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S u m m a r y .  A s i m p l e  p rocedu re  has been developed for  the d i s soc ia t ion  of ac t ive  molecu les  of g lu tamate  oxa-  
loace ta te  t r a n s a m i n a s e  (GOT: E . C .  2 . 6 . 1 . 1 )  into p r o t o m e r s  and for  the r e a s s o c i a t i o n  of the subun i t s  into 
ac t ive  e n z y m e s .  Resu l t s  of e x p e r i m e n t s  in which the p r o t o m e r s  of gene t ica l ly  con t ro l led  e l ec t rophore t i c  v a r -  
i an t s  of GOT of Tr~ticum aest ivwn and of s eve r a l  r e la ted  spec ies  were  d i s soc ia ted  and r e c o m b i n e d  in c rude  
t i s sue  ex t r ac t s  and in pa r t i a l l y  pur i f ied  p r e p a r a t i o n s  support  the hypothesis  that the enzyme  ex i s t s  func t iona l -  
ly as  a d i m e r  in the T r i t i c inae .  
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In t roduc t ion  

Genet ic  evidence  that g lu tamate  oxaloaceta te  t r a n s a -  

m i n a s e  ( L - a s p a r t a t e :  2 -oxoglu ta ra te  a m i n o t r a n s f e r -  

ase ,  E . C .  2 . 6 . 1 . 1 ;  GOT; also known as a spa r t a t e  

a m i n o t r a n s f e r a s e )  ex is t s  funct ional ly  as a d i m e r  has 

been obta ined  in s tud ies  of s eve ra l  h igher  plant  s p e -  

c i e s ,  inc luding Zea mays (MacDonald and Brewbake r  

1972; Scandal ios  et a l .  1975), Stephanomeria exigua 

(Got t l ieb  1973), and Tri t ieum aest ivw~ and the r e -  

la ted  spec i e s  Secale cerea~e and Agropyron elongatum 

(Har t  1975; Tang and Hart  1975; Hart  et a l .  1976). 

We now repor t  e x p e r i m e n t s  in which the subuni t s  of 

gene t i ca l ly  d e t e r m i n e d  e l ec t rophore t i c  v a r i a n t s  of the 

GOT-3 s y s t e m  of T.aest ivum and of s e v e r a l  r e l a t ed  

spec i e s  have been d i s soc ia t ed  and r e c o m b i n e d  in v i t ro .  

The r e s u l t s  of these  e x p e r i m e n t s  suppor t  the hypothe-  

s i s  of a d i m e r i c  s t r u c t u r e  for  the ac t ive  GOT i s o -  

z y m e s .  A p r e l i m i n a r y  r epo r t  of th is  r e s e a r c h  has 

been publ i shed  e l s ewhe re  (Har t  and Langston 1976). 

Hexaploid wheat (T. aestivum, 2n = 42, genomes  

A, B, and D) e x p r e s s e s  s e v e r a l  gene t i ca l ly  inde-  

pendent  GOT s y s t e m s .  The GOT-3 sys t em is c o m -  

posed of t h ree  i s o z y m e s .  A z y m o g r a m  a n a l y s i s  of 

app rop r i a t e  aneuploid  de r iva t i ve s  of the c u l t i v a r  

This paper  is  Technical  Ar t i c l e  No. 13157 of the 
Texas Agr i cu l tu ra l  E x p e r i m e n t  Stat ion.  

'Chinese Spring '  provided evidence  that these  i s o -  

zymes  a r e  the products  of a t r i p l i ca t e  set  of s t r u c -  

tu ra l  genes  located in the c h r o m o s o m e s  of homoeo-  

logous group 3. The r e su l t s  of the a n a l y s i s  were  con-  

s i s t en t  with the proposal  that th ree  s t r u c t u r a l  genes ,  

des igna ted  Got-A3,  Got-B3,  and Got-D3,  located in 

c h r o m o s o m e  a r m s  3AL ( f o r m e r l y  3Aa),  3BL and 

3DL ( f o r m e r l y  3D~), r e spe c t i ve l y ,  encode approx i -  

mate ly  equal quant i t ies  of th ree  subun i t s ,  des igna ted  
3 , ~ 3  and 83, r e spec t ive ly ,  which r andomly  di -  

m e r i z e  to produce  six approx imate ly  equal ly  ac t ive  

f o r m s .  The des igna t ions  GOT-3a, GOT-3b, and 

GOT-3c have been a s s igned  to the GOT-3 i sozymes  

which mi g r a t e  at r e l a t i ve ly  fas t ,  i n t e r m e d i a t e ,  and 

s low r a t e s ,  r e spec t ive ly ,  dur ing  e l e c t r o p h o r e s i s  at 

a s l ight ly  a lka l ine  pH. It i s  supposed that GOT-3a is  

composed  of $3~3  5363, and ~353 d i m e r s ,  GOT-3b 

of a3B 3 and ~363 d i m e r s ,  and GOT-3c of of3(~ 3 

d i m e r s  (Hart  1975). 

