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In previous papers (Fekete et al., 1960; Leloir et al., 

1961) an enzyme was described which catalyzes glucose transfer 
from uridine diphoaphate glucose (UD?G) to starch or oligosac- 
charides. Several synthetic nucleoside diphosphate sugars have 
now been tested with the same enzyme preparation. They were pre- 
pared following the procedures developed by Khorana and others 
(Roseman, Distler, Moffatt and Khorana, 1961) with alight modi- 
fications. The most interesting result was that adenosine di- 
phosphate glucose (ADPG) reacts about tenfold faster than UDPG. 
A typical experiment is shown in figure 1. 

Addition of ADPG to radioactive UDPG led to a decrease in 
the incorporation of radioactivity in starch (Table I). The in- 
verse, that is, addition of UDPG to labeled ADPG did not produce 
any change. Table I also shows that the difference in rate of 
transfer as estimated by UDP and ADP formation is alao observa- 
ble when incorporation of radioactivity into starch is measured. 

As in the experiments with UDPG (Leloir et al-., 1961) the 
glucose transferred to starch was found to be distributed be- 
tween the amylose and amylopectin components. 

A transfer of glucose to added oligosaccharides takes place 
with ADPG as in the case of UDPG. Thus as shown in Table II, ad- 
dition of maltotriose to labeled ADPG and enzyme, led to the 
formation of radioactive oligosaocharides and to a decrease in 
the incorporation into starch. Paper chromatography showed that 
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MINUTES 

Fig. 1. Formation of ADP or UDP. Reaction mixture (in wolee)r 
0.25 of substrate, 0.1 of ethylenediaminetetraaoetate, 4 of 
glycine buffer pH 8.4, and 1 mg of enzyme preparation. Total 
volume 0.02 ml. Temperature 370. GDP (or ADP) meaeured with 
pyruvatekinase (Leloir and Goldemberg, 1960) after addition 
of 0.4 ml of 75% methanol, centrifugation and evaporation of 
the eupernatant fluid. 

TABLE I 

Additions 

Glucoee transferred to 
staroh 

o.p.m. mpolee 

UDPG-C~~ (9,500 c.p.m.) - 242 6.4 
uDPG-C14 (9,500 c.p.m.) + ADPG 58 1.5 
ADPG-Cl4 (1,000 c.p.m.) - 470 72.0 
ADPG-$~ (1,000 c.p.m.) + UDPG 480 73.0 

Reaotion mixture as in figure 1 with 0.25 ~018 of substrates 
(except ADPG-C 14 of whioh 0.15 wale was added. It wae prepa- 

red with equimoleoular amount8 of adenoeine 5'-phoaphate mor- 
pholidate and glucose 1-phosphate-C14). Total volume 0.03 ml* 
Incubation time 50 min. Measurements as desoribed by Leloir & 
&. (1961). 
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the labeled oligosaccharide was mainly maltotetraose. The re- 
sults are similar to those previously obtained with UDPG. 

TABLE II 

Additions 
o.p.m+ 

Oligosaccharides Starch 

ADPG-Cl4 (2,100 c.p.rn.1 0 996 
ADPG-Cl4 (2,100 0.p.m.) + maltotriose 410 632 

Reaction mixture as in figure 1. Maltotriose 0.67 vole. Total 
volume 0.03 ml. Incubation time 1 hour. 

No formation of nuoleoside diphQsphate was detected when 
the enzyme was incubated with any of the following compounds: 
inosine diphosphate glucose (obtained by deamination of ADPG 
with nitrous acid), cytidine diphosphate glucose, guanosine di- 
phosphate glucose, ADP-maltose, ADP-galaotose or UDP-galactose. 
Furthermore the G-anomers of ADPG and UDPG gave negative resulta, 
as also did an isomer of ADPG in which the glucose ia joined to 
ADP through poaition 6, 

ADPG has been tested with several other systems which are 

known to use UDPG. The eynthesis of glycogen by muscle (Goldem- 
berg, 19611, liver, and yeast preparations was about half as 
fast when ADPG was substituted for UDPG. Other systems which 
were tested with ADPG and gave negative or nearly negative re- 
sults were: the galactowaldenase system (Caputto et al., 1950), 
and sucrose or sucrose phosphate synthesis (Cardini et &a, 
1955; Leloir and Cardini, 1955). 

Prom the above mentioned results it seems that ADPG and 
UDPG react with the same enzyme and the question arises as to 
whether ADPG has a role in starch synthesis "in viva". There is 

87 



Vol. 6, No. 2,196l BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

one fact which indicate@ that ADPG may be a normal metabolite, 
and thie is the presence of an ADPG-pyrophoephorylaae in plant 
material. Thie enayme which ia being studied in this laboratory 
by Dr. J. Eapada catalyze8 the formation of ADPC from adenoeine 
triphoephate and glucoee l-phosphate. It seems to be a different 
enzyme from UDPG-pyrophosphorylaae. 

ACKNOWLEDGMENTS 

Thie inveetigation was supported in part by a researoh 
grant (NO G-3442) from the National Institutes of Health, H. Se 
Public Health Service, by the Rockefeller Foundation and by the 
Coneejo Naoiooal de Investigacionee Cientificae y T8cnioas. 

REFERENCES 

Caputto, R., Leloir, L. F., Cardini, C. E. and Paladini, A. C., 
J. Biol. Chem. 184, 333 (1950). 

Cardini, C. E., &xir, L. F. and Chiriboga, J., J. Biol. Chem. 
214, 149 (1955). 

FeGe, M. A. R. de, Leloir, Ii. F. and Cardini, C. E., Nature 
#J, 918 (1960-l. 

Goldemberg, S. H., Biochin. et Biophys. Acta (eubmitted for 
publication). 

Leloir, L. F. and Cardini, C. E., J. Biol. Chem. 214, 157 (1955). 
Leloir, L. F. and Goldemberg, S. H., J. Biol. Chem. a, 919 

(1960) l 

Leloir, L. F., Fekete, M. A. R. de and Cardini, C. E., J. Bio10 
Chem. a, 636 (1961). 

Roaeman, S., Distler, J. J., Moffatt, J. 0. and Khorana, H. G., 
J. Am. Chem. Sot. &, 659 (1961). 

88 


