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A considerable amount of serotonin (5HT) and dopamine (DA) have been
found in the nervous system and other tissues of molluscs and many data
refer to their role in the neural regulation (WELsH, 1957; KosETOYANTS and
R6zsA, 1961; GERSCHENFELD and STEFANI, 1962; SWEENEY, 1960; SALANKI,
1963; DABL et al. 1966; KErRrkUT and WALKER, 1962; Zs.-NAGcy, 1968).

The synthesis of 5HT and dopamine from 5-hydroxytryptophan (5HTP)
and 3,4-dihydroxyphenylalanine (DOPA) respectively, necessitating the
participation of 5HTP andfor DOPA decarboxylase has been extensively
studied in vertebrates. However, in invertebrates, particularly in molluscs our
information is rather incomplete concerning the occurrence and distribution
of this enzyme (WELSH and MoORHEAD, 1959; KErkUT and COoTTRELL, 1963,
Carpor, 1963a, b). Using homogenizates of different tissues it was found that
gerotonin and dopamine are synthetized by the same enzyme, decarboxylizing
also other amino acids both in vertebrates (HAGEN and ComEeN, 1966) and
in the nervous system of Helixz pomatia (CARDOT, 1966).

In the present study the SHTP and DOPA decarboxylase activity of the
nervous system and of other tissues were investigated in Anodonta cygnea L.
Our aim was to obtain data partly about the quantitative distribution partly
about the identity or difference of the 5HT and the dopamine synthetizing
enzymes.

Material and methods

During the experiments the homogenizates of cerebral, visceral and
pedal ganglia, cerebro-visceral connective (CVe), heart, gills and mantle of
Anodonta cygnea L. as well as the lymph were used.

The tissues were collected in ice-cold physiological saline, measured
after drying on filter paper and homogenized in physiological saline with
Potter-Elvehjem homogenizers. The lymph was drained from the heart and
was diluted with the incubation solution in proportion 1 : 2,5.

Incubation was carried out at 25 + 0.1 °C, in the presence of iproniazid.
The pH was adjusted to 8 for the examination of 5HTP decarboxylaze and to
7 for that of the DOPA decarboxylase.

The mixture was agitated throughout the incubation period.
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In the incubation mixture the concentrations of the tissue homogenizates
were as follows: ganglia 20 mg/ml, CVe 10 mg/ml, muscle 25 mg/ml, other tissues
50 mg/ml. In the medium, the concentration of pyridoxal 5-phosphate, ipro-
niazid and phosphate-buffer were 20 ug/ml, 200 ug/ml and 0,1 M respectively.
As substrates DL-5HTP in concentration 4,54 - 10~ M, and DL-DOPA in
concentration 2,54 - 10~ M were used.

After a 15 min preincubation period the incubations were carried out for
2 hours in the case of 56HTP and for 1 hour in the case of DOPA.

The serotonin concentration was determined by the method of Boa-
DANSKI (KuNTzMmAN] et al. 1961). Dopamine was separated from DOPA with
ion exchange resin (Amberlite IRC-50) according to the description of LOVEN-
BERG et al. (1962) and the concentration was read directly in an Aminco-
Bowman spectrophotofluorimeter. The uncorrected extinction and fluorescent
wave lengths (mu) were as follows: serotonin, 300 and 540; dopamine 282 and
330.

Ky values were estimated with the Lineweaver-Burk plot. Taking into
consideration that we used DL-5HTP and DL-DOPA, where the L. and D
forms are present in equimolar concentrations, however the enzyme acts
only on the L-form, the K values given in T'able 111 were calculated by reduc-
ing the values estimated with the Lineweaver-Burk plot to 50 per cent. The
enzyme activities are expressed in ug amine/g wet weight/hour.

Results

Working with the homogenate of Busycon ganglia WELSH and MOORHEAD
(1958) and Mirorri (1968) found that pyridoxal 5-phosphate is unnecessary
as cofactor for the SHTP decarboxylase assay. According to our results in the
presence of the cofactor the 5SHTP decarboxylase activity increased in the
homogenates of Anodonta ganglia and of the CVc by 100 and 170 per cent
respectively. Therefore, in our experiments we used in every case also pyridoxal
5-phosphate.

It was found that the central nervous system of the fresh water mussel
is capable to synthetize serotonin from 5HTP and dopamine from DOPA
in a considerable degree, referring to the presence of 5HTP and DOPA de-
carboxylase (T'able I). Remarkably high activities were measured in the CVe,
connecting cerebral and visceral ganglia. 5SHTP and DOPA decarboxylase
were found also in the homogenizates of the heart, gills and mantle, but the
activities of these tissues were rather low as compared to that of the nervous
system. Activity was not detectable either in the muscle or in the lymph.

