ANNAL. BIOL. TIHANY 35 93— 107 HUNGARIA 1968

BIOCHEMICAL INVESTIGATION OF CHOLINESTERASE IN THE CENTRAL
NERVOUS SYSTEM OF LYMNAEA STAGX/TIUS L. (GASTROPODA)

ISTVAN VARANKA

Biological Research Institute of the Hungarian Academy of Sciences, Tihany,
Hungary

Received: 4th March, 1968

In recent years an important role has been attributed among bioactive
agents involved in excitatory including transmission in Molluscs — to the
acetylcholine (ACh) (Horridge 1961, Tauc and Gerschenferd 1961, 1962
Kerkut and Thomas 1963, Puppi 1963, Gerschenferd et al. 1967)

Also the presence of ACh has been proved in the ganglia of some species
of GaStrOpOdS (Bacq 1935, Corteggiani 1938, Wersh 1956, K erkut and
Cottrett 1963), in Pelecvpods (Wetsh 1956, Cottrett 1966, Frontati et
al. 1967) as well as in CephalopOdS (Bacq and Mazza 1935, Corteggiani 1938.
Rosenberg €t al. 1966, Loe and Firorey 1966)

In spite of existing literary data we have little knowledge in the nervous
system of Molluscs about biochemical properties of acetylcholinesterase (acetyl-
choline acetvlhvdrolase, EC. 3.1.1.7 AChE) decomposine ACh. The properties
of this enzyme were studied in the nervous tissue of Gastropods by Augustins-
son (1946a) as well as by Dettbarn and Rosenberg (1962), in Pelecvpods
by Saranki et al. (1966), while in Cephalopods by Nachmansohn and Meyer-
hof (1941) furthermore by Loe and Firorey (1966) and it was identified as
AChE. Several authors found AChE in other tissues of Molluscs t00 (Vincent
and Juirtien 19388, b, Smith and Grick 1939, Augustinsson 19518, b,
Bulbring €t al. 1953, Varga 1959, Nei1son 1963, Nistratova and Yuzhan-
skaia 1965, K atamkarova and K ryukova 1966, Saranki et al. 1967),
nevertheless detailed biochemical investigations on the properties of the
enzyme was made only in a few cases (Augustinsson 195la, b, Saranki
et al. 1967).

The ACh decomposing enzyme in the central nervous system of Lymnaea
stagnalis L. (Gastropods) was investigated by zs.-Nagy and saranki (1965)
using a histochemical method. The enzyme in animals in active state was
identified with butyrylcholinesterase (acetylcholine acyl-hydrolase, EC.
3.1.1.8. ChE), while that one in inactive animals kept for two weeks at 4 °C
was found to be arylesterase. Rosca et al. (1966) studied the dependence of
activity of AChE enzyme in the mantle of the same species on the thermal
adaptation and on the osmotic pressure, but without details about its bio-
chemical properties.

As the biochemical properties of cholinesterase in the central nervous
system of Lymnaea stagnalis L. (Gastropods) were not yet investigated our
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aim was partly to recognize them and partly to identify the enzyme. A further
purpose of our investigations was to contribute to the role and importance of
the cholinergic mediation in the processes of the central nervous system in
this species.

Method

The investigations were conducted on Lymnaea stagnalis throughout the
year. The animals were kept in areated aquaria with circulating Balaton-water
The water temperature has not fallen under 5 °Cin the cooler winter period
either. The animals were in active stage.

Preparation of the homogenate

The ganglia excised from the animal were collected in a small quantity
of bidistilled water of 0 °C. We used some 25—100 animals on one occasion.

The ganglia were washed three times with bidistilled water, then the
superfluous water was dried down by blotting paper. After weighing the tissue
was homogenized in a glass Potter for 5 min under continuous cooling. The
volume of the homogenate was diluted by bidistilled water to a concentration
of 2.5 mg wet weight of tissue (1 ml), in a few cases the wet weight content
was 5.0 mg/ml. The homogenate was stored for 10 days at best in a refrigerator
at 0 °C. During this period the ChE activity of the homogenate did not change.

