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Abstract—Starch synthetase was solubilized from purified starch granules of ripening grains of rice at the
midmilky stage. The procedure consisted of making the granules amorphous and dispersing the amor-
phous starch by sonication in 75% dimethysulfoxide. A starch synthetase-amylose complex was isolated
by discontinuous sucrose density gradient centrifugation, which does not require added primer and can
utilize both ADP glucose and UDP glucose. A starch-free protein fraction was obtained by treatment

with sodium dodecyl sulfate and -mercaptoethanol.

INTRODUCTION

Starch synthetase (ADP-glucose: a-1,4-glucan-a-4-
glucosyltransferase, E.C. 2.4.1.21) is believed to
play a key role in starch biosynthesis [1-3]. In the
developing and mature rice grain (Oryza sativa L.)
the enzyme exists both in a soluble form and in a
form bound to the starch granule [4,5]. The sol-
uble form is the major form in which starch syn-
thetase occurs in waxy rice grains, but the bound
form is the major form found in nonwaxy grains
[5]. The level of bound synthetase tends to be posi-
tively correlated with the amylose content of rice
starch granule [5].

Previous efforts to solubilize the synthetase
bound to the starch granule, while retaining enzy-
mic activity, by grinding, guanidine or urea treat-
ment and amylase digestion have been unsuccess-
ful [6-9]. The present report describes a successful
procedure for solubilizing the enzyme from rice
starch granules while preserving enzyme activity in
a form suitable for characterization.

RESULTS AND DISCUSSION

Washing the acetone powder of rice grains with
phosphate buffer-MgCl, increased the specific
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activity of the starch synthetase toward ADP glu-
cose and UDP glucose three-fold due to the remo-
val of adhering protein (Table 1). Previous results
indicated that the acetone treatment does not
reduce the protein content of rice starch granules
[10]. The removal of surface protein was incom-
plete since exhaustive NaOH extraction of protein
from IRS rice starch granules reduces the protein
content to 0-5%, [11]. Perez et al. [10] showed that
intact rice starch from leaf sheaths can be freed of
most of its protein using SDS and B-mercaptoeth-
anol while retaining 35% of the starch synthetase
activity.

The specific activity, particularly toward UDP
glucose as substrate, of the purified starch granules
increased after grinding in a Wig-L-Bug amalga-
mator for 30sec (Table 1). The starch granules
became damaged and amorphous by this treat-
ment as evidenced by the swelling in cold water
and the lack of birefringence of 999 of the granules
under polarized light. Similar increases in specific
activity of potato and waxy corn starch granules to
ADP glucose have been reported after grin-
ding [6, 7], but grinding had no effect on sweet
corn and wrinkled pea starch granules [6]. By con-
trast, Frydman and Cardini[6] reported loss of
starch synthetase activity with UDP glucose as
donor on grinding of potato, sweet corn and wrin-
kled pea starches.
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Table 1. Starch synthetase activity (without added primer) and protein content of Oryza sativa starch from developing grains at
the midmilky stage

Starch synthetase activity

Protein

unit*/mg protein) content
g p

Sample description ADP glucose UDP glucose (", of starch)
A. Acetone powder

of rice grains -2 I 62
B. Residuc of A after

washing with buffer and

distilled water 38 R 4-8
C. B after grinding in a

Wig-L-Bug amalgamator 61 112 48
D. Supernate after sonication

of C in buffer-—75% DMSO 66 113 9-0
E. Active fraction (No. 29)

after sucrose gradient

centrifugation of D 13-1 > 16t 7-5%

* A unit of enzyme activity is defined as umol '*C-glucose transferred from ADP glucose or UDP glucose per min at 377,

+ Aged sample.
1, Of amylose.

About 50% of the protein in the amorphous
starch granules was solubilized with sonication in
75%; dimethylsulfoxide (DMSQ). Either sonication
in buffer alone or stirring in 75% DMSO of the
amorphous starch granules gave less than one-fifth
the value obtained when sonication and DMSO
treatments were combined. The strong action of
DMSO-water on starch is well known [12]
although the effects of sonication on enzymes are
not well understood. Sonication is employed in the
pharmaceutical industry in dispersing starch-con-
taining tablets.

After separation from starch by centrifugation
the extracted protein had apparent specific activi-
ties similar to those of the amorphous granules

»
Band 2 %
100 - i =
2~
>
G
8O- o ?
Amylose~——. 3
o
I
—os8
- 60p— \1 <
c <
e
s | G
o Protein Band | -1086 o
o 40— \\ \ o
/\ —04 g’
» '@ —m9, \;
20 Y 2
\ Synthetase 102 =
>
/ £
] P o e <<
O O
] 10 20 30

Fraction number

Fig. 1. Distribution of protein. amylose and starch synthetase

activity (ADP glucose substrate without added primer) in 0-5-

ml fractions obtained from sucrose density gradient centrifu-
gation of solubilized granule-bound rice starch synthetase.

