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Since the classical work of Hanes '1 sorne 
workers consider that starch synthesis in vivo 
is catalysed by phosphorylase. Nevertheless, 
others have raised doubts on this hypothesis. 
Thus Ewart et al. 2 , from measurements of the 
ra tio of inorganic phosphate to glucose-1-
phosphate, concluded that: "phosphorylase is 
not in volved in the synthesis of starch ... bu t 
the role of phosphorylase in the normal me­
tabolic breakdown ... is not questioned" (cf. 
also Rowan and Turner 3) . Furthermore, 
Stocking 4 reported that starch synthesis in 
leaves is initiatecl in the chloroplasts, where 
phosphorylase could not be detected. 

The problem of starch synthesis is similar 
to that o[ glycogen nthesis in animal ti s­
sues. The synthetic role of phosphorylase in 
·,Jivo has becn challenged on the basis of the 
following facts: a) the unfavourable ratio of 
inorganic phosphate to glucose-1-phosphate in 
tissues; b) age nts which increase the concen­
tration of phosphorylase, such as epincphrine 
and glucagon, produce glycogen breakclown 5 ; 

and (e) in certain diseases phosphorylase is 
abs-ent in the muscles, although normal or 
increasecl amounts of glycogen are present 6 . 

If these facts are sufficient to rule out phos­
phorylase as the enzyme responsible for gly­
cogen synthesis, the only enzyme which can 
take its place, so far as we know, is glycogen 
synthetase 7, which catalyses the transfer of 
gl ucose from uridine diphosphate glucose to 
glycogen Iorming a new a- l :4 linkage. On the 
other hand , it is known that uricline diphos­
phate glucose acts as glucose donor in plants. 
Thus enzymes catalysing the synthesis of su­
erases, sucrose phosphatc 9, and callase 10 ha­
ve been describecl . The latter is a B-1:3 glu­
can 111 discoverecl many years ago ancl believ-
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ed to have a role in the physiology of sievc 
tu bes and in wound reaction in plants a.z_ 

All this suggests that uridine tdiphosphatc 
glucose should be involved in starch synthe­
sis. Although incubation of raclioactive uridi ­
ne diphosphate glucose with different plant 
materials usually resultecl in the incorpora­
tion of radioactivity in the polysaccharicle 
fraction, the product formed was insoluble in 
hot water, was not hydrolysecl by B-amylase 
and was presumably callase. 

Since glycogen synthetase has been found 
to be strongly aclsorbed on glycogen (ref. 7c), 
we have looked for a starch-synthesizing en­
zyme in starch granules. In preliminary ex­
periments, radioactive uridine cliphosphate 
glucose was incubatecl with freshly prepared 
patato starch and it was found that there was 
some incorporation of radioactivity in the 
fraction which bccame soluble by the subs~­

quent action of a-amylase. More active pre­
parations were obtained from bcans as fol­
lows. Freshly harvestecl immature clwarf string 
beans (Phaseolus vulgaris var. Bountiful) we­
re used. The cotyledons and the embryos were 
ground in a mortar with two volumes of water. 
The suspension was filtered through cheese­
cloth and centrifuged 5 min. at 3,000 rev. f 
m in. The precipi tate was resuspenclecl in s-e­
veral volumes of water and recentrifuged 
three times. The white pr·ecipitate was then 
suspended in Iour volumes of acetone at -
- l59C., centrifuged at 09C.; this procedure 
was repeatecl three times, after which the 
precipitate was driecl in vacuo. This prepa­
ration could be stored for months at- 159 C. 
with no decrease in activity. 

The bean starch fraction (2 mgm. contain­
ing 6 p.gm. of protein) was incubatecl at 379 
C. for 3 hr. with · 0.21 p.mole of uridine di­
phosphate glucose containing 7,850 counts f 
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min. of ca rbon-1 4 in the gtucose moiety, 2 
¡..tlllO!cs o[ glycine buffer of pH 8.4, 0.05 ¡..tmole 
o[ ethY:e necliamine tctraacetate in a final vo­
lumc o[ 15 ¡..ti. After incuba tion , 0.5 ml. of 
80 per cent ethanol was acldecl. Thc soluble 
fraction was spottecl on paper ancl chromato­
graphed with ethanol-ammonium acetate of 
pH 7.5 (ref. 15). The uridine diphosphate 
ancl uridine cliphosphate glucose spots were 
cluted from the paper and the absorba ncy at 
260 m¡..t, radioactivity ancl uricline cliphospha­
te wcre measurecl. The insoluble fraction was 
washccl with ethanol ami counted. Blanks wi­
thou t a nd with uricli n e cliphospha te glucose 
aclded after incubation were run at the same 
time. Furthermore, it was found that the 
be a n starch fraction el id not clestroy adcled 
uricline diphosphate. 

The changcs occurring on incubation of the 
bean starch fraction with radioactive uridine 
cliphosphate glucose are shown in Table l; 
these resul ts indica te a corresponclence bet­
ween disappearance of uricline cliphosphate 
glu cose, formation of uridine cliphospate and 
incorporation of glucose into the starch frac­
tion. 

