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The binding studies in this paper indicate that the catalytic unit(s) of microsomal UDP glucurono- 
syltransferase(s) is not accessible to N-ethylmaleimide or UDP-N-acetylglucosamine, when the enzyme is in 
its membrane environment. Thus a separate regulatory factor may exist within the endoplasmic reticulum 
membrane that mediates the stimulation of UDPglucuronosyltransferase(s) by UDP-N-acetylglucosamine. 
The possible role and the mode of interaction of the putative regulatory factor with the multiple forms of 
UDPglucuronosyltransferase are discussed. 

Introduction 

Mammalian hepatic microsomal UDPglucuron- 
osyltransferase (EC 2.4.1.17) catalyses the 
glucuronidation of endogenous and xenobiotic 
compounds utilising UDP glucuronic acid as sub- 
strate [1]. The glucuronidation of these hydro- 
phobic molecules increases their hydrophilicity 
thus facilitating their transport in the tissues and 
excretion from the body. 

The activity of UDP-glucuronosyltransferase in 
intact hepatic microsomes is not fully expressed 
and can be increased up to 20-fold by detergent 
disruption of the microsomal vesicles and is there- 
fore considered to be a latent enzyme activity [1]. 

The latent rates of UDP-glucuronosyltransfer- 
ase activity towards xenobiotic substrates can be 
stimulated up to 5-fold by the addition of UDP- 
N-acetylglucosamine (UDP-GlcNAc) to rat or 
mouse microsomal fractions [2,3]. Recent work has 
shown that the glucuronidation of b'flirubin and 
steroids by guinea-pig and rat fiver microsomal 
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fractions was also stimulated by UDP-GlcNAc 
[4,5]. Stimulation of the transferase activity was 
only observed in untreated, intact microsomal 
fractions. If the integrity of the microsomal mem- 
brane was destroyed by treatment with detergent, 
then the UDPglucuronosyltransferase activity was 
rendered insensitive to UDP-GlcNAc [3,6]. 

UDP-GlcNAc has been classified as a physio- 
logicial regulator of UDPglucuronosyltransferase 
[6-8], since the presence of 'physiological' con- 
centration of UDP-GIcNAc is required during the 
assay of microsomal UDPglucuronosyltransferase 
activity to raise the enzyme reaction rate up to 
60% of the level observed in the isolated hepato- 
cyte [8]. 

How does the in vitro addition of UDP-GIcNAc 
to isolated microsomes restore the giucuronidating 
capacity up to that of the intact cell? Exposure of 
microsomal fractions to the thiol-blocking agent, 
N-ethylmaleimide or to diazobenzene sulphonate 
[9] does not inhibit latent rates of UDPglucurono- 
syltransferase activity but completely abolishes the 
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stimulation of transferase activity by UDP- 
GlcNAc [6]. A possible explanation for all these 
observations is the presence of a facilitated trans- 
port mechanism for carriage of cytosolic UDP- 
glucuronic acid to the site of glucuronide synthesis 
by UDPglucuronosyltransferase at the luminal side 
of the endoplasmic reticulum [lO,ll]. In contrast 
to similar transport models for glucosed-phos- 
phatase [12], the ‘ translocase’ for UDPglucuronic 
acid transport appears to operate slowly or not at 
all in the absence of UDP-GlcNAc [8]. 

UDPglucuronosyltransferase can be purified to 
apparent homogeneity from Wistar rat liver [13,14] 
and this has made it possible to further examine 
the regulation of transferase activity by UDP- 
GlcNAc. In this paper we have attempted to de- 
termine whether UDP-GlcNAc acts directly on 
UDPglucuronosyltransferase or on another com- 
ponent of the microsomal membrane. The evi- 
dence presented suggests that a separate regulator 
mediates the stimulation of UDPglucuronosyl- 
transferase by UDP-GlcNAc. 

A preliminary note of some of this work has 
been previously reported [ 151. 

