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The colour-change of Crustaceans under the effect of light is a well-known
phenomenon. However, the mechanism of the process responsible for the
adaptation is still uncleared in many respects (CARLISLE and KNowLES 1959).

KorLeEr and PerkINS (KoLLER 1928, PERKINS 1928) were the first to
recognize, that hormone regulation playing a part in the motion of the chroma-
tophore pigments of Crustaceans. Chromotophorotropic hormone extracted first
from the eye-stalk, was found later in the supraesophageal ganglion (BrRowN
1933, KxowrLes 1939) and the postesophageal commissure (BrowN and
EprrstroM 1940, BrowN 1946). In the course of investigations it became
evident that the sinus-gland lying in the eye-stalk was not the producing,
but the storing and secretory organ of chromatophorotropic hormones (KLEIN-
HOLZ 1942). The assumption that not only one kind of chromatophorotropic
hormone existed but several effective substances participated in the regulation
of chromatophores, has proved to be right (BrowN 1935, CArLISLE and
Kxowres 1959).

A long series of investigations into the motion of the distal retinal pigment
of the compound eye, have proved, among other facts, the existence of a light-
(Krueixaorz 1936) and of a dark-adapting factor (FingErmaN, Lowe and
SUuNDARARAJT 1959), which are responsible for the light- resp. the dark-adapted
state of the distal retinal pigment (KrueingoLz and KNxowLEes 1938, KNOWLES
1950, Brown, Hines and FINGERMAN 1952, SANDEEN and BrowN 1952,
FingErMAN and Aoro 1958, FINGERMAN, SANDEEN and MoBBERLY 1960,
FineeErMAN and MoBBERLY 1960).

From the results of these tests performed mainly on different sea Crusta-
ceans, we may conclude that the chromatophore-control system shows marked
differences between the groups of Crustaceans and even within these groups.

The purpose of our experiments has been to elucidate the significance of
colour-change, especiaily in the case of Astacus leptodactylus, a fresh water
crayfish, and to acquire a further knowledge as to the mechanism of adaptation,
resp. to collect more data concerning the role of the neurosecretory activity
of the central nervous system.

Our investigations were always completed by parallel histological tests,
the discussion of which, however, would go beyond the scope of the present
paper.

I wish to thank Mr. KAroLy FExvvEsI Technical Assistant for his valu-
able help.
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Material and methods

Specimens of the crayfish Astacus leptodactylus Escuscrorz collected
from Lake Balaton were used for our investigations. This is the only species
of Decapoda living in the lake and can be caught in relatively large amount
by dradging and by hand from below the coastal stones.

The Astacus population of the lake is characterized by a much lighter
colour than that of other specimens of the species living in other biotops. This
phenomenon is due to the reduction of the number of chromatophores resp.
of the quantity of pigments, caused by special environmental conditions. For,
though the average depth of water of Lake Balaton does not exceed 3.5 m.,
yet owing to chemical and physical reasons, the turbidity of water is so great
that the specimens not living in the coastal shallow water must be adapted
to life in practically constant darkness. This adaptation explains the above-
mentioned reduction phenomena, and leads to the result that the chromato-
phores of specimens living here are constantly in the dark-adapted physio-
logical condition.

We tested about 340 adult specimens of 12—18 cm. average size. We tested
both males and females, but paid due attention to this circumstance at the
control experiments. We collected the animals in summer and autumn, using
part of them immediately for testing, while the rest were kept in a through-
flow type aquarium at a temperature of 10—15°C, until being used.

Since the strongly incrustated thick carapace of the animals does not
allow an immediate in vivo observation of chromatophores, we elaborated an
in vitro testing method which proved to be very efficient for testing different
extracts on different chromatophores.

The densest pigmentation most suitable for observation can be found at
the dorsal side of the carapace, on the plate above the heart and before
the suture. From the opened and removed carapace, we cut out with
scissors the parts shown in Fig. 1. We removed the ovary resp. the testes, the
heart and the connective tissue located caudally of the suture of the carapace
and took care not to injure the chromatophores of the cuticle. Of the parts of
the carapace previously bathed in isotonic salt solution (1.29%, NaCl), we cut
out 2X 2 mm. large disks, containing red, white and blue chromatophores
resp. pigments in sufficient number. The sections proved to be good for testing
for about 8 hours. Tests were carried out in embryo-dishes, in not more than
1.5 ml. of liquid, in such a way that we placed at least two sections cut out
of dark- and light-adapted animals into each cup thus containing contracted
and diffused chromatophores.

