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(Rad iochemica l  Centre,  Amersham) .  The  r a d i o a c t i v i t y  is 
coun t ed  in a P a c k a r d  sc in t i l l a t ion  coun te r  3320 for 10 rain.  

Resu l t s  are recorded  in  t he  Figure.  L i v e r  ceils in  v i t ro  
p roduce  de novo  and  secrete p ro t e in s  w i t h  increas ing  
i n t e n s i t y  in  the  e x a m i n e d  per iod  as d e m o n s t r a t e d  b y  t he  
va lues  of label led amino-ac ids  i nco rpo ra t i on  in to  p ro te ins  
recovered  f rom the  n u t r i e n t  media .  A r e m a r k a b l e  decl ine  
of r a d i o a c t i v i t y  is de tec ted  in t he  p ro t e in s  i so la ted  f rom 
the  estradiol-17-fi  t r e a t e d  cu l tu res  media .  I n  add i t ion ,  
t he  ~4C serine i n c o r p o r a t i o n  is af fected to  a lesser e x t e n t  
(55.8% of con t ro l  va lues  a f te r  42 h a n d  70.9% af te r  66 h) 
t h a n  t he  8IK leueine one (49.6 % af te r  42 h and  63.9% 

af te r  66 h). This  fac t  could be  exp la ined  w i th  the  syn the -  
sis in  t r e a t e d  cells of p h o s v i t i n  wh ich  con ta ins  approx i -  
m a t e l y  30% b y  we igh t  of ser ine 4. 

Our  d a t a  i nd i ca t e  t h a t  a cor re la t ion  be tween  the  l iver  
yo lk  p ro te ins  syn thes i s  s t i m u l a t i o n  and  the  o the r  p ro te ins  
decreased p r o d u c t i o n  is p re sen t  also in v i t ro .  Researches  
are now in progress  on t he  m e c h a n i s m  of th i s  effect  5. 

Riassunto. Cul ture  p r imar i e  di fegato embr iona l e  di 
polio i n d o t t e  a s in te t i zza re  fosv i t i na  con  s t imolo  ormonico  
p roducono  in minore  q u a n t i t s  le a l t re  pro te ine .  
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Carboxyl ic  Acids  as Carbon Sources  for Af latoxin  

A cor re la t ion  be t w een  free f a t t y  acid c o n c e n t r a t i o n  
a n d  a f l a tox in  p r o d u c t i o n  ha s  been  r epo r t ed  du r ing  t he  
g r o w t h  of Aspergillus s t r a in s  on  g r o u n d n u t s .  Af la tox in  
p r o d u c t i o n  s t a r t e d  on ly  a f te r  t he  free f a t t y  acids rose to a 
c e r t a i n  level  1. The re  is t h u s  a poss ib i l i ty  of f a t t y  acids 
be ing  ut i l ized as c a r b o n  sources for a f l a tox in  p roduc t ion .  
I n  t he  p r e s e n t  s tudy ,  t he  ab i l i t y  of d i f fe ren t  f a t t y  acids, 
as well  as o the r  ca rboxyl ic  acids, to  ac t  as c a r b o n  sources 
for a f l a t o x i n  p r o d u c t i o n  has  been  i n v e s t i g a t e d  us ing  a 
s y n t h e t i c  m e d i u m  deve loped  in th i s  l abo ra to ry .  

Materials and methods. Aspergillus parasiticus s t r a i n  
N R R L  3240 used in t he  p r e s e n t  s t u d y  was o b t a i n e d  f rom 
N o r t h e r n  Reg iona l  Resea rch  L a b o r a t o r y ,  Peoria ,  I l l inois ,  
USA.  A spore  suspens ion  in doub le  d is t i l led  w a t e r  was  
p r e p a r e d  f rom 5- to  6-day-old  cu l tu res  on glucose- 
p e p t o n e - a g a r  and  equa l ly  d i s t r i bu t ed  to f ive 500 ml  
E r l e n m e y e r  f lasks  c o n t a i n i n g  100 ml  of s ter i le  m e d i u m  
per  flask. The  s y n t h e t i c  m e d i u m  (SLS m ed i um )  h a d  
t he  fol lowing compos i t i on  : Sucrose 85 g ; a spa rag ine  10 g ; 
a m m o n i u m  s u l p h a t e  3.5 g; KH~PO 4 10 g; MgSO 4 • 7H~O 
2 g; CaCI~ • 2H~O 75 rag;  ZnSO4 • 7H20  10 rag;  MnCt 2 • 
4H20  5 rag;  FeSO4 • 7H20 2 mg;  a m m o n i u m  m o l y b d a t e  • 
4H20  2 m g  a n d  Na~B~O7 2 m g  m a d e  up  to 1 1 in double  
d is t i l led  water .  The  p H  of t h e  m e d i u m  was a d j u s t e d  
to  4.5 w i t h  HC1. A. parasiticus was g rown a t  26 4- 1~ 

