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Results and discussion. I n  a f i rs t  series of expe r imen t s ,  
t he  i n c o r p o r a t i o n  of 14C f rom glycine in to  I M P  was  
inves t iga t ed .  I n  these  expe r i m en t s ,  each  t u b e  c o n t a i n e d :  
sod ium b i c a r b o n a t e :  200 ~moles,  sod ium fo rmia t e :  120 
vmoles,  glycine 2 14C: 120 ~moles (spec. act.  : 2000 c p m /  
smole) .  F u r t h e r m o r e  all  acidic f rac t ions  c o n t a i n i n g  IMP,  
c o - c h r o m a t o g r a p h i e d  w i t h  un labe l l ed  IMP.  In  o rder  to  
a s c e r t a i n  t h a t  r a d i o a c t i v i t y  was loca ted  in t he  pu r ine  
r ing,  e ach  label led  spo t  was e lu ted  f rom t he  p la t e  a n d  
hydro lyzed .  T h e n  t he  h y d r o l y s a t e  was r u n  u n d e r  iden t i ca l  
cond i t ions  a n d  all  r a d i o a c t i v i t y  was found  a t  t he  same  
pos i t ion  as un labe l l ed  h y p o x a n t h i n e .  Accord ing  to our  
resul ts ,  cell suspens ions  of R. spheroides (1.8 m g  d r y  
wt /ml )  i n c u b a t e d  in aerobios is  and  d a r k  were able  to  
syn thes i ze  label led  I M P  us ing  glycine  2 ~C as subs t r a t e .  
2% of t he  r a d i o a c t i v i t y  was i nco r po r a t ed  w i t h i n  4 h 
(da t a  n o t  shown) i n s t ead  of on ly  1% in S c h u l m a n ' s  ex-  
p e r i m e n t s  n work ing  w i t h  a n i m a l  t issues.  
I n  o rder  to  s t u d y  t he  b io syn thes i s  of t he  pu r ine  r ing  
t h r o u g h  6ALA t r a n s a m i n a t i o n  to  DOVA,  s imi la r  exper i -  
m e n t s  were pe r fo rmed  us ing  6ALA 5 14C and  6ALA 4 i4C 
as subs t ra t e s .  The  t a b l e  shows t h e  c o m p a r a t i v e  incorpo-  
r a t i o n  of 14C f rom 6ALA 5 14C and  dALA 4 14C in to  I M P  
f rac t ions  and  po rphy r i n s .  
W h e n  dALA 5 14C was t he  subs t r a t e ,  anae rob ic  a n d  l ight -  
g rown b a c t e r i a  i n c o r p o r a t e d  more  r a d i o a c t i v i t y  in to  
p o r p h y r i n s  (10%) t h a n  cells g rown aerob ica l ly  in t h e  

d a r k  (1%).  However ,  t he  1~C i n c o r p o r a t i o n  in to  I M P  
was low in b o t h  condi t ions ,  in  spi te  of t he  fac t  t h a t  cells 
g rown ae rob ica l ly  and  in t h e  d a r k  could  f a v o u r  t h i s  
i n c o r p o r a t i o n  due  to t h e i r  low r a t e  of p o r p h y r i n  b iosyn-  
thesis.  Also w i t h  4 ~*C, bALA i n c o r p o r a t i o n  of rad io-  
a c t i v i t y  in to  I M P  is low in b o t h  cond i t ions  of g rowth .  
These  resu l t s  are n o t  in a g r e e m e n t  w i t h  a d i r ec t  incorpo-  
r a t i o n  of dALA in to  t he  p u r i n e  r ing  of nuc leot ides ,  
t h r o u g h  i ts  conve r s ion  to DOVA.  Accord ing  to t h i s  p a t h -  
way,  a t  leas t  more  t h a n  2 %  i n c o r p o r a t i o n  in to  I M P  
would  be  expec ted ,  i n s t ead  of 0 .1 -0 .3% o b t a i n e d  w h e n  
us ing  dALA 5 t4C as subs t r a t e ,  a n  i n t e r m e d i a t e  closer to  
the  end  p r o d u c t  t h a n  glycine.  
