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Domestic guinea pig is a model animal for human medical research and UDP
glucuronosyltransferase 1 family, polypeptide A3 (UGT1A3) is an important human
medicine related gene. In this study, the complete coding sequence of domestic guinea
pig UGT1A3 gene was amplified by RT-PCR. The open reading frame of domestic guinea
pig UGT1A3 gene was 1,605bp encoding a protein of 534 amino acids. Sequence
analysis revealed that the UGT1A3 protein of domestic guinea pig shares high
homology with the UGT1A3 proteins of human (75%), chimpanzee (75%), sumatran
orangutan (75%), northern white-cheeked gibbon (75%), ma’s night monkey (75%)
and drill (74%). This gene is structured in five exons and four introns as revealed by
computer-assisted analysis. Results also showed that domestic guinea pig UGT1A3
gene has a close genetic relationship with the UGT1A3 gene of ma’s night monkey.
The prediction of transmembrane helices revealed that domestic guinea pig UGT1A3
might be a transmembrane protein. The expression profile indicated that domestic
guinea pig UGT1A3 gene was differentially expressed in detected domestic guinea pig
tissues including small intestine, spleen, lung, muscle, fat, liver, heart and kidney. Our
experiment established primary foundation of using domestic guinea pig as model
animal to study the UGT1A3-related human diseases.

Introduction

a C23-ester glucuronide in the liver (Iwai M [4]). revealed that

UDP glucuronosyltransferase 1 family, polypeptide A3
(UGT1A3) encodes a UDP-glucuronosyltransferase, an enzyme
of the glucuronidation pathway that transforms small lipophilic
molecules, such as steroids, bilirubin, hormones, and drugs, into
water-soluble, excretable metabolites (http://www.ncbinlm.
nih.gov/gene/54659) . UGT1A3 is also an important human
medicine related gene. The human UGT1A3 protein catalyzes the
glucuronidation of estrogens, bile acids and xenobiotics including
non-steroidal anti-inflammatory drugs and lipid lowering drugs
(Lankisch, et al. [1,2]) indicated that increased UGT1A3 expression
is associated with pancreatic cancer (Trottier ] [3]). reported
that UGT1A3 enzyme conjugates norursodeoxycholic acid into

several UGT1A3 polymorphisms exist in the Japanese population
and lead to different levels of activity. These polymorphisms are
capable of affecting the steady state levels of estrogens and may
increase sensitivity to adverse drug effects (Erichsen T] [5]). also
found that UGT1A3 is significantly induced by xenobiotics, and
this physiologically links xenobiotic and bile acid metabolism to
cholestasis. As mentioned above, UGT1A3 is an important human
medicine related gene. Domestic guinea pig is a useful model
animal which has been successfully used for human disease
research (Schuller S, et al. [6,7]). Until today, the domestic guinea
pig UGT1A3 gene has not been reported yet. In present experiment,
we will isolate the complete coding sequence of domestic guinea
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pig UGT1A3 gene, subsequently perform sequence and tissue
expression analysis. These will establish the primary foundation of
using domestic guinea pig as model animal to study the UGT1A3-
related human diseases.

Materials and Methods

Samples Collection, RNA Extraction and First-Strand
cDNA Synthesis

Six adult domestic guinea pigs (3 females and 3 males) were
killed. Small intestine, spleen, lung, muscle, fat, liver, heart and
kidney samples were collected and frozen at - 80 °C (Yang Deming
[8]). The total RNA was extracted using the Total RNA Extraction
Kit (Gibco, USA). These RNA samples were used to perform reverse
transcription to produce the first-strand ¢cDNA (Lankisch [1]).
These first-strand cDNAs would be applied to perform RT-PCR and
qRT-PCR.

Isolation of the Coding Sequence

The complete coding sequence of domestic guinea pig UGT1A3
gene was amplified by RT-PCR using the above cDNA as template.
The 25 pl reaction system contains 2.0 pl cDNA, 2.5 pl 2 mM mixed
dNTPs, 2.5 pl 10xTaq DNA polymerase buffer including Mg2+) ,
1.0 pul 10 mM forward primer 1(5’- ATG GCA ACA GCA CTG CAG -3"),

1.0 pul 10 mM reverse primer 1(5’- TCA ATG TGT CTT GGA TTT CTG
-3"), 2.0 units of Taq DNA polymerase (1 U/1pl), and 14 pl sterile
water. The PCR program initially started with a 94°C denaturation
for 4 min, followed by 35 cycles of 94°C/1 min, 58°C /1 min, 72°C
/1 min, then 72°C extension for 10 min, finally 4°C to terminate the
reaction. The PCR product was then sequenced bidirectionally with
the commercial fluorometric method.

