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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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eveI1 af ter  r epea ted  electrophoresis  of the  same sample.  
F reeze - thawing  or s torage of the  serum over long per iods  
did no t  a l ter  the  p a t t e r n s  as r epor ted  in some o ther  
cases 5. 

CI~E?r 6, in a compara t ive  s t u d y  of e lec t rophore t ic  
p a t t e r n  of se rum prote ins  of several  amphib ians ,  found 
two serum a lbumin  bands  in a female R. esculenta. He 
analyzed only i frog serum and  no fu r the r  work  was 
unde r t aken  to  conf i rm p o l y m o r p h i s m  of th is  p ro te in  in 
th is  species. Some o ther  repor t s  on se rum pro te ins  of 
frogs always found  a single a l b u m i n  band,  whereas  
t rans fe r r in  was found to be po lymorph ic  in the  same 
species e, 7. The cons tancy  of the  specific p a t t e r n  of bands  
in several  runs  of t he  same sample,  even af ter  long 
s torage and  f reeze- thawing,  and  the  f ind ing  of a given 
p a t t e r n  in n u m b e r  of organisms,  s t rongly  indica tes  t h a t  
we are no t  deal ing wi th  an ar t i fac t  p roduced  dur ing 
serum process ing or electrophoresis .  However ,  the  pa t -  
t e rns  are too compl ica ted  to  give an easy in t e rp re t a t i on  

depending  on the  p h e n o t y p e  alone. F u r t h e r  genet ic  and  
b iochemica l  s tudies  are needed to  elucidate the  na tu re  of 
these  bands .  I t  is p robable  t h a t  there  are several  alleles 
producing  serum a lbumin  in these  frogs which differ  
only s l ight ly in e lec t rophore t ic  location, and since it is 
well es tabl ished t h a t  a lbumin  has no q u a r t e r n a r y  struc~ 
ture, the  mul t ip le  bands  specific to each p a t t e r n  are 
p robab ly  due to t he  b ind ing  of the  slnaller molecular  
subs tances  to the  di f ferent  allelic products .  I t  would also 
be in te res t ing  to  see if the  frogs of th is  species f rom o ther  
locat ions have  the  same p a t t e r n  of a lbumin  bands  or 
w h e t h e r  these p a t t e rn s  are inf luenced by  local environ-  
men ta l  condit ions.  

Zusammen[assung. Elek t rophore t i sche  Un te r suchungen  
der  Serumprote ine  yon  Rana tigrina ergaben verschie-  
dene B a n d e n m u s t e r  des Albumins .  Die genet isch-bio-  
chemische 13edeutung dieser mul t ip len  t3anden wird  
diskut ier t .  
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Fig. 2. Disc electrophoretic patterns of serum albumin bands of 
R. tigrina. 3 Exl serum sample was applied in each case. The variation 
in the stain intensity, however, is due to variable protein content in 
the sera of these frogs. 
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Adenosine Deaminase  Activity in Livers of Congenitally Athymic Nude Mice 

Congenital  defects  of i m m u n i t y  in man  are d iv ided  
in to  3 groups in which  the  causal  factors  are different .  
These are pure  defects  of T - l y m p h o c y t e  funct ion,  
abnormal i t ies  of immunoglobu l in  synthes is  and a com- 
b ined  defect  of bo th  cellular and humora l  immuni ty .  A 
severe form of combined  immunodef ic i ency  in m a n  
recen t ly  has been associated wi th  a def ic iency of ade- 
nosine deaminase  (ADA), EC 3.5.4.4 in all t issues s tudied,  
including red cells, lymphocy tes ,  liver, and f ibroblas t  
cul tures  1-3 This  enzyme  funct ions  in the  ca tabol i sm of 
nucleic acids by  ' sa lvaging '  adenosine  t h rough  dental-  
ha t ing  i t  to  inosine. In  the  human ,  var ious  ' t issue 
specific '  i sozymes of A D A  have  been described.  The red 
cell enzyme is po lymorph ic  and  is also the  ma jo r  isozyme 

Mean deaminase activity of liver extracts 

Mice ~ ~zmoles NHa/mg protein Exmoles NH~/g liver 

Normal (4) 0.542 ~= 0.096 1.440 i 0.167 
'Nude' (7) 0.453 • 0.061 1.516 -4- 0.397 
t 1.702 0.327 
P 0.13 0.75 

These mice were the progeny of matings between heterozygous 
parents, 1 of which was partially backcrossed to strain C57/B1, and 
the other, Balb/e. Ammonia evolved from adenosine during the 
incubation with liver extracts was determii~ed according to the 
method of SELIGSON and Si~LIGSONS,as described in the text under 
Materials and Methods. Adenosine deaminase activity is expressed 
in ~zmoles ammonia released in 30 rain at 37 ~ 

in Iymphocytes .  HIRSCtIHORN and  BERATIS4 have  
p resen ted  evidence t h a t  ADA is the  p roduc t  of a single 
genet ic  locus and the  various t issue isozymes are the  
result  of pos t - t r ans la t iona l  modif ica t ions  of ADA. These 
a l tera t ions  in ADA are p robab ly  due to t issue specific 
convers ion factors  5. 

Nude  mice are homozygous  for a m u t a t i o n  in the  7th 
l inkage group and  are charac ter ized  by  deficient  t h y mic  
deve lopmen t  and a cellular and  humora l  immuno-  
deficiency6, L The associat ion be tween  ADA deficiency 
and  combined  immunodef ic iency  syndrome  in m a n  
p r o m p t e d  a s tudy  of ADA activit~r ill individual  livers of 
immunodef ic ien t  nude  mice and  the i r  normal  l i t t e rmates .  

Materials and methods. Outbred  nudes  and the i r  normal  
l i t t e rma tes  were used th roughout .  These mice were tile 
p rogeny  of rant ings be tween  he terozygous  parents ,  one 
of which  was par t ia l ly  backcrossed to  s t ra in  C57/B1, and 
the  other,  Balb/c.  Dissected livers f rom 7 nude  and  
4 normal  mice, age 5 to 7 weeks, were weighed and 
homogenized  ill a 0.25 M sucrose wi th  0.01 21/I MgC12 
solution.  The homogena te  was centr i fuged at  13,000 g 
for 20 rain in a ref r igera ted  centrifuge.  The supe rna t an t s  
were s tored at  - -20~  and a l iquots  were t a k e n  for 
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