistenzgrad aufwiesen. Es wurde festgestellt, dass zwischen dem Amino-
sduregehalt und der Resistenz gegen Ustilago maydis der gesunden Individuen der verschie-
denen Sorten ein negativer Zusammenhang besteht. In den Gallen der infizierten Pflanzen
steigt der Asparagin- und Glutaminsduregehalt an. Dieser Prozess ist bei der untersuchten
anfalligen Sorte mehr ausgeprégt. Der Serin- und Glycingehalt nimmt nur bei der anféalligen
Sorte ab. Der Alaningehalt sinkt bei den untersuchten Sorten, besonders aber in den jungen
Gallen der weniger anfalligen Sorten; bei der stark anfalligen Sorte tritt die Abnahme erst
spéter ein. Unter dem Einfluss der Infektion steigt auch der Ketosdauregehalt in den Gallen an.
Die physiologische Wirkung des Pilzes erstreckt sich auf die Gallen tragenden Blatteile und
auch auf die gesunden Blatter. Verfasser nimmt auf Grund der Versuchsangaben an, dass
es sich in den infizierten Geweben um eine allgemeine Stimulation eines biosynthetisierenden
Systems handelt, die an Hand des erhdhten Ketosdure- bzw. Aminosduregehaltes die intensive
Eiweisssynthese, die zur starkeren Proliferation der infizierten Gewebe und zum Pilzwachstum
notig ist, ermoglicht. Die unterschiedliche Anfalligkeit der Sorten kann durch die abweichende
Aktivitat dieses biosynthetisierenden Systems erklart werden. Die unterschiedliche Resistenz
wird aber auch durch den Gehalt an freien Aminosédren von jungen infizierbaren Geweben
beeinflusst.

AMWHOKUCNOTHLIN OBMEH W YCTOWUYMBOCTb KYKYPY3bl MPOTUB
USTILAGO MAYDIS

Mpn nomoLLy MeToAa XpoMaTorpadum Ha Gymare aBTop U3y4yas aMUHOKUCOTHbIA COCTaB
3[,0POBbLIX U MOPaXeHHbIX 0COGE COPTOB KYKYpY3bl, B Pa3NNYHON CTEMeHM BOCTPUMMUUBLIX
K Ustilago maydis, Ha pa3iMuHbIX 3Tanax B3aWMOCBS3M XO3AMHA U MapasvTa. YCTaHOBWI,
UTO MEX[Y aMWUHOKMC/IOTHBIM COCTaBOM 3[0POBbLIX OCO6E/ OTAENbHBLIX COPTOB M UX BOCMPUKM-
UMBOCTBID K TO/IOBHE MMEETCS OTpULaTe/bHass CBs3b. B >KenBakax MOPaXeHHbIX pacTeHwid
MOBbILLAETCS COAEPXKaHWe acrmaparMHoOBOW W FAHOTAMWHOBOW KMCMOT. Y CULHO BOCAPUUMUM-
BbIX COPTOB 3TO MOBbILLIEHWE GO/ee 3HaUMTENbHOE. CofepXKaHue CepuHa U FINLMHA CHUXKAaeTCs
TONbKO Y CU/bHO BOCMPUUMUMBLIX COPTOB. B UCMbITaHHBIX COpTax HabMOfAETCS CHUXKEHME
coflepXKaHns anaHuHa, OCOBEHHO B Ke/Bakax MeHee BOCTPUMMUYMBBLIX COPTOB, @ Y CW/LHO
BOCMPUMMUMBBLIX 3TO CHIKEHWE MPOUCXOAMUT TOMbKO MOkKe. [lof BAMSHMEM 3apaXKeHWUs B
)e/nBaKax MoBbILIAETCH TAKXKE W COflepXKaH/e KeTOKMUCIOT. OU3Moornyeckoe AeiicTere rpubka
pacnpoCTpaHseTCs 1 Ha YaCTU JIMCTbEB, MOPAXEHHbLIX FO/IOBHEN, a TAKXKE U HA He3apaXkeHHbIe
AncTbs. Ha 0CHOBaHWMM MOJTYYEHHbIX AaHHbIX aBTOP MPeanoiaraeT, YTo B 3apaXKEHHbIX TKaHAX
MMeeT MecTo ofllge CTUMY/MPOBAHUE OMPEAENEHHON OMOCUMHTETU3UPYIOLLEA CUCTEMbI, YTO B
CBOK Ouepeab MyTeM MOBbILIEHHOMO COAePXaHUs KeTO- N aMUHOKMC/IOT 06ECMeUMBaeT YCI0BHUS
ANl MHTEHCUBHOTO CUHTe3a 6efika, HEOBXOAMMOro [/1 WHTEHCMBHOW Nponugepauun 3apa-
YKEHHOW TKaHW W 1S PasMHOXeHWUs rug rpubka. Habniogaemas Mexagy BOCMPUMMUKMBOCTbIO
OTZEeNbHbIX COPTOB PasHMLA 06bSCHAETCS HEOAWHAKOBOW aKTUBHOCTbIO 3TOW GUOCUHTETU3UPYHO-
el CUCTEMbI, HO MOBUAMMOMY HAxXOAUTCS TakXe W MNOf BJUSHUEM COAEpXXaHUsi CBOGOAHbIX
aMUHOKMC/IOT MOJOABIX BOCMPUMMYMBLIX TKaHEl OTAeNbHbIX COPTOB.

Menyhért Peths, Debrecen, Bdszdrményi Ut 104, Hungary
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Synopsis

For studies concerning the biology of melanotic tumours, melanin soluble
in neutral watery medium was needed. Solubility is mainly ensured by the protein
component linked to the pigment. A “neutral” melanin preparation from the pigmented
layer of the bovine eye was obtained with the method of Hohenad1 and De Paola
by washing in distilled water, but it was notsoluble. It has been possible to isolate, by
means of vacuum exsiccation and dialysis, a substance from the urine of melanomatous
patients which was reversibly soluble in distilled water. The total nitrogen content
of this melanin preparations was 6.6 per cent. By means of the ninhydrin reaction,
11 amino acids were demonstrated in its hydrochloric-acid hydrolysate by paper
chromatography, three other spots were detected by treatment with ammoniated
silver solution, and an unidentified yellow spot was detected by the ferri-ferri-cyanide
reagent. The light-absorption curve of the urinary melanin is in many respects similar
to that of artificial melanin prepared from tyrosine.

Introduction

Investigations into the biology of malignant melanotic tumours require
studies to be made of the properties of melanin pigment. A serious difficulty
in such studies is the fact that both the melanin injected subcutaneously and
the melanin depot created by intramuscular injection remain unabsorbed and
exert only a local effect.

According to Haranghy and co-workers [6] melanin would nevertheless
condition the effect of cancerogenic substances even in subcancerogenic doses.
The problem could be best approached by the use of a soluble form of melanin,
especially by injection through the intravenous route, and therefore the main
task was to develop a suitable melanin preparation and to dissolve it in a
medium not noxious for the organism. Haranghy [5] recommends 10 per cent
potassium carbonate as solvent. It is, according to Pearse [8], absolutely
insoluble in organic solvents or in any other solvent harmless for the tissues.

Gijesdat [3] has described a few “gentle” procedures by means of which
“native” melanin could be prepared. The essence of these methods is to
mechanically destroy the cells containing melanin, extract them with solutions
of biological pH, then to salt out the pigmented fractions with ammonium
sulphate. Melanin in such preparations is linked to a protein of pseudoglobular
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nature, and this puotein ensures the stability of the suspensions -which can be
prepared with water or with buffers of about pH 7. The melanin of hair and
feathers is a keratinous inclusion which requires intense alkaline hydrolysis.
Media with pH far from neutral denature or even hydrolyze the protein com-
ponent of melanin. The solubility of pigments so prepared is considerably
inferior to that of native preparations. When boiled with acid or base long
enough, the protein component of melanin can be broken down completely,
and the so-called rest pigment, which is in fact the compound we call melanin,
is insoluble evenin 1 n NaOH. In physical and chemical properties it becomes
more and more similar to the humin substances and to mineral coals as a result
of an increase in C and ash, and a decrease in H and N content.

Preparation of native melanin

To prepare native melanin, suitable for injection and stable also when
suspended in water, we excised the pigmented layer of the bovine eye and
suspended it in distilled water, according to Hohenadl and De Paola [7].
The pigment fraction settles on centrifugation, the proteins dissolved in water
and the floating residues of the membrane can be decanted. Resuspending the
sediment and repeating purification 8 to 10 times, we get the ocular melanin
preparation called “neutral”, which, in the process of its preparation, has been
exposed to no reagent other than distilled water. One third of this is boiled
with azeotropic acid, an other third with 10 per cent KOI! for 24 hours, under
reflux cooling. On neutralization, melanin precipitates from the alkaline
solution, and is not soluble in HC1l. After centrifugation and washing several
times in distilled water as well as drying in an exsiccator we obtain the bovine-
eye melanin preparations subjected to “acid” or “alkaline” after-treatment.

In spite of the fact that it had been exposed to no kind of denaturing
agent, the neutral bovine-eye melanin was not soluble in neutral aqueous
medium. The alkaline preparation was also insoluble, and the acid preparation
was downright hydrophobic. We tried, therefore, to use sunflower-seed oil as
solvent and to disaggregate the acid preparation by exposure to ultrasound
(0.2 W/square cm, for five minutes). A suspension stable for a few days was
obtained, but when it was injected subcutaneously, foreign-body reaction
developed around the pigment granules, proving that the material in the hetero-
genic phase was insoluble.

Preparation and properties of soluble melanin

Next, we collected urine from patients with melanoma as the material
from which melanin suitable for injection could be prepared. In order to avoid
effects leading to dénaturation, we ought to have employed lyophilisation for
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Fig. 1. Urine, from a melanuric patient, desiccated in a vacuum exsiccator
(approx, natural size)

dehydration. Possessing no suitable equipment, we tried exsiccation in vacuo
which saves the preparation from the effects of both heat and oxidation by air.
However, the material kept foaming over, and so vacuum evaporation in C02
atmosphere proved unfeasible. Wanting to avoid the use of antifoam agents,
we place the urine in H2S04vacuum exsiccator and dried it for 3 to 4 months,
replacing the dehydrating agent several times. During that period, most of
the proteins became putrid; urates and phosphates precipitated from the reddish
brown sediment containing melanin, in the form of big, white crystals (Fig. 1).

The material thus obtained was suspended in water, poured into a dia-
lyzing sheath and dialyzed against running tap water for 3 days. The dark
brown solution was separated from the insoluble part by centrifugation and
subjected to vacuum drying as described above. This second phase of dehy-
dration lasted about 3 to 4 weeks. The residual substance coated the wall of the
flask as an almost black layer of velvety shine. It dissolved reversibly and
without residue in distilled water. The yields determined in several trials are
shown in Table 1.

The urinary melanin prepared by the above described method was made
into a 40 mg per cent distilled water solution and the extinction was measured
at 10 wave- lengths in an Uvifot ultraviolet spectrophotometer. The curve
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10
showing the values E = 10 g- | plotted against wave- length was compared

with the light-absorption curve of the tyrosine-melanins formed during the
oxidative désamination of tyrosine solutions (40 mg per cent, pH around 7)
by hydrogen peroxide in the presence of copper (tyrosine 1:copper 0.1 :
hydrogen peroxide 10) [5]. The artificial tyrosine-melanins prepared under
conditions simulating biological conditions as regards pH and temperature,
showed light absorption that was in many respects similar to that of natural
urinary melanin.

Table 1

Preparation of urinary melanin

A B c
Urine ml . . .
solids Dialyzed water-soluble preparation
g per cent A g per cent B per cent A
530 e 23.4 4.4 1.64 7.0 0.31
1150 i 65.5 5.7 0.45 0.7 0.039
1000 i 58.3 5.8 0.36 0.6 0.036

It was particularly conspicuous that every examined curve showed peaks
at 510 and 564 m/i Bu’ Lock [1] claims that from among the intermediates
of the melanin polymerizate prepared from 5.6-dihydroxyindole by enzymatic
oxidation those showing absorption maximum at 530 m/< are dimers, while
the 540 T/n peak indicates trimers. It is beyond doubt that in the examined
solution of the synthetic tyrosine-melanin the second and third members of
the polymer chain were formed in the course of the synthesis of the macro-
molecule. But it is unclear whether in the solution of the urinary melanin the
same compounds are intermediates of synthesis or breakdown.

Moreover, the question emerged whether the excellent solubility of the
urinary melanin prepared by the above method was due to the considerable
proportion of dimers and trimers it contained, resulting in a low relative
molecular weight, or to the lyophilic properties of the protein conjugated with
the pigment. To solve the problem, we subjected the melanin preparation to
HC1 hydrolysis, dried it in vacuo, redissolved it in distilled water and, after
that, examined it by paper chromatography (butanol : acetic acid : water
4:1:5, Schleicher-Schiill 20436 paper, onedimensional descending technique).
The numerous unmistakable spots appearing on development with ninhydron
proved that the urinary melanin contained protein. In the hydrolyzate, soot-
like insoluble granules were found: they represented macro-molecular melanin
of “rest-pigment” nature, deprived by acid hydrolysis of the protein which
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ensures solubility. The liquid phase of the hydrolyzate was dark brown; the
preparation had, thus, also components of low molecular weight, soluble even
without protein.

For the sake of comparison the chromatograms of a few melanin prepa-
rations, those of their hydrolyzates and one or two potential intermediates,
developed by different reagents, are presented in the following.

Fig. 2. Absorption curves of melanin solutions (40 mg/100 ml) made up with different buffers
or 0.1 n sodium hydroxyde.------------ melanin from urine,----------- melanin from tyrosine

The chromatogram developed with ninhydrin shows many amino-acid
spots of the melanin hydrolyzates (urinary melanin, neutral bovine-eye prepa-
ration). In the hydrolyzates of the bovine-eye melanins, boiled previously with
acid of base, no amino acids were demonstrable. In the hydrolyzates containing
amino acids the spots have the same positions, but owing to differences in con-
centration the chromatogram of the hydrolyzate of the eye melanin is two
spots short because amino acids of the lowest concentrations did not appear.
In agreement with the data published by Gjesdal [3], the amino acids were
identified as glycine, alanine, valine, leucine, serine, cystine, asparatic acid,
glutamic acid, arginine, phenylalanine and tyrosine.

After development with ammoniated silver solution (0.1 n AgNO;ji:
5n N11,011 1:1), three greyish blue spots, separable by running for longer
periods of time could be visualized. Their Rf values were 0.07, 0.16 and 0.25.
Three grey spots of similar Ri value (0.06, 0.24 and 0.30) were found by
Ghislandi [2] in the urine of patients with melanoma. He claimed them to have
been produced by some melanotic substances. These spots are invisible without
development, and we regard them as leuko-eompounds produced in the course
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of HC1 hydrolysis of melanins that arc capable of reducing silver, described to
he characteristic from the point of view of the identification of melanin. The
three characteristic products of melanin hydrolysis occurred not only in the
urinary melanin but also in the hydrolyzate of the eye melanins (neutral, acid
and alkaline).

The ferri-ferricyanide reagent, recommended for the demonstration of
aromatic acids and phenols [4], produced a lively yellow spot at Rf 0.32 on the
discoloured paper. The non-reducing compound giving the reaction is unknown.
The reducing substances, for example DOPA, appeared as dark blue spots on
the paper stained green.

We determined also the total N content of the melanin preparations
compared in this study by the Kjeldahl method. The results are summarized
in Table 2.

Table 2

Some properties of melanin preparations

Solubility in .
Total-N per cent  Gjstilled water Protein content

6.6
Bovine-eye melanin, neutral..... 10.1 -
Bovine-eye melanin, acid ... 4.4 — —
Bovine-eye melanin, alkaline ... 6.1 — —
Tyrosine melanin, synthetic ... 5.3 + —

The lowest nitrogen content was found in the acid bovine-eye melanin
whose protein component had been removed to a maximum extent by hydro-
lysis. Likewise, almost all of the protein was removed from the alkaline bovine-
eye melanin. The insolubility of these preparations is due to the absence of the
lyophil protein component, and their properties are identical with those of the
rest-pigment described by cjesaani [3]7. No amino acid could he demonstrated
in the chromatogram of their acid hydrolyzates.

The readily soluble urinary melanin contains much more total nitrogen,
a phenomenon due to the protein conjugated to it which contains an average
of 17 per cent N, as compared with the 4.4 per cent value of the rcstpigment.
The highest total N values were found in the neutral bovine-eye melanin, not
treated either with acid or base, so that this contained the highest concentration
of protein. This is confirmed by the presence of the HC1 hydrolyzates of the
two latter preparations.

It is noteworthy that not all native melanin preparations containing
protein are soluble in distilled water, or form suspensions stable in buffers of
about pH 7. According to Gjesdah1 [3], bovine-eye melanin produced by the
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gentlest method, i.e. not treated with either acid or alkaline reagents, was not
soluble either in water or in vegetable oil. On tin* other hand, the melanin
preparation described above is reversibly soluble without residue even in
distilled water and also 4 to 5 per-cent solutions for injection can be prepared

of it.
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EIN WASSERLOSLICHES MELANINPRAPARAT

Zur Untersuchung der Biologie melanotischer Geschwilste bendtigten Verfasser ein
in neutralem wé&sserigem Substrat l6sliches Melaninprédparat. Die Ldslichkeit wird in erster
Linie durch die an das Pigment gebundene EiweilRfraktion gewdhrleistet. Mit der Methode
von Hoiienadl und De Paola stellten Verfasser aus der Pigmentschicht des Rinderauges
durch Auswaschen in destilliertem Wasser ein »neutrales« Melaninprédparat her, welches
aber nicht I6slich war. Aus dem Harn von Melanomkranken isolierten sie — in Ermangelung
eines Lyophylisierapparates — nach Eintrocknung im Vakuumexsikkator und nachfolgender
Dialyse die in der Lésung verbleibende Substanz. Dieses Melaninpréparat ist in destilliertem
Wasser reversibel Idslich. Es enthdlt 6,6% Gesamtstickstoff. Im salzsauren Ilydrolysat des
Prédparates wurden papierchromatographisch mittels Ninhydrinreaktion 11 Aminoséuren,
mit Hilfe von ammoniumhaltiger Silberldsung weitere drei Flecke und schlieflich mit Hilfe
von Ferriferrozyanid-Reagens noch ein unbekannter gelber Fleck nachgewiesen. Die Licht-
absorptionskurve des Harn-Melanins ist in vieler Beziehung der Kurve des aus Tyrosin her-
gestellten synthetischen Melanins ahnlich.

PACTBOPVWMbBLI B BOAE MPEMNAPAT MEJIAHVHA

B uensx uccnefoBaHus 6MOMOTAM MeNaHOTUYECKMX Onyxoneli aBTopbl CTPEMUUCH
MOMyYnTb MEeNaHWH, PacTBOPMMbIV B HEMTPasbHOM BOAHOM cy6eTpaTe. PacTBopuMOocTb obecrie-
UMBAETCA NpeX e BCero 6e/1KoBOI (paKLnei, CBA3AHHOI C MUTMEHTOM. 10 METOAY Xoxenagna
W fe Maona aBTOPbI M3 NMUIMEHTOBOM 06O/OYKM F1a3a KPYMHOrO poratoro CKoTa BbIMbIBAHUEM
OVCTUNMPOBAHHOM BOJOM W3rOTOB/S/IN «HEMTPa/bHbIA» Npenapar MefaHuHa, KOTOpbIW, Of-
Hako, He pacTBOpuW/CS B Bofe. W13 MOuM GOMbHBIX MEaHOMON, He UMest MO(UIN3UPYIOLLErO
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annapaTta, aBTOpbl MOC/e BbICYLUKM B BaKyyMIKCMKaTOpe W MOCAeAyHoLEro Ananisa M3onmpo-
Ba/I OCTaBLLUeECs B paCTB%Je BELLLECTBO.  JTOT nbpenapaT MenaHuHa oBpaTMo pacTBOpUM B
[eCTUANNPOBaHHOI Boge. [penapaT copepuT 6,6% o6luero asora. B ero consHOKMCnoM
rMAPOaM3aTe NpU MOMOLUW WMHIUAPMHOBOM peakuun Ha GyMaxkHOW XpomaTorpamme YAaanoch
BbISIBUTb 11 aMMHOKMCNOT, NPY MOMOLLM PacTBOpa cepebpa ¢ coaepkaHnemM aMMoHNs — ellie 3
MATHA, a NPX MOMOLLUY GEPSIMHCKOIN Nasyph —ellie OfHO HEBbIICHEHHOE YKe/Toe MATHO. KpuBas

norsoweHna ceetTa MeIaHMHOM M3 MOYM BO MHOIMX OTHOLUEHUAX no,qo6Ha KpVIBOVI CUHTETNYE-
CKOro MenaHuHa, Mosly4YeHHOro un3 TUPO3NHa.

