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INTRODUCTION

Glucuronidation, catalyzed by UDP-glucuronosyltransfer-
ase (UGT), is an important process in the metabolism of many
drugs, carcinogens, xenobiotics, and endogenous substances
such as bilirubin, steroids, and biogenic amines (1,2,3). UGT
also plays an important role in the biosynthesis of proteoglycans,
which confer important recognition properties on cell surfaces
that influence cell adhesion and migration as well as the binding
of growth factors and enzyme inhibitors (4). In humans, defi-
ciency in glucuronidation have significant clinical and toxico-
logical consequences. For example, inability to glucuronidate
bilirubin may lead to its accumulation in plasma and tissues
and result in jaundice. In more severe cases, patients may be
at risk for bilirubin encephalopathy (kernicterus). These clinical
sequalac have been observed in patients with Crigler-Najjer
syndrome where there is an absence or partial deficiency in
bilirubin UGT activity (5).

UGTs belong to a multigene family which comprises at
least 2 families, UGT! and UGT2 based on the similarities of
their predicted amino acid sequences (3). The UGT! family of
isozymes glucuronidate bilirubin and small planar phenols and
the genomic structures of human and rat UGTI have been
recently elucidated (6,7). It was found that there are structural
similarities between the bilirubin UGTs and phenol UGTs
between and within two species. Specifically, the 3’ end of
both the bilirubin and phenol UGT are identical. To date, the
structure of the mouse UGT! gene is not known. Since the
mouse is one of the most widely utilized animal models for
pharmacologic, as well as toxicological testing of pharmaceuti-
cal compounds, it is relevant to study the mouse genes. Pre-
viously, we have reported the cloning of two cDNAs encoding
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the mouse bilirubin (mUGTbrl) and phenol (mUGTp4) (8).
Recently, additional UGT! cDNAs have been cloned, a mouse
phenol UGT ¢cDNA (UGTI-06) (9,10), and a mouse bilirubin
UGT c¢DNA (UGTbr2) (11). To further isolate and characterize
the mouse UGTI gene, we obtained UGTI genomic clone by
screening a mouse P1 library, and a new cDNA sequence which
belongs to the bilirubin subfamily of UGT! family, designated
mUGTbr2-like, was found. It consists of at least 2468 basepairs
(bp) and contains 1590-nucleotide open reading frame which
encodes 529 amino acid residues. It possesses an identical C-
terminus but variable N-terminus with mUGTbrl, mUGTp4,
mUGTI-06, and mUGTbr2 (7-10). From the amino acid
sequence alignment of the N-terminus of mUGTbr2-like, it
shares 75%, 70%, 68%, 67%, 62%, 61%, 59.2%, 58.8%, 58.5%,
57.4%, 45.4%, 43.3% and 43.6% sequence similarities with
rUGTBS (T), mUGTbr2 (11), rUGTB2 (1), rUGTI*0 (12),
hUGTID (br2) (13), RUGTIC (13), rUGTB3 (7), hUGTIE (13),
IUGT!1-4 (14), rUGTB4 (7), hUGTIA (brl) (13), rUGTBI (brl)
(7) and mUGTbrl (9-1) (8), respectively.

MATERIALS AND METHODS

Screening of a Agtll cDNA Library and a AZAP
c¢DNA Library

A mouse adult liver cDNA library in phage lambda gt11
(Agtl1) [Clontech Laboratory, Palo Alto, CA] was screened
with a 426-bp Kpnl/Xbal fragment of the human 2351-bp full
length HUG-Brl (hUGTIA) cDNA (6) as described previously
in our laboratory (8) according to methods described in Ausubel
et al. (15). Positive plaques were replated and rescreened twice
until two isolated positive clones were obtained. The inserted
c¢DNA in A gt11 was subcloned into plasmid Bluescript SK+
vector (Stratagene, La Jolla, CA). The sequences were deter-
mined by the dideoxynucleotide chain termination method of
Sanger (16). It was demonstrated that the insert cDNA
sequences of the two positive clones were identical and con-
tained 1202 bp without an open reading frame (ORF). There-
fore, they were partial cDNAs. One of this partial cDNA (clone
7a) was then used to re-screen a mouse liver AZAP cDNA
library (Stratagene, Lo Jolla, CA) with methods described
above. After the third round screening, five independent clones
were selected and in vivo excision of pBluescript SK vector
containing the cDNA inserts using R408 helper phage according
to the protocols provided by the manufacturer (Stratagene).
The complete nucleotide sequence of the cDNA inserts were
determined as above.