Quantitative Real Time PCR (qRT-PCR) for Tissue
Expression Profile Analysis

gqRT-PCR for evaluating the level of mRNA for UGT1A3 gene
was performed on the ABI Prism 7300 Sequence Detection Systems
(Applied Biosystems, Foster City, CA, USA). PCR reactions for each
sample were carried out in 25pul reaction volume containing 1l
SYBR Green real-time PCR Master Mix, 100 ng cDNA template
and 200 nM each primer. Conditions for real-time PCR were: an
initial denaturation at 95 °C for 3 min, 40 cycles of 95 °C for 15 s,
Ta (optimal annealing temperature for each specific primer)
for 15 s (Table 1), 72°C for 20 s. For each sample, reactions were
set up in triplicate to ensure the reproducibility of the results.
The gene relative expression levels were quantified relative to the
expression of the reference gene, beta actin (GenBank Accession No.
AF508792), by employing the 2 -AACt value model (Yang Deming,
etal. [8,9]).

Table 1: qRT-PCR primers for domestic guinea pig UGT1A3 and actin genes.

Gene Primer Sequence Ta/ °C Length/(bp)

Forward2: 5’- AAGACCTACACCTTTCCCTA -3’

UGT1A3 50 176

Reverse2: 5’- GAATTGTCACGCAGCATC -3’

Forward3:5’- TGCTGTCCCTGTATGCCTCT -3’

Beta actin 56.5 462
Reverse3: 5- GGTCCTTACGGATGTCAACG -3’

Sequence Analysis

cDNA sequence prediction was conducted using GenScan
(http://genes.mit.edu/GENSCAN.html).
analysis was performed using the tool of BLAST at the National

software The protein
Center for Biotechnology Information (NCBI) server (http://www.
ncbinlm.nih.gov/BLAST) and the Clustalw software (http://www.
ebi.ac.uk/clustalw). The theoretical isoelectric point (pl) and
molecular weight (Mw) of protein were also computed using the
Compute pI/Mw Tool (http://www.expasy.org/tools/pi_tool.html).
The prediction of transmembrane helices in protein was performed
using the TMHMM Server v. 2.0 (http://www.cbs.dtu.dk/services/
TMHMM/).

Results and Discussion
Isolation Result for Domestic Guinea Pig UGT1A3 Gene

For domestic guinea pig UGT1A3 gene, through RT-PCR with
pooled tissue cDNAs, the resulting product was 1,605-bp in length
(Figure 1).

bp

2000 —

1000 —
D=
00—

250 —
100 —

Figure 1: PCR result for domestic guinea pig UGT1A3
gene. M DL2000 DNA markers; 1, PCR product for
domestic guinea pig UGT1A3 gene.
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Sequence Analysis

The cDNA sequence analysis revealed that this PCR product
was not homologous to any of the known domestic guinea pig gene
and it was then deposited into the Genbank database (Accession
number: KT160224). The sequence prediction showed that
the 1,605-bp cDNA sequence represents one single gene which
encodes 534 amino acids (Figure 2). The pl of domestic guinea pig
UGT1A3 is 8.93. The molecular weight of this putative protein is
60484.70Da. Further BLAST analysis of this protein revealed that
domestic guinea pig UGT1A3 protein shares high homology with the
UGT1A3 proteinsof human (accession number: NP_061966, 75%),

chimpanzee (accession number: XP_001151100, 75%), sumatran
orangutan (accession number: NP_001125615, 75%), northern
white-cheeked gibbon (accesession number: XP_003278593,
75%), ma’s night monkey (accesession number: XP_012289584,
75%) and drill (accesession number: XP_011835648, 74%) (Figure
3). To obtain the genomic DNA of UGT1A3, the publicly available
domestic guinea pig genome database at the NCBI Genome
Resources (http://www.ncbi.nlm.nih.gov/projects/genome) was
screened using the full-length cDNA sequence of UGT1A3 gene as
a seed by BLAST analysis. A bacterial artificial chromosome (BAC)
clone CH234-244A3 (GenBank accession no. AC190431.2) was
found to encompass the entire UGT1A3 gene (38,894bp-64,028bp).