Budapest I1X, UIllGi at 93 Hungary.
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Synopsis

To provide a method for the investigation of metabolism of nicotine in tobacco
a procedure has been elaborated for the separation of amino acids and nicotine on
Dowex 2 ion exchange resin (OH -form). By the use of this method it has been shown
that nicotine-C14fed to Nicotiana labacum is almost completely broken down. Simulta-
neously Cl4labelled free amino acids are formed. The results suggest a close correlation
between nicotine breakdown and nitrogen metabolism in tobacco.

Introduction

The physiological role of alkaloids in plants, including nicotins, is little
understood. However, the old idea that the alkaloids are inert by-products of
plant metaholism is no longer maintained [8, 10, 11]. Data are accumulating
to show the important physiological role of nicotine. It has been found that the
synthesis of nicotine takes place in the young meristematic tissues exhibiting
a high metabolic activity [11, 14]. It is also important that a considerable
amount of nicotine is contained by ripening and germinating tobacco seeds
whereas no nicotine was found in resting seeds [6].

Recently, by taking advantage of tracer techniques, a large body of
information has been obtained concerning the role of nicotine in metabolism.
It has been shown that the infiltration of Nicotiana glutinosa with nicotine
results in the formation of nornicotine due to oxidative déméthylation of
nicotine [2, 5, 16, 20]. The metabolic activity of the methyl group of nicotine is
also indicated by the work of Leete and Bet1 [9]. These authors observed
the formation of radioactive choline after infiltration of the tobacco plant with
nicotine labelled with Cl4 in the methyl group. Thus evidence was presented
for the role of nicotine as a donor of methyl groups in plants.

Other workers succeeded in demonstrating the role of nicotine in the
biosynthesis of nicotinic acid, another important metabolite in living tissues
[4]. It is highly probable that an oxidative breakdown of pyrrolidine is involved
in the reaction and that the pyridine ring of the alcaloid is the precursor of
nicotinic acid.

The pyridin ring of some other compound can also derive from nicotine.
Feeding of the tobacco plant with double labelled (C and N) nicotine resulted
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in the formation of labelled nornicotine and anabasine [18]. Evidence was
obtained that the pyridine ring of nicotine underwent no change during the
reaction.

Further studies on the metabolism of Cl4labelled nicotine in plant
tissues indicated that nicotine is broken down readily and the radioactivity
deriving from it appears in a large variety of compounds [19]. Therefore, it is
safe to conclude that nicotine takes an active part in plant metabolism and
can not be regarded as an inert substance. As amino acids participate in the
biosynthesis of nicotine it seemed possible that amino acids occur among the
breakdown products of nicotine as well. The aim of the present paper was to
test the validity of this hypothesis.

Materials and methods
Preparation of nicotine-Cu

In order to obtain labelled nicotine 4-month old Nicotiana tabacum plants
mwere fed with Na-acetate-2-C14 via the root system. The precursor was added
to the nutrient solution. After a 10-day treatment the plants were killed and
the nicotine was isolated from the tissues according to standard methods [15].
Fifty per cent of the radioactivity of the nicotine synthetized from acetate-2-
Clis localized in the C2atom of the pyrrolidine ring and the rest in the pyridine
ring [3]. The nicotine dipicrate obtained was dissolved in 1N NaOH. MgO
and NaCl was added to the solution and the nicotine was separated by steam
distillation. Nicotine was determined in the distillation product by titration
with 0.1 N HoSOj in the presence of methyl red indicator. Part of the solution
obtained was used for the determination of nicotine concentration by the use
of the same method [15].

A standard solution containing 2 mg nicotine/ml was prepared for feeding
experiments. The radioactivity of the standard solution was determined.

Method for the separation of nicotine and amino acids on Dowex 2 ion exchange
resin (OH~-form)

A method for the separation of nicotine and amino acids was elaborated
to make the study of eventual transformation of nicotine into amino acids
possible. The usual method of isolating nicotine from alcaline media by steam
distillation [15] proved unsatisfactory as the amino acids undergo aconsiderable
decomposition under these conditions. Therefore, attempts were made for the
separation of nicotine and amino acids by the use of an ion exchange resin
(Dowex 2 in hydroxyl form). A 1cmx20 cm column was prepared essentially
according to Paviovskaja et al. [12]. Before preparing the column the resin
(Dowex 2—4/20/50 mesh) was washed with bidistilled water to remove the
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particles of undesirable size. In order to achieve an even distribution of the
particles the resin suspension was poured into the column filled with bidistilled
water to a height of 10—15 cm. First 0.5 1 10 per cent NaOH was passed
through the column. The excess of NaOH was removed with H20. The resin
was washed with water until a neutral reaction was reached. This was followed
by washing the column with 11 purified 2 N 1IC1. (Concentrated hydrochloric
acid was purified by threefold boiling in the presence of SnCl2 This treatment
seemed important to remove substances giving reaction with ninhydrine.)

The excess ofacid was removed by washing with bidistilled water until the
test for Cl-ions with AgNO3proved negative. The resin was then transformed
into the OH-form by treatment with 2N NaOH. (The NaOH solution was
always freshly prepared.) The excess of alcali was again removed by H20 as
described above and the column was ready for use.

In order to find out whether or not the resin is able to separate the amino
acids and nicotine a number of amino acid -f- nicotine mixtures were tested.

The concentration of amino acids [7] and nicotine [15] was determined
in control tobacco plants and standard amino acid -f- nicotine mixtures, cor-
responding to the natural levels of these substances, were prepared for the
assays. The substances were dissolved in a final amount of 10—15 ml H20
and this solution was put on the column. The resin was then washed with 1.51
double distilled water. Under these conditions all the alcaline substances,
sugars and non- electrolytes are released [13].

Nicotine was obtained by controlled elution. The end of elution was
established by continuously testing the eluates for the presence of nicotine by
adding silicotungstic acid to the solution [15]. By the end of elution the nicotine
containing solution was acidified and evaporated to a small volume on a water
bath. From the concentrated solution the alkaloid was precipitated with picric
acid under cooling. In order to obtain pure preparations recrystallisation proved
necessary. The final product was identified on the basis of crystal form,
optical properties (absorption spectrum) and melting point of the dipicrates.
The yield of nicotine obtained after passing through the column is shown in
Table 1.

Table 1

Recovery of nicotine after passing through a column of Domex 2 ion exchange resin (OH -farm)

Nicotine put Nicotine obtained  Melting point
on the column, mg of nicotine Recovery in %
mg dipicrate
40.0 39.7 217° C 99.2
45.0 44.0 217 98.0
50.0 49.4 218 98.8
55.0 54.8 217 99.6
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As may be seen from Table 1 the nicotine passed through the column
was almost entirely recovered. It teas also important to find out whether or
not the amino acids are quantitatively bound to the resin under the same
conditions. This has been checked by washing the column with 0.5 1N HCI1.
The excess of HC1 was removed from the eluate under vacuum at 36° C.

After the removal of HC1 the pH of the solution was adjusted to 6.8.
The concentration of amino acids was determined colorimetrically by adding
ninhydrine to the eluate [7]. The results obtained are summarized in Table 2.

Table 2

Recovery ofamino acids after passing through a column ofDowex 2 ion exchange resin (OH~-form)

Mixture No. 1 Mixture No. 2 Mixture No. 3
Amino acids Amino acids Amino acids
Amino acids put eluted Amino acids put eluted Amino acids put eluted
on th_e_column from the column on the column  from the column on the column from the column
injxg
M 1 % My % My %
211.8 186.4 88.0 232.0 227.3 98.0 29.9 29.3 98.0
424.0 381.6 90.0 464.0 459.4 99.0 59.8 59.3 99.1

Mixture No. 1: Lysine, histidine, asparagine

Mixture No. 2: Glycine, valine, serine, alanine, phenylalanine, proline, leucine,
tyrosine and cysteine

Mixture No. 3: Asparatic and glutamic acids

As may be seen from Table 2 the acidic and neutral amino acids were
almost completely recovered. By contrast, a considerable loss was experienced
with the basic amino acids. On the average, however, a 95 per cent recovery
was achieved.

It may he concluded from the results presented that the method applied
is suitable for the quantitative separation of the amino acid fraction and
nicotine.

For a further purification of amino acids, mainly to remove other con-
taminating acidic compounds, the solutions were passed through a column of
Dowex 50 ion exchange resin in H +-form.

A Dowex 50x4/200/300 mesh column was prepared as follows [17]:
The small particles were removed from the resin by washing repeatedly with
bidistilled water followed by sedimentation. The resin was then treated with a
double volume of 1N NaOH at 100° C for 16 hours. After this treatment a
lcm X 15 cm column was prepared and the resin was washed with bidistilled
water until neutral reaction was reached. The resin was transformed into
H +-form by treatment with 6 N HC1 followed by washing with water to remove
the ClI ions (eluate tested with AgNO03). After this procedure the column was
ready for use.
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Results and discussion

Four-month old N. tabacum plants grown in the greenhouse were used
for the experiments. The plants were fed with nutrient solution and 48 mg
labelled nicotine (total activity 84 000 imp./min.). It has been shown that in
about 48 hours practically all the nicotine was taken up by the plant roots.
A 4-day incubation period was applied in the experiments. This length of
incubation period was in line with the findings of other workers as well which
indicates a marked breakdown of nicotine in four days [4, 9]. In the case of
longer incubation periods the nicotine fed to the tobacco plant seemed to be
protected against breakdown. This is explained by the above authors by the
fact that during the long incubation the nicotine reaches the above-ground
plants organs in which the breakdown of nicotine is much slower than in the
root.

After the incubation period the plants were homogenized in mortar and
extracted for 100 hours under constant stirring with a 20fold volume of 70 per
cent ethanol. Under these conditions amino acids [1] and nicotine [15] go into
solution. The extract was filtered through filter paper on a Biichner funnel.
For the removal of lipids and pigments the filtrate was treated with an equal
volume of petrol (low boiling point fractions) in a separatory funnel. In contrast
to Tso and Jeffrey [19] no ether was used for the extraction of lipids as
according to our experience this results ina 15 to 20 per cent loss of amino
acids.

As shown by spectrophotometry the application of the above procedure
resulted in a complete removal of chlorophyll from the test solution. Part of
the carotenoids was also removed.

The defatted alcoholic extract was evaporated under vacuum at 36° C.
A yellowish solution was obtained which contained a mixture of various organic
substances.

For the separation of nicotine the mixture was passed through the Dowex
column in the OH- -form as described above. The pH of the nicotine-containing
solution obtained was adjusted to 4.0 with 0.1 N H2504 and the solution
was evaporated on a water hath. From the concentrated solution nicotine was
precipitated by picric acid according to a method described above [15]. The
nicotine dipicrate obtained was used for the determination of alkaloid content
and radioactivity.

The amino acid fraction separated in this way from nicotine, other basic
compounds, and the nonelectrolyte fraction was further purified on Dowex 50
in the H+-form [17]. The purified amino acids were used for quantitative
determination and for the assay of radioactivity [7].

Nicotine contents and the radioactivity of nicotine isolated are shown
in Table 3.
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Table 3
Nicotine content and the radioactivity of nicotine

Nicotine content Nicotine content Specific activity Total activity Recovery

of control plants, of experimental  of nicotineimp./  of nicotine imp./  of radioactivity
mg plants mg min./in mmol min. %
29.4 36.5 1.4X10* 3120 3.7
28.5 30.5 1.4XH04 2790 3.3

Average data from 2 parallel experiments.

As may be seen from Table 3 the nicotine content of experimental plants
teas very near to that of the controls. This means that about 84 per cent of
the alcaloid fed to the plants (48 mg) was degraded. Therefore, the metabolism
of nicotine in the tobacco plant is very intensive.

The results are in full agreement with those previously published on the
intense breakdown of nicotine in ripening tobacco seeds [6].

The high metabolic activity of nicotine is also indicated by the low values
of recovery of radioactivity which ranged between 3.3 and 3.7 per cent.

The results obtained are fully in line with the data of Leete and Ben1 [9].
They also obtained only 5 to 8 per cent recovery in feeding N. tabacum plants
with nicotine-C14 By contrast, a 70 per cent recovery of labelling was reported
by Griffith et al. [4]. This is probably explained by the fact that another
plant species (N. glutionosa) was used and the developmental stage of the
plants was also different.

The decrease in specific acitivity of the nicotine isolated from the experi-
mental plants (Table 3) as compared to the specific activity of nicotine fed to
the tissues might be explained either by supposing that the nicotine taken up
by the plants is diluted by endogenous nicotine or by the fact that the nicotine
undergoes an active metabolism in the tissues.

The results obtained with the free amino acids are shown in Table 4.

Table 4

Amino acids and their radioactivity

. Total activity
Content of amino ,

acids, jUg/plant imp./min./plant
500 3000
590 2980

Average data from 2 experiments.

As may be seen from Table 4 the fraction of amino acids contains con-
siderable radioactivity. This indicates that the breakdown products of nicotine
might serve as precursors for the biosynthesis of amino acids.
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DIE UMWANDLUNG VON NIKOTIN IN DER TABAKPFLANZE

Um die Umwandlungsmdglichkeiten des Nikotins in der Tabakpflanze untersuchen
zu koénnen, wurde eine lonenaustausch-Methode zur Trennung der Aminosauren und Nikotin
auf einer Dowex-2-Kolonne (OH_-Form) ausgearbeitet. Mit Hilfe der neuen Methode konnte
Verfasserin nachweisen, dass das in die Pflanzengewebe eingefiihrte Nikotin-C14 fast voll-
standig inetabolisiert wird. Gleichzeitig werden Cl4markierte freie Aminosduren gebildet.
Die erhaltenen Ergebnisse weisen darauf hin, dass zwischen Nikotin-Abbau und N-Stoff-
wechsel der Tabakpflanze eine enge Beziehung besteht.

NMPEBPAWEHWNE HUKOTWUHA B PACTEHWUWN TABAKA

Mpn M3yuyeHWM npoLecca MpPeBpaLieHUs HUKOTMHA B pacTeHuM Tabaka paspaboTaH
METOf, XpOMATOrpaMueckoro pasfefneHns aMUHOKUCIOT U HWKOTMHA Ha aHuoHWTe J[layakc
2 B OH- (hopme. C MOMOLLbIO 3TOTO METoZa MOKa3aHo, YTO BBEAEHWE HUKOTMHA — C-14 B N.
tabacum MPMBOAWT MOYTW K MOSIHOMY €ro pacrnagy U 06pa3oBaHWi0 CBOBOAHBIX aMUHOKUCIOT
C 14 MpeacTaBneHHble pesy/bTaThbl YKa3blBalOT Ha CBS3b MpoLecca pacnafa HWKOTUHA C a3o-
TUCTbIM OGMEHOM TaBa4yHOro pacTeHWs.
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Synopsis

The literature on photosynthesis regards the fixation of C02by specific acceptors
as the initial process of CO2uptake. The possibility that C02is first dissolved is care-
fully discussed; in this case the association with the acceptor would be a process of
secondary nature. The intracellular milieu is generally thought to be too acid to allow
the dissolution of C02 which is an extremely mild anhydric acid. This misconception
is seemingly supported by the current practice of removing C02from carbonate-contain-
ing solutions by means of stronger acids. The present studies have shown that C02is
rather intensely soluble by the expressed sap of plants and by aqueous solutions of
organic and inorganic acids. The pxinciple that C02 uptake from the environment
may begin with simple dissolution seems to be unobjectionable.

Introduction

In the literature on photosynthesis the question of how atmospherical
CO2penetrates the cells has not been raised in a clear-cut way. As a rule, dis-
cussion begins with the acceptor problem and is focussed on the alternative
of C,, or C- acceptor. Irrespective of the nature of the acceptor, however, we
suppose that CO., must first penetrate the cell and can combine with the
acceptor only there.

The neglection of the initial part of CO2uptake is all the more surprising
because the initial phase has been most thoroughly discussed, e.g. by Mengel
[3], in connection with the ion uptake of cells.

It seems likely that the lack of an opinion suggesting that dissolution
should be the first step of CO2uptake is due to the difficulty of conceiving the
absorption of the acid C02by the cell sap, which is also acid. Table 1 shows
the wide range of acidity of cell saps expressed from the leaves of various plants.

The cell sap obviously does not represent in every case the conditions
prevailing inside the cell, where, separated from each other in a microhetero-
geneous system, quite different processes may take place side by side; yet it
can be supposed that C02 when diffusing from the atmosphere into the cell
cannot meet its acceptors unless it has passed over the hydrate cover of the
cell wall mycelles and diffused to a certain distance in the cell sap being
present in the cytoplasm. According to Vejiby [4] the C02 acceptors are
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Table 1

Acidity of the expressed sap of leaves (adapted from Drawert [1])

Plant pH value Method Author
high acidity
Begonia semperflorens 13 16 9 Ruhland Wetzel 1926
Oxalis repens ... 19-22 H-electrode Rogers—Shive 1932
Rumex acetosella 25—-27 H-electrode Rogers—Shive 1932
medium acidity
Bryophyllum calycinum .. 3.5-4.9 H-electrode Ingalls—Suive 1931
Fagopyrum sagittatum .... 49_-54 H-electrode Ingatts—Shive 1931
Sedum weinbergii ... 4.5 Chinhydron electrode  Drawert 1948
Sempervivum glaucum .... 4.6 C-hinhydron electrode Kessler 1935
low acidity

Z8a M AYS . 5.0-5.6 H-electrode Gustafson 1924
Lycopersicum esculentum .. 5.6-6.9 H-electrode Ingalls—Shive 1931
Solanum tuberosum ... 5.8 colorimetry Wagner 1916
Triticum aestivum ... 5.9-6.2 H-electrode Drawert 1948
Secale cereale .....oeeeeenee 5.9-6.2 chinhydron-electrode Keyssner 1931
Spinacia oleracea.. 6.2 glass half-cell Jorgensen 1939
Cucurbita maxima ... 6.4 H-electrode Gustafson 1924
Avena sativa ... 6.4 colorimetry Arland 1924
Chenopodium vulvaria 6.5 chinhydron electrode Keyssner 1931

localized in the chloroplast; such acceptors are accessible only through the
cytoplasm and the cell sap layer surrounding the chloroplast. In many cases
this interior environment is certainly much more acid than the acidity attain-
able by dissolving C02

Since dissolution of CO., is not analogous to chemical reactions, it is not
surprising that comparatively even mild organic acids are able to expell CO.,
from carbonates. The following series of experiment were performed in order
to demonstrate whether or not simple dissolution can be the initial process of
CO02 uptake.

Material and methods

The absorption of chemically pure C02gas by acid solutions, namely (1) by expressed
saps of plants; (2) by solutions of various concentrations of acids taking part in the Krebs
cycle and of other acids present in the plant cell; (3) by solutions of other organic acids; (4) by
solutions of strong inorganic acids, was measured.

A special gas pipette [2] was filled with the solution to be tested. C02was then intro-
duced into the pipette and the volume of the C02 was calculated from the length of the gas
column arising in the capillary tube ofthe apparatus. The gas and the solution were thoroughly
mixed with a threaded nozzle and the amount of the gas absorbed was calculated from the
shortening of the gas column.
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Results

The experiments were carried out at the temperature of the summer
season, 1963 (28—31° C). The data shown in Table 2 were read after mixing
for a few minutes.

