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It has been established under previous investigations, that the larvae
of fresh-water clam (Anodonta cygnea L.) display motor activity in the presence
of certain xanthene dyes — eosin, erythrosin, rose bengal, phloxine — if
exposed to visible light. Light sensitization is more effective if the fluorescence
energy vyield of the sensitor is smaller (LABos 1965 a). Monovalent
electron-donors, as serotonin and chlorpromazine may influence considerably
the reaction (LABos 1965 b). It has been demonstrated in the case of chlor-
promazine that this agent may react also with rose bengal, erythrosin and in
a lesser degree with eosin and may presumably form with them complexes
showing at a greater wavelength maximum absorption in the visible spectrum
than the stains themselves (LABos 1965 c). The fact that light response is
effectively eliminated by cysteine indicates that in the course of light sensitiz-
ation phenomena analogous to processes occurring in high energy radiation
effects are involved (LLABos 1965 b).

In this present paper the effect of some substances on contraction sensiti-
zed to light by erythrosin is investigated. The inhibitory influence of these
agents in the concentrations applied at various stages of the metabolism of
the living system is known (HOCHSTER — QUASTEL 1963). In this work it
was not intended to perform quantitative studies of kinetic character.

It seems obvious from previous investigations that light reaction is
founded also on endogenous energy basis (LABos 1965 b), though the absorbed
and in the form of fluorescence nonemitted light energy is in direct connection
with the reaction. For this reason our discussion is connected with the energy
production of the affected metabolic processes. Of course the metabolic in-
hibitors may interfere also in more primary physical and chemical processes.

Methods

The experiments were conducted on mature glochidia of Anodonta
cygnea L. in winter months. 100 glochidia were used for investigating the effect
of the inhibitors each. The influence of the dye-solution used as control was
also examined on 100 glochidia under equal conditions. The larvae were divided
into groups of 25 and were put in twice filtrated Balaton-water. After control
examinations the water was syphoned down and the investigated dye solution
or the mixture of the dye-solution and the inhibitor was poured on the larvae
in exchange. In some cases the animals were preincubated in the inhibitory
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agent. Preincubation did not cause essential changes if subsequent to it a mix-
ture of inhibitor and dye-sensitor was applied. Smaller effect was produced if
only dye-solution was applied after preincubation. The concentration of control
stain solution and the illumination was adjusted that approximately 100% of
the larvae should enter into the condition of lasting tonic contraction within
10—20 minutes (25 /ig/ml or 28.5 /mKerythrosin).

Illumination was supplied by 15 watts tungsten incandescent lamp from
150 mm distance and at an incidence of 50°. The agents used were: KCN,
NaF, NaN3 thiosemicarbazide (TSC), monoiodo acetic acid, hydroxilamine,
erythrosin B (525 T1/n), 2,4-dinitroph.enol (DNP).

Results

1. The influence of monoiodo acetic acid and NaF

Light reaction observable in the presence of erythrosin was not influenced
by the applied 100 fig/ml (0.54 and 2.4 mM respectively) concentration of
monoiodo acetic acid and NaF. In the number of rhythmic concentrations
there was no deviation until the end of the reaction neither in the case of con-

Figure 1. Effect of NaF on contraction sensitized by erythrosin. Abscissa: time in

minutes. Ordinate on the left: frequency of rhythmic activity (a/min), on the right:

the percentage of tonically contracted glochidia (c) in case of control and inhibitor.

Rhythmic activity and closures are illustrated graphically by columns and lines respeco-
ively

1. dbra. A NaF hat4sa az erythrosinnal fényérzékenyitett kontrakciéra. Abszcissza:

id6 percekben. Ordinata baloldalt: a ritmikus aktivitads frekvencidja (a/min), jobboldalt:

a ténusos zarasban levé glochidiumok %-os ardnya (c) kontrol és gatlészeres kisérlet.
A ritmikus aktivitast oszlop-, a zarast vonaldiagramm &brazolja
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trol nor in the examinations with the inhibitor. Tonic reaction took place also
unchanged. The influence of NaF is illustrated in figure 1. There was no
inhibition after preincubation.

