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S H O R T  C O M M U N I C A T I O N S  

BIOCHIMICA ET BIOPHYSICA ACTA 

BBA 63311 

Uridine diphosphate-D-glucose dehydrogenase of hen oviduct 

UDPglucose  and UDPglucurona te ,  as well as m a n y  other  nucleotldes,  have  
been isola ted from hen oviduct  z In addi t ion,  the  tissue contains  enzymes which 
deca rboxy la t e  UDPglueurona te  2 and use the  UDPxylose  formed as donor of the  
o -xy losy l  moie ty  for synthesis  of g lycoprote lns  ~_ 

NEUFELD AND HALL 4 have suggested tha t  in tissues which conta in  glycosldz- 
ca l ly-bound D-xylose, UDPxylose  functions as an allosterlc feedback inhib i tor  of i ts 
own synthesis  b y  exer t ing  its act ion on UDPglucose  dehydrogenase  (UDPglucose:  
NAD oxldoreductase ,  EC I I 1.22) The l a t t e r  enzyme media tes  the  format ion  of 
UDPglucurona te ,  the  immedia te  precursor  of UDPxylose_ In  this paper  the  pa r t i a l  
purif icat ion of UDPglucose  dehydrogenase  of hen oviduct  and some studies of its 
inhibi t ion b y  UDPxylose  are described.  

Pro te in  was es t ima ted  by  the me thod  of LOWRY et al  5 UDPglucose  dehydroge-  
nase was assayed essent ial ly  as descr ibed b y  STROMINGER et al  8 React ion  mix tures  
contained,  in addi t ion  to the  enzyme 1-25/ ,mole  UDPglucose  and 2 5 #moles  NAD 
in I ml  of o I M glyclne buffer (pH 9 o) Absorbance  at  34 ° m#  was de te rmined  with  
the  Gilford Model 2ooo mul t i - sample  spec t ropho tomete r  The Model 215 Au toma t i c  
B lank  Compensator  was used to correct  readings for endogenous ac t iv i ty  in the  
absence of UDPglucose.  A uni t  of ac t iv i ty  is defined as the  amount  of enzyme required 
to give an increase in absorbance  of o_ooi per  rain in a cell wi th  a z-cm hght  pa th  
under  the above condit ions at  3 o°_ 

Young laying hens were kil led b y  decapi ta t ion ,  and  the complete  oviduct  was 
removed and used for enzyme purif ication.  All subsequent  operat ions  were performed 
at  o-4  ° 8o g of t issue was homogenized in 22o ml of o 15 M KC1 in a War lng  b lender  for 
I rain Af ter  removal  of large par t ic les  b y  centr i fugat lon at  12 ooo × g for 2o min, the  
tu rb id  supe rna tan t  l iquid was clarified b y  centr l fugat ion at  8o ooo × g for 45 rain 
The clear supe rna tan t  fluid (crude extract )  was b rought  to 4o% sa tn  wi th  solid 
(NH4)2SO 4, the  prec ip i ta te  was discarded,  and the supe rna tan t  fluid was brought  to 
58% satn.  wi th  more solid (NH4)2S Q The p rec ip i t a ted  pro te in  was taken  up in 
sufficient o_o2 M sodium phospha te  buffer (pH 7 o) (buffer), to yield 2o ml of solut ion 
((NH4)2SO 4 fraction) 2o ml of the  l a t t e r  were appl ied  to an 8oo-ml Sephadex  G-Ioo 
column (3-5 cm diameter)  (equi l ibrated with  buffer) which was eluted with  buffer_ 
UDPglucose  dehydrogenase  emerged from the column immedia t e ly  af ter  I void  vol 
of effluent (G-loo eluate),  indica t ing  t ha t  i ts molecular  weight  exceeds IOO ooo G-zoo 
eluate  (iIO ml) was concent ra ted  b y  addi t ion  of sohd (NH4)2S04 to 65% s a t n ,  and  
the resu l tan t  p rec ip i ta te  was dissolved in a volume of buffer sufficient to yield 6 ml 
of solut ion 3 ml of this  solution were appl ied  to a 2oo-ni1 column (2 5 cm diameter)  
of Sephadex  G-2oo equi l ibra ted  with buffer (4 mM an E D T A ) ,  the  column was e lu ted  
with the same buffer Act ive  fract ions were pooled (G-2oo eluate) Chroma tog raphy  
of the  l a t t e r  on CM-Sephadex yie lded a p repara t ion  with  2o-fold greater  specific 
ac t iv i ty ;  however,  since this procedure  gave var iable  yields of h ighly  uns table  enzyme, 
i t  was not  used rout ine ly  Table  I summarizes  the  purif icat ion procedure  Conc. G- ioo  
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Fractzon Vol Total Specific Recovery 
(ml) units act~wtv (%) 