The preparation of the homogenate deviated from that described above
only when the pH dependence was investigated, here 1 ml of the homogenate
contained 5.0 mg of wet tissue. The coarser tissue elements were removed by
centrifuging at 1500 g, for 15 min, and for the measuring of enzyme activity
the supernatant was used. After centrifuging the enzyme activity was about
15 20% higher than that of the uncentrifuged homogenate.

Measurement of the enzyme activity

The enzyme activity of the homogenate was determined with Hestrin’s
(1949) method based on the quantitative reaction of cholinesters in a medium
alkalized with hydroxyl-amine. Measurement of the complex light-absorption
of the ferroautohydroxamate was accomplished by a Beckman GU 2400
spectrophotometer at 530 rn//. The calibration curve was made using acetyl-
choline perchlorate (ACh-OCI4 and corresponding substrates.

The incubation mixture (5 ml) contained:

2 ml bidistilled water

1 ml 0.2 M tris-maleate buffer (usually at pH 7.0)

1 ml homogenate and

1 ml 25 mM-substrate

Spontaneous hydrolysis of the substrates with a sample free from the
homogenated was measured parallel with the enzyme hydrolysis. The final
concentration of the substrate was throughout 5.0 mM.

The HESTRIiN-reaction was accomplished using 2 ml of the incubation
mixture immediately after having added the substrate to the other constitu-
ents; the process was repeated again after incubation. Simultaneously the
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same enzyme hydrolysis was carried out in 3 test tubes and parallelly spontane-
ous hydrolysis in 2 test-tubes. When calculating the value of enzyme hydro-
lyses we made the correction to the autohydrolysis of the substrate. Experi-
ments were repeated 5 10 times and our data are average values of these
measurements.

bath The incubations lasted 60 min at temperatures 20 d: 0.2 °C in a water-
ath.

Determination of pH-dependence of the enzyme activity was made in
the same manner except for the pH-value of the buffer.

When investigating the dependence of the enzyme activity on the sub-
strate concentration for higher substrate concentrations we applied diluted
incubation mixtures instead of 2 ml incubation mixture we used 0.1 —1.5 ml
complemented to 2 ml with bidistilled water as the light absorption of the
compound is no more linear in case of a higher ester-concentration. The grade
of dilution was taken into account with the calculation of the amount of
hydrolysis.

For the inhibition of enzyme activity an adequately concentrated solu-
tion of inhibitor was added instead of 1 ml of bidistilled water.

Nitrogen content of the homogenate determination

The nitrogen content of every newly prepared homogenate was deter-
mined. The destruction was carried out according to K jeraan1 in the presence
of a catalisator (from the mixture of 5.0 g Se -f 200 g K20.}), then the
ammonia was distilled over into an excess of boric acid (HB03) with a Par-
nas—W agner apparatus according to the modification of wink1er. Titration
took place with 0.01 n HCL1 solution in the presence of a Groack-indicator.

When investigating the pH-dependence we used instead of the homo-
genate its supernatant to measure the enzyme activity, as well as its N-content
of the supernatant was determined.

The values of the enzyme hydrolysis are ex]iressed in gg substrate/mg
nitrogen/hour (//g/mg N/h).

Substrates and inhibitors used in the experiments were as follows:

Acetylcholinechloride, (ACh—CI) Fiuka
Acetylcholinebromide (ACh—Br) de Laire
Acetylthiocholineiodide (AThCh—J) rFiuka
Acetyl-|S-methylcholinebi'omide (MeCh—Br) schucharat
Propionylcholinechloride (PrCh—CIl) EGA
Butyrylcholineehloride (BuCh—Cl) EGA
Butyrylcholineiodide (BuCh—J) rFiuka
Butyrylchyocholineiodide (BuThCh—J) Loba
Benzoylcholinechloride (BeCh—CI) Leignt
Succinyl(mono)cholinechloride (SuCh—CI) B. D. H.
Succinyl(di)cholinechloride (SU[Ch—CI]2) Leignt
Physostigminesulphate, B. D. H.