Addit ional  genet ic  evidence  that GOT exis t s  func-  

t iona l ly  as a d i m e r  was obtained in two other  s tud ies  

involving T. aes tivum. Tang and Hart  ( 1975) d e t e r m i n e d  

the z y m o g r a m  phenotype of each m e m b e r  of the s e -  

r i e s  of seven  d i somic  Secale cereale  (2n = 14, gen-  

ome R) c h r o m o s o m e  addi t ions  to T. aes~vum and of 

the T.aes~vum-S.  cereale amphiplo id .  Thei r  a n a l y s i s  

p rovided  ev idence  that c h r o m o s o m e  3R p o s s e s s e s  a 
3 s t r u c t u r a l  gene,  Got-3R,  whose product ,  p , r a n -  
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domly  d i m e r i z e s  with  the  p r o d u c t s  of the  T. aestivum 

Got-3  s e t .  E x a m i n a t i o n  by H a r t  et  a l .  (1976)  of a 

s e r i e s  of T. aestivum-Agropyron e longatum t r a n s l o c a -  

t ion  l i n e s ,  in  each  of which  a s e g m e n t  of  the  long 

a r m  of c h r o m o s o m e  3D has  b e e n  r e p l a c e d  by a p o r -  

t ion  of the  A.elongatum h o m o e o l o g u e  3Ag, p r o v i d e d  

e v i d e n c e  tha t  the  p r o d u c t s  of the  Go t -3  s e t  of h e x a -  

p lo id  wheat  r a n d o m l y  d i m e r i z e  with c 3, t he  p r o d u c t  

of Go t -3Ag ,  a h o m o e o l o g o u s  gene  l o c a t e d  in 3AgL. 

E x p o s u r e  of d i f f e r e n t  i s o z y m e s  of a GOT s y s t e m  

to in v i t r o  c o n d i t i o n s  in  which  d i s s o c i a t i o n  of t h e  

i s o z y m e s  into p r o t o m e r s  and  r e a s s o c i a t i o n  of the  

s u b u n i t s  into  a c t i v e  e n z y m e s  o c c u r s  c r i t i c a l l y  t e s t s  

t he  h y p o t h e s i s  tha t  the  a c t i v e  f o r m s  of GOT a r e  

d i m e r s .  Suppor t  f o r  the  h y p o t h e s i s  would c o m e ,  fo r  

e x a m p l e ,  f r o m  the  d e m o n s t r a t i o n  tha t  d i s s o c i a t i o n  

and  r e c o m b i n a t i o n  of the  s u b u n i t s  of two d i f f e r e n t  s u p -  

p o s e d l y  h o m o d i m e r i c  i s o z y m e s  r e s u l t s  not on ly  in the  

r e g e n e r a t i o n  of the  o r i g i n a l  two i s o z y m e s  but a l so  in 

the  p r o d u c t i o n  of a f o r m  with the  p r o p e r t i e s  e x p e c t e d  

of a h e t e r o d i m e r .  Suppor t  would a l so  c o m e  f r o m  the  

p r o d u c t i o n  of two f o r m s  with the  p r o p e r t i e s  of h o m o -  

d i m e r s ,  in add i t ion  to t he  o r i g i n a l  e n z y m e ,  f r o m  a 

s u p p o s e d l y  h e t e r o d i m e r i c  e n z y m e .  

The s e v e r a l  e x p e r i m e n t s  which a r e  t he  s u b j e c t  of  

t h i s  r e p o r t  i nvo l ve  d i s s o c i a t i o n  and  r e c o m b i n a t i o n  of 

t he  s u b u n i t s  of GOT-3 f o r m s  which  d i f f e r  in  e l e c t r o -  

p h o r e t i c  m o b i l i t y ,  The s t r a i n s  u s e d  e a c h  e x p r e s s  

e i t h e r  one  o r  t h r e e  GOT-3 i s o z y m e s .  Ind iv idua l  i s o -  

z y m e s  w e r e  o b t a i n e d  f r o m  s t r a i n s  e x p r e s s i n g  t h r e e  

GOT-3 ' s  by e lu t ion  f r o m  s t a r c h  ge l s  a f t e r  e l e c t r o -  

p h o r e s i s  of c r u d e  t i s s u e  e x t r a c t s .  E x p e r i m e n t s  which  

u t i l i z e d  s t r a i n s  t ha t  e x p r e s s  but  one  GOT-3 e n z y m e  

w e r e  p e r f o r m e d  with c r u d e  e x t r a c t s .  

