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A great num ber of yellow pigm ent granules called cytosom es by N o l t e  
e t al. (1965) occur in th e  nerve cells o f m any species o f bivalves and  snails. 
A lthough these granules display some sim ilarity  to  the  lysosomes suggested 
even by th e  nam e cytosom e ( D e D u v e  and  W a t t i a u x , 1966) functions 
differing from  th a t  of th e  lysosomes should also be a ttr ib u te d  to  them . Nam ely, 
activ ities of certain  resp iratory  enzymes could be detected  in th e  cytosom es 
of th e  nerve cells of Anodonta cygnea ( Z s . - N a g y , 1967; Z s . - N a g y  and  K e r p e l - 
F r o n i u s , 1970a). Furtherm ore, i t  has been proved th a t th e  cytosomes possess 
an  energy production o f oxidative character even under anoxic conditions 
( Z s . - N a g y  and  K e r p e l - F r o n i u s , 1970b; Z s . - N a g y , 1971a; K e r p e l - F r o n i u s  
and  Z s . - N a g y , 1973).

Considering th e  resu lts m entioned above, the  necessity em erged to  
investigate th e  occurrence and  d istribu tion  of cytosom es in th e  extraneuronal 
tissues in order to  decide th e  question w hether th e  results obtained  on th e  
nervous tissue can be generalized. The present work was aim ed a t  investigating 
th is problem.

Material and methods

The investigations were carried out on the  ad u lt specimens of 14—18 cm 
body length of Anodonta cygnea L. Only com pletely in tac t, norm al anim als 
were used which had  been k ep t durab ly  in aquaria  supplied w ith  the  w ater 
of Lake B alaton  and  sufficient areation. The following organs were investig­
a ted : oral palps; siphon; m antle; h ea rt ventricle; central p a r t of the  in testine; 
gonads; kidney (Bojanus organ); s ta tocyst; epithelium , m usculature and  ex­
cretory glands of the  foot; hepatopancreas; adduc to r muscles and  osphradium . 
The investigations were m ade in th e  m onths of May and  June.

P a rts  of th e  above organs were fixed in 2.5 percent g lu tara ldehyde 
dilu ted  from  a 25 percent stock solution by  ta p  w ater, a t  4° C for 16 hr, then  
washed and  postfixed in osmic acid for 30 min (2 percent 0 s 0 4 buffered w ith 
0.1 M s-collidine) a t  0 °C and  10 min a t  room  tem peratu re. D ehydration  
took place by ethanol and  propylene oxide, th en  the  blocks were em bedded 
in to  arald ite . In  o ther cases only a simple osm ium  fixation  was perform ed
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ju st as described above. The sections were cu t on L K B  U ltro tom e I I I ,  co n tra st­
ed by urany l aceta te  and  lead citra te . M icrographs were taken  on a TESLA BS 
413A electron microscope.

Results

The u ltras tru c tu re  of cytosom es found in the  organs investigated  is 
identical w ith  th a t of th e  neuronal cytosomes (Z s . - N a g y , 1967; 1968; Z s . -N a g y  
and  B o r o v y a g i n , 1972), therefore the m ain characteristics of the  cytosomes 
will only be described briefly.

The cytosomes are composed of th ree basic com ponents: a) m em branes,
b) fine granu lated  m atrix  and  c) lipid droplets of various, m ainly high density.

a)  Two types of m em branes can be distinguished: the  ou ter lim iting 
m em brane and  the  in ternal ones. The lim iting m em brane is of abou t 80 -85 A 
thickness and  displays a regular u n it m em brane structu re . I t  is of som ewhat 
higher density  th an  the  in terna l m em branes. The la tte r  are em bedded in the 
fine granu lated  m atrix  inside the  cytosomes. In  case of double fixation  they  
often occur in th e  form of five-layered complexes of m em branes showing a 
thickness of 135—140 A. In  case of simple osmium fixation  even th e  in ternal 
m em branes are m ainly of u n it m em brane composition. M embranes are always 
presen t as a rule a t  the  periphery  of the  cytosomes and  one can often observe 
a  d irect continuation of the  m em branes in to  th e  lipid droplets.

b) The fine granu lated  m atrix  is of m oderate electron density. I t  con­
sists of granules m uch sm aller th an  the  ribosomes, filling ou t the  space between 
th e  m em branes and  lipid droplets w ithin th e  cytosomes. I t  is composed p ro ­
bably  of substances of p rotein  nature .

c) The lipid droplets represent always a considerable mass in th e  norm al 
cytosom es. Their density  is no t uniform , it is very  high a t  some places cor­
responding m ost probably  to  phospholipids. Elsewhere there is a lower density  
which m ay indicate th e  presence of neu tra l lipids.