The production of dopamine proved to be more intensive in all tissues
than that of the serotonin. The values and the rate of the synthetized dopamine
and serotonin are given in 7'able 1.

The Ky values were estimated in the homogenizates of the ganglia
and CVe for both substrates. Values are presented in 7'able 11.

Both values of activities and values of K, show that the affinity of the
substrate to the enzime is greater in the case of DOPA than in the case of
5 HTE:

It is well known that decarboxylation of DOPA could be inhibited by
5HTP and vice versa, and further the decarboxylation of both substrates
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Table I

Values of 5HT and dopamine synthesis in different tissues

Synthetized amine
o (ug/g wet weight hour) Dopamine/5HT
S5HT dopamine
All the ganglia together 53 345 6,5
Cerebral ganglia 56 376 6,6
Visceral ganglia 45 277 6,1
Pedal ganglia 60 383 6,3
CVe 102 610 6,0
Heart 1-2 2-8 ~2
Gills 2—3 10—11 ~4
Mantle 2—3 8—10 ~4
Adductor muscle 0 0
Lymph 0 0
Table IT

Ky values of 5HTP-DOPA decarboxylase
in the homogenizates of nervous tissues

All th nglia :
Substrate , w;tgz;‘g CVe
DL—5HTP 1 1,4 -107% 9,0 - 106

DL—DOPA ’ 7,8 10=5 2,94 - 10—4

could be blocked by x-methyl DOPA (PLETSCHER et al. 1966). During the
present study we found that the necessary concentration of DOPA for a 50
per cent blocking of the serotonin synthesis is lower than vice versa. The syn-
thesis of serotonin and dopamine were inhibited by a-methyl DOPA in
identical degree. Data are summarized in 7'able 111.

Table 111

Concentrations of 5SHTP, DOPA and a-methyl DOPA necessary for 50 per cent
inhibition of the decarboxylase activity

Tissue Substrate SHTP DOPA i a-methyl DOPA
Ganglia 5HTP 6,2 - 10~ 4M ‘ 1,8 -10-‘M
DOPA 2,2 - 10~3M [ 4,0+-10"*M

CVe 5HTP 6,0 - 107*M 2,0 - 10~*M
’ DOPA 2,0 - 10~ 3M 3,0 - 10~¢M

(Concentration of the substrates: 5HTP — 4,54 - 10~¢M
DOPA — 2,54 - 10-%M)

Discussion

Our results show that the capability for dopamine synthesis is higher
than for serotonin synthesis in the various tissues of Anodonta cygnea L. This
is valid especially for the ganglia and CVe, however the differences are well
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expressed also in the cases of the gills and mantle. For the explanation of this
phenomenon there is no need to suppose the presence of two different enzymes.
Similarly different values were obtained for 5SHTP and DOPA decarboxyli-
zation in vertebrates, where the identity of the 5SHTP and DOPA decarboxy-
lage is proved in various ways (HAGEN and COoHEN, 1966).

Our experiments concerning enzyme inhibition refer to the presence of
one and the same enzyme. There are numerous data showing that a mutual
inhibition of decarboxylation exists between 5HTP and DOPA (PLETSCHER
et al. 1966). This was found also in our case. The inhibitory effects caused by
a-methyl DOPA prove also the identity of the SHTP and DOPA decarboxylase
enzymes (PLETSCHER et al. 1966). The K values obtained for different tissues
are nearly the same both in the case of 5SHTP and DOPA, and correspond to
that found in other cases (HAGEN and COHEN, 1966).

Comparing the present data with the concentration of serotonin in the
tissues subjected to examination (Hirrrr, 1966) it can be concluded that it is
the nervous tissue where both decarboxylase activity and 5HT concentration
reach the highest level. However, there is a difference between the ganglia
and the CVe. Namely, the concentration of 5HT was 40 per cent lower in the
CVec as compared to that of the ganglia, while the decarboxylase activity of the
CVe proved to be twice as high as in the ganglia. Another incongruity occurs
in the adductor muscles, where a definite 5SHT concentration but no decarboxy-
lase activity was demonstrable. It is remarkable that the case is just the oppo-
site in the heart muscle. These differences in the ganglia, CVec and adductors
may be connected with transportation of 5HT along nerves, a phenomenon,
which is well known for some neurotransmitters (DAHLSTROM and HOGGENDAL,
1966). It may be supposed, that the 5HT content of the CVe is low because
this nerve stores the synthetized serotonin in a less degree than ganglia do
which may serve as storage organ for 5HT. On the other hand, there is prob-
ably no 5HT synthesis in the adductors, but the 5HT being transported into
the nerve endings from the ganglia is well measurable. It is supposed that the
low decarboxylase activities of the gills and mantle originate from nerve ele-
ments present in these tissues. Fluorescent microscopical investigations could
possibly give further informations in this respect.