M a t e r i a l s  and  Me thods  

S t r a i n  G919 of T.monococcum (2n = 14, g e n o m e  A ) ,  t h e  
c u l t i v a r  ' I m p e r i a l '  of S.cereale (2n  = 14, g e n o m e  R ) ,  
a n u l l i s o m i c - 3 A  t e t r a s o m i c - 3 D  d e r i v a t i v e  of  the  c u l -  
t i v a r  ' C h i n e s e  S p r i n g '  of T.aestivum (2n  = 42, g e n -  
o m e s  A, B,  and D) ,  the  c u l t i v a r  ' R o l e t t e '  of the  
d u r u m  g roup  of T. turgidum (2n = 28, g e n o m e s  A and  
B ) ,  t h e  ' C h i n e s e  S p r i n g '  - ' I m p e r i a l  ' a m p h i p l o i d  (2n = 
56, g e n o m e s  A,  B,  D, and  B)  and  a T.aestivum- 
A.elongatum c h r o m o s o m e  add i t i on  l i ne  (2n  = 44, g e n -  
o m e s  A, B,  and D p lus  1" 3Ag) w e r e  u t i l i z e d  in t h i s  
s tudy .  The f i r s t  t h r e e  s t r a i n s  l i s t e d  each  e x p r e s s  one  
f o r m  of GOT-3 and  the  l a s t  t h r e e  s t r a i n s  each  e x -  
p r e s s  t h r e e  GOT-3 i s o z y m e s .  

The n u l l i - 3 A  t e t r a - 3 D  s t r a i n  e x p r e s s e s  GOT-3a  
whi le  the  T.monococcum and S. cereale s t r a i n s  e a c h  
e x p r e s s  a GOT-3 which  ha s  an  e l e c t r o D h o r e t i c  m o b i l -  

i ty c o i n c i d e n t  with  tha t  of GOT-3c of T.aestivum. B e -  
c o m b i n a t i o n  of the  s u b u n i t s  of GOT-3a of the  n u l l i -  
3A t e t r a - 3 D  s t r a i n  with the  GOT-3 s u b u n i t s  of  e ach  
of t h e  two o t h e r  s t r a i n s  i s  a c c o m p l i s h e d  by the  fo l low-  
ing s i m p l e  p r o c e d u r e ,  A p p r o p r i a t e  t i s s u e  c o n t a i n i n g  
GOT-3 ( H a r t  1975) o b t a i n e d  f r o m  e a c h  of the  two s e -  
lected strains is macerated in separate mortars with 
pestles in a O. I M potassium phosphate buffer, pH 
6.0, containing 40 m moles pyridoxal 5' phosphate. 
The slurry obtained from each maceration is centri- 
fuged at 30,000 • g for 20 rain, after which aliquots 
of the two supernatants, of appropriate quantities so 
that they contain approximately equal amounts of 
GOT~3 activity, are mixed and incubated for 2 hours. 
All operations are carried out at 2-5~ Following 
the 2 hour incubation, the mixture is made to O. 1 M 
sucrose and then electrophoresed at an alkaline pH 
in disc polyacrylamide gels, at the completion of which 
the gels are stained for GOT activity. The methods 
used for electrophoresis and GOT staining have been 
described previously (Hart 197 5). 

The source of the GOT-3 enzymes for the experi- 
ments reported here were scutella obtained from ma- 
ture g r a i n s  tha t  had  been  g e r m i n a t e d  in m o i s t  p a p e r  
towel ing  fo r  18 h o u r s .  A 1 :100  r a t i o  ( w / v )  o f s c u t e l -  
l a  to bu f f e r  was  u s e d .  D i s s o c i a t i o n  and  r e c o m b i n a t i o n  
of GOT-3 s u b u n i t s  in  c r u d e  t i s s u e  e x t r a c t s  h a s  a l so  
b e e n  a c c o m p l i s h e d  u s i n g  the  f i r s t  fo l i age  l e a f  and  the  
c o l e o p t i l e  a s  the  s o u r c e  of the  GOT-3 e n z y m e s .  

