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Summary 

UDPglucuronosyltransferase was solubilized by treating Wistar rat liver 
microsomes with deoxycholate. Chromatography of this preparation on Bio- 
Gel P-30 resulted in extraction of 92% of phospholipids and complete loss of 
enzyme activity. UDPglucuronosyltransferase was reactivated by dialysing this 
delipidated preparation in the presence of lecithin, a mixture of liver microso- 
mal lipids or microsomal preparations from livers of UDPglucuronosyltrans- 
ferase-deficient Gunn rats. 

Virtually complete enzyme reactivation was obtained with regard to glu- 
curonidation and glucosidation of bilirubin; however, the inactivation of UDP- 
glucuronosyltransferase with p-nitrophenol as substrate was irreversible. 

These findings demonstrate that UDPglucuronosyltransferase with biliru- 
bin as substrate is a lipid-requiring enzyme. 

Introduction 

UDPglucuronosyltransferase (UDPglucuronate ~-glucuronosyltransferase 
(acceptor unspecific EC 2.4.1.17) catalyzes glucuronosyl conjugation of several 
small-molecular compounds including hormones, products of endogenous 
metabolism, drugs and toxic compounds [1]. Many investigators have tried to 
determine whether glucuronidation of these compounds is mediated by a single 
enzyme or whether different UDPglucuronosyltransferases exist [2--6]. At- 
tempts to separate and purify different UDPglucuronosyltransferases have been 
unsuccessful [7--9]. 

Gel filtration and ion-exchange chromatography in the presence of deter- 
gents permit purification of several membrane-bound enzymes which are most- 
ly obtained in a delipidated form [10]. Before purification of UDPglucurono- 
syltransferase can be attempted, the influence of these procedures on enzyme 
activity must be investigated. The present study shows that delipidation corn- 
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pletely and reversibly inactivates UDPgiucuronosyltransferase. A method is 
described to restore enzyme activity to a delipidated preparation. 

Materials and Methods 

Animals 
Adult male Wistar and homozygous UDPglucuronosyltransferase-deficient 

Gunn rats, weighing 200--250 g, were used, and were fed rat breeder chow and 
water ad libitum. 

Chemicals 
Bilirubin, uridine 5'-diphosphogiucuronic acid (ammonium salt), and 

uridine 5'-diphosphoglucose were obtained from Sigma, St. Louis, Mo.; p-nitro- 
phenol was from Calbiochem, San Diego, Calif.; glycerol was from Fisher 
Scientific Company, Fair Lawn, N.J.; deoxycholic acid, sodium salt was ob- 
tained from Sigma, St. Louis, Mo.; and ethyl anthranilate was obtained from 
Eastman Kodak Company, Rochester, N.Y. For phosphorus quantitation, the 
Fiske and SubbaRow reducer from Sigma, St. Louis, Mo., was used. Trizma base, 
Sigma, St. Louis, Mo. was used for preparation of buffers. Glacial acetic acid, 
analytical grade, was from Mallinckrodt Chemical Works, St. Louis, Mo. All 
buffers were prepared with deionized distilled water. Bovine serum albumin 
was obtained from Sigma, St. Louis, Mo. Egg L-a-lecithin, chromatographically 
pure, was obtained from Grand Island Biological Company, New York, N.Y. 
Lysofree A grade, synthetic L-a-cephalin (~,7-dipalmitoyl) and purified bovine 
brain phosphatidylserine, A grade, were obtained from Calbiochem, San Diego, 
Calif. 

Bio-Gel P-30 (100--200 mesh) was obtained from Bio Rad, Richmond, 
Calif. For thin-layer chromatography, glass plates pre-coated with Silica Gel G, 
layer thickness 0.25 mm, size 20 cm X 20 cm (Analtech Inc.) distributed by 
Fisher Scientific Company, Pittsburgh, Pa. were used. 

