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Solubi l i za t lon  and act ivat ion of l iver  U D P  glucuron) .cransferase b F E D T A *  

I.ivcr homogenates  are capable of  t ransferr ing the  g[ucuronyl moiety  from UDP- 
glucuronic acid to a series of compounds  having phenolic, carboxylic or amino 
groups. The enzyme which catalyzes this t ransfer  reaction, ODP-glucuronyl t rans-  
ferase (UDP-glucuronate  gt-ucuronyltransferase, EC 2.4.x.x7), has been localized in 
the microsomal fraction by ISSELBACHER t. He obta ined the enzyme in solution by  
.~onication, but  it  proved to be very unstable.  I t  was later  reported tha t  a soluble 
and  stable preparat ion of  the enzyme could be obtained by treat ing the liver micro- 
soma] fraction with o.ox M E D T A  at  pH 9.o (see t e l  2). A "soluble"  preparat ion 
has also been described by POGELL AND LELoIR s. This preparation,  obta ined by 
t r ea tment  of  liver microsomes with digitonin, was ac t iva ted  by albumin.  ISSEL- 
BACHER has recently reported tha t  snake venom from Tritaes,frusflavoridis solubilizes 
and act ivates  UDP-glucuronyl t ransferase  from rabbi t  liver. The act ivat ion was 
a t t r ibuted  in part to inhibition or removal  of glucuronidase ac t iv i ty  ~. 

The present report is concerned with studies on the properties of UDP-glucu- 
ronyl t ransferam act iv i ty  obtained by the use of  EDTA.  The acceptor  m~ed for the 
transfer reaction was phenolphtb.alein ~. Protein de terminat ions  were done with the  
Folin-Ciocmlteu reage,it s. I t  has been found tha t  t r ea tmen t  with EDTA resuIts in 

T A B L E  I 

PURIFICATION OF UI)~'J-C~LUCURONY'LTRANSFI~RASE 

T h e  r eac t ion  m i x t u r e  (o.o5 roll c o n t a i n e d  o.3 M Tris  bu f f e r  {pH 8.o). 1.5 m g  b o v i n e  s e r u m  a lbu -  
min ,  o,o4 M MgCI~. 3 m M  m e r c a p t o c t h a n o l ,  a n d  t m M  pheno lph thaLe in .  E n z y m e  a n d  w a t e r  
were  a d d e d  to  a f inal  v~flu~c of  o.x ml. T h e  r e a c t i o n  wag ~ t a r t e d  b y  t h e  ~tddit ion o f  o . t  F m o l e  
of  U D P - g l u c u r o n i c  acid  (0÷o05 m]). A b ~ k  t u b e  w i t h  n o  L ' D P - g l u c u r o n J c  ac id  w a s  r u n  ~ m u l -  
t aneo , t s ly .  Iucubat iovm were  d o n e  a t  37 ~ for  5 - I o  rain. T h e  r e a c t i o n  was  s t o p p e d  b y  t h e  a d d i t i o n  
of  3.0 ml  of  o. 4 M glycir .c bu f f e r  ( p H  !o.5).  T h e  a b ~ o r b a n c y  a t  555 m p  of  t h e  b l a n k  w ~  rn~ tchvd  
-~gai,mt t h e  ~ b s o r b a n c y  of  t h e  t u b e  w i t h  U l ) P - g l v c u r o n i c  ac id .  T h e  d ec r ea s e  in  a b s o r b a n c y  ( t c m  
l igh t  pa th )  <~f t he  l a t t e r  wa~ t a k e n  a~ U D P - g i u c u r o n y l t r a ~ s f e r a s e  a c t i v i t y .  One  un i t  r epse~on t s  
a decrP~.~e in a b s o r b a n c y  o f  t .o  i n  t o  rain.  A t  555 ml+ a n d  p H  +o. 5. p h e n o l p h t h a l e i n  h a s  an  

ex t~uc t ion  coeff ic ient  c ¢ x 2.6 cmS/gmolc .  