T h r e e  types  of r e f e r e n c e  s a m p l e s  w e r e  r o u t i n e l y  
p r e p a r e d  and  inc luded  in t h e s e  e x p e r i m e n t s .  One c o n -  
s i s t e d  of a m i x t u r e  p r e p a r e d  as  d e s c r i b e d  a b o v e ,  e x -  
cep t  f o r  the  u s e  of a pH 7 .0  r a t h e r  than  a pH 6 .0  
p h o s p h a t e  b u f f e r .  The s e c o n d  c o n s i s t e d  of e x t r a c t s  of 
the  two s e l e c t e d  s t r a i n s  which  w e r e  i nd iv idua l ly  s u b -  
j e c t e d  to the  pH 6 .0  p r o c e d u r e ,  without  mix ing  of the  
e x t r a c t s .  The t h i r d  c o n s i s t e d  of e x t r a c t s  of the  two 
s e l e c t e d  s t r a i n s  which  w e r e  p r e p a r e d  i m m e d i a t e l y  
p r i o r  to e l e c t r o p h o r e s i s  by the  m e t h o d  u s e d  in the  
e a r l i e r  g en e t i c  s t u d i e s  of the  T r i t i c i n a e  G O T ' s  ( H a r t  
1975) .  It shou ld  be  no ted  tha t  the  r e l a t i v e  e l e c t r o -  
p h o r e t i c  m o b i l i t i e s  of GOT-3 e n z y m e s  c o n t a i n e d  in 
d i f f e r e n t  ge l s  w e r e  e a s i l y  d e t e r m i n e d  b e c a u s e  in a l l  
ge l s  i s o z y m e s  of o t h e r  g e n e t i c a l l y  i n d ep en d an t  GOT 
s y s t e m s  w e r e  a l so  e x p r e s s e d .  

