CHUGOKUGAKUEN
Journal

CHUGOKUGAKUEN J. 2008
Vol. 7, pp. 1-5

Copyright© 2008 by Chugokugakuen

Original Article

http//www.cjc.ac.jp/

cDNA Cloning and Analysis of the Chicken Homolog (chApex1)
of APEX Nuclease, a Multifunctional DNA Repair Enzyme
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We have cloned and analyzed the cDNA (chApexl) for the chicken homolog of APEX nuclease, a
multifunctional DNA repair enzyme. Chicken Apex cDNA fragments were first amplified from Chick
Embryo Lambda ¢cDNA Library by nested PCR (polymerase chain reaction) using primers con-
structed on the basis of information of highly conserved regions of the amino acid sequences among
mouse, rat and human APEX nuclease. Almost full-size chicken Apex cDNA was cloned from the
Chick Embryo Lambda ¢cDNA Library using the amplified chicken Apex cDNA fragments as a probe.
The cloned ¢cDNA was 1751 nucleotide long encoding a protein consisting of 300 amino acids with a
predicted molecular mass of 33 kDa. The amino acid sequence exhibits a high homology with the
sequence of the mammalian APEX nuclease (64 %, 62% and 63 % identities/300 amino acids with
those of the human, mouse and rat APEX nuclease, respectively). The homologies of the amino acid
sequences between chicken and mammalian APEX nucleases occurred along nearly the entire length
of the sequences.

Key Words: chApex1 ¢cDNA cloning, chicken APEX nuclease, multifunctional DNA repair enzyme, exonu-
clease III homolog, chicken

Introduction

AP sites resulting from loss of bases are the most
frequent lesions occurring in vivo in cellular DNA [1
-4]. Single-strand breaks with 3" termini blocked by
nucleotide fragments are also produced by free radi-
cal pathways caused by ionizing radiation or other
sources of oxygen radicals [1-4]. These lesions

b Corresponding author.
Shuji Seki
Department of Human Nutrition, Faculty of Contemporary Life Science,
Chugokugakuen University, 83, Niwase, Okayama 701-0197, Japan

must be corrected to restore genetic integrity.
APEX nuclease is a multifunctional DNA repair
enzyme having 5 apurinic/apyrimidinic (AP) endonu-
clease, DNA 3 repair diesterase, 3'—5 exonu-
clease, and DNA 3 phosphatase activities, and is the
major AP endonuclease possibly involved in repair of
AP sites and single-strand DNA breaks with 3’
-blocked termini [5-10]. Curran’s group [11]
reported a redox factor (Ref-1) which stimulates the
DNA binding activity of Fos-Jun heterodimers, Jun-
Jun homodimers and Hel.a cell AP-1 protein as well
as that of several other transcription factors includ-

ing NF-«x-B, Myb and the member of the ATE/
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CREB family. They cloned Refl ¢cDNA, and showed
that Refl and the major AP endonuclease (APEX
nuclease, HAP1, Ape) are the identical protein [11].

Known homologs of APEX1 (APEX nuclease or
APEX1, Ape protein, HAP1, Refl) are listed in
UniGene (NCBI, 12), information hyperlinked over
proteins [iHOP, 13] and others.

In the present paper, we report on the cloning of
the chicken homolog (chApexl c¢DNA) of APEX
c¢cDNA and the sequence analysis. Studies on the
repair enzyme using chicken cells may be valuable
not only for understanding the structure and function
of the enzyme in chicken cells, but also for studying
its general biological function by using homologous
recombination-proficient chicken B cell lines, and to
examine the phenotype caused by the conditional dis-
ruption of chApex1 gene.

Materials and Methods

Materials

The reagents used in the present experiments
were obtained as previously described [14]. Chick
Embryo Lambda ¢cDNA Library (#937405; 5-day-old
chick embryos) was obtained from Stratagene, La
Jolla, CA, USA.
Cloning of chicken Apexl cDNA

Chicken Apex ¢cDNA fragments were first ampli-
fied from Chick Embryo Lambda ¢cDNA Library by
nested PCR (polymerase chain reaction) using prim-
ers constructed on the basis of information of highly
conserved regions of the amino acid sequences among
mouse, rat and human APEX nuclease. Three sense-
strand primers F1, F2 and F3, and 3 antisense-
strand primers R1, R2 and R3 were synthesized. In
the following primer sequences, W indicates an equal
mixture of A and T, R a mixture of A and G, M a
mixture of A and C, Y a mixture of Cand T, S a
mixture of C and G, H a mixture of A, T and C, N
a mixture of A, C, G and T, respectively.