Our results are contradictory to those of WELSH and MOORHEAD (1959)
and MIroLLI (1958) claiming that the activity of 5SHTP-DOPA decarboxylase
is not influenced by the presence in the incubation medium of pyridoxal
5-phosphate. The apparent contradiction may originate from the different
degree of dilution of the cofactor during homogenization. It occurs also in
vertebrates that because of similar reasons in one case pyridoxal 5-phosphate
increases, while in other cases (e.g. brain or liver of mouse) does not influence
the decarboxylase activity of the homogenizate (HAGEN and CoHEN, 1966)

Summary

1. SHTP-DOPA decarboxylase activity was found in the homogenizates
of the cerebral, visceral and pedal ganglia, cerebro-visceral connective, heart,
gill and mantle of Anodonta cygnea L. The synthesis proved to be 4 —6 times
faster for dopamine than for serotonin.
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2. In the nervous tissue the enzyme activity expressed in ug amine/g
wet weight/hour was 50—100 for serotonin and 300—600 for dopamine while
in other tissues these values remain under 10. The rates of the enzyme activity
correspond more or less to the serotonin content of these tissues. Neither in
the muscle nor in lymph was 5HTP-DOPA decarboxylase demonstratable.

3. 5HTP and DOPA are decarboxylated by one and the same enzyme,
but the affinity of the DOPA is greater to the enzyme than that of the 5HTP.

4. Addition of pyridoxal phosphate to the homogenate increases the
enzyme activity in a considerable degree.
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5HTP-DEKARBOXILAZ (DOPA-DEKARBOXILAZ) VIZSGALATA
ANODONTA CYGNEA L. IDEGRENDSZEREBEN
ES EGYEB SZOVETEIBEN

Hiripi Laszlé és Salanki Jdnos
Usszefoglalés

1. Anodonta cygnea cerebralis, viscerdlis és peddlis ganglionja, cerebrovisceralis
konnektivuma, sziv, kopoltya és kopenyszovetének homogenizdtuma rendelkezik
SHTP-DOPA dekarboxildz aktivitdssal. Az enzim a dopamint 4—6-szor gyorsabban
szintetizdlja, mint az S5HT-t.

2. Az aktivitds értéke az idegszovetben S5HT-re nézve 50—100, dopaminra
300—600 ug/g nedves suly/gram. Egyéb szovetekben ezek az értékek 2—10 kozott van-
nak. Az ardnyok nagyjabdl megfelelnek az 5HT tartalomnak. A zdréizomban és limféban
S5HTP-DOPA dekarboxildz aktivitdst nem sikeriilt kimutatni.

3. Az 5HTP és DOPA dekarboxildldst ugyanazon enzim végzi, de a DOPA-nak
nagyobb az affinitdsa az enzimhez.

4. A homogenizdtum enzimaktivitdsét piridoxal-5-foszfét hozzdadédsa jelentGsen

fokozta.

MN3YYEHHUE 5-OKCUTPUIITOPAH-IEKAPBEOKCHUJIA3bI
(MOPA-JEKAPEOKCUJIA3bI) B HEPBHOM CUCTEME U JIPYTUX TKAHSX
BE33YBKHA

JI. Xupunu u A. llasanku

1. Tomorenar 1epedpajbHOr0, BUCLEPATIbHOI0 U TeaJIbHOT0 I'aHIJINEB, LiepedpoBUCLe-
pajibHOr0 KOHHEKTHBA, cepiua, »kabep u mantuu obnapaer 5—OTd-noda-gexapoorkcHaasHoil
AKTHBHOCTBIO. ITOT (epmeHT cHHTe3upyer nopamud B 4—6 pas ObicTpee, yem CEpOTOHHH.

2. BenuunHa aKTHBHOCTH B HepBHOH TKaum st 5—OT® 50— 100 ur/r cBexeil TKanw,
a 51 popamuHa 300—600 ur/r. B ocTaibHBIX TKAHSIX 9T0 3HaYeHHe 2—10. ITO COOTHOLIEHHE
corjiacyercsi ¢ cojiepykaHiem cepoToHiHa. B 3anuparesnbHoii mbliue u aumde He yaanoch HaliT
5—0T® n JODA-nexapOOKCHIA3HOH aKTHBHOCTH.

3. HexapboxcunupoBanne 5—OTP n JJODA ocymecTBisieTcst 0AHUM H Tem ke dep-
MEHTOM, HO peakTUBHOCTb JIOMDA K 3TOMy (epMeHTy Bbillle.

4. ®epMeHTHAsi AKTHBHOCTL I'OMOTeHATa 3HAYUTEILHO YBEJIHYMBAETCsl IO BJIHUSIHHEM

NUpHAOKcanb-5-hochara.
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