Table 2

Solubility of CO., in liquids of acid nature

Liquid Dissolved gas COa
mm31 ml liquid

Pressed-sap of Sambucus nigra leaf ... approximately 10
Pressed-sap of Tradescantia spec.......... approximately 40
Citric acid 2500 o approximately 108
Citric acid 12.5% oo approximately 134
Citric acid 6390 e approximately 163
Citric acid 3-1%0. et approximately 210
Malic acid 0.1% coveeererernenrenrnnnennenes approximately 93
Aconitic acid  0.19% ..o approximately 205
Succinic acid saturated ... approximately 175

.............................. approximately 103

Ascorbic acid  0.1% ..o approximately 225

Malonic acid 0.1% oo approximately 195

Tartaric acid  0.19% ..o approximately 175

Maleic acid 0.1% ceovveerreeessssrsirernenennen approximately 230
Aspartic acid saturated ... approximately 140
H,SO, 10% oo approximately 115
IESO, L approximately 140

Discussion

The data presented in Table 2 are only valid under the given conditions.
The cautions of the experiment were not strict: the amount of the introduced
CO ., and the rate of mixing were variable etc.: yet all the tested liquids actually
absorbed CO,

One should not try to find stoichiometric relations in Table 2 for the very
reason that the liquids were not saturated with C02. Thus, in fact, the expres-
sed saps and the solutions of the organic and inorganic acids tested are able
to absorb more C02than shown by the figures.

Succinic, fumaric, and aspartic acids were used in saturated aqueous
solutions. This fact does not mean high concentrations, for the water-solubility
of these substances is poor. The pH values obtained with the METROHM
apparatus were 1.5, 1.8 and 2.3, respectively.
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Although our data are certainly objectionable from the analytical point
of view, the fact that the solutions under study are able to absorb more CO.,
than shown in the Table supports our hypothesis instead of weakening it.
Therefore, it is reasonable to regard dissolution as the initial process of C02
uptake.

We are of the opinion that atmospherical CO, readily meets the require-
ments of photosynthesis through the intercellular spaces of the leaf (on the
average, 20 mg C02 per hour are fixed by 1dm2 of leaf surface), although a
quite different dissolution equilibrium would be expected if calculated from
the concentration of 0.03%. However, the system is not a statical one; there is
no equilibrium between the gas and the liquid phase because gas equilibrium
is gradually shifted towards dissolution by the photosynthetic C02 acceptors
regenerating cyclically in the cells. Thus, a peculiar “steady state” is estab-
lished.
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PARTIE INITIALE DE L’ABSORPTION DE CO, PAR LES FEUILLES

L’auteur attire I’attention sur le fait <[ue, dans la literature technique sur la photo-
synthése, I’attachement a des accepteurs spécifiques est considéré comme le proceés initial
de I’absorption de C02 La question de la dissolution éventuelle de C02est traitée avec pré-
caution; dans ce cas, la combinasion avec |’accepteur ne serait que de nature secondaire.
En général, le milieu intérieur de la cellule est beaucoup plus acidique que C02qui est, en effet,
un acide anhydrique extrémement faible, la dissolution peut donc paraftre impossible. Cette
erreur est supportée par la pratique assez répandue de faire sortir C02des solutions de carbonates
a I’aide d’acides plus forts. Au cours de ses examens, l'auteur vient de constater que les sucs
vacoulaires des plantes, ainsi que les solutions aqueuses des acides organiques et anorganiques
dissolvent le CO, d’une maniere assez intense. L’opinion, selon laquelle I’absorption de CO,
de I'ambiance commence par une simple dissolution, ne se heurte pas & des obstacles de
principe.

HAYANbHBLIM MPOUECC MOTFAIOWEHWNA CO, NUCTbAMMU

ABTOp 006pallaeT BHUMaHWE Ha TO, YTO B /IMTEpaType Mo (JOTOCUHTE3Y Ha4a/bHbIM Mpo-
ueccom nornoweHus CO, cuuTaloT MPUCOEAUHEHWE [BYOKUCU Yriepoda K creuuguyeckum
akuenTopaMm. OueHb OCTOPOXXHO 06pALLaOTCs C BOMPOCOM, He WMEET-NN 3[ecb MeCTO PacTBO-
peHne CO02; B 3TOM C/lyyae COeaMHEHMe ee C akLenTopoM ABANOCH Bbl YXKe NPOLECCOM BTOPNY-
HOro xapakTtepa. Tak kak CO, npejcTaBnseT co6oi uepessblualiHo cnabyto aHrNNAPO-KUCAOTY,
MO CPaBHEHWIO C KOTOPOW BHYTPEHHSA Cpefa K/IETKM 3HauuTeNbHO 60nee Kucnas, rnogTomy
pacTBOPEHME MOXET Ka3aTbCA HEBO3MOXHBIM. 3TO MHEHWe MOf/epXnBaeTca Takxe 1 Toil pac-
NPOCTPaHeHHOI# NpaKTMKOiA, cornacHo kotopoit C02 0cBO6OXAAKOT M3 PacTBOPOB Kap6OHATOB
6oniee CUMbHBIMK KucrioTaMmu. B npoliecce CBOMX MCCe0BaHWiA aBTOpP YCTaHOBWUJ/, UTO BbIXa-
Thlli PacTUTENbHbIN COK, fjafee BOAHbIE PACTBOPbI OPraHUYeCKMX M HEOPraHWYecKUX KWCIOoT
fl0BO/TbHO MHTEHCUBHO pacTeopstoT CO,. CnefoBaTeNbHO, MHEHMe, COFNacHo KOTOpOMYy Morno-
eHne C02u3 oKpyXatoLLeli Cpefibl HAUMHAETCS MPOCTO PACTBOPEHWEM, He BCTPEUAEeTCs C NPUH-
LUMNNaNbHLIM BO3PaXXEHUEM.

Vitmos FrenyO, Budapest VIII, MGzeum krt 4/o, Hungary
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Synopsis

A micro-organism has been isolated from Datura stramonium seeds. It has been
shown that the same pigment is contained by both the micro-organism and the Datura
seeds. A qualitative and quantitative similarity between the amino acids of Datura
seeds and those of the micro-organism isolated from the seeds has been demonstrated.
Immunological investigations (agglutination, precipitation tests) revealed a marked
similarity between the immunological properties of proteins isolated from Datura
seeds and from the micro-organism respectively. The micro-organism contained a factor
which exhibited a pharmacological and biological atropine-reaction. The factor isolated
in crystalline form induced an atropine-like reaction in the eye of cat. All these results
suggest a new form of symbiosis between the plant cell and the microorganism studied

Introduction

It has been shown in a previous communication that there is a close
similarity between the pharmacological action of Datura stramonium and
Allium cepa and a micro-organism isolated from the tissues of these higher
plants [2]. The micro-organism isolated from Datura stramonium exerted on
frog heart even after 50 passages an atropine-like effect. The similarity between
the effects of the higher plant tissues investigated and the micro-organism
isolated from them raises the question as to the natvire of symbiotic relation-
ship in this particular case. Are we facing a biochemically highly specific
symbiosis or, as it has been postulated by some authors [12, 13], should the
isolated micro-organisms be regarded as extracellular developmental stages of
mitochondria? In the author’s opinion this question can not be answered as yet.

The present studies were aimed at the elucidation ofthe chemical relation-
ship between the Datura seeds and the isolated microorganism. Compounds
exhibiting similar properties were looked for both in the seeds and in the micro-
organism. The common occurrence in the host and micro-organism of a hemo-
lytic factor and a fluorescent pigment was studied. The similarity of immuno-
logical properties and amino acid composition was also investigated.

Attempts were made to isolate in higher quantities an atropine-like sub-
stance from the micro-organism in order to carry out a test-reaction with the
eye of cat which proved unsuccessful in former experiments probably due to
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the low concentration of the compound to be tested. Also, pure substance was
needed to start investigations on the elucidation of the chemical structure of
the active agent.

Experimental

Hemolytic effect

In the course of studies on the biological properties of the micro-organism
isolated from Datura seeds an intensive hemolytic effect was observed on blood-
agar-plates. In order to test as to whether the hemolytic factor is present in
Datura seeds as well the following experiment was carried out: 2 grams of
Datura seeds were treated with 90 per cent alcohol for 5 minutes. The alcohol
adsorbed to the surface of seeds was removed by burning and the seeds were
homogenized in a sterile mortar in the presence of 5 ml sterile saline. The
extract was centrifuged and subjected to ultrafiltration. Seven to eight drops
of the filtrate were placed in the holes of the blood-agar plate. In about 12
hours total hemolysis was observed around the holes containing extracts from
Datura seeds. The diameter of the hemolytic ring amounted to 10 to 12 mm.
These experiments clearly show that both the Datura seeds and the micro-organ-
ism isolated from them contain a hemolytic substance.

Fluorescent analysis

It has been reported in a previous communication that both the Datura
seeds and the micro-organism isolated from them exhibit green fluorescence
under the fluorescence microscope [2].

Twenty grams of the micro-organism grown on Bouillon containing 3 per
cent glucose were extracted with alcoholacetic acid mixture. The extract was
evaporated and after the removal of alcohol alkalified with 10 per cent N11,011.
The alcaline solution exhibited an intense blue-green coloration.

Extracts were prepared as described above from Datura stramonium
seeds as well. The addition of NH,OH also resulted in the formation of
blue-green colour. As reported by Richter [cit. 1] “Der Samen des Datura
und des Hioscyamus niger enthalten einen grin fluoreszierenden Kérper,
welcher in angesduertem Wasser |loéslich ist und aus alkalischen Flussig-
keiten mit Amylalkohol extrahiert werden kann”. On the basis of this
report I have succeeded in isolating the blue-green pigment from the alkaline
medium. The extracted pigment has a green fluorescence in UY light (Fig. 1).
Thanks are due to Dr. J. Széke for the preparation of spectrograms. The same
compound could be extracted from the micro-organism isolated from Datura
seeds.
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Fig. 1. Absorption spectrum of the pigment extracted from Datura stramonium seeds and
from the micro-organism isolated from them. Absorption maxima at 298 mft

Immunological studies

The above results prompted studies on the possible immunological
relationship between the proteins of the Datura seeds and those of micro-organ-
ism isolated from them. The immunological methods are of a great value in
establishing the nature of relationship between various organisms [7, 8].

Rabbits were injected with a sterile ultrafiltered extract of Datura seeds
(5 grams of seeds homogenized in 25 ml saline). Simultaneously control blood
samples of the same rabbits were tested for possible unspecific precipitation
with the Datura extracts. These tests gave negative results. The injections were
then repeated with increasing doses (0.5, 1.0, 1.5, etc. ml) on every 3rd day.

At the same time other rabbits were injected with samples of a 18-hour
Bouillon-culture of the micro-organism. The control test for unspecific reac-
tion was carried out with the micro-organism as well.

After the 8th injection the rabbits were killed and their serum was used
for agglutination tests. The micro-organisms isolated from Datura seeds agglu-
tinated the sera of rabbits injected with seed extracts. Agglutination was
obtained up to a dilution of 1 : 1280.

Precipitation reaction was also carried out with the immune serum (diluted
to 1:3) and the ultrafiltered suspension. In about 10 to 20 minutes strong
precipitation ring was obtained. E. coli and P. pyocyaneus gave no precipi-
tation reaction with suspensions of Datura seeds.

The results of serological studies clearly indicate that there is a specific
relationship between the Datura sedes and the micro-organism isolated from
them.

The immunological relationship described above is very similar to that
described by Leiner [5, 6]. He has found that the serum of rabbits injected
with Pelomyxa agglutinates a micro-organism isolated from Pelomyxa.
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Amino acid composition

The amino acid composition of Datura seeds and of the micro-organism
isolated from them was also investigated. The method of Szara [14] was
applied. The homogenates of seeds and the micro-organism to be tested were
treated with 20 per cent HC1 for 2 hours at 120° C in autoclave. The material
was then dried by air stream on a water bath. The dry hydrolysate was taken
up in 1 ml distilled water. The water was evaporated again to dryness. This
procedure was repeated twdce and the rest of the hydrolysate was finally taken
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Fig. 2. Paper chromatograms showing the amino acid composition of Datura stramonium
seeds (a) and that of the micro-organism isolated from them (b)

Fig. 3. Paper chromatograms showing the amino acid composition of Datura seeds (a),
of Allium cepa (b) and of microorganismsisolated from Datura seeds (c) or from Allium cepa (d)

up in 2—3 ml 1i.,0. The solution was neutralized with silver oxide, followed
by filtration. The filtrate was again evaporated and the residue was taken up
in water. The hydrolysate was subjected to paper chromatography. Acetic
acid—butanol—H 20 solvent mixture (1:4:5) and Macherey—619 filter
paper was used throughout the experiments.

As may be seen in Fig. 2, the amino acid spectra of the hydrolysate
from Datura seeds and the investigated micro-organism are identical.

Other micro-organisms were also investigated as to their amino acid
composition (E. coli, Pyocyaneus, Staphylococcus aureus). Comparative studies
indicated that they have an entirely different amino acid spectrum. Similarly
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it may be seen from Fig. 3 that the amino acid spectrum of the micro-organism
isolated from Allium cepa and that of the mircoorganism isolated from
Datura seeds is totally different. By contrast, there is a close relationship
between the amino acid spectrum of the microorganism derived from A.
cepa and the amino acid composition of A. cepa itself.

Pharmacological studies

It has been reported in a previous paper that the micro-organism isolated
from Datura seeds, even after a 50 fold passage, exerts an atropine-like, acetyl-
choline inhibiting effect on the isolated frog heart [2]. By contrast, efforts to
induce an opening of the pupil failed to give conclusive results. This could he
explained by the low concentration of the active substance.

Attempts were made to produce the active ingredient in a sufficiently
high concentration:

Mass-culture was prepared according to Rédey and Keremen [11].
3000 ml of a 3 per cent Glucose-Bouillon medium (pH 7.2) was inoculated
with the micro-organism isolated from Datura seeds. The culture was prein-
cubated at 37° C for 12 hours in a thermostat. Further multiplication of the
bacteria took place in a water-bath under aeration and constant stirring. The
pH of the culture was checked during incubation and adjusted to the original
value with 5 per cent NH,OH. After incubation the bacteria were centrifuged.
10—15 g (wet wt) of bacterial cells were obtained.

Attempts were made for the extraction of the active agent from the
bacteria by the method of Stass [cit. 1]. The bacterial cells were boiled for 4
to 5 hours in alcohol acidified with acetic acid. The cells were filtered off and
the filtrate was subjected to distillation. The residue obtained was diluted
with water. The oil layer observed on the surface was removed. The solution
was made alcaline with 5 per cent NH,OH and shaken out with chloroform.
The chloroform was evaporated and the residue taken up in water. The solution
gave a positive reaction (orange red colour) with the Draggendorf alkaloid
reagent and exhibited an acetylcholine inhibiting effect in tests with frog
heart. Treatment of cat eye with 1 ml of ihe solution resulted in 15 minutes
in a maximal opening of the pupil. The effect lasted for 24 hours, and was
easy to reproduce with the active ingredient repeatedly isolated from new
cultures. The atropine-like effect of the substance is shown in Fig. 4.

I have succeeded in isolating the active substance in crystalline form. 28
grams of dried cells of the micro-organism served as starting material. The
method proposed by Kiosa [3] for the extraction of atropine was applied.
The dried cells were boiled for 8 hours in 1000 ml alcohol acidified with acetic
acid. After extraction the alcohol was evaporated and the residue was taken
up in water. The oil layer was removed from the surface of the solution which
was shaken out several times with chloroform. The chloroform was evaporated
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and the residue was taken up in warm alcohol. The cooling of alcohol resulted
in the precipitation of a crystalline substance. After 10fold recrystallization
from alcohol 300 mg pure, white, crystalline substance was obtained which
exhibited an atropine-like action in tests with cat eye.

Fig. 4. Atropine-like effect on cat eye of the active substance isolated from the symbiotic
micro-organism of Datura stramonium

Discussion

It has been shown that a symbiotic micro-organism isolated from seeds
of Datura stramonium produces the same pigment as the Datura seeds. In
addition, a marked similarity was found in the amino acid composition,
immunological and pharmacological properties of the micro-organism and the
Datura seeds.

The production by the micro-organism of a substance exhibiting atropine-
like action is of a particular interest and suggests a close relationship between
the host and the symbiotic micro-organism. It is clear from the results presented
that the characteristic biochemical properties of the micro-organism, in partic-
ular the production of the atropine-like substance, are maintained after its
isolation in pure culture.

A number of data ara available as to the biochemical effect of symbiotic
micro-organisms on their animal and plant hosts [3, 5, 8, 9]. It might he assumed
that the micro-organism greatly influences the physiological properties of the
host.

It is quite probable that the relationship between Datura seeds and the
micro-organism isolated from them represents anew form of symbiosis which
has been unknown so far.
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VERGLEICHENDE UNTERSUCHUNGEN UBER DATURA STRAMONIUM
UND SEINEN SYMBIOTISCHEN MIKROORGANISMUS

Es gelang in dem aus dem Daturasamen isolierten Mikroorganismus denselben fluores-
zierenden Farbstoff nachzuweisen, den der Daturasamen enthélt. Es konnte die qualitative
und quantitative Ahnlichkeit der Aminosiuren des Daturasamens und des aus demselben
isolierten Mikroorganismus festgestellt werden. Auf Grund von immunbiologischen Unter-
suchungen (Agglutination, Prézipitation) kann weiterhin eine weitgehende ldentitat der
immunbiologischen Eigenschaften zwischen dem Daturasamen und dem aus ihm isolierten
Mikroorganismus festgestellt werden. Aus grdsseren Mengen des Mikroorganismus, die wir
aus dem Daturasamen isolierten, konnte nach dem Atropinreaktionsverfahren eine pharmako-
logisch und biologisch atropindhnliche Wirkung nachgewiesen werden. Aus 28 g trockenem
Mikroorganismus ist es gelungen 0,3 g kristallinischen, reinen Stoff zu gewinnen, welcher
auf das Katzenauge eine atropinartige Wirkung ausibt. Alle diesen Umstdnde weisen auf
eine zwischen der Pflanzenzelle und dem Mikroorganismus bestehende neue Form der Symbiose,
Gber die in der Biologie bis jetzt keine Angaben bekannt waren.

CPABHUTENBbHBLIE NCCNEAOBAHNA C DATURA STRAMONIUM W EE
CNUMBUOTUYECKUMIN MNKPOOPIAHN3IMAMMW

B MuKpoopraHuamax, W30/MPOBaHHBIX M3 CEMsSH [AypMaHa OGbIKHOBEHHOrO, aBTOpaM
yaanocb 06HapYXXUTb TO-Xe Camoe ()IOPEeCLMpPYIOLLee Kpacsilliee BELLECTBO, KOTOPOE Cofep-
XaT 1 ceMeHa AypMaHa. YCTaHOBWMW Janee KaueCTBEHHOE M KOMMYECTBEHHOE CXOACTBO aMUHO-
KMNCNOT B CEMEHaxX JypmMaHa U B U30/MPOBaHHbIX M3 CEMsSH MUKPOOPraHuamMax. Ha ocHoBaHUM
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MMMYHOBMONOTMYECKUX WCCNEef0BaHUA (arrnloTWHauns, NpeuunuTanns) ycTaHOBUAW [fafb-
Helillylo  Aanekougyly WAEHTUYHOCTb MeXay WMMYHOOMONOrMYeCKUMN 0CO6EHHOCTAMM
CeMAH fypmaHa W MW30NMPOBaHHbIX W3 HUX MWKPOOPraHuM3amoB. W3 6omblioro KonmyecTtsa
MWKpPOOPraHW3MOB, U30/IMPOBAHHbIX W3 CEMAH AypMaHa, Ha OCHOBaHWW aTPOMWHOBOWM peakuum
06HapyXunm aTponuHonogobHOoe [JeiicTBMe, MposBAsAlolleecs Kak B (DapmMakoiornmyeckom,
Tak ¥ B 6MOMOrMYECKOM OTHOLIEHUN. W3 28 T cyxoli Maccbl MUKpOOpraHmMamos noayunnu 0,3 1
KpMCTannn4yeckoro, YACTOro BeLLECTBA, KOTOPOe B rfiadax KOLKW BbI3BIO aTPONMHONOLOGHOe
felicTBue. Bce 3TW (hakTbl CBMAETENLCTBYIOT O HA/IMYMK HOBOI (hOPMbl CMM6MO3a MeXAy pacTu-

TE€NbHbIMW KNETKaMn U MMUKpPOOpraHnsmamu, o KOTOpOVI Ao cux nop B 610M10rMN He ObINO U3-
BECTHO.

