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Elec trophore t i c  S tudy  of the  So luble  P r o t e i n s  of the D e v e l o p i n g  Chick  N e u r a l  Ret ina  and B r a i n  

I n  r ecen t  years  t he re  has  been  grea t  i n t e r e s t  in t h e  
c h a r a c t e r i z a t i o n  of t he  p ro te ins  of the  ne rvous  sys t em 1, 2. 
However ,  no a t t e n t i o n  ha s  been  g iven  to t he  neu ra l  r e t i n a  
as a source of ne rvous  t issue.  I n  our  l a b o r a t o r y  we h a v e  
u n d e r t a k e n  t he  t a s k  of f r a c t i o n a t i n g  and  cha rac t e r i z ing  
the  soluble  p ro t e in s  of t h e  neu ra l  re t ina .  As a s t a r t i n g  
poin t ,  t h e  d e v e l o p m e n t a l  p a t t e r n  of soluble  p ro t e in s  
found  in t he  chick  neu ra l  r e t i n a  was c o m p a r e d  to t h a t  of 
the  deve lop ing  ch ick  bra in .  

Neura l  r e t i n a  and  b r a i n  t i ssue  were col lected f rom 
chick  e m b r y o s  a t  va r ious  s tages  up  to  ha t ch ing .  I n  
add i t ion ,  neu ra l  r e t i n a  a n d  b r a i n  were t a k e n  f rom chicks 
a t  7 days  p o s t - h a t c h i n g  a n d  f rom adu l t  chickens .  The  we t  
t i ssue  was suspended  in cold (4~ p h o s p h a t e  buf fe red  
sal ine to give a 33% w/v  d i lu t ion  and  homogenized .  T h e  
h o m o g e n a t e  was cen t r i fuged  a t  27,000 g for 15 ra in  a n d  
t he  s u p e r n a t a n t  was f rozen u n t i l  used. P o l y a c r y l a m i d e  
gel e lec t rophores i s  of s u p e r n a t a n t  samples  (30 ~1 s tab l i zed  
w i t h  8 ~1 40~o sucrose) was done  a t  room t e m p e r a t u r e  
accord ing  to t h e  m e t h o d  of DAVIS a a n d  ORNSTEIN 4 
us ing  on ly  a 7 .5% s e p a r a t i n g  gel in t he  presence  of 10 m M  
m e r c a p t o e t h a n o l .  The  gels were s t a ined  w i t h  0 .05% 
amido  biack.  

F igure  1 shows t he  gels of neura l  r e t i na  and  b r a i n  of 
chicks  a t  va r ious  s tages  of deve lopmen t .  A l t h o u g h  these  
do no t  show all t he  s tages  s tud ied  t h e y  are r ep re sen t a t i ve .  
F igure  2 is a compos i t e  d r awing  to  r ep re sen t  t h e  gels of 
b o t h  series. There  are  15 d iscern ib le  b a n d s  in t h e  two  
series for which  we h a v e  ca lcu la ted  t he  mobi l i t ies  re la t ive  
to t he  fas tes t  m i g r a t i n g  b a n d  wh ich  mig ra t e s  w i t h  t h e  
f ront .  W h e r e  two or more  b a n d s  are v e r y  close t o g e t h e r  a 
single mobi l i ty ,  based  on  t h e  ave rage  m i g r a t i o n  of t h e  
group,  is ind ica ted .  

Whi l e  t h e r e  is a g rea t  s imi l a r i t y  be tween  t h e  b a n d i n g  
p a t t e r n s  of soluble  p ro t e in s  of neura l  r e t i n a  and  b r a i n  i t  
can  read i ly  be  seen t h a t  t he re  are m a j o r  differences.  
B a n d s  des igna t ed  0.15, 0.68, 0.75, 0.82, and  1.0 are qu i t e  
s imi la r  in  neura l  r e t i n a  a n d  bra in .  T h e y  are p r e sen t  in all 
s tages  s tud ied  and  t h e y  show s imi la r  s t a in ing  in tensi t ies .  
B a n d  0.15 shows an  increase  in c o n c e n t r a t i o n  w i t h  in- 

c reas ing  age, a n d  b a n d  0.68 decreases  in c o n c e n t r a t i o n  
w i t h  inc reas ing  age. However ,  b a n d s  0.75, 0.82, an d  1.0 
r e m a i n  fa i r ly  c o n s t a n t  t h r o u g h o u t  deve lopmen t .  Of 
course th i s  does n o t  p rec lude  di f terences  in molecu la r  
weights ,  n u m b e r  of ac tua l  p ro t e in s  p r e s en t  in each  b a n d  
or t h e  n u m b e r  of s u b u n i t s  in  each  pro te in ,  s ince a g iven  
b a n d  m a y  r ep re sen t  d i f fe ren t  p ro t e in s  w i t h  s imi la r  
e lec t rophore t i c  n o b i l i t i e s .  