Our  resu l t s  sugges t  a nonspeci f ic  i n c o r p o r a t i o n  of ~*C 
f rom 6ALA in to  IMP,  a f t e r  dALA d e g r a d a t i o n ;  w i t h o u t  
a d i rec t  t r a n s a m i n a t i o n .  In  add i t ion ,  ou r  d a t a  s u p p o r t  
t he  resu l t s  of Neube rge r  a n d  T u r n e r  7 a n d  Lohr  a n d  
F r i e d m a n  12 t h a t  t he  t r a n s a m i n a t i o n  works  in t he  reverse  
sense f rom D O V A  to dALA. 
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Summary. W i l d - t y p e  s t r a i n s  a n d  a u x o t r o p h i c  m u t a n t s  of Aspergillus /lavus, differ ing r ega rd ing  a f l a tox in  p roduc t ion ,  
were t e s t ed  for es te rases  isozymes.  Es te rases  v a r i a t i o n  was found  in all  s t r a ins  used, and  a possible  cor re la t ion  be tween  
t he  p a t t e r n  of es terase  b a n d s  a n d  a f l a tox in  p r o d u c t i o n  is suggested.  

The  p r e s e n t  work  was des igned  to  o b t a i n  p r e l i m i n a r y  
i n f o r m a t i o n  a b o u t  t h e  e x t e n t  a n d  ti le n a t u r e  of e lec t ro-  
phore t i c  v a r i a t i o n  of es terases  i sozymes w i t h i n  3 wild- 
t y p e  isolates  of t he  f i l am en t ous  fungus  Aspergillus flavus. 
M u t a n t s  de r ived  f rom such  s t r a in s  were also t e s t ed  for  
es terases  i sozymes  in a n  a t t e m p t  to  s t u d y  the  inf luence  
of such  m u t a n t s  in  r e l a t i on  to es terase  p roduc t ion .  
Material and methods. 3 wi ld - type  s t r a in s  (A 5 a, A 6e  a n d  
B 2 d )  were used. The  s t r a i n  A 5 a  did  n o t  p roduce  ar ia-  
tox in ,  e i the r  in cu l tu re  m e d i u m  or mycel ia .  A 6 e  has  a 
h igh  p r o d u c t i o n  of a f l a t o x i n  in myce l i a  (400 p p m  of ]31- 
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a f l a tox in  a n d  300 p p m  of Gl-af la toxin)  b u t  a low produc-  
t ion  in cu l tu re  med ium.  B 2 d  p roduces  a h i g h  a m o u n t  of 
a f l a tox in  b o t h  in cu l tu re  m e d i u m  (40 p p m  of 131 a n d  
30 p p m  of G1) and  in myce l ia  (400 p p m  of ]31 a n d  300 p p m  
of G1). M u t a n t s  s t r a ins  A S a  arg, A S a  w, A 6 e  arg, A 6 e  
pur ,  A 6 e  y a n d  B 2 d  lys were also used. M u t a n t  alleles 
were des igna ted  as follows: w a n d  y, w h i t e  a n d  yel low 
con id ia  r e spec t ive ly ;  arg, lys a n d  pur ,  r e q u i r e m e n t  re- 
spec t ive ly  for arginine ,  lys ine a n d  pur ines .  The  isola t ion 
of m u t a n t s  a n d  the  a f l a t o x i n  d e t e r m i n a t i o n s  were re- 
p o r t e d  e lsewhere  ~. S tock  cu l tu res  were m a n t a i n e d  on  
comple te  m e d i u m  s lan t s  ~. Cul tu res  were t r an s f e r r ed  to 
l iquid  m i n i m a l  m e d i u m  and,  a f t e r  7 days  i n c u b a t i o n  a t  
28 ~ t h e y  were used for e l ec t rophore t i c  ana lys i s  b o t h  in 
myce l ia  a n d  cu l tu re  med ium.  The  e l ec t rophore t i c  tech-  
n ique  was as follows: myce l i a  were homogene ized  in 
0.05 ml  of dis t i l led w a t e r  a t  4 ~ The  h o m o g e n a t e  and  t he  

Fig. 1. Schematic representation of esterases zymograms from 
mycelia of wild-type strains: 2(A5a), 3(B2d), 8(A6e) and of mutants 
strains: l(A6e y), 4(ASa arg), 5(A6e arg), 6(A5a w), 7(B2d lys) and 
9(A6e put). 
