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It is generally known that the reactive groups on the surface of different
protein bodies have important role in the realization of stimulatory processes.
From among these reactive groups the function of SH-groups was studied
most intensively (KosHTOYANTS 1951).

The role of SH-groups in various kinds of stimulatory processes was
investigated in animals standing on different levels of phylogeny (TurPAJEV
1962). It became evident that they may have an influence on effects produced
by those chemical agents, which display their activity through the acetyl-
choline receptors. Similarly, the partial or total blocking of free SH-groups
form the basis for inactivation of definite enzyme-systems (BARRON et al. 1947).

It follows from the foregoings that the funetion of several organs is based
on the relations between enzymatic processes and protein structures in the
organism, further that this activity may be changed when these protein struc-
tures are damaged.

It was established by previous studies (LABoS and SALANKI 1963, LABOS
et al. 1964) that the rhythmic activity of adductor muscle in the larvae (glo-
chidia) of freshwater mussel (dnodonta cygnea 1..) might be permanently
increased by potassium chloride and tryptamine (KCI- or tryptamine effect).
Effects of substances containing SH-groups and of some SH-inhibitors on the
spontaneous and artificially increased (by the treatment with KCl and trypta-
mine) rhythmic activity of glochidia is discussed in this present paper. The
main purpose of these studies is to elucidate the importance of SH-groups
containing enzymes or receptor proteins in the activity changes of glochidia,
and further to obtain by extended observations data on the mechanism of
activity promoting effects of KCI and tryptamine.

Material and methods

The glochidia, freshly prepared from adult animals were washed with
twice-filtered Balaton-water (pH 7.5—8.0) and were divided into groups of
twenty-five. The ground activity of every group was determined during five
minutes in about 25 ml of Balaton-water under stereoscopic microscope with
low magnification. The lake water was then removed and the test substances
dissolved likewise in Balaton water were added to the glochidia. Frequency of
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rhythmic activity was registered for 10—40 minutes. The number of contrac-
tions pro minute and the number of closures by tonic contraction were recorded
at the end of every minute. The effects of separate chemicals and combined
treatment were studied on hundred glochidia each.

The comparative studies were carried out on homogeneous populations.
on the same day to avoid the disturbing effect of seasonal changes in potassium
chloride- and tryptamine-sensitivity.

The results are represented graphically in the function of time and con-
centration. On the ordinates the frequency and the percentage of closed
glochidia are marked with ¢/min and ¢ respectively. The degree of inhibitory
effect of various substances on rhythmic activity influenced by KCl and trypta-
mine is expressed as follows: the number of contractions observed under a.
given time when using two-three substances in combination is compared to
the sum of contractions produced by the same substances using them separat-
ely. The following substances were investigated: KCI, ZnSO,, CdCl, HgCl,,
L-cysteine (Fluka), cystine (Fluka), glutathione (Nickel E.), L-methionine
(Fluka), monoiodoacetic acid (JA) (Finomvegyszer KTSZ, Budapest).

During the time of observations the illumination of animals was con-
stant and it was supplied by the lamp of the microscope used (approx. 15 000
Lux). '

Results

1. The effect of SH substances and of L-methionine on the original
activity of glochidia.

From among SH substances L-cysteine and glutathione (GSH) were
subject to investigation.

It was found, that only a low initial increase in activity was caused by
L-cysteine within concentrations of 1—100 mM. Experiments carried out with
hundred animals show, that not more than 50 contractions are observable
within a period of ten minutes. The ratio of closed glochidia remaines below
59%,. The pH of the experimental cysteine solutions was kept between 5.5—6.7.

Glutathione (GSH) in a concentration of 10 and 20 mM caused an initial
increase of activity, followed from the second minute by a rapid fall in activity,
reaching the level of control in the tenth minute. Immediately after the addi-
tion of glutathione the ratio of closed glochidia is considerably low but at
the end of the 10th minute 809, of animals are closed.

L-methionine does not contain SH-groups, however, it may be indirectly
involved in the metabolism influenced by SH-groups. When applying this
substance in a concentration of 10 mM an activity decrease to the level of
control was observable. Closure of glochidia was not observable at this con-
centration. As it is evidenced by these results L-methionine produces no effect
when used alone.

Fig. 1 illustrates the influences yielded by L-cysteine, glutathione and
L-methionine.

2. Influences of SH-inhibitors on the basic activity of glochidia.
From among SH-inhibitors CdCl,, HgCl,, ZnSO, and monoiodoacetic-
acid (JA) were subject to investigations.

