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binding motif. Based on gsb-d paired box, a mouse
A mouse cDNA encoding paired-box-containing gene multigene family of paired-box-containing 9 genes has

(Pax-4) was cloned from a cDNA library of a mouse been isolated (2, 3). All 9 Pax genes in the Pax multigne
pancreatic islet b cell line of MIN6. The predicted open family encode paired-box containing transcriptional
reading frame encodes a protein of 349 amino acids factors and exhibit temporally and spatially restrictedwith a calculated molecular weight (MW) of 38-kD. A expression patterns during embryogenesis (4, 5).human Pax-4 cDNA sequence encoding 350 amino

Nine Pax genes are classified into four subgroups;acids was deduced from a human cosmid clone. The
Pax-1/9, Pax-2/5/7, Pax-3/7, and Pax-4/6. Pax-4/6 wasmouse nucleotide and deduced amino acid sequences
shown to be involved in pancreatic islet developmentexhibit 83.4 and 80.0% identity with those of deduced
in mice; Pax-4-deficient mice lack pancreatic islet bhuman Pax-4, respectively. Southern blot analysis sug-
and d cells (6), and Pax-6-deficient mice lack pancreaticgested that the mouse Pax-4 gene exists as a single
islet a cells (7). Although most of the Pax gene familycopy in the genome. Reverse transcription (RT)-PCR
including mouse and human Pax-6 cDNAs (8, 9) haveanalysis suggested that the mouse Pax-4 gene is ex-
been cloned, only a 613 bp partial mouse Pax-4 cDNApressed in pancreatic islets, cultured islet b cell lines
sequence (GenBank accession number Y09584, corre-of MIN6, bTC, and NIT-1 cells, but not detectable in

any of 13 adult mouse organs examined. q 1998 Academic sponding to the nucleotide number of 337 to 949 in our
Press cDNA sequence) and a partial 383 bp genomic sequence

Key Words: paired box containing gene; Pax-4. corresponding to the paired domain (3) which turned
out to be 131 and 36 bp exons separated by one 216 bp
intron were reported. No human Pax-4 sequence except
the 240 base pair (bp) genomic STS sequence of G31758The paired box was originally identified in the Dro- (10) was reported. In this study, we cloned mouse Pax-sophila segmentation genes paired (1), gooseberry dis- 4 cDNA encompassing the full coding sequence fromtal (gsb-d), and gooseberry proximal (gsb-p). The paired MIN6 cDNA library and deduced human Pax-4 cDNAbox has been highly conserved during evolution, being sequence from a human cosmid clone obtained by ho-present in such divergent organisms as nematode, ze- mology search. We report the nucleotide and aminobrafish, Xenopus, chicken, rodent, and man. It encodes acid sequences of mouse Pax-4 and the deduced nucleo-a protein domain of 128 amino acids containing a DNA- tide and amino acid sequences of human Pax-4.

1 The nucleotide sequences reported in this manuscript were depos-
MATERIALS AND METHODSited in DDBJ, EMBL, and GenBank under accession number

AB008912 (mouse sequence) and AB008913 (human sequence).
2 To whom correspondence should be addressed at The University Cloning of mouse Pax-4 cDNA from MIN6 cDNA library. Total

RNA was prepared from MIN6 (11) cells by ISOGEN (NIP-of Tokushima, 3-18-15, Kuramoto-cho, Tokushima-city, Tokushima,
770 Japan. Fax: /81-886-31-9476 (Direct from abroad). E-mail: PONGENE, Tokyo, Japan). A cDNA library was constructed in a

phage vector, lTriplEx (CLONTECH, Palo Alto, CA). Oligonucleo-itakura@nutr.med.tokushima-u.ac.jp.
Abbreviation used: Paired-Box-Containing Gene (Pax), Reverse tides of oRB4A and oRB5S were synthesized based on the published

partial mouse cDNA sequence (GenBank accession number Y09584)transcription (RT), molecular weight (MW), base pair (bp), Dulbecco’s
modified Eagle’s medium (DMEM), dithiothreitol (DTT). corresponding to an antisense sequence of bases 52-71 and a sense
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sequence of bases 580-599, for the 5*- and 3 *-RACE, respectively. open reading frame of mouse Pax-4. PCR was carried out as described
above except for the extension time of 2 min. The amplified 1,118 bpPCR was carried out using a pair of lTriplEx vector primers corre-

sponding to the left arm (lTriplEx 3 * LD-insert amplimer; ATACGA- cDNA out of the determined 1,324 bp sequence was cloned into pCRII
(Pax-4ORF). The 1,118 bp sequence was determined by sequencingCTCACTATAGGGCGAATTGGCC) and the right arm (lTriplEx 5*

LD-insert amplimer; CTCGGGAAGCGCGCCATTGTGTTGGT). Pax-4ORF. M13 vector primers and 6 internal primers were used
to sequence twelve independent clones. The 1,324 bp sequence wasThe PCR template from the MIN6 phage library was heated at

