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Uridine diphosphoglucose ~epimerase: Kinetic isotope effect* 

The epimerization of I_:I)P-[4-:~H~(ial by the enzyme UI)l)-(;lc 4-epimerasc 
(F,.C. 5.1.3.2) isolated from lactose-grown Saccharomyccs f ragi l i s  has been reported to 
proceed at z.5 3 times the rate of the unlabeled compound 1. This observation per- 
mit ted certain conclusions to be drawn concerning the mechanism of this enzymatic  
catalysis. The studies reported here establish that  the kinetic isotope effect associated 
with both the N. f ragi l i s  and Escherichia colt epimerases is in the region of o.5 and the 
previously reported reverse isotope effect for the N. fragi l i s  epimerase is in error. 

E. colt epimerase was purified tltrough ste.p VII  of the procedure of \VII.SOy 
A.XD I IoGNV.SS a from E. colt strain B78A, a galactose operon constitutive Inutant,  and 
had a specific activi ty of 16o l.l,7./ing protein when assayed according to the one-step 
assay of IMAE el al. a The. N. [mg i l i s  epimerase preparation used was capable of con- 
verting 2.1 #inoles of UDP-(ial  to !,TDp-(;Ic per rain per mg protein under the con- 
ditions described below. UDP-Gle dehydrogenase was tmrified from beef liver through 
step VI of the method of S'rRAW 2 and had a specific act ivi ty of o.45 I.l. ' . /mg protein. 

Two methods were employed for obtaining the data  used for the. estimation of 
the kinetic isotope effect. 

Method A involved incubating UI)P-.4-aH)(ial  with the epimerase in o.I .M 
glycine buffer (pH 8.8) at 25 °. At various at)propriate tiinc% samples of a size suitable 
to allow later manipulations were. pipetted into a test tube and placed in at boiling- 
water bath for 6o sec. After cooling, an aliquot was removed and assayed for UI)P- 
(;lc content.  The assay cuw,tte contained, in addition to the enzyme aliquot, 2o 
/~inoles gly'cine buffer (pH 8.8) and about 32 nH.U. of UDP-(;Ic dehydrogenase in a 
total wJlume ofo.  I (~ ml. At o time, 5/~1 of 2o mM NAI) were added and the absorbance 
at 34 ° n m  was monitored in a Beckman Model l)l_J spectrophotometer  until the re- 
action reached completion. The contents of the inicrocuvette were then quanti ta-  
tively transferred to Wha tman  No. i chromatography paper and developed in abs. 
e thanol - I  M ammoniunl  acetate (75:25, v/v) pH 7.5, (ref. 5) for 24 h together with 
UI)P-(; lc and UDP-(; lcUA standards. The area corresponding to UDP-GlcUA was 
cut out and quant i ta t ively  eluted into a scintillation vial. After drying in an oven, 
the residual solid was dissolved in o.2 ml of water and IO ml of scintillation solution 
(IOg of 2,5-diphenyloxazole and o. 5 g of 1,4-1fis-(5-t)henyloxazolyl)-benzene in 1.5 
liters of toluene and I.O liter of abs. ethanol) and the vials were counted in a Nuclear- 
Chicago Model 720 series liquid scintillation counter. I t  is evident tha t  the 34o-nm 
absorbance gives a measurement of the extent  of reaction of unlabeled molecules, 
while the count in the UI)P-(; lcUA is a measure of the extent of reaction of those 
molecules having tri t ium at the 4-carbon of the hexose. 

Method B was that  of Bv:Vn.L et al. t. 
Fig. I and 2 represent data  obtained by method A plotted according to the 

method described by BEVII.I. el al. x. A plot of log !x-((i/Geq)-(A/Aeq)~ versus log 
(z-G/Geq) (symbols described in the legend to Fig. I) is expected to produce a straight 
line passing through the origin whose slope is equal to the kinetic isotope effect 
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Fig. I. 1,2inctic isotope cttect for 1:'. coh cpimer;tsc. The reaction mixture was o.z5z mM ill l ' l ) l ' -  
4-a l t  ](;al (o. i9t  n~(':mmole measured as UI)I)-(;lcITA) with a total volume (,t 1.3z ml. :\t o lime 
o.2.  t UllitS Of epilnerase were added, a n d  samples wt'rc r e m t ) v c d  b e t w e e n  o. 5 ;.tnd 13 mi l l  w h i c h  
correspond to 0.4 to t) 7 ' ' ,  a t ta inment  of equilibrium. (; is the concentration of [ ' l ) I ' - ( ; lc  at  tile 
time of assay, ( ; e ( ]  is the concentration of L!l)P-(;lc at equilibrium, A and Ae(  l a r e  the corres- 
ponding values of the specitic activities of l ' l) l ' -( ; lcl . 'A. The (luantit.v of 1;I)1'4;Ic!7A 1)ro(luc(,d 
in the individual experiments ranged froth 3 "4 nmolcs. 

FiR. e. Kinetic isotope cttcct for .g. f*agdis epinlerasc. Two reaction mixtures were rUll. Ollt! 
yichling points in the .!.7 2S ",, of equilibrium range, the other those in the 48-9 T ",, of equilibrium 
range. Both reactions were o.36 mM in I'l)P-L4-alI ( ; a l  (o. ro mC/mmolc l'neasLlred ;.ts [ ;I)P-GIc[ ' . \ .  
Svml)ols and otl?.t!r c(mditions art. as described fl)r the I-. c,,li epinlerasc dctcrminati(ms in 1"i,4. I. 