Jézsef Kardos, Pécs, Janos u. 18, Hungary.
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Synopsis

The homogeneous (Gomori-positive) substance filling the endolymphatic sac of
the rat gives positive reactions with methods for the demonstration of acid mucopoly-
saccharides, with the PAS-reaction, and with reactions demonstrating protein. In the
authors opinion, the material of the sac is composed of an acid mucopolysaccharide
and mucoprotein. It is supposed that the Gomori-positivity corresponds with the acid
mucopolysaccharide. The Gomori-positive, homogeneous substance accumulated in the
distal part of the endolymphatic duct is histochemically identical with the material
found in the endolymphatic sac.

Introduction

Bargmann [1] and Gabe [5] observed that the hypothalamic-hypo-
physeal neurosecretion was electively stained hy Gomori’s chromealum haema-
toxylin [7] and paraldehyde-fuchsin [8]. The enormous volume of work done
since then by means of the two methods has led to the coining of the term
“Gomori-positive”, which means that the substances in question stain equally
well with chrome haematoxylin and with paraldehyde-fuchsin.

The two dyes can, however, be used for more purposes than the demon-
stration of neurosecretion. After previous permanganate-sulphuric acid oxi-
dation, they stain also the intestinal cuticle, reticular tissue; without oxidation
they stain elastin, hyaline cartilage, the granules of mast cells, etc. [9, 13, 18].
It is likely that both basic dyes, when used after oxidation, combine mainly with
the acid groups containing sulphur, formed in the course of oxidation; and in
the absence of oxidation with the acid groups originally present in the tissues,
mostly w'ith acid mucopolysaccharides [2, 3, 6, 11, 18]. According to Rodeck
[17], Gomori-positivity demonstrates the sulpho (SO3H-) groups, while
Konecny and Plicka [11] claim that the dye may combine not only with the
SOjH-group but also with the SO02H~, COH , OSO..H , and possibly also
with other acid groups (C.OOH ). Thus, the Gomori-positivity alone reveals
nothing but the chemical group to which the substance in question belongs.

The present investigations were undertaken to analyze various Gomori-
positive substances, first of all those occuring in the nervous system. This paper
deals with studies concerning the Gomori-positive substance accumulated in
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the endolymphatic sac whose histocheinical nature has not yet been discussed
in the literature.

The Gomori-positive substance being in the endolymphatic sac has been
described by Vigh and co-workers [21]. The lumen of the endolymphatic sac,
from the lower species up to man, contains a homogeneous substance which
stains well with chrome haematoxylin and paraldehyde-fuchsin. In some
species the material is abundant; in the axolotl, for example, the Gomori-
positive substance accumulated in the voluminous endolymphatic sacs makes
up about one-fourth of the total brain mass. The substance is presumably
secreted by the epithelial cells of the membranous labyrinth [21].

The results of the present investigations have already been published in
a short abstract [20].

Material and method

Newborn and adult rats were used. The animals were killed by decapitation, the petrous
bone was removed together with the adjacent brain tissue and fixed in Bouin, llelly, 10 per-
cent formalin or in 4 per-cent neutral Ca-formol. The adult animals were subjected to about
six hours, the newborns to about two hours of electrolytic decalcination by the method of
Kulenkampff [12]. A mixture of 3 per-cent HCL and 10 per-cent formic acid was used for
this purpose. One part of the new born rats were notelectrolytically decalcinated but in Bouin
fixative for 24 hours. The specimens for lipid tests were embedded in nonex, all others in
paraffin. The sections were 7 to 12 microns thick.

A total of 39 labyrinths was studied. The staining methods and reactions employed were:

Gomori’s chrome haematoxylin staining, as modified by Bargmann [1], with and
without oxidation; paraldehyde-fuchsin staining according to Gabe [5] with and without
oxidation, after fixation by Bouin’s method.

PAS reaction with and without digestion (saliva), after Helly, Ca-formol. and Bouin
fixation. The Schiff reagent was prepared according to deTomasi [14].

Trypaflavine reaction for the demonstration of mucopolysaccharides containing sulphur,
according to Takeuchi [19], after Helly and Ca-formol fixation. In the reaction, an M/20
aqueous acriflavine solution was used for 30 minutes and 1 hour, respectively.

Methylen blue extinction (MBE) for the estimation of the degree of basophilia, after
Bouin fixation. Methylen blue was dissolved in Michaelis veronal-acetate buffer at pH 8.1;
7: 5.3; 4.1; 3.7; 2.3 in a concentration of 0.0005 M.

Toluidine blue for the demonstration of metachromasia, with 0.5 and 0.1 per-cent
aqueous dye solution [14], after Helly fixation. Some of these sections were mounted with
glycerol-gelatine, others were passed through tertiary butanol and xylene, and mounted with
DPX. Further, a toluidine blue (TB) staining was carried out at various pH. 0.1 per-cent
toluidine blue in Michaelis’s veronal-acetate buffer at pH 6.5; 3.8; 2.8; 2.1 was used for 5 to
20 minutes after Bouin fixation. Digestion with hyaluronidase (“Hyason” from N. V. Organon,
Netherlands, 30 E/ml 0.1 M phosphate buffer at pH 6.0) was followed by staining with 0.5 per-
cent aqueous or 0.1 per-cent toluidine blue in Michaelis buffer at pH 3.8.

Astra blue staining for the demonstration of acid mucopolysaccharides. The dye was
prepared according to Pioch [15]; staining after Bouin fixation lasted 3 minutes.

Coupled tetrazonium reaction with stable diazonium salts, as a general protein reaction
[16]. Fixation with neutral Ca-formol and Bouin’s fixative. Ninhydrin-Schiff method for
protein-bound NH,, groups after Bouin fixation, and demonstration of SS- and SH-groups
by the DDD method according to Barrnett and Seligman (14], after Ca-formol and Bouin
fixative. Demonstration of tyrosine according to Littie [14] after Bouin fixation.

Nucleic acids were examined by the Feulgen and methyl green-pyronine reactions [10],
formol fixation was used.

To detect lipids, Ca-formol fixation was followed by staining with Oil Red O and Sudan
Black B [14].
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Results obtained by the staining methods and histochemical reactions

Reaction of the sub-
stance contained in
the endolymphatic sac

strongly positive

strongly positive

strongly positive

e shown in Table 1.
Table 1
Results obtained by the staining methods and histochemical reactions
Stain or reaction Fixation
. Chrome haematoxylin with oxidation Bouin
. Chrome haematoxylin without oxida-
BHON e Bouin
. Paraldehyde-fuchsin with oxidation . Bouin
. Paraldehyde-fuchsin without oxida-
BHON s Bouin

. PAS reaction

. PAS reaction
saliva

after digestion with

. Trypaflavine

. MBE
.Toluidine blue

.TB at various pH

Toluidine
digestion

blue with hyaluronidase

. Astra blue

Tetrazonium reaction ...
Feulgen’s reaction ...
Methylgreen pyronine........

Ninhydrin-Schiff for
NH..

protein-bound

DDD reaction for SH groups

DDD reaction for SS groups

Test for tyrosine

Sudan Black B
. Oil Red O

llelly, Ca-formol

Ca-formol, Bouin

llelly, Ca-formol

Bouin
Helly
Bouin

Helly, Bouin
Bouin

Ca-formol, Bouin
formol (10 per-cent)

formol (10 per-cent)

Bouin

Ca-formol, Bouin

Ca-formol, Bouin
Bouin

Ca-formol

Ca-formol

strongly positive

strongly positive

strongly positive

strongly positive
orange-colored reaction

strong basophiliaatpH 3.7

purple metachromasia

purple metachromasia at
pH 3.8

purple metachromasia

positive

positive
negative

negative

positive

weakly positive, pink re-
action

negative
negative

negative

negative

The homogeneous substance accumulated in the lumen of the endolym-
phatic sac reacted intensively with both chrome haematoxylin and paralde-
hyde-fuchsin (Fig. 1). The staining remained even if no previous oxidation
had been employed.
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Fig. 1. Endolymphatic sac of the rat, its lumen filled with Gomori-positive substance

The substance in the sac gave an intensive PAS reaction (Fig. 2). Pre-
vious digestion with saliva did not diminish the intensity of the reaction.

The material stained orange yellow with trypaflavine, in an intensity
similar to that shown by hyaline cartilage (Fig. 3).

With methylen blue extinction the most strong degree of basophilia
was seen at pH 3.7.

Staining with toluidine blue at pH 3.8 resulted in purple metachromasia.
The metachromatic staining remained after 18 and 23 hours of digestion with
hyaluronidase.

W ith Astra blue, the substance in the endolymphatic sac gave a positive
sky-blue staining.

The tetrazonium and ninhydrin-Schiff reaction was positive in the endo-
lymphatic sac and in the cytoplasm of the epithelial cells composing the wall
of the sac (Fig. 4).

The substance did not stain with the Feulgen reaction, nor with methyl-
green-pyronine.

The DDD reaction detected no SS-groups, and it was only a pale pink
colour that was obtained in the test for SH-groups. The test for tyrosine
yielded likewise negative results.
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The material of the sac stained neither with Sudan Black B, nor with
Oil Red ().

Gomori-positive substance was found not only in the lumen of the endo-
lymphatic sac hut also in that of the endolymphatic duct (Fig. 5). The material

Fig. 2. Endolymphatic sac, PAS reaction, Fig. 3. Endolymphatic sac stained with trypo-

flavine. In the upper left corner, detail of a positively stained hyaline cartilage is visible.

Fig. 4. Endolymphatic sac of the rat. Tetrazonium reaction. Marked positivity in the cells

composing the wall. Fig. 5. Endolymphatic duct of the rat stained with paraldehyde-
fuchsin. Note Gomori-positive homogeneous substance in the lumen
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in the duct gave the same reactions as that in the sac. The amount of the sub-
stance was very small at the beginning of the duct and increased toward the sac.

No difference was found in these studies between the newborn and adult
animals as regards the quality of the endolymphatic material.

Discussion

The strongly positive reaction obtained with Gomori’s chrome haema-
toxylin and paraldehyde-fuchsin even without oxidation, indicates that the
substance contains numerous acid groups. At the same time, staining according
to Gomori separates clearly the material of the sac from the neurosecretion,
the latter being positive only' after oxidation [1, 5].

The methylen blue extinction below pH 4, the metachromasia on staining
with toluidine blue, further the negative result of the Feulgen reaction and
the staining with methylgreen-pyronine point to the presence of acid muco-
polysaccharides. The same is indicated by the positive staining with Astra blue.
The orange yellow colour obtained by staining with trypaflavine suggests,
according to Takeuchi, that the substance is composed of mucopolysaccharides
containing sulphur.

There was no difference in the intensity of the PAS reaction with and
without digestion. This indicates that the substance contains no glycogen,
and that it seems to be perhaps composed of neutral mucopolysaccharides,
mucoprotein or glycolipid. The failure of the stains Oil Red O and Sudan Black
B to stain the material in the sac rules out the possibility that the examined
substance possesses glycolipid properties.

The tetrazonium reaction was positive. This result was interpreted as a
general indication of proteins. According to Rappay and Pésalaky this
reaction is positive not only at the presence of histidine, tyrosine and trypto-
phan, as described in the literature, but of cysteine, dioxyphenylalanine and
diiodotyrosine as well [16]. The tests for tyrosine yielded negative results, nor
were disulphide linkages demonstrable in the substance. The positive sulph-
hydril reaction, however, indicates cysteine containing protein and the result
of the ninhydrin- Schiff method demonstrates the presence of protein-bound
N H 2 groups.

So, the strong positivity' of the PAS- and of the protein reactions may
indicate a mucoprotein. On the basis of our results we suppose that the endo-
lymphatic sac contains two materials, probably a sulphated, acid mucopoly-
saccharide and amucoprotein. Finally we think thatbetween the two mentioned
materials the acid mucopolysaccharide corresponds with the Gomori-positive
substance since the material of the endolymphatic sac shows Gomori-positivity
without oxidation. In such a case the Gomori stains combine with the acid
groups originally present in a material, mostly with the acid mucopolysaccha-
rides [2, 3, 6, 11, 18].
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There was no difference in the reactions between the substance in the sac
and in the distal part of the endolymphatic duct.
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HISTOCHEMISCHE STUDIEN GOMORI-POSITIVER SUBSTANZEN

I. Untersuchung des Gomori-positiven Materials
im Saccus endolymphaticus der Ratte

Das homogene (Goinori-positive) Material, das den Saccus endolymphaticus der Ratte
ausfullt, gibt positive Reaktionen mit Methoden zum Nachweis saurer Mucopolysaccharide,
mit der PAS-Reaktion, sowie mit Eiweiss nachweisenden Verfahren. Nach Meinung der
Autoren ist das Material des Saccus zusammengesetzt, es besteht aus einem sauren Mucopo-
lysaccharid und einem Mucoproteid. Es ist anzunehmen, dass das saure Mucopolysaccharid
fir die Gomoripositivitdt verantwortlich ist. Die Gomori-positive, homogene Substanz, die
sich im distalen Teil des Ductus endolymphaticus anhduft, entspricht histochemisch dem
Material des Saccus endolymphaticus.
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MTMCTONNOMMYECKOE NCCNEAOBAHWE TOMOPU-MONOXUNTENIbHbIX
BELWECTB

. TOMOpPU-NMONOXUTENbHOE BELWECTBO 3HAOJUM (paT UBECKOTO
MelWKa y KpbiC

IMCTOXMMUYECKUMN MeTOZaMM MOKa3aHo, u4To (TOMOpU-MONOXUTENEHOE) BELLECTBO,
3aMoMHAOLLEE IHAOMUMMATUYECKUI MELLOKY KpbIC AAaeT MOMOXKUTENbHbIE peakuuu Ha Genku,
KWUCMble MyKOMOSMcaxapuasl 1 faeT NofoXuTenbHyto LLUK-peakumioo. ABTOpbl CUATAIOT, UTO
3TV BELLeCTBA COCTOST U3 KWC/bIX MYKOMOSMCaxapuios U MyKonpoTenHos. OueBnaHo, Fomopu-
MOMOXUTENILHOCTb 3aBUCUT OT KUCTIbIX MyKOMonucaxapugos. OaHopogHoe OMOpM-MONoXM-
Te/lbHOe CcoAepXKaHue 3HA0MMGATNYECKOrO NOTOKA SBMSIETCS WAEHTUUYHBIM C TMCTOXUMUYECKOI
TOUKM 3PEHUS C BELIECTBOM 3HAO/MM(ATAYECKOrO MELLKa.
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BELA ViGH Budapest IX, T(zolté u. 58. Hungary.

Béla Aros

Acta Biol. Hung. 14. 1904



Acta Biol. Hung., 14 (4), 301 309 (1964)

THE IMMUNOLOGICAL COMPETENCE OF THE THYMUS
AND SPLEEN IN NEWBORN AND ADULT RAT

G. Csaba, |. Toré, lrén Bernad and J. Fischer

DEPARTVENT OF HISTOLOGY AND EVBRIOLOGY (HEAD: 1. TOR®), MEDICAL UNIVERSITY
OF BUDAPEST, AND BIOVETRICAL DIVISION, MATHEMATICAL RESEARCH INSTITUTE
(HEAD: 1. JUVANCZ), HUNGARIAN ACADEMY OF SCIENCES, BUDAPEST

(Received September 26, 1963)
Synopsis

The authors have studied the immunological competence of the newborn thymus
and spleen, and that of the adult thymus and spleen in the rat. It has been found, in
accordance with the evidence reported by Miller that the newborn thymus possesses
prominent immunological potencies, which by the time adult age is reached are trans-
ferred to the spleen and lymph nodes; meanwhile, the thymus loses these properties
to a great extent. Phylo- and ontogenetical causes are discussed.

Introduction

Mitter reported in 1961 that in the mouse the spleen and lymph nodes
would develop poorly in case thymectomy was performed in newborn age [18].
Immunity diminishes and at the same time the tolerance to heterologous
(foreign) transplants increases. According to Miller in embryonic age the
thymus contains immunologically competent cells, which pass over into the
various lymphatic tissues after that age [18, 19]. His results have been con-
firmed by Jankovic and co-workers [1, 16, 27] in the rat, by Sherman and
Dameshek [23] in the hamster; many other experiments were performed in
this respect [5]. The suggestion itself that, as indicated by these experiments,
the thymus might he considered to be the most important organ of immunity,
gave rise to lively debates [20]. There is an abundance of research works contra-
dicting that the thymus would he involved in immunity.

For example, Asilonas and W hite [2] found no immune body produc-
ing activity of the thymus in guinea pigs examined by the use of fluores-
cent antigen, while Harris and Harris [15] have observed the same in
the case of in vitro immunisation against dysentery. Azar [3] has exam-
ined the plasmacytopoietic activity of lymphatic tissue after immunisation
and found that it was detectable in the lymph nodes and spleen, hut not in
the thymus. Thorbecke and Keuning [26], also studying tissue cultures,
have found that immunisation evoked responses in various lymphatic tis-
sues, hut not in the thymus. According to Schelin and co-workers [22]
plasma cells are not present normally in the thymus, and appear in it in
small quantities only even in response to experimental interventions. Fich-

Acta Biol. Hung. 14. 1964



302 G. CSABA et al.

TELius [14] has a similar opinion. Some workers, e.g. Czaplicki [12, 13]
go as far as to claim that a substance producing agammaglobu-
linaemia would be present in the thymus. Our earlier investigations, too
[10, 11], indicated that even if plasma cells were formed in the thymus, this
certainly is not so significant that the organ should be ascribed a key position
in immune body production. Thus, it seems, if only in the light of the contro-
versial evidence reported, that some incongruence exists between the potencies
of the embryonic and newborn thymus and the actual capabilities of the gland
in adult age. We have therefore carried out investigations to elucidate whether
there is an identity in immune competence between the newborn and adult
thymus and how this compares with the corresponding activities of the new-
born and adult spleen.

M aterial and methods

The mortality due to “runt disease” was used as the test in our experiments [4]. There-
fore we injected into 486 newborns of 62 rats within 24 hours from birth cell suspensions
of homologous newborn spleen or thymus, and adult thymus and spleen suspensions respectively
intraperitoneally, in 0.1 ml physiologic saline. Each newborn animal received 3 mg wet weight
tissue. The transplants were obtained from 200 newborns of another 30 families, and from
36 adult rats. The rats came from our stock, considered to be a not-inbred, originally Wistar
strain. After having received the injection of cell suspension, the newborns were put back
to their own mothers. Only one kind of transplantation was carried out within one litter.

The runt disease manifested itself in retardation of growth (Fig. 1), roughing of the fur,
weakness, diarrhoea then death. Considering that the test is evaluated on the basis of the mor-
tality rate and time of death, the animals were not necropsied until after the age of 1 month,
thus, we could not observe the internal changes produced by the runt disease. The animals
surviving 30 days were necropsied, the organs were weighed, but we found no significant
differences between the various groups, which is understandable, because the animals
survived and thus the changes produced were not marked.

Fig. 1. Runt disease evoked by the transplantation of adult spleen (below). Above: well
developed control of similar age
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Results and discussion

The results have been tabulated. Table 1 shows the number of animals
in the group, then the mortality rate in per cent from 0 till 3 days. In our
opinion in that period the animals perish not necessarily as a result of trans-
plantation, but either because the mother does not let the offsprings suck, or
the newborns fall victim to cannibalism, as it often occurs with rats. Therefore
further results are expressed as the percentage of the animals still alive on the
3rd day and this is accepted as the realistic basis for further calculations.