657C for 15 min to extract DNA from phage capsids. The PCR mixture generated from determined sequences of Pax-4-5*, Pax-4-3 *, and Pax-
4ORF.contained 3 ml of a template/200 mM each of dNTPs/0.25 mM each of

primers/2.5 units of ExTaq polymerase (Takara, Shiga, Japan)/11 Southern blot analysis. Ten micrograms of genomic DNA isolatedExTaq buffer in a 100 ml reaction volume. After incubating the mix- from mouse tail were digested with one of the following 6 restrictionture at 947C for 5 min, PCR proceeded 35 cycles at 947C for 1 min, enzymes recognizing 6 base sequences; EcoRI, KpnI, PstI, SacI, SpeI,557C for 1 min, and 727C for 1 min. PCR primer sets of oRB4A and and XhoI. Digested samples were subjected to 1.0% agarose gel elec-
lTriplEx 5* LD-insert amplimer, oRB5S and lTriplEx 3;pr LD-insert trophoresis and transferred to nylon membrane (GeneScreen plus,amplimer were used to obtain 5* and 3 * sequences of the Pax-4 cDNA, MEN Life Science Products, Boston, MA) by the method of Southernrespectively. (12). The 358 bp DNA fragment (Pax-4PD) from nucleotide numbersThe amplified 5* and 3 * sequences of Pax-4 cDNA were cloned into 340 to 697 of mouse Pax-4 obtained RT-PCR from MIN6 total RNApCRII (Invitrogen, San Diego, CA) (Pax-4-5* and Pax-4-3 *, respec- was cut out and gel-purified. This fragment was radiolabeled withtively), and overnight cultures of bacterial colonies were screened by [a-32P]dCTP (3,000 Ci/mmol; Amersham, Buckinghamshire, UK) us-the blue/white color selection. After confirming the insert sizes, DNA ing a Megaprime DNA labeling system (Amersham) and used as asequencing was carried out using the Dye Terminator Cycle Sequenc- probe. Hybridization was carried out in 1 M NaCl containing 50%ing FS Ready Reaction Kit (Perkin Elmer/Division of Applied Biosys- formamide, 1% SDS, 100 mg/ml of salmon sperm DNA, 10% dextrantems, Foster city, CA). M13 vector primers were used to sequence sulfate, and a radiolabeled probe at 427C overnight.four independent clones of the Pax-4-5* and Pax-4-3 *, respectively.

Oligonucleotide PCR primers of oRB1S (CTGTCCTTCTGTGAG- RT-PCR analysis. Various mouse tissues were obtained by nec-
ropsy. Mouse islet were obtained by collagenase method (13). MouseGAG-TA) and oRB2A (AAGAAAAGGTTTTTATTACT) were synthe-

sized based on the determined mouse cDNA sequence to amplify the pancreatic b cell lines of MIN6 (11), bTC (14), and NIT-1 (15) were

FIG. 1. The nucleotide sequence of mouse Pax-4 cDNA and its deduced amino acid sequence. The 1,324 nucleotide sequence is numbered
from the nucleotide at the 5*-end. The 349 amino acid sequence shown by one letter code corresponding to the 1,047 bp coding sequence is
numbered from the amino terminus. The polyadenylation signal is underlined. An asterisk marks stop codon, UAA.
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FIG. 2. Alignment of mouse and human Pax-4 amino acid sequence. Asterisks mark the conserved residues in mouse and human
sequences.

grown on 90-mm dishes in Dulbecco’s modified Eagle’s medium amino acids with the predicted MW of 38-kD (Fig. 1).
(DMEM) containing 25 mM glucose with 10% fetal bovine serum in The open reading frame starts at the first AUG codon
the atmosphere of 5% CO2-95% air at 377C. A mouse pancreatic a at the nucleotide numbers 239-241, and ends with acell line of aTC (16), and a mouse fibroblast cell line of NIH/3T3 (17)

UAA codon at 1,286-1,288. One polyadenylation signalwere grown in DMEM with 5.5 mM glucose. Total RNA was prepared
by ISOGEN (NIPPONGENE) from ICR mouse organs or five cultured is located at 1,308-1,313. The sequence surrounding
mouse cell lines. AMV-RT reactions (LIFE SCIENCE, St. Petersburg, the first AUG conform to Kozak’s rules with A in posi-
FL) were carried out with 10 mg of total RNA/50 ng of a random tion -3 of ATG (18).
hexamer/10 mM dithiothreitol (DTT)/25 units of AMV-RTase/11 re-
action buffer in a 25 ml reaction volume. The PCR mixture contained

Deduced Sequence of Human Pax-40.5 ml of template cDNA/200 mM each of dNTPs/0.25 mM each of
primers/0.5 unit of AmpliTaq Gold polymerase (Perkin-Elmer)/11