Preparation o f  microsomes 
All procedures were performed in a cold room at 4 ° C. Wistar rats and 

homozygous Gunn rats were killed by decapitation under light ether anesthesia. 
The livers were removed immediately, perfused with 50 ml ice-cold saline and 
cut into small pieces. A 15% (w/v) homogenate was prepared with a Teflon- 
glass homogenizer in 0.02 M Tris/acetate buffer, pH 8.1, containing 0.25 M 
sucrose and 0.2 mM disodium EDTA. The homogenate was centrifuged at 650 
X g for 15 min in swinging buckets (IEC PR-J centrifuge). The supernatant was 
centrifuged twice at 9000 X g for 15 min (rotor, SS-34; Servall, superspeed, 
automatic refrigerated centrifuge, RC-2). The fatty layer on top of the 9000 X 
g supernatant was carefully removed by suction and a microsomal fraction was 
prepared from the remaining supernatant by centrifugation at 100 000 X g for 
60 min (Beckman L2-65 B ultracentrifuge) in pre-weighed tubes. After centri- 
fugation, the supernatant was removed, the tubes were reweighed and the 
pellets were resuspended with a few strokes of the Teflon-glass homogenizer in 
4 ml 0.02 M Tris/acetate buffer, pH 8.1, containing glycerol (9 : 1, v/v), per 
gram of pellet. The suspensions were stored in a liquid nitrogen freezer 
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(--180°C). The microsomal fraction from Wistar and Gunn rat liver was stored 
up to 3 weeks. Storage did not  alter UDPglucuronosyltransferase activity with 
bilirubin or p-nitrophenol as substrates. 

Solubilization and delipidation 
Microsomal suspensions from Wistar rat liver were thawed at 4 ° C and 1 ml 

0.02 M Tris/acetate buffer,  pH 8.1, containing glycerol (9 : 1, v/v) and 15 mg 
deoxycholate  was added per 4 ml suspension. After standing for 20 min at 4 ° C, 
this suspension was centrifuged at 100 000 × g for 60 min. Centrifugation 
resulted in a clear supernatant, a loose cloudy fraction at the bo t tom of the 
tube and a small translucent pellet. Only the clear supernatant was processed 
further. Bovine serum albumin was added to the supernatant fraction 
(4 mg/ml). Two samples of 4 ml each were applied to two identical columns 
(Pharmacia K26/70,  2.6 cm X 70 cm, bed volume 370 ml) previously packed 
with Bio-Gel P-30 which was equilibrated with 0.02 M Tris/acetate, pH 8.1, 
containing glycerol (9 : 1, v/v}, 4.8 mM sodium deoxycholate ,  0.1 M NaC1 and 
0.1 mM disodium EDTA (modification of  the procedure by Rogers and Stritt- 
matter [ 11 ] ). The same buffer was used for elution. 

Enzyme reactivation 
Immediately after elution from Bio-Gel, samples with the highest protein 

concentration were combined with a mixed lipid preparation, commercial phos- 
pholipids or Gunn rat liver microsomes. The protein-lipid or the protein-micro- 
some mixtures were dialyzed against 4 1 of 0.02 M Tris/acetate, pH 7.25, con- 
taining glycerol {97.4 : 2.6, v/v) and 5 mM MgCl~. Dialysis was performed for 
6 h at 18°C and for 16 h at 4°C. 

After dialysis, the fractions were diluted (1 : 1, v/v) with 0.02 M Tris/ace- 
tate, pH 8.1, containing 0.25 M sucrose and 0.2 mM disodium EDTA. These 
solutions were centrifuged at 100 000 × g for 60 min. The resulting pellet was 
resuspended in Tris/sucrose/EDTA buffer  with a few strokes of the Teflon-glass 
homogenizer. The enzyme assay was immediately performed. 

Lipid preparations 
Lipids were extracted from microsomal preparations from Wistar rat liver 

by the method of  Folch et al. [12] .  The organic solvent was evaporated from 
the lipid extract  by a stream of nitrogen while keeping the solution at 37 ° C. 
The lipids were dispersed in 0.02 M Tris/acetate, pH 8.1, glycerol (9 : 1, v/v) by 
ultrasonication (Sonifier Cell Disruptor, Model W 140, Heat Systems and Ultra- 
donics, Inc., Plainview, N.Y.). Phospholipids from commercial preparations 
were dissolved in the same way. 

Enzyme assay 
The conjugation of  bilirubin with glucuronic acid was determined exactly 

as described previously [13] .  Incubation mixtures (volume: 1.2 ml) contained 
0.2 ml enzyme preparation and 83 pM bilirubin, 3 mM UDPglucuronate and 
3.3 mM MgC12. For determination of  bilirubin glucosidation, UDPglucuronate 
was replaced by 3 mM UDPglucose. The mixtures were incubated at 37°C in a 
shaking water bath for 20 min. Diazo reaction and measurement of  the azopig- 
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ments were performed as described by Fevery er al. [14].  Nature of the azopig- 
ments was confirmed by thin-layer chromatography [14].  