As the description of the experimental procedure has revealed, we have
reversed Miller’s technique [18] in our studies of the role of the thymus.
While Mirter, and since then others [1, 16, 23, 27], extirpated the thymus
and observed the effect, we transplanted the thymus and spleen at an age, at
which the immunological tolerance is still existent in the rat [4]. Because of
this, the newborn rat does not destroy the cells injected into it, on the contrary,
they will presumably continue to grow in it. And if the transplant contains
immunologically potent cells, they will produce immune bodies and will kill
the immunologically immature or less mature host organism.

The ultimate results of the experiments indicate that if we take into con-
sideration the number of survivors in the different groups, the destructive
effects of the newborn thymus and adult spleen are clearly manifest, while the
newborn spleen and adult thymus were by far less destructive. What does this
imply? The only possible implication is that the immunological potencies, or
immunologically potent cells of the embryonic thymus are transferred to the
spleen and naturally, and even to a greater extent, to the lymph nodes by the
time adult age is reached, when the thymus shows a great loss of these potencies.
Thus, the evidence published by Mirtter has been corroborated: the thymus of
the newborn possesses in fact higher immunological potencies than the spleen
of the newborn, even though with these experiments the absolute positivity
and absolute negativity could not be proved, but we must add to this that all
these cannot be applied to adult age. It seems that Burnet [5] is right: he
does not claim at all that the thymus would take part in the production of
the classic immune bodies, but thinks that the cells involved in systemic
defence are descendants of the thymic cells, which attain full immunological
potency in the S2>leen and lymph nodes. Thus, from the experiments of Miller
and the other authors referred to one in no way draws the conclusion that in
every age the thymus plays a role in immune body production, or that it plays
such a role at all; we may only claim that in a certain age, in the embryonic,
the thymus is a carrier of immunological potencies, which it loses to a signifi-
cant extent later. Thus, during the period between embryonic and adult age
a migration of immunological potencies is observable, at the same time the
different lymphatic organs become specialized. Therefore the lymjihatic system
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can never be considered to be essentially homogeneous [9, 10, 11], because
at the time the thymus is highly potent immunologically, the spleen is less
potent, whereas by the time the latter not only carries in it the potencies, hut
also realizes them, the thymus has lost them partially, as it is indicated by the
present experiments, or totally, as it is indicated by earlier ones [10, 11]. On
the other hand, by losing the general immunological potencies the thymus
has attained its specialized function in the processes of tissue correlation,
because as we have described earlier [7, 8] the adult thymus is much more
capable of producing mast cells, than is the embryonic thymus.

Table 1
Number Mortality rate Mortality rate (%) Alive at 30 days
Group of animals per cent
at start till 3rd day 4 to 6 days 7 to 14 days 14to 30 days
Newborn thymus . 102 28.5 31.5* 31.5 5.5 315
Newborn spleen 109 18.4 20.0 29.1 3.4 47.5
Adult thymus .... 99 35.1 11.2 31.2 8.1 495
Adult spleen..... 176 40.5 18.1 29.5 19.0* 33.4

*significant: p < 1 o

If we analyze the tabulated data, or represent them semi-diagrammati-
cally (Fig. 2) it will seem that during the first three days the adult tissues

Mortality till Acute stage of therunt  Normal immune Durable effect
3rd day disease Ato 6 days reaction 7 to L days K to 30 days
(+)

Fig. 2. Semi-diagrammatic representation of the effects of various transplantations

thymus and spleen, were more destructive than the embryonic ones. However,
the destruction observed during that period teas not taken into consideration
in subsequent evaluation, let us therefore analyze the later points of time. In
our opinion the period until the 4th—6th day is the acute stage of the runt
disease, it is at that time that the actual destruction begins in our experiments
in case immunologically potent cells are transplanted. In that phase the new-
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born thymus was prominently destructive, while the adult thymus was
hardly destructive. Significance analysis by the 4-field chi square method
shows that the newborn thymus is significantly more active than the other
organs. The next more or less arbitrarily selected period is that from the 7th
till the 14th day. This period is considered to be the one in which immune
bodies normally begin to appear and in the case of transplantation it is usually
in this period that necrosis begins and the transplant is cast off. By that time
the effects of the different splenic and thymic transplants show an equalisation,
the mortality rates are closely similar, there are no significant differences.
In the next period the adult spleen was prominently and significantly more
destructive than the other organs. Thus, in our schematic figure the area marked
A corresponds to the acute runt disease effect of the newborn thymus and this
gives the difference from the newborn spleen, whereas the area B, shows the
lack of such activity of the adult thymus, and the area B2indicates that the
adult spleen has a durable effect. Thus, B, -)- B2gives the difference existing
between the effects of the adult spleen and thymus. If we try to explain all
these in the light of the clone selection theory, it may be stated that in the
embryonic age it is actually in the thymus that we find the immunologically
most potent cells, but in adult age they are present in smaller numbers, on the
one hand, and, on the other, there is no ability to produce such cells for a long
time (14 to 30 days), whereas the spleen possesses these properties. We shall
return to this special ability of the spleen, in which lies primarily the difference
between the newborn and adult spleen from the immunological point of view,
in connexion with the statistical analysis.

The above evaluation of the chronological differences in the mortality
rates cannot yield an absolutely realistic picture, because the duration of the
periods has been determined arbitrarily. However, it seems to berather unequiv-
ocal that, even though not in the rhythm of the effect, but in its fact the role
of the newborn thymus is taken over from this point of view by the spleen
in adult age, if we take into consideration the first month only. If we plot the
dynamic curves of survival, the whole process can be followed up and the re-
sults will be similar to those outlined above (Fig. 3).

Evaluation according to days has been carried out on the basis of the
“potencies of the effect”, measured by the velocity of mortality (mortality/100
days). In the calculation 100 was divided by the days of death (subtracting in
every case the first 4 days). The potency of the effect thus measured, i.e. the
average velocity of the chain reaction causing death, can be considered to
shotv normal, Gaussian distribution (Fig. 4). The average time of death was
calculated by dividing 100 by the average velocity. Doubtlessly, this analysis
although more precise in its method, has the shortcoming ofignoring the values
before the 4th day, and considering only the sum of the values after the 30th
day, and thus neither the averages, nor the distributions reflect the whole
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Fig. 3. Dynamic curves
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Fig. 4. Relative mortality rate plotted against time. (1/day XIOO [i.e. the velocity] is plotted
on the time-scale. Survival rate is plotted on the frequency-scale)
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truth. Nevertheless, they can he used in comparative work. As Fig. 4 indicates,
the distributions of the newborn thymus, adult thymus and newborn spleen
can be clearly distinguished, and although with all three of them the average
survival is around -f-7 days, and the t test shows no significant differences
between them, variance analysis hy the F test yields a very highly significant
result (p < 0.1 per cent). On the basis of the t test, the average survival of 9%
days obtained for the adult spleen is very highly significantly different (p < 0.1
per cent) from all three of them.

If we continued the experiments in similar material over 30 days to
determine more completely the survival times, and the first few days, too,
were taken into account, in analogy to the “natural mortality”, the results
would be much more reliable. This way, however, it may merely be surmised
that as a result of the above corrections the average survival times would be
around 12 days in the case of the newborn thymus, 17—18 days in that of the
adult and newborn spleen, and over 40 days in the case of the adult thymus.
Thus, it is a fact that the adult thymus has a much weaker effect than the new-
born thymus, but the adult spleen cannot be called “stronger” than the new-
born spleen, its effect is merely delayed, as compared with the other three,
and therefore it acts more potently in the later period, by the time the main
periods of action of the others are over.

In an earlier paper [11] we have suggested that the thymus, as a phylo-
genetically and ontogenctically ancient organ, carries with it certain potencies
and these lead to a specialisation of this organ in adult age. To this we may add
now that apparently it is always the phylo- and ontogenetically most ancient
defensive organ that carries with it all the defensive potencies, which it distri-
butes later in connexion with specialisation. This is indicated among others
by the fact that for example in birds the extirpation of the bursa of Fabricius
produces the same effect as thymectomy in the mammals from the point of
view of the immune system [17, 21, 24], while thymectomy has no sequelae
at all in birds [25].
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UBER DIE IMMUNOLOGISCHE KOMPETENZ
VON THYMUS UND MILZ BEI NEUGEBORENEN
UND ERWACHSENEN RATTEN

Es wurde an Ratten mit der »runt-disease« Metode die immunologische Kompetenz
des Thymus und der Milz von neugeborenen und erwachsenen Tieren untersucht. Dabei konnte
festgestellt werden, dass in Ubereinstimmung mit den Befunden Mitters der Thymus von
neugeborenen Tieren stark schadigt, wéhrend die »runt-disease«-Wirkung des erwachsenen
Thymus bedeutend geringer ist. In Gegensatz dazu hat Milzgewebe von erwachsenen Tieren
eine starke Wirkung, wahrend die der Milz von Neugeborenen etwa der Wirkung des erwach-
senen Thymus entspricht. Daraus wird der Schluss gezogen, dass der Thymus seine immuno-
logischen Potenzen im Laufe der Entwicklung verliert, bezw. den lymphatischen Organen
Ubergibt. Es werden mutmassliche phylo- und ontogenetische Ursachen dieser Erscheinung
besprochen.
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VMMYHO/IOTMYECKAS KOMMETEHLUNSA 30BHOW XEME3bl U CENE3EHKU
Y HOBOPOXAEHHbLIX N 3PEJNIbIX KPbIC

WccnepoBan MMMYHOMOTUYECKYHO KOMMETEHLMIO 306HOW Kenesbl W Cene3eHKM Yy HOBO-
POXZEHHBLIX W 3pefbiX KpbiC. B cornacum c pesynbTatamMum Munnepa HaliM BbipaXeHHYHO
KOMMETEHLUMIO B 306HOI XXenese y HOBOPOXAEHHbIX 0COGel, KOTopas nepefaeTcs CeneseHke
U MAGaTUYECKUM y3faM, KOTAa >KMBOTHble M03pennBaloT. OAHOBPEMEHHO 3TW MOTEHLMM
GONbLUEN YacTbl MCUEe3atoT M3 306HOI >enesbl. O6CYXAAKTCA (UI0- U OHTOTEHETUYECKMUE

MPUYNHBI ABMIEHNA.
Gyorgy Csaba
Imre Toré Budapest IX. Tlzolté 58, Hungary.

Ilrén Bernad
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Synopsis

For ascertaining specific features of types in telometrically growing animals,
changes connected with age have been studied in freshwater molluscs (Ancdonta
cYénea and Unio piclorum). The variability of the ovary increases in old age; the histo-
logical picture shows three types: (a) intact ovary filled with oocytes (this is also char-
acteristic of young animals); (b) the ovary is more or less intact, but the cytoplasm
of the oocytes shows affinity for methylgreen too and contains dispersed pyroninophilic
clumps; (c) disorganized atrophied ovary with egg-cells containing a small number
of vacuoles and many yolk granules. The number of follicles and of oocytes per unit
of space does not decrease, while the total number of oocytes and the quantity of
glochidia in the gill increase in old age. No microscopical involutionary change was
observed in the gonads of male specimens. Senile changes in the calcium and pigment
contents, further those of the periostractum and the capacity of sedimentation are also
described.

Introduction

There are two opposite views regarding the phenomenon of ageing. Some
regard it as a universal biological law, others as a pathological process. The
first theory demands that phenomena of ageing appear also in telometrically
growing animals, i.e. those growing throughout their life. Accordingly, the
investigation of senescence in telometrically growing animals is a biologically
fundamental problem [13]. Since mussels are telometrically growing animals,
it is apparently easy to use them for the study of the problem under discussion.
The investigations are, however, made difficult by the fact that it is not easy
to determine the age of the animals under natural conditions.

Material and method

Between 1959 and 1963, about 2500 specimens of Unio pictorum, U. tumidus, Anodonta
cygnea, A. complanata and A. anatina were collected from a branch of the Danube by Soroksar.
Their age was determined on the evidence of the shells from which the soft parts had been
removed. After statistically evaluating the ratio of the distance of the true annual growth
rings, we established the characteristic annulus-pattern of the Unio pictorum, Anodonta
cygnea and Anodonta complanata under the above mentioned hydrological circumstances.
The rate of ovulation was inferred from the histological picture of the ovaries. Two to thirteen
year-old specimens of Anodonta cygnea were killed in 60° C water; after dividing their adductors,
that portion of the foot which contained the gonads was fixed in 5 per-cent formalin, Carnoy’s

Acta Biol. Hung. 14. 1964



312 L. HAKANGHY, A. BALAZS and M. BURG

fluid and Tellyesniczky’s potassium bichromate solution. After alcoholic dehydration and
embedding in paraffin, 5/(-sections were made. The following stains were used: haematoxylin-
eosin, Giemsa-Pappenheim, Mallory, van Gieson, Foot’s impregnation, PAS, TriPAS, methyl-
green-pyronin, and the Feulgen reaction. Using a filar ocular micrometer, we determined for
each age group the number (per 3 mm2) of the ripe and ripening oocytes in the lumen, and the
oogonia in the wall of the follicles, further the number of follicles in the ovary. The question
as to how far the oocytes of old mussles are suitable for fertilization and growth was decided
by comparing the gill of young with that of old females. In Anodonta cygnea, eggs migrate
the intersepta of the gill during August—September so that the number of glochidia developing
there can be ascertained from November to the beginning of April. After the opening of the
gills, the larvae were washed with warm glycerine, centrifuged for fifteen minutes at 8000 r. p.
m., digested with a 33 per cent solution of potassium hydrate, washed with distilled water and
then heated. The glochidium shells were weighed to four decimals; following this, we established
their number from samples of 2—3 mg and referred it to the whole mass. The result allowed
conclusions to the fertility of eggs derived from young and old individuals.

Results

On the evidence of our investigations and the literary data it has been
ascertained that the age of Unionidae living in Hungarian waters (of which
Unio pictorum and Anodonta cygnea have been examined in large numbers), does
not exceed 13 to 14 years. Exact values cannot be given as the last annuli are
closely packed and blurred; their mechanical abrasion can, moreover, falsify
the results. Besides, it is possible that, after reaching a certain number of
annuli, the mussels live on for years without growing. The size of fresh-water
mussels affords no exact information about their age; the oldest examined
animals wrere usually small. Size seems to depend more on locality, nutrition
and other hydrological factors and less on age. In the mussels — the age of
which was presumably more than 9 to 10 years — a conspicious abrasion of
the periostracum, a deposit of lime-granules especially in the branchial lamellae
and the papillae of the incurrent orifice and the accumulation of lipochrome
pigments in the visceral mass were observed. Since the interconnection of
these phenomena cannot be appreciated with accuracy, we concentrated our
attention on changes in the phenomena of life and those changes in the gonads
which were supposed to be conditioned by age.

It was shown in earlier reports [6, 7] that the degree of sedimentation
was proportional to size; we, therefore, compared sedimentation in mussels
of identical size but different age. It was found [8] that the sedimentation-
rate of older animals was below that of young ones during the first 2to 3 hours;
the difference w'as particularly striking under unfavourable conditions of
oxidation.

The majority of the animals were alternating types: (i) in the majority
the follicles were packed with ripe oocytes; the cytological picture corresponded
to that of oocytes in young animals (Fig. 1). (ii) In some of the old animals
there were hardly any ripe oocytes; we found only smaller cells near the follicles,
and they stained mauve with methylgreen-pyronin. The most characteristic
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feature of these cells isthat their cytoplasm includes numerous scattered clumps;
histochemical investigations have shown the latter to contain ribonucleic-
acid (Fig. 2). Similar cells appear also in younger animals, hut these are homo-
geneous and less numerous. Since the above-mentioned cells (those near the
wall of the follicles) are smaller than the mature ones, and since we saw all
transitory forms between these cells and the oogonia, we regard them as
immature oocytes. The ovary is strongly disorganized in the third group of

Fig. 1. Mature oocyte from the ovary of a young animal. Also to be found in some old speci-
mens. Haematoxylin-eosin. X 1050

old mussels. Eosinophilic and pyroninophilic granules are accumulated. The
ovaries contain hardly any oocytes, the existing ones are deformed, filled
with vacuoles, and present the picture of cellular necrosis (Fig. 3). In the given
biotope and at the given time, such cells occurred exclusively in old animals.
In the oocytes of old mussels, beside the pyroninophilia of the cytoplasm, a
light affinity to methylgreen was observed. The cytoplasm was definitely
Feulgen-negative, and it is an open question whether this property is due to
factors in the metabolism of nucleic acid. It should be noted that, according
to Raven [9], the nucleus is Feulgen-negative in Lamellibranchiata during
the growth of the oocytes.

As the propagation of mussels is seasonal, we compared the August
specimens with samples collected at different periods of the year. It was found
that ovaries emptied after September were very similar to the above-described
third type irrespective of age.

But for a few exceptions, there was no difference between young and old
males in respect of spermatogenesis.
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Quantitative examination showed that the number of mature and matur-
ing oocytes per unit of space did not decrease with age (Table 1). In old animals,
however, the number of oocytes in the follicles was found to vary: some follicles

Fig. 2. Oocyte from the ovary of an old animal. Note pyroninophilic clumps in the cytoplasm.
Methyl green-pyronin. XIOOO

Fig. 3. Oocyte with vacuoles in the atrophized ovary of an old animal. Giemsa-Pappenheim.
X 950

contained, on an average, 0.95, others 4.95 egg cells, whereas their number

was found fairly uniform in young animals.
In order to study the fertility and development of the oocytes, we made

comparative investigations in October and November regarding the quantity
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of glochidia in the gills of young and old females (Table 2). The number of
glochidia in old animals (referred to size) showed no significant decrease. Thus,
in contrast to planarians, the oocytes of old mussels are not infertile and the

Table 1

Quantitative measurements in the ovary of young and old specimens of Anodonta cygnea

Age Number of Number of Ratio
(years) follicles/3 mm?2 oocytes/3 nun2 oocyte/l'ollicles
| 31 69 2.23
| 18 80 4.45
| 13 41 3.15
| 10 17 1.75
2 17 21 1.23
2 17 34 2.00
3 22 45 2.04
3 37 121 3.28
3 16 66 4.11
3 21 45 3.24
3 29 51 1.76
3 30 48 1.60
4 19 33 1.74
4 20 39 1.95
4 28 96 3.43
5 28 71 3.09
5 18 42 2.56
6 25 66 2.64
8 23 42 1.83
9 31 34 1.10
10 28 29 1.04
11 19 18 0.95
11 18 42 2.34
n 22 109 4.95
11 15 21 1.40
13 35 50 1.43

process of gastrulation and the development of glochidia are continuous.
Whether the viability, e.g. the power to adhere to the organism of the host-
fish is equal to that of young animals, is still undecided.
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Discussion

Data concerning the life-span of mussels have been compiled hy H aas
[5], Brander [2] and comfort [3]. Their results respecting Anodonta and
Unio are in agreement with our findings. They too deem the separation of
annuli and pseudoannuli necessary and emphasize the discrepancy between
size and age. Investigations in this respect have also been carried out by
Hungarian workers [4, 10].

Table 2

Number and weight of glochidia in the gills of variously aged specimens
of Anodonta cygnea

Shell Glochidia
Age
(vears) length width height weight number

(mm) (mm) (mm) te)

3 80 25 51 0.3091 410 400
3 95 37 61 0.1944 66 500
3 78 23 51 0.1780 126 000
3 119 36 75 0.3918 80 700
3 112 36 60 0.4745 306 000
4 118 39 74 0.6205 208 000
4 127 42 73 0.4556 148 900
4 110 33 62 0.1545 63 700
4 103 30 54 0.2390 66 000
5 113 42 61 0.4041 221 000
5 86 31 56 0.2418 39 800
5 130 62 80 0.6140 197 600
7 120 42 67 0.1080 93 500
8 154 50 67 1.1946 746 000
9 157 57 81 0.7963 632 000
9 135 45 69 0.3248 187 100
9 146 50 71 0.5725 386 300
10 130 52 74 0.4448 32 800
12 140 52 74 0.8915 469 000

The present morphological and histological investigations have shown
that the last phase in the life of mussels differs from that of mammals among
others in this that the process of spermatogenesis and the production of viable
oocytes continue even in quite old mussels.

A certain degree of involution can be observed in mussels nevertheless.
It manifests itself partly by morphological signs and partly physiologically by
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a weakening of sedimentation. Its further symptom is the difference in the
ripening of the egg-cells and an increased variability of the oocytes.