To~J Tot~ S ~t~f~ 
~'liv~y Rt~t~tty 

(~ j j  ~il~ (mlJ prote~) 

I ]Aver  h o r n o g e n a t e  480 4416 x3 6z£ 0.32 
I] A m m o n i u m  .~ulhttc, o--¢2°/o fr~tctitm 3z~ 4417 5 49z o .8 t  t o o  

J If  .Micro~rrml f r~c t ion  t r e a t e d  w i t h  
E D T A  £9o 4454 3 344 ] .34 zoo 

IV ~$oluble e n z y m e  5 7 ;  ~o93 a ~84 0.94 47 
V A t n m o n i u m  s u | f ~ t c ,  "~t~-45 ~o f r a c t i o n  350 1 5 8 0  840 1 . 8 8  3(~ 

" A p r e l i m i n a r y  r e p o r t  waJs s u b m i t t e d  to  t h e  m e e t i n g  o f  t h o  So c i e t y  for  P e d i a t r i c  R e s e a r c h  
a t  A t l a n t i c  Ci ty ,  N e w  Je r s ey ,  M a y  x962. 
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xo- to  2o-fn!d acti'÷.ation o f  transfera_~e act;_,."_,ty b,.tt t h a t  th;_s xL~.iv~t;-on is [ a r g d y  
u n d e t e c t a b l e  unless  a l b u m i n  a n d  Mg I ~ are inc luded  in the  as~,ay mix tu re .  

A r a b b i t  l iver was  h o m o g e n i z e d  in 4 p a r t s  o f  o . t  5 M NaC1 a n d  cen t r i fuged  a t  
5ooo × g X x 5 rain. The  s u p e r n a t a n t  was  b r o u g h t  to  4 z %  (N He) a S O , s a t u r a t i o n  wi th  am-  
m o n i u m  su l fa te  a n d  the  p rec ip i t a t e  s u s p e n d e d  in o.x M NaCl. This  suspens ion  wa~ cen- 
t r i fuged  a t  8o ooo x g for 4 ° rain. Af te r  .~nother wa_sh wi th  o.x M NaC1, the  mic rosoma l  
pel le ts  were  s u s p e n d e d  in o.or  M E D T A - o . r  5 mM m e r c a p t o e t h a n o l  (pH 9.o) a n d  
d i a l y r ~  o v e r n i g h t  aga in s t  3.o l o f  the  .~ame buffer.  The  d i a lyzed  solut ion was  ad-  
j u s t M  to  F H  ~.o ~nd o,~t tr i fuged a t  8o o~x~ × g for i h. T h e  p rec ip i t a t e  was  washed  
wi th  the  E D T A  buffer  4 to  6 times. The  s u p e r n a t a n t s  were c o m b i n e d  a n d  af te r  
m a k i n g  t h e m  x m M  wi th  MgC.I~ t h e y  were f n t c t i o n a t e d  wi th  a m m o n i u m  sulfate .  
The  p rec ip i t a t e  o b t a i n e d  b e t w e e n  2o a n d  45 O,/o s a t u r a t i o n  wa.~ col lec ted  and  dialyzed. 
a ga in s t  o.o5 M Tris.  x mM E D T A .  x mM MgClz {pH 5.o). 

A flow sheet  o f  th is  p r o c e d u r e  is s h o w n ' i n  "Fable l. Samples  f rom the  first two  
s teps  were  d i a l y z e d  aga ins t  t he  EDTA-- -merc ,q ; toe thano t  buffer  in o rder  to ob t a in  
c o m p a r a b l e  a c t i v a t i o q  in a!l frac;.ions before  assay.  The  or iginal  h o m a g e ! a t e  had  
336 u n i t s  before  dial~sis,  so t h a t  t he  a c t i v a t i o n  p n ~ t u c e d  by E D T A  in thi~ c~se 
a m o u n t s  to  I3-fold.  

