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Nature  of the Cuticle Prote in  of the Branch iopod  Crustacean Streptocephalus dichotomus 

I t  has  been  repor ted  t h a t  t he  cuticle of Streptocephalus 
dichotomus remains  in a p e r m a n e n t l y  u n t a n n e d  condi t ion  
and  its p ro te in  c o m p o n e n t  conforms  in s ta in ing  and  histo-  
chemical  reac t ions  wi th  t he  basa l  p ro te in  of the  t an n ed  
cuticles of insects  like Periplaneta 1-3. But  ve ry  l i t t le  is 
known  of the  basal  p ro te in  referred to  above, excep t  
t h a t  i t  is d i f fe rent  f rom the  p ro te in  precursor  of tanning.  
In  view of the  absence of t anning ,  the  cuticle of Strepto- 
cephalus provides  sui table  mate r ia l  for a s tudy  of the  
p ro te in  in quest ion.  In  an earl ier  s tudy,  the  collagenous 
na tu re  of the  cut icular  p ro te in  of Streptocephalus has 
been  suggested,  based  on the  presence  of amino  acids 
like prol ine and  hydroxypro l ine .  Bu t  i t  is realized t h a t  
such an evidence m a y  no t  by  i tself  be indica t ive  of col- 
lagen as hydroxypro l ine  has  been  repor ted  to  occur in 
p ro te ins  o the r  t h a n  collagen *,5. 

The cr i ter ia  suggested for charac ter iz ing  collagenous 
pro te in  are based on the  molecular  organizat ion,  by  which  
collagen m a y  be d is t inguished f rom the  o the r  large class 
of pro te ins  kerat in,  myosin ,  ep idermin  and f ibrin 6. The 
molecular  character is t ics  of collagen are indica ted  by  a 
typ ica l  h igh angle X - r a y  d i f f rac t ion  p a t t e r n  showing the  
2.9/k mer id ional  ref lect ion and  a character is t ic  axial  
per iod of 600-700 A_ in low angle X - r a y  di f f ract ion as 
well as a banded  p a t t e r n  in e lec t ron micrographs .  How-  
ever, i t  has  been repor ted  t h a t  cer ta in  inve r t eb ra t e  col- 
lagens m a y  no t  show the  axial  per iodic i ty  of 600-700 ~_ 
as in the  cut icular  collagen of t he  e a r t h w o r m  7, 8. Bu t  the  
chemical  character is t ics  of collagen are said to provide  
means  for d is t inguishing collagenous prote ins  f rom others.  
A val id cr i ter ion is the  unusual ly  high con t en t  of glycine 
which in all collagens so far s tud ied  forms abou t  1/3 of 
t he  to ta l  amino  acid residues 9. 

In  the  l ight  Of the  observa t ions  r epor ted  above, a 
quan t i t a t i ve  es t ima t ion  of amino  acids of the  cuticle 
p ro te in  of Streptocephalus was made  as a sequel  to the  
earlier s tudy  of the  amino  acid analysis  a l ready repor ted  1. 
The procedure  ad op t ed  for t he  ex t rac t ion  of the  wate r -  
soluble p ro te in  of t he  cuticle was based on the  work  of 
HACKMAN10. Aliquots  conta in ing  1-2 mg of p ro te in  were 
used for analysis  by  means  of an au toma t i c  amino  acid 
analyser  s imilar  to  the  one descr ibed by  SPACKMAN et 
al. n.  Quan t i t a t ive  es t ima t ion  of the  amino  acids was  
based  on the  n inhydr in  colouring in tens i ty  of the  eff luent  
f rom ion exchange  columns.  The colour was developed 
by  pass ing the  mix tu re  of t he  reagen t  w i th  the  ef f luent  
t h rough  a spiral  capi l lary t ub ing  kep t  in a boil ing wa te r  
ba th .  The abso rbancy  of the  coloured solut ion was esti- 
m a t e d  at  570 b~ and  440 b~ in a spec t ropho tomete r .  The 
peaks  on the  recorded curves were in tegra ted  for loads 
vary ing  f rom 0.1-3.0 tzmoles of each amino  acid. The 
n inhydr in  posi t ive  cons t i tuen t s  of the  eff luent  f rom the  
ch romatograph ic  columns were analyzed.  The results  
were compared  wi th  those  ob ta ined  wi th  pure  gelat in  
t r ea t ed  in an ident ical  manner .  The Table  shows the  
re la t ive quant i t i es  of amino acids p resen t  in the  cuticle 
p ro te in  and  those  in a pure  sample  of gelatin.  The values 
were compared  wi th  those  ob ta ined  by  an analysis  of 
the  ra t  skin collagen 18 and  of the  e a r t h w o r m  cuticle ~a. 
Al though  the  re la t ive p ropor t ions  of amino  acids of the  
p ro te in  of Streptocephalus cuticle show some differences 
in compar i son  wi th  gelatin,  collagen of e a r thworm cuticle 
and  ra t  skin, the  amino  acid p a t t e r n  conforms to w h a t  
has been  considered charac ter i s t ic  o f  collagenous p ro te in  
which includes appreciable  quant i t i es  of hydroxypro l ine ,  
proline, hydroxy lys ine  toge the r  wi th  a compara t ive ly  
large p ropor t ion  of glycine fo rming  near ly  one- th i rd  of 