Neostigmine bromide, Merck

Diisopropyl fluorophosphate (I)FP)
Tetraethylpyrophosphate (TEPP) Fiuka
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Results

Determination of the enzyme activity of the homogenate material

To ensure the linearity of the enzyme-hydrolysis —we used a homogenate
of 2.5 mg wet weight per 1 ml (respectively in one case the centrifuged super
natant of 5.0 mg) 1 ml homogenate with 5 mM substrate concentration. In thes
cases the hydrolyzed substrate was on the aureage 33 062 pg ACh/mg N/h
(226, 1 yM ACh/mg N/h), with extremes of 30 000 and 36 000 pg ACh/mgN/h

Fig. 1. Substrate pattern of the enzyme expressed in percent of equivalent quantities
(pH 7.0, 5 mM substrate concentration, incubation time 60 min at 20 °C)

1. adbra. Az enzim szubsztrat-mintaja, ekvivalens mennyiségeik %-aban kifejezve
(pH 7.0; 5 mM szubsztrat koncentracio, 20 C°-on 60 perces inkubacid)

relative rate of hydrolysis
Chalineeste 50 150%

Fig. 2. Enzyme hydrolysis of O- and S--cholinesters, expressed in percents of their
equivalent quantities
(pH 7.0, 5 mM substrate concentration, incubation time 60 min at 20 °C)

2. abra. O- és S-kolin észterek enzimes hidrolizise, ekvivalens mennyiségeik %-aban
kifejezve
(pH 7.0; 5mM szubsztrat koncentracio, 20 C°-on 60 perces inkubacid)

Substrate specificity of the enzyme

The substrates hydrolized by the homogenate of 1 mg N-content per hour
was related to their equivalent quantities, i.e. pM-s. The mean values of
experimental series — related to the hydrolysis of ACh-CI — are shown in
Fig. 1. We found that among the substrates playing the most important role
with substrate specificity of cholinesterases the homogenates decompose the
PrCh roughly in the same degree or even more (105%) than ACh. BuCh split-
ting is lower (84%), while hydrolyzis of MeCh is much less, only 10% of that
of ACh. The hydrolysis of BeCli on the other hand is negligible (2%).
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The relation between the hydrolysis of cholinesters and their thyo-
derivates is remarkable (Fig. 2). The hydrolysis of ACh and BuCh is higher
than that of the corresponding thyo-derivates: the deviation is not high
(4—109,) but fairly regular.

We further investigated the hydrolysis of SuCh and Su(Ch),, but the
cholinesterase present in the homogenates did not decompose these esters.

50 60 70 680 890 10 710 120 pH

Fig. 3. pH-dependence of enzyme activity
(5 mM ACh—CI substrate, incubation time 60 min at 20 °C)
3. abra. Az enzim-aktivitds pH-fliggése
(5.0 mM ACh—CI szubsztrat, 20 C°-on 60 perces inkubécid)

The pH-dependence of enzyme activity

The pH of the incubation mixture was adjusted to different values
between 5.0 and 11.0 with an accuracy of 0.05 by a tris-maleate buffer. The
final concentration of the buffer was 40 mM. In the experiment, where the pH
was supposed to be 11, this value did not fall under 10.75. In these experiments
we used the supernatant of 5 mg wet tissue (1 ml homogenate) see in Methods.
The hydrolysis values related to the percentages of ACh hydrolysis carried out
at pH 7.0 are shown in Fig. 3.

Between pH 5.0 and 7.0 the enzyme activity shows a steep increase with
increasing pH but the curve flattens out when approaching higher pH-values.
Around the pH-value of 9.0 the maximum enzyme activity surpasses by 149,
its value measured at pH 7.0. A further increase in pH is accompanied by
a decrease of enzyme activity. At pH 11.0 the enzyme activity is 829, of that

found at pH 7.0. At the same time the spontaneous hydrolysis of ester mcreases
rapidly in the higher pH ranges.