All this goes to show that phenomena of ageing occur even in telo-
metrically growing mussels which produce oocytes till the end of their life.
The biological law of senescence applies to these animals as well, even if its
manifestations are not the same as in animals of the higher orders. Further
investigations are necessary to ascertain the factors leading to the death of
mussels which have completed their potential age of life.
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ALTERUNGSERSCHEINUNGEN BEI FLUSSMUSCHELN (UNIONIDAE)
ALS BEISPIEL DER ALTERUNG
VON TELOMETRISCH WACHSENDEN TIEREN

Zur Feststellung der Eigenheiten bei den verschiedenen Alterungstypen telometrisch
wachsender Tiere wurden die vom Alter bedingten Anderungen der Anodonta cygnea und Unio
pictorum untersucht. Die Anderungen sind die folgenden: bei alten Tieren steigt die Variabilitat
des Ovariums, das histologische Bild zeigt drei Typen: (a) intakter, mit Oozyten gefillter
Eierstock (dies ist auch fir die jungen Tiere charakteristisch), (b) eigentlich intakter Eierstock,
doch es besteht eine Affinitdt des Plasmas der Oozyten auch gegenlber Methylgrin und es
sind in ihm dispergierte pyroninophyle Schollen zu sehen, (c) desorganisierter, atrophischer
Eierstock, mit einigen (von Vakuolen gefillten) Eizellen und vermehrten Dotterkérnchen.
Die Zahl der auf eine Flacheneinheit entfallenden Follikeln bzw. Oozyten bleibt unvermindert,
die Gesamtoozytenzahl und die Menge der in den Kiemen vorhandenen Glochidien nimmt
im Alter zu. In den Geschlechtszellen der m&nnlichen Muscheln lassen sich keine Involutions-
erscheinungen nachweisen. Es werden auerdem die altersbedingten Verdnderungen des Kalk-
und Pigmentgehaltes, des Periostracums und der Sedimentationsfadhigkeit beschrieben.
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ABJIEHNA CTAPEHWA Y UNIONIDAE KAK MPUMEP CTAPEHUA
XUBOTHbLIX C TEIOMETPUYECKNM POCTOM

B Lensx ycTaHOB/IEHWS! TUMOBbLIX CBOWCTB CTapeHWS XXMUBOTHBLIX C TENOMETPUYECKUM
pOCTOM aBTOpPbI WCCNEf0Ba/IM CBs3aHHbIE C BO3PAcTOM W3MEHEHUS Anodonta cygnea W Unio
pictorum. 3TV U3MEHEHWs Cnefytolyue: BapuabenbHOCTb IMYHMKA Y CTapbiX XXMBOTHBIX MO-
BbILLAETCS, FUCTOMOMMYECKas KapTUHA MOKasblBaeT 3 TuUMa: (a) HEMoBPEX[EHHbIN, HaMOMHEH-
HbIii OOLMTaMK SUYHMK (3TO XapaKTepHO Takxe As MOMOAbIX XUBOTHbIX), (6) HEMOBPEXAEH-
Hblii SIMYHMK, HO NJa3Ma OOLMTOB WMEET CPOACTBO TakKXE C METWIEHOBOW 3e/IeHbl0 W B Hell
06HapY>XMBAIOTCS  AUCMEPrPOBaHHblE MUPOHUHOMWIbHBIE T/biGbl, (B) [€30praHW30BaHHbI,
aTPOQMPOBAHHBIA AUYHWMK C HEBGOMbLUIMM KOMMYECTBOM OOLMTOB, HAMOMHEHHbIX BaKYOAsAMU W
MOBbILIEHHBIM KO/IMYECTBOM XXENTOUYHBIX 3ePEH. Y CTapblX XMBOTHbIX YMCNO (DOMUKYIOB WK
OOLMTOB Ha eAVHULY MMOWAAN He CHUXKAEeTCs, a KOJIMYECTBO /I0XMAMEB B Xabpax n obLuee
UMC/I0 OOLMTOB MOBBIIAETCS. B MOMOBLIX XXenesax MYXCKUX PaKOBWUH MOf MMKPOCKOMOM
VHBOJ/TOLUMOHHbIX U3MEHEHWIA BbISBUTh He YAanocb. Kpome 3TOro aBTopbl OMMCHIBAIOT M3MEHEHUS
COZlepXKaHMs M3BECTW U MUTMEHTA, MepPUOCTPaKyMa U CeAMMEHTALMOHHOM CNOCOBHOCTY, Habto-
[aeMble Y CTapblX >XWBOTHBIX.

L asz16 Haranghy
Andras Balazs Budapest IX, UllGi Gt 93, Hungary.
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Acta Biol. Hung. 14. 1964



Ada Biol. Hung., 14 (4), 319- 324 (1964)

EFFECT OF COLCHICINE ON THE CARBOHYDRATE
METABOLISM DURING FORMATION OF MYCELIAL
FELTS OF CLIJNNINGHAMELLA SP.

M. I. Naguib

BOTANY DEPARTMENT, FACULTY OF SCIENCE, CAIRO UNIVERSITY, UNITED ARABIC REPUBLIC
(HEAD: H. SAID)

(Received November 5, 1963)

Synopsis

Incubation of Cunninghamella spores in Richard’s solution containing 5, 10 and
20 p.p.m. colchicine for 5 days at 25° C did not affect the dry weight of the produced
mats. Furthermore, the highest concentration of colchicine favoured sucrose absorption
while the other treatments had no effect. In all cases, glucose was absorbed in surplus.

Analysis of the fungal mats proved that low concentrations of colchicine favoured
polysaccharide synthesis particularly the glucosans and galactosans while the soluble
sugars seemed to be unaffected. On the other hand, 20 p.p.m. colchicine favoured
the accumulation of the absorbed sugars in the form of disaccharides and lowered the
conjugated pentoses content. Furthermore, the comparatively small increase of the
glucosans and galactosans was accompanied by a remarkable decrease in the pentosans;
an indication of the inhibitory effect of the drug on nucleotide formation.

Introduction

Data is accumulating on the effects of colchicine on the living organisms.
All reports are in favour of the fact that colchicine induced a lowering in the rate
of respiration [2, 14] accompanied by an increase in most of the carbohydrate
and nitrogen fractions of the higher plants e.g. cabbage, tomato, barley and
sweet potato [1, 4, 7]. In animals colchicine caused the inhibiton of the dehydro-
genases and esterases accompanied by a loss in dry weight [3, 6, 8, 10, 16].

Very little has been published on the effects of colchicine on fungi. In a
previous publication, the author [12] found that colchicine caused a persistent
inhibitory effect on C02output by the fungal hyphae even after the transfer
of the mats to fresh media without colchicine. Accordingly, it was thought
to study the effect of this drug on the carbohydrate metabolism of the fungus
under test.

Material and methods

The fungus used in this experiment, Cunninghamella sp. was isolated from the Egyptian
garden soil, purified and kindly supplied by Dr. A. M. Sarama. Stock cultures were maintained
at 25° C on Dox slopes. The fungus was subcultured every two weeks for the inoculation
purposes.

In experimental work, the fungus was grown in 250 ml. conical flasks containing
50 ml of modified Richard’s solution of the following composition:
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SUCTOSE cooiiieieeeeeses s 20 mgs
Pot. dihydrogen phosphate .... 5gms
Ferrous sulphate crystals ... 0.1 gm
Potassium nitrate ... 10 mgs
Magnesium sulphate crystals .. 2.5 gms
Distilled water to ..ceoevvenen 1000 ml.

After sterilization and cooling of the culture medium, colchicine in 5, 10 and 20 p.p.m.,
was added aseptically and cautiously. The flasks were then inoculated with 0.2 ml concentrated
suspension from 7 days old fungal slants and incubated at 25° C for 5 days. The produced
mats were dried at 70° Ctill constant dry weight and both the mats and media were analyzed
for their carbohydrate content according to the methods previously mentioned by the author
[11, 13]. At least Sreplicates were used in each treatment.

Experimental results

Effect of colchicine on dry weight

The average values of the dry weight of the colchicine-treated mats are
recorded in Table 1. The results indicate that colchicine, up to 20 p.p.m., had
very little, if at all, effect on the mycelial dry weight of Cunninghamella grown
for 5 days.

Effect of colchicine on sucrose uptake

The uptake of glucose and fructose components of sucrose, as well as the
total sugar uptake by Cunninghamella, during its growth, is represented in
Table 2. The table shows that 5 and 10 p.p.m. colchicine seemed to have no
effect on sugar uptake while 20 p.p.m. enhanced this process. In all cases
(control or treated samples) the growing fungus absorbed more of the glucose
than the fructose component of sucrose, aphenomenon that was furthered in the
presence of the high concentration of colchicine.

Table 1

Dry weight of mycelial mats of Cunninghamella sp. spores suspended in media containing
different concentrations of colchicine

(Expressed in mgm)

Medium Dry weight
Richard’s 277+ 20.6
Richard’s + 5 p.p.m. Colchicine ..o 280+18.0
Richard’s -}- 10 p.p.m. Colchicine ....coovvivnininns 241 233
Richard’s ! 20 p.p.m. Colchicine ....ccovveveevcnnnns 243 19.2
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Table 2

Total sucrose uptake as well as uptake from the glucose and fructose components of sucrose by
Cunninghamella sp. grotvn on media containing different concentrations of colchicine

(Expressed as mgm per mat)

Sucrose absorpt on

Medium
Glucose Fructose Total
Richard’s solution ... 64.0 29.3 93.3
Richard’s } 5p.p.m. Colchicine 60.6 28.9 89.5
Richard’s -j- 10 p.p.m. Colchicine 61.8 27.2 89.0
Richard’s -f~ 20 p.p.m. Colchicine 84.1 27.2 111.3

Carbohydrate analysis of the tissues

The mean values of the results of analysis of the differently treated
samples are recorded in Table 3. It shows that colchicine did not cause any
appreciable change in the total soluble sugars except when present in 20 p.p.m.
concentration where the mats accumulated large amounts of the dissacharides
while the monosaccharide content was very much lowered.

The initial hexose content of the fungal liyphae was nearly one third
the total monosaccharides and was kept as such in the presence of the low
concentrations of colchicine. On the other hand, 20 p.p.m. increased this
ratio to half the monosaccharide content. In all cases, the fructose component
of the monosaccharides was nearly double the glucose; a ratio that seemed to
be unaffected by the presence of colchicine. Further, the high concentration
of colchicine seemed to reduce the pentose content of the tissues to nearly one
third the initial; the decrease being mostly from the conjugated fraction; an
indication that this concentration of the drug had lowered the mononucleotide
content of the fungal hyphae.

Table 3

Average values of the results of analysis of mycelial mats of Cunninghamella sp. suspended in
different concentrations of colchicine

(expressed as mg sugar per mat)

Total Free Conjugated Total Total

Medium Glucose Fructose hexose pentose pentoses pentoses mono-
saccharides

Richard’s solution 1.31 2.73 4.04 3.02 4.50 7.52 11.56
Richard’s -f- 5p. p.

m. colchicine ... 1.23 2.49 3.72 2.93 4.37 7.30 11.02
Richard’s -}- 10 p. p.

m. colchicine ... 1.20 2.36 3.56 2.87 4.41 7.28 10.84
Richard’s -f- 20 p. p.

m. colchicine ... 0.82 1.81 2.63 2.04 0.74 2.78 5.42
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Total

Total Total

) Disaccha-  'otal i Glco-  Fructo-  Galacto- Pento- poly-
Medium rides soluble sans sans hexo- sans saccha-  carbo-
sugars sans rides hydrates

Richard’s solu-

tioN e 16.20 27.76 1.95 3.01 3.67 8.63 6.44 15.07 42.83
Richard’s -\- 5

p.p.m. colchi-

CiNE e 16.42  27.44 5.53 3.82 7.55 16.90 6.00 22.90 50.34
Richard’s -|- 10

p.p.m. colchi-

CINE o 17.28  28.12 5.51 3.14 7.53 16.18 6.28 22.46 50.58
Richard’s -f- 20

p.p.m. colchi-

CiNE e 41.12  46.53 5.53 3.14 7.96 16.63 3.55 20.18 66.71

Tnvertase hydrolysis of the fungal extracts did not show the presence of
sucrose. On the other hand, acid hydrolysis, in 1 N total acid concentration at
100° C for 1 hour, proved the presence of large amounts of other disaccharides;
a value that remained nearly unaffected in presence of the lower concentration
of colchicine. On the contrary, 20 p.p.m. of the drug seemed to induce the
excessive accumulation of this fraction inside the tissues.

The total polysaccharide content of the control samples formed about
one third the total carbohydrates. This ratio increased in presence of the lower
concentrations of colchicine but seemed unaffected in presence of 20 p.p.m.
of the drug.

Furthermore, the presence of colchicine (in any concentration tested)
caused the doubling of the total hexosans of the fungal cells; the increase being
mostly in the glucosans and galactosans while the fructosans seemed to be
unaffected. Furthermore, the galactosans were nearly double while the gluco-
sans were trebled, irrespective of the colchicine concentration.

On the other hand, the pentosan content of the fungal hyphae seemed
to be unaffected by the presence of the lower concentrations of colchicine.
However, 20 p.p.m. induced a rapid decrease of this fraction to half the initial
value. In all cases colchicine lowered the ratio of pentosans to hexosans partic-
ularly in presence of 20. p.p.m. concentration.

Discussion

The results of this experiment show that colchicine had no effect on the
dry Aveight of the fungal mats during their growth. Further, sucrose uptake
was unaffected by the presence of the lower concentrations of the drug but
the higher doses seemed to be stimulatory to this process, an indication that,
under the latter conditions, colchicine is stimulatory to phosphorylases. In all
cases, absorption of glucose was in surplus over fructose; a phenomenon
already noticed by Toiba and Sarama [18, 19] using Rhizoctonia solani.
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Tissue analysis proved that, inspite of the fact that the total carbohydrate
content of the fungal mats grown on Richard’s media containing 5 or 10 p.p.m.
colchicine was more or less identical with that of the control samples, yet both
concentrations of the drug favoured the accumulation of polysaccharides
particularly the glucosans and galactosans; a phenomenon that suggests the
activation of phosphorylase and hexose isomerase. On the other hand, the
excessive sugar absorption recorded in presence of 20 p.p.m. colchicine was
accompanied by a remarkable increase in the disaccharide content. This Mas
followed by a lowering of the monosaccharide level particularly the conjugated
pentoses; an observation that leads to the suggestion that this treatment
though enhanced the phosphorylase activity yet retarded the formation of
nucleotides. This was further observed in the polysaccharide fraction where
the pentosans were reduced to half the normal while the glucosans and galacto-
sans wrere identical to those recorded for the other treatments; an indication
that 20 p.p.m. further inhibited the nucleoprotein formation.

It is worth noting that the ratio of polysaccharide to total carbohydrates
increased, in presence of low concentrations of colchicine, but was more or less
unaffected in presence of the higher concentration. This proves that low
concentrations of the drug favoured polysaccharide building inspite of normal
sugar absorption while the higher concentration did not affect the process.
The increased polysaccharide content of such treated samples was merely
proportional to the increased sugar absorption while most of the sugars ab-
sorbed accumulated as disaccharides.

In this connection it may be mentioned that Suttivan [17], Ekdan1 [4]
and Harr [1] showed that sucrose content was higher in tetraploid than di-
ploid plants. Lettre [9] proved that colchicine destroyed the adenosine tri-
phosphate of the cells while Skipper [15] claimed that colchicine is ineffective
as an inhibitor for nucleic acid synthesis in rats. On the other hand, Friedman
[5] proved that colchicine increased the deoxyribonucleic acid and decreased
the ribonucleic acid of the tumour cells. Furthermore, Koca [7] proved that
colchicine favoured starch synthesis in sweet potato.
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DIE WIRKUNG DES COLCHICINS AUF DEN KOHLENHYDRATSTOFFWECHSEL
WAHREND DER BILDUNG DES MYCELIUMS BEI CUNNINGHAMELLA SP.

Die Inkubation von Cunninghamella Sporen mit 5, 10 und 20 ppm Colchicin enthaltender
Richards Losung hatte auf das Trockengewicht des erzeugten Myceliums keinen Einfluss.
Weiterhin hatte die grosste Colchicinkonzentration die Rohrzuckerabsorption bevorzugt,
wéhrend die anderen Behandlungen keine Wirkung ausibten. In allen Féllen wurde Glucose
in Uberfluss absorbiert. Analysen der Pilzmycele bewiesen, dass niedrige Colchicinkonzentra-
tionen die Polysaccharidsynthese, speziell die der Glucosanen und Galaktosanen férdern,
wéhrend die unléslichen Zucker nicht beeinflusst werden. Andererseits férderte 20 ppm Colchi-
cin die Anhdufung von absorbierten Zuckern in Form von Disacchariden und verminderte
den polymerisierten Pentosegehalt. Weiterhin wurde die verhédltnisméassig geringe Zunahme
der Glukosanen und Galaktosanen von einer beachtenswerten Abnahme der Pentosanen
begleitet; das spricht fir die hemmende Wirkung der Verbindung auf die Nucleotidsynthese.

BAVAHNE KONXWUUMHA HA YINEBOAHbIA OBMEH B TEUEHWUE
OBEPA3OBAHNA MACCbl MNUENMNA Y CUNNINGHAMELLA SP.

Cnopbl Cunninghamella sp. UHKY6UpoBann Ha cpege Puxapga, cogepxaueid 5; 10 n 20
KONXMUUHa, B TeyeHue 5 aHeil npu 25°. Ha cyxoli Bec 06pa3oBaBLUelics MacChl MuLenus obpa-
60TKa KONXUUMHOM He BnuAna. Camas BbICOKas KOHLEHTpaLMa KoXuuMHa cnocobecTBoBana
MOr/MOLEHNIO Caxapo3bl, B TO BPeMA KaK OCTa/lbHble KOHLEHTpaUWUM OKasaincb HeapheKTmBs-
HbIMW. [NtOKO3a Oblna MOr/OLWEeHa B KaXAOM Cyyae B M36bITKE. AHanu3 MacCbl MULENWs Mo-
Kasa/l, 4To Maslble KOHLEHTpauMM KOMXMUMHA OnaronpuaTHO BAMAKOT Ha CUHTE3 noJsiMcaxa-
pWA0B, OCOGEHHO T/IOKO3aHOB W ranakTo3aHOB, BTO BPEMS KaK Ha pacTBOpPMMble caxapa He
0Ka3blBaloT BANAHNUA. C ApYroii CTOPOHbI KOAXMUMH B KOHLEHTpauuu 20 ppm. 61aronpusaTtHO
BAINSET HAa HaKoM/jeHWe MOF/OLEHHbIX CaxapoB B AuWcaxapuiHON (opMe M CHMXKaeT coaep-
XaHve MoAMMEpPU3NPOBaHHONW MeHTO3bl. Kpome 3TOro, napanfieflbHO CpaBHUTENbHO He60/b-
LLIOMY YBENMYEHMIO COLEPXaHMA [/0KO3aHOB W ranakTo3aHoB, B 3HAYMTENbHOW CTEMEHW CHM-
3UN0Cb KO/IMYECTBO MEHTO3; 3TOT (DaKT YKasblBAeT Ha TO, YTO KOMXWMLUMWH OKa3blBaeT TOPMO3s-
Lee [JeiicTBME Ha 06pa3oBaHWe HYK/IEOTMAOB.
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Synopsis

The activity of glycolic acid oxidase and glyoxylic acid reductase has been
measured in homogenates from detached barley and wheat leaves. It was found that
the root system exerts an indirect regulatory effect on the level of glycolic acid oxidase
and glyoxylic acid reductase in the leaf tissues. The activity of glycolic acid oxidase
was markedly reduced in detached leaves. By contrast, the activity of glycolic acid
reductase increased upon detachment. Treatment of detached leaves with 10-5 M
kinetin restored the activity of glycolic acid oxidase to the level found in intact control
leaves. Glyoxylic acid reductase was not markedly affected by kinetin-treatment.
Considerable amounts of glycolic acid oxidase proenzyme were found in the leaf tissues.
The proenzyme could he activated by adding 10-4 M FMN to the homogenates. In
contrast to the lioloenzyme, the amount of proenzyme was not reduced in detached
leaves. Kinetin had no major effect on proenzyme level.