Screening of Mouse P1 Library and Sequencing of P1
Clone

One of the clones 6-3-2, contained 1974 base pairs (bp)
and without ORF, was highly homologous to human UGTID
(br2) (13). Two primers, oligo RP-7 (5'-ACACTTCTCTCTGA
AAAA-3") and oligo UP-2 (5'-TCCACCACCTGAATTCCA-
3") which will amplify a 316 bp polymerase chain reaction
(PCR) product, were used to PCR screen a mouse ES (c129/
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SvJ strain) P1 library (Genome Systems, St. Louis, MO). Two
P1 clones (1518,1519) were obtained. Both clones showed posi-
tive PCR amplification and Southern blot hybridization. One
of the clone, 1519 was further purified and both strands of the
DNA were sequenced. The first sequencing primer, RP-9
(5'-AACGGTGGACATGTTTCT-3') was designed from the 5'-
end of clone 6-3-2. DNA sequencing of P1 clone was performed

by Interdisciplinary Center for Biotechnology Research, Uni-
versity of Florida, Gainesville, FL.

Isolation of RNA, Reverse Transcription and RT-PCR
Analysis

In order to confirm that the above mUGTBr2-like gene
product transcribes into mature mRNA, RT-PCR was performed
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a (mBr2l-Pé)
GCTGTGCACAGCCA
TAGTTTTTTAAAGT TAGGAGAGCTAAATATCAACTCTGATGTCTTCTAAAGAGAGAGTTCTGCCAGTTTTCTAGGAGAGAAACAAGATCA
GGAATATGTTGGCTGAAATCAGGATTGATCGGGCACCAAGGGCAGATTTATCCTTTAATAATTAATGTCTGGGAGCTGGGGCCACCCAGT
b (mBr21-P7)
GGCGTGACAAGGTTGGATACGAAATTAGAGGAGTAAGAGTCATACCCTGCTGAGGAAACCTGACTCTTCTGCGCATCCACTGAAGTGACT
ATGGGACTCCGCGTGCCCCTACAAGGATTAGTGGGGCTGCTCCTGCTGTGTGCCCTGCCTTGGACTGAAGGTGAGAAGGTGCTAGTGTTT
M G L R V P L Q 6 L v 66 L L L L ¢ A L P W T E G E K v L V F

CCTGTGGGGGGAAGCCACTGGCTGAGCATGAGGGATGTTGTGAGAGAGCTCCACGCCCAAGGTCACCAGACTGTGGTCCTGGCTCCAGAG
P V 6 G §$ H W L 8§ M R DV V R E L H A Q G H Q T V V L A P E
c d e (mBr21-P5)
GTGAACATGCGCATCAAAGAAGAGGACTTTTTCACTTICAAAGTCTATGCCGTTCCCTATACAAGACAAGAAT TGGAAGARATGATGGAA
vV N M R I K E E D F F T F X V. Y A VvV P Y T R Q E L E E M M E
£(RP-9)
AACCTTAAAGTGTTT TTTGACACAGGAAACTATATGAAGAAAATCTTTAAAACATCTGAGGCTTTGAGAAACATGTCCACCGTTCTGTTA
N L K VvV F F D T G N Y M K K I F X T 8§ E A L R N M § T V L L
g (UP-2)
AAGACTTGTACAAATATATTGCACAACGAGTCCCTGCTICCACCACCTGAATTCCAGCTCCTTTGATGTAGTCTTTACAGATCCCGTGTTT
K T ¢ T N I L H N E 8 L L H H L N S S S8 F D VvV VvV F T D P VvV F

CCCTGTGGGGCATTGTTGGCCAAGTACTTAGGTATTCCTGCTGTGTTCTTTCTACGATACATCCCCTGTGGCATAGAATATGAGGCCACA
P C G A L L A K Y L 6 I P A V F F L R ¥ I P ¢ G I E Y E A T

CAGTGTCCAAGCCCTTCCTCTTATATTCCGAACCTATTCACAAGGCTTTCCGACCACATGGACTTCCTGCAAAGGGTCCAGAACATGCTG
Q ¢ p S P $ $§ Y I P N L F T R L S D H M D F L Q R V Q© N M L

h (RP-7)
TACCATCTGGTCTTGAAGTACATTTGCCATTTATTGATCACTCCCTATGAAAGCCTGGCCTCTGAGCTTTTTCAGAGAGAAGTGTCCGCA
Y H L v L XK T I ¢ H L L I T P Y E S L A $§ E L F Q R E V S 8§