ATGECAACAGCACTGCAGGTGCCCCTRCRAGRGCTEETEAGGCTECTECTE CTCCTRGTE T TETCATGCCATGCACTC ARG CTEGRAAL
M A T ALOGQVYPLRSEL Y RLLULILTLVYOCV MHPWTE AT K
GTGCTEGTEETACCCTTGECAGGECAGCCACTE GCTCAGCATCAAGGATE TTCTCACACAGCTTCACECCCGAGGCCACCAGGCTCTRGTC
vV>.L.VvVvVvVvV?PLETGEGSHWLS SMETDVYVYVROQLHARTGH®GQALWVYV
CTGECTCCAGAGGTCAGCTTCTACCTCAAACGGGAGCACTTCTTCACCCTAAAGACCTACACCTTTCCCTATACGCAGG AAGAATATAAT
LaAPEVSFYLIEKTE®EDFFTULETT YTTE FPTYTW®Q@ETETN
CACTTGTTTTCCAGCCAAAATCACTTTATCTTTCAAACAAAGAATECTCTG CAGACAATC TCTECAATTTTCACAGCTTTCAGGAAGTTT
HLF S5 QNDFT EITFETEINALOQRMSGSEIFTALTERTETF
TTAGCAGGCTATGAACAGTCTTETE TG AAGATGCTECE TEACAATTCCCTEATCAACCATCTCAATTCCAGTTCCTTCCATETGCTTTTA
L a6 Y E@QSCVEMLTETDNGSLMNUHELNSS S FDV VL
ACAEACCCTETTTTTCCTTG TG GGCAGTCCTGECTAAGTATCTECE TATTCCTACTG TG TTTTTCCTGCG GG CCATECCATECEGCCTA
TDPFV FPCEAVLAEKEYLRTIPTV VFE FLTRAMNKEPTECTEGEL
GACTTTGAGGCTE CACAGTETCCCAGCCCTTCCTCCTATATTCCCCACTTTTTCACAACCTATTCTRACCACATCAGTTTCCCACARAGA
D FEAAQCPSPSS5YIPHTPFFTTTYSDHMST FPAQR
GTCAAGAACATGCTECATATTCTEGGCTREAAGTTCATT TG TCACTTTATTTTTACTCCATATECAAGCATCGCCTCTGAGCTTTTCCAG
vV ENMLUHTITLGWETFTIICHEFTIFTUPTYASTIASETLTFAQ
ARGEACCTTTCTG TGETCEATATTCTCAGCCATGCTTCCETETEECTETTCAGGGCAGACTTTETE TTCCAATACCCCAGECCCATCATE
RDLSVYVYDTILSHASY WL FRADTFVLETYZ PRZPTIM
CCCAATATGETCTTCATCGGG GG CATCAACTE TATCAGCAGGAAGCCECTCTCTCAGGAATTTCAAGCTTATG TTAATCCTTCTGGAGAA
PN MVFIGO®E&INT CTIZSESZREPLZS®QETFEATTVNASTGEE
CATEGAGTTETAGTITTCTCTTTRGCATCCATGGTCTCACAGATTCCO AR AAGAAAGCTATEGCCATTE CTRAGEGTTTEFECAAAATA
Hée¢& v v VvFESLGES MV S ETIPEEKEKaMATIAET G®LTGETI
CCTCn&%CGGTCCTGTGGCGCT%CnCTEGE&CTCC&CCATCHAATCTTGC%H&G&&TECC&TACTTGTC&%GTGGTTRCCCCAA%&TG&T
PQTVLWERYTTZGTZPPSNTL ENTTIULVYETWLPGNXNTD
CTGCTTGGTC&CCCGn%GACCCGGGChTTTnTCACnCETGCTGGCTCCC&TGGEGTTTATG%AGGGiTnTGCﬂATGGTGTCCCC%TGGTC
LL&¢&HPEKETZRAFTITHAZ®ES HEVY Y E®G®ICNGEVPE NV
&TGATGCCCTTGTTEGGTGATC%GnTGGRC&%TGC&%ﬂGCGCATGGaGnC%CGGGG%GCTGGTGTG%CCTTGAATGTCCTTGAA%TGACT
M MPLFGDQMDDNAEKETSERMETRGASGVY TLUNVILEMNT
TCTEATCACATAGCAGATGCTCTAAAAAAACTCATCTATCACAAAAGCTACAAGGACAACATCATCCECCTCTCCAGCCTECACAARGAC
s DDI ADALIEKEZEKVYTIZYTDIEKT SYEHEDUNTIMETLZ S SSULHESTD

