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Characterisation of a human bilirubin UDP-glucuronosyltransferase
stably expressed in hamster lung fibroblast cell cultures
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A ¢DNA cncoding a human bilirubin UDP-glusuronosylicansferise hus been isoluted and stably expressed in Chinese hamster V79 lung fibroblast

cell Yine. Western blotting of cell homnogenates with anti-UGT antibody revealed u highly expressed protein of approx. 55.5 kDa in size. The

eapreswed cnzyme spesifically cutalysed the formatian of bilirubin mono- and diglucuronides, and alss catalysed the gtucuronidation of iwe phenolic
sompounds, which ure goad substrates for other humun UGT isosnzymes, ut low rates.

Complementary DNA; Eukuryotic expression vector: Enzyme activity

1. INTRODUCTION

UDP-glucuronosyltransferases (UGT) arc a large
family of enzymes involved in the transfer of a glucu-
ronide group, from the cofactor UDP-glucuronic acid
(UDPGA). to a variety of endogenous and ¢xogenous
substrates. The increased polarity of the glucuronide
facilitates its excretion into the bile or urine [i]. The
glucuronidation of bilirubin, the end product of haem
catabolism, is an extremely important biotransforma-
tien carried out by the liver, Aberrations in this function
are manifested in Crigler-Najjar syndrome, a rare ge-
netic human disease, in which the ability to glucu-
ronidate bilirubin is severely reduced which results in
neurctoxic consequences which may eventually lead to
death [1]. Studies in this laboratory have sought to char-
acterise the bilirubin UGT(s) involved in this important
physiological function.

Only three UGTs have been purified to date ttom
human liver that catalyse the glucuronidation of estriol,
4-aminobiphenyl [2] and éa-hydroxy bile acids [3]. The
purification of the elusive human bilirubin UGT has yet
to be reported.

The study of human gene products has been greatly
facilitated by the technology of ¢cDNA cloning. The
subsequant expression of the polypeptides encoded by
these clones in heterologous mammalian tissue culture
systems provides a means whereby the biochemistry of
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these proteins can be studied, something which is often
not possible due to the scarcity of human tissue and the
instability of proteins during purification. In this re-
spect, the construction of systems which stably express
the protein of interest have been particularly useful [4].

Harding et al. [S] reported the cloning and expression
of the first UGT cDNA (termed HPI) from human
liver. Subsequent work revealed a second, closely re-
lated isoform (HP2), also to be present in this tissue [6].
These two isoforms were extremely interesting because
they shared identical 3° halves, while having anly ap-
proximately 48% identity in their 5* half. This st-ongly
suggested that the mRNAs encoding these isoforms
were produced by alternative splicing of a primary tran-
seript. Further work revealed there to be two more
members of this gene family (HP3 and HP4), all shating
identical 3’ sequences (4,7].

Here we report the stable expression of one of these
¢DNA clones (HP3), which encodes a bilirubin trans-
ferase, in a tissue cullure expression system. We have
used this system to examine some of the biochemicul
properties of this important isoenzyme.

2. MATERIALS AND METHODS

2.1, Screening of cDNA libraries

The human liver cDNA library used for this study wasa AUNIZAP
library, purchased from Stratagenc (La Jolla, CA, USA).

‘The protocols used to screen the library, and to obtain full-length
clones, huve been described in detail elsewhere {4,7],

2.2, Restriction digestions

All restriction endonucleases used in this study were purchased from
Promega Corporution {iviadi>on, USA). Reactions were carried out
under the conditions recommended by the manufuciurer.
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2.3, Comstruction of plasmids ane transfection of UGT HPR into tissad
culture cells

Clone pBlueseript HP3 were prepared from the original AUNIZAP
clone by in vivo excision of the pBluescript sequences according to the
manufucturers instructions. The full-length HP3 ¢cDNA (including
non-coding DNA) was releised from pBluescript HHP3 by digestion
with the restriction endonucleases BemHl and Aol und ligated {6)
into the cukiryotic expression vector pCDNAlnga {Invitrogen) to
give construet pCDNA Inco HP3(+), in which the HPJ frugmeat wus
in the correct orientution to give expression {rom the vector CMYV
promoterienhancer, Cloning of the Bumb UMindlll pBlueseriptHPY
fragment into the pCDNA[neo polylinker produced s control con-
struet with the HP3 insert in the opposite (-} orientition
[pCDNA IncaH P3{~)).