The elements of the nervous system which were to be tested for their
chromatophore activity: the supraesophageal ganglion, the postesophageal
commissure, the infraesophageal ganglion, the sinus gland, etc. were prepared
under a binocular microscope. The organs were first homogenized by a PorTer-
type glasshomogenizer in a 1.2% sodium chloride solution of 1.5 ml. final
volume and then centrifuged. Total extracts of eye-stalks were made by the
same method.

Extracts of the above-mentioned organs were made also in buthanol by
the same process, and after centrifuging and warming the samples
in a water-bath we distilled them in vacuo to the final volume of 0.05 ml.
Then we soaked with the concentrated substance ScHLEICHER-ScHULL 2043/b
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slips of paper, upon which we let it run for 5 hours at 300 V voltage, using for
electrolyte 0.2 M sodium borate buffer (pH 9). We used for testing those parts
of the electrophoretic strips which lay in a breadth of 10 em from the §oint
of application to the anode resp. the cathode, cutting them into small slips and
eluating them in a 1.29, NaCl solution at 21°C for 2 hours.

For control we used the slips cut off from the ends of the strips. We made
electrophoretic separations also on substances put directly on the paper strips.

Fig. 1. Carapace of Astacus leptodactylus. The squares show the parts of carapace used
for testing
1. dbra. Astacus leptodactylus carapaxa. A kis négyzetek a tesztelésre hasznélt carapax
részeket jelolik

When using the method of paper chromatography, we put the correspond-
ing organs also on SCHLEICHER-SCHULL paper (Koxox 1960). Then we cut
out of the chromatogram the spots showing UV-fluorescence, eluated and
tested them by the above mentioned method.

We tested the electrophoretic strips in UV-light filtered for fluorescence
and developed them with ninhydrin. Then we submitted the elnated and tested
chromatophorotropic substances to pepsin resp. trypsin digestion, incubating
them for an hour at 38° C. After digestion (in case of pepsin with newly stabi-
lised pH) we tested the extractsin question a second time with the necessary
control. ; g

Missing the possibility of objective means to evaluate the chromatop-
horotropic effect, we proceeded as follows: we observed under a binocu-
lar microscope a certain group of chromatophores resp. pigments and repeated
the observations every 10 minutes during the first three hours. We divided
the state of movement of the pigments in chromatophores into 5 phases,
in the percentage of the maximum diffusion, marking the maximum contrac-
tion with 0%. On the ordinates we charted this approximative percentage
values and of the abscissae the intervals of observation (minutes).
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In light-tests we put the animals by twos into glass dishes of 14 x 14 x 25
cm size. The temperature of water being 21°C, we aerated the basins strongly.
Those basins into which we placed the animals to be exposed to light were
placed on a white, reflecting basis and lighted by a glow-lamp. Measured
under water, the animals received in the average a light quantity of 1000 lux.
The other part of the basins was placed on a black basis and covered with
a black-emailed metal box, which assured absolute absence of light.

We experimented also with animals, whose eye-stalks were extirpated or
ligated. When carrying out the extirpation, we removed one or both eye-
stalks by simple operation, without previous ligature, and then put the animals
into cold water, in order to speed the coagulation of the haem8lymph, and
thus avoid the possibility of infection. The ligature of the eye-stalk was per-
formed as follows: first the eye-stalks were made accessible by removing the
rostrum, afterwards they were ligated with a strong thread at the“segmental
membrane, before the chitin plates, so that the circulation between the body
and the eye-stalk was stopped, without injuring the nerves.