B a n d s  0.21, 0.30, 0.40~ 0:47, 0.62, an d  0.90 differ  
b e t w een  b r a i n  an d  neu ra l  r e t i n a  e i the r  in  t h e i r  t i m e  of 
a p p e a r a n c e  d u r i n g  d e v e l o p m e n t  or w h e t h e r  t h e y  a p p e a r  
a t  all. Only  t h e  s lower m i g r a t i n g  p o r t i o n  of the  two b a n d s  
n u m b e r e d  0.30 is p r e s e n t  in  bra in ,  an d  i t  increases  in  
c o n c e n t r a t i o n  w i t h  age as do b o t h  p a r t s  in  t h e  neu ra l  
re t ina .  B a n d  0.47 is p r e s en t  in  all  s tages  of t h e  neura l  r e t i n a  
an d  increases  d r a m a t i c a l l y  a f te r  ha t ch ing ,  b u t  i t  does no t  
a p p e a r  in  t h e  b r a i n  u n t i l  h a t c h i n g  a n d  t h e  c o n c e n t r a t i o n  
r ema i n s  low. B a n d  0.62 is p re sen t  on ly  in t h e  neura l  r e t i n a  
a f te r  ha t ch ing .  B a n d  0.90 shows a dif ference in t i m e  of 
a p p e a r a n c e  d u r i n g  d ev e l o p men t .  I t  is p r e s e n t  in  all s tages  
s tud ied  in t h e  bra in ,  a n d  t h e  c o n c e n t r a t i o n  r e m a i n s  
c o n s t a n t  while  i t  does n o t  a p p e a r  in  neu ra l  r e t i na l  un t i l  
h a t c h i n g  a n d  t h e n  increases  in  concen t r a t i on .  The  o the r  
bands ,  0.21 a n d  0.40, are d i f fe ren t  in  t h e  two t i ssues  b y  
n o t  be ing  p r e s en t  in  one or t h e  o ther .  B a n d  0.40 is 
p r e s en t  on ly  in t h e  ear ly  s tages  of t h e  bra in ,  a n d  b a n d  0.21 
is p r e s en t  on ly  in t h e  neura l  r e t i n a  (all stages) a n d  i t  
increases  w i t h  age. 

On t h e  basis  of i ts  mobi l i ty ,  b a n d  1.0 p r o b a b l y  con ta ins  
S-100 p ro t e i n  5. B a n d  1.0 is f ound  in neu ra l  r e t i n a  in 
c o m p a r a b l e  c o n c e n t r a t i o n  as is f ound  in t h e  b ra in .  
A l b u m i n  has  a r e l a t ive  m o b i l i t y  of 0.68 in our  s y s t e m  so i t  
could be  responsible ,  a t  leas t  in  pa r t ,  for b a n d  0.68. W e  
h a v e  also shown  immuno log ica l l y  t h a t  b a n d  0.15 con ta ins  
m i c r o t u b u l e  p ro te in ,  b u t  we h a v e  n o t  d i s t i ngu i shed  
which  of t h e  two  c o m p o n e n t s  is g iv ing  t h e  r e a c t i o n t  

W e  are n o w  in t h e  process  of us ing  more  d ras t i c  m e t h o d s  
to f u r t h e r  f r ac t i ona t e  t h e  soluble  p ro t e in s  a n d  to c o m p a r e  
t h e  neu ra l  r e t i n a  p ro te ins  of severa l  species to  d e t e r m i n e  if 
t he re  are p ro t e in s  c o m m o n  to  neu ra l  r e t i n a  of all species. 
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Fig. 1. Disc electrophoretic separa- 
tion in 7.5% polyacrylamide gels 
of water soluble proteins from: 
A) l l-day chick embryo neural 
retina. B) 17-day chick embryo 
neural retina. C) 7-day post- 
hatching chick neural retina. 
D) adult chicken neural retina. 
E) adult chicken neural retina gel 
printed lighter to better illustrate 
the slow migrating bands. F) l l -  
day chick embryo brain. G) 15-day 
chick embryo brain. H) 7-day 
post-hatching chick brain. I) adult 
chick brain. Relative nobilities 
are indicated along the left edge. 
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Fig. 2. A composite drawing of the neural retina 
and brain tissue bands in Figure 1 with mobil- 
ities indicated. Band 1.0 runs with the front and 
albumin has a mobility of 0.68 in this system. 