The com ponents re la ted  above m ay form  extrem ely variable structures. 
More or less cytosomes are presen t in all basic types of tissues. Their size varies 
betw een 1 5 /t.

Most of th e  cytosomes were seen in th e  in testinal and  kidney epithelium  
am ong the  epithelial tissues investigated. There is a single ciliated cylindric 
epithelium  in the  intestine. The apical p a r t of this epithelium  is occupied by 
num erous ciliary rootlets and  the  cytosomes are localized in th e  m iddle zone 
o f it. These cytosom es are as a rule of irregular or elongated shape ( Fig. 1). 
I t  is especially characteristic for the  cytosom es of the  in testinal epithelium  
th a t  th e  m atrix  is ra th e r poor and  instead of the  m atrix , one can find m any 
sm all vesicles of various con ten t (Fig. 1). The cytosomes of the  kidney ep i­
thelium  are of sim ilar character, however, th ey  are more ab undan t in m em bra­
nes (Fig. 2). O ther epithelial tissues also contain cytosomes, although 
th ey  occur less frequently  elsewhere. There are cytosomes in th e  epithelium  
of the  sta tocyst, th e  siphon, some channels of gonads, th e  foot and  th e  m antle. 
The cells of the  foot glands and  the  hepatopancreas also contain cytosomes. 
T he cytosomes of th e  hepatopancreas are poor in in terna l m em branes and  are 
filled in w ith a m ainly granulated , apparen tly  homogeneous substance ( Fig. 3).

The connective tissue of molluscs is ra th e r poor in cells, it  consists of 
m ainly atypic, th in  collagen fibres. The cells found in th e  connective tissue



123

Fig. 1. D e ta il o f an  ep ithe lia l cell from  th e  cen tra l p a r t  o f th e  in testine . G — Golgi; 
Cy — cytosom e; CV — coated  vesicle; X  58 500
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Fig. 2. D e ta il o f a n  ep ithe lia l cell from  th e  k idney . N  — nucleus; M — m ito ch o n d riu m ;
Cy — cytosom e. X 30 000
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Fi g.  3.  D e ta i l  o f  a  cell f ro m  th e  h e p a to p a n o re a s .  N  — n u c le u s ; M  — m ito e h o n d r iu m ; 
C y  — c y to so m e ; G  — G olgi; E R  — e n d o p la sm ic  re tic u lu m . X 30 000
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F ig . 4. D e ta il o f a n  in te rs titia l connective tissue cell o f th e  h e a r t m u scu la tu re . N  — 
nucleus; G1 — glycogen; Cy — cytosom e. x  68 500
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F ig. 5. D e ta il o f a  fib ro ey te  from  th e  subep ithelia l connective tissue o f the  foot. N  -  
nucleus; Cy — cytosom e; F R  — free ribosom es. X 48 500

*>f
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F ig . 6. D e ta il o f a  h e a r t m uscle cell from  th e  ven tric le . G1 — glycogen; M — M itochond-
riu m ; Cy — cytosom e. X 58 500
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F ig . 7. D e ta il o f th e  subep ithelia l layer o f th e  o ra l p a lp  con ta in ing  collagen an d  sca tte red  
m uscle cells. M y — m yofilam en ts  in  th e  m uscle cell; Cy — cytosom es; G1 — glycogen;

C F — collagen fibres. X 30 000

9
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Fig. 8. D e ta il o f a  m uscle cell from  th e  in te s tin a l wall. M y — m yofilam en ts; SR  — sarco ­
plasm ic re ticu lu m ; Cy — cytosom e; M — m itochond rium . X  25 000
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contained cytosomes in every organ investigated. The cytosomes of fibrocyte- 
like cells are presented from  th e  h eart muscle in terstitium  (Fig. 4)  and  from  
the  subepithelial connective tissue of th e  foot (Fig. 5).

Among the  muscle tissues, the  largest num ber of cytosom es were found 
in th e  heart ventricle. In  th e  h eart muscle and  every other muscle, the  cy to ­
somes appear in groups either in  th e  vicin ity  of th e  nucleus or in o ther regions, 
m ixed w ith o ther sarcoplasm atic elem ents an d  num erous glycogen granules 
(Fig. 6). The contractile elem ents are missing a t these places. Cytosomes 
often occur in the  muscle cells of sm ooth character of th e  oral palp  (Fig. 7), 
the  in testinal wall (Fig. 8), the  m antle, the  siphon and  the  foot. A t the  same 
tim e, the  adducto r muscles contain only very  few cytosomes, and  in relatively  
large areas cytosomes could no t be observed a t  all.