Plusmid DNA wus propagated in the £. coli host steuin MCL08§ (6)
under selection for both kunamyecin and ampicillin (both S0 ug/mi,
Sigma, UK) rexistance. Plasmid was isolated using the ulkuline lysis
method with purification on CsCt gradients {8},

Chinese humster V79 lung fibroblusts were rautinely grown us de-
scribed previously (9], Recombinant plasmid DNA (5 ug) was lin-
earised with Seell und mised with the trunsfection reagent DOTAP
(Bochringer Munnheim) to fucilitate intradustion into the eell line und
recombination into the genome. Stably trunsfecied colonies (G418-
resistant) were isoluted and cultured as deseribed by Fournel-Gigleux
et al. [9). Cells were muintained in seleetive medium until hurvesting.

24, Analyxis of tisswe evlture cell homogenares and liver microsonies

Y79 celis stably trunsfected with HP3 ¢DNA were grown to 70%
confluency and then hurvested. Cells were wished twice with PBS
solution prior to further analysis, Liver microsomes were prepared
from tissue samples as previousty described {1]. SDS-polyserylamide
gel electropharesis und Western blotting of the tissue samples was as
described previously [7.9).

Assay of UGT activitiex in cell homogenates and human flver micro-
somes wits deiciauned By TLC assay [10] using 0.5 mM substrate and
2 mM UDP glucuronic acid {containing 0.2 2Ci/0.66 nmal “C lubel
from NEN. UK). Bilirubin UGT uctivity was determined by incubas
tion of cell hamogenates or human liver microsomes with 132 4M
bilirubin and 10 mM UDP glucuronic acid; the glucuronides formed
were analysed by HPLC ax previously described by Odell (11). Protein
levels were assayed by the Lowry method {12] using bovine serum
albumin as standa-d.

3. RESULTS AND DISCUSSION

3.1, Isolation of a full length ¢cDNA encading munan
bétirubin UDPGT

A DNA probe prepared from the human UGT
cDNA HP2 [6] was used to sereen a4 human liver A-
UnizapcDNMA library under conditions of relaxed strin-
gency. A number of related UGT ¢DNA's were isolated
using this procedure. One clone, SH48, was judged. by
comparison with other clened UGT [5.6), to be long
enough to encode a full-length UGT protein, with 18
nucleotides upstream of the AUG initiation codon.
Clone SH48 was identicai with sequences which had
previously been characterised in this laboratory as par-
tial UGT ¢DNAs and classified as HP3 [4] and to the
HBrl cDNA isolated by [13]. We therefore decided to
use clone SH48 in a study of the activity of isoform HP3
in a tissue culture expression system,

3.2. Expression of UGT-HP3 in tissue culture cells
To check that the pCDNAIncoHP3 constructs were
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expressing UGT-HP3 correctly, Cos-7 cells were tran-
siently transfected with plusmids pcDNA IneoHP3(+)
and pcDNAIneoHP3(-). Transfected cells were har-
vested and assayed for UDPGT activity with bilirubin
provided as the substrate. Cells which had been trans-
fected with pcDNAneoHP3(+) showed high UGT activ-
ity towards bilirubin, whereas, as expected, the
pcDNA IneoHP3(~) transfected cells were inuctive to-
wards bilirubin (9 data not shown). The same HP3 ex-
pression constructs were therefore used to stably trans-
fect V79 cells using G418 resistance as the dominant
selectable marker. V79 cells had been assayed previ-
ously and found to have no detectable UDPGT uctivity
towards bilirubin. Six G418' colonies were isolated and
the cells from euch were grown and assayed for bilirubin
UGT activity. Five of the six cell lines were found to
have high UDPGT activity towards this substrate, The
cell line V79-HP3.3 was chosen for further study be-
cause it showed the highest activity. comparuble to
those found in human liver microsomes (Table I). The
activity of this cell line appeared to be stable with in-
creasing passage number, providing the G418 selection
was maintained (data not shown).

Western blotting of cell homogenate from this line,
using an anti UGT antibody. showed high levels of a
major immunoreactive protein, $5.5 kDa., to be present
(Fig. 1). Some smaller molecular weight proteins were
also immuno-detected which are presumably degrada-
tion products of the major protein. The expressed biliru-
bin UGT protein exhibited a similar molecular weight
to the expressed phenol UGTs, HP! was 55 kDa and
HP4 was 56 kDa (Fig. 1).