Methods 

N-Ethy1[2,3-‘4C]maleimide (spec. act. 8.2 
mCi/m mol) was purchased from Amersham In- 
ternational, Amersham, Bucks, U.K. Unlabelled 
N-ethylmaleimide, dithiothreitol, UDPglucuronic 
acid (triammonium salt), UDP-N-acetylglucosa- 
mine and bovine serum albumin were all from 
Sigma (London) Chemical Co., Kingston-upon- 
Thames, Surrey. Coomassie Blue G-250 was from 
Serva Fine Biochemicals, London, U.K. 

UDPglucuronosyltransferase activity using 4- 
nitrophenol as substrate was assayed as described 
in Ref. 3 and protein concentrations were de- 
termined by the method of Bradford [16] using 
bovine serum albumin as standard. 

Polyacrylamide gel electrophoresis in the pres- 
ence of sodium dodecyl sulphate was performed as 
previously described in Ref. 13. 

Rat liver microsomal fractions were labelled 
with N-ethy1[2,3-14C]maleimide by resuspending 
the microsomal pellets obtained from five rat livers 
[17], by gentle homogenization in 0.25 M sucrose 
to obtain a syrupy suspension containing 49 mg 

protein/ml. A final concentration of 2.5 mM N- 
ethy1[2,3-‘4C]maleimide was added which was suf- 
ficient to ensure complete blockade of the stimula- 
tion of transferase activity by UDP-GlcNAc (see 
Results). After immediate and thorough mixing 
the suspension was incubated for 15 min at 4°C 
after which the alkylation reaction was stopped by 
the addition of 25 mM dithithreitol. 

UDPglucuronosyltransferase was purified from 
the labelled microsomal fraction by the methods 
adequately described elsewhere [13,14,17]. The 
amount of iV-ethyl[2,3-14C]maleimide bound to 
protein in the purification fractions was de- 
termined directly by scintillation counting. Ali- 
quots (50 ~1) of each purification fraction were 
added to 6 ml of Aquasol (New England Nuclear, 
FRG) scintillation fluid and counted at greater 
than 80% efficiency. 

The amount of radioactivity in polyacrylamide 
gel slices (1 mm) was achieved by immersing the 
discs in 0.5 ml NCS solubilizer (Searle, Amersham, 
U.K.) for 2 h at 60°C to solubilize the proteins. 
Glacial acetic acid (17 ~1) followed by 9.5 ml of 
scintillant (6 g 2,5-diphenyloxazole and 75 mg 
p-bis(2-(5-phenyloxazolyl)benzene per litre of 
toluene) were added prior to scintillation counting 
at greater than 70% efficiency. 

Results 

A previous report [7] has shown that prior 
exposure of microsomal fractions to N-ethyl- 
maleimide prevented the stimulation of UDPglu- 
curonosyltransferase activity by UDP-GlcNAc, al- 
though latent rates of transferase activity were not 
appreciable impaired. The results shown in Table I 
confirm these observations, The concentration of 
N-ethy1[2,3-‘4C]maleimide (2.5 mM) which effec- 
tively blocks stimulation by UDP-GlcNAc was 
used in these experiments to label microsomal 
fractions. This microsomal suspension treated with 
2.5 mM radioactive N-ethylmaleimide was used 
for the purification of UDPglucurono- 
syltransferase. After neutralization of excess N- 
ethylmaleimide with dithiothreitol, UDPglucuron- 
osyltransferase was solubilized and purified to ap- 
parent homogeneity (see Methods). The results 
obtained during the purification of the transferase 
are shown in Table II. In the experiment reported 



TABLE I 

BLOCKADE OF U D P - N - A C E T Y L G L U C O S A M I N E  
STIMULATION OF MICROSOMAL UDP-GLUCURONO- 
SYLTRANSFERASE ACTIVITY BY N-ETHYLMALEI- 
MIDE 

Microsomal fractions were obtained from five Wistar rat livers 
and resuspended by gentle homogenization in 0.25 M sucrose 
to give a protein concentration of 50 mg/ml. N-Ethyl[2,3- 
14C]maleimide was added in a final concentration of 2.5 raM. 
After incubation for 15 rain at 4°C, the aikylation reaction was 
stopped by the addition of dithiothreitol to a final concentra- 
tion of 2.5 raM. Samples were assayed before and after aikyla- 
tion in the presence and absence of 2 mM UDP-N-acetyl- 
glucoasamine. Specific activity units were nmol/min per mg 
protein. 