the  to ta l  residues,  and  the  absence or occurrence in t races  
of su lphur -con ta in ing  and  a romat ic  amino  acids 9. 

To ver i fy  w h e t h e r  the  amino  acids analyzed above  are 
der ived f rom a single homogeneous  pro te in  fraction,  an 
analysis  of the  water-soluble  p ro te in  ex t r ac ted  f rom the  
cuticle of Streptocephalus was made  using an electro- 
phore t ic  set  up unde r  following condi t ions:  P h o s p h a t e  
buffer  p H  5.8, ionic s t r eng th  0.2 (0 .16M K H s P O  4 - 
0 .0167M KOH) vol tage 15.0 v/cm,  dura t ion  of the  run  
3 h, and cooling t e m p e r a t u r e  for the  appa ra tus  10-15 ~ 
The e lec t ropherograms  were scanned  using Carl-Zeiss 
ex t inc t ion  recording i n s t r u m e n t  model  EIRI-10. I t  was 
found t h a t  e lec t rophore t ica l ly  the  p ro te in  of the  cuticle 
of Streptocephalus behaves  like gelatin. 

I t  has  been repor ted  t h a t  the  p ro te in  c o m p o n e n t  of 
the  cuticle of Streptocephalus shows s ta in ing proper t ies  
and  h i s tochemica l  react ions  which suggest  a s imilar i ty  
to collagen. The results  r epor ted  in the  present  s t u d y  

Amino acid composition of protein coniponent of the cuticle of 
Streptocephalus dichotomus 

Amino acids Rat skin Lumbricus Gelatin Strepto- 
collagen (Annelida) cephalus 
(PIEZ and cuticle cuticle 
GROSS 12) gelatin 

(WATSON 13) 

Alanine 106 103 110 110 
Arginine 49 21 53 48 
Aspartic acid 47 56 44 43 
Glutamic acid 74 81 69 75 
Glycine 327 324 339 328 
Hydroxyproline 100 165 59 59 
Hydroxylysine 5.7 0 6.3 6.3 
Lysine 29 15 25.7 22 
Histidine 5.1 0 11.7 12.9 
Methionine 6.3 0 15.7 16.1 
Phenylalanine 13 11 8.4 0.2 
Proline 117 13 99 97 
Serine 41 105 59 59 
Threonine 20 52 24 26 
Tyrosine 3.2 0 2.7 1.9 
Valine 22 17 27.6 29.1 

Residue amino acid/1000 total residues. 
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p r o v i d e  e v i d e n c e  o f  t h e  c o l l a g e n o u s  n a t u r e  o f  t h e  p r o t e i n  
in  q u e s t i o n ,  b a s e d  o n  q u a n t i t a t i v e  e s t i m a t i o n  o f  g lyc ine .  
I n  t h i s  c o n t e x t  i t  is o f  i n t e r e s t  to  r eca l l  t h e  o b s e r v a t i o n s  
of  RUDALL 14 t h a t  t h e  p r o t e i n  of  t h e  s o f t  c u t i c l e s  o f  lob-  
s t e r s  a n d  i n s e c t s  s h o w  c h e m i c a l  f e a t u r e s  r e m i n i s c e n t  o f  
c o l l a g e n o u s  p r o t e i n s .  