Product ion  

for 8 days  on  a r o t a r y  shake r  in  t h e  presence  of d i f fe ren t  
ca rboxy l i c  acids wh ich  replaced  sucrose f rom SLS m e d i u m  
on e q u i v a l e n t  c a r b o n  (C) basis.  Sucrose p r e sen t  in t he  SLS 
m e d i u m  rep resen t s  35.8 g carbon/1. S imi la r  e x p e r i m e n t s  
were also car r ied  ou t  b y  r educ ing  t he  ca rboxyl ic  acid 
level to  p rov ide  8.95 g carbon/1. I n  a n o t h e r  expe r imen t s ,  
sucrose  was k e p t  a t  8.95 g carbon/1 a n d  d i f fe ren t  carbo-  
xyl ic  acids were added  as s u p p l e m e n t s  to  p rov ide  8.95 g 
a d d i t i o n a l  carbon/1. Inso lub le  ca rboxyl ic  acids were left  
as f ine suspensions .  The  p H  of t he  m e d i u m  was ad ju s t ed  
to  4.5 before  s ter i l iza t ion .  

On t he  8th  day  of t he  growth ,  t h e  m y c e l i u m  a n d  m e d i u m  
were separa ted ,  and  d ry  we igh t s  of t he  m y c e l i u m  de- 
t e rmined .  Af l a tox ins  f rom b o t h  m e d i u m  a n d  m y c e l i u m  
were e x t r a c t e d  w i t h  ch lo roform a n d  s epa ra t ed  b y  t h i n  
l ayer  c h r o m a t o g r a p h y  on silica gel G us ing  2% m e t h a n o l  
in  ch loroform.  T h e y  were e lu ted  w i t h  m e t h a n o l  and  
e s t i m a t e d  b y  s p e c t r o p h o t o m e t r y  us ing  e x t i n c t i o n  coef- 
f ic ients  r epo r t ed  b y  NAt~N~u and  NZSmTT~. Since t he  
a m o u n t s  of a f l a tox ins  I32 and  Ge were v e r y  low, a f l a tox ins  

1 U. L. DIENER and N. D. DAvis, .J. Am. Oil Chem. Soc. d4, 259 
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Table I. Effect of different carboxylic acids on aflatoxin production 

Carbon source Mycelial dry weight 
(g/100 ml medium) 

Aflatoxins (mg/100 ml medium) 

In medium In mycelium Total 

B G B G 

Sucrose 2.8 3.5 1.4 15.0 3.6 23.5 
Sebaeic acid 0.1 0.1 0.1 0 0 0.2 
Laurie acid s 2.3 6.7 9.2 3.8 4.8 24.5 
Myristic acid ~ 2.0 2.4 7.0 0.5 0.9 10.8 
Palmitic acid" 1.5 0.4 0.3 0.4 0 1.1 
Stearie acid 2.8 2.1 3.1 0.7 1.9 7.8 
Oleic acid 1.9 1.6 0.8 1.2 0.7 4.3 
Behenic acid ~ 0.5 0.1 0.1 0.i 0 0.3 

" A part of the carboxylic acid was left unutilized after 8 days growth. Carbon sources were provided at a Ievel of 35.8 g carbon/1 medium. 
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Table II. Effect of different carboxylic acids on aflatoxin production 
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Carbon source Mycelial dry weight 
(g/100 ml medium) 

Aflatoxins (rag/100 ml medium) 

In medium In mycelium Total 

B G B G 

Sucrose 0.6 2.2 0.8 1.0 0.1 4.1 
Sebacic acid 0.5 3.5 1.0 2.7 0.4 7.6 
Laurie acid ~ 1.0 2.6 2.9 3.2 1.8 10.5 
Myristie acid ~ 0.3 0.1 0.1 0 0 0.2 
Palmitic acid ~ 0.5 0.1 0.1 0.1 0 0.3 
Stearie acid 0.5 0.1 0.1 0 0 0.2 
Oleic acid 0.6 0.1 0.1 0 0 0.2 
Behenic aeid~ 0.3 0.1 0 0.1 0 0.2 

A part of the carboxylic acid was left unutilized after 8 days growth. Carbon sources were provided at a level of 8.95 g carbon/1 medium. 