Results

In the case of Astacus leptodactylus we find two types of characteristic
chromatophores, red and white ones, furthermore blue pigment granules whose
motion can also be observed. These blue pigments, when diffused, are spread
in the form of a fine dispersion over a large area, while they do not cont-
ract in one spot, like in the chromatophores, but concentrate in a relatively
small area which is to be found mostly within a larger group of red chro-
matophores. In general, the movements of the red and blue pigments are antago-
nistic, 7. e. when the red ones are diffused, the blue ones are contracted and
the reds cover the blue ones, whereas, at the contraction of the red pigments,
the animal takes a blue colour.

The first step was to determine the normal position of the pigments in
the light- and dark-adapted states. We exposed twenty animals to constant
darkness and as many to constant light, and tested the position of the chroma-
tophores after 72 hours. Then we interchanged the animals in the basins and
examined the motion of the chromatophores during 96 hours from the moment
of the interchange. The result was as follows: Under the effect of light, the red
chromatophores diffused permanently, while the white ones diffusing at the
beginning, after 24 hours gradually contracted to their maximum. The blue
pigments contracted permanently. Under the effect of darkness, the red and
white chromatophores contracted, while the blue ones diffused. According to
these observations, light-adaptation means in the case of Astacus leptodactylus,
the diffusion of red and the contraction of blue pigments as well as the dif-
fusion of white pigments for 24 hours followed by gradual contraction. In the
dark-adapted state the contraction of red and white pigments and the dif-
fusion of blue ones can be observed. Consequently, the basic colour of the
animals is determined by the distribution of red and blue pigments. This can
be observed particularly well in freshly moulted specimens, where the differ-
ence of colour is very intensive, depending on, whether they were collected
from the littoral area or from the open water.
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In the course of our further experiments, we worked with 40 animals per
group. In one of these experimental groups we ligated the eye-stalks after
having kept the animals for 24 hours under constant circumstances, and thus
exposed them to light resp. to darkness. We preparated the animals after 24
hours. No significant change was observed in the distribution of chroma-
tophores resp. pigments, as compared with the controls.

We repeated the experiments with the difference that, when the eye-stalks
were ligated, we interchanged the animals in the basins. After 24 hours, in
the course of preparation, we found the distribution of pigments altered; the red
pigments were diffused to a maximum in the animals exposed to light, while
in the animals exposed to darkness the red pigments gradually contracted,
and finally the state of normal adaptation was reached. The normal adapta-
tion could also be observed in the white pigments, which diffused under the

effect of light and gradually contracted when exposed to darkness. Similarly,
the distribution of the blue pigments altered according to normal adaptation.

In the next series of experiments, after having adapted the animals to
light resp. to darkness, we extirpated first one of the eye-stalks. After 24 hours,
the examination of the chromatophores showed the expected result, and no
alteration could be observed in the situation of pigments, as compared with
the controls. Similarly, after the interchange of animals adaptation went on
normally.

In another group of animals we extirpated both eye-stalks after adapt-
ation. We preparated the animals 24 hours later and could observe that the
red and white chromatophores were diffused to a maximum, on the animals
kept in darkness as well as on those exposed to light, while blue pigments
were contracted in both groups.

In our next series of investigations, we repeated the total extirpation of
eye-stalks, but immediately afterwards we interchanged the animals in the
basins. No important alteration was observable in the position of the pigments.

We tested in vitro, on the preparated parts of the carapace, whether light
had a direct effect on the chromatophores. Even after 12 hours of exposure
to light the position of the pigments did not alter.

Next we examined in vitro the chromatophorotropic activity of the
total watery extract of certain organs as eyestalk, supraesophageal gang-
lion, postesophageal commissure and infraesophageal ganglion on different
chromatophores. The watery extract preparated from 2 eye-stalks
homogenized in 1.5 ml isotonic solution of salt, when deriving from animals
kept in darkness, proved to have a marked contracting effect on red and
white chromatophores, and at the same time a faint diffusing effect on blue
chromatophores (Fig. 2). Extracts of eye-stalks from animals exposed to
light showed a faintly contracting effect on red chromatophores and a very
weak effect on white ones, not even a slight diffusing action was observable
on blue pigments (Fig. 3).