2. The influence of hydroxilamine

In the presence of 1 mM hydroxilamine the light sensitizing influence
of erythrosin is tonic. This manifests itself in the decrease in number of rhythm-
ic acts (Fig. 2) preceding tonic contraction occurring a little earlier than

Figure 2. The effect of hydroxilamine. Graphic illustration as in figure 1.
2. &bra. A hidroxilamin hatasa. Jel6lése mint az 1. 4bran

usual. For example 2500 contractions were produced by 25 yg/ml erythrosin
under the given conditions, whereas under the same circumstances the number
of contractions was about 500 when applying 1 mM hydroxilamine during
a 20 minutes long preincubation and subsequently together with the dye.
As a result of this the frequency of rhythmic contractions decreased consider-
ably.

3. The influence of NaN3

Only little changes took place in tonic light reaction on the combined
application of 100yg/ml (1.53 mM) NaN3and 25yir/ml erythrosin. The number
of rhythmic contractions, however, decreased considerably. The effect pro-
duced by NaN3is presented in figure 3.

4. The effect of thiosemicarbazide

It is visible in figure 4 that a 20 minutes long incubation in 1 mM thio-
semicarbazide and a subsequent application of this solution together with
25 yg/ml erythrosin resulted in a decrease in the rate of tonic closures. The
number of rhythmic contractions taking place until the ultimate closure of the
larvae is also only 1/5th of that in the control group. In the presence of 1 mM
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Figure 3. The effect of NaN3 Graphic illustration as in figure 1.
3. dbra. A NaN3hatéasa. Jeldlés mint az 1. abran

Figure 4. The effect of thiosemicarbazide. Graphic illustration same as in figure 1.
Control experiment and experiment with the inhibitor is illustrated in the same system
of coordinates

4. dbra. A tioszemicarbazid hatdsa. Jeldlése mint az 1. &bran. A kontrol és gatldszeres
kisérlet ugyanazon koordinatarendszerben

thiosemicarbazide a three times longer period was needed for the tonic con-
traction of 50 per cent of larvae than in the absence of this agent (8 and
27 minutes respectively). The maximum frequency of rhythmic activity is
the most markedly inhibited parameter.

5. The effect of KCN

On the combined application of 100 //g/ml KCN (1.51 mM) and 25 /ig/ml
erythrosin rhythmic activity becomes inhibited and tonic reaction takes place
a little faster. The same mixture influences light reaction in a similar way
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after a 10 minutes long preincubation in 100 /ig/ml KCN with the difference
that tonic reaction becomes also inhibited. The inhibitory effects produced by
KCN on its application in two different ways is illustrated in figure 5.

Figure 5. The effect of KCN. Illustration as in figure 1. A — the effect of the mixture
ofdye and inhibitor after preincubation in KCN, B — using the mixture of KCN and the
dye immediately the effect of KCN itself becomes manifested

5. 4bra. A KCN hatasa. Jel6lés mint az 1. abran. A — el6zetes KCN-inkubacié utadn a fes-
ték és gatlészer keverékének hatdsa, B — azonnal a KCN és festék keverékét alkalmazva
a KCN sajat hatasa is érvényesil.

6. The effect of dinitrophenol (2,4-DNP)

DNP is ineffective in 25 fig/ml (0.13 mM) concentration. It does not
induce reaction when used by itself in the above concentration. The influence
of this substance when in combination with erythrosin was measured after
0—120 minutes long preincubation in DNP. After two hours long preincub-
ation there was a small increase in the tonicity of light reaction. It was not
possible to use this agent in higher concentrations because it would have result-
ed in considerable pH changes and because light responses would be covered
up by ion-effects in case if buffers are used.

Discussion

On basis of the accepted point of attack of the metabolic inhibitors
investigated definite conclusions may be drawn on the relationship between
dye-sensitor and biological energy source. Under the conditions applied NaF
and monoiodo acetic acid may paralyse glycolysis dependent processes. Light-

3 Tihanyi Evkényv
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sensitized reaction is considered glycolysis-independent because it is ineffect-
ive. 2,4-DNP inhibits oxidative ATP synthesis by separating oxidation and
phosphorylation. Because light response is not suspended by 0.1 mM 2,4-DNP
after long incubation and in the presence of erythrosin it is suggested that it is
independent of oxidative phosphorylation and of its energy production.

