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ABSTRACT. UDP-glucuronosyltransferase (UGT) enzymes belonging to the UGT2B subfamily catalyze
the transfer of glucuronic acid to a large number of endogenous compounds, particularly steroids, to
facilitate their elimination from target cells. A novel human UGT2B cDNA of 1666 bp was isolated and
encodes a 529-amino acid protein named UGT2B28 type |. Glucuronidation assays demonstrated that
UGT2B28 type | catalyzes the conjugation of endogenous and exogenous compounds. The tissue distribution
of UGT2B28 revealed the expression of the type | transcript in the liver, breast, and LNCaP cells. Two
other UGT2B cDNAs were isolated, and sequence analysis led to the identification of two truncated
UGT2B28 species. UGT2B28 type Il differs from type | by a deletion of 308 bp in the cofactor binding
domain, whereas UGT2B28 type lll lacks 351 bp in the putative substrate binding domain. All UGT2B28
isoforms are encoded by a singl&sT2B28gene which has a genomic organization similar to that of the
other UGT2B genes characterized thus far. Although no substrates could be identified for the shorter
isoforms, the three subtypes were shown to be located in the endoplasmic reticulum and the perinuclear
membrane, demonstrating that the missing domains are not required for the subcellular localization of
these UGT2B proteins. However, all the domains remain necessary for observing glucuronidation activity.
The expression of UGT2B28 type | in the breast and liver suggests a role of this enzyme in the androgen
and estrogen metabolism in these tissues.

The UDP-glucuronosyltransferase (UGT@nzymes are  dehydrogenase (3HSD), which was previously considered
endoplasmic reticulum (ER) membrane-bound proteins which to contribute to androgen catabolism, is also involved in the
catalyze the biotransformation of hydrophobic molecules, activation of steroids. Glucuronidation, which was shown
including steroid hormones, into glucuronide derivativs ( to occur in extrahepatic tissues, thus takes on major
The addition of glucuronic acid from UDP-glucuronic acid importance in converting androgen metabolitésq, 10).

(UDPGA) has been proposed to cause a steric hindrance of The enzymes responsible for the glucuronidation reaction
the molecule, abolishing the affinity for its specific receptor have been divided into two families, UGT1 and UGT2, on
and rendering the steroid molecule more polar, inactive, andthe basis of amino acid sequence homola)(The UGT1
easier to eliminate into the CirCUlatiOﬁ)( This Concept is gene locus is localized on chromosome 2q37 and is
supported by high circulating levels of androsterone-glucu- composed of at least 16 exons. Four exons in thegion
ronide (ADT-G) and 8-diol-G, which were postulated to  of the locus encode the identical carboxy-terminal domain
reflect androgen metabolism in human eXtrahepatiC tiSSUGSOf each UGT1 proteinj(z)_ These four common exons are
(3=7). Ithas been thought that the androgen metabolites werecoupled with one of the 12 different versions of exon 1 by
devoid of biological functions. However, recent demonstra- exon sharing, leading to the formation of 12 different UGT1
tions suggest thatoddiol has an important physiological role  transcripts {2). Promoter elements are found upstream of
in parturition in miCe, and also modulates the aCtiVity of an each exon 1, providing several modes of regu|ati0n for the
orphan receptor in the mous&)(Thus, 3-hydroxysteroid  expression of nine proteins and three pseudogeh@s (
UGT1 enzymes demonstrated conjugation activity principally
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several classes of steroid molecules showing overlapping butzymes and other molecular biology reagents were from
distinct substrate specificitied4). UGT2B4 demonstrates  Pharmacia LKB Biotechnology Inc. (Milwaukee, WI), Strat-
glucuronidation activity toward @&-diol, estriol (&), and agene (La Jolla, CA), Gibco BRL, and Boehringer Mannheim
4-hydroxyestrone 22, 31). UGT2B7, UGT2B15, and (Indianapolis, IN)Pfu DNA polymerase was purchased from
UGT2B17 catalyze the conjugation at theSifydroxy Stratagene (La Jolla, CA). HK293, ZR-75-1, MCF-7, T47-
position of DHT, testosterone (Testo), ang-8iol, whereas D, and LNCaP cells were obtained from the American Type
UGT2B7 and UGT2B17 also glucuronidate steroids at Culture Collection (Rockville, MD). Total RNA from human
position 3x-hydroxy as shown by conjugation of AD2&— liver, prostate, adrenal gland, testis, mammary gland, kidney,
31). To date, the stable expression in HK293 cells of the stomach, small intestine, skeletal muscle, spleen, ovary, and
two human isoforms, UGT2B10 and UGT2B11, revealed no lung was purchased from Clontech (Palo Alto, CA).
transferase activity toward several endogenous and exog- cDNA Isolation of Human UGT2B28 Type.lAffinity-
enous compounds, and therefore, they are considered orphapurified LNCaP cell MRNA was used to construct a cDNA
UGT enzymesZ6, 27). The characterization of PAC clones library in the AZAP express vector, which was screened as
containing more than 750 kb of genomic DNA demonstrated previously described3(). After approximately 1®recom-
the presence of sever&d)lGT2B genes and pseudogenes binants had been screened, 30 positive clones were isolated
within a cluster on chromosome 4q13-q213P)( Charac- from the LNCaP cell library. The UGT2B28 type Il cDNA
terization of the genes encoding human UGT2BEB)( clone was isolated from the LNCaP cell cDNA library and
UGT2B7 34, 35), UGT2B15 B2), and UGT2B17 86), in was sequenced in both directions using specific UGT
addition to rat UGT2B1 37) and UGT2B2 88), demon- oligonucleotides 42).
strated a genomic structure composed of six exons, which Cloning of Human UGT2B28 Type | and Type Il
are, in opposition of theJGT1 genes, all exclusive to a UGT2B28 type | and type Il were obtained by PCR
specificUGT2Bgene. amplification of an LNCaP cell cDNA library using 100 pmol
Due to the high degree of homology of UGT2B isoforms 0f the sense primer (ACCAGGATGGCTCTGAAGTG-
and the variable abundance of each transcript, it is difficult GACTTCAGTTCTTCTGCTGATACATCTCG-3 and 100
by conventional screening techniques to isolate a specificPmol of the antisense primer (3 TGACATCAGTTTAT-
human UGT2B cDNA. However, on the basis of our results, TCCAGCAAGA-3). The PCR conditions were as follows:
it was obvious that novel steroid UGT2B enzymes remain 94 °C for 30 s, 60°C for 30 s, and 72C for 2 min over the
unidentified since steroids such as cortisol, aldosterone, andcourse of 35 cycles, usingfu polymerase. PCR products
Sa-reduced progesterone metabolites are conjugated inwere separated by electrophoresis on a 1.0% agarose gel,
human tissues. Furthermore, the presence ofi-acific ~ and two fragments of 1358 and 1666 bp were purified.
UGT transferase in both rat (UGT2B239) and monkey Purified amplicons were shotgun cloned into gigluescript
(UGT2B18) @0), combined with a high human plasma level SK vector digested witlEcoRV and sequenced in both
of ADT-G that cannot be fully explained by UGT2B%1) directions. PCRs (using proofreadiRfu polymerase) were
and UGT2B17 80), suggests that other human UGT performed with oligos mentioned above on recombinant
enzymes remained uncharacterized. UGT2B28 plasmids, and then, the PCR products were gel
Here, we report the characterization of a novel cDNA and Purified and were subcloned in @&rcoRV pcDNAG HisB