CdCl, solutions of 1 um—10mM concentrations produced a marked
increase in activity in the first minute (a contraction over 100/min). From the
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second minute, however, this activity gradually decreased, and in the fifth
minute fell to the level of control. Subsequent increase in activity was not
observed. The percentage of closed animals is negligible (< 4%).

Fig. 1. The effect of glutathione (GSH), L-cysteine and L-methionine on the rhythmic

activity of glochidia. Ordinate: activity of 100 glochidia per 1 min (a/min), abscissa:

time in minutes. On the left from the ordinate the time of control studies, on the right

the minutes after the addition of the experimental agent. The method of graphical

illustration is the same in some of further figures. On the right below: Number of closed
glochidia expressed in percentage of total number.

1. dbra. Glutathion (GSH), L-cystein és L-methionin hatdsa a glochidiumok ritmikus
aktivitdsdra: Ordindta: 100 glochidium aktivitdsa 1 perc alatt (a/min), abszcissza: id6
percekben. Az ordindt4tél balra a kontrollvizsgédlat ideje, az ordindtétél jobbra a vizsgalt
anyag hozzdaddsa utdni percek. Az dbrdzolds médja tobb tovdbbi dbrdn ugyanilyen.
Jobbra lent: a GSH 4ltal kivdltott 9%,-os zdrdsi ardny két kiilénb6z6 koncentrdciéban.

HgCl, in 1 mM concentration caused a marked increase in activity in
the first 1—4 minutes. In the 10th minute the activity was still above the level
of control. Percentage of closures was 70%, when applying this substance in
1 mM concentration, whereas when using a 10 uM solution of its it was only
10 per cent (Fig. 2). '

The effect of ZnSO, solutions in concentrations between 1 uM—1 mM
is very weak. The initial increase in activity is small, and decreases gradually
to the level of control group. The number of closed animals did not exceed even
in the tenth minute over 10 per cent. ¢

The effects of monoiodoacetic-acid (JA) solutions in different concen-
trations between 1 uM—1 mM cause a slight increase of activity, which ceases
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in the third minute. The percentage of closed animals was not higher than
five per cent at the highest concentrations applied either.

Cystine may be regarded as specific SH-inhibitor. Its solubility at room
temperature (25° C) is approx. 11 mg in 100 g water (DaLTON—ScHMIDT 1935),
which is equivalent of 0.46 mM concentration. Using cystine alone in a con-
centration of 0.30 mM an initial increase is observable (Fig. 5), which is
followed after two minutes by an activity on the level of control, that remains
constant throughtout the time of observation.

Fig. 2. The effect of 1 mM HgCl, solution on the original activity of glochidia. Above the
abscissa the increase in activity, below it the percentage of closed animals

2. abra. HgCl, 1 mM koncentrdciéjénak hatésa a glochidiumok alapaktivitdséra. Az
abszcissza felett az aktivitds novekedése, alatta a zdrt édllapotban lev6 dllatok %,-os
d ardnya' lathato

These findings show, that from among the SH-inhibitors only HgCl, is
able to produce noticeable changes in the original activity of glochidia.

3. Influence of SH-inhibitors on activity-increase produced by KCIl and
tryptamine.

Upon the evidence of previous investigations (LABoS and SALANKI 1963,
LABos et al. 1964) KCI and tryptamine cause a lasting and marked increase
in activity of glochidia. In the followings the effects of above mentioned with
SH-inhibitors will be discussed upon this KCl and tryptamine induced increase
of activity.

For testing the effect of KCl it was applied in solutions of 1—1.5—2 mM
concentrations together with 1—10—100 uM and 1 mM solutions of the above
mentioned agents.
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The activity changes caused by KCI was inhibited to different degrees
depending upon the concentration of the applied SH-inhibitors. Only HgCl, and
ZnS0, produced small potentiated effect in .1 uM concentration. Increasing
the concentration, however, these agents also inhibited activity (1 on the
Table 1).

Table 1 — 1. tabldzat

Table 1. The effect of SH-inhibitors of different concentrations on the activity increase
produced by 1 mM KCI and 100 pg/ml tryptamine
1—3 values of inhibition of activity in percentages

2—4 percentual values of the number of closed glochidia on the end of tenth minute

1. tdbldzat. SH-inhibitorok hatdsa 1 mM KCIl és 100 ug/ml triptamin dltal kivdltott
aktivitdsfokozdddsra
1—3 az aktivitdsgdtlds alakuldsa 9,-ban kifejezve
2—4 a zdrdsi 9, alakuldsa a 10 perc végén

1mM KOl I 100 pg/ml (0,5 mM) Tryptamine

|
JCH,COOH | conc.