GTGGAGCTTTTCAGCTATGCATCCGTGTGGCTGTTCCGAGGGGACTTTGTACTCGACTACCCCAGGCCCATCATGCCTAACATGGTCTTC
vV E L F s Y A § V w L F R G D F V L D Y P R P I M P N M V F

i
ATTGGGGGCATAAACTGTGTTACCAAGAAGCCCCTCTCTCAGGAATTTGAAGCCTATGTCAACGCCTCTGGGGAGCATGGCATCGTTGTT
I 6 G I N C V T K K P L 5 Q E F E A Y V N A S G E H G I V Vv

TTCTCTTTGGGATCCATGGTCTCAGAGATTCCGGAGAAGAAAGCCATGGAAATTGCTGAGGCTTTGGGCAGAATTCCTCAGACGGTCCTG
F S L G s M vV s E I P E K K A M E I A E A L G R I P Q P V L

J
TGGCGCTACACCGGAACTAGACCATCGAATCTTGCAAAGAACACAATTCTTGTCAAATGGCTACCCCAARATGATCTGCTGGGTCATCCA
W R Y T G T R P § N L A K N T I L V K W L P Q N D L L G H P

AAGACTCGGGCATTCATCACACACTCTGGUTCCCATGGTATTTATGAAGGAATATGCAATGGAGTTCCGATGGTGATGATGCCCCTATTT
K T R A F I T H s G § H G I ¥ E 6 I ¢ N G V P M V M M P L F

GGCGATCAGATGGACAATGCCAAGCGCATGGAAACTCGGGGAGCTGGGGTGACCCTGAATGTCCTTGAAATGACTGCTGATGATTIGGAA
G D 9 M D N A K R M E TR G A G V T L NV L EM T A D D L E

AATGCCCTTAAAACTGTCATCAACAACAAGAGCTACAAGGAGAACATCATGCGCCTCTCCAGCCTTCACAAGGACCGTCCTATAGAGCCT
N A L XK T v I N N X s§ Y K E N I M R L 8§ S L H K D R P 1 E P

CTGGACCTGGCTGTGTTCTGGGTGGAATACGTGATGAGGCACAAGGGGGCACCACACCTGCGCCCGGCCGCCCATGACCTCACCTGGTAT
L. D L AV F WV E Y VMR H K G A P H UL R P A A H D L T W Y

CAGTACCACTCCTTGGATGTGATTGGCTTUCTCCGGGCCATTTTGTTGACAGTGGTCTTCATTGTCTTTAAATGTTGTGCCTATGGCTGC
Q Yy H s L. p Vv I 6 F L L A I VvV L T Vv V F I VvV F K Cc ¢ A Y G C

CGGAAATGCTTTGGGGGAAAGGGGCGAGTGAAGAAATCACACAAATCCAAGACCCATTGAGAAGTGGGGGGAAGTGAAGGAGAAGTATTA

R K ¢ F 6 6 K G R V K K 8 H K s K T H ~
GTTCATTATCTGATCAGTTGAAACTTGGARACAAGTGTTAAATCCATATTGTTTTTGTTAGGGAAATAATTCACCATACATTATACATTC
AGCACATTTAAAAATAATAATAATAACAATCTAATTGCTGGCCACACCCATCAGGGAAGGTTCTAGTATATGTGATGTGCTTTTCCAGTA
TCTTCAGTCTAGACAACTCTTGCCATCTGTTGGTAATI TACAGAAAGTCTGGCACTCTGCTTTCAGTGACAGCCCCACAGTTTCCCCTCG
TCCCGCCAGCTGACGGCTTTCTCCCCTGGATTCTCAGACTGCCGTGGCCTTCTCCAGTGTTAGTCATTCTTCATTGTGTTCATGCAT TAT
GGGTGGCAAGACCTTTGGAGCTTTGGGAGAAGAGATGAGGCTGTGACACTGATGGCCCTGTGTTTGAGATAATAATTGTTGCTTGTGCCG
GAATTTGATGAAAACCAAAGTATGTTCTAAGGCAAGTACATCTTCTATTGTGTTCCCAAACCAAGAACTTATCAATAAATTCATATAAAT
TGTAAAAAAAADMANARACCGGAAT

Fig. 1. Nucleotide and deduced amino acid sequences of mouse UGTBr2-like cDNA. The following symbols
indicating: a—primer mBr21-P6; b~primer mBr2l-P7; ¢-T instead of C in RT-PCR product; d-partial cDNA clone
6-3-2 begins; e—primer mBr2l-P5; f~primer RP-9; g—primer UP-2; h—primer RP-7; i~common region begins; j—lone
7a begins; and *-stop codon. Consensus polyadenylation signal is denoted by boldface italics.
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with total RNA isolated from adult (20-25 g) male Swiss-