Introduction

Kinetin (6-furfurylaminopurine) affects a number of physiological pro-
cesses in higher plants including cell division, various aspects of development,
transport phenomena, heat tolerance and respiration [1, 3, 6, 16, 19, 21, 23, 35].
However, the interest centers around the effect of kinetin on protein and
nucleic-acid metabolism [14, 15, 24, 27, 30, 35, 36] as it is suspected that
nucleic-acid and protein metabolism might be the primary point of attack of
kinetin. It is surprising, therefore, that little attention has been devoted to the
effect of kinetin on enzymes, except some work on the influence of kinetin on
nucleases [17] and xanthine oxidase [5] in vitro. In the present study, the
in-vivo effect of kinetin on the level (activity) in detached leaves of two distinct
proteins, glycolic acid oxidase and glyoxylic acid reductase, has been tested.

It was demonstrated in a previous work that the root system exerts a
regulatory effect on the enzyme level in leaf tissues. Evidence has been pre-
sented that the activity of a number of enzymes increases in the leaf tissues
upon removal of the root system [4]. An exception to this rule is starch phospho-
rylase and glycolic acid oxidase, the activity of which decreases with the break-
down of protein in the yellowing leaves [4]. As the level of proteins in detached
leaves can easily he regulated with kinetin, and a net protein and chlorophyll
synthesis can he induced in kinetin-treated isolated leaf tissues [24], experi-
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ments were started to find out whether or not the glycolic acid oxidase level
was correlated with the protein content and chloroplast activity in green
leaves. The possible connection of glycolic acid oxidase level with the function-
ing of chloroplasts is suggested by literary data indicating (a) the general
absence of glycolic oxidase in roots and tubers [22, 32] (cf., however, the low
activity found in rice roots by Mitsui [20] and confirmed in our experience)
(b) the occasional appearance of glycolic acid oxidase in greening tubers and
roots [22, 31], (c) the low activity of glycolic acid oxidase in etiolated leaves
[2, 8, 9] which greatly increases upon illumination [12, 13, 31].

In addition to the fully active holoenzyme, considerable amounts of
glycolic acid oxidase proenzyme are present in most tissues. As shown by
Kuczmak and Tolbert [13], the addition of flavine mononucleotide (FMN)
to cell-free homogenates results in the activation of the inactive proenzyme.
The effects of kinetin on the proenzyme level and the enzyme/proenzyme ratio
were also determined.

Material and methods

Barley seedlings (Hungarian variety MFB) were grown under ordinary greenhouse
conditions; the primary leaves were detached in the two-leaf stage and placed with their bases
into tap water and 10-5M kinetin respectively. After 4to 7 days the leaf tissues were homoge-
nized in a cold mortar in a tenfold amount of 0.1 M phosphate buffer, pH 7.8. Leaves of in-
tact plants of the same age served as controls.

Glycolic acid oxidase activity was determined colorimetrically according to Kotesnikov
[11] on the basis of the amount of glyoxylic acid formed by the homogenates upon the addition
of glycolate. In strongly acidic medium, in the presence of phenylhydrazine and K3Fe(CN)6,
glyoxylic acid gives a red colour.

Alternatively, glycolic acid oxidase was assayed by the standard manometric procedure
at 30° Cin a Warburg constant-volume respirometer on the basis of 0 2uptake obtained upon
addition of glycolate to the homogenates [13].

Proenzyme levels were determined according to Kuczmak and Toibert [13]. The
difference in 0 2uptake obtained in the manometric assay without and with 10-4 M FMN was
taken as a measure of the amount of proenzyme present in the extracts.

Glyoxylic acid reductase was assayed spectrophotometrically in cell-free homogenates
[38] on the basis of the decrease in absorbancy at 340 m/i in the presence of NADH (nicotin-
amide adenine dinucleotide, reduced form) and glyoxylate. A Zeiss YSU 1 spectrophotometer
was used throughout the experiments.

Average values calculated from a high number of experiments are given in the figures
for glycolic acid oxidase activity and proenzyme levels. A representative example is given
for the spectrophotometric determination of glyoxylic acid reductase.

Glyoxylic acid and NADH were purchased from Sigma Chemical Co., St. Louis,
Missouri. Glycolic acid was obtained from the firm REANAL, Budapest.

Results

The determination of glycolic acid oxidase activity in detached barley
leaves indicated a marked decrease in holoenzyme level upon the removal of
the root system. The enzyme activity was reduced to about 50 per cent of
the controls (leaves of intact plants). Detached leaves kept in 10~5M Kkinetin
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retained their normal glycolic acid oxidase activity (Fig. 1). Both the effect
of detachment and that of the kinetin-treatment proved reproducible. Both
methods yielded identical results. Experiments were carried out throughout
the year with essentially the same results.

Fig. 1. Effect of detachment and treatment with 10 5M Kkinetin on the activity of glycolic
acid oxidase in barley leaves

Proenzyme levels were also determined by both methods. The colori-
metric procedure, for unknown reasons, gave erratic results in the presence
of FMN. Therefore, the detailed studies were carried out with the manometric
assay.

As may be seen in Fig. 2, the proenzyme level was hardly changed upon
detachment. There was a slight tendency for an increase in proenzyme level
in the isolated leaves. The proenzyme level was markedly higher than the holo-
enzyme concentration both in control and detached leaves. Upon detachment,
the proenzyme/holoenzyme ratio shifted strongly towards proenzyme con-
centration. The effect of kinetin on proenzyme level was slight. If any, it was a
small reduction of proenzyme concentration in some experiments.

holoenzyme proenzyme total enzyme

Fig. 2. Effect of detachment and treatment with 10~5M kinetin on the level of glycolic acid
oxidase holoenzyme and proenzyme in barley leaves
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The effect of detachment and kinetin on the total (pro holo) enzyme
level is also shown in Fig. 2. As the changes in proenzyme concentration were
small, the effects of detachment and kinetin on the total enzyme level were
similar to those exerted on holoenzyme concentration. The percentage differ-
ences in total enzyme concentration due to detachment or kinetin-treatment
are, of course, smaller than those encountered in the holoenzyme level.

Results essentially similar to those reported above were obtained in
experiments with wheat plants.

Fig. 3. Effect of detachment and treatment with 10-5 M kinetin on the activity of glyoxylic
acid reductase in barley leaves. Composition of the system: 0.5 /unole NADH, 20 /unole
glyoxylate, enzyme corresponding to 25 mg fresh weight of leaf tissue, 0.1 M Tris buffer pH 7.0.
Final volume 2.0 ml. Light path 0.5 cm. Composition of the blank: the complete experimental
mixture minus glyoxylate. B lank ------------ . Experimental------—-- ¢ = Extract from control
leaves, O — Extract from detached leaves, [ = Extract from kinetin-treated leaves

The response to detachment and Kkinetin treatment of the other key
enzyme of glycolic acid metabolism, glyoxylic acid reductase, was entirely
different from that given by glycolic oxidase. The activity of glyoxylic acid
reductase was markedly increased upon detachment (Fig. 3) similarly to many
other enzymes of oxidative metabolism [4]. Kinetin affected the activity of
glyoxylic acid reductase to a small extent if at all. It may also be seen in Fig. 3
that the extracts from detached leaves oxidized NADH even in the absence
of glyoxylate faster than those prepared from the controls. Although this
“NADH-oxidase” activity was weak, the effect of detachment on NADH
oxidation was highly reproducible. The difference in the speed in NADH
oxidation in the presence and in the absence of glyoxylate is regarded as a
measure of glyoxylic acid reductase activity.
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Discussion

The role of the various particulate elements of the plant cell in the
synthesis of enzymes and/or in the regulation of their activity is a basic prob-
lem of plant physiology. The chloroplasts are known to he important sites of
synthetic activities including protein synthesis. The direct role of chloroplasts
in the synthesis of enzymes localized in the chloroplasts is obvious. However,
the chloroplasts have certainly an indirect effect on the synthesis of cyto-
plasmic enzymes as well. The localization of glycolic acid oxidase in the plant
cell is an open problem. However, previous results and the data presented in
this paper strongly favour the view that directly or indirectly the chloroplasts
are involved in the regulation of glycolic acid oxidase level and/or activity in
the plant cell. Part of the evidence (distribution of glycolic oxidase and the
effect of light on glycolic oxidase activity) has been listed in the introduction.
It should be added that plant diseases which lead to the yellowing of leaves
are associated with a decreased glycolic acid-oxidase activity [7, 28, 29].
The present results also indicate a striking parallelism between yellowing
(chloroplast and chlorophyll breakdown) and decrease in glycolic acid oxi-
dase activity in detached leaves. The activity is fully maintained if the
detached leaves are treated with Kkinetin. In the kinetin-treated leaves the
chlorophyll content remains unaltered (or surpasses the control), and the activ-
ity of the photosynthetic apparatus is also maintained. The evidence,
therefore, strongly supports the idea that the chloroplast apparatus has a
fairly direct role in the regulation of glycolic acid oxidase level. As the activity
of glycolic acid oxidase depends on the amount of available FMN as well [13,
28], the regulatory role of chloroplasts might consist in (<) a stimulation of
enzyme protein (proenzyme) synthesis, (b) in the stimulation of FMN synthesis,
and (c) in the regulation of the coupling of FMN to the protein moiety of the
enzyme. Indeed, the decrease of glycolic acid oxidase activity in yellowing
tissues is evoked by different mechanisms. For example, in some diseased
tissues the decrease in active FMN level seems to be alone responsible for the
effect. Proenzyme simultaneously accumulates [28]. The light-induced stimu-
lation of glycolic acid oxidase activity is based on both proenzyme and total
enzyme synthesis. The total level of flavins is also increased upon illumination
[13].As shown by the present study, in detached yellowing leaves the decrease
in enzyme activity is primarily due to a decrease in holoenzyme level. The
small accumulation of proenzyme found in some experiments might be due to
a release of proenzyme from the holoenzyme. Under the effect of kinetin, the
holoenzyme level remains constant after detachment. As kinetin stimulates
protein synthesis, this observation might reflect a kinetin-induced synthesis
of holoenzyme.

It is interesting that, in contrast to glycolic oxidase, the activity of
glyoxylic acid reductase increases in detached leaves. The shift in the activity
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of these two enzymes might induce a profound effect on the level of glycolic
acid in plant tissues. There is some evidence that this is indeed the case [28].
As glycolic and glyoxylic acids are key metabolites for a number of synthetic
processes [10, 26, 32], and the glycolic oxidase — glyoxylic reductase system
might participate in the terminal hydrogen transport in green leaves [37, 38],
the effect of kinetin on glycolic acid oxidase has certainly side-effects in a
number of phases of jdant metabolism.
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DIE WIRKUNG DES KINETINS AUF ENZYME
DES GLYKOLSAURE-STOFFWECHSELS IN GERSTEN- UND WEIZENBLATTERN

Die Aktivitat der Glykolsdureoxydase und Glyoxylsaurereduktase wurde in abgetrenn-
ten Gersten- und Weizenblattern bestimmt. Es wurde gefunden, dass das Wurzelsystem {ber
die Aktivitat der obigen zwei Enzyme in den Blattern eine indirekte, regulierende Wirkung
ausilibt. Die Aktivitat der Glykolsdureoxydase war in den abgetrennten Blattern stark redu-
ziert, und die der Glyoxylsdurereduktase erhdht. Die Behandlung der abgetrennten Bléatter
mit 10-5 M Kinetin hat die Aktivitat der Glykolsdureoxydase auf dem Niveau der intakten
Kontrollblatter gehalten. Die Glyoxylsdurereduktase-Aktivitat erwies sich im wesentlichen
als kinetinunabhéngig. In den Blattgeweben wurden betrédchtliche Mengen von Glykolsédure-
oxydase-Proenzym gefunden. Das Proenzym konnte durch 10~4M FMN in den Homogenaten
aktiviert werden. Im Gegensatz zum Holoenzym war die Menge an Proenzym in den abgetrenn-
ten Blattern nicht reduziert. Kinetin hat auf den Proenzymgehalt keinen wesentlichen Ein-
fluss ausgeibt.
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OENCTBUE KWHETUHA HA ®EPMEHTbl OBMEHA FIMKONEBOW KWCNOTbI
B MNCTbAX 3TAKOBbIX

ABTOpbI OMNpeAenuan akTUBHOCTb OKCWAA3bl TIMKOMEBOW KUCMOTbl U peAyKTasbl FANOK-
caneBoO KMUCNOTbl B FOMOTeHaTax M30/IMPOBaHHbIX NCTHEB AUMEHSA W MLLeHWLbl. OBHapyXuu,
YTO KOpPHEBAasA CUCTEMA OKa3blBAeT KOCBEHHOE Perynupylollee [eiCTBME Ha aKTWBHOCTb OKCU-
[ia3bl TNIMKONIEBOWN KUCMOTbI U pPefyKTasbl INIMOKCANeBOW KWUCMOTbl B TKaHAX nucta. B usonu-
POBaHHbIX /IMCTbAX AKTWBHOCTb OKCWAA3bl TNIMKONEBOW KUCMOTbl 3HAUMTENIbHO CHMXKAeTCs.
HanpoTue 3TOMy, aKTMBHOCTb pefyKTasbl FIMOKCaneBoi KWCNOTbl 3HAYNTENbHO MOBbILIAETCS
nog BAusHWEM un30onuposaHus. KUHETMH B KoHueHTpauuu HO-5 M nogdepxmBaeT Ha HoOp-
ManbHOM YPOBHE aKTWBHOCTb OKCWMAA3bl FIMKOMEBOW KUCNOTbI B IMCTbAX faXe B OTCYTCTBUM
KOPHEBOW cucTeMbl. Ha aKTMBHOCTb pefyKTasbl FMMOKCaNneBOR KUCMOTbl 06paboTka KuHeTw-
HOM He B/MAET CYLIECTBEHHO. B TKaHAX NMCTbeB OOHAPY>KEHO 3HAYWUTENIbHOE KOMIMYEeCTBO
npodepMeHTa OKCWAasbl TNIMKONEBOW KUCNOTbl. B romoreHatax NpodepMeHT MOXHO 6biio
aKTMBMpoOBaTb [06aBneHneM (hnaBOH-MOHOHYK/E0TUAA B KOHUeHTpauun 10-4 M. HanpoTus
rofioepmeHTy, KONMYECTBO MPO(EPMEHTA HE CHUXANOCb B M30/IMPOBAHHBLIX NUCTbAX. KuHe-
TUH TOMbKO B He3HAUYWTeNbHOW Mepe B/IMAET Ha YPOBEHb MPOQepMeHTa.

Lasz16 D ézsi
aselo Ze#8t - Budapest VIII, Muzeum krt. 4/a, Hungary.
Gabor Farkas j
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BOTANICAL INSTITUTE OF THE HUNGARIAN ACADEMY OF SCIENCES, VACRATOT (HEAD: B. ZOLYOMI)
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Synopsis

The method is based on the old concept of plant species as indicators of habitat.
Application of numerical scales of ecological values (T, W, R) and calculation of Grup-
penanteil or Gruppenmenge coefficients lead to abstract numerical values instead of
species or groups of species. Thus global comparison of vegetational units and of habitats
and use of mathematicalstatistical methods become possible.

The new method is based on the old indicator concept of the plant
species (indicators of habitat). The ecological structure and habitat of plant
communities may be characterized with the aid of a 10-degree T (tempera-
ture ecology number) scale (new, 1—TO, arctic — aequatorial), a 10-degree
W (water ecology number) scale refined after Pogrebniak [2] and a 5-degree
R (soil reaction number) scale after El11enberg [1]. Ecological structure is
to be understood as the proportion of indicator, respectively of ecological
species groups partaking in the plant association according to GA or GM
(“Gruppenanteil-Gruppenmenge” TUXEN—E 11enberg [3]). All the species as
well as all their occurence in the phytocenological table are thus taken into
account. Employing characteristic-curve traced, abstracted of species,
we may effect a global comparison of habitats. Mathematical-statistical
methods may also be employed (carried out by I. PrECSEnyi). The complete
tabular material of five plant communities of a succession series has been in-
vestigated in this way as an experiment (from Seslerietum to Querco-Carpi-
netum, from rendzina to brown soils). The method has also been demonstrated
with a single species ( Waldsteinia geoides). In can he aptly shown on a multi-
dimensional ecostructure diagram. Our method mediates between the “tabular
plant cenology” of Central Europe and the English—American “plant ecology”.
We think to add by this thought to the preparatory work of the International
Biological Program (Sect. A. 1.).
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Fig. 1. Characteristic curves of the T (A), W and R (B) degrees-values of the five plant
communities. The black stripe marks the 95% confidence interval of means of W and R re-
ferring to the habitat

Explication and data (calculated by |. Precsenyi).

Sum of GA
a) = Seslerietum 358
b) = Waldsteinio-Spiraeetum 586
c) = Tilio-Fraxinetum.......... . 644
d) = Mercuriali-Tilietum ... 951
e) = Querco-Carpinetum ....vviinnnns 1269
f) = Waldsteinia geoides (ecospectrum by
Fig. 3.) o 3932
Communities and habitat a) b) c) d) e)
T X 4.99 5.27 5.16 5.15 5.09
W X 2.84 2.89 3.93 4.63 4.66
R I 4.45 4.16 3.85 3.77 3.51
Communities
W s2 3.00 1.89 1.66 1.51 1.01
R s2 0.41 0.47 0.41 0.36 0.35
Habitat*
W s2 0.44 0.15 0.07 0.11 0.04
95% +0.36 +0.20 +0.18 +0.17 *0.08
R s2 0.03 0.02 0.01 0.01 0.01
95% +0.09 +0.08 +0.07 +0.04 +0.04
Comparison of communities (by y2 test)
T w R
a) — b) P < 0.1% P < 0.1% P < 0.1%
b) - ¢ P < 0.1% P < 0.1% P < 0.1%
c) — d) P < 0.1% P < 0.1% P < 5.0%
d) — e) P < 1.0% P < 0.1% P < 0.1%
* 95% confidence interval refers to habitat means.
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Figs. 2 and 3. Examples of multidimensional ecostructure diagrams. The % of frequency

of the coupled W —R degree-values are equal to the radius of the circle and the T values

belonging to them are measured on the circumference of the circle in % of frequency. Percent-
ages under 3 are not indicated. See the explication by the Fig. 1
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NEUE METHODE ZUM OKOLOGISCHEN VERGLEICH DER
VEGETATIONSEINHEITEN UND DER STANDORTE

Die Methode geht von der alten Konzeption der Indikator-Arten aus. Durch Anwen-
dung von o&kologischen Wert-Skalen (T, W, R) und durch Gruppenanteil (GA oder eventuell
auch GM) Berechnung kommt man statt Arten oder Artengruppen zu abstrahierten Zahlen-
werten. Dadurch wird ein globaler Vergleich der Vegetatisuseinheiten und der Standorte und
die Anwendung der allgemein tUblichen Methoden der Mathematischen-Statistik madglich.

HOBbLIMN METOA ANA 3KOMNOTMYECKOrO CPABHEHWUA ELAVHUL
BEFETAUWWN N MECTOHAXOXAEHUN

MeTof OCHOBaH Ha CT?R/OIZ KOHLeNuunM 0 Buax-uHgukaropax. Mcnonb3ys LWKabl
3KOJIOrnM4yeCKnx BeMNYUH (T, ,R) N nposogA BbIHMUC/IEHME Yy4YaCThe Ma3HbIX BENYUH B
rpynnax (Gruppenanteil WAN Gruppenmenge) MNOMYyYatOTCA aOCTPaKTHble YUC/NEHHbIE BEN-
YMHblI BMECTO BMAOB WM rpynn BUAOB. Taknm 06pa3om BCECTOPOHHOE CpaBHEHME eanHUM
Beretaumm mn MeCTOHaXO)K,quMM n npuMeHne O0O0bl4HbIE METOAbI MaTeMaTUYecKon cTaTu-
CTUKMN CTaHOBATCA BO3MOXXHbIMW.