(kaH/kH). E a c h  v a l u e  of  G / G e q  was  c a l c u l a t e d  f f (nn t h e  c o r r e s p o n d i n g  3 4 o - m n  al)- 

s o r b a n c e  a n d  t h e  3 4 o - n m  a b s o r b a n c e  c h a r a c t e r i s t i c  of  t h e  r e a c t i o n  a t  equ i l ib r i t ,  m. 

S imi l a r ly ,  e ach  v a l u e  of  A / A e q  was  c a l c u l a t e d  f rom t h e  c o r r e s p o n d i n g  speci t ic  r ad io -  

a c t i v i t y  of  U D P - ( H c U A  a n d  t he  specif ic  r a d i o a c t i v i t y  of  I_ ;DP-GleUA c h a r a c t e r i s t i c  

of  t he  r e a c t i o n  a t  e q u i l i b r i u m .  

I t  was  f lmnd  t h a t  o t i m e  r e a c t i o n  m i x t u r e s  c o n t a i n e d  no  d e t e c t a b l e  U I ) P - ( i l c ,  

b u t  d id  h a v e  a sma l l  a m o u n t  of  r a d i o a c t i v i t y  c h r o m a t o g r a p h i n g  in t he  [ ; l ) l ) - ( i l c l . ' : \  

a rea .  Th i s  was  d e t e r m i n e d  to be  d i r e c t l y  p r o p o r t i o n a l  to  t h e  t o t a l  r a d i o a c t i v i t y  spo t -  

t ed  on  t h e  c h r ¢ , m a t o g r a m  (4.o --- o.8 (S.E.) 0,,) a n d  a c o r r e c t i o n  was  m a d e  l;)r each  

e x p e r i m e n t a l  p o i n t .  H o w e v e r ,  t h i s  c o r r e c t i o n  was  s ign i f i can t  for (rely t h e  ea r l i e r  

p o i n t s  in t h e  r e a c t i o n .  A v e r a g i n g  t h e  in ( t i v idua l  d e t e r m i n a t i o n s  in Fig. t a n d  2, t he  

k i n e t i c  i so tope  effect  (leaH/ku) was  f o u n d  to  I)e o.54 '- o.o8 fi)r t he  5.  fraA, ilis e p i m e r a s e  

a n d  o.5o -:- o.1 (q50o con f idence  i n t e r v a l s  6) for t h e  E. coli e n z y m e .  T h e  k i n e t i c  i so tope  

effect  d e t e r m i n e d  us ing  m e t h o d  B on t h e  E. coli e p i m e r a s e  i n d i c a t e d  a v a l u e  b e t w e e n  

o. 3 a n d  o.() b u t  m u c h  m o r e  s c a t t e r i n g  of  t he  e x p e r i m e n t a l  p o i n t s  was  ()bserve(t .  

I t  is t he  ol ) in ion of  t he  a u t h o r s  t h a t  t h e  v a l u e  p r e v i o u s l y  re l )or te( t  ~ for t he  

k ine t i c  i so tope  effect  a s s o c i a t e d  w i t h  t i le  N. fragilis e n z v n l e  is in e r ror .  M e t h o d  . \ ,  

wh ich  was  used  to  o b t a i n  t h e  new va lues ,  wou ld  be  e x p e c t e d  to v M d  more  prec ise  

d a t a  t h a n  M e t h o d  B, w h i c h  was  used  to  o b t a i n  t h e  p r e v i o u s l y  r e p o r t e d  va lue .  E a c h  

po in t  in Figs.  z a n d  2 is e s t a b l i s h e d  b y  a d e t e r m i n a t i o n  of  aH r a d i o a c t i v i t y  a n d  a 

c h e m i c a l  d e t e r m i n a t i o n  of  U I ) P - G l c  c o n c e n t r a t i o n  in t h e  s a m e  s amp le .  M e t h u d  I~ 
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involves a s imul taneous  count of both  SH and ~4C in the same sample  and these d a t a  
are man ipu la t ed  in succh a way in achieving the plot  t ha t  the original error is 
mult ipl ied.  Indeed Method B, in our hands,  gives a mucl, greater  sca t te r  of points  
than  ) I e thod  A, a l though the isotope effect ob ta ined  by  these da ta  is in the same region 
as tha t  given by Method A. We haw'  found tha t  very low count rates ,  such as those 
repor ted  in the previous work, somet imes  give anomalous  results  when Method B is 
used. It is our feeling, then,  tha t  the large error in the original value repor ted  was due 
to errors resul t ing from the use of low count rates  coupled with the fact tha t  Method 
B resulted in the mul t ip l ica t ion  of these errors. 

The value of ap t ) roximate ly  o. 5 ()f the t r i t ium isotope effect of both the E. coli 
and S..[ragilis epimerase  react ions is consistent  with its being a p r imary  isotope 
effect: where the hydrogen a tom at the 4 t )°si t i°n of the hexose par t i c ipa tes  d i rec t ly  
in the react ion n~echanism. This, in turn,  is in accord with a mechanism involving 
removal  of the 4-hydrogen with formation o f a  carbonvl  at the 4 posit ion of the hexose 
followed by reduct ion of the carbonvl  to form ei ther  of the two possible hexose.s '~. An 
isotope effect of s imilar  magni tude  and direct ion has been observed in at  least one. 
NAD- l inked  dehydrogenase  react ion ~. 
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