(Table 1). Actual specific activities were higher
since the presence of 199, DMSO in the assay mix-
ture for starch synthetase activity of amorphous
granules reduced the activity by 50%;,. Such DMSO
concentration has no effect on the activities of glu-
coamylase and x- and f-amylases [13]. The TCA
precipitate of this extract gave a weight ratio of
11 mg starch/mg protein, indicating that both the
starch synthetase and starch were solubilized. Disc
electrophoresis resulted in three protein bands
which stained for carbohydrate. The major band
remained in the stacking gel, whereas the two
other bands migrated into the gel. These results are
indicative of complexes between starch synthetase
and starch.

Discontinuous sucrose density gradient centrifu-
gation of the solubilized enzyme gave two opales-
cent bands (Fig. 1). Band | appeared at the bound-
ary of the 45 and 55°/ sucrose layers and band 2
between the 35 and 459 sucrose layers. In addi-
tion, slight precipitates at the bottom and a hazy
layer on top were obtained. Band 2 corresponded
to peaks in starch synthetase activity (even in the
absence of added primer) and protein and amylose
content (Fig. 1). Fraction No. 29 of band 2 had
higher specific activity than the starting solubilized
enzyme (Table 1). suggesting that this active frac-
tion contains starch synthetase complexed with
amylose. By contrast, band | corresponded to a
protein peak but had a low starch synthetase acti-
vity even in the presence of added primer. The pro-
tein of band 2 had 1-8 times as much lysine as the
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protein of band 1 as determined by ion-exchange
chromatography. Residual protein in purified rice
starch has also been found to correlate positively
with the amylose content of the starch [14].
Sodium dodecyl sulfate (SDS) disc gel electro-
phoresis on 10 ug of band 2 obtained from sucrose

gradient centrifugation gave a major protein band

corresponding to a MW of about 30000. This band
did not stain for carbohydrate using periodic acid-
Schiff reagent [15]. although the top of the gel
stained for carbohydrate. The observed molecular
weight corresponds to one of the aggregate forms
of soluble starch synthetase from rice leaves which
require added primer [16]. Hence, treatment with
SDS and f-mercaptoethanol dissociated the
enzyme-carbohydrate complexes. Ammonium sul-
fate fractionation indicated that the enzyme acti-
vity was higher in the 0-10%, fraction than in the
more salt-soluble fractions.

EXPERIMENTAL

Whole developing IR8 rice grains at the midmilky stage were
ground at 07 with a mortar and pestle in 0-07M phosphate
buffer (pH 7-51-0-01 M glutathione —0-07 MEDTA [17] and
sand (1:1:1:5 w/v/w). The brei was passed through six layers of
cheesecloth and the filtrate was centrifuged at 10000¢ for
20 min at 0°. The ppt. was suspended in 1 liter of cold (1-4) dist
H,O and centrifuged at 10000¢4. The H,O washing was
repeated 4 x followed by 5 washings with cold Me,CO [18].
The final ppt was dried over P,O5 at 4".

The crude starch was further extracted with 0-1 M phosphate
buffer (pH 7-2)-0-006 M MgCl, [19] overnight at 4° and centri-
fuged at 3000 g. The ppt. was then washed with H,O. H,0
washing was repeated at least 3x and the starch was freeze-
dried. The purified starch was ground in 200-mg lots in a Wig-
L-Bug amalgamator for 30 sec and 1 g of the treated starch was
sonified in 15 ml 0-05M HEPES (pH 7-5-0-001 M DTT-75%,
DMSO and 4 g of fine glass beads ( <3 mm dia.) at 20 kHz with
a Sonifier cell disruptor at 80 W setting for 1 hr at 0°. The soni-
fied soln was centrifuged at 34000 g for 30 min at 4°. A portion
of the supernatant fluid was precipitated with TCA and the ppt
analyzed for total carbohydrates by the anthrone method [20]
and for protein [21]. Disc electrophoresis was performed on
this extract and the electrophoregram was stained for protein
and carbohydrate [15,22].

The supernatant soln was fractionated by discontinuous suc-
rose density gradient centrifugation [19]. Two mi of the soln
was layered over a {5 ml gradient consisting of 5 ml each of 35,
45 and 559, (w/v) sucrose soln and then centrifuged at 40000¢g
for 1 hr at 0° in a swing-out rotor. The bottom of cach cellulose

nitrate tube was punctured with a fine needle and 0-5-ml frac-
tions were collected. These fractions were assayed for starch
synthetase activity with ADP glucose or UDP glucose as the
glucose donor and without added primer {23] and for amylose
content [24]. Protein was assayed after precipitation with TCA
followed by dissolving the ppt with NaOH [21]. The MW using
SDS gel (79%) electrophoresis [25] and the (NH,),SO, solu-
bility were estimated on the most active fraction.
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