its corresponding gene, which encodes the UGT2B28 type | VECOr (Invitrogen). Th? recombinant cDNAs were both
protein. UGT2B28 type | conjugateg@mndrostane @,175- sequenced as previously describég)(

diol, estradiol, ADT, Testo, 4-methylumbelliferone, and bile _!Solation of the UGT2B28 Gené full-length UGT2B28
acids. UGT2B28 type | is expressed in the liver and CONA probe was used to screen a RCPI-3 PAC library

mammary gland, suggesting a role of this enzyme in steroid (BACPAC Resources Center at CHORI, Oakland, CA) as
metabolism in these tissues. In addition, two other UGT2B Previously described3g). One positive genomic PAC clone

cDNAs were isolated, UGT2B28 type Il and Ill which lack W&S .isolated from this screen (PAC clone 23123) and was
several amino acids in the putative UDPGA and substrate ©Pt@ined from the BACPAC Resources Center. The 23123

binding domains. Although no biological functions were PAC clone was digested witBcoRl, Hindlll, or E.C(RV;
attributed to these shorter isoforms, the findings presented@nd fragments were shotgun cloned into BieescriptSK

here suggest for the first time that a single UGT2B gene VECtor (Stratagene) and transformed ifscherichia coli
encodes highly related proteins with a variable number of DHb5a cells. Recombinant colonies were screened succes-

sively with probes corresponding to the different exons of
UGT2B4, 2B7, 2B15, and 2B17, which were obtained by
MATERIALS AND METHODS PCR amplification. Probe labeling and hybridization condi-
tions are identical to those used for Northern blot analysis.
Materials. UDP-glucuronic acid and all aglycons were Sequencing of the genomic clones was performed with the
obtained from Sigma (St. Louis, MO) and ICN Pharmaceuti- dideoxynucleotide chain termination metha), The size
cal Inc. (Montreal, PQ). Radioinert steroids were purchased of the introns was determined by PCR amplification using
from Steraloids Inc. (Wilton, NH). UDPYC]glucuronic acid PAC clone 23123 as a template and oligonucleotides specific
(285 mCi/mmol), f-32P]dCTP (3000 Ci/mmol), andJS]- to the introns of theJGT2B28gene (Table 1). PCR was
methionine were obtained from Dupont NEN (Boston, MA). preformed usingth polymerase mix (Clontech). Amplifica-
Lipofectin and Geneticin (G418) were obtained from Gibco tions were performed for 30 cycles at 95 for 15 s, 59°C
BRL (Burlington, ON), and Blasticidin was obtained from for 15 s, and 68C for 1—10 min depending on the intron
Invitrogen (Carlsbad, CA). Protein assay reagents werelength. The sizes of the PCR fragments were determined by
obtained from Bio-Rad (Richmond, CA). Restriction en- agarose gel electrophoresis.

structural motifs.
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Table 1: Primers Used for the Determination of the Intron Sizes of
the UGT2B28 Gerfe

amplicon

primer

sense
intron 1 S3-AAGAATTTGTTTAATCGGGAACTTGAAGA-3’
exon 2/intron 2/5'-ATCCACTTTTTCTTTTCTTTATTCCTGTCA-3

exon 3
intron 3 B-TGTGGAAAACTACTGAAAGAGGCTGTTAAG-3
intron 3/exon 4/5-TGTGGAAAACTACTGAAAGAGGCTGTTAAG-3
intron 4
exon 4/intron 4 5TACAGTTCTAACATTCTATAATTTTT-3'
antisense
intron 1 B-TACATAACTTTCTGAAAGGGGGTTAGAATT-3

exon 2/intron 2/5'-TCTTTCAGTAGTTTTCCACACCAGTAAGGC-3
exon 3

intron 3 B-AATTATAGAATGTTAGAACTGTAAAAAGGG-3'

intron 3/exon 4/5-CGTACTTGTTTAGGAGATGTAATTGAAGT-3
intron 4

exon 4/intron 4 5CGTACTTGTTTAGGAGATGTAATTGAAGT-3

@ The sequences of the oligonucleotides used to estimate the size o
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expressing UGT2B28 types-lIl were homogenized in 4
mM K,HPQ, (pH 7.0), 20% glycerol, 1 mM EDTA, and
0.5 mM dithiothreitol, and the cellular homogenate was
centrifuged at 120GPfor 20 min to remove nuclei, unbroken
cells, and mitochondria. The pellet was discarded, and the
supernatant was centrifuged at 1059@@ 60 min to obtain

the microsomal pellet, which was resuspended in homog-
enization buffer and stored at20 °C.

Western Blot Analysigio ascertain the expression of the
human UGT2B28 proteins, 20g of microsomal protein
from HK293 cells and HK293 cells stably expressing
UGT2B28 types+IIl were separated by 10% SDHAGE.

The gel was transferred onto a nitrocellulose membrane and
probed with EL-93 anti-UGT2B17 antisera (1:2000 dilution)
as reported previously28). An anti-rabbit 1gG horse
antibody conjugated with peroxidase (Amersham) was used
as the second antibody, and the resulting immunocomplexes

the introns (indicated on the left) are shown. The sense primers representVere Vvisualized using the enhanced chemiluminescence kit

the 8 boundaries, and the antisense primers represent tteBdaries
of the PCR products.

In Vitro Transcription/Translation Assayrhe pcDNA6
HisB vectors containing the UGT2B28 typeslll cDNAs

(Renaissance, Qbec City, PQ) following the manufacturer's
instructions and exposed to Hyperfilm-MPrfb h (Kodak
Corp.).