The extract made of brains (1 brain in 1.5 ml isotonic solution of salt)
proved to have about the same activity as eye-stalk extracts. The brain of
the animals kept in darkness had a very strong contracting effect on red and
white pigments and, at the same time, a weak diffusing effect on blue pigments

Fig. 2).
{ Br;in extracts obtained from animalsexposed to lighthave a weak activity
on the red chromatophores, but a stronger one than eye-stalk extracts. They
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act very little on white chromatophores and faintly diffuse the blue ones.
Their effect upon white chromatophores is as weak as that of eye-stalk
extract, while they induce a slight diffusion of the blue pigments opposite
to the eye-stalks (Fig. 4).

Extracts made from the postesophageal commissure (1 pe in 1.5 ml) of
animals kept in darkness had the same effect as the eye-stalk extraets obtained
from similar animals, except the diffusing effect on blue pigments ( Fig. 5)

ne%

Fig. 10. Chromatophorotrop effect of RC-factor isolated from the eye-stalks of dark-
adapted animals. red pigments, — — — white pigments

10. dbra. Sotétséghez adaptalédott allatok szemnyelébdl izolalt RC-faktor kromatofo-
rotr6p aktivitésa. voros pigmentek, — — — fehér pigmentek

The extracts obtained from animals exposed to light had a slight contracting
activity on red, a strong one on white and none on blue pigments (Fig. 6).

Extracts prepared from the infraesophageal ganglion (1 pec in 1.5 ml) of
animals adapted to darkness, acted as those described before, with the differ-
ence that they acted more strongly on white chromatophores than brain
extracts (Fig. 7). The extracts obtained from animals exposed to light were
faintly effective on both red and white chromatophores and ineffective on
blue pigments (Fig. 8). :

In the corresponding control tests no change was observable.

A summing up of our observations is given in Table 1.

From the fluorescent substances (Koxox 1960) which can be isolated by
means of paper chromatography from the brain and the eye-stalks, we tested
for their effect on chromatophores isoxanthopterin (Rf = 0.23) and a sub-
stance of yellow-green fluorescence (Rf = 0.30) both eluated in isotonic
solution of salt. Of the two substances isoxanthopterin had a marked, strong
effect on red chromatophores, but none on other pigments (Fig. 9). The
substance of yellow-green fluorescence was ineffective on all chromatophores.
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After having separated by means of electrophoresis the extracts obtained
from the eye-stalk and from certain elements of the nervous system which
show chromatophorotropic activity, we tested them in vitro. On the point of
application resp. from it inthe direction of the cathode (—),inan area of about
3 ¢cm, we found a substance acting on red pigment. Its effect was unambiguous
in every case. This substance (RC factor) induced a very strong contraction
of red, and a slight contraction of white pigments. While for the latter the
effect was produced only by substances obtained from dark-adapted animals,
the effect on red chromatophores was unambiguous and strong on both dark-
and light-adapted specimens (Fig. 10). It is interesting that this RC-factor
could be proved in postesophageal commissure only light- adapted animals.

It was found in large quantities in the eye-stalk and in a still larger one
in the infraesophageal ganglion. All these conditions are represented in
Table 2. The numbers on the left of the table indicate the respective parts of
the paper strip cut into slips of 1 e¢m, starting from the point of application
in the direction of the anode (+) resp. the cathode (—).The top date show,
from which organ the extracts derive, the middle data show the different pig-
ments used for testing. Below it can be seen, whether the organs in question
derive from dark-adapted (D), or light-adapted (L) animals. += weak,
+ -+=strong contracting, resp. —= weak, — — = strong diffusing effect.

As the table indicates, the weak blue diffusing substance (BD factor)
observed in direct watery extracts, could also be seen from the electrophoretic
strips, in the direction of the anode (+), 2—7 cm distant from the point of
application (Fig. 11). In the same area an electronegative substance with
contracting effect on red and white pigments (RC’ factor) was observable on
the paper strips (Fig. 12).

Concerning the physical and chemical properties of the RC factor our
investigations revealed that this substance is well soluble in water and butha-
nol, resists to heat of 80°C during a longer period, and has a relatively high
molecular weight (Rf value). Its isoelectric point is about pH 9. Neither its
watery nor its buthanol solution has fluorescence in UV-light. It does not
react with nynhidrin, pepsin and trypsin destroy it. Since investigations on
RC’ and BD factors are in progress, they are not discussed in this paper.