The inhibition produced by NHZOH and NaN3is mediocre, whereas TSC
and KCN are real inhibitors. The effect produced by KCN deserves special
emphasis. In view that oxidases are primarily inhibited by these metabolic
inhibitors it is inferred that the process investigated is susceptible to dis-
turbancies in specific and nonspecific oxidases.

Hydroxylamine and TSC are ready to form oxim and semicarbazone
together with oxo-groups. As it is evidenced by these experiments the oxygen
on the aromatic C of erythrosin does not give colour reaction with hydroxyl-
amine and TSC. In these experiments one might have expected colour changes
in case of semicarbazone- and oxim-formation. Thus it is considered that the
effect of hydroxylamine and TSC is an effect which is produced primarily on
the biological system. This assumption, however, has not absolute validity
because TSC as an inhibitor is more effective if it is present, than if it is applied
only during preincubation. This fact refers either to the inhibition of dye-
permeation or to the formation of a molecular compound between dye and
TSC taking place without colour reaction.

It is known that cianide forms a complex with trivalent iron and thus
inhibits the reduction of oxidized respiratory ferment (Keirin 1929). Accord-
ingly in the process the activation of oxygen is damaged. It has been demon-
strated by schenck (1948) that under illumination active oxygen is trans-
ported by eosin to different substrates. Excited eosin is of long duration and
In triplet state (Oster, Adeiman 1955) it reacts with oxygen and there-
after with the substrate, and in damped, normal state is released again.
Erythrosin is capable of producing the same photosensitizing effect on glochi-
dia as eosin but at a concentration which is of about 2 times smaller order than
in the case of eosin (Labos 1965 a). Erythrosin was used in these investigations
because it is more effective in lower concentrations. It is assumed that in the
presence of oxygen this substance may catalyse similar photooxidation as
eosin. Because lightsensitized contraction is susceptible to cyanide but is not
inhibited by DNP it is assumable that the energy producing processes in
guestion become inhibited without the participation of cytochromoxidase and
as a result of this the photocatalysed contraction of mussels will not be accom-
plished. Light reaction is thus independent of the control of oxidative phospho-
rylation but not of terminal oxidation.

It has been demonstrated by oster et al. (1959) that only dyes that may
enter into photoreduced condition are capable of catalyzing photooxidation.
The fact that cytochromeoxidase and the dye-sensitor are both capable,
independent of each other of oxygen-activation and substrate-oxidation, and
because light reaction is inhibited by cyanide it is inferred that the processes
may undisputably be interlinked in lightsensitized contraction. Certain xanthen
dyes are able to activate oxygen in the presence of light, the oxygen forming
peroxides with the substrate (Schenck 1948). It is not out of question that in
the present case one of the cytochromes itself is the substrate of the dye.

It is assumed that cyanide does not inhibit dye-sensitized photooxid-
ation in vitro, because this substance blocks catalizators containing heavy
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metals and the dye does not contain metals. It is also known that cyanide does
not form complexes with cytochromes (keirin 1929). Accordingly, the in-
hibition by cyanide is primarily attributable to the inhibition of cytochrome-
oxidase.

The brutto process is illustrable by the following schema:

E+ C+ S+ 02 E-fC+ S02

where E = erythrosin, C = cytochromeoxidase, 8 = substrate. On basis of
data thus far obtained it is difficult to locate the intermolecular pathways
of electrons. Cyanide inhibits the transfer of the cytochrome-system or that
of the electron of the stain. In this way cytochromeoxidase becomes omitted
in oxidized form from the process. These present investigations do not allow
of statement as to the number of exchange-electrons, nevertheless the close
connection with terminal oxidation refers to the transfer of one electron.

Summary

Light sensitized rhythmic and tonic contractions by erythrosin B in
glochidia of freshwater clam (Anodonta cygnea L.) was investigated in the
presence of various metabolic inhibitors (10~4—10-3 M).

On basis of examinations it is established that the process is not sensitive
to monoiodo acetic acid, NaF, 2,4-DNP. It is considerably more sensitive to
thiosemicarbazide, NH40H and NaN3 It is most sensitive to cyanide.