CeTCCCATAGAGCCCCTGGACCTRGCAG TG TTCTCEETRCACTTTE TEATCAGGCACAAGGLGECECCACACCTGCECCCTECEECCLCAC

RPIEPLTIDLAYVF FTWYETF

M RHEGGAPHLTEREPAAH

GACCTCACCTGG TACCAGTACCACTCCTTGCATGTCATTEECTTCCTCCTR G CATCETECTETTERTEG CCTTCATCTCCTTTAARTET
p L TW% Y@y Y HsLDVI®6&FULILZSEGTIVLILVYVAFTISZSTFETC
TETGCCTATGGCTTCAGGAAATGCTTTECCAAAAAGCAGCCAAACEAAGARAACCCACAAATCCAAGACACATTGA
C AY&#FRECFTGEETE® QREZ KXTO® GQEKZ SETH *

Note: *indicates the stop codon.

Figure 2: The complete coding sequence of domestic guinea pig UGT1A3 gene and its encoding amino acids.
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Figure 3: The alignment of the proteins encoded by domestic guinea pig UGT1A3 gene and six other kinds of UGT1A3 proteins.
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The domestic guinea pig UGT1A3 gene is 25,135 bp in length
and consists of five exons and four introns. All exon-intron splice
junction sequences conform to the GT-AG rule (Figure 4). The
prediction of transmembrane helices in protein showed that
domestic guinea pig UGT1A3 protein might be a transmembrane

E= 2 L3

protein (Figure 5). Based on the results of the alignment of different
species of UGT1A3proteins, a phylogenetic tree was constructed
as shown in (Figure 6). The phylogenetic tree analysis revealed
that the domestic guinea pig UGT1A3 gene has a close genetic
relationship with that of ma’s night monkey (Figure 7).
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Figure 4: The genomic sequence organization representing the ORF of the domestic guinea pig UGT1A3 gene.
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Figure 5: The transmembrane protein prediction of domestic guinea pig UGT1A3 protein.
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Figure 6: Expression analysis of UGT1A3 gene mRNA in various tissues.
1. Fat;
2. Heart;
3. Lung;
4. Spleen;
5. Muscle;
6. Small intestine;
7. Liver;
8. Kidney.
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Figure 7: The phylogenetic tree for seven kinds of UGT1A3 genes.

Tissue Expression Profile

Tissue expression analysis indicated that porcine UGT1A3
genes are moderately expressed in muscle, liver, heart, spleen,
lung, kidney and small intestine, and weekly expressed in fat
(Figure 6). Comparative genomics research has revealed that the
extensive conservation in protein-coding regions implied that
this conservation of protein-coding sequences may be expected in
domestic guinea pig and other mammalian animals (Hardison RC,
et al. [10,8]) From the sequence analysis of UGT1A3 genes, it can
be seen that the coding sequences of UGT1A3 genes were highly
conserved in some mammalians including human and domestic
guinea pig. This implied that these mammalian UGT1A3 genes
should have similar functions. We can use the domestic guinea pig
as model animal to study the UGT1A3-related diseases of other
mammalians including human. We also noticed that domestic
guinea pig UGT1A3 protein show 75% identity to human UGT1A3
protein. For UGT1A3 is a important human diseases related gene
(Yilmaz et al., 2015), so that, when we use the domestic guinea pig
as model animal to study the human UGT1A3-related diseases we
should pay more attentions to this difference.

From the tissue distribution analysis in our experiment
it can be seen that UGT1Algene was obviously differentially
expressed in some tissues. For UGT1A3 functions as an enzyme
of the glucuronidation pathway that transforms small lipophilic
molecules, such as steroids, bilirubin, hormones, and drugs, into
water-soluble, excretable metabolites http://www.ncbi.nlm.
nih.gov/gene/54659 [1], the suitable explanation for this under
present condition is that the biological functions of UGT1A1protein
might be presented diversely in different tissues. In conclusion, we
first isolated the domestic guinea pig UGT1A3 gene and performed
necessary sequence analysis and tissue expression profile analysis.
Our experiment established primary foundation of using domestic
guinea pig as model animal to study the UGT1A3-related human
diseases.
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