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Contract i l i ty  of cel ls  of the v i s ce ra l  epi thel ium (podocytes) of Bowman ' s  capsule is knownto be due to the 
p re sence  of a highly developed s y s t e m  of mic ro f f l amen t s  in the i r  cy toplasm [2]. Compara t ive  aspec ts  of the 
s t ruc tu re  of the mie ro f i l amen t  s y s t e m  of podocytes in the kidneys of lower  and higher v e r t e b r a t e s  a re  e x a m -  
ined in this paper .  

E X P E R I M E N T A L  M E T H O D  

Kidneys f r o m  adults of both sexes  f r o m  two fami l i es  of mar ine  bony f ishes  were  studied: P leuronect idae  
- t h e  pla ice  P leuronee tes  p l a t e s s a  L. and the long rough dab Hippoglossoides  ~ l a t e s so idea  l imandoides  Bloch 
(caught in the Barenz  and Norwegian Seas) and the Exocoet idae - the t ropica l  two-winged flying f ish Exocoetus  
voli tans L. (caught in the Indian O c e a n ) -  and these  were  compa red  with the kidneys of mongre l  dogs .  P i e c e s  of 
kidney t i s sue  (the caudal region of the kidneys in f i shes  and the renal  cor tex  in dogs) for  e l e c t r o n - m i c r o s c o p i c  
study were  fixed in a 3% solution of g h t a r a l e d h y d e  in phosphate buffer  and postfixed in a 1% solution of OsO 4. 
Mater ia l  was embedded in Araldi te ,  u l t ra thin sect ions  were  cut on Reicher t  and UMTP-2 u l t r amic ro tomes ,  
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stained with lead c i t ra te ,  and examined in JEM-100B and UEMV--100B e lec t ron  m i c r o s c o p e s .  

E X P E R I M E N T A L  R E S U L T S  

The genera l  pr inciple  of s t ruc tu re  of the epithelial  cells of the v i sce ra l  l aye r  of the g l o m e r u l a r  capsule 
(podocytes) is  ident ical  for  the nephrou of all the spec ies  studied and co r re sponds  to that desc r ibed  in the l i t -  
e r a tu r e  [9]. Podocytes  (Figs. 1, 2, and 3) faced the lumen of the g l o m e r u l a r  capsule and were  r a i s ed  above the 
basement  m e m b r a n e  of the g lomerul i  on l a rge  p r o c e s s e s  or  t r abecu lae ,  which broke  up in the distal  d i rect ion 
into smal l  p r o c e s s e s  or  pedicles ,  in contact with the basement  m e m b r a n e .  Nar row spaces ,  enc losed  by thin 
br idges ,  were  p resen ted  between neighboring pedic les .  Consequently,  a specia l  fea ture  of the s t ruc tu re  of the 
podocytes of v e r t e b r a t e s  is the fo rmat ion  of unique cy top lasmic  a rcades  by the i r  p r o c e s s e s ,  which f o r m  a sub-  
podocyfic space  in the lumen  of the g lomeru l i .  

A well developed s y s t e m  of mic ro f i l amen t s  was obse rved  in the cy toplasm of podocytes of the kidneys of 
ma r ine  bony f i shes  (Figs. 1 and 2). These  mic ro f i l amen t s ,  8-10 nm thick, fo rmed  dense bundles consis t ing of 
200 or  m o r e  s epa ra t e  units.  In trm, l s v e r s e  and tangential  sect ions  the mic ro f i l amen t s  had a pale mat r ix .  In 
the region of the per ikaryou ,  bundles of mic ro f i l amen t s  sur rounded the nucleus concent r ica l ly  and were  in close 
contact with the outer  nuc lear  m e m b r a n e .  Zones of t rans i t ion  f r o m  the body of the podocytes to the t r a b e c a l a r  
and pedicular  p r o c e s s e s ,  where  they lay  in the su r face  regions  of the cytoplasm,  beneath  the p l a s m a l e m m a ,  
could be c lear ly  dist inguished.  Along the course  of the bundles of mic ro f i l amen t s ,  they fo rmed  tight junctions 
with mito choudria.  

Microf i l aments  in the renal  podocytes of dogs were  only 4--7 am thick, they did not fo rm bundles,  but 
were  d is t r ibuted  diffusely all ove r  the cell and essen t ia l ly  consti tuted the ma t r ix  of the cy top lasm of the body 
(Fig. 3a) and p r o c e s s e s  (Fig. 3a, c) of the podocytes .  