F1: 5-AARATHTGYWSNTGGAAYGT-3

F2: 5-TGYYTNCARGARACNAARTG-3

F3: 5-GARCAYGAYCARGARGGNMG-3’

R1: 5-WNNSWNWWNSSNSWNWSNWS-3'

R2: 5-WWNWWNWSNWNNSNSSWNSS-3'

R3: 5-SWWNWWNSWSSWNWWNSWNWW-3

Nested PCR was conducted using these primers.
Finally, amplified fragments F'3/R3 were sequenced,
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and the amino acid sequence deduced from the
sequence of the PCR-amplified fragment showed a
high homology with the mammalian amino acid
sequences between 3 and R3. Almost full-length
chicken Apex ¢DNA was cloned from the Chick
Embryo Lambda ¢DNA Library using the amplified
chicken Apex ¢cDNA fragments as a probe.

The nucleotide sequences were determined by the
dideoxy chain termination method [15] using either

GCCGACTTCCGGTCTGTGTTGTCGTCACTTCCTGTTCTTCTCCTGCCCCGCCGCCATGTT 60
GTAGTTTTCAGCTCCACTTCCGTTTTCCAGGCCTCGCCCCGCCTTCCGCCACATCCGGTT 120
CTTCACCTCGCGTCACTTCCGTTCCTCGACAGCACTTCCGGCGGTGGGACGCACGAGGGA 180
GGCGCGCGGGATGCCGAAACGGAGCAAAAAGGGCGAAGATGGCGAGGCAGAGGTGGTGTC 240

M PKRSKTEKSGEDGEAEVVS 17
GGCGAAGTCCCCCCGCGAGGCGGCCGCCCCATACGTGGACCCCCCGGTGCGGGAAGAGAC 300
AKSPREAAAPYVDPPVRETET 37
GGCCGACGGGCGGCCCTACAACTTTAAGGTCACCTCATGGAACGTGGATGGACTGAGAGC 360
ADGRPYNFIKVTSWNVDGLRA 57
ATGGGTCCGGAAAGGGGGGCTGCAGTGGCTGCAGTCGGAGGCCCCGGACGTTGTTTGCCT 420
WVRKSGGLA GWLAOGSEAPDVVCL 77
TCAGGAGACCAAATGTGGGGCGGAATCGATCCCATCTGAGCTGTCCCAACTGCCCCATCT 480

Q ETKOCGAESIPSELSO QLPHL 97
GCCCCATAAGTTTTGGGGTTCCGCCGTGGGGCGTTCGGGGTACAGCGGGGTGGGACTGCT 540
PHKFWGSAVGRSGYSGV GLL 117
CAGCCGCACCGCCCCCATCCGCGTCACCCACGGCATCGGCATAGAGGAGCACGACGCCGA 600
SRTAPI RV THEGI GI EEHDAE 137
AGGCCGGGTGCTGACGGCCGAATTCCCCTCCGTCTACGTGGTCTCAGCCTACGTCCCCAA 660
GRVLTAEFPSVYVVSAYVPN 157
TTCGGGTCGGGGTCTCAACCGCCTCCAATACCGCCAACGTTGGGACGGTGCCTTTAAATC 720
§$ GRGLNRLO QYRQRWDSGATFTKS 177
CTTCCTGCAACGTTTGGACGCCCAAAAACCCGTCGTCCTCTGCGGGGACCTCAACGTGGC 780
FLQRLDAQKPVVLCGCGDLNVA 197
CCACCGTGAGATCGACCTCAGGAACCCCAAAAGCAACCGGAGGTCCCCCGGATTCACCCA 840
HREI DLRNPEKSNRRSPGFTAQ 217
AGAAGAACGGGACGCTTTCGGGGCCCTTTTGGATGGGGGGTTTTTGGATTCCTTCCGCCT 900
EERDAFGALLDGSGTFTLDSTFRTL 237
CCTTTACCCCGACGTCCCCAACGCTTACACCTTTTGGACCTATATGGGGGGCGCCCGGGA 960
LYPDVPNAYTFWTYMGS® GARE 257
GCGCAACGTGGGCTGGAGGTTGGATTATTTCCTCCTCTCCACGCGACTCCGGGAGGCGCT 1020
RNV GWRLDYFLLSTRLREATL 277
GTGCGACTCCAAGATCCGCTCCGCGGCCATGGGAAGCGACCACTGCCCCATCACGCTCTA 1080
¢CDSKIRSAAMGSDHCPI TLY 297
CCTGGCCCTATAGGGGCCTAGAGAGGGCGATCCCGGCCAAAATCCCATTAGCGGGACCCG 1140
L AL * 300
AAATCCCATTACGTGGCTCGAAATCCCATTATCTAGTCCCAAAATCCCATTATCTAGACC 1200
CAAAATCCCATTACGTGGCTCAAAATCCCATTAATGGGACCCAAAATCCCATTACGTGGC 1260
TCGAAATCCCATTACGTGGCTCGAAATCCCATTAACGTACCCAAAAACCCACTAACAAGA 1320
CCCAAAATCCCATTATGTGGCTCGAAATCCCATTACATAGACCCAAAATCCCATTCCGCG 1380
GCCATGGGAAGCGACCACTGCCCCATCACGCTCTACCTGGCCCTATAGGGCCCTATAGGG 1440
GGCGATCCCGGCCAAAATCCCATTAGCGGGACCCGAAATCCCATTAATGTCGCTGAAAAT 1500
CCCATTACGTGGCTCGAAATCCCATTACGTAGACCCAAAATCCCAGTACGTGGCTCGAAA 1560
TCCCATTAACGTACCCCAAATCCCATTACGTAGACCTGAAATCCCATTAATGTACCCCAA 1620
ATCCCATTGCGTAGCCCCAAAATCCCATGACCACAACCCCAAAATCCCGTTACGTAGATC 1680
CAAAATCCCATTACATGGCTGGAAATCCCACTACGTAGACCCAAAATCCCAATAAAGTGA 1740
CCCAGAACCCC (A) 54 1751

