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Abstmct-Two isoenzymic fractions of soluble ADP-glucose: a-1,4_glucan4glucosyltransferase were obtained from 
developing (non-waxy) rice grains by gradient elution through DEAE-cellulose. AAer Sephadex G-200 chroma- 
tography, fractions I and II were electrophoretically homogeneous and have MW values of 110000 and 69OC0, 
respectively. Sodium dodecyl sulfate gel electrophoresis of fraction I produced five bands with MW of 12000, 
26000, 50000, 70000, and 105000 while fraction II gave two bands with MW of 12000 and 22OCO. Fraction II, 
which contains l.% carbohydrate, was active in the absence of added primer while fraction I, which does not 
contain carbohydrate, required primer. 

INTRODUCITON 

Starch synthetase (ADP-glucose: 2 1,4-glucan-a4gluco- 
syl-transferase, E.C. 2.4.1.21) has been considered to play 
an important role in cereal grain starch synthesis since 
the discovery of the starch granule-bound [l] and sol- 
uble [2] forms of the enzyme. Two isozymes of the sol- 
uble enzyme have been found in both waxy [3] and non- 
waxy [4] m+ze seeds, one of which can synthesize an 
amylopectin-type molecule in the absence of primer. 
Likewise, two forms of the enzyme were observed in ex- 
tracts of both waxy and nonwaxy rice grains [S]. One 
form uses as primer long-chain polysaccharides and large 
cr-glucans while the other utilizes shortchain oligosac- 
charides more readily. Suggestions have been made [6] 
regarding the possible roles of the soluble and granule- 
bound enzymes in the biosynthesis of starch in cereal 
grains. 

Elucidation of the precise role played by the soluble 
form of starch synthetase requires molecular characteri- 
zation of this enzyme. Furthermore, studies are needed 
in order to explain the differences in primer requirements 
of several forms of the enzyme. The present work was 
done with these objectives in mind. Two isozymes of 
soluble starch synthetase from developing rice grains 
have been isolated and purified. The molecular weights, 
primer requirements and carbohydrate contents of the 
isozymic forms were determined. 

RESULTS AND DISCUSSION 

DEAE-cellulose chromatography of soluble starch 
synthetase from developing rice grains produced two 
peaks both of which were active in the presence of added 
amylopectin primer (Fig. 1). The faster eluting fraction 

* Part of the M.S. thesis (1974) presented by the senior auth- 
or to the Graduate School. U.P. at Los Barios. 

(fraction I) was not active in the absence of added primer 
while fraction II was active without adding primer to 
the solution. When the two fractions were separately 
chromatographed on Sephadex G-200, fraction I eluted 
from the column at a volume corresponding to a MW 
of 110000 f 10000 while fraction II was found to have 
a MW of 69000 f 7000. 

The enzymatic activities during the different stages of 
purification are given in Table 1. The primed activities 
increased SO- and 60-fold for fractions I and II, respect- 
ively, after Sephadex G-200 chromatography compared 
to the crude extract. The unprimed activity of fraction 
II after elution through Sephadex was 26-6 times that 
for the ammonium sulfate-purified enzyme. 

Each enzyme fraction obtained from Sephadex 
chromatography was essentially pure as shown by analy- 
tical gel electrophoresis. However, on electrophoresis in 
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Fig. 1. Elution diagram of soluble starch synthetase from rice 
grains on DEAE-cellulose chromatography. 
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Table I.Puriiicationofsoiubie starchsynthetase from ricegrains. 

Fraction 

Crude extract 
(NH&SO, cut 
DEAE-Cellulose 

Fraction i 
Fraction Ii 

Sephadex G-200 
Fraction I 
Fraction Ii 

Specific activity 
(units/mg protein) x 103* 
Primed Unprimed 

066 0 
154 0.37 

25.9 0 
Ii.4 2.26 

330 0 
39.4 9.80 

l A unit of enzyme activity is defined as one pmoi “‘C-giu- 
case transferred from ADP-glucose per min at 37”. 

the presence of sodium dodecyl sulfate and /?-mercap- 
toethanol, fraction I gave five bands corresponding to 
MW values of 12ooO + 2000, 26000 + 3CO0, SOOOO 
f 6@lO, 70000 f 7ooO and 105000 f 10000 while 
fraction II produced two bands with MW of 12000 f 
3 000 and 22ooO + 4 000. The MW values for the elec- 
trophoretic bands are related to one another by whole 
numbers, within experimental error. This implies that the 
bands represent aggregates of a monomer having a MW 
of 12000. The active fractions with MW of 69000 and 
1 IOOOO, which were eluted from Sephadex G-200, should 
then correspond to a hcxamer and decamer, respectively. 