In the modern  view mic ro f i l amen t s  r e s e m b l e  actin, the s t ruc tu ra l  pro te in  of musc le  cel ls  and one of the 
components of the contract i le  s y s t e m  of musc l e s  [10]. Microf i l aments  also contain myosin ,  ~-ac t in in ,  t r o p e -  
mysin ,  and o ther  pro te ins  [12]. The p r e s e n c e  of a well developed s y s t e m  of mic ro f i l amen t s  in the rena l  podo-  
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Fig .  1. F r a g m e n t s  of podocytes f r o m  renal  g l o m e r u l u s  of the plaice,  a) Microf i l aments  
in region of pe r ika ryon ,  b) in region of per ikaryon ,  t rabecu lae ,  and pedicles ,  c) mic ro f i l amen t s  
in region of t r abecu lae .  MF) Microf i laments ,  EP) epithelial  c e l l s  (podocytes), LC) lumen of 
B o w m a n ' s  capsule ,  BM) basemen t  m e m b r a n e ,  TR) t r abecu lae ,  PED) pedic les ,  MV) microvi l l i ,  
N) nucleus,  M) mi tochondr ia ,  ER) endoplasmic  retiCulum, GC) Golgi complex .  Ar rows  indicate 
c ross ing  of bundles  of mic ro f i l amen t s  into t rabeculae  and pedicles  f r o m  region of per ikaryon;  
a r r o w s  with s e m i c i r c l e  denote in te rped icu la r  b r idges .  Magnification: a) 9000, b, c) 18,000. 

cytes of the f ishes  invest igated,  which differ  sharp ly  in the i r  mode of l ife (bottom and epipelagic  fish) indicates  
a poss ib le  morphologica l  and functional un iversa l i ty  of this s y s t e m  for  the nephron of mar ine  bony f i shes ,  i r -  
r e spec t ive  of  the i r  different  ecologies .  As the w r i t e r p o i n t e d  out p rev ious ly  [2] ,  the podocyte s y s t e m  of m i c r o -  
f i laments  causes  rhy thmic  contract ions  of the cell body, t r abecu lae ,  and pedic les ,  and in that case the podocytes 
play the role  of a specia l  kind of pump, propel l ing  the u l t r a f i l t r a t e  through the f i l t ra t ion b a r r i e r .  In the light of 
this view the necess i ty  for  a subpodocytic  space ,  r e s t r i c t i ng  the ampli tude of contract ion of the podocytes,  be-  
comes  unders tandable  because ,  given the usual s t ruc tu re  of epithelial  cel ls ,  in close contact with the basemen t  
m e m b r a n e ,  each contract ion would lead synchronous ly  to const r ic t ion of the g lomeru l a r  cap i l l a r i es .  To e s t ab -  
l i sh  the energy  supply for  the contract i le  s y s t e m  of podocytes,  the in t r ace l lu la r  a r r a n g e m e n t  of the bundles of 
mic ro f i l amen t s  mus t  probably  be taken into account.  The i r  close topologic connection with mi tochondr ia  en-  
able them to utilize the energy  of A T P  molecu les  produced by the mi tochondr ia  for  the i r  own contract ion.  The 
exis tence of m e c h a n i s m s  of energy coupling, leading to accumulat ion of e lec t ron  t r a n s f e r  energy in the fo rm of 
energy  M u t i l i zab le"  for  var ious  p r o c e s s e s  of nuclear  act ivi ty,  in the nuclear  m e m b r a n e s  of different  an imals  
is  now known [1, 3, 5]. On the bas i s  of our own observa t ions  and consider ing the e x t r e m e l y  close contact be -  
tween bundles of mic ro f i l amen t s  and the nuclear  m e m b r a n e ,  it can be tentat ively suggested that energy  for  the 
contract i le  appara tus  of the podocytes is supplied by oxidative phosphorylat ion p r o c e s s e s  taking place in the 
nuc lea r  m e m b r a n e s .  In a g r e e m e n t  with data obtained by the wr i t e r  previous ly  in e l ec t ron -h i s tochemica l  studies 
of local iza t ion of lac ta te  dehydrogenase (EC 1.1.1.27), one of the pr incipal  speci f ic  enzymes  of glycolysis ,  in 
the podocyte p lasma[  e m m a  [7], close to which the mic ro f i l amen t s  a re  si tuated,  the possibi l i ty  cannot be ruled 
out that energy  for  contract ion of podocytes also is supplied by p r o c e s s e s  of glycolyt ic  phosphorylat ion.  
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Fig. 2. Fragments of podocytes of renal glomeruli of the long rough dab and flying fish. a) 
Dab, microfilaments in region of perikaryon and trabecule, 22,000 x; b) flying fish, microfi la-  
ments in region of perikaryon, 8000 x ; c) flying fish, microfilaments in trabeculae, 10,000 • 
CAP) capillary lumen, EN) endothelium, ERY) erythrocyte.  Remainder of legend as to Fig. 
1. 