Substrate concentration dependence of enzyme activity

Fig. 4 contains values (showed as function of pS) related to hydrolysis
values obtained with a substrate concentration of 5 mM. The enzyme activity
was measured between 5x 107%—2x 1072 M ACh-Cl substrate concentrations.

The enzyme activity increases with increasing substrate concentrations,
reaching a maximum at 15 mM and decreasing afterwards. The shape of the

7 Tibanyi Evkonyv
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curve below the optimum value, corresponding to a lower substrate concentra-
tion is S-shaped.

Dependence of enzyme activity on the substrate concentration when
studied in the presence of BuCh-Cl substrate shows a similar picture to the
former (Fig. 4). There is a substrate inhibition here too, but the optimal sub-
strate concentration for the enzyme is to be found here at a higher level

%

Fig. 1. Substrate concentration dependence of enzyme activity, in cases of ACh and
BuCh substrates
(pH 17.0; incubation time 60 min at 20 °C)
0-0-0- = ACh—Cl, -.=.-.- = BuCh—Cl

4. dbra. Az enzimaktivitds szubsztl‘ét-koncentrécié-fiiggése, ACh- és BuCh szubsztrat
alkalmazdsa esetén
(pH 7.0; 20 C°-on, 60 pelc mkubé,m())
0-0-0: ACh—Cl ; : BuCh—Cl

(20 mM BuCh). Thus curve below the optimum is somewhat flatter than in
case of ACh substrate and the whole curve is not symmetrically ,,bell-shaped”

Inhibition of enzyme activity

For the inhibition of cholinesterase activity of ganglia homogenates we
used as tertiary and quaternary amino-derivatives physostigmine and neo-
stigmine and as phosphor derivatives DFP and TEPP. Before adding the sub-
strate the enzyme was incubated by the inhibitor for 15 min.

The inhibitory effect of physostigmine was investigated with ACh and
BuCh substrates of 1074—10"° M (Fig. 5). The value of pl;, was found
7.0 for ACh substrate and 7.2 for PrCh. With higher concentrations of the
inhibitor we get a nearly constant inhibition independently of the substrate
used. It is also of interest that low concentrations of the inhibitor inhibit the
hydrolysis of the substrate in different manner: for the enzyme hydrolysis
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of PrCh a lower physostigmine-concentration is more effective than for the
hydrolysis of ACh.

Neostigmine was used in a concentration range of 1078 —10"* M for both
substrates (Fig. 6). It is well marked that the inhibition curves are less- -steep
than they were with physostigmine, i.e. that neostigmine is a significantly
less effective inhibitor for this enzyme. For the value pl;, we obtained

Fig. 5. Inhibition of enzyme-activity by physostlgmme, in case of ACh and PrCh substrates
x-x-x- = ACh—Cl, -.- = PrCh—Cl
(5.0 mM substrate concentration; pH 7. 0 mcubatlon time 60 min at 20 °C)

5. dbra. Az enzimaktivitds gdtldsa fizosztigminnal, ACh és PrCh szubsztrét alkalmazésa
esetén
x-x-x-: ACh—Cl, -.-.-: PrCh—Cl
(5.0 mM szubsztrat koncentracié; pH 7. 0 20 C°-on 60 perc inkub&cid)

5.66 for both substrates. In the case of this inhibitor too, a lower concentration
inhibits more the hydrolysis of PrCh than that of ACh.

The effect of DFP was studied on ACh-Br substrate (Fig. 7). It inhibits
strongly the ChE activity of the homogenized compound, its pI value is 8.1.
The curve is characteristically steep, it covers two concentration ranges. Thus,
DFP proved to be the most effective inhibitor.

The inhibitory effect of TEPP was investigated in the concentration
range of 1071 —10-6 M on ACh-CI substrate (Fig. 7); the inhibitory effect

Table 1. — 1. Tablazat

I, value of different inhibitors
A kiilonboz6 gatlészerek T, értékei

‘ L,

substrates ‘ physostigmine } neostigmine DFP TEPP
s A AT
Ach-Cl I 7.49.1078 2191072 7.94.1079 1.58.1078
2.19.10°% no tested no tested

PrCh-Cl ! 6.31.10-8

7%
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here was weaker than that of DFP. The value of pI;, was 7.8 but the S-shape
of the inhibition curve is much more protracted and flatter than that of DFP
(it covers three concentration ranges).