A human cosmid clone of AC000359 (GenBank acces-AmpliTaq Gold buffer in a 20 ml reaction volume. After incubating
the mixture at 947C for 5 min, PCR was carried out at the cycle sion number) and a human STS clone of G31758 (10)
number of 25, 30, 35, or 40 consisting of 947C for 30 sec, 557C for 30 were found through searching GenBank database us-
sec, and 727C for 30 sec using a pair of primers oRB2S (TGTGAA- ing mouse Pax-4 cDNA as a query sequence. First be-
GCATGCAGCAGGAC) and oRB4A. A sense (GTGGGCCGCTC-TAG-

cause the human STS clone of G31758 was reported toGCACCA) and an antisense (CGGTTGGCCTTAGGGTTCAGG) PCR
be in the human Pax-4 gene (10), second because theprimers were used to amplify b-actin as an internal control.
genomic 240 bp sequence of G31758 exhibited a 89%
identity to the previously reported 613 bp partialRESULTS
mouse Pax-4 cDNA (GenBank accession number
Y09584), and lastly because a part of AC000359 exhib-Cloning of Mouse Pax-4 cDNA from MIN6
ited a very high identity to our mouse Pax-4 cDNA (thecDNA Library
nucleotide identity of AC000359 with our full length
1,324 bp mouse Pax-4 cDNA turned out to be 83.4%),PCR was used to clone mouse Pax-4 cDNA from

MIN6 cDNA library. The 1,324 bp mouse Pax-4 cDNA AC000359 was confirmed to include the human geno-
mic Pax-4 sequence. Owing to the high level of nucleo-contained a 1,047 bp open reading frame encoding 349

178

AID BBRC 7935 / 6944$$$841 12-15-97 09:09:35 bbrcgs AP: BBRC



Vol. 242, No. 1, 1998 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

FIG. 3. Southern blot analysis. Mouse genome DNA in 10 mg was digested with lane 1; EcoRI, lane 2; KpnI, lane 3; PstI, lane 4; SacI,
lane 5; SpeI, and lane 6; XhoI. Digests were subjected to 1% agarose gel electrophoresis, transferred to nylon membrane, and hybridized
with the probe containing a 358 bp DNA fragment from nucleotide number 340 to 697 of the mouse Pax-4 cDNA.

tide and amino acid identity, of which our final estima- fied band, the mouse Pax-4 gene is suggested to be
expressed in pancreatic islets, islet b cell lines of MIN6,tion turned out to be 83.4 and 80.0%, respectively, the

human Pax-4 cDNA sequence and its genomic struc- bTC, and NIT-1. The expression level was far less than
that of b-actin. Sequence analysis of the RT-PCR am-ture were effectively deduced by the computer homol-

ogy search using the mouse Pax-4 cDNA sequence as plified 177 bp bands from MIN6, bTC, and NIT-1 total
RNA confirmed that their sequences were identicalthe basis (Fig. 2).
with that of mouse Pax-4 cDNA.

Southern Blot Analysis
DISCUSSIONThe genomic Southern blot which was probed with

Pax-4PD exhibited a single band in each lane for 6
Mouse Pax-4 encodes a protein containing an N-ter-restriction enzymes, suggesting that the mouse Pax-4

minally located paired box, a linker region, a pairedgene exists as a single copy per haploid in the genome
type homeo domain, and a C-terminal region. The con-(Fig. 3).
served octapeptide which is present in several Pax pro-
teins is not found in the mouse Pax-4 protein. The C-RT-PCR Analysis
terminal region in Pax-4 contains many leucines and
prolines, but does not contain the proline-serine-threo-Ten micrograms of total RNA were prepared from

various mouse organs and cell lines. A weakly ampli- nine-rich region seen in Pax-6 (19).
Human Pax-4 cDNA encodes 350 amino acids withfied band was observed only in pancreatic islets at the

PCR cycle number of 40 (Fig. 4, lane 6). Except for this, the predicted MW of 38-kD. The nucleotide and amino
acid sequences of human Pax-4 exhibited 83.4 andno band was observed in 13 organs examined including

brain, lung, heart, thymus, muscle, stomach, intestine, 80.0% identity with those of mouse Pax-4, respectively.
The paired domain and homeo domain of the humancolon, spleen, kidney, liver, ovary, and testis by RT-

PCR. Although 5 cell lines did not exhibit a band at and mouse Pax-4 proteins are highly conserved, but
the C-terminal regions share the amino acid identitythe cycle number of 25 or 30 (data not shown), MIN6,

bTC, and NIT-1 exhibited a band at the cycle number of 67%.
The human Pax-4 translation unit contains 10 exonsof 35 (data not shown) or 40 (Fig. 4, lanes 1-3). Because

RT-PCR of aTC or NIH/3T3 did not exhibit an ampli- and 9 introns, which is the same as human Pax-6 (9).

179

AID BBRC 7935 / 6944$$$841 12-15-97 09:09:35 bbrcgs AP: BBRC



Vol. 242, No. 1, 1998 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

cell lines of MIN6, bTC, and NIT-1, but not in a mouse
pancreatic a cell line of aTC. Based on these, it is con-
cluded that Pax-4 is expressed specifically in pancreatic
islet b cells. The acquisition of Pax-4 cDNA is expected
to facilitate the study on the role of Pax-4 on the organ-
ogenesis of pancreatic islet b cells.
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