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The studies on the central and peripheral nervous system in molluscs
refer primarily to the gastropods and cephalopods. Due to experimental
and methodical difficulties much less is known of the construction and acitivity
of the nervous system of Pelecypods (Lamellibranchiates). Thus, we have no
satisfactory knowledge and exact data on the chemical specificities of active
substances involved in the activity of cells and synapses of the central nervous
system, though the presence of 5-HT and of catecholamines in the ganglia
and the activating effect of these agents when administered from outside has
been demonstrated by several authors (Danhi et al. 1962, Salanki 1963,
Sweeney 1963, Puppi 1964, Zs.-Nagy et al. 1965).

Studies performed by Horridge (1961) on Mya, and Puppi (1963)
on Anodonta with the objective of establishing the possibility of the presence
of a cholinergic mechanism in the central nervous system ended with positive
results. The same indications were obtained by the electron microscopic studies
of Zs.-Nagy (1964) demonstrating in the synapses of central nervous system
the presence of structures corresponding to the ACh vesicles of vertebrates.

Nevertheless, it was not possible to histochemically demonstrate the
presence of cholinesterase inthe ganglia of Anodonta either by the thiocholine
or by the indoxyle acetate methods (Zs.-Nagy and Salanki 1965).

It is generally accepted that the presence of ACh-decomposing enzyme
in the postsynaptic field is incident to the cholinergic mechanism, thus, in
order to obtain more knowledge on the central neuronal regulation it is essential
to decide whether acetylcholinesterase is present in the ganglia (which repre-
sents the central nervous system in Anodonta) or not. In certain cases this might
offer some basis in the indetification of the above mentioned structures which
are of 200—300 A diameter and ultrastructurally resemble ACh-vesicles.

Material and methods

The whole central nervous system (cerebral, visceral, and pedal ganglia)
of Anodonta cygnea L. was examined. The samples were homogenized for
10—15 minutes with distilled water in glass-potter placed into icy water.
Incubation conditions: 1 ml homogenized sample consisting of the whole central
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nervous system of two animals (about 40 mg) and the required quantity of
substrate was added into 5 ml incubation solution, and the mixture obtained
was adjusted to the wanted pH (5.0—8.5) value by the addition of trismaleate
buffer. Incubation temperature was 37 + 0.1 °C and the duration of incubation
3 hours. The self-hydrolysis of enzyme-free samples was determined. In case
inhibitors were used they were added both to the incubation solution and the
control tube. This was necessitated by the colour change of eserine during its
decomposition.

Measurement: The decomposition of substrate was determined by the
method of Hestrin (1949). Calibration curve was taken with AChCIO,. The
coloured product was measured photometrically with Beckman G 2400
spectrophotometer at 530 my wavelength.

In the experiments the following substrates and inhibitors were used:

acetylcholine CI (ACh; Merck)
acetylthiocholine J (AThCh; Fluka)
butyrylthiocholine J (BuThCh; Fluka
acetyl- /3methylcholine (MeCh; Light
benzoylcholine (BeCh; Light)

eserine salicylate (BDH)
diizopropyl-fluoro-phosphate (DFP)

To avoid the differences between individuals a homogenizate was prepar-
ed of the central nervous system of 50—100 animals and this was used in the
measurements. Nitrogen determinations were performed according t0 Kje1-
dan1’s method. NH3was distilled into saturated boric acid solution and was
titrated with 0.01 n HC1 solution.

Results

1. Rate of the enzyme activity with various substrates and the effect of
inhibitors.

In every case incubation was performed at pH 8 and lasted for 3 hours.
The concentration of substrate was 4 mM. Considering the relatively long time
needed for the excision and collection of ganglia (2—3hour’s) from the animals
and becasue of changes in wet-weight content occurring also in iced physiologi-
cal solution, the decomposition rates obtained are expressed in terms of N
content. From this value the rate of ChE-activity might be expressed also ap-
proximatively on wet-weight basis by computation (N content of ganglia —
8—10 mg N/g wet-weight).

Rate of hydrolysis

mg substrate/g

Substrate fig substrate/mg N/hour wet-weight/hour
ACh .. 226 1.8-2.3
MeCh ....cccoveee 184 1.5-1.8
AThCh ... 214 1.7-2.1
BuThCh ......... 217 1.7-2.2
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The effect of inhibitors was measured in the presence of 4 m | ACh at 37°C
and at pH 8

Cholinesterase activity was completely inhibited by 10~5M eserine and
10_6 M DFP. An about 40—60% inhibition was produced by 10-6 M eserine
and 10~7M DFP and no inhibition was observed in case of 10-7 M eserine
and 10“8M DFP.