Discussion

Animals live in the environment surrounding them. The standard and
varying actions of this surroundings induce compensatory reactions in animal
organism and on the other hand a defined rhythm in the vital processes.
Light plays the most important role among the exogenous factors of surroun-
dings. The eye and the central nervous system establish contact with the light
as exogenous milieu and with the endogenous milieu of the animal. In this
process the important role of.the neuro-endocrine system is becoming more
and more evident.

Light conditions and especially their changes produce different reactions
in the organism, as for instance, in many animals colour-adaptations of various
degrees according to the changes in light-conditions. The importance and the
mechanism of colour-adaptation in Astacus leptodactylus is not quite clear as
yet. Most probably, chromatophores and colour-adaptation play a part during
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the period of moulting, when the shell, an effective light-filter, is missing.
Chromatophores resp. pigments are located in greatest quantity above the
presumably most sensitive parts, like the heart, the brain or the sinus gland
in the eye-stalk. These facts suggest that it is more likely that chromatophores
offer protection against light than that they help the organism to adapt to
the surroundings. This assumption is supported to a certain extent by the
characteristic phenomenon of pigment reduction already mentioned.

Parallel experiments on Astacus astacus not living in Lake Balaton but only
in the rivers discharging into it, raise interesting problems. The light-conditions
of this biotop are quite different from those of Astacus leptodactylus. This is
manifested also in the difference of the chromatophore-activating system so
much so that in A. astacus the basic position and the motion of pigments is
almost opposite to those in A. leptodactylus. This interesting divergency un-
doubtedly refers to the fact that, in relation to the chromatophore-control
system not only the quantity but also the quality of light plays a part. This
may be concluded from the fact that, in specimens of A. leptodactylus living
at the bottom of Lake Balaton, ¢. e. in dark-adapted animals, blue colour
dominates, whereas, in the shallow littoral zone, 7. e. in case of light-adaptation,
the red colour dominates. The light-conditions of the Balaton are special, at
a depth of 3—3.5 m the intensity of light measured in summer is only about
350 lux (Ex1z 1961), and it is interesting that only yellow light reaches this
depth in greater amount (FELFOLDY 1958). This faet in itself may explain
the blue colour.

Hence Adstacus leptodactylus shows a definite colour-adaptation according
to the variationsinlight-conditions. This adaptation is based on the different
spatial distribution of the three types of pigments. In the dark-adapted state
pigments are contracted in the red and white chromatophores, while the blue
pigments are finally dispersed over a large area, thus the animal gets a blue
basic colour. Upon the action of light, red and white pigments diffuse, blue
ones contract; later also the white ones gradually contract, and the animals
become red.

Naturally, the intensity of the basic colour may vary according to the
more or less great reduction of the amount of pigments resp. of chromato-
phores. Specimens can be found, in which the amount of blue pigment is re-
duced to about 5—109, of the maximum blue pigmentation of crayfish living
in Lake Balaton. The reduction of the amount of red pigments reaches 20—
309%, in the average, seldom 70—-809,, and roughly the same holds true of
white pigments. The reduction of the amount of red chromatophores may
reach 50—609%,, while that of the white ones reaches only 5—109%,.

Our knowledge regarding the mechanism of the hormonal control system
responsible for the pigment distribution of Crustaceans is rather incomplete
and therefore we cannot have a clear conception of it. Most of the investi-
gations were restricted to sea material, which offers greater variety and is more
suitable for testing purposes. When considering the investigations of other
authors and comparing their results with ours, a more or less marked difference
can be shown in the conception of the chromatophore-activating system of
different groups of Crustaceans. For, although red and white chromatophores
occur in almost every group otbCrustac(‘an they cannot be considered physio-
logically equivalent. The blue pigment of Astacus holds a special place from
this point of view.

-
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Although also in the case of Astacus we have to presume the presence of
one or more antagonistic chromatophore-activating substances, in spite of
the fact that, during our investigations we always considered the possibility
of the covering over of antagonistic factors, in the central nervous system we
could directly show only hormonesof dark-adapting character. It is interesting
to notice, that not only the direct total extracts of certain elements of the
nervous system, but also the watery or alcoholic extracts derived from the same
organs and separated by electrophoresis, contained such active substances,
which could diffuse the pigments of the red or white chromatophores, or con-
tract the blue pigments.

