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Summary

The constitutive androstane receptor (CAR) belongs to the nuclear receptor class 1, subfamily |
(NR1I3). The previous studies suggest the importance of the CAR gene for physiological mechanisms of
the vertebrates, especially metabolism of steroid hormones. The present study determines the DNA se-
guence of a full length cDNA of Japanese quail (Coturnix japonica) CAR by the rapid amplification of
cDNA end (RACE) method (Genbank accession N0.AB104462). The cDNA consists of 1365bp, which
is 25bp longer than chicken CAR (Genbank accession No.AF276753). The A/B domain of the CAR
gene was highly variable and the revealed sequence difference between mammals and birds. The fifteen
amino acids deletion of mammals CAR and six amino acids insertion of chicken CAR were found in the
D domain in comparison to Japanese quail CAR. No insertion or deletion were found in the DNA bind-
ing domain (C domain) and the ligand binding domain (E domain) among Japanese quail and other ani-
mals. Expression of Japanese quail CAR was detected in duodenum, liver, and kidney using RT-PCR
method.
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Introduction

The nuclear receptor class 1 superfamily includes receptors for many biologica regulators,
such as thyroid hormone, retinoids and vitamin D. These receptors control expression of many
genes as heterodimers with 9-cis-retinoic acid receptors (RXRs). The DNA-binding domain of
the nuclear receptor class 1 proteins and RXRs bind to the 5 upstream region of regulated genes.

A new orphan nuclear receptor has been isolated by Bases et al.” and identified that the ex-
pression of the geneis highest in the liver. The receptor, congtitutive androstane receptor (CAR),
belonging to the nuclear receptor class 1, subfamily | (NR1I3), forms heterodimers with RXR.
These hind to retinoic acids-response elements (RARES). Two androstane metabolites, andro-
stanol and androstenol, were the ligands of CAR. The heterodimer, with these ligands, decrease
expression of the target genes”. The CAR trans ocates to the mouse liver nucleus in response to
Phenobarbital (PB) and other PB-type inducers™. The heterodimer with 1,4-big2-(3,5-
dichlorpyridyloxy)] benzene (TCPOBOP) as aligand, increases the expression of the cytochrome
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P450 enzyme gene”.

The CAR protein might function in the domestic animals. These ligands, such as Phenobar-
bital and TCPOBOP, may be accumulated in the soil. If these substances are taken to the domes-
tic animals with the feed, the metabolism of steroid hormones may be disturbed. Handschin et
al.” isolated a chicken xenobiotic-sensing orphan nuclear receptor (CXR) gene, which is related
to human and mouse CAR gene. Hence, it can be inferred that CXR gene is the same as
chicken’s CAR gene.

Since CAR gene of birds only been reported by Handschin et al.™, it is necessary to examine
CAR gene of birds more in detail. This study sequenced the full length cDNA of Japanese quail
(Coturnix japonica) CAR by the rapid amplification of cDNA end (RACE) method. The mRNA
expression of Japanese quail CAR was analyzed in duodenum, liver, pancreas, kidney and testis
of mature male Japanese quail using RT-PCR method.

Materials and M ethods

In this study, one Japanese quail bird was used for the extraction of total RNA. The bird was
belong to the 82th generation of RR line in Saga University”™ and was a healthy mature male. The
bird was bred under the same condition of other RR line quails up to 30 weeks at age and the to-
tal RNA was extracted from the duodenum, liver, pancreas, kidney and testis tissues of the bird
using the QuickPrep Total RNA Extraction Kit (Amersham Biosciences). This experiment was
performed in accordance with the guideline for animal experiment, Saga University.

The RT-PCR was used to obtain the partial cDNA segment of Japanese quail CAR using
Ready-To-Go RT-PCR beads (AmershamBiosciences). The RT-PCR analysis for 200ng of total
RNA derived from liver was done with the primer pair, qclf/r, qc3f/r and qc4f/r, under an initial
denaturing step at 95°C for 5 min, 35 cycles were done in the following manner: 30sec at 95°C,
30sec at annealing temperature of Table 1, and 1 min at 68°C. The primer pairs were designed

Table 1. Primers used in this study listed from 5’ to 3' and annealing tem-

perature.