2. Substrate-inhibition

Because the activity of acetyl cholinesterase is specifically inhibited by
high substrate concentrations, which phenomenon is not characteristic of
non-specific ChE (Augustinsson 1949) the activity of ChE was measured at
different ACh concentrations. Incubation series was made at 0.5, 1, 2, 3, 4, 5,
6,7,8 and 10 mM AChCI concentrations. The results were related to the rate of
decomposition at 4 mM concentration. Fig. 1 illustrates decomposition rates

mM Ach

Fig. 1. The ACh splitting of homogenized ganglion depending on the substrate
concentration (pH 8, 37° C)

1. 4bra Ganglionhomogenizatum ACh bontadsa a szubsztratkoncentracié fiiggvényében
(pH 8, 37°C)

in the percentage of values obtained at 4 mM. It appears that decomposition
has a maximum which is followed by a decrease. Maximum was, however,
obtained at about 8 mM substrate concentration. The shape of the curve is
not identical with the bell-shaped curve generally accepted for specific ChE in
literature (Atjgtjstinsson 1963), moreover, by increasing concentration further
the descending slope of the curve becomes undefinite because of great deviation
of data. For that very reason we shall abstain here from presenting these data.
Besides the maximum at about 8 mM concentration, an inflexion point is ob-
servable on the ascending slope near to 1 mM.

HO Tihanyi Evkényv
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3. pH dependency of ChE activity

The experiments were performed at different pH-values (5—85 pH),
at 4 mM AChCI concentration and at 37°C, and decompostion rates were related
to values obtained at pH 8. The results are presented in Fig. 2. A maximum
activity is observable at pH 7 and only a decrease of pH below 5.5 or a rise
above 8.5 produces considerable loss of activity.
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Fig. 2. pH dependency of ACh decomposition (4 mM substrate concentration, 37° C)
2. &bra ACh bontas pH filiggése (szubsztratkoncentracio 4 mM, 37 °C)

4. The effect of formalin fixation on ChE activity

Previous histochemical studies on ChE in the ganglia of Anodonta cygnea
(Zs.-Nagy and saranki 1965) resulted in negative reactions. In these methods
formalin fixation and also acide pH range were used. To elucidate the source
of these negative results experiments were performed at different pH values
also on homogenizates of ganglia pretreated by formalin.

Excised ganglia were treated with 4% neutral formalin solution for
1 hour. They were washed subsequently in running tap-water for 2 hours and
were rinsed with distilled water. After homogenization the samples were
incubated in the presence of 4 mM AChCl at 8.7 and 6 pH values. It was found
that incubation at pH 6—38 after formalin fixation showed decreased acti-
vity with about 50%.

Discussion
As it is evidenced by the experiments cholinesterase exists in the central

nervous system of Anodonta cygnea L. On basis of data obtained this is most
probably a specific cholinesterase, though the properties of the demonstrated
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enzyme do not comply with every criteria of it. The following phenomena are
indicative of the presence of ChE: a considerable acetyl-/3methylcholine (MeCh)
decomposition, the absence of benzoylcholine decomposition and the fact that
highest values were observed in case of acetylcholine decomposition. Examining
the rate of decomposition in the function of the substrate a maximum was
observable at 8 mM and not at 4 mM regarded characteristic of AChE. Defi-
nite inhibition was not observed above 10 mM concentration either. Here
decomposition rate was equal to that observed at 5mM concentration. Occasio-
nally a 70—100 per cent inhibition or no inhibition at all was observed at
concentrations higher than 10 mM. The strong deviation of data obtained at
high substrate concentration is obviously of methodical origin.

The dependency of decomposition on substrate concentration is not linear
even at low concentrations and an inflexion is observable at 1 mM. It is sug-
gested that perhaps two or more ChE-es of different nature exist in the homo-
genizate and they may be responsible for the deviation of the substrate curve
from the conventional one. It was evidenced by previous studies (Zs.-Nagy
and Ssaranki 1965) that non-specific esterase content in gastropods fluctuates
considerably according to the functional condition of the animal. A similar
phenomenon exists presumably in case of Anodonta and the alterations in the
amount of this enzyme, induced by changes in the functional condition of
the animal, may explain the undefinite descending slope of the substrate curve
at concentrations above 10 mM.