A lightly electropositive substance (RC factor) could always be found in
the eye-stalk and in certain elements of the nervous system (except the post-
esophageal commissure of animals kept in darkness). This factor has a strongly
contracting effect on the pigments of red chromatophores, and acts in the
same way but less strongly on the white ones, however, only when isolated
from dark-adapted animals. The hormone had no effect on blue pigments.
This factor may probably be brought into connection with the A’ substance
(CaruisLe and KxowLEes 1959) proved in the postcommissural organ of Squilla
and Leander by KNOWLES.

It has been proved that the production of the RC factor goes on continual-
ly in certain elements of the nervous system. However, the fact that the amount
of these substances increases in the dark-adapted state argues against the
possibility of storage, on the other hand it proves the amount of the RC factor
being increased during this period. This hormone is to be found chiefly in the
eye-stalk and in the infraesophageal ganglion.

On the basis of the data referring to the chemical properties of the RC
factor, we may assume that this hormone is a polypeptid of a rather high
molecular weight, this being in accordance with the statements of other
authors (CArRLISLE and KNowLEs 1959).

Isoxanthopterin, a substance fluorescent in violet, isolated from the eye-
stalks by means of paper chromatography (KoNok 1960), was acting somewhat
similarly to the RC factor, having had a strongly contracting effect on pig-
ments, but only on red ones. The RC factor did not show any UV-fluorescence
on the electrophoretic strips, and so the problem remains unsolved, whether
or not there is any relation between this hormone and isoxanthopterin.

We detected a less active substance, resembling the RC factor, moving
towards the anode. This RC’ factor of medium electronegativity was just as
effective in the case of red as in that of white chromatophores. This sub-
stance was found in the postesophageal commissure of dark- and light-adapted
specimens, further in the eye-stalk of light-adapted and in the supraesophageal
ganglion of dark-adapted animals. In the infraesophageal ganglion of both
groups it was found in a large amount.

We detected further a third chromatophore-active substance (BD factor)
in the supra- and infraesophageal ganglion. It is of a medium electronegative
character (pH 9). It was found in large amounts in the infraesophageal ganglion
of light-adapted and in the brain of dark-adapted animals and it diffused
strongly blue pigments.

It is apparent that all these substances induce pigment movements of
dark-adapting character. There is no direct proof regarding a factor of light-
adapting character which could be made responsible for the diffusion of red
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and white pigments resp. for the contraction of blue pigments. Indirectly the
presence of these hormones is proved partly by the fact that, light has no direct
influence on chromatophores. A further proof is furnished by the result of
those experiments which showed that, after the extirpation of both eye-stalks
red and white pigments diffused permanently while the blue ones contracted.
This fact can be explained most obviously by the deficiency of the dark-
adapting factors, when the action of the antagonistic light-adapting factor
or factors prevail.

The experiments of the extirpation and ligating of the eye-stalk and
their variation prove naturally the well known neurohormonal storing
role of the sinus-gland, but seem to prove at the same time that the
secretion of effective substances into the haemolymphe does not proceed
through the sinus-gland only. This conclusions are supported by our histo-
logical investigations (Koxoxk 1961), and might prove the similar hypothesis
of KxowLes (CArrisLE and KxowLes 1959).

Summary

1. According to the variations of light-conditions, definite colour-
adaptation can be observed in the crayfish Astacus leptodactylus.

2. The role of pigments, the importance of light-adaptation probably
consists in constituting a suitable light filter layer, especially in relation to
moulting.

3. It can be proved that not only the quantity but also the quality of
light plays a role in colour-adaptation.

4. In connection with the quantitative and qualitative conditions of
light, phenomena of pigment- and chromatophore reduction can be observed
in various degrees on the population of Astacus leptodactylus living in Lake
Balaton.

5. The distribution of the three types of pigments is such as to give to
Astacus leptodactylus a blue basic colour in the case of dark-adaptation. The
red and white pigments contract, the blue ones diffuse.