Zusammen/assung .  D e r  e i nz i ge  P r o t e i n b e s t a n d t e i l  d e s  
B r a n c h i o p o d e n k r e b s e s  Streptocephalus dichotomus ze ig t  
5 .hnl iche  c h e m i s c h e  E i g e n s c h a f t e n  wie  k o l l a g e n e  E i w e i s s -  
v e r b i n d u n g e n .  M e r k m a l  d e r  A m i n o s / i u r e z u s a m m e n s e t z u n g  
i s t  e ine  r e l a t i v  g r o s s e  M e n g e  y o n  G l y z i n  ( e t w a  1/a de s  Ge-  
s a m t r e s i d u u m s ) ,  zu s / i t z l i ch  zu  H y d r o x y p r o l i n  u n d  P r o -  

l in.  D i e s  w i r d  a l s  K r i t e r i u m  z u r  U n t e r s c h e i d u n g  v o n  ko l -  
l a g e n e m  P r o t e i n  y o n  d e n  i i b r i g e n  E i w e i s s e n  ( K - m e f -  
G r u p p e )  b e n i i t z t .  

G. KRISHNAN 

Universi ty  o / M a d r a s ,  Zoological Research Laboratory, 
Madras  5 (India),  79 November 7968. 

14 K. M. RUDALL, in Advances in Insects Physiology (Ed. J .W.L .  BEA- 
MENT, J .E .TREHIgRNE and V. B. WIGGLES}VORTH ; Academic Press, 
NewYork 1963), vol. 1. 

D i v i s i o n  of  Entamoeba invadens R o d h a i n ,  1934, in  

T h e  n u c l e a r  d i v i s i o n  of  Entamoeba h a s  b e e n  s t u d i e d  b y  
s e v e r a l  a u t h o r s .  T h e  T a b l e  s u m m a r i z e s  t h e s e  o b s e r v a t i o n s .  
So fa r ,  v e r y  l i t t l e  a t t e n t i o n  h a s  b e e n  p a i d  to  t h e  c y t o -  
k i n e s i s  of  Entamoeba. T h e  t e r m  ' c y t o k i n e s i s '  h a s  b e e n  
u s e d  h e r e  as  d e f i n e d  b y  MAZlA 2 w h i c h  i n c l u d e s  al l  t h e  
s c h e m e s  of  c y t o p l a s m i c  d i v i s i o n  d u r i n g  t h e  p r o c e s s  of  
m i t o s i s .  

F r o m  t h e  s u r v e y  of  t h e  l i t e r a t u r e  o n  t h e  cell  d i v i s i o n  
of  Entamoeba, i t  a p p e a r s  t h a t  HARRIS a f i r s t  s a w  t h e  c y t o -  
p l a s m i c  d i v i s i o n  of a t r o p h o z o i t e  of  E. histolytica ( A m o e b a  
d y s e n t e r i a e )  in  t h e  f a eca l  s m e a r s .  H e  o b s e r v c d  t h e  t r o p h o -  
zo i te  e l o n g a t e d  to  m a n y  t i m e s  i t s  w i d t h ,  a n d  o n e  e n d  
m o v e d  m o r e  r a p i d l y ,  c r e a t i n g  a c o n s t r i c t i o n  n e a r  t h e  
m i d d l e .  T h e  d a u g h t e r  a m o e b a e  r e m a i n e d  c o n n e c t e d  for  
a wh i l e  b y  a l o n g  b u t  less  t h a t  1 ~ w i d e  ' b a n d ,  c o m p o s e d  
e n t i r e l y  of  e c t o s a r c ' .  U s u a l l y ,  d i v i s i o n  i n t o  2 w a s  o b s e r v e d  
b y  HARRIS b u t  once  he  s a w  a d i v i s i o n  i n t o  3 (his  F i g u r e  l d ,  
p.  568). DOBELL ~ c o n s i d e r e d  t h a t  HARRIS o b s e r v e d  a 
p a t h o l o g i c a l  p r o c e s s ,  b e c a u s e  i t  w a s  s t u d i e d  a t  r o o m  
t e m p e r a t u r e .  I)OBELL 4 h a s  a r g u e d  t h a t  t h e  s u d d e n  
c h a n g e  of  t e m p e r a t u r e  m i g h t  h a v e  c a u s e d  s u c h  d i v i s i o n  
r e f e r r e d  to  a b o v e  in  E. histolytica t r o p h o z o i t e s .  