Fractions I and II were found to contain 0 and 1.7”/;, 
carbohydrate, respectively. The carbohydrate present in 
fraction II probably serves as endogeneous primer since 
this fraction is active in the absence of added primer. 
A similar observation applies to granule-bound starch 
synthetase from developing rice grains after the enzyme 
was solubilized by sonication in 757; dimethyl sulfoxide. 
[7]. An enzyme-amyiose complex was isolated by sucrose 
density gradient centrifugation which was active even 
without added primer. the bound amylose apparently 
serving as endogeneous primer. Schiefer [8] has reported 
a similar finding and attributed the unprimed activity 
of sweet corn starch synthetase to an endogenous primer. 
The latter could be removed from the enzyme by amylase 
treatment with concomitant loss of unprimed activity al- 
though synthetasc activity could be restored by adding 
a giviicgen pr;m, r 

l% .~ggreg~~~,nrl phenomenon exhibited by the soluble 
starch synthetase from rice grains was also observed for 
the enzyme from rice leaves [9). Interestjngly, the sub- 
unit MW found for the leaf enzyme is the same, within 
experimental error. as that observed in the present study 
for both isozymes in the rice grain and one of the two 
leaf isozymes has the same MW as fraction II. Although 
speculations could be made relating the grain and leaf 
enzymes further studies are needed in order to elucidate 
the mechanism and implications of the enzymic aggrega- 
tion observed. 

EXPERIMENTAL 

Enzyme purification. Rice grains (variety IRS, midmiiky 
stage) were harvested and stored in the freezer until use. 
Grains (4008) were ground with dry ice in a Waring blender 
and macerated with mortar and pestle in an equal wt of sand 
and 650 ml of pH 8.5 buffer (50 mM Tris- HCI-5 mM dithio- 

threitoi-2 mM EDTA). Ail operations were done at O-4”. Macer- 
ate was passed through 3 layers of cheesecloth. Residue was 
further homogenized with the same buffer in a Waring blender 
and filtered again through cheesecloth. Filtrates were com- 
bined and centrifuged at 12OCXl g for 20 min. (NH&SO, was 
added to the supernatant to 40% saturation. After standing 
for 45 min the supernate was centrifuged at 12ooO g for 25 
min. The ppt. was dissolved in the Tris-HCI buffer and dia- 
lyzed overnight. Diaiyzate was placed on a DEAE-ceiiuiose 
column (25 x 45 cm) which had been equilibrated with the 
pH 8.5 buffer. The column was eiuted with I bed vol. of the 
buffer followed by a linear gradient of NaCi. Fractions (18 
ml) of the eiuate were collected, assayed for enzyme and the 
A at 280 nm measured. Suitable fractions were pooled and 
concentrated by ultrafiltration through a PM-10 filter. The 
2 concentrated enzyme fractions from DEAE-ceiiuiose 
chromatography were separately applied onto a Sephadex 
G-200 column (2.6 x 60 cm\ and eiuted with oH 7.5 buffer 
(50 mM Tris-HCI-01 M HCii using the procedure of ref [IO]. 
MWs of the starch synthetase isozymes were determined using 
as reference proteins cytcchrome C, xchymotrypsinogen, ai- 
doiase, ovaibumin and giyceraldehyde-3-phosphate dehydro- 
genase. MWs for these proteins given in refs (IO] and [I l] 
were used. 

~~~crrop~~esjs. The method of ref [12] was used for anaiyti- 
cai gel electrophoresis. Protein (100 pg) was introduced per 
gel. Eicctrophoresis at pH 8.3 was carried out at 2 mA per 
gel for 30 mitt, then was increased to S mA for 2 hr at o-4”. 
Electrophoresed gels were stained with 1% amido black in 
7”/;, HOAc for 1 hr at 28” and destained for I8 hr with 7% 
HOAc. Densitometric tracings at 550 nm were done on the 
developed gels. SDS gel eiectrophoresis was done according 
to ref [ 131. Enzyme (100 fig) was applied on each gel (0.5 
x 10 cm), after prior incubation of the enzyme with 1% SDS 

and 1% mer~aptoethanol in pH 7 Pi buffer. The wt ratio of 
SDS to protein was made 3: 1 [i4]. Electrophoresis was 
started with a current of 4 mA and increased to 8 mA per gel 
throughout the 5 hr run at room temp. Gels were then stair&l 
with O-250/, coomassie blue in 50?; ao. MeOH-HOAc (227:23) 
for 2 hr at 28” and destained for ld hr with HOAc-MeOH-. 
H,O (3:2:35). A densitometric tracing at 55Onm was run 
for each developed gel. Glyceraldehyde-3-phosphate dehydro- 
genase. P-galactosidase, phosphoryiase a. fumarase. myogiobin 
and cytochrome C served as marker proteins whose MW 
values were obtained from ref [13]. 

Enzyme assay. Starch synthetase activity was measured with 
and without primer (corn amylopectin, Nutritional Biochemi- 
cais Co.) in the reaction mixture. The procedure of ref [IS] 
was essentially followed. 

Prorrin and carbo~~drat~ dererminatjan. Soluble protein was 
measured using the‘method of ref [I63 with bovine serum 
albumin as standard. Carbohydrate content of each enzyme 
fraction was determined following the procedure of ref [17j 
with minor modifications. Purified enzyme fraction (50 fi) was 
used in the coiorimetric estimation of glucose at 630 nm. 
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