Rdsumd. E n  e x a m i n a n t  p a r  61ec t rophor~se  en  ge l  de  
p o l y a c r y l a m i d e  les p r o t * i n e s  s o l u b l e s  de  l a  r f i t ine  n e u r a l e  
e t  d u  c e r v e a u  d u  p o u l e t  a u  c o u r s  de  sa  c r o i s s a n c e ,  n o u s  
a v o n s  c o m p a r 6  15 b a n d e s  n e t t e m e n t  v i s i b l e s  d a n s  la s6r ie  
de  cos d e u x  t i s s u s ;  8 f u r e n t  t r~s  s e m b l a b l e s  e t  7 n o t a -  
b l e m e n t  d i f f 6 r e n t e s .  
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Sulphite Oxidase from Pacific Hake (Merluccius productus) 
S u l p h i t e  o x i d a s e  ( s u l p h i t e  : o x y g e n  o x i d o r e d u c t a s e  

E .C.  1.8.3.1) c a t a l y z e s  t h e  o x i d a t i o n  of  s u l p h i t e  t o  s u l p h a t e  
i n  m a m m a l s  ~-5, p l a n t s  8 a n d  b a c t e r i a  7. W i t h  f e r r i c y t o -  
c h r o m e  c as  t h e  e l e c t r o n  a c c e p t o r ,  t h e  e n z y m i c  r e a c t i o n  
m a y  be  d e p i c t e d  a s :  2 f e r r i c y t o c h r o m e  c 3+ + SO~-  + 
H~O = SO~-  + 2 f e r r o c y t o c h r o m e  c 2+ + 2H+.  T h e  
e n z y m e  s y s t e m  c a n  a l so  t r a n s f e r  e l e c t r o n s  f r o m  s u l p h i t e  
t o  a v a r i e t y  of  o t h e r  a c c e p t o r s ,  e. g., m o l e c u l a r  o x y g e n ,  
m e t h y l e n e  b lue ,  f e r r i c y a n i d e ,  a n d  2 , 6 - d i c h l o r o i n d o p h e -  
n o l  1. A c l in i ca l  c a s e  of  d e f i c i e n c y  of  t h e  e n z y m e  h a s  b e e n  
o b s e r v e d  in  a n  i n f a n t  w h o  e x c r e t e d  a b n o r m a l l y  l a r g e  
q u a n t i t i e s  of  s u l p h i t e  a n d  t h i o s u l p h a t e  in  t h e  u r i n e .  T h e  
p a t i e n t  a t  9 m o u t h s  s h o w e d  s e v e r e  n e u r o l o g i c a l  s i gns ,  
m e n t a l  r e t a r d a t i o n ,  a n d  d i s l o c a t e d  l e n s e s  ~. 

S u l p h i t e  w a s t e  l i q u o r s  a r e  a s s o c i a t e d  w i t h  a c t i v i t i e s  of  
t h e  p a p e r  a n d  p u l p  i n d u s t r y .  B e c a u s e  of  p o s s i b l e  e f f ec t s  
of  t h e s e  s p e n t  l i q u o r s  on  f i sh ,  we  d e c i d e d  t o  a s s a y  fo r  
s u l p h i t e  o x i d a s e  in  t h e  P a c i f i c  h a k e  (Merluccius pro- 
ductus), a c o m m e r c i a l l y  i m p o r t a n t  f i s h  of  loca l  w a t e r s .  
B u f f e r  e x t r a c t s  (0.05 M K p h o s p h a t e ,  p H  8.00) o f  

a c e t o n e  p o w d e r  (75 m g / m l )  p r e p a r e d  f r o m  h a k e  l i v e r  
we re  a s s a y e d  s p e c t r o p h o t o m e t r i c a l l y  b y  o b s e r v i n g  t h e  
o x i d a t i o n  of  s u l p h i t e  b y  I e r r i c y a n i d e  t h r o u g h  d e c r e a s e  in  
a b s o r p t i o r t  of  t h e  l a t t e r  a t  420 n m .  T h e  r e a c t i o n  m i x t u r e  
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Characteristics of sulphite oxidase from various sources 

Characteristics Sulphite oxidase 

Fish (hake liver) Mammal 4 (ox liver) Bacterium 7 (Thiobacillus Ihioparus) 

Type of protein haemoprotein haemoprotein non-haeinoprotein 
Molecular weight --  115,000 54,000 
Absorption max imum (am) 286, 410 280,413 270 
Opt imum pH 8.7 8.6 8.0 
Substrate sulphite sulphite sulphite 
Electron acceptor used eytoehrome e cytoehrome e eytoehrome e 
Km for sulphite (M) 1.5 • 10 -4 1.4 • 10 -~ 8.8 • 10 -5 