B 1 a n d  B~ we re  e s t i m a t e d  t o g e t h e r  as  a f l a t o x i n  B a n d  
a f l a t o x i n  G 1 a n d  G 2 t o g e t h e r  as  a f l a t o x i n  G. D a t a  
p r e s e n t e d  a r e  t h e  a v e r a g e  of 3 s e p a r a t e  e x p e r i m e n t s .  

Results and discussion. T h e  r e s u l t s  o b t a i n e d  o n  s u b -  
s t i t u t i n g  t h e  s u c r o s e  o f  S L S  m e d i u m  b y  d i f f e r e n t  c a r b o -  
x y l i c  a c i d s  on  e q u i v a l e n t  c a r b o n  b a s i s  a r e  p r e s e n t e d  i n  
T a b l e  I.  A l t h o u g h  l a u r i c  a c i d  s u p p o r t e d  less  g r o w t h ,  
a f l a t o x i n  y i e l d s  w e r e  c o m p a r a b l e  w i t h  t h o s e  o b t a i n e d  
w i t h  s u c r o s e .  W i t h  m y r i s t i c  a n d  oleic  ac ids ,  l h e r e  w a s  
less  g r o w t h ,  a s  wel l  a s  l ess  t o x i n  p r o d u c t i o n .  DAVIS a n d  
DIEN]~R a r e p o r t e d  t h a t  w h e n  A.  parasiticus w a s  g r o w n  in  
s t a t i o n a r y  c o n d i t i o n s  o n  a m e d i u m  c o n t a i n i n g  10% oleic 
a c id  a n d  2 %  y e a s t  e x t r a c t ,  a f l a t o x i n s  w e r e  n o t  s y n t h e -  
s i zed ,  t h o u g h  g o o d  g r o w t h  w a s  o b t a i n e d .  A l t h o u g h  
s t e a r i c  a c i d  g a v e  as  m u c h  g r o w t h  as  s u c r o s e ,  t o t a l  
a f l a t o x i n  y i e l d s  w e r e  m u c h  less .  S ebac i c  a n d  b e h e n i c  
a c i d s  s u p p o r t e d  p o o r  g r o w t h  a n d  o n l y  t r a c e  a m o u n t s  of  
a f l a t o x i n s  w e r e  f o r m e d .  Ace t i c ,  p r o p i o n i c ,  b u t y r i c ,  
c ap ro i c ,  h e p t o i c ,  c a p r y l i c ,  I lonoic ,  cap r i c ,  g l u t a r i c  a n d  
l ino le ic  a c i d s  d id  n o t  s u p p o r t  a n y  g r o w t h  of  t h e  f u n g u s .  
I l l  c o n t r a s t  t o  t h e  r e s u l t s  o b t a i n e d  w i t h  s u c r o s e ,  t h e  r a t i o  
o f  a f l a t o x i n s  in  m e d i u m  to  t h o s e  in  m y c e l i u m  w a s  h i g h e r  
w i t h  a l l  t h e  c a r b o x y l i c  a c i d s  i n d i c a t i n g  g r e a t e r  e x c r e t i o n  
of  t h e  t o x i n s  f r o m  m y c e l i u m  t o  m e d i u m .  

S i n c e  h i g h  l eve l s  of  s o m e  f a t t y  a c i d s  c a n  i n h i b i t  
f u n g a l  g r o w t h ,  t h e  a b o v e - m e n t i o n e d  e x p e r i m e n t  w a s  
r e p e a t e d  u s i n g  a c a r b o n  (C) c o n t e n t  of  8.95 g/1. A t  t h i s  