Name Primer sequence Annealing
temperature (°C)

qcif gatccagcaggtcatcaaattc 60.0
qclr gagaggtcctggatgtgtaggat
qc3f ttcacccggagcetgecccataa 65.0
qc3r aagacgtcgggeagcacatect
qcaf gtggggatgaggaaggacat 57.7
qcAr tecttgatggtgaagcagty
gc3raceN tgcccatcgacgaccagatctctct 63.0
QC-RT tegttgaacaccgtg
QC-s1 aggtcatcaagttcgecaag 56.0
QC-Al tetetggtgggegetgatga
QC-S2 agatctcgctgctcaaagge 56.0
QC-A2 ctgegcettggecttagttat
OBACT2F  gttaccaactgggatgatatgg 60.0

gBACT2R  agggagttcatagctcttctee
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from the DNA sequence of chicken CAR gene (Genbank accession N0.AF276753). These RT-
PCR products was checked in the 1.2% agarose gel and the products was purified using the
MagExtractor PCR & Gel Clean up (Toyobo Co., Ltd.) and directly sequenced using ABI BigDye
Terminator Cycle Sequencing Ready Reaction Kit v3.0 and ABI PRISM 310.

The 3'-Full RACE Core Set (TaKaRa Holdings, Inc.) was used to obtain the 3’ full length
segment of Japanese quail CAR mRNA. The ss-cDNA for 3' RACE was synthesized from total
RNA with the oligo dT-3 sites adaptor primer supplied by the kit. The 3 RACE segment of Japa-
nese quail CAR mRNA was amplified with the 3 sites adaptor primer and the gene specific
primer qc3raceN (Table 1) which was designed from the partial cDNA sequences of Japanese
quail CAR (Fig 1). After aninitial denaturing step at 94°C for 1 min, 35 cycles were done in the
following manner: 30sec at 94°C, 30sec at 63°C, and 2 min at 72°C. Electrophoresis of the PCR
product was done in the 1.2% agarose gel and the 700bp major band was purified using the
MagExtractor PCR & Gel Clean up (Toyobo Co., Ltd.). The purified PCR product was sub-
cloned to TA-vector, pT7Blue (Novagene, Inc.) using the DNA Ligation Kit Ver.2 (TaKaRa Hold-
ings, Inc.): five clones were sequenced using ABI BigDye Terminator Cycle Sequencing Ready
Reaction Kit v3.0 and ABI PRISM 310.

The 5'-Full RACE Core Set (TaKaRa Holdings, Inc.) was used to obtain the 5’ full length
segment of Japanese quail CAR mRNA. The ss-cDNA for 5’ full RACE was synthesized from
the total RNA with the gene specific primer, QC-RT. Concatenation was performed according to
the manufacture’s protocol. The 5’ full RACE was done with the first PCR primer set, QC-S1
and QC-A1, and the nested PCR primer set, QC-S2 and QC-A2. After an initial denaturing step
at 94°C for 1 min, 35 cycles were done in the following manner: 30sec at 94°C, 30sec at 56°C,
and 2 min at 72°C. The electrophoresis of the PCR product was done in the 1.2% agarose gel and
the 470bp major PCR product was purified and subcloned; then, five clones were sequenced.