The assay for p-nitrophenol glucuronidation was according to Henderson 
and Kersten [15].  Incubation mixtures (volume: 0.6 ml) contained 0.1 ml 
enzyme preparation and 1.66 mM p-nitrophenol, 3 mM UDPglucuronate and 
3.3 mM MgC12. The mixtures were incubated for 20 min at 37 ° C. 

Other determinations 
Protein was determined according to Lowry et al. [16].  The phosphorus 

assay of Bartlett [17] was used. Multiplication of the phosphorus concentra- 
tion by the conversion factor 25 gave the phospholipid concentration. 

Phospholipid analysis was performed by thin-layer chromatography with 
chloroform/methanol/water (65 : 25 : 4, v/v/v) as solvent system. After devel- 
opment, the plates were sprayed with ninhydrin (0.25%, w/v) in 90% butanol, 
heated for 5 min at 90°C, sprayed again with 80% H2 SO4 and heated for 10 
min at 120°C prior to examination. 

Results 

As shown in Table I, total activity (activity in pellet + supernatant) with 
regard to glucuronidation of p-nitrophenol and bilirubin, increased as a result 

T A B L E  I 

A C T I V A T I O N  A N D  S O L U B I L I Z A T I O N  OF U D P G L U C U R O N O S Y L T R A N S F E R A S E  

Samples  (2 m l )  f r o m  a m i e r o s o m a i  suspens ion  f rom Wistar  ra t  l iver (0 .25  g m i c r o s o m e s / m l )  were  m i x e d  
wi th  0.5 ml  of  a d e o x y c h o l a t e  so lu t ion  of  va ry ing  concen t r a t i ons .  Samples  and  d e o x y c h o l a t e  co n t a in ed  
0 .02  M Tr i s / ace ta t e  b u f f e r  pH ,  8.1, con ta in ing  glycerol  (9 :1 ,  v /v) .  Af t e r  s tanding  for  20 ra in  at  4~C, the  
samples  were  cen t r i fuged  a t  100  000  × g for  60  min .  E n z y m e  activi t ies were  m e a s u r e d  in the  c lear  super-  
n a t a n t  and  in the  pel let .  The  pe l le t  was  r e suspended  in a final v o l u m e  of 2.5 m L  Tota l  ac t iv i ty  r ep resen t s  
ac t iv i ty  in pe l le t  + supe rna t an t .  Act iv i t ies  were  ca lcu la ted  per  ml  e n z y m e  suspension.  The  ac t iv i ty  of  the  
r e suspended  pel le t  Was called 1.00. Pe rcen tage  d e o x y c h o l a t e  re la tes  to the  a m o u n t  of  d e t e rg en t  pe r  g ram mi-  
c r o s o m a l  pel let .  

Subs t ra tes  Percen tage  D e o x y c h o -  Tota l  ac t iv i ty  Ac t iv i ty  in 

late ( w / w )  s u p e r n a t a n t  

1. Bilirubin 
+ U D P g l u c u r o n a t e  

2. Bilirubin 
+ UDPglucose  

3. p - N i t r o p h e n o l  
+ U D P g l u c u r o n a t e  

0 1 .00  0 
0.5 3 .18  0 .12  
1.0 3.36 1.51 
1.5 2.76 1.85 
2.0 1.78 1.26 

0 1.00 0 

0.5 0.78 0 

1.0 1.03 0.31 

1.5 0.37 0.20 

2.0 0.33 0.33 

0 1 .00  0 
0.5 6 .55  1.63 
1.0 9 .63  3.37 
1.5 7 .50  4 .88  
2 .0  5.66 2.81 
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Fig. 1. Separa t ion  of  m i c r o s o m a l  p ro te ins  and phospho l ip ids  fo l lowing c h r o m a t o g r a p h y  on  Bio-Gel P-30. 
Wistar r a t  l iver m i c r o s o m e s  were  t r e a t e d  wi th  d e o x y c h o l a t e  (15 m g  d e o x y c h o l a t e / g r a m  m i c r o s o m a l  pel let)  
and c h r o m a t o g r a p h y  of  the  100  000  × g s u p e r n a t a n t  was p e r f o r m e d .  The  c h r o m a t o g r a p h y  c o l u m n  
c o n t a i n e d  Bio-Gel P-30. As equi l ib ra t ion  and e lu t ion  buf fe r ,  0 .02  M Tr i s /ace ta te ,  p H  8.1, con ta in ing  
g lycerol  (9 : 1, v /v) ,  4 .8 m M  s o d i u m  d e o x y c h o l a t e ,  0.1 M NaCl an d  0.1 m M  d i s o d i u m  E D T A ,  was used.  
Before  app l i ca t ion  to the  c o l u m n ,  the sample  was m i x e d  wi th  bov ine  s e ru m a lb u min  (4 m g / m l ) .  The  
p ro t e i n  peak  was e lu ted  wi th  the  vo id  vo lume .  

