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Presence of Specialized Cellular Complexes in the Tracheal Gills of Stonefly Nymph, 
P aragnetina media (Walker) 

U n t i l  recent ly ,  t he  t r a c h e a l  gills of t h e  s tonef ly  were 
cons idered  to  h a v e  on ly  a m i n o r  r e s p i r a t o r y  f u n c t i o n  1. 
However ,  our  e x p e r i m e n t a l  s tud ies  showed  t h a t  these  
gills are of cons iderab le  i m p o r t a n c e  as a r e sp i r a to ry  o rgan  
accoun t ing  for a b o u t  80 % of t h e  an ima l ' s  oxygen  consump-  
t i on  ~, 3. W e  were in t e re s t ed  in t he  d i s t r i b u t i o n  of t r acheo les  
in  t he  gills, a n d  therefore ,  a n  e lec t ron  a n d  l igh t  micro-  
scopical  e x a m i n a t i o n  of t h e  t r a c h e a l  gill  was  conduce td .  
The  s t u d y  of u l t r a - t h i n  sect ions  of t he  gill  f i l amen t s  
revea led  a h igh ly  t r a c h e a t e d  ep i the l i um a n d  in add i t ion ,  

n u m e r o u s  ' specia l ized cel lular  complexes '  j u s t  below t h e  
cuticle.  T h e  purpose  of t h i s  c o m m u n i c a t i o n  is to  r e p o r t  
these  complexes  w h i c h  h a v e  n o t  so far  been  obse rved  in 
p lecop te rans .  

T h e  t r a c h e a l  gills of t h e  Paragnetina n y m p h  are t u b u -  
lar  or f i l i form e v a g i n a t i o n s  of t h e  b o d y  wall.  T h e y  are 
p r e s en t  in  2 l a t e ra l  t u f t s  on  each  t ho rac i c  segment .  T h e  
gill  f i l amen t s  were f ixed  in  buf fe red  4 % g l u t a r a l d e h y d e  
fol lowed b y  1 %  o s m i u m  t e t r o x i d e  also buffered,  dehy-  
d ra ted ,  w i t h  acetone,  e m b e d d e d  in Ves topa l  W a n d  were 

Fig. 1. Light micrograph of section of 
a tracheal gill filament of Paragnetina 
media, showing 2 specialized ceils. T, Tra- 
chea. • 2,400. 

Fig. 2. SEM picture of the gill surface. 
• 1,200. 

Fig. 3. One complete specialized cellular 
complex. EM. • 5,300. 

Fig. 4. Basal and neck portions of the cel- 
lular complex showing membrane folds 
F and desmosome, J. • 23,900. 
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sectioned mos t ly  Iongitudinal ly.  The sections were s ta ined 
wi th  u rany l  ace ta te  and lead citrate.  Gill mater ia l  was 
also prepared for scanning electron microscopy by  the  
me thod  of WALTER and B u c ~  4, and was examined  wi th  a 
Cambridge  Stereoscan electron microscope. Mater ia l  for 
l ight  microscopy was f ixed in buffered 4 % g lu ta ra ldehyde  
dehydra ted  wi th  cellosolve, embedded  in glycot metha-  
crylate,  sect ioned a t  2 ~zm wi th  glass knives  and s ta ined 
wi th  e i ther  0 .01% acid fuchsin or 1 %  toluidine blue. 

The  ep i the l ium of the  gill f i l ament  is interspersed wi th  
e lements  of the  t racheal  sys tem and the  specialized cellular 
complexes are present  all  along the surface of the  f i l ament ;  
the i r  cons t i tuent  cells are dis t inct  f rom the  adjoining 
respi ra tory  epi thel ial  cells. These special s t ructures  have  
a cup shaped apical portion,  narrow middle  and an 

enlarged basal  por t ion  (Figures 1 and 3). The apical  
por t ion  is covered wi th  a th in  cut icular  disc wi th  a 
regular ly  s t r ia ted  u l t ras t ruc ture  (Figures 3, 5 and 6): 
These discs are also seen on the  surface of the  gill f i l ament  
wi th  the  scanning EI~ (Figure 2). The centra l  disc is 
surrounded by  a th ick  cut icular  r im-l ike s t ructure.  Ex te r -  
nal  to  the  disc, there  is a mass of amorphous  substance,  
p resumably  a secret ion p roduc t  s imi lar  to t h a t  repor ted  
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Fig. 5. Cup of the cellular complex. 
D, disc., F, folds; V, vacuoles. 
• 28,350. 