Webster mice livers (Harlan, Madison, WI) using DNA

sequences obtained from the P1 clone above. The RT-PCR
would cover the truncated 5'-end of the cDNA clone 6-3-2.
Based on the genomic sequence of Pl clone, two forward
oligos mBr21-P6 (5'-GGTGTGCACAGCCATAGTTT-3"), and
mBr21-P7 (5'-CGTGACAAGGTTGGATACGAAA-3') were
designed. The reverse primer mBr21-P5 (5'-GGGAACGGCAT
AGACTTTGA-3') is located in the 5’'-end of clone 6-3-2 (Fig.
1). Total RNA was isolated with TRIzol Reagent (Gibco) and
c¢DNA was synthesized using SuperScript Preamplification Sys-
tem (Gibco BRL). PCR reaction consisted of a 5S-min “hot start”
with AmpliWax PCR Gem 100 (Perkin Elmer) at 80°C, followed
by 30 cycles of amplification (94°C, 30 sec; 58°C, 1 min; 72°C,
1 min). PCR product was cloned into TA vector (Invitrogen),
and positive clone were sequenced with M13 and T7 primers.

Phylogenetic Methods

Amino acid sequences were aligned with the CLUSTAL
V (17) software package with a gap penalty of 8.0 as described
previously (18). Unrooted phylogenetic trees were constructed
using the programs CONSENSUS, FITCH, PROTDIST, PRO-
TPARS and SEQBOOT implemented in the Phylogeny Infer-
ence Package (PHYLIP) version 3.5¢ (19). Evolutionary
distances were calculated invoking available options of the
program PROTDIST. Bootstrap confidence levels for internal
branches were estimated using either the SEQBOOT and CON-
SENSE program of PHYLIP.

RESULTS AND DISCUSSION

A 1202-bp partial cDNA clone (clone 7a) which was dem-
onstrated to be a member of UGT! family was obtained by
screening of a mouse liver Agtll ¢cDNA library. Using this
partial cDNA as a probe, we rescreened another mouse liver
cDNA library (AZAP) and obtained three cDNA clones 9-1
(mUGTbrl), A-1 (InUGTp4) and 6-3-2 (nUGTbr2-like). Two
of these clones, 9-1 and A-1 have been published (8). These
three clones have identical 3’-end which encode identical C-
termini. Clone 6-3-2 contained 1974 bp without an intact ORF,
therefore, it is a partial cDNA. In order to find the full length
cDNA clone of 6-3-2, amouse P1 genomic library was screened
using sequences obtained from this partial cDNA. A P1 genomic
clone, 1519 with about 70 kilobase insert was obtained, and
designated as mUGT]. Based on the 5'-end nucleotide sequence
of clone 6-3-2, sequencing primer, RP-9 was designed and used
to sequence 1519, first towards the 5’ direction, and subse-
quently reverse direction. Fig. 1 shows the nucleotide sequence
and deduced amine acid sequence of full-length clone 6-3-2.
The full length cDNA encodes 529 amino acid polypeptides
with a molecular weight of around 60 kDa. Amino acid sequence
comparison with mUGTbr1 and mUGTp4 shows 36% and 37%
similarity at the N-terminus, but with identical C-termini (8).
Comparison with mUGTbr2 reported by Koiwai ef al. (11)
shows 70% similarity at the N-terminus, but identical C-terminal
region. Therefore, this cDNA clone is a member of the UGTI
bilirubin subfamily, and was designated mUGTbr2-like. In order
to ascertain that mUGTbr2-like indeed transcribes into mature
mRNA transcript, two forward primers (mBr21-P6 and mBr2l-
P7)—located at the 5’ end, and one reverse primer (mBr21-
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P5)—Ilocated at the 3’ end, near the beginning of the partial
c¢DNA clone 6-3-2, were designed to carry out two sets of RT-
PCR reactions with mouse liver RNA. Fig. 2 shows a 325
bp RT-PCR amplification product with primers mBr21-P5 and
mBr21-P7 (lane 2), and a 521 bp product with primers mBr2l-
P5 and mBr21-P6 (lane 3). When the P1 DNA (clone 1519)
was used as the template, the same size of PCR products were
amplified with same primers (lanes 4 and 5). The RT-PCR
products were subcloned into TA vector and sequenced in both
direction as described above. The nucleotide sequences was
identical to the genomic sequence of P1 clone with the exception
of one nucleotide at position 476, where T was found instead
of C (Fig. 1). However, there is no difference in the amino acid
encoded. The difference in the nucleotide is not clear, but could
be due to fidelity of PCR reaction, or differences in the strains
of mice.