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m e d i u m  were sub j ec t ed  to h o r i z o n t a l  s t a rch-ge l  e lectro-  
phores is .  The  gels were p r e p a r e d  as descr ibed  b y  B u s h  
e t  al. 4. O p t i m u m  reso lu t ion  for es terases  b a n d s  was ob-  
t a i n e d  us ing  b o r a t e  0.3 M e lec t ro ly te  buffer ,  p H  8.2, and  
a gel buf fe r  p H  8.7 c o n t a i n i n g  0.076 M t r i s  (hydroxy-  
me thy l )  a m i n o m e t h a n e  a n d  0.005 M ci tr ic  acid. E a c h  gel 
was  p r e p a r e d  us ing  46.5 g of h y d r o l y z e d  s t a r c h  (Sigma 
Chemica l  Company)  a n d  300 ml  of t he  gel buffer .  The  
h o m o g e n a t e  was a b s o r b e d  in to  a smal l  piece of W h a t m a n  
No. 3 f i l ter  p a p e r  a b o u t  4 •  m m  in size wh ich  was 
inse r t ed  in an  incis ion m a d e  3 cm f rom t h e  c a t h o d e  of t he  
gels. H o r i z o n t a l  s t a r c h  gel e lec t rophores i s  a n d  e n z y m e  
assays  were car r ied  o u t  us ing  m e t h o d s  a n d  so lu t ions  
s imi la r  to  those  descr ibed  b y  Toledo F o a n d  Magalh~es  5. 
To p r e v e n t  h e a t  d e n a t u r a t i o n  and  loss of t he  e n z y m e  
ac t iv i ty ,  t he  runs  were pe r fo rmed  a t  4 ~ 
E a c h  gel was  i n c u b a t e d  a t  37~ in a s t a in ing  solut ion 
c o n t a i n i n g  n a p h t y l  a ce t a t e  as subs t r a t e ,  F a s t  G a r n e t  
GBC sa l t  as t he  dye  Coupler  a n d  p h o s p h a t e  buf fe r  in t he  
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Fig. 2. Schematic representation of esterase zamograms from culture 
medium: 2, 3 and 8 are the culture medium of wild-type strains 
A5a, B2d and A6e, respectively. The 1, 4, 5, 6, 7 and 9 are the culture 
medium of mutants strains A6e y, A5a arg, A6e arg, A5a w, B2d lys 
and A6e put, respectively. 
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Fig. 3. Schematic representation of esterase zymograms from mycelia 
of A5a w-strain from 1 to 7 days development. Esterases are not 
produced during the first day and 3 bands are obtained in the 7th 
day. 

m o u n t s  5. The  s t a ined  gels were f ixed in a so lu t ion  of 
m e t h a n o l ,  ace t ic  acid a n d  dis t i l led  w a t e r  in  t he  p r o p o r t i o n  
of 5 : 1 : 5 .  
Also, in  one s t r a i n  (A 5 a w), t he  p a t t e r n  of e lec t rophore t i c  
i sozymes of cu l tu res  f rom 1 to 7 days  old was car r ied  out .  
Results and discussion. The  es te rase  p a t t e r n s  of t he  wild-  
t y p e  and  m u t a n t  s t r a ins  are p r e sen t ed  on f igures 1 a n d  2. 
T h e y  differ  b o t h  in myce l i a  a n d  cu l tu re  med ium.  I n  re la-  
t i on  to t he  m u t a n t s ,  large v a r i a t i o n s  were found  in 
myce l i a  (figure 1) and  on ly  a s l igh t  v a r i a t i o n  on  cu l tu re  
m e d i u m  (figure 2). 
The  es te rase  p a t t e r n  of A S a  w s t r a in  f rom 1 to  7 days  
d e v e l o p m e n t  ha s  shown  t h a t  es te rases  are no t  p roduced  
d u r i n g  t he  f i r s t  day  a n d  3 b a n d s  are o b t a i n e d  in t h e  
7 th  d a y  (figure 3). 
Es te rases  v a r i a t i o n s  were found  in all 3 s t r a ins  of A. / lavus  
used. A l t h o u g h  only  3 s t r a in s  were used, t he  s t r a i n  w i t h  
no  a f l a tox in  p r o d u c t i o n  p r e s e n t e d  on ly  2 b a n d s  a n d  3 and  
4 b a n d s  were found  in s t r a in s  w i t h  a f l a tox in  p r o d u c t i o n  
in myce l ia  a n d  m e d i u m  respect ive ly .  A larger  n u m b e r  of 
s t r a ins  shou ld  be  t e s t ed  in o rder  to  see if t he  p a t t e r n  of 
es terases  p r o d u c t i o n  is r e l a t ed  to a f l a tox in  p roduc t ion .  