The T.turgidum s t r a i n ,  t h e  T.v~stivum-g. cereale 
a m p h i p l o i d ,  and the  T. aestivwr~A, e longatum c h r o m o -  
s o m e  add i t ion  l i ne  each  e x p r e s s  t h r e e  GOT-3 i s o -  
z y m e s ,  the  e l e c t r o p h o r e t i c  m o b i l i t i e s  of which  a r e  
c o i n c i d e n t  with  t h o s e  of GOT-3a,  -3b ,  and  -3c  of 
T. aestivw~. The i s o z y m e s  u s e d  in the  subun i t  r e c o m -  
b i n a t i o n  e x p e r i m e n t s  c o n d u c t e d  with t h e s e  s t r a i n s  
c o n s i s t e d  in  e a c h  c a s e  of p a r t i a l l y  p u r i f i e d  p r e p a r a -  
t i ons  of the  e l e c t r o p h o r e t i c a l l y  f a s t  and s low f o r m s  
t ha t  w e r e  o b t a i n e d  by e lu t ion  f r o m  s t a r c h  ge l s  a f t e r  
e l e c t r o p h o r e s i s  of  a c r u d e  s c u t e l l a r  e x t r a c t .  E lu t ion  
of the  i s o z y m e s  and r e c o m b i n a t i o n  of t h e  s u b u n i t s  i s  
a c c o m p l i s h e d  by the  fo l lowing p r o c e d u r e .  A c o n c e n -  
t r a t e d  e x t r a c t  i s  p r e p a r e d  by m a c e r a t i o n  of t i s s u e  in 
a m o r t a r  with p e s t l e  in  a pH 7 . 5  b u f f e r  d e s c r i b e d  by 
C a r l s o n  (1 9 7 2 ) ,  a l so  c o n t a i n i n g  0 .1  M s u c r o s e .  The 
s c u t e l l a  u sed  fo r  the  e x p e r i m e n t s  r e p o r t e d  h e r e  w e r e  
o b t a i n e d  f r o m  m a t u r e  g r a i n s  tha t  had  b e e n  g e r m i n a t e d  
in  m o i s t  p a p e r  towel ing  fo r  18 h o u r s .  A 1 :10  r a t i o  
( w / v )  of s c u t e l l a  to b u f f e r  was  u s e d .  The s l u r r y  ob -  
t a i n e d  by m a c e r a t i o n  i s  c e n t r i f u g e d  at  30 ,000  x g fo r  
20 min  and  t h e  s u p e r n a t a n t  o b t a i n e d  e l e c t r o p h o r e s e d  
fo r  20 h o u r s  at  20 ma  c u r r e n t  in  v e r t i c a l  s t a r c h  ge l s  
in  a B u c h l e r  a p p a r a t u s ,  u s i n g  m e t h o d s  p r e v i o u s l y  de -  
s c r i b e d  ( H a r t  1975) .  
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At the comple t ion  of e l e c t r o p h o r e s i s  the gel  is  
s l i c e d  v e r t i c a l l y  p r e c i s e l y  at the l eve l  of the bot tom 
of the s l o t s .  The por t ion  of the gel below the l eve l  of 
the s lo t s  is  d i s c a r d e d .  The cut s u r f a c e  of the r e m a i n -  
de r  of the gel is  s ta ined  fo r  GOT (Har t  1975) until the 
GOT-3 bands b e c o m e  v i s ib l e ,  at which t i m e  the s t r a i n  
is  d i s c a r d e d  and the gel thoroughly  r i n s e d  with d i s t i l l -  
ed H~0. The b locks  of s t a r c h  which contain the e l e c t r o -  
p h o r e t i c a l l y  fast  and s low i s o z y m e s  a r e  then e x c i s e d  
f r o m  the r e m a i n d e r  of the gel  and f r o z e n  fo r  2 hours  
at - 2 0 ~  The blocks  of s t a r c h  a r e  then thawed,  the 
s ta ined  por t ions  of the s t a r c h  r e m o v e d  and d i s c a r d e d ,  
and the r e m a i n d e r  of the s t a r c h  ex t ruded  twice  through 
a n e e d l e l e s s  2 ml s y r i n g e .  The s t a r c h  pas t e s  a r e  then 
cen t r i f uged  at 30,000 • g for  20 min,  a f t e r  which a l i -  
quots  of the two supe rna t an t s ,  of a p p r o p r i a t e  quant i -  
t i e s  so that they conta in  a p p r o x i m a t e l y  equal  amounts  
of GOT-3 ac t iv i ty ,  a r e  mixed  and placed in d i a lys i s  
tubing.  The mix tu r e  is  d ia lysed  aga ins t  250 v o l u m e s  
of 0 .1  M sod ium ace t a t e  buffer ,  pH 5.0 ,  conta in ing 
40 m mo le s  pyr idoxal  5' phospha te .  D i a l y s i s  is  con -  
t inued fo r  4 hours  with a change in the d i a ly s i s  buf-  
f e r  at 2 h o u r s .  All ope ra t i ons  a r e  c a r r i e d  out at 2- 
5~ Fo l lowing  d i a l y s i s ,  the m i x t u r e  i s  e l e c t r o p h o r -  
r e s e d  in d isc  p o l y a c r y l a m i d e  ge l s ,  at the comple t ion  
of which the ge l s  a r e  s t a ined  fo r  GOT ac t iv i t y .  The 
e l e c t r o p h o r e t i c  and GOT s ta in ing  p r o c e d u r e s  have 
been d e s c r i b e d  p r e v i o u s l y  (Har t  1975).  

Three  types  of r e f e r e n c e s  s a m p l e s  w e r e  p r e p a r e d  
and rou t ine ly  included in the e x p e r i m e n t s  which u t i -  
l i zed  i s o z y m e s  e lu ted  f r o m  s t a r c h  g e l s .  One c o n s i s t e d  
of a m i x t u r e  p r e p a r e d  as d e s c r i b e d  above ,  except  fo r  
the use  of a 0 .1  M p o t a s s i u m  phosphate  buf fe r ,  pH 
6 .0 ,  r a t h e r  than a 0 .1  M ace t a t e  buffer ,  pH 5.0 ,  for  
d i a l y s i s .  The second c o n s i s t e d  of e lua t e s  conta in ing 
individual  i s o z y m e s  obtained f r o m  the s t a r c h  gel b locks  
which w e r e  d ia lysed  agains t  the pH 5.0 buffer  without 
mix ing  of the e l u a t e s .  The th i rd  c o n s i s t e d  of an ex -  
t r a c t  of the s e l e c t e d  s t r a i n  that was p r e p a r e d  i m m e -  
d ia te ly  p r i o r  to p o l y a c r y l a m i d e  gel e l e c t r o p h o r e s i s  
by the method used  in the e a r l i e r  gene t ic  s tud ies  of 
the T r i t i c i nae  (Har t  1975).  