The DNA sequence of Japanese quail CAR full length mRNA (Genbank accession
No0.AB104462) was determined from DNA sequences of the RT-PCR products, 3'RACE clones
and the 5’ RACE clones. Alignment of the DNA sequences of chicken CAR (Genbank accession

QC-A2 QC-S1
. +QC-Al <« QC-RT —
QC-S2
qc3raceN >
qc3f —------------- +—qc3r
qcaf —-------------- «—qcdr
gclf —p-----mm oo «—qclr
Japanese quail CAR mRNA ‘Poly A tail‘

---- PCR products of RT-PCR
rrrrrrr PCR product of 3'RACE

= PCR product of 5RACE

Fig. 1 Hlustration of PCR primers and PCR products for Japanese quail
CAR cDNA cloning.
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No.AF276753) and Japanese quail CAR (this study) was computed by CLUSTAL W (Ver.1.82)™.
The multiple aignment of the amino acid sequences of mouse CAR1 (Genbank accession
No.NM_009803), human CAR (Genbank accession No.NM_005122), chicken and Japanese
quail CAR was also computed by CLUSTAL W. The phylogenic tree of the amino acid se-
quences of Japanese quail CAR, chicken CAR, mouse CARL, human CAR, mouse preghane X
receptor (PXR) (Genbank accession N0.AF031814), human PXR (Genbank accession
N0.AF061056), Xenopus PXR (Genbank accession No.AF305201) and human vitamine D recep-
tor (VDR) (Genbank accession No.AF026260) as an outgroup was estimated using neighbor-
joining method™ with 1000 times bootstrap analysis.

One tube RT-PCR analysis was performed to study the expression pattern of Japanese quail
CAR mRNA using Ready-To-Go RT-PCR beads (AmershamBiosciences). The 600ng total RNA
extracted from duodenum, liver, pancreas, kidney and testis was used as a template of the RT-
PCR. Anaysis was done with the primer pair, qclf and qclr. After RT reaction at 42°C 30 min,
the PCR analysis was performed under an initial denaturing step at 95°C for 5 min, 35 cycles
were done in the following manner: 30sec at 95°C, 30sec at 60°C, and 1 min at 68°C. One tube
RT-PCR for A actin gene was aso performed as a positive control. The positive control RT-PCR
analysis for 200ng of the same total RNA sample was done with the primer pair of gBACT2F and
OBACT2R at the same temperatures. Electrophoresis of 1.2% agarose gel was performed to
check the mMRNA expression.

Results and Discussion

The RACE method determined the nucleotide sequence of the full length Japanese quall
CAR mRNA (Genbank accession N0.AB104462). The mRNA consists of 1365bp, which was
25bp longer than chicken CAR (Genbank accession No.AF276753). The length of 5 untrans-
lated region (5’ UTR), coding region and 3' untranslated region was 130bp, 1158bp and 77bp, re-
spectively. The length of 5 UTR was 84bp longer than that of chicken CAR mRNA (Fig. 2). The
6bp insertion, 6bp deletion, 7bp and 11bp deletion in 24bp region were found in the Japanese

Quail CAR 000000000000000000000000000000000000000000000000000000000000
Chicken CAR - - - - mmmm e o m e e e e e

Quail CAR 0oooooooooooooOooOOO00O0000000000000000000000000000000000000
Chicken CAR ~ ------------- 0ooooooog--- 0000000000000000006-- 000000080-----

0 oooooo 0ooo0o 000 00 00000 O 0O 00 00

Quail CAR 0oooooooooooooooooOoOOOO0OO000000000000000000000000000000000
Chicken CAR - 00000000DOoODooonoonnoonnoonnoonnOODDOODOOODOOD0OOOD0D0O0D00D

oo 000000000000 00 0000000000000 O 000000 000 O 20000 OO0

Fig. 2 Alignment of 5 untranslated region and the head part of coding region of Japanese
quail and chicken CAR mRNA.

The underlined ATG is the start codon of the mRNAs.

* indicates acommon base to Japanese quail and chicken.

- indicates one base insertion.
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quail CAR mRNA in comparison with chicken CAR mRNA. The 2 amino acids insertion, 2, 3
and 3 amino acids deletions and 21 amino acids substitutions were found in comparison with
chicken CAR. Seven G basesare found at 5" end of Japanese quail CAR mRNA.. It is necessary
to accurately decide the 5 end of the mRNA comparing to the genome DNA sequence, since this
poly-G might be an artifact.

