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BBA 63273 

Enlargement of amylopectin by ADP-D-glucosem-|,4-glucan ~-4-glucosyl- 
transferase of spinach 

During the purification of ADP-D-glucose:a 1,4-glucan a-4-glucosyltransferase 
of spinach it was found that the enzyme catalyzes the extensive elongation of outer 
chains of a primer, potato amylopectin. 

The partially purified enzyme with a specific activity 1 of 12 units/mg protein 
was passed through a column consisting of cellulose impregnated with potato amylo- 
pectin. The elution pattern of the enzymatic activity was illustrated in Fig. I. The 
pooled eluate usually had a specific activity of 300-50o units/mg protein and was 
essentially free from amylase(s) (EC 3.2.1.1 or EC 3.2.1.2). By use of this preparation 
an at tempt was made to enlarge potato amylopectin with ADP-D-glucose as glucose 
donor. 

The time course of reaction in the presence of varying concentrations of the 
primer was shown in Fig. 2. Only with a low concentration of the primer was forma- 
tion of a flocculent precipitate observed, which indicated the formation of a polymeric 
product distinguishable from the primer, amylopectin. After collection and washing 
by centrifugation the precipitate was examined for its properties. As shown in Table I, 
the amount of the precipitate completely corresponded to that  expected from the 
amount of liberated ADP. Because crystalline sweet potato fl-amylase (EC 3.2.I.2) 
degraded the polymeric product to nearly the theoretical limit (Table II), it was 
concluded that thc newly synthesized portions of the product consisted almost 
exclusively of linear chains of a-I,4-glucose units. The absorption characteristics of 
its iodine complex were rather similar to those of potato amylose (Fig. 3). Assuming 
a relation between DP and the intensity of colour of the iodine complex of linear 
a-I,4-glucan 6, it was expected that the newly synthesized hnear chain portions of the 

Abbreviat ion : DP, degree of polymerization.  
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Fig. I. E lu t ion  p a t t e r n  of t he  sp inach  t rans fe rase  on a cellulose co lumn  i m p r e g n a t e d  wi th  amylo-  
pectin.  A solut ion of  the  par t ia l ly  purified t rans fe rase  (8o uni ts ,  3 ml) was p u t  onto  the  top  of  a 
co lumn  (i em × IO cm) of  cellulose i mpregna t ed  wi th  po t a to  amylopec t in ,  which  had  been equili- 
b ra ted  wi th  o.oo5 M p h o s p h a t e - o . o o I  M E D T A ( p H  7.5), and  e lu ted  wi th  the  s ame  buffer  a t  a 
flow ra te  of  o.2 m l / m i n  a t  4 °. F rac t ions  (8 ml) were collected and  assayed  for t r ans fe rase  and  
amylase(s) .  T rans fe rase  was assayed  as described prev ious ly  1. Amylase(s)  was e s t ima t ed  by  a 
decrease in colour in t ens i ty  (at 68o m/*) of  the  iodine complex  of po ta to  amylose ,  which  had  been 
incuba ted ,  a t  a concen t ra t ion  of 0.20/0, wi th  each f ract ion a t  3 o°, p H  7. Pro te in  was de t e rmined  
according to the  m e t h o d  of  LowRY el al. 2. A K l e t t  va lue  of  ioo  represen ts  1.6 un i t s /ml  for t he  
t ransferase ,  a decrease of  5o% in colour i n t ens i t y / h  per  ml  for amylase(s) ,  and  63/*g/ml  for pro- 
tein,  respect ively.  - - - - - ,  t r ans fe rase ;  - - - - - ,  amylase ;  . . . . .  , protein.  