Discussion

According to our experiments the enzyme in the ganglia of Lymnaea
stagnalis is highly active against ACh. The activity of a homogenate contain-

Fig. 6. Inhibition of enzyme activity by mostngmme in cases of ACh and PrCh substrates
x-x-x- = ACh—Cl; - = PrCh—Cl

(5.0 mM substrate concentration, pH 7.0; mcubatlon time 60 min at 20 °C)

6. abra. Az enzimaktivités gdtldsa neosztigminnel, ACh és PrCh szubsztrdt alkalmazésa
esetén
x-x-x: ACh—Cl -.-.-: PrCh—Cl
(5.0 mM szubsztrét koncentrdcio, pH 7.0; 20 C°-on 60 perc inkubdcid)

ing 1 ml tissue of 2.5 mg wet weight in a substrate concentration of 5 mM,
measured at pH 7.0, at 20 °C, incubated for 60 min, related to 1 mg N-content
and 1 hour was 33.0 mg (226 uM).

No seasonal variations were found in the enzyme activity during the
experiments.

It is of interest to record here the data of PavLric (1967) who investigated
an acetylcholinesterase compound of the electric organ of T'orpedo and found
a higher than 509, inhibition of the enzyme activity by 50 mM Tris in the pre-
sence of Mg>+ and Ca*t, while in their absence the enzyme activity increased.
In our experiments the final concentration of Tris was 40 mM. We have not
made experiments to state, whether or not this concentration influences in any
direction the cholinesterase activity.

Other authors, e.g. MYERS (1952) pointed out the influence of inorganic
salts on the enzymatic hydrolysis of ACh. In our experiments we used homo-
genate with bidistilled water containing 2.5 mg wet tissue for 1 ml. Under these
conditions the inorganic salts will be strongly diluted and they can not modify
the enzyme activity.
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Investigating the substrate specificity we found that the cholinesterase
of the ganglia homogenate of Lymnaea stagnalis decomposes PrCh in a similar
or only slightly higher extent than ACh. The amount of BuCh hydrolysis
on the other hand is somewhat lower (84%,). The enzyme hydrolysis of MeCh
and BeCh is remarkable as the decomposition of MeCh is weak (10%, of ACh
hydrolysis), the decomposition of BeCh being insignificant (2.0%,). Most

Fig. 7. Inhibition of enzyme activity by DFP and TEPP
0-0-0- Inhibition by DFP (5.0 mM ACh—Br substrate, pH 7.0; incubation time 60
min at 20 °C)
-.-.-.- = Inhibition by TEPP (5.0 mM ACh—CI substrate, pH 7.0; incubation time 60
min at 20 °C)

7. dbra. Az enzimaktivitds gatldsa DFP-vel és TEPP-el

0-0-0: DFP gatl6 hatédsa

(5.0 mM ACh—Br szubsztrat, pH 7.0; 20 C°-on 60 perc inkubécio)
-.-.-: TEPP gatlé hatdsa

(5.0 mM ACh—CI szubsztrat, pH 7.0-en, 20 C°-on 60 perc inkubdcid)

authors agree that the specific substrates alone are not suitable to differentiate
in homogenates between cholinesterases and acetylcholinesterases (OrDp and
TromMPsSON 1950, MENDEL and MYERS 1955, AUGUSTINSSON 1946b, 1948, 1959).
Nevertheless it is a fact that the cholinesterase of the ganglia homogenate of
Lymnaea stagnalis is similar to the acetylcholinesterase of Helixz blood as
regards its low MeCh hydrolysing activity (AucusTiNssoN 1946a, 1951a, b).

At a substrate concentration of 5 mM and at pH 7.0 the enzyme activity
with the ACh- and BuCh-esters is higher than with their O-analogous. The
opposite of this was observed by KoeLLE (1950) for some other cholinesterases.