6. Due to the action of light, red and white pigments diffuse, blue
ones contract. After 24 hours of constant exposure to light, white pigments
gradually contract again. The basic colour of the light-adapted animal will
be red.

7. In the case of Astacus astacus, the function of the chromatophores
is approximately antagonistic, red chromatophores diffusing in the dark-
adapted state and contracting on the action of light. The same holds true
* of blue pigments.

8. Light is not acting directly on the chromatophores resp. on the
movement of pigments.

9. In the case of Astacus leptodactylus certain elements of the eye-stalk
and of the nervous system show only an activity of dark-adapting character.

10. No antagonistic chromatophorotrop effect could be demonstrated
in the postesophageal ganglion, the factor of dark-adapting character was to
be found here too.

11. The sources of the dark-adapting factors are eye-stalks and the
ganglia of the central nervous system, where they are produced continually.
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12. The chromatophorotrop activity of certain organs is growing in
dark-adapted state. Most of the hormones can be found in the eye-stalk and
in the infraesopageal ganglion.

13. The dark-adapting chromatophorotrop hormone is not only ex-
creted through the sinus gland, but also directly from every ganglion into
the haemolymph.

14. By the means of electrophoretic separation, an electro-positive
(pH 9) RC factor could be isolated from certain elements of nerves and from
the eye-stalk, effecting strong contraction of the red, and a weaker one of
the white pigments. This factor is probably identical with the A’ substance
shown by Kxowwres in the post-commissure organ of Squilla and Leander.

15. The RC factor is a heat-resisting substance well soluble in water
and buthanol, presumably a polypeptid of a rather high molecular weight.

16. By electrophoresis another electro-negative (pH 9) RC’ factor could
be isolated from the eye-stalk and from elements of the nervous system,
having a weakly contracting effect on both red and white pigments.

17. An electronegative BD factor (pH 9) could be isolated from the
supra- and infraesophageal ganglia, diffusing strongly the blue pigments.

18. In connection with the investigations, a useful process for in vitro
chromatophore-testing has been elaborated.
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VIZSGALATOK A KECSKERAKON, ASTACUS LEPTODACTYLUS ESCHSCHOLZ
(DECAPODA), A KOZPONTI IDEGRENDSZER SZEKRECIOS TEVEKENYSEGE
ALTAL SZABALYOZOTT FENY- ES SOTETSEG-ADAPTACIOVAL
KAPCSOLATBAN

Konok Istvan
Osszefoglalés

A Balatonbdl fogott, mintegy 340 darab ivarérett kecskerdkon végzett vizsgéla -
tok és kisérletek eredményeképpen a kovetkezé megédllapitdasokat tettik.

Az Astacus leptodactylus esetében hdarom kilénb6z6é szin(i pigment taldlhato,
melyek koziil a piros és a fehér tipusos kromatoférokban helyezkedik el. A kromato-
férok, illetve a pigmentek tilnyomé tébbségben a sziv, az agy, a szemnyélben a szinusz-
mirigy stb. felett helyezkednek el. Az ezek felett az érzékeny szervek felett valé kon-
centralédas fényszlird szerepiikre utal, ami kiillonosen a vedlések idején nyer jelentéséget,
amikor az egyébként hatdsos fényvédelmet biztosité vastag péncél hianyzik.

A valtozé fényviszonyoknak megfelelden a pigmentek mozgdsdn alapulé meghaté-
rozott szinadaptaci6 figyelheté meg, mely az Astacus leptodactylus esetében olyan értel-
mii, hogy megvildgitéds hatdsdra a piros és fehér pigmentek szétteriilnek (tartés meg-
vildgitds alatt 24 6ra mulva a fehérek fokozatosan ismét osszehuzédnak), a kékek ellen-
ben Osszehtizédnak. A sotétséghez valé alkalmazkoddsndl viszont éppen a forditott
folyamat jatszddik le, amikoris a piros és fehér pigmentek koncentrdlédnak a kromato-
férokban, a kékek pedig szétteriilnek, midltal az allat alapszine kék lesz. Kiilonésen jol
létszik mindez a frissen vedlett allatokndl, amikor az éllatok intenziv voros vagy kék
szintiek.