Fig. 6. Disc of the cellular complex 
showing striations (arrows). 
• 65,400. 
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in f ishL A m o n g  t he  o the r  r e m a r k a b l e  fea tu res  of t h e  cells 
of these  complexes  are :  1. The  v a c u o l a t e d  c y t o p l a s m  
w i t h  r o u g h  endop lasmic  r e t i c u l u m  res t r i c ted  to t h e  
cen t r a l  a n d  basa l  po r t i ons  of t h e  ceil. 2. ~ i c ro -v i l l i  l ike  
surface p ro jec t ions  i n t i m a t e l y  associa ted  w i t h  t he  cuff- 
cu lar  undersu r face  in t h e  neck.  3. S u b s t a n t i a l  deposi ts  of 
an  e lec t ron  dense  m a t e r i a l  wh ich  accumula t e s  preferen-  
t ia l ly  in  t h e  c y t o p l a s m  i m m e d i a t e l y  be low t he  disc a n d  
upon  vacuo!a r  a n d  o the r  m e m b r a n e s .  4. N u m e r o u s  
i n t e r d i g i t a t i n g  m e m b r a n e  folds, c o n t a i n i n g  a single 
m i t o c h o n d r i o n  each, and  re s t r i c t ed  to t he  cup  and  neck  
region. 

The  d i s t r i b u t i o n  of t he  e lec t ron  dense  ma te r i a l  is 
i n t e re s t ing :  i t  is genera l ly  a b s e n t  in  t he  cy top l a sm and  
w i t h i n  t h e  vacuoles  of t h e  lower p a r t  of t he  cup, b u t  
i n v a r i a b l y  occurs  as granules  coa t ing  e i the r  the  ex t e rna l  
or i n t e r n a l  surfaces  of t he  m e m b r a n e  de l imi t ing  t he  
vacuoles  of t he  uppe r  regions of t he  cup. Conversely," t h e  
vacuoles  in  t he  lower region c o n t a i n  c lusters  of smal l  
un i fo rm  m e m b r a n e - b o u n d e d  vesicles s imi lar  in a p p e a r a n c e  
to o the r  vesicles in  t h e  s u r r ound i ng  cy top lasm.  These  
vesicles are qu i te  a b s e n t  f rom t h e  uppe r  vacoules.  The  
re l a t ion  b e t w e e n  t he  vesicles and  e lec t ron  dense  granules  
if any,  is n o t  known.  

The  i n t e r d i g i t a t i n g  m e m b r a n e  folds r ep re sen t  deep 
i n v a g i n a t i o n s  of t he  p l a s m a  m e m b r a n e s  of cells ne igh-  
bou r ing  t he  one which  cons t i t u t e s  t he  b u l k  of t h e  complex.  
The  i n v a g i n a t i o n s  deve lop  s y m m e t r i c a l l y  nea r  t h e  t o p  of 
and  a t  t he  sides o! t he  cup (Figure 5), a n d  e x t e n d  down  to 
t he  neck  region,  where  t he i r  ends  are mos t  c lear ly  seen 
(Figure 4). The  loca t ion  of t he  cell bodies  of t h e  cells 
w h i c h  c o n t r i b u t e  these  folds is u n d e r  i nves t i ga t i on ;  i t  is 
mos t  l ikely t h a t  t h e y  tie b o t h  w i t h i n  t he  complex  as well  
as in  t he  a d j a c e n t  r e s p i r a t o r y  ep i the l ium.  The  presence  
of desmosomes  in a n d  nea r  t he  neck  region (Figure  4) 

suppo r t s  t h i s  concep t  t h a t  t he  complex  consis ts  of two or 
more  closely assoc ia ted  ceils. Ana lagous  cells, called 
'chlor ide  cells '  and  poss ib ly  i nvo lved  w i t h  sa l t  absorp t ion ,  
occur  in  t he  gill  p l a t e s  of e p h e m e r o p t e r a n  n y m p h s  ~-s. 

Servera l  of t he  fea tu res  of t he  cells of t he  complex  in  
Paragnetina, in  p a r t i c u l a r  t h e  m e m b r a n e  folds assoc ia ted  
w i t h  mi tochondr i a ,  are sha red  b y  t he  so-called chlor ide 
ceils of t he  E p h e m e r o p t e r a .  T h e y  sugges t  t h a t  these  
complexes  are  capab le  of p rov id ing  me tabo l i ca l ly  ac t ive  
surfaces for t h e  exchange  of ma te r i a l s  w i t h  t h e  env i ron-  
men t .  However ,  un t i l  de f in i t ive  physio logica l  e x p e r i m e n t s  
h a v e  been  conc luded  t h e  exac t  f unc t i on  of these  com- 
plexes  is in  doubt .  