of deoxychola te  treatment.  Maximal activation occurred at 10 mg deoxy- 
cholate per g microsomal pellet. No activation was found for glucosidation of  
bilirubin. For maximal solubilization, a somewhat  higher amount  of  deoxy- 
cholate, 15 mg per gram microsomal pellet, was required. Higher deoxycholate  
concentrations were inhibitory for glucuronidation of  p-nitrophenol and biliru- 
bin. Supernatant glucosidation was not  significantly different at 10, 15 an 20 
mg deoxycholate  per gram microsomal pellet. 

The data in Table I are ratios of  activity per ml enzyme suspension. Cal- 
culation of ratios as activity per mg microsomal protein, yielded similar results. 
UDPglucuronosyltransferase and glucosyltransferase activity were solubilized 
together with the bulk of  the microsomal proteins. Selective solubilization was 
not  obtained. Solubilization in this text  denotes non-sedimentability after cen- 
trifugation at 100 000 X g. The 100 000 × g supernatant probably consists of  
highly dispersed membrane fractions which are kept  in solution by deoxy- 
cholate. 

Bovine serum albumin was added to the solubilized fraction (microsomal 
protein/albumin at approx. 2 : 1, w/w) and this solution was applied to a 
Bio-Gel P-30 column. Elution with a deoxycholate-containing buffer resulted in 
separation of  the microsomal proteins and phospholipids (Fig. 1). The elution 
buffer contained 10% glycerol. At 20% glycerol, no separation was obtained. In 
the absence of  glycerol or albumin, enzyme activity was irreversibly destroyed.  
Chromatography on Bio-Gel P-30 resulted in 92% extraction of phospholipids. 
The delipidated preparation was extracted according to Folch et al. [12] .  
Analysis of  the extract  by thin-layer chromatography revealed only one clearly 
circumscribed spot  with an identical R F and color as glycerol. The 8% of 
phospholipid remaining after extraction was presumably in multiple, very faint 
spots which could not  be further identified within the sensitivity of  the chro- 
matography system. 
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T A B L E  II  

R E A C T I V A T I O N  OF B I L I R U B I N  G L U C U R O N I D A T I O N  W I T H  M I X E D  M I C R O S O M A L  L I P I D  

Del ip idated  m i c r o s o m a l  prote in  was  d ia lyzed  t o g e t h e r  w i t h  m i x e d  m i c r o s o m a l  l ipids as descr ibed  in Mat- 
erials and Methods .  A f t e r  dialysis ,  an a l iquot  w a s  r e m o v e d  for  e n z y m e  assay.  The  rema inder  wa s  d i lu ted  
1:1 and centr i fuged  at 100  000  × g fo r  6 0  min .  E n z y m e  act iv i ty  was  m e a s u r e d  in supernatant  and resus- 
p e n d e d  pel le t .  

n m o l / m g  m g  p r o t e i n / m l  Phosphol ip id  / 
p r o te in  prote in  rat io  

De l ip ida ted  pro te i n  0 3 .78  0.06 

R e a c t i v a t e d  preparat ion  
Af ter  dialysis  2.98 3.01 0 .77  
Af t er  cen tr i fuga t ion  

S u p e m a t a n t  0 1.81 0.33 
Pel let  4 .00  4 .55  1.14 

The delipidated protein was enzymatically inactive (Table II). Dialysis of 
the delipidated preparation with mixed lipid, extracted from Wistar rat micro- 
somes reactivated bilirubin glucuronidation. The reactivated preparation was 
concentrated by centrifugation at 100 000 × g (Table II). Dialysis of the delipi- 
dated preparation with microsomes from UDPglucuronosyltransferase-deficient 
Gunn rat liver also reactivated the bilirubin glucuronidation (Table III). This 
was due to reactivation of the delipidated Wistar rat preparation and not to 
activation of the Gunn rat preparation. When Gunn rat microsomes were mixed 
with the deoxycholate-containing elution buffer and dialyzed without added 
Wistar rat microsomal protein, no activity was obtained. In addition, lipids 
extracted from Gunn rat microsomes equally reactivated the delipidated pre- 
paration. Reactivation only occurred when delipidated protein and lipid pre- 
parations or Gunn rat liver microsomes were dialyzed together. Simple addition 
of lipid or Gunn rat microsomes to non-dialyzed delipidated protein or to the 
protein after dialysis did not result in reactivation. Delipidated protein, dialy- 
zed in the absence of lipid, was insoluble and precipitated in the dialysis bags. 