Glucuronidation Assay Using Microsome Preparations.
Enzymatic assays were performed usingud® [“C]UDP-

(Invitrogen) were transcribed using T7 RNA polymerase and glucuronic acid (UDPGA), 94M unlabeled UDPGA, 200

translated in the presence &i§]methionine, using the TNT-

uM aglycone, and 20ug of proteins from microsome

coupled rabbit reticulocyte lysate system from Promega Corp. preparations in 50 mM Tris-HCI (pH 7.5), 10 mM Mggl
(Madison, WI). The reaction products were separated on 10%100xg/mL phosphatidylcholine, and 8.5 mM saccharolactone

SDS-PAGE and exposed on Hyperfilm-MP for 3 h.
Stable Expression of UGT2B28 Typedll. HK293 cells
were grown in Dulbecco’s modified Eagle’s medium con-

taining 4.5 g/L glucose, 10 mM HEPES, 148/mL sodium
pyruvate, 100 IU/mL penicillin, 10@g/mL streptomycin,
and 10% fetal bovine serum in a humidified incubator, with
an atmosphere of 5% GQat 37 °C. Twenty micrograms
each of pcDNA6 HisB-UGT2B28 types-lll were used to
transfect HK293 cells using Lipofectin, according to the
manufacturer’s instructions (Gibco BRL). Forty-eight hours

in a final volume of 10QuL. Assays were performed for 16

h at 37 °C and were terminated by adding 10Q of
methanol. Samples were centrifuged at 14 000 rpm for 1 min
in an Eppendorf microcentrifuge to remove the precipitated
proteins. One hundred microliters of the aqueous phase was
applied onto TLC plates (0.25 mm thick silica gel, Whatman,
Maidstone, U.K.) and chromatographed in a solvent of
toluene, methanol, and acid acetic (7:3:1) as previously
reported 22, 40). The TLC plates were exposed for 24 h,
and the extent of glucuronidation was assessed by Phospho-

post-transfection, stable transfectants were selected in me+imager (Molecular Dynamics, Sunnyvale, CA).

dium containing 1Q:g/mL Blasticidin. After colony selec-

Quantitation of Free and Glucuronidated Steroids in

tion, nine monoclonal cell lines stably expressing human Breast Cyst FluidSeventy-five women underwent a needle

UGT2B28 type |, Il, or Il were isolated.
Northern Blot AnalysisTotal RNA was isolated from

aspiration of a breast cyst. After aspiration, the gross cyst
disease fluid was stored at20 °C until it was assayed and

human embryonic kidney cells (HK293) untransfected and all breast cyst samples were analyzed simultaneously to avoid

stably expressing UGT2B28 typeslil, according to the

interassay variation. Samples were analyzed following a

Tri reagent acid phenol protocol as specified by the supplier procedure originally designed for the quantitation of plasma
(Molecular Research Center, Inc., Cincinnati, OH). Twenty steroids 43—45). Assay of the unconjugated steroids was
micrograms of total RNA was electrophoresed on a 1.0% performed by extraction and column chromatography, while
agarose gel and transferred to a GeneScreen Plus membrarthat for steroid glucuronide involved an extraction followed

(Boston, MA). A pool of UGT2B cDNA probes encoding
UGT2B4, UGT2B7, and UGT2B15 was radiolabeled with
the randomly primed DNA labeling kit (Boehringer Man-
nheim) in the presence off*?P]dCTP. The Northern blot
was prehybridized in 40% formamidex5Denhardt’s, &
SSPE, 50 mM Tris-HCI (pH 8.0), 1.0% SDS, and 10§
mL salmon sperm DNA fo4 h at 42°C. Hybridization was
performed in the same solution for 16 h at42with 1.0 x
10° cpm/mL cDNA probe. The blot was washed twice in
0.5x SSC and 0.1% SDS at 4Z for 10 min and exposed
for 36 h at—80 °C to XAR Hyperfilm with an intensifying
screen (Kodak Corp., Rochester, NY).

Preparation of Microsomal Fractionsvlicrosomes were
prepared by differential centrifugation. HK293 cells stably

by treatment with3-glucuronidase and column chromatog-
raphy 6).

All RIA results are shown as the meanstandard error
of the mean of triplicate determinations on individual
samples. Radioimmunoassays were calculated according to
the method of Rodbart and Lewaldg, 47).

Tissue Distribution of the UGT2B28 Typelll Tran-
scripts. The tissue distribution of human UGT2B28 was
determined using a specific RT-PCR technique. The reverse
transcription reaction was performed using Ad of total
human RNA. The reaction was carried out using 200 units
of Superscript Il (Gibco BRL) in 12xM dNTPs, 10 mM
Tris-HCI (pH 8.3), 50 mM KCI, 1.5 mM MgGl 32.4 units
of RNA Guard, and 100 pmol of the antisense primér (5
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TTGACATCAGTTTATTCCAGCAAGA-3) in a total vol-
ume of 20uL for 90 min at 42°C. After inactivation of the
reverse transcriptase for 5 min at 1D, 2 uL of the reverse

Lévesque et al.

cDNA probes synthesized from the human UGT2B4,
UGT2B7, and UGT2B15 cDNAs. After approximately®10
nonamplified recombinants had been screened, 30 positive