The  a c t i v a t i o n  a c c o m p a n y i n g  dia lysis  aga ins t  E D T A  is no t  fully d e m o n s t r a t e d  
unless a l b u m i n  and  MgCI~ are a d d e d  to  the  assay  m i x t u r e  ('Fable l I). Ne i t he r  o f  these  

"FA BLI~ It  

A C T I V A T I O N  OF [ J I ) P  GLt . ICL'PO.~CYL'~RANSI~ERASE B'~" AI.I~I~MIN A.'¢O ~'~|2 
AI"~-P.R TH~.~Ar:%|I-,NT WIT TM. EOTJIL 

The ~ , ~ y  ntix'~rc (0.0.5 taft) co~xta.irtcd, before additions indicated in the table, o.15 tamole Tris 
buffer (pHS.o~. tSo top, moles mereapt0ethanol, and 3ornt~moks phenolphtbalein. The final 

volume was o.I mL -[he protein concentration in both fractions was 4.9 mg]ml. 

! I None t.o8 
IMicro~omal frltction MgCI t (~t ~molcs) 0.86 0.70 

before EDTA treatment) albumin (z.5 rng) o.Sz o.76 
Mg~CI= (2/,moles) and albumin 

MgC1 a (2 pmoles), albumin {I-5 ms) 
anti F, DTA (o. 5 pmoles) 0.74 o.(~ 

II1 None t.65 t.53 
(Microsornal fraction MgCI t (,~/tmolesl !-75 t.62 

affter EDTA treatment) albumin (t.5 mgl 7 So 0.04 
MgCl= (~/~moles) and albumin 

It.5 rag) 9-50 8.79 

t w o  a g e n t s  p r o d u c e  an  increa-~e o f  the  e n z y m e  ac t iv i t>  in ho rnogena t e s  t h a t  h a v e  
no t  been  t r e a t e d  wi th  E D T A  (Frac t ion  II). A c t i v a t i o n  wi th  b o t h  agen t s  wa~s larger  
t h a n  wide e i ther  adon~. A c t i v a t i o n  wi th  a l b u m i n  wa.s g rea te r  a n d  m o r e  xeproducib le  
t h a n  t h a t  o b t a i n e d  wi th  MgCL 2 alone. The  opt . ;mum c o n c e n t r a t i o n  o f  a l b u m i n  re- 
quired t o  o b t a i n  t h e  increase  in enz~mae a c t i v i t y  was  r. 3 m g / m i ;  h igher  c o n c e n t r a -  

t i ons  in lnb i t ed  the  reac t iun .  
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T h e  a d d i t i o n  o f  E D T A  t o  t h e  r eac t i on  m i x t u r e  d id  no~ sul~s t i tu te  for  d i a ly s i s ;  
i t  is c lear  t h a t  the  effect  o f  E D T A  is no t  i m m e d i a t e  (Tab l e  I I ) .  A c t i v a t i o n  s i m i l a r  t o  
t h a t  o b t a i n e d  w i t h  E D T A  w a s  a c h i e v e d  b y  d i a lys i s  a g a i n s t  o.o5 M g lyc ine  bu f f e r  
( p H  9.o),  b u t  t h e  e n z y m e  d id  no t  b e c o m e  soluble .  

T h e  a c t i v a t i o n  o f  g luc t t ron ide  c o n j u g a s e  c a n  no t  be  a t t r i b u t e d  to  i n h i b i t i o n  o f  
c o n t a m i n a t i n g  g l u c u r o n i d a s e  wh ich  c o u l d  no t  b e  d e t e c t e d  in the  u n d i a l y z e d  p re -  
p a r a t i o n s  u n d e r  t h e  c o n d i t i o n s  u s e d  for  t h e  a s s ay ,  