SHA1;FER e t  al. 27 h a v e  s t u d i e d  t h e  c y t o k i n e s i s  of  E .  
histolytica s t r a i n  K-9 ,  f r o m  c u l t u r e s  w i t h  t h e  h e l p  of  
t i m e  l a p s e  c i n e m i c r o p h o t o g r a p h y .  I n  t h e i r  e x p e r i m e n t a l  
c o n d i t i o n s  t h e  n u c l e u s  o f  t h e  a m o e b a  cou l d  n o t  be  seen .  
T h e i r  d e s c r i p t i o n  of  t h e  c y t o p l a s m i c  d i v i s i o n  s u p p o r t s  
t h e  o b s e r v a t i o n  of  HARRIS a a n d  a d d s  f u r t h e r  d e t a i l s  to  
t h e  p roce s s .  U s u a l l y  t h e  t r o p h o z o i t e s  of  E. histolytica 
d i v i d e d  i n t o  2 e q u a l  h a l v e s ,  f o l l o w i n g  a p a r a l l e l  p r o c e d u r e  
d e s c r i b e d  a b o v e  a. M o s t l y  t h e  d i v i s i o n  w a s  c o m p l e t e d  
w i t h i n  3 -8  ra in .  S o m e t i m e s ,  1 of  t h e  2 s i s t e r  a m o e b a e  
d i v i d e d  i n t o  a ' n o r m a l '  a n d  a ' v e r y  s m a l l '  s i zed  a m o e b a  
( F i g u r e  3, p. 170 of  SHAFFER e t  al.27). T h e  l a t t e r  a l so  
b e h a v e d  as  a t y p i c a l  E. histolytica. O c c a s i o n a l l y  t h e  3 
d a u g h t e r  a m o e b a e ,  t h u s  p r o d u c e d ,  we re  of  t h e  s a m e  s ize  
(see F i g u r e  1, p. 568 of  HARRIS3). SHAFFER e t  aI. 27 h a v e  
a lso  f r e q u e n t l y  o b s e r v e d  a p r o c e s s  s u g g e s t i v e  of  c o n j u g a -  
t i o n  of  2 E.  histolytica t r o p h o z o i t e s .  2 a m o e b a e  b e c a m e  
a p p o s e d  to  e a c h  o t h e r  a n d  t h e  m e m b r a n e s  a t  t h e i r  p o i n t  
o f  c o n t a c t  a p p e a r e d  t o  b r e a k ;  a f ew s e c o n d s  a f t e r ,  t h e  2 
a m o e b a e  s e p a r a t e d .  I n  t h e  fo l lowing ,  a t t e m p t s  h a v e  b e e n  
m a d e  to  fo l low t h e  c y t o k i n e s i s  of  E. invadens in  c u l t u r e s .  

Materials  and methods. M o n o x e n i c  c u l t u r e s  of  E. inva- 
dens s t r a i n  B C  w a s  g r o w n  in  b i p h a s i c  ' H S r e  / S '  a n d  

C u l t u r e s  ~ 

' H S h s m +  S'  m e d i a  a t  24 ~ F u r t h e r  d e t a i l s  of  c u l t u r i n g  
a n d  t h e  h i s t o r y  o f  t h e  s t r a i n  o f  a m o e b a  u s e d  a r e  g i v e n  
e l s e w h e r e  2s. D u r i n g  t h e  log  p h a s e  of  g r o w t h  2s, t h e  a m o e b a e  
we re  e x a m i n e d  in  p a r a f f i n  s e a l e d  s m e a r s  u n d e r  a W i l d  
M20  p h a s e  c o n t r a s t  m i c r o s c o p e  a t  r o o m  t e m p e r a t u r e  
(22 ~ 

Results.  F i g u r e  1 is a p h o t o m i c r o g r a p h  of  E. invadens 
B C  t a k e n  f r o m  a 1 0 - d a y - o l d  c u l t u r e .  W h e n  t h e  a m o e b a  
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