Rdsumd. Les coupes u l t r aminces  d ' u n  f i l a m e n t  t rach6o-  
b r a n c h i a l  d ' u n e  n y m p h e  de pl6copt~re  ou t  r616v6 dans  
l '6pi th61ium b r a n c h i a l  des complexes  cellulaires sp6cia- 
lis6s. Ces complexes  son t  p r6sen ts  t o u t  le long du  b o r d  
du f i l amen t ,  j u s t e  an-dessous  de la cu t icu le  e t  n ' a v a i e n t  
pas  encore  6t6 observ6s  chez les pl6coptgres.  Ils r e s semblen  
aux  (~cellules de chlore~} des poissons  et  g celles des ny ln -  
piles des 6ph6m~res.  
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Nuclear  Mult ives icular  Bodies  in Cultured H a m s t e r  Cells 

The  nuc lea r  enve lope  is no t  a s t a t i c  s t r u c t u r e  s epa ra t i ng  
t he  nuc lea r  s u b s t a n c e  f rom t h e  cy top la sm,  b u t  a d y n a m i c  
m e m b r a n e  wh ich  is c apab l e  of p a r t i c i p a t i n g  in  s torage  I 
a n d  organel le  f o r m a t i o n  processes ~-~. B l e b b i n g  p h e n o m -  
ena  t a k i n g  place  f rom t h e  ou te r  nuc lea r  m e m b r a n e  h a v e  
been  ex tens ive ly  r epo r t ed  in m a n y  d i f fe ren t  cells a n d  
species;  a l m o s t  all of these  nuc lea r  m e m b r a n e  ex t rus ions  
h a v e  been  re l a t ed  to  t he  endop lasmic  r e t i cu lum s y s t e m  5, 6. 
KILARSKI a n d  JASlNSKI 7 r epo r t ed  on  t he  f o r m a t i o n  of 
mu l t i ve s i cu l a r  bodies  (MVB) f rom t he  nuc lea r  envelope  
in ceils of t he  gas -g land  of t he  pe rch  Perca fluviatilis L. 
u n d e r  s t i m u l a t e d  physio logica l  ac t iv i ty .  

These  M V B  h a v e  been  obse rved  in va r ious  t ypes  of 
cells; t h e y  are saccules con ta in ing  smal l  vesicles or 
t ubu l e s  wh ich  mos t  p r o b a b l y  r ep resen t  a pa r t i cu l a r  k i n d  
of s econda ry  lysosome s -~ .  I n  th i s  p a p e r  we r epo r t  on  t he  
f o r m a t i o n  of MVB f rom t he  i nne r  nuc lea r  m e m b r a n e  
(INM) of B H K  21 cells and  i ts  p resence  in t he  nucleo- 
p lasm.  

Material and methods. I n  t he  p r e s e n t  s tudy ,  we h a v e  
used BI I lZ  21 cells, a f ib rob las t i c  t i s sue  cu l tu re - s t r a in  
o r ig ina t ed  in t he  k i d n e y  of a b a b y  hams te r~L  These  cells 
w e r e  c u l t i v a t e d  in  Eag le ' s  basa l  m e d i u m  c o n t a i n i n g  
hydro l i zed  l a c t o a l b u m i n  and  20% cMf serum.  Ceils were 
h a r v e s t e d  d u r i n g  t he  l oga r i t hmic  g r o w t h  phase .  Cell 
pel le ts  were f ixed in 2% o s m i u m  t e t rox ide  in Pa l ade ' s  
buf fer  so lu t ion  for 1 h. Af te r  be ing  d e h y d r a t e d  w i t h  
g radua l ly  inc reas ing  c o n c e n t r a t i o n  of e thanol ,  pei le ts  

( 

were e m b b e d e d  in  E p o n  812. U l t r a t h i n  sect ions  were 
s t a ined  w i t h  u r a n y l  a ce t a t e  a n d  lead c i t ra te ,  a n d  obse rved  
in  a Ph i l ips  E M  300 e lec t ron-microscope .  

Results and discussion. The  nuc lea r  enve lope  of t h e  
B H K  cells will  n o r m a l l y  show i regular i t ies  a n d  invag ina -  
t ions  s imi la r  to  those  descr ibed  in t h e  b i b l i o g r a p h y  ~4. W e  
h a v e  found  a p a r t i c u l a r  k i n d  of s t r u c t u r e  in  these  cells, 
cons i s t ing  of t he  i n v a g i n a t i o n  of t h e  INM.  The  l a t t e r  
t akes  on  t h e  shape  of a bag le t  wh ich  is fi l led w i t h  nume-  
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