The nuclear receptors have four domains, such as A/B domain, C domain, D domain and E
domain. It isthought that the C domainisa DNA binding domain, the E domain is aligand bind-
ing domain and the D domain is a hinge domairi™. Figure 3 shows the multiple alignment of the
A/B domain of the amino acid sequences among human, mouse, chicken and Japanese quail CAR
MRNA. In thisdomain, 22 amino acids deletion of human, 12 amino acids deletion of mouse and
2 amino acids deletion of chicken were found in comparison with Japanese quail.

Figure 4 shows multiple alignment of the D domain of the amino acid sequences of human,
mouse, chicken and Japanese quail CAR. The 15 amino acids deletion of mammals CARs and 6
amino acidsinsertion of chicken CAR were found in this domain in comparison to Japanese quail
CAR. The function of the D domain is inferred to be related to the transcriptional control by the
heterodimer of CAR and RXR. Differences between mammals and birds may indicate different
systems of the transcriptional control, such as coactivators. No insertion or deletion were found
in the DNA binding domain (C domain) and the ligand binding domain (E domain) among Japa-
nese quail and other animals.

Figure 5 shows the 1000 times bootstrap neighbor-joining tree of the amino acid sequences
of human CAR, mouse CAR1, chicken

CAR, Japanese quail CAR, human PXR, Mouse CARL  0000000000000000k---- Wi
mouse PXR, Xenopus PXR and human Human CAR ~ --------- 000000 ------------ 000
VDR. The phylogram of the tree was fig- Quail CAR 00000000000000000000000000000000
ured with human VDR as an outgroup: Chicken CAR  00000000000000000000000%- 000000

however, the neighbor-joining tree is an Fig 3. Multiple alignment of the A/B domain of the amino

L acid segquences of human, mouse, chicken and Japa-
unrooted tree. The molecular genetic dis- nese quail CAR.

tances from the turning-point of CAR and - indicates one amino acids insertion.

Mouse CAR1  [000000000000000000000000% 000000000000000000000000000000000
Human CAR 00000000000000000000000000 000000000000000000000000000000000
Quail CAR 0000000000000000000000000- 000000000000000000000000000000000
Chicken CAR  000000000000000000000000000000000000000000000000000000000000
Mouse CARL  1000000000000% 0000 -nnnnnsmmmmmemnmmeo 00000000000000000
Human CAR 00000000000000 D000 - -«n - cemmmmeemmmne 00000000000000000
Quail CAR 000000000000000000000000-- §-- D0000000000000000000000000
Chicken CAR  000000000000000000000000000000000000000000000000000000000

Fig. 4 Multiple alignment of the D domain of the amino acid sequences of human, mouse,
chicken and Japanese quail CAR.

* indicates acommon amino acids between human, mouse, chicken and Japanese quail.

- indicates one amino acids insertion.
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Fig. 5 Bootstrap neighbor-joining tree of the amino acid sequences of hu-
man CAR, mouse CAR1, chicken CAR, Japanese quail CAR, hu-
man PXR, mouse PXR, Xenopus PXR and human VDR.

The bootstrap values are indicated at the corresponding nodes.

B actin

CAR

Organs duodenum liver pancreas kidney testis

Fig. 6 Electrophoresis results of one-tube RT-PCR products for Japanese quail CAR and 3 actin.

PXR had almost equal length. The tree indicated that CAR and PXR gene had equal evolution
rates of amino acid segquences.

Expression of Japanese quail CAR mRNA was detected in duodenum, liver, and kidney
(Fig. 6). Handschin et al ™" reported CAR expression of liver, kidney, small intestine and colon
of chicken. Results of expression analysis for chicken and Japanese quail indicate that the mRNA
of CAR was expressed mainly in main drug-metabolizing tissues, such as liver and kidney. Japa-
nese quail CAR might have the function as an initia switch of the metabolism of the low-
moleculer lipophilicity material including some drugs as human and mouse CAR.
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