A total  of about 0 . 4  ml of e x t r a c t  was p laced  in 
the 10 s lo t s  of the s t a r c h  ge l s  f r o m  which,  a f t e r  
e l e c t r o p h o r e s i s ,  i s o z y m e s  w e r e  e lu ted .  With the 
amphip lo id  l ine  and the c h r o m o s o m e  addi t ion s t r a i n ,  
su f f i c ien t  quan t i t i e s  of the e l e c t r o p h o r e t i c a l l y  fast  
and s low GOT-3 i s o z y m e s  for  one r e c o m b i n a t i o n  ex -  
p e r i m e n t  w e r e  obtained f r o m  one s t a r c h  ge l .  How- 
e v e r ,  the e lua tes  obtained f r o m  two s t a r c h  ge ls  were  
r e q u i r e d  fo r  each  e x p e r i m e n t  with the T. t u r g i d ~  
s t r a i n .  

Results and Discussion 

R e p r e s e n t a t i v e  r e s u l t s  of e x p e r i m e n t s  with the nu l l i -  

3A t e t r a - 3 D  d e r i v a t i v e  of the c u l t i v a r  ' Ch inese  Spr ing '  

of hexaplo id  wheat and s t r a i n  G919 of the A genome 

diploid s p e c i e s  T.monococcwn a r e  shown in F i g .  1. The 

T.monococcum GOT-3 has  an e l e c t r o p h o r e t i c  mobi l i ty  

co inc ident  with that  of GOT-3c of 'Chinese  S p r i n g ' .  Ge -  

net ic  s tud ies  (Har t  1975) have  p rov ided  ev idence  that 

GOT-3c of ' C h i n e s e  Sp r ing '  is  c o m p o s e d  of 3 3 d i -  

F i g .  1. GOT-3 z y m o g r a m  phenotypes  p roduced  by 
e l e c t r o p h o r e s i s  of  m i x t u r e s  of  e x t r a c t s  obta ined  
f r o m  the n u l l i s o m i c - 3 A  t e t r a s o m i c - 3 D  d e r i v a t i v e  
of the c u l t i v a r  ' C h i n e s e  Sp r ing '  of T. a e s t i v u m  and 
s t r a i n  G919 of T.monocoeewn. The l e t t e r s  on the r ight  
s ide  of the f igu re  ident i fy the loca t ions  of the GOT-3 
i s o z y m e s .  Migra t ion  was toward  the anode f r o m  the 
o r ig in ,  as  indica ted  by the a r r o w .  E x t r a c t s  were  
p r e p a r e d  in a 0 .1  M p o t a s s i u m  phosphate  buf fe r  c o n -  
taining 40 m moles  pyr idoxa l  5' phosphate  as  de -  
s c r i b e d  in M a t e r i a l s  and Methods .  (A) E x t r a c t s  
w e r e  p r e p a r e d  in a pH 6.0 buf fe r .  (B)  E x t r a c t s  
w e r e  p r e p a r e d  in a pH 7.0 buffer  

m e r s  and GOT-3a ( the e n z y m e  e x p r e s s e d  by the nu l l i -  

3A t e t r a - 3 D  s t r a i n ) o f  B3~ 3, 5353 , and ~353 d i m e r s .  

No ev idence  of a s t r u c t u r a l  d i f f e r ence  be tween ~3 and 

53 has been obta ined.  They have been d i s t ingu i shed  

only on the bas i s  of t he i r  gene t ic  s i t e  of o r i g i n .  A 

m i x t u r e  of e x t r a c t s  of the T.monocoeeum and nu l l i -3A 

t e t r a - 3 D  s t r a i n s  sub jec ted  to the subunit  r e c o m b i n a -  

t ion p r o c e d u r e  g e n e r a t e s  t h r e e  GOT-3 i s o z y m e s  ( F i g .  

1, A ) .  One i s o z y m e ,  the e l e c t r o p h o r e t i c a l l y  fast  

f o r m ,  c o r r e s p o n d s  in e l e c t r o p h o r e t i c  mobi l i ty  to 

GOT-3a,  a second to the T.manococeum i s o z y m e  (thus 

a l so  to GOT-3c of  ' Ch inese  Sp r ing '  ), and the th i rd  is  

of i n t e r m e d i a t e  e l e c t r o p h o r e t i c  mobi l i ty ,  coincident  

with ' C h i n e s e  Spr ing ~ GOT-3b.  When the amounts  of 

GOT-3 ac t iv i ty  con t r ibu ted  to the m i x t u r e  by the two 

s t r a i n s  a r e  a p p r o x i m a t e l y  equal ,  the r e l a t i v e  s t a in -  

ing i n t e n s i t i e s  of the t h r e e  zones  of GOT-3 ac t iv i ty  

a p p r o x i m a t e  a 1 : 2:1 r a t io ,  the b inomial  p r o p o r t i o n s  

that should be a t ta ined  at e q u i l i b r i u m  if r andom a s s o -  

c ia t ion  of subuni ts  into equal ly  ac t i ve  d i m e r s  o c c u r s .  