(unzts[mg 
prote*n ) 

C r u d e  e x t r a c t  300  13 5oo  o 85 IOO 
( N H 4 ) 2 S O  4 f r a c t i o n  3 ° i i  500  2 o 85 
G - i o o  e l u a t e  12o 8 ooo  3 ° o 59 
G - 2 o o  e l u a t e  7 ° 6 o o o  45 o 44 

90 

eluate  was used for kinet ic  s tudms af ter  dialysis  agains t  o o2 M phospha te  buffer 
(pH 7.0) for 4 h. This fract ion was s table  for at  least  6 months  at  - - IO  ° 

F o r m a t i o n  of UDPglucu rona t e  from UDPglucose  was shown as follows. IO #1 
of conc G-Ioo  e luate  was incuba ted  with  0 .2 / ,mole  of N A D  and o 2/~mole of U D P -  
glucose in 20/~1 of glycine buffer (pH 9 o) a t  3 °0 for 30 rain,  the  react ion was s topped  
b y  boihng UDPglucurona te  was identif ied as one of the  react ion products  b y  co- 
c h r o m a t o g r a p h y  wi th  au then t ic  E14C]UDPglucuronate in 95% e t h a n o l - I  M ammo-  
m u m  aceta te  (pH 7 o) (7 3, v/v) 7 

The oviduct  dehydrogenase  has an o p t i m u m  ac t iv i ty  at  about  p H  9 o The 
effect of UDPglucose  and NAD concentra t ions  on the react ion ra te  was s tud ied  under  
the  condi t ions of assay with  appropr i a t e  concentra t ions  of each subs t ra te  The appa ren t  
K m  values  de t e rmmed  from these d a t a  b y  the  me thod  of LINEWEAVER AND BURK s 
are 4 o lO -5 M for UDPglucose  and 9 o lO -5 M for NAD 

A s tudy  of the  effect of UDPxy lose  on the react ion ra te  ]s p resented  In F ig  I 
I t  can be seen t ha t  UDPxy lose  is a s t rong Inhibi tor  of the  hen ovlduct  dehydrogenase  
At  low concentra t ions  of UDPxylose ,  Inhibi t ion appears  to be s t r ic t ly  compet i t ive  

(280, 4) 
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F i g  I_ D e p e n d e n c e  o f  r e a c t i o n  r a t e  o n  U D P g l u c o s e  c o n c e n t r a t i o n  a t  d i f f e r e n t  c o n c e n t r a t i o n s  o f  
U D P x y l o s e  T h e  c o n d l t l o n s  o f  a s s a y  a r e  t h o s e  d e s c r i b e d  in  t h e  t e x t  e x c e p t  t h a t  t h e  c o n c e n t r a t i o n  
o f  U D P g l u c o s e  w a s  v a n e d  U D P x y l o s e  c o n c e n t r a t i o n s  A - - / X ,  n o  U D P x y l o s e  a d d e d ,  C ) - - © ,  
o o 5 m M ,  D - - K ~ ,  o i r a M ,  ~ - - ~ ,  o 15 m M ,  V - - V ,  o 3 m M  
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with UDPglucose (K, - -  I 4 lO-5 M) However, at high lnhlbi tor  concentrat ions the 
plot shows an upward  inflection with dlmlmshing UDPglucose concentrat ions,  similar 
curves have been reported for other UDPglucose dehydrogenases4, 9 By plot t ing the 
logarithm of v/(Vmax -- v) versus the logarithm of [UDPxylose concentrat ion (for 
discussion see ref IO) at different concentrat ions of UDPglucose, parallel lines were 
obtained which yielded an average apparent  n u m b e r  of inhibi tory  sites of I 25 While 
this value is lower than  tha t  obtained for the UDPglucose dehydrogenase of hver, 
pea seedhngs 4, or Cryptococcus laurent** 9, it is significantly greater than  I o, indicat ing 
that  UDPxylose exerts a cooperative inhibi tory effect here also These data  suggest 
tha t  the UDPglucose dehydrogenase of hen oviduct, hke the other dehydrogenases 
mentioned,  is allosterically inhibi ted by  UDPxylose This is consistent with the 
previous findings concerning the role tha t  this sugar nucleotlde plays in controll ing 
its own intracellular concentrat ion 

I t  is of interest  tha t  UDPxylose is a non-cooperative competit ive inhlbi tor  
(average number  of mhIbl tory  sites equals I.O) of UDPglucose dehydrogenase of 
A erobacter aerogenes, an organism which lacks D-xylose and presumably does not  form 
UDPxylose  (A BDOLAH AND D_ S_ FEINGOLD, unpubl ished data) 
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