D isc u ss io n

Our investigations show unanim ously th a t  th e  cytosom es generally 
occur in m any tissues of Anodonta cygnea. A part from  some variab ility , th ey  
can be regarded as cell particles of uniform  composition, therefore we have a 
sufficient basis to  consider them  as cell organelles, like th e  m itochondria or 
o ther ones.

Nevertheless, th e  cytosomes cannot be classified in to  any  known ca te­
gories of cell organelles. They show some functional relations to  the  lysosomes, 
since certain  cytosomes displayed acid phosphatase ac tiv ity  under certain  
circum stances (Mee k  and  L a n e , 1964; L a n e , 1966; Zs .-Nagy and  B orovya- 
g in , 1972). A t the  same tim e, it  should be no ted  th a t  th e  morphological ap p ear­
ance as well as the  high lipid content of cytosomes strongly differs from  those 
of usual lysosomes (De D uve and  W a ttia u x , 1966). Similarly, one has to  
in terp re t as a  difference th a t  resp irato ry  enzymes have n o t been described 
in th e  lysosomes (Gahan , 1967). I t  is a  question w hat can be th e  function 
of the  acid phosphatase in the  cytosom es the  ac tiva tion  of which was observed 
even by  us during anoxia (Zs .-Nagy and  B orovyagin , 1972). Since th is en ­
zyme is known generally as a lysosomal m arker, it  seems to  be reliable th a t  
ly tic processes also take place during certain stages of cytosom al developm ent, 
however, the  to ta l cytosom al function is more th an  the  ly tic ac tiv ity  of the  
common lysosomes.

The frequency of cytosomes is undoubted ly  th e  highest in the  nerve cells, 
however, th ey  can be found practically  in all basic types of tissues. Their 
functional significance is indicated  by the  observation (Zs .-Nagy , 1971a) th a t 
th e  m olluscan species the  nervous system s of which contain no cytosomes, 
are no t able to  survive anoxic conditions a t  all, whereas those having pigm ented 
ganglion cells display a significant anoxic tolerance being m ore or less p ro ­
portional to  the  degree of pigm entation.

The practically  ubiquitous occurrence of cytosomes in th e  tissues of 
Anodonta cygnea adm its a generalization. Nam ely, th e  resp iratory  enzyme 
activities observed in th e  cytosom es of th e  nerve cells, as well as th e  cytosom al, 
anoxic, energy dependent Sr+ + -accum ulation (Zs .-Nagy , 1967; 1971a;
Zs .-Nagy , and  K e r pe l -Fro n iu s , 1970a; 1970b; K e r pe l -Fronius  and  Z s .- 
Nagy , 1973) m ay take p a rt in th e  anoxic m etabolic processes even in the 
non nervous tissues. On the  o ther hand, the  frequency of occurrence o f cyto-

9*
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somes ju st indicates th a t  the  highest num ber of cytosomes are presen t in the 
nervous system  and  the  h ea rt m usculature representing th e  energetically 
m ost exigent tissues, whereas less of them  occur in th e  o ther types of tissues.

The alm ost com plete absence of cytosomes in the  adducto r muscles m ay 
be connected w ith  the  fact th a t  the  tonic contraction of th e  adductors is 
b rough t abou t practically  w ithout fatigue, w ithout energy expenditure. This 
phenom enon has been re la ted  to  the  increased crystallization of param yosin 
(see for ref. Z s .-Nagy and  Sa lán k i, 1973). The low num ber of m itochondria 
in the  adductors m ay have the  sam e explanation. The m ain source of energy 
o f the  adductors for the  phasic contractions is most probably the anaerobic 
glycolysis or glycogenolysis tak ing  place w ithou t organelles in the  cytosol. 
In  th e  elim ination of the  glycolytic products perhaps o ther organs take p art, 
connected w ith  th e  adductors b y  the  circulation of the  hem olym ph.

A fter all, our investigations offered a sufficient m orphological basis 
for the  am plification of th e  m echanism  called “anoxic endogenous ox idation” 
having been a ttr ib u te d  so fa r to  th e  neuronal cytosomes (Zs .-Nagy and  
E r m in i, 1972b; Z s .-Na g y , 1971a; 1973) to  the  to ta l body o f th e  anim als.