Ident ica l  t r e a t m e n t  of individual  e x t r a c t s  of the two 

s t r a i n s  p roduces  no de t ec t ab l e  change in the e n z y m e s  

- a s ing l e  f o r m  with una l t e red  e l e c t r o p h o r e t i c  m o b i l i -  

ty i s  o b s e r v e d  in each  ge l .  Z y m o g r a m s  p roduced  by 

e l e c t r o p h o r e s i s  of a m i x t u r e  incubated  at pH 7 .0  e x -  

p r e s s  p redominan t ly  the e l e c t r o p h o r e t i c a l l y  fas t  and 

s low GOT-3 f o r m s  ( F i g .  l ,  B ) .  Only a f t e r  p ro longed  

e x p o s u r e  of ge l s  to the GOT s ta in  can the f o r m  of in -  

t e r m e d i a t e  mobi l i ty  be de t ec t ed .  

These  r e s u l t s  ind ica te  that the ac t ive  GOT-3 en -  

z y m e s  conta ined  in c rude  t i s s u e  e x t r a c t s  d i s s o c i a t e  
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Table 1. Schemat ic  model for the subuni t  compos i t ion  of the ac t ive  GOT-3 i sozymes  of T. turgidum 
cu l t i va r  ' R o l e t t e ' ,  the ' Chinese  Spring ' - ' I m p e r i a l  ' amphiploid ,  and the T. aestivum-A, elongatum 
c h r o m o s o m e  3Ag addit ion l ine  (The expected quant i ta t ive  d i s t r ibu t ion  of the i s o z y m e s  is  indicated 
by the r a t io s  p reced ing  the d i m e r s .  ) 

T. turgidum ' Chinese  Spring ' - ' Imper i a l  ' T. aest ivum-A, elongatum 
I sozymes  cv.  'Ro le t t e '  Amphiploid Addition Line 

1 ~353 
GOT-3a -~ 

2 3 ~ 3  GOT-3b 

I 3 3 
GOT-3c ~ o, o, 

1 i~353 I 8363 4 ~3B3' 5353, 4 ~3B3' 6363, 

2 o3 p353 2 o3 c 353 4 0,383' 5 3  p3~3, 4 3 ~ 3 ,  63, e3~3, 

l 3 3  3 3  3 3  1 3 3  3 3  3 3  
o, o, , P P , o, P ~ o, O, , s s , (~ s 

into protomers at pH 6.0 and that random reassocia- 

tion of the dissociated protomers into active enzymes 

occurs when the pH of the medium is elevated into the 

alkaline range. No attempt has been made to determine 

precisely the pH at which reassociation occurs. The 

results obtained by incubation of mixtures at pH 7.0 

suggest that most protomers will be associated in 

active enzymes at pH 7.0. The generation of one new 

form of intermediate electrophoretic mobility in these 

experiments supports the hypothesis that the active 

enzymes are dimers. 3~3 and o,353 dimers are pre~ 

dieted to have an electrophoretic mobility interme- 
3 3 

diate between that of o, o, and the three types of di- 

mers produced by ~3 and 53 (Hart 1975). 

Recombination of the subunits of GOT-3 isozymes 

by incubation at pH 5.0 (in a O.IM sodium acetate 

buffer) and by incubation at pH 8.0 in a phosphate 

buffer, otherwise using the procedure described in 

Materials and Methods, was attempted. The former 

was successful but the level of recovery of the three 

GOT-3 forms was relatively much less than occurred 

following incubation at pH 6.0. No evidence for disso- 

ciation and recombination of subunits was obtained fol- 

lowing incubation at pH 8.0.  

The eultivar ' Imperia l '  of S. cereale expresses 

a GOT-3 enzyme with an electrophoretic mobility 

coincident with that of GOT-3c of 'Chinese Spring' 

and with the GOT-3 enzyme of T.monoaoceum strain 

G919. Each of the experiments described above that 

was p e r f o r m e d  with nu l l i -3A te t ra -3D and the 

T. rnonocoacur~ s t r a i n  was also p e r f o r m e d  with nu l l i -3A 

t e t r a -3D and ' I m p e r i a l  ' and the s ame  r e s u l t s  ob-  

ta ined .  These f indings  provide  fu r the r  suppor t  for  the 

hypothesis  that  the ac t ive  GOT-3 enzymes  a r e  d i m o r s .  