T A B L E  II I  

R E A C T I V A T I O N  OF B I L I R U B I N  G L U C U R O N I D A T I O N  BY M I C R O S O M A L  M E M B R A N E S  F R O M  
G U N N  R A T  L I V E R  

Del ip idated  m i c r o s o m a l  prote in  f r o m  Wistar rat l iver was  d ia lyzed  wi th  a m i c r o s o m a l  preparat ion  f r o m  Gunn 
rat  l iver and p r o c e s s e d  as descr ibed  in the  l egend  o f  Table  If.  The value  b e t w e e n  b r a c k e t s  represents  en- 
z y m e  act iv i ty  per  m g  Wistar rat prote in .  A c o r r e c t i o n  was  m a d e  for the  p r e s e n c e  o f  an e s t i m a t e d  a m o u n t  
o f  Gunn  rat l iver m i c r o s o m a l  prote in .  

n m o l / m g  m g  p r o t e i n / m l  Phosphol ip id  / 
p r o te in  prote in  rat io  

De l ip ida ted  pro t e i n  0 3 .78  0 .06  
Gunn rat m i c r o s o m e s  0 15 .40  0 .59  

R e a c t i v a t e d  preparat ion  
Af t er  dialysis  1.04 (2 .49)  8 .80  0.51 
A f t er  c e n t r i f u g a t i o n  

Supernatant  0 4 .05  0 .18  
Pel let  0.85 20 . 00  0 .44  
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Fig. 2. Bilirubin g lucu ron ida t ion  wi th  p r epa ra t i ons  r eac t iva ted  by  d i f f e ren t  a m o u n t s  of  m i x e d  lipid or  
G u n n  ra t  m i c r o s o m a l  m e m b r a n e s .  Del ip ida ted  Wistar r a t  m i c r o s o m a l  p ro t e in  was m i x e d  wi th  d i f f e ren t  
a m o u n t s  of  m i x e d  lipid or  G u n n  r a t  m i c r o s o m a l  m e m b r a n e s  and d ia lyzed.  Af te r  dialysis the p r epa ra t i ons  
were cen t r i fuged  at  100  000  X g for  1 h and b i l i rubun g lucu ron ida t ion  was m e a s u r e d  in the pellet .  

<~, r eac t iva ted  wi th  G u n n  ra t  microsomes~ • -', r eac t iva ted  wi th  mix ed  m i c r o s o m a l  lipids. 
The  o rd ina te  r ep resen t s  e n z y m e  ac t iv i ty  per  m g  Wistar r a t  p ro t e in  and  the  abscissa r ep resen t s  the phos-  
phol ipid:  Wistar ra t  p ro t e in  rat io.  The  d a t a  were  c o r r e c t e d  for  the  presence  of  G u n n  ra t  l iver m i c r o s o m a l  
pro te in .  

The optimal phospholipid/delipidated protein ratio was determined by 
adding varying amounts of mixed lipid or Gunn rat microsomes to a constant 
amount of delipidated protein (Fig. 2). The optimal ratio was approx. 1 when 
mixed lipids were used for reactivation, and approx. 2 when Gunn rat liver 
microsomes were used. 

Commercial preparations of lecithin, phosphatidylserine and phosphati- 
dylethanolamine were tested as reactivators of the delipidated preparation 
(Table IV). No reactivation was found with phosphatidylethanolamine. 
Lecithin was the most potent reactivating phospholipid preparation. Activity 
was found with phosphatidylserine. A lecithin/protein ratio of about 1 ap- 
peared to be optimal for both glucuronidation and glucosidation of bilirubin 
(Fig. 3). 