I t  w a s  f o u n d  t h a t  t h e  e n z y m e  a c t i v i t y  cou ld  no t  b e  t e s t e d  in t h e  p re sence  o f  
SOt  ~- ion. A SO4 a- c o n c e n t r a t i o n  o f  o.x M i n h i b i t e d  a b o u t  4 3 % -  T h e  a d d i t i o n  o f  
MgCI 2 wa_s n e c e s s a r y  d u r i n g  a m m o n i u m  s u l f a t e  f r a c t i o n a t i o n .  I t  w a s  f o u n d  t h a t  t h e  
p r e c i p i t a t e  o b t a i n e d  in t h e  a b s e n c e  of  MgCl t t e n d e d  t o  p a c k  p o o r l y ,  w a s  b r o w n  in 
co lor  a n d  qu i t e  i n so lub le ;  Mg t+ h a d  a lso  t o  b e  p r e s e n t  in the  bu f f e r  e m p l o y e d  to  
d i s so lve  t h e  p r e c i p i t a t e  o b t a i n e d  w i t h  a m m o n i u m  su l f a t e .  MnC1 t a c t i v a t e d  t h e  
r eac t i on ,  t h e  i nc r e a s e  in r a t e  be ing  75°j/o o f  t h a t  p r o d u c e d  b y  MgCI t 

T h e  o p t i m u m  p H  fo r  s t a b i l i t y  wag  f o u n d  t o  be  a b o u t  7.9- A f t e r  2i  d a y s  a t  2 ° 
a t  p H  8.o, 6o~g o f  t h e  a c t i v i t y  w a s  r e c o v e r e d ,  a n d  in a s a m p l e  s t o r e d  in t h e  f reezer  
[ - - x 5  ¢) for  x y e a r  5 o %  w a s  r e c o v e r e d .  T h e s e  s t ud i e s  w e r e  c a r r i e d  o u t  w i t h  s a m p l e s  
f r o m  F r a c t i o n  V. 

A t t e m p t s  to  p u r i f y  t h e  e n z y m e  f u r t h e r  w e r e  h a m p e r e d  b e c a u s e  m a n i p u l a t i o n  
by  t h e  usua l  p r o c e d u r e s  r e n d e r e d  i t  e x t r e m e l y  u n s t a b l e .  A ser ies  o f  c o m p o u n d s  
were  t e s t e d  for  thc~ir a b i l i t y  to  p r o t e c t  F r a c t i o n  V a g a i n s t  d e n a t u r a t i o n  a t  37 ° for  
z h ant i  at 45 ~ for o.5 h. P r o t e c t i o n  w a s  a f f o r d e d  b y  z m M  g l u t a t h i o n e ,  c,,5 m M  
m e r c a p t o e t h a n o l  a n d  5 m M  D-g lucosamine .  T h e  p r o t e c t i o n  w a s  3o, 50 aahd xoo$/o, 
r e s p e c t i v e l y ,  the  las t  v a l u e  be ing  t h e  a c t i v i t y  o f  t h e  s a m p l e  be fo re  i n c u b a t i o n .  T h e  
p r o t e c t i o n  b y  ~ l u c o s a m i n e  was  i n v e s t i g a t e d  in t h e  r a n g e  o . 5 - 5 o  raM. M a x i m u m  
p r o t e c t i n n  waq o b t a i n e d  a t  5 raM. Gluco.gamine  a d d e d  to  t h e  a s s a y  m i x t u r e  in t h i s  
r a n g e  o f  c o n c e n t r a t i o n  h a d  no  effect  on  t h e  r a t e  o f  t h e  r eac t i on .  

T h e  r a t e  7:ersus sub.~trate  c o n c e n t r a t i o n  w a s  m e a s u r e d  w i t h  d i f f e ren t  c o n c e n -  
t r a t i o n s  o f  U D P - g l u c u r o n i c  ac id .  T h e  Kin, a s  z ,b ta ined b y  t h e  d o u b l e - r e c i p r o c a l -  
plt)t m e t h , | d  of  L i n e w e a v e r - B u r k  w a s  o .x4  raM. 

Thi.~ w o r k  w a s  s u p p o r t e d  b y  x g r a n t  f r o m  t im  Assoc i a t i on  for  t h e  Aid  ot Crippled 
Children.  
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