transcription product was used as a template in a PCRclones were isolated. Among these positives clones we
mixture containing 10 mM Tris-HCI (pH 8.3), 50 mM KCI, identified cDNAs encoding UGT2B4() (22, 49), UGT2B4-
1.5 mM MgCh, 0.1 mM dNTP, and 1.25 units &fu DNA (E*®) (22), UGT2B10 @6), UGT2B11 @7), UGT2B15(¥)
polymerase in a total volume of 1QfL. The reaction was  (28), UGT2B15(0) (28, 29), UGT2B17 @0), and a novel
carried out using 100 pmol of the specific sense primer (5 1.5 kb UGT2B cDNA. Sequence analysis revealed that this
AGTTCTTCTGCTGATACATCTCG-3 and antisense primer  ¢cDNA is 1500 bp in length and contains an open reading
(5-AGTGGTACTGGAACCAGGTGAGGTGAC-3. The frame of 1236 bases flanked by auntranslated region of
PCR was performed for 35 cycles (1 min at®2, 1 min at 2 bp and a 3untranslated region of 262 bp. Comparison of
55 °C, and 1 min at 72C), after which one-fifth of the  the nucleic acid sequence with other known UGT2B enzymes
PCR product was electrophoresed on an ethidium bromide-highlighted the absence of 351 bp within the putative
stained 1.0% agarose gel, and the DNA fragments that weresubstrate binding domain (Figure 1). To confirm the expres-
obtained were visualized under UV light. All room-temper- sion of this isoform in LNCaP cells and human tissues, we
ature reactions were controlled by using specific oligonucle- performed RT-PCR using primers specific for this transcript.
otides for glyceraldehyde phosphate dehydrogenase (GAP-n addition to the anticipated 1097 bp amplicon, we amplified
DH). The identity of all PCR products was verified by direct two other longer cDNA fragments of 1140 and 1448 bp. To
sequencing42, 28, 30, 40, 48). obtain the corresponding full-length cDNAs, we performed
Immunofluorescence VisualizatiohleLa cells (20000)  PCR with specific primers (with one primer in the highly
were plated in culture slides (Biocoat Culture Slides, Becton variable 3-untranslated region) (Figure 1) on an LNCaP cell
Dickinson, Flanklin Lakes, NJ) and incubated for 16 h. cDNA library which led to amplification products of 1666
Transfection was then performed with Exgen 500 (MBI and 1358 bp. The two fragments were cloned into the
Fermentas, Flamborough, ON) according to the manufac- pcDNA6 HisB plasmid and sequenced with specific primers.
turer's instructions. Twenty hours post-transfection, cells  Sequence analysis of the two longer cDNA species
were washed three times with cold PBS, and then fixed for revealed a coding sequence identical with the previous initial
15 min with Formalin (Sigma Chemical Co.). Cells were 1.5 kb cDNA, except that they both possess the missing 351
washed five times with PBS before permeabilization with bp not found in the putative exon 1 of the shortest cDNA.
PBS containing 0.5% Triton X-100 (Sigma Chemical Corp.) Furthermore, the nucleotide region of the 1140 bp amplicon
for 15 min at room temperature. After three washes with was identical to the other two cDNAs with the exception of
PBS, the cells were incubated fb h in blocking buffer [6% nucleotides 10031310 (from the ATG) that were missing
dry milk and 3% bovine serum albumin in Tris-buffered in the region encompassing the putative UDPGA binding
saline (TBS)] to minimize unspecific binding of antibodies. site (Figure 1). The sequences of the full-length cDNA
Primary antibodies rabbit antimyc (Upstate Biotechnology, clones, including the's and 3-flanking regions, are 1851,
Lake Placid, NY) and mouse anti-PDI (Stressgen Biotech- 1543, and 1500 pb in length, and they were named UGT2B28
nology Corp., Victoria, BC) were added in binding buffer type | (GenBank entry AF177272), UGT2B28 type Il
(blocking buffer diluted 1:10 with TBS) with a 1:100 (GenBank entry AF177273), and UGT2B28 type IIl (Gen-
dilution. Slides were incubated overnight af@ and then Bank entry AF177274), respectively, according to their
washed twice with PBS containing 0.2% Tween 20 and twice respective length (Figure 2).
with PBS. Secondary antibodies (Alexa Fluor 594 goat anti- The 1851 bp UGT2B28 type | cDNA contains an open
rabbit and Alexa Fluor 488 goat anti-mouse from Molecular reading frame of 1587 bp encoding a characteristic 529-
Probes Inc., Eugene, OR) were added simultaneously at aamino acid UGT protein (Figure 2). Two putative polyade-
1:1000 dilution in binding buffer, and slides were incubated nylation signals with the sequences AATAAA and AATAAT
for 1 h atroom temperature in the dark. Washes were carried are present at nucleotides 1809 and 1821, respectively, with
out as described for primary antibodies. Diamidino-2- a poly(A+) tail starting at position 1830 (Figure 1). The
phenylindole (DAPI) counterstain was achieved by incubat- protein primary structure, deduced from the nucleotide
ing the slides for 10 min in the dark at room temperature sequence (Figure 1), contains an ER targeting signal, a
with 0.1 uM dilactate DAPI (Molecular Probes Inc.). Cells membrane anchoring region, and substrate and cofactor

were intensively washed with water, allowed to dry, and
mounted with a Prolong Anti-Fade kit (Molecular Probes
Inc.). For visualization, a Leica DMR-B epifluorescence
microscope (Leica Inc., Deerfield, IL) was used in combina-
tion with standard photography. Typically, exposure times
varied between 0.5 and 15 s with Kodak Gold 100 ASA
film.

RESULTS
Isolation of the UGT2B28 cDNA 0 obtain novel human

binding domains. The deletion of 308 nucleotides found in
the UGT2B28 type Il cDNA led to the presence of a
premature stop codon. The protein encoded by this cDNA
is thus composed of 335 amino acids (Figure 1). The protein
contains the ER leader sequence and the substrate binding
domain but is without the UDPGA binding domain and the
transmembrane region. At the opposite of the latter isoform,
the 351 bp deletion of the UGT2B28 type Il cDNA does
not alter the open reading frame of the protein, leaving the
conserved UDPGA binding domain intact in the C-terminal

extrahepatic steroid metabolizing UGT enzymes, we screenedregion. The 412-amino acid protein contains a characteristic
an LNCaP cell cDNA library. Due to the high degree of signal peptide directing the protein to the ER and a

homology between the UGT2B cDNA clones isolated to hydrophobic transmembrane region at the C-terminal end of
date, the library was screened using a pool of radiolabeledthe protein (Figure 2). Sequence analysis of the three cDNAs
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S
MALEKWT SVLILTLTIHTLGC FSSGSCQGEK 5
GTGCTOGTGTAEACCGGETGAATACAGCCAT TGGATGAATATGAAGACAATCCTGAAAGAGCTTGTTCAGAGAGGT 150
VL VWTGEYSHWMNMMTIEKTTTITU LI XU ETLVOQRSG 50
CATGAGGTGACTGTACTGGCATC T ICAGC TTCCATTCTTTTTGATCCCAATGACGCATTCACTCTTAAACTOGAA 205
HEVTVLATSTGESASTILTFDTPNDATFTTLZEKTLE 75
GTTTATCCTACATCTTTAACTAANACTGANTTTGAGAATATCATCATGCAACAGGTTAACAGATGGTCAGACATT 300
VYPTSLTEKTETFENTITIMOQOTYVTZEXKTERMWSTDI 100
CAAANAGATAC T T T OO T TAT A T T T T T A A AR AR AT O T TCOAA T T TCATCACATAT T TACARAC 375
OKDGS S FWLYFSOQEOETITLWETFHDTITFTRN 195
O TG T AAAGA TG TAGT TTCAAATAAGAAAGT TATGAAAAAACTACAAGAGTCAAGATTTCACATCATTTTTGCA 450
F CKDVYVSNZ XKTEKVMEKTEKTLOESTRPFDTITITFA 150
CATGCTTTTTTTCC T TG TG TGAGCTGCTRAC TGO TACTTAACATACCGTTTGTGTACAGTCTCTGCTTCACT 525
DAFFPCGETLTLAALTLNTIPTFUVYSTLCTFET 175
(OCTGGCTACACANTTGARAGGCACAGTGRAGCACTGAT TTTCCCTOCTIOC TACATACCTGT TG T TATGTCAAAA 600
PG Y TIERHBSGGCLIFPPSYTIPVVMES K 200
T TAAGTGATCAANTGACTTTCATGGACAGGGTAAAAAACATGATCTATGTCCTTTATTTTGACT TTTGGTTOCAA 675
L S DOQMTTFMERTYVEKNMTQYVTILTYTFETD|FWEF Q 5
AT A T A AR A A T A T CAG T T T T AC A TCARG T T T TACCAAACC CACTACC TTAT TTGACACAATG 750
M CDMEKTEKWDOQTFTYSEVLGRPTTLTFEETM 250
GGGAAAGCTGACATATGACTTATGOGAAACTCCTAGAGTTTTCAATTICCTCATCCATTCTTACCAAACATTGAT 825
G KADIWILUMRNSWS SFOQTFTPHTPFTLPNTID 575
TG TGRAGGACTCCACTGCAAACCTGOCAAACCCCTACCTAAGGAAATCGAGGAATTTGTACAGAGCTCTGRT 900
FVGGLHCEKTPAEKPLTPEKEMETETFTVOQSSG 300
GRADA 975
25
1050
350
1125
375
1200
400
1275
425
TCTTATGAAATTATCAATAATTCAACAT 1350
ENVMIKL S ITIQH 450
TOGAGCAGTCTTCTOAT TGAATTTGTGATGTGCCA 1425
D QP VVKPILHRAYVVFWIUEUVFVMUCHI KU GAI KH 475
CTTCGRAGTTGCAGCOCG TOACC TCACC TR T TOCAGTACCACTCTTTGEAT TGAT TRGG T TIC TG TAGCCTGT 1500
LRVAARDLTWEFOYHSLDNTIGEFTLTLALC 500
GTOOCAACTGTGATAT T TG TOG IO AAAGTTTTRTCTGTTTTGTTTCTGGAAG T TTGC TAGARAACGGAAGAAG 1575
v ATV IFVYV QT KPEFCLUVFCPEFWI KXKUZ FAIRIEKTGI KK 525
A A A T TG T TR TGO TGACATTTGAAGC TGGAAAACCAGATAGATGAG TTGACATCAGTTTATTOCAG 1650
G KR D * 529
CAAGAAAGAAAAGATTGTTATGCAAGATTICTTTCTICCIGIGACAAAAAAAAAAACTTTTCAAAATCTACCTIG 1725
TCAAGTAAAAATTTGTTTTICAGAGATTTACCACCCAGGTAATGET TAGARATATTCTGTGGCANTGAAGAARAC 1800
ACTA&K}AAAAT_A_A%_A_TAA_T_ATAAA@CAAAAPAAAW}AAAAAAAA 1849