The findings show that the reaction is independent of glycolysis. Oxid-
ative phosphorylation cannot play an important role either, whereas various
oxidases are involved in the reaction.

It may be concluded primarily on basis of the susceptibility to cyanide
that light reaction is related to terminal oxidation and in particular to cyto-
chromeoxidation. It is assumable that the photoreduced dye joins the process
of terminal oxidation by means of monovalent electron-transfer.
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ANYAGCSEREGATLO SZEREK HATASA ERYTHROSINNAL FENYERZEKE-
NYITETT KONTRAKCIORA KAGYLOLARVAKON

dsszefoglalas
Labos Elemér

Edesvizi kagylé (Anodonta cygnea L.) glochidiumainak erythrosin B-vel fény-
érzékenyitett ritmikus és ténusos kontrakci6jat vizsgaltuk kilonbdz6 anyagcseregatlo
szerek (10-4 — 10"3 M) jelenlétében.

A vizsgélatok alapjan megallapithaté, hogy a folyamat monojédecetsavra, NaF-ra,
2,4 DNP-ra nem érzékeny. Lényegesen érzékenyebb tioszemikarbazidra, NH20H és
NaN3ra. Kiemelkedéen érzékeny cianidra.

Fentiek alapjan a reakciét a glikolizistdl fiiggetlennek tekintjik. Az oxidativ
foszforilacié hasonléan nem jatszhat fontos szerepet, viszont a kiilonb6z6 oxidazok a
reakcidban résztvesznek.

Elsésorban a cianidérzékenység alapjan mondhaté, hogy a fényreakcié a terminélis
oxidéaciéval nevezetesen a citokromoxidazéval kapcsolatos. Felteheté, hogy a foto-
redukalt festtk monovalens elektronatadéds révén kapcsolédik be a termindlis oxidacio
folyamatéaba.

BIIMAHWE VHITMBNTOPOB OBMEHA BELWECTB HA ®OTOCEHCUBUIN-
3NVPOBAHHOE 3SPUTPO3VHOM COKPALWEHWE TNOXNAOWNEB BE33YBKWU

3. Jlabow

Bbina nsydyeHa (oToceHCMOUNU3MPOBAHHAA MNPWU MOMOLLM 3pUTPO3NHA-B puTMmMyeckoe
M TOHWYeCKOe coKpalleHue rnoxuanes 6e33y6ku (Anodonta cygnea L.) B npucyTcTBUM pasHbIX
MHIMOMTOpOB O06MEHa BeLLeCTB B KOHUeHTpauun 10~4—10_ 3 M.

Ha ocHoBe MonyyeHHbIX AaHHbIX 6bl/10 YCTAaHOB/IEHO, YTO 3TO B/IUAIHUE He W3MEeHseTcs
noj BAMSIHMEM MOHoOMoAyKcycHoli kucnoTbl, NaF, 2,4—DNP, ropasgo nydlle pearupyet Ha
Tnocemukap6asng, NH20H uNaN3 1 0co6eHHO UYyBCTBUTENLHO K LUaHWUAy.

Ha ocHOBe BbICLUEM3/IOXKEHHOIO peaKuus CUMTaeTCs He3aBUCUMOW OT ravkonusa. OKu-
cnnTenbHoe (ochopmanpoBaHMe B 3TON peakuMW TOXe He MOXEeT urpatb BaxHOW ponu, Ho
pasnnyHble OKcMAasbl MOryT NPWHMMATb yyacTue B Held.

Ha ocHOBe UyBCTBUTENBHOCTU K LIMAHWUAY MOXXHO CKa3aTb, UYTO CBeTO-peakuus cBs3aHa
C TepMUHANIbHbIM OKWCNEHWEM, & UMEHHO C LIMTOKPOMOKCMAA30i. MOXHO NpefnonioXunTb, YTO
(POTO-BOCCTAHOB/IEHHAA Kpacka BK/OYaeTCA B TePMUHa/IbHOE OKUC/eHWe Npu nepefavyv MOHO-
Ba/IEHTHbIX 3/IEKTPOHOB.
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