Rate of enzyme activity was relatively low, 226 ug ACh/mgN/hour at
pH 8 and at 4 mM substrate which expressed on wet-weight basis corresponds
to about 2 mg ACh /g/hour. Considering that substrate concentration has an
optimum at 8 mM where the observed activity is about 25% higher as compared
to values obtained at 4 mM, further that an about 10% activity increase
was obtained by incubation at pH optimum (pH 7) in comparison to pH 8, it is
inferred that under optimum conditions we might reckon with an about 30%
higher enzyme activity (i. e. about 2.6 mg ACh/g wet-weight/hour).

It might be of interest to compare the ACh activities of different inver-
tebrates. The rate of the actvity of ChE expressed in mg ACh/g wet-weight/hour
unit was in case of Loligo brain 2—4 mg, inthe ganglion of Limulus heart
(i.glgll;ng and in case ofthe mantle nerve of Loligo 0.006 mg (Prosser and Brown

In accordance with literary data (Taxi 1952) a decrease of activity by
50% was observed after formalin treatment and a considerable decrease of
similar dimension was demonstrable below pH 6 and above pH 8.

The fact that ChE was not demonstrable histochemically in the ganglia
of Anodonta cygnea can be attributed probably to the relatively low rate of
activity, to the inhibitory effect of formaldehyde treatment and to the influ-
ence of acidic pH. It is assumable, however, that with a more suitable technique
(without formaldehyde treatment or electron microscopic examination respec-
tively) the chemically demonstrable amount would suffice for the demonstration
of the localization of this enzyme.

We have no knowledge of the localization of ChE-activity demonstrated
in these experiments, nonetheless the results obtained and the literary data
(Horridge 1961, Puppi 1963, Zs.-Nagy 1964) suggest that it has a synaptic
localization. The actual activity values suggest, however, that in the neural
processes of the ganglia of Anodonta cygnea primarily not a cholinergic mecha-

10*
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nism, but chemical compounds different from ACh are involved. This assump-
tion is supported by investigations demonstrating considerable amounts of
dopamine (Dahi et al. 1962), catecholamine (Puppi 1964) and 5-HT (Dani
et al. 1962; Zs.-Nagy et al. 1965) further the effect of 5-HT and of catechola-
mines on the central nervous system of Anodonta (Satanki 1963). It is not to
be ignored, however, that ACh may possibly have a more important role.
Its decomposition may take place not in loco, but outside ofthe nervous system
in the lymph, and the cessation of its effect in the synapses is due possibly to
the adaptation of the postsynaptic structure and not to the decomposition
by ChE (Sakharov and Nistratova 1963).

The possibility of the presence of cholinerg mechanism in the central
nervous system of Pelecypods is still an unsolved problem and further exten-
sive studies are needed for the satisfactory solution of this problem.

Summary

The cholinesterase activity of the central nervous system of Anodonta
cygnea (Pelecypoda) was investigated by biochemical methods. The cholines-
terase activity observed is characterized by the followings:

1 ACh decomposition does not show linear increase parallel with the
rise of substrate-concentration.

2. ACh-decomposition is most definite.

3. Acetyl-/?-methylcholine (MeCh) decomposition is considerable.

4. There is no benzoylcholine decomposition.

5. 50% inhibition by 10-6 M eserine and by 10 _7M DFP.

6. There is an optimum at pH 7, and a considerable decrease in activity
below pH 6 and above pH 8.

7. An about 50% decrease in activity after one hour treatment in 4%
formaldehyde.

The above results indicate that a specific cholinesterase exists in the
homogenized samples of the cerebral, visceral and pedal ganglia. At pH 8, at
37°C temperature and in case of 4 mM substrate concentration the rate of
activity is 226 pg ACh/mg 157 1 hour, which is equivalent to about 1.8—2.2 mg
ACh/1 hour/1 g wet-weight.

The results suggest that cholinergic synapses may also be present in the
ganglia of Anodonta. The low rate of decomposition and other factors indicate
that they constitute only the smaller part of synapses in this animal and pro-
bably the central mechanisms are realized by chemical transmitters different
from ACh.
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CHOLJINESZTERAZE-AKTIVITAS ANODONTA CYGNEA L. KOZPONTI IDEG
RENDSZEREBEN

Salanki Janos, Hiripi Laszl6 és Labos Elemér
osszefoglalas
Anodonta cygnea (Pelecypoda) kodzponti idegrendszerének cholineszteraze aktivi-

tasat vizsgaltuk biokémiai modszerrel.
A talalt cholineszteraze aktivitas jellemz6i:

ced 1 A szubsztrat-koncentracié emelésével az ACh bontas nem mutat linerais emel-
edést

2. Legkifejezettebben az ACh-t bontja

3. Acetyl-/i-inethilcholint (MeCh) jél bontja

4. Benzoilcholint nem bontja

5. Eserin 10-e,DFP 10-7 M koncentraciéban 50%-o0s gatlast okoz

6. Optimuma pH 7-nél van, s az aktivitas pH 6 alatt, valamint 8 felett jelent&sen

csokken

7. 4%-o0s formaldehidben tortént egy oras kezelés az aktivitast kb. 50%-kal
csokkenti.