Treatment 4-Nitrophenol 
UDPglucuronosyl 
transferase 
specific activity 

None 0.33 
2 mM UDP-N-acetylglucosamine 1.32 
2.5 mM N-ethyl[2,3-14C]maleimide 0.33 
2 mM UDP-N-acetylglucosamine + 

2.5 mM N-ethyl[2,3-14C]maleimide 0.32 

here 40 /~g of the purified enzyme protein con- 
tained 0.11 nmol bound N-ethyl-maleimide per 
nmol purified UDPglucuronosyltransferase. An 
average result of 0.16 nmol bound N-ethylmalei- 
mide per nmol purified UDPglucurono- 
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syltransferase was obtained over a series of three 
experiments (0.11-0.28 nmol bound N-ethyl- 
maleimide per nmol purified transferase). Thus 
much less than 1 mol N-ethylmaleimide was bound 
per mol of purified UDPglucunosyltransferase 
catalytic subunit. In order to demonstrate that 
N-ethylmaleimide was able to find to other mem- 
brane proteins more selectively than UDP- 
glucuronosyltransferase we have determined the 
radioactivity of individual proteins presen t in a 
highly purified preparation of UDPglucurono- 
syltransferase. 

Fig. 1 shows the SDS-polyacrylamide gel elec- 
trophoretic analysis of partially purified UDPglu- 
curonosyltransferase (DEAE-cellulose fraction ap- 
pried to UDPhexanolamine Sepharose). The 
majority of the radioactivity (bound N-ethyl- 
maleimide) loaded onto the polyacrylamide gels 
was associated with a polypeptide band of molecu- 
lax weight 70 000 (peak A) whilst only a negligible 
amount of radioactivity was associated with the 
polypeptide staining band of molecular weight 
57000 (peak B). This result supports the data from 
the analysis of the radioactive content of the final 
purified preparation in that only a small amount 
of the radioactivity was associated with UDP- 
glucuronosyltransferase purified to apparent ho- 
mogeneity. However, this data does not indicate 
that the 70kDa polypeptide is the 'putative regu- 
lator'. 

TABLE II 

PURIFICATION OF UDP-GLUCURONOSYLTRANSFERASE FROM WISTAR RAT LIVER MICROSOMAL FRACTION 
LABELLED WITH RADIOACTIVE N-ETHYLMALEIMIDE 

4-Nitrophenol UDPglucuronosyltransferase was purified to apparent homogeneity from N-ethyl[2,3-14C]maleimide treated micro- 
somes. Specific activity units are nmol 4-nitrophenol glucuronide formed per rain per mg protein. 

Purification step Total protein Specific activity Total radioactivity Specific radioactivity 
(mg) (units/mg) (cpm) (cpm/mg protein) ( × 10-4) 

Microsomal fraction - - 4.49.101° - 
Lubrol-soluble supernatant 855 26.1 3.04.10 s 35.5 
25-60~-satd. (NH4)2SO4 430 29.4 8.29. l0 T 19.3 

precipitate 
DEAE-cellulose eluate 154 35.4 2.62.10 ~ 17.0 
CM-ceUulose eluate 27.2 35.5 4.84.106 17.8 
DEAE-Sephadex eluate 11.2 80.7 3.57.105 3.2 
UDPglucuronic acid eluate 