Ficure 1: Nucleotide and amino acid sequences of UGT2B28. The putative membrane-insertion signal peptide is denoted by a black box,
and the anchoring domain is denoted by the light gray box. The boxed residues (NMT) identify the potential glycosylation site. The sequence
identity from residue 105 to 221 (shaded box) is absent in UGT2B28 type Ill (GenBank entry AF177274). UGT2B28 type Il (GenBank
entry AF177273) does not contain the sequence from residues 335 to 437 and possesses a premature stop codon at nucleotide 1006, which
is denoted with an asterisk. Continuous arrows show primers used to amplify full-length UGT2B28 type | (GenBank entry AF177272),
whereas the dashed arrows represent primers used for RT-PCRs.

revealed that all UGT2B28 subtypes contain only one carboxy-terminal region from residues 29329 of these
potential asparagine-linked glycosylation site [NX(S/T)] UGT2B isoforms was more than 92% identical (Table 2).
present at residues 31817 of UGT2B28 types | and Il The UGT2B28 type | protein is #685% identical to the
and 198-200 of UGT2B28 type Il (Figure 2). other human UGT isoforms (Table 2 and Figure 3B).

Amino acid sequence alignment with other UGT2B  Isolation of the UGT2B28 Gendo isolate the human
enzymes demonstrated that UGT2B10 and UGT2B11 are theUGT2B28gene, a human genomic PAC library was screened
isoforms which are the most homologous to UGT2B28 type with a full-length UGT2B28 cDNA probe and the PAC clone
| (Figure 3 and Table 2). UGT2B10 and UGT2B11 are two 23123 was isolated. Restriction enzyme digestion of this PAC
orphan UGTs and are 89 and 95% identical to UGT2B28 clone at theNotl sites, which flank the insert in the cloning
type I, respectively. The amino-terminal region from amino vector, yielded a DNA insert of approximately 100 kb (not
acids 1290 of UGT2B28 type | is 86 and 94% identical to shown). Screening of the PAC 231E2dRI, Hindlll, and
human UGT2B10 and UGT2B11, respectively, whereas the EcarV fragments cloned into thpBluescriptSK* vector
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FIGURE 2: Schematic representation of the humi#@T2B28gene and the encoded mRNA species and proteins. The dashed line indicates
that this region of the gene was not present in the PAC 23123 clone and was deduced from the common UGT2B genomic organization and
the full-length UGT2B28 cDNA. The protein’s putative structural motifs are as indicated.

led to the identification of exons-15 of theUGT2B28gene. UGT2B28 proteins detected had apparent molecular masses
Exons -5 are 721, 149, 132, 88, and 220 bases long, of 52, 35, and 42 kDa as already observed in the in vitro
respectively, which is identical to all characterized UGT2B transcription/translation assay (Figure 4C). UGT proteins
genes (Figure 2). PCR amplification was used to determinewere absent in the untransfected HK293 cell microsome
the appropriate size of the introns, which vary from 700 bp preparation as previously described (Figure 422, ¢8).
to 4.5 kb (Figure 2). Exon 6 of thedGT2B28gene was not Transferase Actity of UGT2B28 Enzyme3o determine
present in this PAC clone, and due to the high degree of the substrate specificity of the UGT2B28 enzymes, microso-
homology between the versions of exon 6 from all human mal preparations from cells stably expressing UGT2B28
UGT2B genes (more than 95%), we were not able to isolate types HIIl were incubated for 16 h (UGT2B28 type | is
this exon in several PAC clones containing UGT2B genes. stable for 16 h under these conditions; not shown) in the
However, using identical screening conditions, the entire presence of different substrates (2001), 12 and 94uM
UGT2B11 gene was isolated in the PAC 23123 clone, radiolabeled and unlabeled UDPGA. Under these assay
indicating that the two highly homologous geng§&T2B11 conditions, cofactor availability may slightly reduce the
andUGT2B28 are clustered together on chromosome 4.  velocity of the reaction; however, we and others have used
Expression of UGT2B28 Type-lll Proteins. To deter- this concentration to obtain the highest signal-to-background
mine the ability of each UGT2B28 cDNA to encode the ratio, and it accurately indicates the transferase acti@idy (
predicted proteins, pcDNA6 HisB vectors containing each 50). UGT2B28 type | protein glucuronidated eugengs; 5
cDNA were transcribed by T7 RNA polymerase, and androstane@,173-diol, etiocholanolone,&androstaned,-
translated with rabbit reticulocyte lysate (Figure 4A). The 175-diol (3a-diol), 4-methylumbelliferone, 1-naphthol, es-
radiolabeled peptides that were produced were 52, 35, andradiol (&), ADT, testosterone, hyodeoxycholic acid (HDCA),
42 kDa as expected for UGT2B28 typesdlll, respectively. and lithocholic acid (LCA) (Table 2 and Figure 5). Eugenol,
Stable expression of these three cDNAs (containing the ORFa phenolic compound which is glucuronidated by the majority
regions) into HK293 cells demonstrated the expression of of UGT2B isoenzymes, was the best substrate for glucu-
transcripts of the appropriate size in each cell line (Figure ronidation by UGT2B28 type | with a velocity of 131 pmol
4B). As shown in Figure 4B, the HK293-UGT2B28 type h™! (mg of protein)?. Steroid molecules highly conjugated
-1l stable cell lines expressed 1.6, 1.4, and 1.3 kb by UGT2B28 type | included/&androstane®,173-diol [88
messenger RNA, respectively. To ascertain the level of pmol ! (mg of proteiny'], ADT [38 pmol h™* (mg of
expression of UGT2B28 type-lll proteins in these stably  protein) '], and & [46 pmol ' (mg of protein)?!] (Figure
transfected HK293 cells, Western blot analysis was per- 5). A nontoxic bile acid, HDCA, was also significantly
formed on a microsomal preparation using a polyclonal glucuronidated at a rate of 34 pmot*’h(mg of protein)?*
antibody specific to the UGT2B enzymes (EL-93). The three by HK293 microsomal fractions expressing UGT2B28 type
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Ficure 3: (A) Amino acid sequence of UGT2B28 type | and alignment with the sequence of other UGT2B isoenzymes. The amino acid
sequences were deduced from the nucleotide sequences. (B) Dendrogram of homology between human UGT2B enzymes.