T A B L E  IV 

R E A C T I V A T I O N  OF B I L I R U B I N  G L U C U R O N I D A T I O N  BY D I F F E R E N T  P H O S P H O L I P I D  P R E P A R A -  

T IONS 

Del ip ida ted  m i c r o s o m a l  p r o t e i n  was d ia lyzed  wi th  d i f f e r en t  phospho l ip id  p repa ra t ions .  Bil irubin g lucuron-  
ida t ion  was assayed i m m e d i a t e l y  a f te r  dialysis. 

n m o l / m g  Phospho l ip id /p ro t e in  
p ro t e in  ra t io  

Mixed lipid 6 .15  1.29 

Lec i th in  6 .24  2.97 

Phospha t idy l se r ine  1.29 2.34 

Phospha t i dy l e t hano -  
lamine  0 2.95 
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Fig. 3. G l u c u r o n i d a t i o n  and  g lucos ida t ion  of  b i l i rubin  by  p repa ra t i ons  r eac t iva ted  wi th  d i f f e r en t  a m o u n t s  
of  leci thin.  Del ip ida ted  m i c r o s • r e a l  p ro t e in  was mixe d  wi th  d i f f e r en t  a m o u n t s  of  leci th in  and dia lyzed.  
Af t e r  dialysis, the  p r epa ra t i ons  were  cen t r i fuged  at  100 000  × g for  1 h. G l u c u r o n i d a t i o n  and glucosida- 
t ion  of  b i l i rubin  were  m e a s u r e d  in the r e suspended  pellet .  • • ,  b i l i rubin g lucu ron ida t ion ;  © o, 

bi l i rubin g lucos ida t ion .  

Fig. 4. Bil irubin g l ucu ron ida t i on  as f u n c t i o n  of  i n c u b a t i o n  t ime.  Del ip ida ted  p r o t e i n  was m i x e d  wi th  
leci th in  in the o p t i m a l  l ec i t h in /p ro t e in  rat io.  Af t e r  dialysis and cen t r i fuga t ion  (100  0 0 0  X g, for  1 h) ,  
b i l i rubin  g lucu ron ida t ion  was m e a s u r e d  in the  r e suspended  pellet .  

Marked differences were found when enzyme activity in the reactivated 
preparations was measured with different substrates. The preparation was com- 
pletely inactive with p-nitrophenol as substrate for glucuronidation (Table V). 
Relatively high activity was found for glucosyl conjugation of bilirubin. The 
activity of  the lecithin-reactivated preparation amounted to 181% as compared 
with bilirubin glucosidation activity in normal microsomes. Reactivation with 

T A B L E  V 

C O N J U G A T I O N  OF B I L I R U B I N  A N D  p - N I T R O P H E N O L  WITH N O R M A L  M I C R O S O M E S  A N D  REAC-  
T I V A T E D  P R E P A R A T I O N S  

G l u c u r o n i d a t i o n  of  b i l i rubin  and  p - n i t r o p h e n o l  a nd  g lucos ida t ion  of  b i l i rubin  were  d e t e r m i n e d  in n o r m a l  
m i e r o s o m e s  and  in r eac t iva ted  p r e p a r a t i o n s  

Bil irubin Bflirubin p - N i t r o p h e n o l  Phospho l ip id  / 
+UDPglucuro-  +UDPglucose  +UDPglucuro-  p ro t e in  ra t io  
na te  na te  

Mic rosomes  12 . 00  

Del ip idized p ro t e i n  0 

Reac t i va t ed  wi th  m i x e d  lipid 4.71 
Pe rcen tage  r eac t iva t ion  39 

Reac t i va t ed  wi th  lec i th in  10 .79  
Percen tage  r eac t i va t i on  90  

1.63 474  0 .78  

0 0 0 .06  

1.27 0 1.19 
78 

2 . 4 3  0 1 . 0 2  
1 8 1  
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T A B L E  VI  

S T A B I L I T Y  OF  T H E  D E L I P I D A T E D  P R E P A R A T I O N  B E F O R E  A N D  A F T E R  R E A C T I V A T I O N  

A f r ac t i on  o f  the  de l i p ida t ed  p r e p a r a t i o n  was  i n c u b a t e d  i m m e d i a t e l y  a f t e r  e lu t ion  f r o m  Bin-Gel  at  37 ° C. 
Af te r  i n c u b a t i o n  fo r  24 and  48 rain,  s amples  of  this  f r a c t i o n  were  m i x e d  wi th  l ec i th in  and  d ia lyzed .  
A n o t h e r  f r a c t i o n  o f  the  de l i p ida t ed  p r e p a r a t i o n  was f i rs t  m i x e d  wi th  lec i th in ,  r e a c t i v a t e d  by  dia lys is  and  
t h e n  i n c u b a t e d  at  37°C.  