Fig. 2. T ime  course of reac t ion  wi th  va r ing  concen t ra t ions  of pr imer.  The  reac t ion  m i x t u r e  con- 
t a ined  o.54/*mole of ADP-Glc ,  75 / ,moles  of  g lyc ine(pH 8.4), 1.75 #mo le s  of  E D T A ,  o.24 un i t  
of  the  e n z y m e  and  the  indica ted  a m o u n t s  of  po ta to  amy lopec t i n  in a to ta l  vo lume  of o.25 ml. 
I n c u b a t i o n  t e m p e r a t u r e  was 3 o°. A t  in te rva ls  a o.o5-ml a l iquot  was r emoved  for de t e rmina t i on  
of l iberated ADP.  A m o u n t  of  amylopec t in :  0 - - 0 ,  152/*g; O O, 15.2/*g; A - - / k ,  1.52/*g; (~,  
w i thou t  amylopec t in .  

Fig. 3. Absorp t ion  curve  of  the  polymer ic  p roduc t .  P o l ymer s  were s t a ined  wi th  i o d i n e - p o t a s s i u m  
iodide unde r  t he  condi t ions  descr ibed by  BOURNE el al. ~. a, po t a to  amylose ;  b, po lymer ic  p roduc t  
ob ta ined  unde r  the  condi t ions  described in Table  I;  c, po t a to  amylopec t in (pr imer ) .  

p o l y m e r i c  p r o d u c t  w o u l d  h a v e  a D P  o f  1 3 5 - 1 9 5 ,  t h e  f i g u r e  b e i n g  c o m p a r a b l e  t o  

t h a t  c a l c u l a t e d  f r o m  t h e  e x t e n t  o f  e n l a r g e m e n t  o f  t h e  p r i m e r  m o l e c u l e ,  u s i n g  a 

f i g u r e  o f  24  f o r  t h e  D P  o f  t h e  u n i t  c h a i n  o f  t h e  l a t t e r  ( a b o u t  17o  ). 

TABLE I 

BALANCE BETWEEN LIBERATED ADP AND POLYMER PRODUCED 

Reaction mixture contained 2/*moles ADP-GIc, 30o #moles glycine (pH 8.4), 7/*moles EDTA, 
3o.4/*g (as glucose) potato amylopectin and 1.2 units of the enzyme in a total volume of I.O ml. 
After  i ncuba t ion  for 6 h a t  3 o°, l iberated A D P  in a o.o5-ml a l iquot  of  t he  reac t ion  m i x t u r e  was 
measured .  One ml  of  m e t h a n o l  was added  to the  res t  o f  the  reac t ion  m i x t u r e  and  po lymer  was 
collected by  cen t r i fuga t ion  and  washed  3 t imes  wi th  5o% methano l .  I t s  a m o u n t  was de t e rmined  
by  t he  phenol  sulfuric  acid m e t h o d  3. 

/*moles as 
glucose 

Po lymer  recovered* 1.35 
Libera ted  ADP* 1.19 
P r imer  amy lopec t i n  o. 16 
Libera ted  A D P p l u s  pr imer  amylopec t in  1.35 

* Allowance was m a d e  for the  a l iquot  por t ions  r emoved  for analysis .  
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T A B L E  I I  

/~-AMYLOLYSIS OF THE POLYMERIC PRODUCT 

The polymer obtained ullder the same conditions as described ill Table I was hydrolyzed wi th  
27 ttg of sweet pota to  /~-amylase in 0.02 M acetate (pH 4.8, 2 ml), a t  37 ° for 24 h. Maltose was 
est imated by  the Somogyi-Nelson method 4. A theoretical limit was calculated by considering the 
fl-amylolysis limit of the pr imer  (52 %) and its enlargement  by  the transferase (7.6 times). 

itmoles as 
mallose 

Polymer  hydrolyzed 0.29 
Theoretical limit o.27 
Maltose liberated 0.24 

The above results indicate that, as is the case with animal glycogen synthe- 
tase 7 (EC 2.4.1.Ii), ADP-D-glucose:a-i,4-glucan a-4-glucosyltransferase of spinach 
catalyzes formation of long chains of a-i,4-glucose units in the presence of the 
appropriate primer. 
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