Table 2: Homology between the Deduced Nucleic Acid and Amino Acid Sequences of UGT2B28 Type | and Other UGT2B IsGenzymes
UGT2B28 type | amino acid identity (%)

nucleic amino-terminal domain carboxy-terminal domain
steroid substrates acid (residues $290) (residues 291530) overall
UGT2B4 4-OHB, E;, 3o-diol 89 80 88 84
UGT2B7 Jr-diol, DHT, T, ADT, 4-OHE, E; 89 80 91 85
UGT2B10 ND 94 86 92 89
UGT2B11 ND 97 94 95 95
UGT2B15 3-diol, DHT, T 84 70 82 76
UGT2B17 DHT, ADT, 3x-diol, T 84 70 81 76

a2 The nucleic acid identity (%) is as indicated. The sequence identities of the amino-terminal domain from residue 1 to 290, the carboxy-terminal
domain from residue 291 to 529, and the entire protein are as indicated. The steroid specificity of each enzyme is described. Abbreviations: ADT,
androsterone; £ estriol; B, estradiol; 4-OHE 1,3,5,10-estratrien-3,4-diol-17-oney-8liol, S5o-androstane-®,175-diol; DHT, dihydrotestosterone;
T, testosterone; THE, tetrahydrocortisone. ND (not detectable) indicates that no substrate has been identified.

I. On the other hand, UGT2B28 types Il and IlIl have not enous and exogenous compounds that were tested (data not
demonstrated glucuronidation activity toward the 35 endog- shown). Glucuronidation of these compounds was not



3876 Biochemistry, Vol. 40, No. 13, 2001 Lévesque et al.

Table 3: Substrates Tested Which Are Not Glucuronidated by
UGT2B28 Type t

C19 steroids
dihydrotestosterone (DHT)
epiandrosterone
dehydroepiandrosterone (DHEA)
androst-5-ene/3175-diol (A5-diol) A
5a-androstane{3 173-diol (33-diol)

C18 steroids

estrogens
estrone
estriol —29

catecholestrogens
1,3,5,10-estratriene-2,3-diol-17-one
1,3,5,10-estratriene-3,4-diol-17-one
1,3,5,10-estratriene-2,3 Ariol
1,3,5,10-estratriene-3,4 A-triol

C21 steroids
pregnenolone
17-OH-pregnenolone B
5a-pregnane-8-ol-20-one
5a-pregnane-&,20c-diol
aldosterone
cortisol
11-deoxycortisol (11-DOC)
5a-tetrahydrocortisone
54-tetrahydrocortisone

bile acids
chenodeoxycholic acid
cholic acid

No Template
UGT2B28 Type I

~ UGT2B28Type Il

_@ UGT2B28 Type IIf

x
' - s
3 el

. -68

%

—-43

|

-~ = B
g & &
e g g
5‘38

—2.0kb

exogenous compound
p,p'-biphenyl
a Determination of transferase activity was performed in the presence
of 12 uM [*C]JUDP-glucuronic acid and 94M unlabeled UDP-
glucuronic acid to optimize sensitivity of the assay.

| UGT2B28Type I

detected using control microsomal extracts from untrans-
fected HK293 cells as previously reportefD).

Breast Cyst Fluid Concentrations of Conjugated and
Unconjugated Steroidsigure 5B shows the concentrations
in cyst fluid of unconjugated and conjugated C18 and C19 .
steroids, namely,@-diol, ADT, E;, and E&. The ADT levels FicUrRe 4. (A) In vitro transcription/translation mechanism of
at 6.2 nmol/L were higher than those ai-8liol, E, and & UGT2B28. The pcDNA6 HisB vector containing UGT2B28 type

: ) : .+ I=I1ll cDNA was transcribed using T7 RNA polymerase and
(Figure 5B). On the other hand, ADT-G, the major steroid translated in the presence éf$]methionine, using TNT-coupled

conjugate found in breast cyst fluid, was found at a rappit reticulocyte lysate. Reaction products were separated via 10%
concentration of 125 nmol/L that exceeds by more than 10- SDS-PAGE and exposed on Hyperfilm. (B) Northern blot analysis

and 100-fold that of @-diol-G, E-G, and &-G (47). of UGT2B transcripts isolqted from stably transfected HK293-

Tissue Distribution of the UGT2B28 Transcripts. the gjzigﬁ Ceeilsr'e-ls—:ilﬁn% G”“T'%rg%a;mSeglf“t%g:ei’;‘eﬁtﬁgomho';'eﬁze?
past few years, we have _s_hown that RNase protection analysi%n a 1% ggar%se ge(iq, transferredygnto a GeneScregn membrane,
was not sufficiently sensitive for detection of UGT2B mMRNA  and hybridized with a pool of UGT2B cDNA probes. (C) Western
species in extrahepatic cells, and therefore, here we used alot analysis using an anti-UGT2B antibody. Twenty micrograms
specific RT-PCR approach to determine the tissue distribu- of microsomal proteins from HK293 cells stably expressing
tion of UGT2B28 transcripts in human tissues. Under these YGT2B28 was separated by 10% SBIBAGE, transferred onto a