level ,  s e b a c i c  a n d  l au r i c  a c i d s  s u p p o r t e d  h i g h e r  a f l a t o x i n  
p r o d u c t i o n  t h a n  suc ro se .  T h e  i n c r e a s e  in  t o x i n  p r o d u c t i o n  
o b s e r v e d  w i t h  s e b a c i c  a n d  l a u r i c  a c i d s  w a s  85 a n d  1 5 6 %  
r e s p e c t i v e l y .  W i t h  l a u r i c  ac id ,  a m a r k e d  i n c r e a s e  in  
m y c e l i a l  w e i g h t  w a s  a l so  o b s e r v e d ,  b u t  s e b a c i c  a c id  d id  
n o t  a l t e r  t h e  e x t e n t  of  g r o w t h  ( T a b l e  I I )  T h e  r e s u l t s  
o b t a i n e d  w i t h  s e b a c i c  a c id  a r e  in  m a r k e d  c o n t r a s t  w i t h  
t h o s e  o b s e r v e d  in  T a b l e  I.  A p p a r e n t l y  s e b a c i c  a c id  a t  
h i g h  c o n c e n t r a t i o n s  i n h i b i t s  g r o w t h .  T h e  o b s e r v a t i o n  
of r a t h e r  h i g h  y i e l d s  of  a f l a t o x i n  in  p r e s e n c e  of  l a u r i c  
a c id  is i n t e r e s t i n g  I n  t h i s  c o n t e x t ,  i t  is n o t e w o r t h y  t h a t  
ARSECULERATNe e t  al. 4 o b t a i n e d  n e a r l y  5 t i m e s  m o r e  
a f l a t o x i n s  on  c o c o n u t ,  w h i c h  is  r i c h  in  l a u r i e  a c id  ~, t h a n  
w h e a %  r ice  o r  g r o u n d n u t .  Niyr i s t i c ,  p a l m i t i c ,  s t e a r i c ,  oleic 
a n d  b e h e n i c  a c i d s  g a v e  o n l y  t r a c e  a m o u n t s  of  a f l a t o x i n s .  
A g a i n  t h e r e  w a s  n o  g r o w t h  a n d  t o x i n  f o r m a t i o n  w i t h  
ace t i c ,  p r o p i o n i c ,  b u t y r i c ,  c ap ro i c ,  h e p t o i c ,  c a p r y l i c ,  
n o n o i c ,  capr i c ,  g l u t a r i c  a n d  l ino le ic  ac ids .  

I n  t h e  e x p e r i m e n t s  u s i n g  S L S  m e d i u m  c o n t a i n i n g  
21.25 g s u c r o s e  (8.95 gC)/1 a n d  s u p p l e m e n t e d  w i t h  
d i f f e r e n t  c a r b o x y l i c  ac ids ,  s e b a c i c  a c id  g a v e  m u c h  h i g h e r  

N. D. DAVIS and U. L. DIENER, Appl. Microbiol. 16, 158 (1968). 
4 S. N. ARSECULERATNE, L. M. DE SILVA, S. WIJESUNDRA and 

C. H. S. R. BANDUNATHA, Appl. Microbiol. 18, 88 (1969). 
5 A. P. DALE and M. L. MEARA, J. Sci. F. Agrie. 6, 162 (1955). 

Table III. Effect of supplementing sucrose with different carboxylic acids on aflatoxin production 

Supplementary carbon 
source equivalent to 
21,25 g sucrose (8.95 g C) 

Mycelial dry weight 
(g/100 ml medium) 

Aflatoxin (rag/100 ml medium) 

In medium In mycelium Total 

B G B G 

Nil 0.6 2.1 0.7 1.2 0.2 4.2 
Sucrose 1.4 2.9 1.2 5.1 1.3 10.5 
Glutarie acid 1.2 1.6 0.5 3.8 1.0 6.9 
Sebacic acid 1.I 2.8 0.8 8.2 2.1 13.9 
Laurie acid ~ 1.3 1.6 1.0 4.7 0.9 8.2 
Myristic acid ~ 1.1 2:2 1.2 2.4 0.8 6.6 
Palmitic acid S 0.7 2.2 1.1 5.3 2.2 10.8 
Stearie acid 1,1 1.4 1.0 1.3 0.4 4.1 
Oleie acid 0.9 1.3 0.7 3.3 0.9 6.2 
Behenie acid ~ 0.5 1.5 1.1 3.9 1.0 7.5 

