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The interaction of adenosine diphosphate glucose and its synthetic analogs 
with uridine diphosphate glucose-fructose glucosyltransferase from pea 
seedlings 

After the recent discovery tha t  some enzymes of ohgo- and polysaccharlde 
biosynthesis can use urldlne dlphosphate glucose (UDPG) as well as adenosine dl- 
phosphate glucose (ADPG)~, 2, the question arose about  the mechanism of interaction 
of such different compounds with the same enzyme I t  has been shown ~ tha t  several 
enzymes of  U D P G  metabolism have ra ther  strict specificity to the structure of 
nucleoside moiety,  the grouping -C2(X)-Na(H)-C4(X) - in heterocychc nucleus seems 
to be necessary for the ability of U D P G  analogs to part icipate in enzymic reactions 

Unfortunately,  similar reformation is still lacking for A D P G  We have tried 
to clarify this point with the use of  synthetic A D P G  analogs with modified nucleoslde 
moel ty  

UDPG-f ruc tose  glusocyltransferase (UDPG D-fructose 2-glucosyltransferase, 
EC 2 4 i 13) from pea seedlings was chosen for the investigation, its purification has 
recently been described 4 Similar enzymes from wheat germ 5 and maize grains 6 were 
reported to interact  with U D P G  and A D P G  

We have found tha t  A D P G  is also capable of  interacting with the enzyme from 
pea seedlings The results obtamed demonstrate  tha t  initial velocity (v0) of  reaction 
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Fig J (a) Effect of ADPG concentrat ion on the rate  of sucrose formatzon with sucrose synthe-  
tase (b) Effect of UDPG concentrat ion (2) and U D P G  with ADPG (3) on the rate of sucrose for- 
matron The ratio of the subs t ra te  concentrat ion to the rate is plotted ve~ sus  subst ra te  concentra- 
tion The hnes are fitted by  least square method For conditions of assay see Table I The con- 
ten t  of the nucleotldes in the assay mixture  were (I) A:DPG (o 4-3/*moles),  (2) U D P G  (o 3- 
i 6 / ,moles) ,  (3) U D P G  (o 2-2/ ,moles)  + ADPG (3/*moles) Concentrat ion of subs t ra te  ([S~) is 
expressed m /,moles/ml, and velocity (%) ss expressed as /*moles of sucrose after  3o-mzn in- 
cubation 

Fig 2 The inhibi tory effect of i -N-methyl -A DPG on the sucrose format ion m presence of UDPG 
(Curve I) and A D P G  (Curve 2) The dependence of v0 from inhibitor concentrat ion For  condt- 
tmns  of assays, see Table I The am oun t  of enzyme is 9oo/*g, the tsme of incubation,  3 ° m m  
Nucleoslde contents  in incubat ion mixture  (I) UDPG (I 2/*moles) + z-N-methyl -ADPG (o 3 ° 
and o 98/ ,mole) ,  (2) ADPG (o 8/*mole) + i -N-me thy l -ADPG (o 3 ° and o 98/*mole) 

Abbrevzatlons UDPG, urldlne dlphosphate  glucose, ADPG, adenosine dzphosphate 
glucose 
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with ADPG as substrate under conditions of assay is about 25% of that with UDPG 
It  was found that  the Mlchaehs constant for ADPG is slightly higher than 

that  for UDPG (3 2 mM and I 9 mM, respectively), while maximum velocity of 
reaction is considerably slower (about o 25 of that  for UDPG) (see Fig. ia) 

The rate of sucrose formation from UDPG IS slightly lowered in the presence 
of high concentration of ADPG (see Fig Ib) The inhibition observed seems not to 
be competitive. 

Some synthetic analogs of ADPG were prepared for elucidation of structural 
elements of ADPG essential for its interaction with UDPG-fructose glucosyltrans- 
ferase These included nucleoside diphosphate glucoses containing 2-deoxyadenoslne 
(3), I-N-methyladenosme (4), 6-N-methyladenoslne (5), mosine (6) and xanthoslne (7) 
moieties 
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Analog 4 was obtained by methylation of ADPG with dimethyl sulphate 7, 
Analogs 3, 5, 6 and 7 were prepared from the corresponding nucleoslde 5'-phosphates 
w a  nucleoside 5'-phosphomorphohdatesS, 9 6-N-Methyladenoslne 5-phosphate, the 
starting compound for the synthesis of Analog 5 was obtaaned by Dlmroth rearrange- 
ment of I-N-methyladenoslne 5'-phosphate 1°, for the preparation of xanthosme 5'- 
phosphate deaminatlon of guanoslne 5'-phosphate was used 11 All nucleoslde dlphos- 
phate sugars were purified by 1on-exchange chromatography and were desalted by  
gel filtration through the Sephadex G-Io column 12 