3.3, UGT-HP3 catalvses the glucuronidation of hitivubin

The ability of UGT HP3 to glucuronidate the en-
dogenous substrate bilirubin was determined by HPLC
assay of V79-HP3 cells. A typical HPLC elution profile
is shown in Fig. 2. The results show that UGT-HP3
catalysed the conjugation of glucuronic acid with biliru-
bin at a rate comparable to that observed with human
liver micrasomes (Table I). This high activity system
avoids the potential problems associated with using ca-
tremely low UDP-glucuronic acid concentrations, large
amounts of protein or excessively long incubation
tirnes, required by other expression systems [13]. No
activity towards bilirubin was detected in transfected
V79 cells stably expressing other UGT-HP proteins
(Table 1).

In humans, approxzimately 80% of bilirubin conju-
gates excreted in bile are diglucuronides and the remain-
der being monoglucuronides [14] UGT-HP3 homoge-
nates clearly catalysed the formation of both mono- and
diglucuronides in in vitro incubation mixtures. Previ-
ously the question has arisen whether the formation of
the two natural bilirubin monoglucuronide isomers (C-
8 and C-12) depends on discrete enzyme forms. In this
study we unequivocally demonstrate that both these
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Fig. 1. Immunablol analysis of human liver microsomes und V79 cells stably expressing UGTs using an antisUGT antibody. Lanes 1-3, human

liver microsomes from three difTerent individuals (20 ug); lune 4, human kidrey microsomes (20 ug); lane S, V79 cells expressing UGT HP4; lane

6. homogenute V79 cells expressing HP3: lunes 7 und 8, Y79 cells expressing MP1. Lanes 4-7, 20 ug. lane 8, 40 ug of cell hoamogenute protein was
loaded. Moleculur weight markers, from the sume gel used for the immunoblot, stained with Ponceau red are shown on the right.

isomers are formed by a single hunian UGT, The per-
centage of bilirubin diglucuronides formed (53%) was
greater than formed by incubation with human liver
microsomes (36%) under equivalent conditions. The
proportion of diglucuronides formed during in vitro
incubations with liver extracts is dependent on the con-
centration of substrates used in the assay [15). and this
variation of product dependent on substrate concentra-
tion was also demonstrated using V79-HP3 cell homo-
genates (data not shown). Incubation of whole cells in
culture with bilirubin may produce the glucuronide for-
mation pattern observed in vivo,

3.4, Activity of UGT-HP3 tovwards xenobiotic substrates

The activity of the UGT-HP3 protein towards a fur-
ther three substrates was tested by TLC assays. Other
cell lines stably expressing two other UGT-HP proteins
(HPI and HP4) were also studied as comiparative con-
trols. The results are shown in Table 1. UGT-HP3
showed a small level of activity towards 1-naphthol but
this substrate was more specifically glucuronidated by
UGT-HP1. 4-Methylumbelliferone was observed to be
relatively non-specifically glucuronidated at a similar

rate by all UGT isoenzymes confirming the value of this
cempound for general detection of glucuronidation, but
also that it is useless as u specific probe for an individual
UGT isoform. The conjugation of 1-naphthol and 4-
methylumbelliferone by UGT-HP3 indicates that as
well as forming ester glucuronides of bilirubin, this en-
zyme was also capuble of the conjugation of small phe-
nols. Such a result indicates that saturation of this en-

Tuble |
Substrate specificity of UGTs stably expressed in Y79 cells
Substrates UGT activities
{(nmol/min/mg protein)
HPl HP3 HP4 M
Bilirubin nd, 04 nd 09105
Prapofol nd. nd. 09 J8zxll
4-Methylumbelliferone 1.1 08 15 26 £6.3
1-Naphtho!l 32 03 02 S57=x32

Duta reported for cell homogenates are the average of three separate
preparations, HLM, duta from six preparations of human liver micro-
somes and 5.D.
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+ige 2. HPLC clution prefile of bilirubin glucurenides formed by

V79.HP3 eolls and human liver microsomes. (u) V79-HP3 cells; (b)

human liver microsomes: (c) untransfected V79 cells. The bilirubin

diglucuronides cluted between 12 and 14 min. The C8, C12 bilirubin

monoglusuronides cluted between 20 and 25 min. Unconjugated
bilirubin eluted a1 3741 min,

zyme by phenols (including plant alkaloids and drugs)
may lead to jaundice.

Propofoi (an intravenous anaesthetic), which appears
to be a specific substrate for HP4, was not glucu.
ronidated by the HP3 encoded protein.

4. CONCLUDING REMARKS

We have established a tissue culture system in which
the human UGT protein HP3 is stably expressed at high
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levels, which provides us with a very useful model sys-
tem for the study of this important human enzyme. The
tissue culturc system allows us to evaluate the substate
specificity of this enzyme and to assess its potential role
in glucuronidation of other chemicals, including drugs.
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