A part of the carboxylic acid was left unutilized after 8 days growth. Both sucrose and the carboxylic acid were added at levels correspond- 
ing to 8.95 g carbon/l medium. 
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yields of a f la toxin ,  a l t h o u g h  mycel ia l  we igh t  was  s l igh t ly  
less (Table  I I I ) .  P a l m i t i c  acid s u p p o r t e d  as m u c h  a f l a tox in  
yie ld  as t h a t  of control ,  a l t h o u g h  myce l i a l  d ry  we igh t  was  
r educed  to half.  W i t h  glutar ic ,  lauric,  myr is t ic ,  s tearic,  
oleic and  behen ic  acids, a f l a tox in  yields  were low. I n  
a lmos t  all t he  cases, t he  a m o u n t  of a f l a tox in  in t he  m e d i u m  
was h igher  t h a n  t h a t  in  t he  myce l ium.  E v e n  in t h e  
presence  of sucrose in SLS med ium,  t h e r e  was no  g r o w t h  
or t o x i n  p r o d u c t i o n  w i t h  acetic,  propionic ,  bu ty r i c ,  
caproic,  hep to ic ,  capryl ic ,  nonoic,  capr ic  a n d  linoleic 
acids. I t  m a y  be n o t e d  t h a t  in t he  case of sebacic,  myr is t ic ,  
pa lmi t i c ,  oleic and  behen ic  acids, a f l a tox in  p r o d u c t i o n  is 
h igher  t h a n  t he  sum of t h e  a f l a tox in  yields ob t a ined  on 
m e d i a  c o n t a i n i n g  sucrose a n d  t he  ca rboxyl ic  acid a lone 
a t  a c a r b o n  level  of 8.95 g/1. 

Most  of t he  ca rboxyl ic  acids con ta in ing  2 to 10 ca rbon  
a toms ,  as well  as l inoleic acid, a p p e a r  to  be  qu i t e  in- 
h ib i to ry .  The  fung i s t a t i c  effects of acet ic  a n d  propionic  
acids are well  known,  t h o u g h  t h e i r  m o d e  of ac t ion  is n o t  
clear.  I n  general ,  t h e  effects obse rved  w i t h  t h e  h igher  
ca rboxyl ic  acids on  a f l a tox in  p r o d u c t i o n  are d e p e n d e n t  
on  t he  n a t u r e  a n d  c o n c e n t r a t i o n s  of these  acids. The  
f a t t y  acids fo rmed  b y  t he  b r e a k d o w n  of t he  l ipids  p r e s en t  
in  n a t u r a l  s u b s t r a t e s  t h u s  a p p e a r  to  h a v e  a s ign i f ican t  
inf luence  on a f l a tox in  p r o d u c t i o n  b y  Aspergillus ~. 

Rdsumd. On 6tudie  l ' e f fe t  de d ivers  acides carbo-  
xy l iques  sur  la  p r o d u c t i o n  de l ' a f l a tox ine  ell cu l tu re  
agi t6e d'Aspergillus parasiticus en mil ieu s y n t h 6 t i q u e  
(SLS). Lorsque  le saccharose  c o r r e s p o n d a n t  g 35.8 g C/1 
de mil ieu SLS a 6t6 c o m p l ~ t e m e n t  remplac6  p a r  des 
acides gras  g 6quiva lence  de C, seul l ' ac ide  l aur ique  
man i f e s t e  une  croissance sa t i s fa i san te  avec  p r o d u c t i o n  
d ' a f l a tox ine .  Q u a n d  le t a u x  en C du mil ieu a 6t6 r6du i t  
8.95 C/1, les acides s6bacique  e t  l au r ique  o n t  p r o d u i t  
p lus  d ' a f l a t o x i n e  que  le saccharose .  Ajout6s  en suppl6-  
m e n t  ~ u n  t a u x  peu  61ev6 de saccharose  d a n s  le mil ieu 
SLS, les acides s6bacique e t  p a l m i t i q u e  o n t  eu u n  rende-  
m e n t  61ev6 en af la toxine .  
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Multiple Electrophoretic Bands of Serum Albumin 