from UDPhexanolamine 
Sepharose 0.040 1890 7.95.102 2.0 
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Fig. 1. SDS-polyacrylamide gel eiectrophoresis of partially 
purified UDPglucuronosyltransferase preparation from micro- 
somes pretreated with radioactive N-ethylmaleimide. Disc elee- 
trophoresis was performed using 7.5% cylindrical polyacryla- 
mide gels (7.5 ×0.6 era) in the presence of 0.1% (w/v) SDS (see 
Ref. 12). Samples of UDPglucuronosyltransferase (highly puri- 
fied by passage through DEAE-ceUulose and UDPhexanola- 
mine Sepharose 4B), 3 btg protein, were applied to six identical 
gels. After electrophoresis, staining and destaining, one gel was 
scanned in a densitometer to record the presence of poly- 
peptides stained by Coomassie blue ( . . . . . .  ). The other gels 
were cut identically into 1 mm slices and the radioactive 
content determined. The histogram line shows the results ob- 
tained from five gels. Peak A is a protein of molecular weight 
70000 and peak B is UDPglucuronosyltransferase. 

Discussion 

We have confirmed that N-ethylmaleimide does 
not inhibit the basal rate of microsomal UDPglu- 
curonosyltransferase activity, but this thiol-block- 
ing reagent does prevent the stimulation of micro- 
somal transferase acitivity by UDP-GlcNAc [6]. 

These results suggest that both UDP-GlcNAc 
and N-ethylmaleimide exert their effect by acting 
on the same protein component of the microsomal 
membrane. Detergent solubilisation of N-ethyl- 
maleimide-treated endoplasmic reticulum proteins 
did not release the bound radioactive (N-ethyl- 
maleimide. Thus, purificaton of the transferase 
from these solubilized membranes should reveal 
the presence of any bound N-ethylmaleimide. 

The binding studies reported show that as little 
as 0.11 nmol N-ethylmaleimide was bound per 
nmol of purified transferase. This small level of 
labelling can be accounted for since amino acid 
analysis of purified UDPglucuronosyltransferase 

[18] shows the presence of an odd number, 11, of 
half cysteine residues. Thus UDPglucurono- 
syltransferase can be inferred to have at least one 
free thiol group available to bind N-ethylmalei- 
mide, although detergent solubilized and highly 
purified UDPglucuronosyltransferase was not in- 
hibited by N-ethylmaleimide (data not shown). 
These data suggest that UDP-GlcNAc does not 
interact with the UDPglucuronosyltransferase. 

Two possible explanations of these results are: 
(1) The endoplasmic reticulum membrane con- 
tains a facilitated transport mechanism for the 
carriage of substrates from the cytoplasm to the 
site of glucuronide synthesis [11,19]. , 

(2) UDPglucuronosyltransferase consists of 
more than one type of subunit, catalytic subunits 
and regulatory subunits. The regulatory subunit(s) 
may be situated at the cytoplasmic side of the 
endoplasmic reticulum as an allosteric regulator of 
UDPglucuronosyltransferase [7]. 

It is possible that, during purification of 
UDPglucuronosyltransferase, proteolytic cleavage 
has resulted in the removal of a part of the protein 
that binds N-ethylmaleimide'and the putative reg- 
ulatory site. However, a UDPglucuronosyltransfer- 
ase exhibiting the same physicochemical character- 
istics can be rapidly purified using immobilised 
antibodies in the presence of protease inhibitors, 
benzamidine and N-tosyllysine chloromethyl ke- 
tone, indicating that loss of bound N-ethylmalei- 
mide may not be due to proteolytic degradation of 
the enzyme (Burchell, B., unpublished work). 

Several forms of UDPglucuronosyltransferase 
have been shown to exist and it has been pos- 
tulated that the different forms may have evolved 
to specifically glucuronidate different endogenous 
substrates (see Ref. 18). The possibility of UDP- 
glucuronosyltransferase being regulated by another 
factor in the endoplasmic reticulum membrane 
raises the questions regarding the interaction of 
this factor with the multiple forms of UDPglucu- 
ronosyltransferase. 

It is evident that none of the purified forms of 
UDPglucuronosyltransferase so far isolated can be 
regarded as complete 'physiological' entities. The 
regulation of UDPglucuronosyltransferase by 
UDP-GlcNAc will only be elucidated by identifi- 
cation and isolation of the regulatory factor and 
reconstitution of UDP-GlcNAc-stimulatable 



UDPglucuronosyltransferase activity using the 
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