Fentiek alapjan valészind, hogy a cerebralis, visceralis és a pedalis ganglionok
homogenizatuma specifikus cholineszterazét tartalmaz. Az aktivitas mértéke pH 8-nal,
37° C-on, 4mM szubsztrat-koncentracié esetén 226 pg ACh/mg N/éra, ami 1 g nedves
sulyra szamitva kb. 1,8—2,2 mg ACh/6ranak felel meg.

Fentiek alapjan feltehetd, hogy Anodonta ganglionjaiban cholinerg szinapszisok
is vannak. A bontas alacsony foka — mas tényez6kkel egyutt — arra utal, hogy ezek a
szinapszisoknak csak kisebb részét képezik, s a koézponti ingeriletattevédés zomében
az ACh-tol eltéré kémiai transzmitter-anyag részvételével valosul meg.
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. XOJIMH3CTEPA3HAA AKTUBHOCTb LIEHTPA/IbHOW HEPBHOW CUCTEMbI
ANODONT/T CYGNEA L.

AHow LllanaHkw, Jlacno Xuvpunu v Snavep Jla6ow

VccnegoBanu XOMMHACTEPA3HYKD aKTUBHOCTb LEHTPa/IbHOM HepBHOM cucTeMbl Ano-
donta cygnea L. (Pelecypoda) 6MOXMMUYECKMM METOLOM. XapaKTepuCTUKM 06HapY>KeHHoM
XO/IMHICTEPA3HOW aKTUBHOCTM:

1. OTcyTCTBYeT NMHENHAA 3aBUCUMOCTb MeXAy KOHUeHTpauuein cybeTpata v pacluen-
NeHVEM aueTUNXonuHa.

2. N3 Bcex MCNonb30BaHHbLIX Cy6CTPaToB Havbosee BbIPaXEHHOe pacLuerieHne npos-
BNAN ALETWUIXO/IUH.

3. Auetun-/?-MeTUNXONMH PacLLensIseTcs XOPOLLIO.

4. BeH30UNX0NMUH He pacLUeniseTcs.

5. 93epuH 10 6 M n AP 10~7.M BbisbiBatoT 50°/0-HOe TOPMOXKEHWE aKTUBHOCTK (hep-
MeHTa.

6. OnTUMyM akTUBHOCTM npu pH 7; HUXe pH 6 1 Bbiwe pH 8 aKTUBHOCTb 3HAYUTESIBHO
CHUXKaeTCH.

7. ObpaboTka 4°/0 hopmasibAernoM B TeUeHWe Yaca CHWKAET aKTMBHOCTb MPUMEPHO
HamnosI0BUHY.

Ha ocHOBe BbILLIEN3N0XKEHHOIO MpeACcTaBAseTCcs BEPOATHLIM, YTO rOMOreHaTbl nefasb-
HOro, BMCLEPaA/IbHOrO U LepebpasibHOr0 raHrIMeB COAepXaT CreumpuyecKyto XO/IMHICTepasy.
Mpu pH 8, 37° C n KoHueHTpauun cybctpata 4 MM aKTMBHOCTb COOTBETCTBYET 226 /ig AX
/mg N/ yac, uto B mepecyeTe Ha 1 I CbIporo Beca paBHO MpuMepHo 1,8—2,2 mr AX/4ac.

MonyyeHHble faHHbIE MO3BONAIOT MpeAnonaraTb, YTO B FaHrNMsAX 6e33y6KM MMetoTca 1
XO/IMHIPTUYecKme cuHancbl. HW3KWiA ypoBeHb pacLiensieHnsa'aueTuaxonuHa u gpyrue gaxrbl
YKasbIBalOT Ha TO, YTO XO/IMHIPTNYECKMe CUHAMNCHI COCTaBNSAOT NULLb He6O/bLLUYIO YacTb CUHan-
COB W 4TO B APYrUX CNyyasx LeHTpasibHasa nepefava Bo36YXAEHUS OCYLLECTBNSAETCA KaKUM-TO
OpYryM  MeauaTopoM, OTMYAWMMCH 0T  aueTWUIXONnHa.
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