The interaction of ADPG analogs with enzyme were studied in this work using 
kinetic methods. The enzyme preparation was highly purified and free from interfering 
enzymes 4 To compare the initial rates of enzyme-catalyzed reaction of ADPG and 
its synthetic analogs with the initial rates observed with UDPG, thee  concentrations 
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T A B L E  I 

T H E  I N T E R A C T I O N  OF A D P G  A N D  ITS S Y N T H I ~ T I C  A N A L O G S  W I T H  U D P G - F R U C T O S E  G L U C O S Y L -  

T R A N S F E R A S E  F R O M  P E A  S E E D L I N G S  

v 0 is a s sumed  to  be I oo for U D P G  The m c u b a t m n  m i x t u r e  con ta ined  (except  for nucleot ldes)  
f ructose  (3/ ,moles) ,  Trls-HC1 buffer (pH 7 3) (75 mmoles) and  75 ° mg enzyme  p repa ra t i on  4 in 
a to ta l  vo lume  of o a m l  After  i ncuba t ion  for 3 o m m  a t  37 ° o 2 m l  I M  N a O H  and  wa te r  (to 
o 5 ml) were added  and sucrose was  de t e rmined  c o lonme t rma l l y  43 

No Substance Contents v o (mmoles 
~ n  s u c r o s e  ~ n  

zncubatwn zncubatwn 
m,xture m~xture 
(mmoles) after 30 mzn) 

I U D P G  o 60 I oo 
2 A D P G  o 60 o 25" 
3 2 ' -Deoxy-ADPG o 48 o lO 4 
4 I - N - M e t h y l - A D P G  I I < o  o5"* 
5 6 -N-Methy l -ADPG i 2 d o  05 
6 I D P G  2 o d o  05 
7 X D P G  i 5 < o  05 

* The sucrose fo rmat ion  was conf i rmed by  pape r  c h r o m a t o g r a p h y  in n -bu t ano l - ace t i c  
a c i d - w a t e r  (4 I 2, by  vol ) sy s t em 

"* The s l ight  differences of abso rbance  be tween  tes t s  and  b lanks  ,~ere observed,  bu t  these 
were found to  be i nde pe nde n t  of e n z y m e  concen t r a tmn  and t i m e  of i ncuba t ion  

were ad jus t ed  to  be equal  to or larger  than  the concent ra t ion  of  UDPG,  with  p rov ided  
sa tu ra t i on  of the  enzyme 

The d a t a  of Table  I demons t r a t e  t ha t  only  2 ' - de oxy -A D PG  m a y  be used as 
subs t r a t e  for sucrose format ion  Thus the  subs t i tu t ion  of  hyd roxy l  a t  C v of r lbose 
moie ty  of  A D P G  does not  depr ive  the  subs tance  of i ts biological  a c t i v i t y  Analogs  4 
and 5 cannot  pa r t i c ipa te  in the  enzymic  reac t ion ,  this  result  shows tha t  the  g roupmg 
-NI-C~(NH2) - of  adenme inole ty  is essent ial  for A D P G  in te rac t ion  with  the  enzyme 
The incorpora t ion  of  grouping  C O - N H - C O  in p u n n e  nucleus leads to Analogs 6 and  7 
whmh are unable  to subs t i tu t e  U D P G  or A D P G  in the  enzymic react ions inves t iga ted  

I t  seems remarkab le  tha t  I - N - m e t h y l - A D P G  is a s t rong Inhibi tor  of the  enzymic 
reac t ion  bo th  wi th  A D P G  and U D P G  al though it  is unable  to  serve as subs t r a t e  for 
the  enzyme 

F u r t h e r  inves t iga t ion  of the  behavior  of A D P G  analogs seems necessary  to 
ob ta in  more definit ive informat ion  about  the  role of  different e lements  of A D P G  
s t ruc ture  in e n z y m e - s u b s t r a t e  in te rac t ion  
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