A Balatonba 6ml6 folyévizekben is 616 Astacus astacuson végzett osszehasonlité
vizsgédlataink azt mutattdk, hogy a fényviszonyokkal dsszefiiggd szinadaptdcid, illetve
a pigmentek mozgdsa és elrendezddése ennek a fajnak az esetében éppen a forditottja
annak, amit az A. leptodactylus esetében megfigyeltiink. Ennek.a ténynek, valamint
a Balaton vizének zavarossaga kovetkeztében, a t6 fenekén 3—3,56 méter mélységben
uralkod6 specidlis fényviszonyoknak ismeretében megallapithaté, hogy nemcsak a fény
mennyiségi, de mindségi viszonyai is lényeges szerepet jatszanak a fényadaptéciot ille-
téen. Az elmondottakkal hozhat6é szoros kapesolatba az Astacus leptodactylus balatoni
populédciéjéndl tapasztalhat6é kiillonboz6 mértékii pigment- és kromatofér-szdm redukei6d
jelensége, mely az dllatok szokdsostol eltéré halvany szinezettségében jut kifejezésre.

A fénynek nincsen kozvetlen hatdsa a kromatoférokra, illetéleg a pigmentek
mozgdsdra. A szinadaptdciés folyamatokat a kozponti idegrendszerben termel6d6 neuro-
hormonok szabdlyozzdk.

A szerz6 dltal kidolgozott in vitro kromatofér-teszt segitségével a szemnyélbdl,
tovdbbé kiilonbozé idegrendszeri elemekbdl (supracesophagealis- és infraoesophagealis
ganglion, postoesophagealis commissura) nyert extraktumokban kromatoforotrép haté-
st hormonok voltak kimutathaték. Ezekbdl az extraktumokbdl papirkromatogréfids és
elektroforézises mddszerekkel hdromféle hatéanyagot sikeriilt izoldlni. A gyengén elektro-
pozitiv (pH 9) RO-faktor a piros pigmentekre erds, a fehérekre gyengébb &sszehtizé
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hatast fejt ki. Ez a hormon egyébként valdsziniileg azonosithaté a Kxowres éltal a.
Squilla és Leander postcommissuralis szervébol kimutatott A’-substance-szal. Az RC-
faktor vizben, butanolban jél oldédik és termostabil vegyiilet. Feltehetéen magasabb
molekulastlya polypeptid.

Elektroforézis titjdn a szemnyélbol és az emlitett idegrendszeri elemekbél izoldl-
haté volt még egy hasonl6 hatdsu, elektronegativ (pH 9) RC’-faktor, mely gyenge Ossze-
htizé hatdst fejt ki a piros és fehér pigmentekre egyardnt. A supra- és infracesophagealis
ganglionbdl végiil izoldlhaté volt még egy harmadik hatbéanyag is, egy elektronegativ
(pH 9) BD-faktor, mely erds szétterité hatdst fejt ki a kék pigmentekre. A papirkromato-
grafigs uton izolalt isoxanthopterin erds Osszehuzé hatast fejtett ki a piros kromato-
férokra.

Joéllehet a fent emlitett, kimutatott hatéanyagok kivétel nélkiil mind a sotétség-
hez valé alkalmazkodds 1étrejottében jatszanak szerepet, szemnyél lekotéses és extirpa-
cids kisérletekkel, indirekt tton igazolva latszik az antagonista hatési hormonok meg-
16te is. Az Astacus leptodactylus esetében azonban ezekre a hatéanyagokra vonatkozolag,
melyek a fényhez val6 adaptédcié létrejottéért felelések, kozelebbi ismereteink még
nincsenek.

A kimutatott kromatoforotrép hatéanyagok termelése a kozponti idegrendszerben
folyamatosan térténik, de sziikség esetén a termelés fokozédik. Ezek a hormonok, az
eddigi ismeretekkel szemben, ugy ldtszik, nemcsak a szinusz-mirigyen keresztiil, de
valamennyi ganglionbél kozvetleniil valasztédnak el a hemolimfaba. A legnagyobb
kromatoforotrép aktivitds a szemnyélben és az infraoesophagealis ganglionban volt ki-
mutathaté.
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