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SOLUBLE ENZYMES RELATED TO STARCH SYNTHESIS
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A glucan synthotasos, bound to the starch grains, has been demonstrated
in plants (Leloir et al., 1961; Recondo and Leloir, 1961; Prydman, 1963;
Pekete and Cardini, 1964; Murata and Akazawa, 1964). This enzyme cata~-
lyzes the glucose transfer from adenosine diphosphate D-glucose (ADPG),
deADPG, and uridine diphosphate D-glucose (UDPG) to maltooligosaccharides
and starch. All attempts made to separate the enzyme from the granules
or to demonstrate its presence in a soluble state have failed,

The presence of another glucan synthetase which transfers glucose resi-
dues from ADPG and deADPG to maltooligosaccharides, amylopectin, plant
and animal glycogen was found to exist in the sweet corn in a soluble
form. Amylose, soluble starch and staroh granules were completely inef=-
fective as primers (Frydman and Cardini, 1964).

In an attempt to elucidate the relation between these glucan syntheta-
ses, their presence in planta which contain starch as sole reserve poly=-
saccharide, was assayed. Phytoglycogen, amylopectin and corn starch
granules (prepared aceording to Schoch, 1957) were tested as glucosyl
aoceptors, Tobacoo leaves and potato tubers were used as sources for
the enzymatioc preparationa.

Glucan synthetase from tobacco leaves,-Chloroplasts were prepared in
an anhydrous medium according to Stooking (1959) and suspended in 0.25 M
glycine buffer, pH 8.6-0.025 M versene, For the preparation of an aqueous
leaf extract, fresh leaves were ground in a chilled mortar with 0,02 M
Tris buffer, pH 7.5«0.002 M mercaptoethancl, passed through cheese cloth
and centrifuged for 15 min at 1,000 x g. The supermatant fluid was cemn-
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§Systmtio name: ADPG:d=l,4-glucan ¢-4=glucosyltransferase,
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trifuged again at 18,000 x g for 15 min, The dark green liquid, separa-

ted from the precipitate, was used as enzyme source. It contained about

0.5 mg/ml of protein. Precipitation with asmonium sulfate did not inhi-

it the ensymic activity., Some of the results obtained with this extract
and the chloroplast preparation can be seen in Table I.

TABLE I

The reaction mixture contained (ﬁ pmoles): NeP, 1.0; glyoine btuffer,
pH 8.6, 3,3; EDIA, 0.082; ATPG-C™?, 0,012 (3,900 counts/min) or C4-
glucose-1-P, 0.013 (18,000 comnts/min) and glucose-1-P, 0.22; primers
as indicated and 20 ul of ensyme preparations. ¥inal volume, 80 _ul.
Incubation time 60 min at 37° The radicactivity was measured as pre-
viously described (Frydman and Cardini, 1964).

Incorporation into

Subdbstrates Primers the precipitate
ng comnts/min %

Agueous preparation
Control® 10
controlb 1
ADpg-c}4 aaylopectin, 0.5 528 13
LDPG-O“ + gluwoose-l-P " 480 12
c14-glucose-1-P ] 120 1.5
ADPG-cH4 phytoglycogen, 0.5 820 21
ADPG-C14 4 gluocose=1-p hd 800 21
cl4-glucose-1-P " 30
ADPe-g4 heated starch granules, 3.0 378 10
ADPg-c14 whole starch granules, 3.0 8°
Chloroplast preparation
Control® 2
ADPG-G“ heated starsch granules, 1.0 501 12
ma-.cu + glucose-~l-P " 410 10
cl4-glucose-1-P " 502 6.3

®Primer sdded at the end of the incubatiom,

2 pg.Cl4 added at the end of the incubation.

°s control in whieh the ensyne was added at the end of the imoubation

(64 comts/min) was substracted,

Using AIPa-c14 o8 substrate, a 106, 1% and 21% incorporstion was ob-
tained into heated starch granules, amylopeciin and glycogen respective-
ly. The radiocactivity inmeorporated was recovered in all cases as malto-
se after the actiom of P-amylase. No imcorporation was detected whem
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the primers were omitted, or when whole atarch grains were used., Addi-
tion of unlabeled glucose~l1-P did not modify the incorporation. mc—c“’
was inaotive as glucosyl donor.

