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Although l colaiderablc arou8t of evidence haa been l ccuatlated 

l houi8g the izqortart role of ADPG i8 the bioay8theaia of atarch 18 

varioua pla8t organ8 (De Pekete and Gerdini, 19644; ?lurata et al., 1964 b), 

the erzymlc nzchaniar of atarch foraartior in the gral8a of gluti8oua (waxy) 

varieties of the cereal grains haa remained obscure. Nelaar a8d ginea 

(1962) reported the abaerce of IH)PG-atarch traraglucoyalaae in atarch gra- 

8ulea prepered from waxy auize aeeda, and propoaed a differeat pathway of 

zqlopectir bioaymtbeaia from that of amylore. Recently, lelaon and Taai 

(1964) obtained a piece of evidence that MPG-starch tramaglucozylaze ia 

waxy ~iac iz locelized im the atarch granule8 derived from embryo ard 

meter8al tlaauea, but not 18 the e8doaperp, which ia the pri8cipal site of 

l terch ayrtheziz in the zeed. They found that the traraglucoaylaae activity 

of waxy metie la about &ne teeth of the Prpitude of that of mom-waxy maize 

asd eaaemtielly all of itr activity can be accounted for by the starch 

graeulea preaemt in the l porophytic tiaauea. The lower traaaglucoaylaac 

activity of wax7 maize haa beer obaerved by Prydznm (1963). 

By using six different glutinous rice varieties, we have found a 

complete absence of ADPG (DDPG)-starch transglucosylase in the starch gra- 
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nules obtained from the developing grains. The typical results are shown 

in Fig. 1. Furthermore, we have been unsuccessful in demonstrating enzyms 

activity even by employing several other experimental techniques for get- 

ting starch granules. 
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Fig. 1. ADPG-starch transglucosylase activity of non-glutinous (Wx) and 
glutinous (wx) rice starch granules. 

Acetone powder starch granules were prepared after the method of Akazawa 
et al., (19641, and the assay method as reported by Murata et al., (1964 b). 
The reaction mixture cant ined glycine buffer (pH 8.4), 40 pmoles; EDTA, 
0.1 pmole; ADP-glucose-C 1t 0.34 umole (4,200 c.p.m.); and starch granules 
2.0 mg, except in the case’of (Wx + wx), 2.0 mg of each kind of starch. 

However, from the essentially identical patterns of the nucleo- 

tides in non-glutinous and glutinous rice grains, as portrayed in Fig. 2, 

it can be surmised that a similar enzymic mechanism operates for starch syn- 

thesis in these two diffetent genetic stocks. In fact, by feeding sucrose- 

Cl4 to developing rice panicles at the mid-milky stage, glucose was found to 

be readily incorporated into the starch molecule at approximately the same 

speed in the case of both non-glutinous and glutinous grains (Mutata and 

Akazawa, in prepn. ). Subsequently, we explored the localization of ADPG- 

starch ttansglucosylase activity in various fractions of glutinous rice 

grains, and found that the activity is almost exclusively present in the 

supernatent of the lCO,OOO x g centrifugation. 
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Fig. 2. The distribution of nucleotides in developing grains of non- 
glutinous and glutinous rice. 

In each case, about 40 g of the freshly harvested grains at the mid-milky 
stage were treated in the same way as that reported by Murata et al., 
(1964 a), and the individual nucleotides were separated by a Dowex-I anion 
exchange column chromatography accordingly. 

About 2-3 g of glutinous rice grains (variety Pah Leuad of the 

indica type) at the mid-milky stage were ground in a small mortar at 0°C; 

the entire grain contents were collected, and suspended in 2.0 ml of 0.07 p? 

phosphate buffer (pH 7.5) containing 0.035 g glutathione and 0.07 M, EDTA 

which we call the whole grain suspension. It was then spun in a refrige- 
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rated centrifuge at 6,400 x g for 5 minutes to separate 1.7 ml of liquid, 

which is referred to as supernatant I. This liquid was centrifuged in a 

Spinco preparative ultracentrifuge at 100,000 x g for 1 hour to get 1.5 ml 

of liquid (supernatant II). The precipitate was then suspended in 1.4 ml of 

the same media as used above for the whole grain suspension. As shown in 

Table I 

The distribution of ADPG-starch transglucosylase 
in various fractions of glutinous rice grains 

Enzyme source 

Whole grain suspension 

Supernatant I 

Supernatant II 

Boiled(;;;g$;yTm:,Ij 

100,000 x g precipitate 

Cl4 incorporation into starch 

Total c.p.m. $ 

2,170 36.8 

1,360 23. i 

1,220 20.7 

123 2.1 

179 3.0 

3-3.5 mg of starch. In each of the remaining reaction systems, in addition 
to 3 mg of acetone powder starch granules of the same origin, 20 ul of the 
individual preparation was added. Incubation was at 37°C for 60 minutes. 