The enzyme of the homogenate does not hydrolyze succinyl mono- and
di-choline. Other authors described the hydrolysis of these substrates by blood
serum ChE (Grick 1941, WHITTARER 1951, WHITTARER and WIJESUNDERA
1952), but no data are reported concerning their hydrolysis by acetylcholin-
esterases.

Summarizing the data obtained with different substrates we can state
that the characteristics of the cholinesterase of the ganglia homogenate of
Lymnaea stagnalis deviate from the properties of cholinesterases (EC 3.1.1.8)
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(the hydrolysis of BuCh being smaller than that of ACh, the hydrolysis of
BeCh being insignificant) and they approach those of acetylcholinesterases
(EC 3.1.1.7). Nevertheless it should be noted that for a typical AChE the high
BuCh and low MeCh hydrolysis is not characteristic, though with this latter
the AChE of Heliz blood shows similar properties.

We found the pH optimum of cholinesterase activity of ganglia in the
presence of ACh substrate to be around pH 9.0. Several authors have deter-
mined the pH-optimum of ACh hydrolysis produced by AChE (BERGMANN
et al. 1956, 1958, ALLES and HAWES 1940 etc.) and according to most of them
its exact value is pH 8.25. The pH optimum of serum ChE is somewhat higher
(BerNHEIM and BERNHEIM 1936, GrLick 1937). In general no considerable
differences were found between the pH optima of purified and crude pre-
parates. However we suppose that in our case the high pH optimum could be
attributed to the crude state of the enzyme. It is less probable that we have
to deal here with a specific property of the enzyme. A definite explanation
of the problem can only be given after the purification of the enzyme.

Studying the dependence of cholinesterase activity from the concentra-
tion of ACh and BuCh at a higher substrate concentration an inhibition of the
enzyme activity was found. The pS,; is lower (1.81) for ACh than for BuCh
concentration (1.70).

It is well known that the pS optimum of AChE is generally at about
31073 M ACh concentration. According to our data the concentration optimum
of the cholinesterase substrate is in the ganglia of Lymnaea stagnalis higher
than this value. However we have to take into account that we used a homo-
genate which may have modified the real substrate concentration optimum
(BErgMAN and SeeAL 1955). On the other hand we have to accept the fact
of the existing inhibition. It is known from literary data that the inhibition
of activity of AChE at higher substrate concentrations is due to the formation
of an inactive enzyme substrate (ALLEs and Hawgs 1940, MENDEL and
RUDNEY 1943, NACHMANSOHN and ROTHENBERG 1945, AUGUSTINSSON 1946,
1949) and that the substrate activity curve of the enzyme has a ,,bell-shape’
In our investigations the substrate activity curve is not of a symmetrical
,.bell-shape”, since below the optimum it is less steep than above it.

Substrate inhibition is not suitable — like the substrate specificity — to
differentiate between acetylcholinesterase and cholinesterase (Hawkins and
MENDEL 1946), so we can not draw yet any final conclusion from the above
results. Investigations of Lok and FLorREY are of interest (1966) who found
. instead of a decrease only a stagnation of the enzyme activity after increasing
the substrate-concentration above the optimum in Octopus dofleini.

Among the tertiary and quaternary amino-derivatives used with the
inhibition of enzyme activity the cholinesterase activity was inhibited to
a higher degree by physostigmine than by neostigmine both with ACh and
PrCh substrates (T'able 1). Physostigmine inhibits the hydrolysis of ACh some-
what more than that of PrCh. The I, values obtained with neostigmine are
the same for both substrates.

It is generally accepted that all cholinesterases are sensitive against
a low (below 10— M) physostigmine concentration but they should not be
considered as selective inhibitors differentiate AChE from ChE (AUGUSTINSSON
1948, AucusTINSSON and NACHMANSOHN 1949, BA1N 1949). On the other hand
all cholinesterases are inhibited by a 107> M concentration of physostigmine
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while this is true only for a few of other esterases. According to our data the
cholinesterase activity of the ganglia of Lymnaea stagnalis is completely inhi-
bited by 107> M physostigmine and even at a concentration of 10~6 M the
decomposition is very small.