Balint Zotlyomi, Budapest XIV., Varosliget, Vajdahunyadvar, Hungary
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Ciements, A. N.: The Physiology of Mosquitoes
Pergamon Press, Oxford (1963), pp. 393, 80 s.

The results of research and experimental work done on the physiology of mosquitoes
in the last decades are summarized in a concise form. Such synthesis was badly needed in
culicidology, — since a number of the original papers are unaccessible, the workers often have
no time to spare to keep up with special literature, and frequently encounter linguistic diffi-
culties.

For mosquito research workers, handbooks like Martini’s Culicidae, Boyd’s Intro-
duction to Malariology, and Bates’ Natural History of Mosquitoes, (beside taxonomic works),
are (juite indispensable. However, all these works became, in the course of time, obsolate.
Ciements book successfully fills the gap of the last decades.

Some of the 16 chapters of the book are more of a theoretical character, — though
in close connection with practice, with the everyday work of culicidologists and malario-
logists.

The first chapter on the egg reviews the works about embryonary development, experi-
mental embryology, genetic control of development, structure and properties of the egg shell,
and ends with the mechanism of hatching.

In the chapter of larval nutrition, excretion and respiration, the anatomical structure
of mouth parts, alimentary canal, pH of the larval gut. its enzymes and digestion are described.
The diets on which healthy larvae can be produced under sterile conditions are given in Tables.
Food reserves are stored mainly in the fat body, but also in other organs. The Malpighian
tubes and the rectum serve for excretion. The tracheal system opens to the atmosphere, but
some species make extensive use also of cutaneous respiration. The organs effectuating osmotic
and ionic regulation of the body fluids are the anal papillae, Malpighian tubes, midgut and
rectum. Most freshwater bodies are suitable for several species, but. due to a discrimination
by ovipositing females, the number of species is restricted.

Temperature affects growth and metamorphosis of the larvae, pupae and the structure
of imagos: size, number of follicules, color and wing length. A detailed description is given
of the development of imaginai buds, the metamorphosis in the pupa and the maturation
of the adult.

The circulatory system is rather simple and experiments suggest that the mosquito
heart is of the non-innervated myogenic type.

The thermal limits of survival and longevity are influenced by a number of factors.
Survival at low and high temperatures and the influence of acclimatization on its criteria are
discussed.

From the examination of the organs and the mechanism of adult feeding it may be
inferred that the chemoreceptors on the labella, on the tip of labrum and within the cibarial
pump mediate the responses of mosquitoes to blood and sugar solutions. Much work has been
done on the salivary glands and their secretions, their content of agglutinins and anticoagulins,
and the causes of skin reactions of the host. Adult nutrition and metabolism are closely dependent
on temperature and also on humidity. The nutritive value of various carbohydrates are given,
together with nutritional requirements for reproduction. The amino acids, essential for egg
production, are shown in a Table.

After a detailed description of the organs of reproduction, the growth of the egg follicle
is discussed. Autogeny is now known to occur very widely in many genera. Ovarial develop-
ment is controlled by gonadotrophic hormones, as has been proved experimentally. Ovulation
and oviposition appear to be under nervous control. Fecundity, that is, the number of eggs,
is proportional to the amount of blood-meal and the size of the female. Because mosquitoes
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must feed twice to transmit pathogens, the determination of their reproductive history is
of great importance.

The main sensorial organs of mosquitoes are the compound eyes, the antennae, and
the chemoreceptors of the mouth parts and legs. The compound eyes are of the apposition
type. Their responses to light of different wave-lengths, the attractiveness of differently coloured
surfaces, the course of adaptation to darkness, had been studied by many authors. The antennae
are anatomically and physiologically different in both sexes. The extremely developed second
joint is filled with Johnston’s organ. It serves as a hearing organ, sensible only to the frequency
of the female’sflight tone, — whereas that of the male is outside of its range — an observation
in contradiction to the earlier belief that swarms of males are kept together by their own tunes.
The flagellum has many different chemoreceptors, but their function is still to be disclosed.
Contact chemoreceptors sensible to glucose are on the labellae and tarsi; those in the cibarial
pump are sensitive to blood. Other sensorial organs are on the halteres, maxillar palps, thorax
and wings.

Many unsolved problems arise from the phenomenon of diapause. There is a difference
between quiescence, that ceases on amelioration of the environment, and diapause which is
terminated only after reactivation by cold or other factors. In univoltine species, the eggs
enter an obligatory diapause, whereas in multivoltine species, the diapause is facultative.
The stimuli to egg hatching are submergence in water and low oxygen tension, but they also
depend on conditioning. Evidence is insufficient to decide whether the overwintering larvae
are simply quiescent and able to continue development at any time after a rise in temperature,
or require an increase in day length. The hibernation of adults is found in most Anopheles,
but is rare among aedine mosquitoes. Females which pass through gonotrophic cycles never
subsequently enter hibernation. The induction of diapause is due to exposure of the developing
insects to short day.

Behaviour of larvae and pupae can be analyzed into tactic and kinetic responses. Larvae
swim along until they attain the preferred temperature zone. Under the influence of strong
light, Anopheles messeae larvae swim and dive incessantly. Diving is also the only defense
against predators and is stimulated by vibration and shade.

Control of adult activity depends mainly on the circadian rhythm, maintained by a
physiological clock within the organism. This must be “set” by external stimuli, such as
change from light to dark. Thereafter it can be independent of the environment. Circadian
rhythm controls oviposition, biting activity, and flight activity which are, on the other hand,
influenced by the microclimate: humidity, temperature, light. Low temperature, light and
wind can inhibit activities, or they may incite them before time.

Flight behaviour was thoroughly investigated, and surrendered an insight into the
mechanism of orientation of flight. Mosquitoes usually fly upwind, not tolerating images
passing over their eyes from back to front, nor moving laterally. Downwind, they fly only
high above the ground, — in this way they can travel great distances.

Host seeking behaviour of the mosquitoes depends on the phase of the gonotrophic cycle,
the circadian rhythm, microclimate and responses to individual factors, such as body tempera-
ture, moisture, carbon dioxide, odour (sweat, blood, urine), and various visual factors of the
host. Antennae are of great importance in the perception of air-borne factors; odour isimportant
in attraction from a distance.

Reproductive behaviour is characterized by mating, swarming and ovipositing. Males
are attracted to females not by odour, but by sound. Copulation is initiated during flight,
but some species will mate also when at rest. Both males and females will copulate repeatedly,
but males can inseminate only a small number of females. In overwintering females sperm
must live for several months. Swarming of the males takes place over some markers which
contrast with the background, e.g., trees, chimneys, steeples. Females are also attracted by
markers, thus swarms concentrate a population with obvious advantages for mating. Other
authors contend that swarming isjust a consummatory act, the function of which is not known.
Ovipositing females are attracted by sight, and by using chemoreceptors on the legs when
examining water.

The book gives an up-to-date, comprehensive survey of the organism, physiology and
behaviour of mosquitoes, and will be an indispensable guide for all workers in the field of pure
and applied culicidology.

Ferenc Mihalyi (Budapest)
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Bio-Telemetry (The use of telemetry in animal behaviour and physiology in relation to ecolo-
gical problems.) Proceedings of the Interdisciplinary Conference, New York, March 1962.
Edited by L. E. S1ater.

Pergamon Press, Oxford (1963) £6/6/5.

The term telemetry recalls to almost everibody’s mind notions like space flight, rockets,
airforce, war, etc. It is quite a surprise to learn by reading this interesting book that the signifi-
cance of biological telemetry, however closely related in its development to technology of space
probes, is different and of a higher order. We learn that it may assure a general extension of
human scope around our world. It may promote a more extensive knowledge of our natural
environment and, as a consequence, may facilitate to plan properly the utilization of natural
resources to cope with the problems arising from an ever increasing population. The highly
humanistic atmosphere of the book is best exemplified by the quotation of one of its co-authors
N. J. Holter who says: “1 have a feeling that the materials to be discussed in the next four
days ... constitute a good advance toward understanding the animal world and are of such
significance that they could eventually be a prominent factor in solving the greatest problem in
history — that of creating world peace.” It is evident that the realization of such a program
calls for bold and imaginative thinking and the utilization of modern research techniques
requiring the permanent co-operation of both biologists and physical scientists.

The book “Bio-telemetry” consists of the documents of an interdisciplinary conference
organized in 1962 in the American Museum of Natural History in New York, with the participa-
tion of more than 50 scientists representing in a sound equilibrium both biological and physical
sciences. The original reports were divided into the following six sessions: (1) The potential
for telemetry in biological research, (2) The current state of biological telemetry, (3) Reports
on telemetry in animal tracking, orientation and ecology, (4) Reports on telemetry in studies
of animal social behaviour, (5) Reports on telemetry in studies of animal physiology, (6) Reports
of telemetry in studies of physiology in man.

These 6 sessions cover almost completely the fields where the use of telemetrical methods
seems or proved to be succesful. Every paper is followed by a stimulating discussion, which
gives a clear insight into the working method of the conference, moreover it facilitates the
critical evaluation of the material presented.

The first session deals with general problems, limits and applicability of telemetry
in biology. We get sober warnings not to abuse telemetry when direct observation or other
simple means are helpful. We learn that telemetry is a special branch of science which can
only be succesfully cultivated with aclose co-operation of biologists and physicists. Special
problems arise by the need to create common basis for understanding. Both sciences use highly
specific languages and McCulloch, one of the pioneers in the coupling of the two sciences
reminds the participants of the importance to learn to talk to one another. From this point
of view the papers presented are exemplary on both sides. They do not pass the limits by
presenting data where they would overcomplicate the picture and hinder common under-
standing. References are given after each paper.

The second session is particularly interesting for biologists because in this section
competent experts of telemetry technologies give details concerning new achievements.
It appears that industry produces a great variety of aerospace hardware, available off-the
shelf, unfortunately often surpassing the financial abilities available for biological research.
The functional capacities of these telemetry systems generally offer even more than required
by present day biological problems. Both adaptation of these complex systems and construc-
tions of new and simpler devices encounter, however, economical and commercial difficulties.
It is hard to find companies which could afford to invest into the development of new biological
telemetring coinponenets in view of the unstable and relatively small demand. That is the
point where a well organized and continuous financial support from special or government
might help.

The most serious requirements of biological telemetry appear in the field of miniaturiza-
tion. The second section of the book offers a lot of information concerning new achievements
in different parts of telemetring systems, transducers, transmitters, antennas, etc. The produc-
tion of micro-electronic technology — e.g. the high density packing techniques, integrated
circuits, functional block or molecular circuits — are really amazing and at the same time
very promising also for the field of microminiaturization of bio-medical telemetring circuits.

The third session of the conference deals with special biological reports. It gives an
account of special experiments carried out with the help of elaborated telemetering techniques
in various animals. (Orientation and homing of birds, radio tracking of grizzly bears, tele-
metric monitoring of woodchuck movements, travel of marine turtles, fish homing and similar
ecological problems.) The biological informations are always kept between the limits of their
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technological relations, according to the special purposes of the conference. They are, how-
ever, highly interesting to the biologist because of the simultaneously demonstrated and
critically discussed technical solutions of these biological problems.

The fourth session discusses the applicability of telemetry to studies of animal social
behavior. Some interesting achievements in both biological and technical respects are pre-
sented moreover evidences yielded that telemetrical methods give unique possibilities in the
scientific approach of animal group processes.

The fifth session deals with telemetric registration of more elementary physiological
events (blood pressure, EEG, ECG, temperature, etc.). Some interesting problems of recording
physiological changes during the conditions of space-flight are also presented.

In the sixth session application of telemetric techniques to special human problems
(ingested or subepidermally implanted sensors) moreover questions of instrumentation for
the acquisition and reduction of data from extended periods of time are analyzed.

On the whole the book represents an excellent guide for both experts and beginners.
It gives a general survey of a field which is still in early development which, however, thanks
to the new technical requirements of space probes evolves extremely rapidly. It is the chief
merit of the book that it calls attention to the fact that the importance of telemetry goes
far beyond the goals of space-flight. It gives convincing evidences that its most important
perspectives lay in the analyses of the many faceted phenomena of biology. The content of
the book even beyond straight expression convinces that this program needs a broader social
understanding and more efficient support than obtained at present.

Endre Grastyan (Pécs)

F. B. Satisbury: The Flowering Process
Pergamon Press, Oxford (1963) , pp. 234, 50 s.

The aim of the present work of Dr. F. B. Salisbury, professor of plant physiology at
the Colorado State University, was to discuss the physiological processes of the conversion
from vegetative to reproductive state in higher plants. According to the author the book is
addressed to the graduate students and others interested in the topic “at the graduate level”.
Undoubtedly, the book is not a comprehensive treatment of the physiology of flowering
covering the whole field. Still I have the feeling that the author underestimated the prospective
role of this book in the plant physiological literature. In my opinion research workers will also
greatly benefit from the ideas and from the clear-cut presentation given by Dr. Salisbury
who having authority based on first-hand experience handles the topic with such an inspira-
tion that can come only to those fighting in the first line to acquire new knowledge. This is
particularly evident in the second half of the book which is written relying heavily upon
personal experience.

The introductory chapter provides the reader with a “biological framework” of the
flowering process. It is followed by chapters on the response types, on the ecology of flowering,
on the role of low temperature, on methodical problems, on the role and nature of the absorb-
ing pigment, on the problem of timing, on the synthesis of flowering hormone and its mode
of action.

Selected bibliography is given. The selection was perhaps somewhat too rigorous.
Altogether 81 papers are referred to.

The book is attractively produced. The illustrations are good. In addition to illustra-
tions supplied by other authors there are quite a few which have never been published before.
The price is reasonable.

In conclusion it may be stated that the appearance of the book which is the 4th volume
of the Plant Physiology Division of the International Series of Monographs on Pure and Applied
Biology will be welcome by plant physiologists all over the world.

G. L. Farkas (Budapest)

Animal orientation (Orientierung der Tiere)
Symposium in Garmisch-Partenkirchen 17—21. 9. 1962. Ergebnisse der Biologie, 26.
Springer Verlag, Berlin (1963), pp. 313. DM 50.—

In September 1962 in Garmisch-Partenkirchen (West-Germany) an international
symposium devoted to the problems of animal orientation-mechanisms took place. The
symposium was initiated by Professor Henri Piéron and agreat number of illustrious biologists
took part in its work. This volume includes the papers read at the symposium.
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The analysis of animal orientation is a central problem of modern experimental zoology.
The new trends in neurophysiology, namely the electrophysiological, biophysiological and
mathematical approach make the solution of many unsolved problems of “instrinctive”
orientation possible. Consequently the questions of animal orientation are mainly physiological
problems of the special senses and of the central nervous system. It is therefore not by chance
that 18 of the total 25 papers of this volume deal with neurophysiological analysis of orientative
behaviour. The orientation-mechanisms of various invertebrates (chiefly of arthropodes)
as well as of vertebrates (fishes, amphibians, birds, etc.) is treated in detail.

Although the documentary presentation of free discussion, wich apparently followed
each lecture, would undoubtedly have made this book more interesting, the rich material
of the 25 papers is an important contribution to modern experimental biology.

This book isrecommended to those interested in experimental zoological, neurophysio-
logical and psychological problems concerning the mechanism of special senses and instinc-
tive behaviour.

G. Adam (Budapest)

Chemical and Biological Aspects of Pyridoxal Catalysis
Edited by E. E. Snetl, P. M. Fasella, A. E. Braunstein and A. Rossi-Fanelli
Pergamon Press, Oxford, (1963), pp. 599. 60 s.

In October, 1962, an international symposium was held at Rome as part of the scientific
program of the International Union of Biochemistry. This book contains the original papers
presented and also their discussion. As indicated by the title of the volume, the contributions
cover a wide field extending from the exact chemical formulation of pyridoxal catalyzed
non-enzymic reactions to the hormonal regulation of pyridoxal enzymes in the intact organism.
The volume as a whole gives an excellent survey of not only the results obtained so far with
the different approaches but also of the unsolved problems, and the current ideas of the
world’s experts on pyridoxal catalysis.

Of the 48 papers presented the first eight contributions are dealing with the investiga-
tion of non-enzymic reactions catalyzed by pyridoxal derivatives in aqueous solution. In his
opening address Snell summarizes the conclusions reached from the study of simple model
systems, which was initiated in his laboratory almost 20 years ago. The papers presented from
the laboratories of Martell, Jencks and Metzler are mainly concerned with studies of the
kinetics of non-enzymic reactions of pyridoxal analogues. Jencks and Cordes elaborate their
view that transaminase apoenzymes should be expected to form intermediate Shiff bases with
pyridoxal phosphate (PLP) in which way the catalytic potential of PLP can be greatly
enhanced. Bruice and Topping give an account of studies on the catalytic role played by buffer
ions in model systems which favour the view that pyridoxal catalyzed transamination is
subject to general acid-base catalysis. There is a very vivid discussion of the quantum mechani-
cal considerations of pyridoxal catalyzed reactions presented by Pullman.

Due to the recently achieved high purification in quantity of the aspartate-glutamate
transaminase from pig heart, a considerable part of the following papers is concerned with
detailed investigations of the properties of this enzyme. The studies described by Sizer and
Jenkins are dealing with a spectrophotometric investigation to characterize and determine
the possible sequence of molecular species of enzyme bound pyridoxal phosphate in the course
of transamination. Further papers refer to the primary structure (Turano et al., Fischer et al.)
and resolution of the same enzyme. Studies are reported on isozymes, and Holzer and
Schreiber describe an analytical method for the simultaneous determination of microgram
quantities of pyridoxal phosphate and pyridoxamine phosphate by using the purified apoenzyme
of glutamate aspartate transaminase obtained from baker’s yeast. An important refinement
of the analytical procedure for tracing the aspartate —oxaloacetate transformation isreported
from Vernon’s laboratory.

Mainly based on the use of glutamate aspartate transaminase, detailed studies are
reported on the mechanism of inhibitation of pyridoxal enzymes by a great number of agents
(Mardashev, Makino et al., Connard, Khomutov et al., Karpeyski et al., Musajo et al.,
Cedrangolo. Makino et al.). Quite a number of new antagonists are discussed. Great interest
is attached to the recent claim made by Connard, according to which some derivative« of
PLP, substituted in the carbonyl group like the semicarbazide or hydrazide, might function
as coenzyme in PLP dependent enzymatic reactions.

In comparison to glutamate aspartate aminostransferase other PLP enzymes are less
thoroughly treated. There is one paper on the properties and metabolic role of each amino-
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malonate decarboxylase (Udenfriend), cysthathionase (Cavallini et al.), threonine dehydrase
(Hayaishi et al.), and tryptophanease (Happold and Scott). Both Cattanea and Senez,
and Meister et al. investigated the role of loosely bound PLP and/or a-keto acids in the func-
tion of /5-aspartate decarboxylase, which enzyme has long been known to have this unique
requirement. Detailed investigations of diamine oxidases are described by De Marco, Mondovi
et al., Goryachenkova and Ershova, and Kapeller-Adler. A finding which concerns the
apparently related plasma amine oxidase is presented by Yamada and Yasunobu. The demon-
stration of the occurrence of a copper-chelated and firmly protein-bound derivative of vitamin
B(in plasma amine oxidase which is reported from Yasunobu’s laboratory is certainly one
of the most important new results discussed at the Symposium.

Finally, some further papers are discussing special topics. To mention only a few of
these, the participation of PLP enzymes in microbial transsulfuration reactions is discussed
by Fravin, while Fischer et al. are dealing with the properties and role of PLP in phosphory-
lase. The possibility of the participation of PLP in the penetration into and accumulation
in living structures of amino acids is treated by Christensen.

The symposium which opens with the address of one of the leading figures in this field,
Professor E. E. Snerl (California), is closed with the paper of the other outstanding expert
of pyridoxal catalysis, Professor A. E. Braunstein (Moscow). Braunstein’s paper on current
progress in research on biological pyridoxal catalysis gives a concise survey of both results
and challenging problems in this field undoubtedly stimulating further progress, as doesthe
volume as a whole.

Janos Sudi (Budapest)
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