T
cone. l ZnS0, | JCH,COOH

|

0o  |100% | 100 | 100 | 100 0 1009% | 100 | 100 | 100 |
1 uM | 835 - 110,6] 108,4| 71,4 1 uM | 433 | 92,6/ 98,2 99,1
1| 10 uM | 96,7 | 789| 67.4| 70,3 | 10 uM | 60 95,6| 1234| 947 |3
100 wM | 76,6 | 60,2 89,8| 55,7 | 100 uM | 352 | 1151| 47,5\ 57,9
1 mM|47.8 | 454| 153| 554 ‘ LmM| 147 | 553 66 19
0 I R G Tk N R e S e e
ST 1 N 7 18 | 1aM| 0 P s A P
2| 100puM| 5 | 2 4 11 10 uM | 1 16 1 5 4
100 uM | 3 | 18 | 16 7 100 upM | 0 9 12 2
1mM| 1 | 86 | 22 9 1mM| 0 55, | 10 7
| |

SH-inhibitors may also influence the number of closures induced by
2,5 mM KCI solution. The effects of 1mM solutions of CdCl,, HgCl,, ZnSO ,and
monoidoacetic-acid in the presence of 2,5 mM KCI were observed over a period
of one hour, registering within every ten minute the changes in the ratio of
closed glochidia. The percentage of closed larvae within one hour produced
by the tested substances are as follows: 2,56 mM KClalone 449%,, combined with
1 mM CdCl, 49, with 1 mM JA 24%,, with 1 mM ZnSO, 85%, and with 1 mM
HgCl 939, (Fig. 4). In KCI containing medium CdCl, and JA had inhibitory,
while HgCl, and ZnSO, promoting effect on closures.

Increase in activity produced by tryptamine was inhibited in every case
by the chemicals mentioned above. Activity promoting effect was resulted
only by ZnSO, in concentration of 10 uM (3. in Table 1).

SH- inhibitors had different effects on the percentage of closed glochidia
also in case of tryptamine treatment. Observations at every tenth minute
during one hour show the following results: tryptamine (100 ug/ml) alone
produced 109, combined with 1 mM CdCl, 09,, with 1 mM JA 39, with 1 mM
ZnS0, 549, and with 1 mM HgCl, 949%, closed glochidia (expressed in percen-
tage of total number (Fig. 4). These findings show that the closure produced
by tryptamine is similarly inhibited by CdCl, and JA, and is potentiated by
ZnS0, and HgCl, as in the case of KCI (Fig. 3)
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L-Cystine also influenced the effects of KCl and tryptamine. Both
activity and relative number of closures produced by KCl are greately inhibited
when using this substance in a concentration of 2.5 mM together with 0.30 mM
cystine (Fig.4). Within the minutes 779% of activity becomes inhibited,
and the relative number of closures fell about fifty per cent.

In the case of 100 ug/ml tryptamine a similar effect on activity is observ-
able 'when using cystine in the above mentioned concentration. In compa-
rison to the central group an activity of about 169, is produced within 40
minutes, which is regarded as a very marked inhibition (#7g. 5).

4. Influence of substances containing SH-groups (L-cysteine, GSH) and
L-methionine on the activities intensified by KCl and tryptamine.

As it is evidenced by previous studies, only small changes occur in the
rhythmic activity of glochidia when using various substances containing SH
groups separately. In the followings it will be attempted to decide whether
these substances are able to change the activity increase produced by potassium
. chloride and tryptamine.

The increased activity produced by 1.5 mM KCl is greatly inhibited" by
variously concentrated L-cysteine solutions (Fig. 6). This inhibition is simi-
larly manifested in the great number of closed glochidia. The combined effect
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Fig. 5. The influence of L-cystine on the activity produced by tryptamine
5. dbra. L-cystin hatdsa a triptamin dltal kivéltott effektusra
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Fig. 6. The effect of L-cystein solutions of different concentrations on the activity in-
creagse caused by tryptamine and KCI.
6. dbra. L-cystein kiilonb6z koncentrécidinak hatésa a triptamin és KC1 4ltal létrehozott
aktivitdsfokozddésra
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Fig. 7. The effect of glutathione on rhythmic activity and closure produced by KCI
and tryptamine

7. abra. Glutathion hatdsa a KCl és tuptamm altal létrehozott ntm]kus aktivitdsra,
valamint a zdrdsra
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