Literary data show (Bopansky 1946, Mazur and BoDANSKY 1946,
MeNDEL and HAWKINS 1947, BAIN 1949, ALDRIDGE 1953) that the acetyl-
cholinesterases are less sensitive to organic phosphoric derivates than other
cholinesterases. Thus a rather good separation can be obtained by applying
them, though the inhibition shows strong derivations in different species and
organs. With our investigations DFP is a stronger inhibitor for the enzyme
activity than TEPP, but both are more effective than the quaternary amino-
derivatives investigated.

A comparison of all the partial results suggests that the biochemical
properties of cholinesterase found in the ganglia of Lymnaea stagnalis in their
entity comply with the requirements set by the characteristics of the ,,specific’”’
or ,,acetylcholinesterases” (EC 3.1.1.7).

There is no contradiction between the above hypothesis and the state-
ment of Zs.-Nagy and SALANKI (1965) who demonstrated by histochemical
methods that arylesterase is present in the central nervous system of inactive
animals, since we used in our experiments ganglia of animals in active state.
On the other hand there is a contradiction in the identification of the enzyme
of active animals with butyrylcholinesterase, observed by the above authors
and with acetylcholinesterase, shown by us in the present paper. This contra-
diction is to be attributed to the difference of methods used in the experiments.

The present investigations show that in the central nervous system of
Lymnaea stagnalis L. (Gastropod) the acetylcholinesterase needed for the
physiological hydrolysis of acetylcholin, is present. Thus we concluded that
one of the criteria of cholinergic mediation is given, and the high enzyme
activity emphasizes the importance of cholinergic mediation.

Summary

Cholinesterase activity in the homogenates of the central nervous system
of Lymnaea stagnalis 1. (Gastropod) and some biochemical properties of the
enzyme were studied. It could be stated that:

1. The enzyme is active against cholinesters. The value of ACh hydro-
lysis by the homogenate is 33.0 mgACh/mg N/h.

2. The substrate pattern of the enzyme is: ACh 1009, BuCh 849, PrCh
105%, MeCh 109, and BeCh 29%,. Succinyl mono- and di-choline are not
hydrolysed.

3. S-esters of ACh and BuCh are splitted to a lesser extent than their
O-analogons.

4. pH optimum of enzyme activity with the use of ACh substrate is
around: pH 9.0.

5. In cases of ACh and BuCh substrates the enzyme activity is inhibited
with the increase of substrate concentration. pS,, of ACh is 1.81, that of
BuCh is 1.70.

6. pI;, values of the inhibition of enzyme activity are: for physostigmine
with ACh substrate: 7.10, with PrCh substrate: 7.20; for neostigmine with ACh
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and PrCh substrates: 5.66; for DFP and TEPP with ACh substrates: 8.10 and
7.80 resp. '
7.The enzyme is identified with acetylcholinesterase (acetylcholine
acetyl-hydrolase, EC 3.1.1.7). ;
8. Biochemical evidences are suggested for the cholinergic mediation in
the central nervous system in Lymnaea stagnalis.
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LYMNAEA STAGNALIS L. (GASTROPODA)
K()/PON’I‘I IDEGRENDSZEREBEN LEVO KOLINESZTERAZ
BIOKEMIAI VIZSGALATA

Osszefoglalas
Varanka Istvin

Szerzb a Lymnaca stagnalis (Gastropoda) kézponti idegrendszerének homogenizatu-
méban tanulményozta a kolineszterdz aktivitdst és az enzim néhdny biokémiai tulajdon-
sdgdt. Megéllapitotta, hogy

1. az enzim igen aktiv a kolinészterek irdnydban. A homogenizdtum dltali ACh
hidrolizisének mértéke 33,0 mgACh/mg N/éra.

2. Az enzim szubtré,t-mintéja: 1009, ACh, 849, BuCh, 1059, PrCh, 109 MeCh
és 29 BeCh. A succinil mono- és dikolint az enzim nem hidrolizélja.