. . nitrocellulose membrane, and probed with the polyclonal EL-93

conditions, the three UGT2B28 subtypes were detected N antibody.
liver, mammary gland, and LNCaP cells. In addition, the
1097 bp amplicon corresponding to the UGT2B28 type Ill in a specific human tissue, which is exactly the case in the
transcript was detected in the kidney, testis, prostate, BPH,liver and LNCaP cells and the mammary gland (Figure 6).
placenta, lung, stomach, small intestine, spleen, and skeletalThe amplification of the shortest UGT2B28 transcripts in
muscle, and in breast cancer cell lines such as MCF-7, T47-each tissue is also indicative of the specificity of the PCRs
D, and ZR-75-1 (Figure 6). The three transcripts were not since no other UGT2B isoforms have been shown to possess
detected in the adrenal, ovary, or HK293 cells. The PCR shorter mMRNA species. Under these conditions, we were not
conditions used here were optimized for all UGT2B28 able to demonstrate the presence of other UGT2B28 tran-
transcripts since only one set of primers was designed for scripts. Finally, all PCR products were subcloned, and the
all reactions as shown in Figure 1. Therefore, knowing that identity of each DNA fragment was confirmed by direct
identical oligonucleotides were used for all reactions, one sequencing 48). RT-PCR amplification of the GAPDH
would expect to obtain all UGT2B28 transcripts expressed transcript was used as a positive control for the RT-PCRs
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Ficure 5: (A) Rates of glucuronldatlon catalyzed by the UGT2B28 type | isoenzyme toward endogenous and exogenous compounds.
Initial screening for reactive substrates was performed in the presence dfl 12*C]JUDP-glucuronic acid and 94M unlabeled UDP-
glucuronic acid to optimize the sensitivity of the assay. The subsequent quantitation of glucuronide formation was optimized to measure the
glucuronidation activity of UGT2B28 type | for the various substrates and was performed in the presengevbf #2]UDP-glucuronic

acid and 94M unlabeled UDP-glucuronic acid as previously report2® 28, 30). Activity values are the means standard deviation of

three independent experiments. (B) Breast cyst fluid concentrations (nanomoles per liter) of free and glucuronide derivatides,of 3

ADT, E,, and g obtained from 75 women who underwent needle aspiration of breast dy3ts (
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Ficure 6: Tissue distribution of UGT2B28 transcripts. Total RNA isolated from human liver, kidney, testis, prostate, benign prostate
hyperplasia (BPH), mammary gland, adrenal, ovary, placenta, lung, stomach, small intestine, spleen, skeletal muscle, LNCaP, MCF-7,
T47-D, ZR-75-1, and UGT2B28 types-lll were analyzed by specific RT-PCR analysis as described in Materials and Methods. One-fifth

of each RT-PCR product was separated on a 1.0% agarose ethidium bromide-stained gel. The integrity of the RNA samples and the polymerase
chain reactions were demonstrated by production of the 545 bp product corresponding to GAPDH.

and yielded products of appropriate size in each tissue sampldransfected with UGT2B28 type | (Figure 7#AC), type Il
(Figure 6). (Figure 7D-F), and type Il (Figure 7G1).

Subcellular Localization of UGT2B28 Proteinsnmun-
ofluorescence analysis demonstrated the expression oP'SCUSSlON
UGT2B28 types Il in the perinuclear structure as well In this study, we report the isolation of a novel cDNA
as in the endoplasmic reticulum (Figure 7A,D,G). Protein and its corresponding gene, which encode a novel UDP-
disulfide isomerase (PDI) located in the endoplasmic reticu- glucuronosyltransferase protein, UGT2B28. The UGT2B28
lum colocalized with UGT2B28 typeslll in both or- type | cDNA encodes a full-length UGT2B enzyme with all
ganelles (Figure 7B,E,H). Coloration with diamidino-2- the structural domains that are essential for UGT activity.
phenylindole (DAPI) was restricted to the nucleus (Figure Indeed, this perinuclear and ER-located enzyme possesses a
7C,F,l). Approximately one-tenth of the total cells were conventional leader sequence targeting the protein in the
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Ficure 7: Immunofluorescence localization of UGT2B28 typesll. HeLa cells were transfected with respective UGT2B28 isoenzymes,
and cells were fixed and then treated with antibodies:-C() UGT2B28 type |, (B-F) UGT2B28 type Il, and (&) UGT2B28 type III.

Panels A, D, and G show argimyc fusion tag fluorescence and thus represent the UGT2B28 protein; panels B, E, and H corresponded
to anti-PDI fluorescence, and nuclei were stained with DAPI in panels C, F, and I.

membrane of these organelles, an ER-anchoring signal atbeen shown to conjugateffandrostane &,173-diol.

the carboxyl end of the protein, a substrate binding domain UGT2B28 type | also glucuronidates bile acids, and it may
in the less conserved amino half of the enzyme, and acontribute to HDCA and LCA glucuronidation in the liver,
characteristic UDPGA binding site in the highly conserved in addition to UGT2B4, UGT2B7, UGT1A3, and UGT1A8
C-terminal region. As found among other members of the (22, 54, 55). The extrahepatic expression of the UGT2B28
UGT2B subfamily, the 529-amino acid polypeptide encoded type | transcript was restricted to the mammary gland, which
by UGT2B28 type | is less homologous to the other UGT2B is an estrogen- and androgen-dependent tiss@e Figure
enzymes within the amino-terminal region (residue220) 5B shows that the breast cyst fluid contains significant
than the carboxy-terminal region (residues 2929/530) amounts of androgen and estrogen glucuronides which is
(Figure 3A and Table 2)14). Sequence alignment with other  consistent with the expression and activity of UGT2B28 in
UGT2B proteins demonstrates the high degree of identity the breast tissuesf). We observed the expression of the
between UGT2B10 and UGT2B11, two orphan UGT2B active UGT2B28 type I protein within the ER and perinuclear
proteins 26, 27) (Figure 3A and Table 2). Stable expression membranes. The physiological significance of the expression
of UGT2B28 type | in HK293 cells demonstrated the in the perinuclear structure is likely to be related to the
expression of a 1.6 kb transcript which encodes a 52 kDa regulation of steroid hormones action. By conjugating steroid
transferase capable of conjugating bile acids and steroidmolecules before their entrance into the nucleus, UGT
molecules such as androgens and estrogens. Eleven of thenzymes could modulate the availability of steroid molecules
35 substrates that were tested were found to be conjugatedor their receptors and therefore influence the hormonal
by UGT2B28 type I, including ADT, Testo,o2diol, 55- response. In addition to the glucuronidation of C18 and C19
androstane-®,175-diol, E,, and bile acids such as HDCA  steroids by UGT2B28, the presence of this enzyme in breast
and lithocholic acid. Conjugation by UGT2B28 type | occurs tissue suggests that this enzyme may be involved in the
at both the & and 17 positions of the steroid molecule, as inactivation of androgen and estrogen in this tissue (Figure
shown by its ability to glucuronidate ADT and Testo. In  8).

addition to C19 steroids, UGT2B28 type | conjugates C18 Primary structures of UGT2B28 types Il and lll are

steroids, as demonstrated by glucuronidationoHewever, identical to UGT2B28 type |, except that these cDNAs are
UGT2B28 type | was unable to catalyze the conjugation of shorter due to the absence of nucleotides within the amino
C21 steroids. (residues +290) and carboxyl (residues 29%29) portion