The iclentity of the procluct formecl was 
investigated as follows. The starch fraction 
after in cubation with raclioactive uridine di­
phospha te glucosc was thoroughly washecl 
with agueous ethanol, suspended in water, 
heatecl for lO min. a t 1009C. ancl th cn treat­
ed with ~-a my l asc. vVheat ~ amylase was allow­
ed to act for 12 hr. a t 37° C., ancl 3 volumes 
of mcthanol were. addecl. Thc soluble frac­
tion was evaporatecl, spotted on paper ancl 

TABLE I 

Anal)•sis of substmtes and fHoducts 

pmole pmolc 

Disappearance of uridine diphosphate glucosc 
Formation of uridi ne diphosphate 

0.02 '1 

ü 0171 

0.016 2 

O.OI :i 3 

0.017 3 Glucose-U-14C incorporated into starch 
\l. Calculated from <lbsorbancy at 260 lllJL 
2 Calculated from radioac.tivity. _,_ 
3 Esti mated with pyr uva tc kinase (ref. 7c). 
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FrG. l. - (a) Paper chromatograph y; a nd (b) paper 
clectrophoresis of reaction product after treatment 

with ~-amy la se. 

chromatographecl with butanol f pyridine j wa­
ter (6:4:3 v/v) 13 as solventAs sho~n in ~ig. 
l a th e radioactivity was founcl to m1grate l1ke 
maltose. For further confirmation of the iden­
tity of th c substance, the 'maltose' cluted from 
the paper after chromatography was submit­
ted to electrophoresis with borate buffer 14• 

As shown in Fig. lb, the raclioactivity migrat­
ed with the 'maltose'. Under these conclitions, 
cellobiose, Jaminaribiose and gentiobiose are 
neatly separate<l from maltose. 

TARLE 2 

Donor specificity 

nean sta rch fraction (8 mgm.) incubated 1 hr. 
und er concli tions s' mihar to those indicatecl in Table 
I with abottt ü.2 mol e of substrates indicated. 

Donor 

U ridin e diphosplmte g lucose 
Glucose-1-phosphate 
G lucose-6-phosph ate 
Sucrose 
Cluoose 

Counts j min. 
Cou nts / min. rccovercd in 

addcd sta rch fraction 

5,:i00 
S,'lOO 

lü,OOfl 

8,300 
IO,üOO 

590 
190 

2 10 

130 

o 
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Similar results were obtained with a-amy­
lase. Saliva (0.1 vol u me) was allowed to act 
for 30 min. at 379 C. and the samples proces­
sed as described for ~-amylase. The results 
were simila-r exoept that radioactivity appear­
ed al so in the ma ltotriose spot. 

These res u 1 ts are consistent with the follow­
ing formulation: 

uridin c d ip h osphate g1ucose + ar.ct:ptor -7 uridine 

di phosphatc + a-gl ucosy1-l ,4-acceptor (1) 

m which the acceptor is starch. 

Othcr cxperiments wer·e carried out in ar­
der to study thc specificity of uridine diphos­
phate gl ucose as g lu cose donar. As shown in 
Table 2, glucosc phosphates and sucrose 
shm~·ed some incorporation of radioactivity 
but much less than uridine diphosphate glu­
cose. 
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Sucros·e has bcen tes ted as glucose donar 
in other exper iments with various plant tis­
sue prepara tions with nega tive results . The 

, well-known ready conversion of sucrose into 
starch in vivo might take place indirect ly with 
uridine diphosphate glucose as an interme­
diate. The Iormation of uricline cliphosphate 
glucose from sucrose has been cletected (refs. 
8, 9) and may be written as follows: 

sucrosc + uricline d iphosphate :;;::::uricline cliphosphatc 

glucose + fr!tctosc (2) 

Thc aclcl iti on of reactions (l) ancl (2) 
woulcl result in the formation of starch from 
sucrosc. 

T his investigation.was supportecl in part by 
a research grant (N9 G-3442) from the Na­
tional Institutes o( Health, U.S. Public Health 
Service aml b y the Consejo Nacional ele In­
vestigaciones Científicas y Técnicas. 

8. CARD!Nf, C. E., LELOIR, L. F., AND Cl!IRIBOGA, J., 
] . Biol. Chcm., 214, 149 (1955). 

9. LELOIR, L. F., AND CARDINI, C. E ., ]. Biol. Chem., 
214, 157 ( 1955). 

10. FEINGOI.D, D. S .. NEUFEI D, E. F., ANO liASSlD, iV. 
Z., ]. Biol. Chem., 233, 783 (1958). 

11. r\sPtNAT.L, G. 0., ANO KESSLER, G. , Chem. and 
Jndust, 1296 (1957) , KESsLER, G., Ber. schweiz. 
bot. Ges., 68, 5 (1958). 

12. CURRIER, H. B. , ANO STRUGGER, S., Protoplasma, 45, 
552 (1956). 

13. JEA N ES, A., \VISE, C. S .. AND DI1\lLER, R. J., Anal. 
Chem., 23, 415 (1951) . 

14. CoNSDEN, R ., ANO STANIER, vV. l\f., Nature, 169; 
783 (1952) . 

15. PAI.AOI:-.:r, A. C. , AND LELOIR, L . F., Biochem. ]. 51, 
426 ( 1952) . 


	escanear2208
	escanear2209
	escanear2210