Alignment of the deduced amino acid of the N-terminus
of mUGTbr2-like with other UGT! bilirubin subfamily shows
overall similarities of: 75% to rUGTBS (7), 710% to mUGTbr2
(11), 68% to rUGTB2 (7), 67% to rUGTI *0 (br) (12), 62% to
hUGTID (br2) (13), 61% to hUGTIC (13), 59.2% to rUGTB3
(7), 58.8% to hUGTIE (13), 58.5% to {UGTI-4 (14), 57.4%
to rtUGTB4 (7),45.4% to hUGTIA (brl) (13),43.3% to rUGTB1
(brl) (7), and 42.6% to mUGT9-1 (brl) (8). It is of interest to
note that our mUGTbr2-like cDNA clone is more homologous
to the rat UGTBS (7), whereas the cDNA clone obtained by
Koiwai et al. (11), mUGTbr2 is more homologous to rUGTRB2
(7) and rUGTI*0 (12). When our clone, mUGTbr2-like and
mUGTbr2 (11) are compared to human UGTID (br2) (13), the

M1 2 3 4

500bp-
300bp-

Fig. 2. RT-PCR. 1 pg of total RNA from mouse liver tissue was
reverse transcriped into cDNA. Two sets of RT-PCR reactions were
carried out with primers mBr2l-P5/mBr21-P7; mBr21-P5/mBr21-P6. 5
ul of the 50 pl PCR reaction mixture was electrophoresed in 1.2%
agarose gel. M: 100 bp ladder; Lane 1: 325 bp of RT-PCR product
with primers mBr2l-P5 and mBr21-P7; Lane 2: 521 bp of RT-PCR
product with primers mBr2-P5 and mBr2l-P6. Lane 3: 325 bp of PCR
product of P1 genomic DNA with same primers as lane 1; and Lane
4: 521 bp of PCR product of P1 genomic DNA with same primers as
lane 2.
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Fig. 3. (A) Distance-matrix tree (program FITCH) inferred from the
amino acid sequences based on distances calculated by the “Dayhoff”
option of program PRODIST (17,18). The same topology was obtained
by using the “category” and “Kimura” methods (program PRODIST).
Scale bar is in unit of amino acid substitution per sequence position.
(B) Maximum parsimony tree. The lengths of the horizontal branches
do not indicate distances. Numbers near the internal branches refer
to the boostrap replications (out of 100 resamplings) confirming the
grouping of the sequences of the right of the branch.
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overall similarities are 62% and 60.1%, respectively, indicating
that mUGTbr2-like is more homologous to AUGTI1D (br2) than
mUGTbr2. Future functional expression of these cDNA clones
in cell lines would yield insights into their substrates specificity.

The family 1 of UGT (UGTI) and mUGTbr2-like protein
sequences were multiply aligned with the entire inventory of
available homologues in the Genebank (NCBI gene bank; http:/
ncbi.nlm.nih.gov). Unrooted trees were inferred by various
methods from a restricted version of the alignment positions
considered reliably alignable among all sequences of the N-
terminal portion of UGTI, i.e., excluding the highly conserved
alternatively-spliced C-terminal common region (complete and
restricted alignments are available upon request from ATK).

Fig. 3 shows the evolutionary trees of UGTI protein
sequences based on the evolutionary distances (A), and maxi-
mum parsimony (B). According to both methods, UGTI
sequences reproducibly segregate into two major subfamilies,
represented by the bilirubin UGT (upper half), and the phenol
UGT (lower half). The phylogenetic analysis shows that most
of the UGT subfamilies arose from gene duplications predating
the diversification of the rodentia, legamorphs and apes. The
phenol UGT! subfamily can be divided into two groups; one
comprising the sequences of rUGTIAI (7), mUGTI-06 (9,10),
hUGTIF (13), and [UGTI-6 (10), and the other represented by
the sequences of rUGTIA3 (7), rUGTIA2 (7), mUGTp4 (8),
and human UGTs (IG, IH, 1J, and p4) (13). Similarly, the
bilirubin UGT] subfamily cluster is divided into two groups;
separating the yUGTBI (7), mUGTbrl (8), and the hUGTbrl
(13) sequences from the other bilirubin UGTs. Whether the
above classification accurately reflects the evolutionary history
of the UGT! genes depends on the actual position of the root
in the phylogenetic reconstruction. The addition of outgroup
sequences (i.e., UGTI homologues from lower vertebrates) to
the analysis should further clarify this issue in the future.
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