Tissue distribution of UGT2B28 transcripts was assessed of the protein. Nucleic acid alignment of UGT2B28 type I
by specific RT-PCR. The expression of UGT2B28 type | cDNA with the UGT2B28gene demonstrated that the 308
was observed in the liver and mammary gland. The humanbp deletion from nucleotides 1063310 relative to the
liver is known to be a major tissue involved in the formation adenine of the initiation codon corresponds to exons 4 and
of 5@-androstane @175-diol due to the high level of 5. Unadequate maturation of the UGT2B28 primary tran-
expression of the enzymg5eductaseF1—53). The highest scripts, such as exon skipping, could be responsible for the
UGT2B28 transferase activity was obtained withdndros- expression of the truncated UGT2B28 type || mMRNA. The
tane 3,175-diol as the endogenous substrate, and therefore,deletion of this portion of the protein does not preserve the
the role of this enzyme in hepatocytes can be related to theopen reading frame; thus, a premature stop codon is found
irreversible inactivation and elimination of this C19 metabo- at nucleotide 1006. Therefore, the protein encoded, composed
lite. To date, only UGT2B7, in addition to UGT2B28, has of only 335 amino acids, does not contain the putative
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attributed to the signal peptide and amino acids-1240.
LHRH CRF It has been demonstrated that both domains could be
implicated in the targeting of the protein within the ER, and
that the latter stretch of amino acids would certainly be
responsible for the retention of the protein within this

PITUITARY
LH ADRENAL

ER association are not fully characterized, it has been
suggested that residues 14240 may form a buried-helix
DEHYDROEPL which interacts with the lipid bilayer via hydrophobic

ANDROSTERONE

ov.qnv/_\ ACTH . organelle. Although the residues implicated in the protein
;\é

interactions 60, 62). These results, obtained with the first
naturally occurring UGT protein devoid of the consensus
ER retention signal, suggest that amino-terminal residues
might be involved in maintaining UGT proteins in the ER.
However, it was demonstrated by progressive truncation of
the carboxyl end of the chimeric UGT protein that this region
could be implicated in the correct folding of UGT2B
enzymes within the membrane. Thus, it was not surprising
to obtain no conjugation activity with UGT2B28 type II.

Integration of UGT2B28 type Ill does not present such
interrogations since the translated peptide contains all the
BREAST classical domains required for the expression of ER proteins.
CELLS The 412-amino acid protein contains the leader sequence,
the membrane anchoring domain, and the dilysine motif, and
ExG ADTG & thus, it was not surprising to observe the expression of this

Ficure 8: Schematic representation of the putative physiological peptide by immunofluorescence within the ER membrane.

role of UGT2B28 type | in breast cells. Steroid molecules such as Interestingly, residues 16221 of a characteristic UGT2B
DHT and estradiol are conjugated and inactivated by UGT2B28 enzyme are absent in UGT2B28 type Ill. This 117-amino

and then excreted in the circulation. These conjugated moleculesacid deletion partially disrupts the 100-amino acid stretch
are finally eliminated in bile or urine. of the internal targeting-retention motif described by Ouzzine
et al. 62). These results, obtained with both UGT2B28 types
[l 'and IIl, suggest that the localization of the UGT proteins
implicates several domains, but that these domains are not
required simultaneously for the endogenous expression of
UGT proteins within the ER membrane. As found for
UGT2B28 type Il, UGT2B28 type Il has not demonstrated
conjugation activity toward the substrates that have been
tested. The substrate binding domain, which is proposed to
reside in the amino-terminal domain (residues291), is
restrained in the UGT2B28 type IIl isoenzyme; thus, the
interaction between the aglycone and the protein is restricted
to a smaller region which probably adopts a different
conformational structure. Therefore, these data suggest that
all the different domains of UGT2B proteins are not required
simultaneously for the localization of these enzymes in the
ER; however, they all remain necessary for the correct
folding of the protein and for transferase activity. Soon, the
use of photoaffinity probes, which are analogues of UDPGA

UDPGA binding domain, the UGT signature sequence, or
the transmembrane domain. Comparison of the shortest
cDNA, UGT2B28 type llI, with thdJGT2B28gene sequence
demonstrates the absence of 351 bp within the region
corresponding to exon 1 of this gene. This deletion of
nucleotides 312662 does not change the open reading
frame, and the predicted peptide is composed of 412 amino
acids. However, UGT2B28 type Ill lacks the putative
substrate binding domain, but contains all the other UGT2B
characteristic domains.

Stable expression of the three UGT2B28 isoforms in the
HK293 cell line demonstrated the expression of transcripts
of 1.4 and 1.3 kb corresponding to the UGT2B28 type Il
and Il coding regions, respectively. The expression of
UGT2B mRNA species shorter than 1.6 kb was previously
observed in monkey testi®§). However, in both human
and monkey, the isolation and characterization of shorter
UGT2B transcripts have not been reported. In vitro transcrip- ) ) S X :
tion/translation experiments and Western blot analysis per- 2nd substrates, will certainly provide important information
formed with microsomal proteins obtained from the stably about the folding and th_e interactions of the different domains
transfected HK293 cells clearly demonstrate that both of the UGT2B28 proteins.

UGT2B28 transcripts encoded microsomal proteins of 35 UGT2B28 type Il is coexpressed with the type | protein

(type 1) and 42 kDa (type lIl). Interestingly, despite the in the liver, mammary gland, and LNCaP cell line, whereas
absence of the transmembrane domain and the dilysine motiftUGT2B28 type Il was observed in the vast majority of

of UGT2B28 type ll, immunofluorescence localization human peripheral tissues. The role of types Il and Ill remains
demonstrates that this protein is localized in the ER and unclear, since these UGT2B28 subtypes are not active on
perinuclear membranes as found for UGT2B28 type |. Thesethe substrates used in this study. However, Western blot
results are in accordance with previous observations indicat-analyses have demonstrated that UGT2B28 type Il was
ing that the carboxy-terminal transmembrane region as well capable of homodimerization (not shown), and therefore, it
as the dilysine motif are not essential components for the is possible that this isoenzyme may form dimers with other
localization of UGT2B proteins in the ER$—61). Indeed, UGT proteins, as previously observed with some UGT1 and
the localization of the UGT2B28 type Il protein can be UGT2 isoforms 63, 64). Furthermore, given a recent
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hypothesis by lyanag6Q), it is also conceivable that these Guillemette and Dr. Dean W. Hum for their critical reading
shorter isoforms might be involved in cofactor transport. of the manuscript.

Western blot analyses were performed on different monkey

tissues with the EL-93 antibodg, 65). Interestingly, we =~ REFERENCES

identified shorter UGT2B isoforms in some tissues, with 1 pyton, G. J. (1980fGlucuronidation of drugs and other
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