Fig. 3. Fragments of podocytes of dog renal glomerulus. 18,000 x .  a) Zone of perikaryon, 
b, c) trabeculae and pedicles. Remainder of legend as to Figs. 1 and 2. 
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The need for  a powerful contract i le  appara tus  in podocytes ,  which p e r f o r m  an act ive pumping function in 
the kidneys of ma r i ne  bony f ishes ,  is evidently explained by the fact  that thei r  a r t e r i a l  blood p r e s s u r e  is lower  
than in m a m m a l s ,  and the re la t ive ly  smal l  volume of blood e jected by the heart  l imi t s  the inflow of a r t e r i a l  
blood to the kidney [6]. It will be noted that  whereas  in m a m m a l s  the weight of the hear t  is on ave rage  0.59% 
of body weight, in rep t i les  0.51%, and in amphibians  0.46%, in f ish it  i s  only 0.2% [11]. 

In the course  of v e r t e b r a t e  evolution (the fo rmat ion  of a f o u r - c h a m b e r e d  hear t ,  e levat ion of the blood 
p r e s s u r e ,  and so on) the s y s t e m  of mic ro f i l amen t s  in the renal  podocytes undergoes  substant ia l  changes.  In 
higher v e r t e b r a t e s  (in this case,  in dogs) this change is mani fes ted  morphologica l ly  by depolymer iza t ion  of 
bundles of m ic ro f i l amen t s ,  a dec rea se  in the i r  th ickness ,  and the i r  diffuse dis tr ibut ion throughout the cy top lasm 
of the cel ls .  Consequently,  t rans i t ion  f r o m  a fasc icu la r  type of s t ruc tu re  of the mic ro f i l amen t  s y s t e m  to a 
r e t i cu la r  type,  de te rmined  by evolution, i s  obse rved  in the cy top lasm of podocytes of the renal  g lomerul i  of 
lower  and higher  v e r t e b r a t e s .  According to var ious  worke r s ,  these two types of s y s t e m s  of m ic ro  f i laments  
a r e  mos t  widely r e p r e s e n t e d  in the cy toplasm of eukaryote  cel ls  [14]. 

It must  be spec ia l ly  emphas ized  that under pathological  conditions, such as in pat ients  with hydronephro-  
s is  [4] o r  a nephrot ic  syndrome [8], the number  of f ibr i l s  (microf i laments)  in the cy top lasm of the podocytes 
of the renal  g lomerul i  may be sharp ly  inc reased .  Some inves t iga tors  [8] quite logical ly  r ega rd  this we l l -de -  
fined f ib r i l l a ry  s t ruc tu re  of the podocyte cy top lasm in the kidneys of pat ients  with the initial  stage of a nephrot -  
ic syndrome as an adaptive reac t ion  to p ro te inu r i a  and a c h a r a c t e r i s t i c  fea ture  of i n c r e a s e d  functional act ivi ty,  
due to an inc rease  in the i r  contract i le  capaci ty.  Unfortunately,  this reac t ion  is of short  durat ion and decom-  
pensation of the podocytes,  with vacuolat ion and n e c r o s i s ,  develops rap id ly  [8]. In such si tuat ions,  to s t rengthen 
and s tabi l ize  the m e c h a n i s m s  of adaptation, i t  is  evidently advisable to use ar t i f ic ia l  (drugs, physical  agents ,  
and so on) s t imula to r s  of mic ro f i l amen t  development  in the podocytes ,  for  at one stage of evolution of the 
animal  kingdom (marine bony f ishes)  the podocytes have a well  developed s y s t e m  of mic ro f i l amen t s ,  cons t i t u t -  
ing the bas i s  of the i r  contract i le  appara tus .  This  fact also is evidence of the active role  of epithelial  cel ls  
(podocytes) of the g lomerulus  in urine format ion ,  so that S ta r l ing ' s  theory  [13], which is stil l  dominant,  and 
which r e g a r d s  u l t ra f i l t ra t ion  as a p r o c e s s  based  on a purely  physical  m e c h a n i s m  of f i l t ra t ion under p r e s s u r e ,  
canbe  c r i t i ca l ly  r e - eva lua t ed .  The pr inc ip les  of that  theory are  evidently applicable only to higher v e r t e b r a t e s .  
The i r  ext rapola t ion to other  an imals  and, in pa r t i cu la r ,  to mar ine  bony f ishes ,  in the light of the r e su l t s  of the 
p resen t  inves t igat ion mus t  be done with a due m e a s u r e  of caution and with the introduction of essent ia l  c o r r e c -  
t ions.  
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