I n c u b a t i o n  at  - - L e c i t h i n  + L e c i t h i n  R a t i o  

37 ° C 

0 8 .22 8 .22 1 

24 4 .69  7.15 0 .66 
48 0 .36 4 .59  0 .08  

respect to glucuronidation of bilirubin amounted to 90% when the optimal 
lecithin/protein ratio was used. 

The stability of the enzyme protein in the absence and presence of leci- 
thin was tested. Immediately after elution from the Bio-Gel column, delipi- 
dated protein was incubated at 37°C for 24 and 48 min and subsequently 
mixed with lipid and dialyzed. The activity of this preparation was compared 
with a preparation incubated under the same circumstances after reactivation. 
The former preparation was considerably more labile than the latter (Table VI). 
Upon reactivation, the reaction rate remained constant for at least 20 min 
(Fig. 4). 

Discussion 

UDPglucuronosyltransferase activity is predominantly localized in the 
microsomal fraction of liver homogenates [1]. Many microsomal enzymes 
require phospholipids for normal function. For example, lecithin is required for 
reduction of cytochrome P450 [18] ; a lecithin/lysolecithin mixture reactivates 
delipidated NADH-cytochrome bs reductase [19]; and phosphatidylethanol- 
amine is required for glucose-6-phosphatase activity [20]. Graham et al. [21] 
showed that removal of phospholipids from guinea pig liver microsomes by 
treatment with phospholipase A and washing with serum albumin, partially 
inactivates UDPglucuronosyltransferase. Activity was restored on addition of a 
phospholipid mixture. Our results show that delipidation inactivates UDPglu- 
curonosyltransferase with respect to both bilirubin and p-nitrophenol glucuro- 
nidation activities. Delipidation also inactivated bilirubin glucosidation. 

Deoxycholate is an efficient detergent for the dissolution of membranes 
[22,23]. Dissociated membranes can be functionally and morphologically 
reconstituted by dialysis of membrane proteins, lipids and deoxycholate against 
a MgCl2-containing buffer [22]. Meissner and Fleischer [23] showed that the 
functional reconstitution of sarcoplasmic reticulum vesicles is closely related to 
removal of deoxycholate by dialysis. Better reconstitution was obtained when 
dialysis was performed at room temperature rather than at low temperature. In 
the present study, addition of lipids or Gunn rat microsomes to delipidated 
microsomal protein, before or after dialysis, did not reactivate UDPgiucurono- 
syltransferase. Dialysis of delipidated protein, phospholipids or Gunn rat micro- 
somes and deoxycholate under optimal conditions for reconstitution of biologi- 
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cal membranes [22,23],  restored bilirubin glucuronidation and glucosidation 
activities. The molecular explanation for this reactivation is unknown. Per- 
haps UDPglucuronosyltransferase is a protein-lecithin complex, which is recon- 
stituted by the employed procedure. 

UDPglucuronosyltransferase activity increases in vitro when microsomes 
are treated with detergents and phospholipases [4,24--30].  Vessey and co- 
workers [3,24] suggest that digestion of phospholipids per se activates the 
enzyme, phospholipids in untreated microsomes may constrain enzyme activ- 
ity, and hydrolysis of  phospholipids may cause conformational changes pro- 
ducing an activated but unstable form of UDPglucuronosyltransferase. Our 
results also suggest that phospholipid may affect conformation of the enzyme 
protein. In a delipidated form, the enzyme protein was thermolabile and ir- 
reversibly inactivated at 37°C whereas the enzyme was more stable in the 
presence of lecithin. The present studies, however, demonstrate that a specific 
amount of lecithin is required for UDPglucuronosyltransferase activity. The 
explanation of the activating effect of  phospholipase treatment [3,24] may be 
that one of the hydrolytic products can replace lecithin. 

Delipidation irreversibly inactivated p-nitrophenol glucuronidation which 
was unaffected by procedures suited for reactivation of bilirubin glucuronida- 
tion. Other data suggest that bilirubin and p-nitrophenol glucuronidation may 
be mediated by different enzymes [1,6,31--34].  For example, homozygous 
Gunn rats are deficient in bilirubin glucuronidation but liver homogenates 
catalyze glucuronidation of p-nitrophenol and other compounds [6,31--33].  