3. Az ACh és BuCh S-észtereit az enzim kisebb mértékben bontja, mint azok O-
analégjait.

4. Az enzim-aktivitds pH optimuma ACh szubsztrit alkalmazdsakor pH 9.0
koril van.

5. ACh és BuCh szubsztritok esetében a szubsztrat-koncentrécié novelésével az
enzimaktivitds gatlast szenved. Az ACh pSyp-a 1,81, a BuCh pSgp-a 1,70.

6. Az enzimaktivitds gdtldsdnak pI5o értékei a kovetkezék f1zoszt1gmm ACh
szubsztratndl 7,10, PrCh szubsztrdatnal 7,20, neosztigmin ACh és PrCh szubsztratnél 5,66,
DFP és TEPP ACh szubsztrétndl 8,10 és 7,80.

7. Az enzimet acetilkolineszterdzzal azonositjik (acetylcholine acetyl-hydrolase,-
EC 3.1.1.7).

8. Biokémiai bizonyitékot szolgdltattak a kozponti idegrendszerben a kolinerg
medidcidhoz Lymnaea stagnalison.
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BUOXMMHWUYECKOE WCCJIENOBAHUE XOJIMHOCTEPA3bl LIEHTPAJIbHON
HEPBHOW CUCTEMBbI BOJIbIIOIO ITPYJIOBUKA

H. Bapanka

AKTHBHOCTb M HEKOTOpble OMOXHMHYECKHE CBOHCTBA XOJIMHICTEPA3bl IIEHTPAILHOM
HEPBHOI1 cucTemMbl 00JIBIIOr0 MPYA0BUKA M3y4ajaud B romoreHate. Pe3yibrarhl MCCIIe0BAHHS
110Ka3bIBAIOT, YTO:

1. depmeHT OYeHbL AKTHBEH B OTHOUIeHHH 3(pupoB XonuHa. [lnst anernnxonnsHa (AX)
CKOPOCTHL M'MPOJIM3a B romoreHare cocrasisier 33,0 Mr/mr azora/yac.

2. st apyrux cy0cTpaToB CKOPOCTH IMPOJIM3A COCTABIISIET, CUNTAsT CKOPOCTh AJIst AX
3a 100: Oyrupunxosun 84, nponuonmixoaun 105, auerni-f-mernixonun 10, GeH30MaX0MUH 2.
CYKIMHHIMOHO- U JIMXO0JIMH He Pa3UIeIIsioTest (JepMeHToM.

3. Aneruii- ¥ OyTHPHITHOXOJIMH THAPOJIU3VIOTCS XY)Ke, 4eM COOTBETCTBEHHO AX W OyTH-
PYIXOJIMH.

4. Onrumanbnast pH npu ucnosn3oBanuu B Kauectse cyocrpara AX cocTaisierT 0K0JI0
9,0.

5. YBennueHne KoHUeHTpauuu cyocrpata (AX U OyTHPUIXOJIMH) MPUBOJNT K TOPMOYKe-
HHUI0 aKTUBHOCTH (epmeHTa.

6. OtHOomleHne (hepmeHTa K MHrHOMTOPAM OLLIO ClIe/y IonMm (YKa3biBAETCsl 0TpUIlATe b=
HBI Jlorapudm MOJISIPHOI KOHIEHTPALINH, BbI3bIBaOLIEH Topmosken e Ha 50%): (PH30CTHIMUH
7,10 (cyOerpar AX); neocturmun 5,66 (cyberparst AX n nponuonnixosiunn); PP n TIID,
CO0TBETCTBEHHO, 8,10 1 7,80 (cyocrpar AX).

7. Haiigennpiit diepmeHT MACHTHQUIMPYIOT KAK aleTHJIXOJIUHICTEPA3Y.

8. TlpuBosnsTest GMOXMMHYECKHE JaHHBIE B T0JIL3Y HAJIMUMSI XOJIMHEPrHuecKoii Mmeuanuu
B LIEHTPAJIbHOI HepBHOII cHCTeMe NPY/I0BHKA.
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