They also provide  s t rong  suppor t  for  the proposa l ,  ad-  

vanced by Tang and Hart (1975) on the basis of genet- 

ic evidence, that the GOT-3 isozymes expressed by 

the 'Chinese Spring' ' Imperial ' amphiploid and the 

'Chinese Spring' - ' Imperial '  chromosome 3R addi- 

tion line are the products of random associations of 
3 

four types of protomers, namely, p , produced by 

Got-R3 of ' Imper ia l ' ,  and 3 ~3, and 63 . Dissocia- 

tion and recombination of the subunits of the p 3p3 

dimers of 'Imperial' and the }3~3, 5353 and ~383 
dimers of the nulli-3A tetra-3D strain would be ex- 

pected to produce a form of intermediate mobility 

composed of ~3p3 and 63p 3 dimers. 

A schematic model, derived from genetic studies 

of the Triticinae (Hart 1975~ Tang and Hart 1975; 

Hart et al. 1976), for the subunit composition of the 

active GOT-3 isozymes of the cultivar 'Rolette' of 

T. tumgidum, the 'Chinese Spring'-'Imperial' amphi- 

ploid, and the 2. aestivum-A.elongatum chromosome 

3Ag addition line is shown in Table I. Dissociation 

and recombination of the subunits of GOT-3a and 

GOT-3c of each of these strains was attempted us- 

ing isozymes eluted from starch gels after electro- 

phoresis of crude extracts. In each case, after in- 

cubation at pH 5.0, three GOT-3 isozymes were gen- 

erated, corresponding in electrophoretie mobility to 

GOT-3a, -3b, and -3c, and in each case when GOT-3a 

and GOT-3c contributed approximately equal amounts 

of activity to the incubated mixture, the relative stain- 

ing intensities of the three zones of GOT-3 activity 

approximated a 1: 2:1 ratio. No change was detected 

in the electrophoretic properties of eluted GOT-3a 

and GOT-3c isozymes which were individually incu- 

bated, without mixing, in the pH 5.0 buffer. A single 

form with unaltered electrophoretic mobility was ob- 

served in each gel. These results are consistent with 
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p red ic t ions  gene ra t ed  by the model shown in  Table 1 

and thus cons t i tu te  s t rong  suppor t  for  that model .  

Recombina t ion  of the subuni t s  of e luted GOT-3a 

and GOT-3c i s o z y m e s  by incubat ion  of m i x t u r e s  of 

these  i s o z y m e s  at pH 6 .0 ,  pH 7 .0 ,  and pH 8.0  ( in 

a 0 .1  M po t a s s ium phosphate buf fe r ) ,  o the rwise  u s -  

ing the p rocedu re  de sc r i bed  in Ma te r i a l s  and Methods,  

was a t t empted .  No evidence  for d i s soc ia t ion  and r e -  

combina t ion  of subun i t s  was obtained following incu -  

bat ion at these  pH' s .  

The hypotheses  of subuni t  s t r u c t u r e  and genet ic  

cont ro l  of the T r i t i c inae  GOT ' s  that were  o r ig ina l ly  

de r ived  f rom genet ic  s tud ies  a r e  s t rong ly  suppor ted  

by the r e s u l t s  of the s e v e r a l  e x p e r i m e n t s  r epor ted  

he r e .  S i m i l a r  in  v i t ro  s tud ies  of o ther  h igher  plant  

GOT ' s have not been r epo r t ed .  A p rocedure  developed 

for  the in v i t ro  d i s soc ia t ion  and r ecombina t i on  of the 

subun i t s  of the alcohol dehydrogenase  (ADH) i s o -  

zymes  of Triticum (Har t  1971) has been ex tens ive ly  

used  in s tud ies  of the A D H ' s  of s eve ra l  ~pecies ,  i n -  

c luding maize  ( F i s c h e r  and Schwartz  1973; F r e e l i n g  

1974; Schwartz  1975), sunf lower  (Tor re s  1974a, 1974b, 

1976), and humans  (Smith et a l .  1973). It appea r s  

p robab le  that the s i m p l e  p rocedure  r epor t ed  he re  for  

the d i s soc ia t ion  and r ecombina t i on  of the subuni t s  of 

GOT i s o z y m e s  may also be useful  in s tud ies  of the 

r e l a t ed  enzymes  of o ther  s p e c i e s .  
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