References 

1 Dutton,  G.J. (1966) in Glucuronic Acid, Free and Combined (Dutton, G.J., ed.), Academic Press, 
New York 

2 Zakim, D., Goldenberg, J. and Vessey, D.A. (1973) Biochim. Biophys. Acta 309, 67--74 
3 Vessey, D.A., Goldenberg, J. and Zakim, D. (1973) Biochim. Biophys. Acta 309, 75--82 
4 Mulder, G.J. (1971) Biochem. J. 125, 9--15 
5 Mulder, G.J. (1972) Biochim. Biophys. Acta 289, 284--292 
6 Jansen, P.L.M. and Henderson, P.Th. (1972) Biochem. Pharmaeol. 21, 2457--2462 
7 Mowat, A.P. and Arias, I.M. (1970) Biochim. Biophys. Acta 212, 65--78 
8 Halac, E. and Reff, A. (1967) Biochim. Biophys. Aeta 139, 328--343 
9 Isselbacher, K.J., Chrabas, M.F. and Quinn, R.C. (1962) J. Biol. Chem. 237, 3033--3036 

10 Lu, A.Y.H. and Levin, W. (1974) Biochim. Biophys. Acta 344, 205--240 
'11 Rogers, M.J. and Strittmatter, P. (1973) J. Biol. Chem. 248, 800--806 
12 Folch, J., Lees, M. and Sloane-Stanley, G.A. (1957) J. Biol. Chem. 226 ,497- -509  
13 Jansen, P.L.M. (1974) Biochim. Biophys. Acta 338, 170--182 
14 Fevery, J., Van Hees, G.P., Leroy, P., CompernoUe, F. and Heirwegh, K.P.M. (1971) Biochem. J. 125, 

803--810 
15 Henderson, P.Th. and Kersten, K.J. (1970) Biochem. Pharmacol. 19, 2343--2351 
16 Lowry, O.H., Rosebrough, N.J., Farr, A.L. and Randall,  R.J. (1951) J. Biol. Chem. 193, 265--275 
17 Bartlett ,  G.R. (1959) J. Biol. Chem. 234, 466--468 
18 Strobel, H.W., Lu, A.Y.H., Heidema, J. and Coon, M.J. (1970) J. Biol. Chem. 245, 4851---4854 
19 Jones, P.D. and Wakil, S.L. (1967) J. Biol. Chem. 242, 5267--5273 
20 Duttera, S.M., Byrne, W.L. and Ganoza, M.C. (1968) J. Biol. Chem. 243, 2216--2228 
21 Graham, A.B., Peehey, D.T., Wood, G.C. and Woodcock,  B.G. (1974) Biochem. Soc. Trans., in the 

press 
22 Razin, S. (1972) Biochim. Biophys. Acta 265, 241--296 
23 Meissner, G. and Fleischer, S. (1974)  J. Biol. Chem. 249, 302--309 
24 Vessey, D.A. and Zakim, D. (1971) J. Biol. Chem. 246, 4649---4656 
25 Graham, A.B. and Wood, G.C. (1973) Biochim. Biophys. Aeta 311, 45--50 
26 Graham, A.B., Woodcock, B.G. and Vvood, G.C. (1974) Biochem. J. 137, 567--574 



38 

27 Winsnes, A. (1969)  Biochim. Biophys.  Acta  191,  279- -291  
28 Winsnes, A. (1972)  Biochim. Biophys.  Acta  284,  3 9 4 - - 4 0 5  
29 Lueders,  K.K. and  Kuff ,  E.L. (1967)  Arch.  Biochem. Biophys.  120, 198 - -203  
30 H~inninen, O. and  Puukka ,  R. (1971)  Chem. Biol. In te rac t ions  3 , 2 8 2 - - 2 8 4  
31 van Leusdcn,  H.A.I.M., Bakkeren,  J .A.J .M.,  Zilliken, F. and  Stolte ,  L.A.M. (1962)  Biochem. Biophys.  

Res. Commun .  7, 67 - -69  
32 Drucker ,  W.D. (1968)  Proc. Soc. Exp. Biol. Med. 129,  308 - -311  
33 Arias, I.M. (1961)  Biochem. Biophys.  Res. Co mmu n .  6, 81 - -84  
34 Bock, K.W., Fr6hling,  W., Returner,  H. and Rexer ,  B. (1973)  Biochim. Biophys.  Acta  327,  46 - -56  