Table I, about 374 of the glucose was transferred from ADP-glucose-C l4 to 

the starch molecule in the whole grain suspension, which was at a rate of 

approximately one half as that in the corresponding preparation of non- 

glutinous rice grains. The transglucosylase activity remained essentially 

in the soluble fraction which was not sedimental by repetitive centrifu- 

gation, and no enzymic activity was detectable in the final precipitate. 

It seemed evident that phosphorylase was not involved in the overall pro- 

cess because of the very low magnitude (less than 1%) of glucose transferred 

from glucose-l-phosphate-C 14 . Fig. 3 shows that starch granules devoid of 
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Fig. 3. ADPG-starch transglucosylase activity in glutinous rice. 

Acetone powder starch granules were prepared in the same way as in the ex- 
periment shown in Fig. 1, whereas supernatant 11, as described in the text, 
served as the soluble enzyme source. Reaction mixture for the starch gra- 
nules only contained glycine buffer (pR 8.4), 4 pmoles; EDTA, 0.2 pm01 
glutathione, 0.5 umole; glucose&phosphate, 0.5 pmole; ADP-glucose-C 1V 
0.219 pmole (5,900 c.p.m.); and starch granules, 3.0 mg in a total voluie of 
15 I.rl. In a complete reaction system containing the supernatant II, the corn. 
position was the same as that described in Table I. Incubation was at 37°C. 

ADPG-starch transglucosylase activity served as an efficient glucose acceptor 

when mixed with the non-dialyzed supernatant II. Actually, about 32s of the 

glucose was transferred. The slight decline in the amount of glucose trans- 

ferred under prolonged incubation appears to be attributable to the break- 

down of starch molecules by the reversal of the phosphorylase reaction which 

proceeds favorably under the experimental system employed, and also to a 

certain amount of sucrose formed from ADPti. 

As a result of our studies the following additional statements can 

be made with respect to the soluble ADPG-starch transglucosylase reaction in 

glutinous rice grains: (a) dialysis does not affect the enzymic activity; 

(b) glucose-6-phosphate has no stimulating effect on the reaction; (c) mono - 

iodoacetamide (2.5 x 103 I4) shows an almost complete inhibition; (d) maltose 
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is a major radioactive @-amylolysis product of the enzymically synthesized 

starch molecule, which indicates the formation of cz(l-&) glucosidic linkages 

in the enzymic process; and (e) non-glutinous rice starch, corn starch, 

amylose, amylopectin, and glycogen are equally active as glucose acceptors. 

From the initial discovery by Leloir and his associates (1961), 

starch synthethase of various sources involving UDPG and ADPG as glucose donors 

has been reported to be commonly a particulate enzyme firmly adhered to 

starch granules and resistant to solubilization. The present study indi- 

cates for the first time that in developing glutinous rice grains, ADPG- 

starch transglucosylase exists in a soluble form, though the mode of enzyme 

action appears to be the same as that of the particle-bound enzyme. Thus, 

it is expected that future kinetic studies on the starch synthesizing 

mechanism will be greatly facilitated by being able to use the enzyme in 

its soluble form. Starch in glutinous cereals consists essentially of highly 

branched amylopectin molecules, and whether or not the genetic control of 

the transglucosylase distribution in the plant cell is a determinant of their 

biosynthesis awaits further elucidation. It is interesting to note in this 

connection that the enzymes engaged in the biosynthesis of some other branched 

glucans, i.e. glycogen (Rosell-Perez and Larner, 1964), phytoglycogen (Frydman 

and Cardini, 19%) and bacterial glycogen (Shen et al., 1964) have been iso- 

lated in a soluble form. 
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