On the  basis o f cytosom al properties m entioned above, one can assum e 
an analogy betw een them  and  the  polym elanosom es of th e  higher anim als 
(Van W oert e t al., 1967). The polym elanosom es have m ostly been investig­
a ted  in the  liver of am phibia. They consist of m elanin granules and  a m atrix  
surrounded by  a m em brane and  possess also in te rn a l m em branes. M itochond­
rial enzymes have been d e tec ted  in them  and  th ey  accum ulate M n+ + -ions 
sim ilarly as th e  m itochondria (Van W oert e t al., 1967; P rasad e t al., 1965). 
Because of its  sem iquinon free radicals, the  m elanin is known as an  extrem ely 
good electron acceptor (Pullman  and  P ullm an , 1961). The polymelanosomes 
of am phibia showed no phosphorylation in isolated s ta te  in th e  presence of 
oxygen (Van W oert e t al., 1967), whereas the  polym elanosom es obtained 
from  mouse m elanom as phosphory lated  as intensely as th e  well p repared 
m itochondria (Dorner  and  R e ic h , 1961). The cytosom es o f molluscs differ 
from  th e  polym elanosom es in so far as m elanin could no t be detec ted  in them  
by m eans of th e  L il l ie ’s m ethod (P e a r se , 1964) (Own, unpublished observ­
ation). N evertheless, the  cytosomes also contain some kind of in ternal electron 
acceptor (Zs .-Na g y , 1971b) belonging to  th e  group of lipochrom e pigm ents, 
being hence soluble in organic solvents such as ethanol and  propanol (Zs .- 
N agy and  E r m in i, 1972a). A part from  th is difference, there exists an  essential 
morphological and  functional resem blance betw een th e  cytosom es and  poly­
melanosomes.

Summ ary

The following organs of Anodonta cygnea were investigated: oral palps; 
siphon; m antle; h eart ventricle; central p a r t of th e  intestine; gonads; kidney 
(Bojanus organ); s ta tocyst; epithelium , m usculature and  excretory glands 
of th e  foot; hepatopancreas; adducto r muscles and  osphradium . I t  has been 
established th a t  all basic types of tissues contain more or less cytosomes the  
stru c tu ra l com position of which is principially identical w ith  those having 
been described and  stud ied  in detail w ithin the  nervous system . The cytosomes 
should be considered as generally occurring cell organelles in the  tissues of
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Anodontn cygnea. A  role is a ttr ib u te d  to  the  cytosom es in th e  processes of 
anoxic energy production. The cytosom es show m orphological an d  functional 
resem blance in m any respects to  the  polym elanosom es of higher anim als, 
a lthough th ey  contain no m elanin b u t a lipochrom e pigm ent having electron 
acceptor character.
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C ITO SZÓ M Á K  E X T R A N E U R O N Á L IS  E L Ő F O R D U L Á S A  AZ Л N O IX )N T Л 
C Y G N E A  L . (M OLLUSCA, P E L E C Y P O D A ) K Ü L Ö N B Ö Z Ő  S Z Ö V E T E IB E N

Z s.-N agy  Im re

Összefoglalás

V izsgáltuk  az A nodonta  cygnea  következő  szerveit: szá jv ito rla , sz ifó tá jék , köpeny , 
sz ívkam ra , b é lcsa to rn a  középső szakasza, ivarm irigyek , B o janus-szerv  (vese), s ta to - 
cy sta , láb  fedőhám ja , izom zata  és m irigyei, h ep a to p an creas, záróizm ok, v a lam in t az 
osph rád ium . M egállap ítást n y e rt, hogy v a lam enny i a lapszövetféleség ta r ta lm a z  tö b b ­
kevesebb  c itoszóm át, am elyek  szerkezeti felépítése elvileg azonos a  k o ráb b an  az ideg- 
rendszerben  le ír t és részletesen ta n u lm á n y o z o tt citoszóm ákéval. A  c ito szó m ák at á l ta ­
lánosan  előforduló se jto rg an e llu m n ak  kell te k in te n ü n k  az A nodonta  cygnea szöveteiben, 
am elyeknek  szerepet tu la jd o n ítu n k  az anoxiás energ ia term elő  fo ly am ato k  véghezvite lé­
ben . A  citoszóm ák szám os m orfológiai és funkcionális v o n a tk o zásb an  hasonlóságot 
m u ta tn a k  a  m ag asab b ren d ű ek  polym elanosom áihoz, jó llehet b en n ü k  nem  m elanin- 
típ u sú , hanem  lipochrom  te rm ész e tű  e lek tro n ak cep to r p ig m en tan y ag  fo rd u l elő.
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