Also, in r e l a t i on  to es terases  in cu l tu re  med ium,  t he  s t r a in  
w i t h  no a f l a tox in  p roduc t ion ,  p r e sen t ed  no bands ,  t h e  
s t r a i n  wh ich  c o n t a i n e d  a f l a tox in  j u s t  in the  mycel ia ,  
p r e sen t ed  one  b a n d  a n d  t he  s t r a i n  which  syn the t i z e s  
a f l a tox in  b o t h  in myce l i a  and  cu l tu re  med ium,  p r e s e n t e d  
2 bands .  M u t a n t s  de r ived  f rom A 6e wi ld - type  s t r a in  gave  
t he  same  p a t t e r n  of es terase  b a n d s  in r e l a t ion  to  t he  
or ig inal  s t r a in  excep t ion  of A 6 e  y. O t h e r  m u t a n t s  differ  
in r e l a t i on  to  t he  wi ld - type  in b a n d s  pa t t e rn s .  Severa l  
reasons  can  be g iven  to  exp la in  such  differences,  such  as:  
a) d i f fe ren t  r a t e s  of g r o w t h ;  b) t he  inf luence  of t he  auxo-  
t r oph i c  or morpho log ica l  m a r k e r s  on  es terase  p r o d u c t i o n ;  
c) o t h e r  m u t a t i o n  i nduced  d u r i n g  t he  m u t a g e n i c  t r e a t -  
m e n t  for t he  o b t e n t i o n  of the  a u x o t r o p h s  m u t a n t s ,  which  
also in te r fe re  w i t h  es terase  p roduc t ion .  More ex tens ive  
inves t iga t ions ,  shou ld  be  car r ied  o u t  m a k i n g  use of 
crosses b e t w e e n  such s t ra ins .  I t  h a s  been  shown ~ t h a t  
A. flavus is a m m e n a b l e  to  genet ic  s tudies  t h r o u g h  t he  
p a r a s e x u a l  cycle. The  use of s t r a in s  w i t h  d i f fe ren t  pa t -  
t e rn s  in es te rase  b a n d s  can  be  useful  in a genet ic  s t u d y  
w i t h  A. /lavus. Also, if a co r re l a t ion  be tween  es te rases  
and  a f l a tox in  p r o d u c t i o n  does occur,  th i s  can  be of he lp  
in t he  s t u d y  a n d  de t ec t i on  of a f l a tox in  p roduc ing  s t ra ins .  
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Summary. The  re la t ive  b a n d  s t a in ing  in tens i t i e s  of A D H  isoenzymes  in w h e a t  a n d  t r i t i ca le  sugges t  al loploid genome 
in t e rac t ions .  Rye  A D H  is scarcely  af fec ted  b y  a n t i - w h e a t - A D H .  Desp i t e  t he  e v o l u t i o n a r y  d ive rgence  of t h e i r  Adt l  
genes, A D H  m o n o m e r s  of w h e a t  and  rye  form e n z y m a t i c a l l y  ac t ive  h e t e r o d i m e r s  in  t r i t ica le .  

A n u m b e r  of e n z y m e  loci, f ound  assoc ia ted  w i t h  homoe-  
ologous c h r o m o s o m e s  in hexap lo id  w h e a t  a n d  diploid 
rye  (Secale cereale), conf i rmed ,  a t  t he  b iochemica l  level  3, 
t h e  a l loploid  or igin of w h e a t  as well  as of the  w h e a t - r y e  
a l loploid  t r i t ica le .  
The  d a t a  a b o u t  t he  i soenzyme  p a t t e r n s  of a lcohol  de- 
h y d r o g e n a s e s  of whea t ,  rye,  ~nd  hexap lo id  t r i t i ca le  pre-  

sen ted  here,  s u p p o r t  t he  h y p o t h e s i s  of t r ip l i ca te  A d h  
genes in w h e a t  and  a 4 th  gene in rye  4. However ,  m i n o r  
differences  in  re la t ive  b a n d  s t a in ing  in tens i t i es  are re- 
vea led  dens i tomet r i ca l ly ,  sugges t ing  d i f fe rent  ac t iv i t i e s  
of e i the r  t he  enzymes  or t he  genes, wh ich  h a v e  h i t h e r t o  
been  accep ted  to  be equa l ly  expressed.  P r e c i p i t a t i o n  t e s t s  
w i th  a n t i s e r u m  aga in s t  w h e a t  A D H s  should  d e m o n s t r a t e  