The aqueous preparation contained & elight phosphorylase sctivity (1.5%
incorporation). A higher phosphorylase activity was found in the chloro-
plast preparation (6.3% or higher).

In addition to the polysaccharides mentioned above, maltotriose was
found to be an acceptor of glucosyl residues. The radioactive products
were ldentified as maltotetraose and maltopentaose on paper chromatogra-

phy.

Glucan synthetase from potato tubers.-Potato tubers were peeled, cut in
slices, left 5 min in 1% llu.2$204r solutiom, washed, grated, passed through
cheese oloth and centrifuged at 1,000 x g for 15 min. The supernatant
fluid was ocentrifuged at 18,000 x g for 10 min, the precipitate was dis-
carded and the liquid, dialyzed overnight against 0.0l M Tris buffer, pH
T¢5«0.01 M meroaptoethanol, was used as ensyme. The extract contained
3.2 ng/ml of protein. Some of the results obtained can be seen in Table II.

ADPG functioned as the best glusosyl donor and the whole staroch granu-
les were the only effective glucosyl acceptors. Incorporations ranging
between 5% and 20% were obtained. The 1.6% incorporation detected whenm
the enzyme extract was omitted, was probably due to a residual starch
synthetase activity. When the starch granules were pretreated with hot
methanol, those blanks disappeared, without modifying the primer effi-
ciency. The radicactivity incorporated into the starch granules was re-
covered as maltose after the action of F-amylase. Addition of unlabeled
glucose-1-P did not modify the incorporation from APPG. Amylopectin,
glycogen and heated starch granules did not act as glucosyl acceptors,
even vhen the incubations were made for shorter times, to prevent amyl-
ase degradation. A 0.6% incorporation was detected from um’e-c“, but
the same was completely inhibited by the addition of unlabeled ADPG.
GnP-cu-glnoou and 'l'm’-cu-glnoou were ineffective as glucosyl donors.

The aotivity ocurves as a funotion of ensyme conceatration and time are
shown in Fig., 1. The type of ocurves obtained could be expleined by the
low capacity of the primer.

Discussion.~The specifioity toward the glucosyl donor and acceptor of
the todbacco leaf preparation was similar to that of the sweet corn phyto-
glycogen synthetase. The fact that this ensyme was found im leaves which
contain starch as the sole resarve polysaccharide, would suggest that it
is in some way related to starch synthesis.

409



Vol. 17, No. 4, 1964 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

TABLE I1

The reaction mixture contained (in mmoles): NaF, 1.0; Tris buffer, pH
8.6, 1.0; substrates as in Table I, and 60 ul of the potato ensyme pre-
paration, This mixture was incubated with stirring in a volume of

120 pnl at 37° for 60 min. The incorporatiom of radioactivity into the
polysacoharides was measured as desoribed previously (Leleir ot al.,
1961; Frydman and Cardini, 1964).

Incorporation into the

Substrates Primers ethanol precipitate
ng counts/min %
Control® 5
controlb amylopectin, 0.5 2
014-gluoou-1-r " 280 3¢5
Avpg-c 14 " 3
c:(mtrolb phytoglycogen, 0.5 3
cM_glusose-1-P " 2
ADPG-014 " 5
mmt:rolb starch granules, 3.0 64 1.6
cu-gluoosc-l-l’ » 3
anpa-c4 " 464 12
A.l)l"()--t’:l4 + glucose-l~P " 467 12

Sprimer added at the end of the incubation.
bEnlm added at the end of the inocubation.
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Fig. 1. =) Rate of incorporation of glucosyl residues from ATPG-c14
into the product, assayed as desoribed im Table II, except that 5 mg
of starch granules were used,

b) Effect of increasing ensyme concentration, sssayed as desoribed
in Table II, except that two priser conceatrations were used (e,

3 ng; o, 2 mg).
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The potato ensyme seems to be similar to the starch synthetase bound to
the granules, and may be the soluble form of this enzyme, It is possible

that the previous inability to detect the starch synthetase in a soluble
astate was due to the apecific primer requirement rather than to the so-
lubility of the enzyme,

The possible relation between these enzymes is being investigated,
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