A l b u m i n  is a m a j o r  se rum p ro t e in  in all  v e r t e b r a t e s  
w i t h  t he  fas tes t  anoda l  m o b i l i t y  in  e lectrophoresis .  I t  is 
bel ieved to h a v e  no q u a t e r n a r y  s t ruc tu r e  and  in electro-  
phore t i c  p a t t e r n s  a lways  appea r s  as a s ingle m a j o r  band .  
Two such  b a n d s  a p p e a r  in  a he te rozygote .  A l t h o u g h  
genet ic  v a r i a n t s  are known,  v a r i a t i o n  is rare  c o m p a r e d  
to some o the r  p o l y m o r p h i c  s e rum p ro t e ins  l ike t r ans fe r -  
r in  1. Phy logene t i ca l ly  also se rum a l b u m i n  is conse rva t ive  
in i ts  e lec t rophore t ic  loca t ion  3. There  h a v e  been  re l a t ive ly  
v e r y  few p rob l ems  w i t h  non-gene t i c  v a r i a t i o n  of th i s  
p ro te in ,  a l t h o u g h  i t  has  the  ab i l i ty  to  b i n d  a v a r i e t y  of 
ions, lipids, drugs  and  hormones .  I t  was  t h u s  su rpr iz ing  
t h a t ,  d u r i n g  our  s tudies  on  se rum pro te ins  of Rana 
tigrina, we h a v e  come across a n  ex tens ive  v a r i a t i o n  in  
b o t h  t he  loca t ion  and  n u m b e r  of e lec t rophore t ic  b a n d s  
of s e rum a lbumin .  The  possible  n a t u r e  of th i s  v a r i a t i o n  
is discussed.  

in Rana tigrina 

Frogs  (Rana tigrina) were c a u g h t  f rom p o n d s  an d  wells 
in  an d  a r o u n d  t h e  W a r a n g a l  City, Ind ia .  Blood was 
col lected b y  p u n c t u r i n g  t h e  a o r t a  close to the  h e a r t  
a f te r  mi ld  e the r i sa t ion  of t h e  animal .  S e r u m  was sepa- 
r a t ed  f rom t h e  c lo t t ed  b lood  t h e  n e x t  d ay  an d  electro-  
phores is  car r ied  o u t  on  t h e  f resh sample .  A s impl i f ied  
disc e lec t rophore t i c  t e c h n i q u e  s w i t h  5% ac ry l amide  gel 
a n d  tris buffer  of p H  8.1 was used. 3 ~tl s e rum sample  
mixed  in 1 ml  of 20% sucrose was d i rec t ly  i n t r o d u c e d  
on  sepa ra t i on  gel. 2.5 m A  c u r r e n t  pe r  t u b e  was al lowed 
for t h e  f i rs t  5 m i n  an d  t h e n  t h e  c u r r e n t  ra i sed  to  
5 m A  a n d  t h e  r u n  c o n t i n u e d  for 20 rain.  Af te r  electro-  
phoresis ,  gels were s t a ined  w i t h  1% amido-b l ack  for 
30 m i n  an d  t h e  same were des ta ined  w i t h  7% acet ic  acid 
overn igh t .  Fo r  b i n d i n g  s tudies  g raded  a m o u n t s  of E v a n s  
Blue  a n d  B r o m p h e n o l  Blue  dyes were added  to t he  
s e rum Samples a n d  t h e n  e lec t rophores is  was  car r ied  
out .  On ly  E v a n s  Blue  s t a ined  t h e  a l b u m i n  bands .  
S imi la r ly  f reshly  p r e p a r e d  h e m o g l o b i n  so lu t ion  was 
added  to  t h e  sera  a n d  e lec t rophores i s  car r ied  out .  Af te r  
electrophoresis ,  gels were s t a ined  w i t h  benz id ine -perox ide  
so lu t ion  4. Green  b a n d s  co r respond ing  to t h e  a l b u m i n  
b a n d s  deve loped  in 30 sec. 

F igure  1 shows t h e  d isc-e lec t rophore t ic  p a t t e r n  of t he  
se rum pro te ins  of R. tigrina. T h e  fas t  m o v i n g  c o m p o n e n t s  
h a v e  been  ident i f ied  as a l b u m i n  b a n d s  b y  t h e i r  specific 
b o n d i n g  w i t h  E v a n s  Blue  an d  h e m o g l o b i n  an d  also b y  
the i r  e lec t rophore t ic  behav iour .  The  70 frogs e x a m i n e d  
so far  h a v e  all shown  th i s  mu l t i p l e  band ing .  D e p e n d i n g  
on  t h e  n u m b e r  a n d  re la t ive  posi t ions ,  10 p a t t e r n s  can  be  
recognized (Figure 2). I d e n t i c a l  p a t t e r n s  were o b t a i n e d  

Fig. 1. Disc electrophoretic pattern of serum proteins of R. tigrina. 
The bands in bracket are albumins as identified by their mobility 
and binding to Evans Blue and hemoglobin. 
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