Fig. 1 Nucleotide sequence of the cDNA for the chicken
homolog (chApex1) of APEX nuclease. The deduced amino acid
sequence in the standard one-letter code is shown beneath the
nucleotide sequence. The translation termination codon and poly-
adenylation signal are indicated with an asterisk and single under-
lining, respectively.
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M13 universal primers or oligonucleotide primers
synthesized according to the sequences determined
using AmpliTag F'S Ready Mix (Perkin-Elmer) by an
Applied Biosystem Model 373A DNA sequencer.
The isolated full-length c¢DNA (designated as
chApexl ¢cDNA) was 1751 nucleotide long and con-
tained an open reading frame of 900 nucleotides.
The nucleotide sequence data reported in this paper
have been submitted to the DDBJ/GenBank/EMBL
Data Bank under the accession number AB450280.

Results and Discussion

Cloning and characterization of the chApexl
c¢DNA

Fourteen positive colonies were picked up by
screening the chicken embryonic ¢DNA library
(Stratagene) with the PCR-amplified fragments, and
all of them were sequenced. Among them eight
clones were independent clones, and the clone 5 was

cDNA Cloning of Chicken APEX Nuclease 3

selected for extensive sequencing. Sequencing of the
clone 5 showed that the ¢cDNA inserted was 1751
nucleotide long with an open reading frame of 900
nucleotides with 190 nucleotides of 5-flanking
(untranslated) and 661 nucleotides of 3-flanking
regions (Fig. 1). The ¢cDNA was terminated with a
poly(A) tail, 16 nucleotides downstream of an authen-
tic polyadenylation signal, AATAAA [16].
Analysis of the deduced amino acid sequence
of chApexl

The ¢cDNA, designated as chApexl ¢cDNA, con-
tained an open reading frame encoding 300 amino
acids with a predicted molecular mass of 33 kDa.
The deduced amino acid sequence of chicken APEX
nuclease was compared with those of E. coli exonu-
clease IIT [18], ExoA protein of S. pneumoniae [19]
and some of mammalian APEX nuclease. Amino acid
sequence homology between chicken APEX nuclease
and exonuclease III occurs from the 45th amino acid
of the former and the first amino acid of the latter

chApex1 MPKRSKKGED GEAEVVSAKS PREAAAPYVD PPVREETADG RPYNFKVTSW NVDGLRAWVR 60’
Xk, ok, kkkok,
Exolll MKFVSF NINGLRARPH 16"
chApex1 KGGLQWLQSE APDVVCLQET KCGAESIPSE LSQLPHLPHK FWGSAVGRSG YSGVGLLSRT 120’
AU =T N S S * ) X,k | kK KK,
Exolll QLEAI -VEKH QPDVIGLQET KVHDDMFP—- LEEVAKLGYN VF-—YHGOKG HYGVALLTKE n-
chApex1 APIRVTHGIG |EEHDAEGRV LTAEFPS-—- -VYVVSAYVP NSGRGLNRLQ Y--RQRWDGA 174’
Jkk ok k. k. k| kK Rk X ok Kok L.

Exolll  TPIAVRRGFP GDDEEAQRR! IMAEIPSLLG NVTVINGYFP QGESRDHP 1K FPAKAOFYON 1317
chApex1 FKSFLQ-RLD AQKPVVLCGD LNVAHRE--| DLRNPKSNR- -——RSPGFTQ EERDAFGALL 227’
Lok kL wk Rk kL L X Lk = *,

Exolll  LONYLETELK RDNPVLIMGD MNISPTDLDI GIGEENRKRW LRTGKCSFLP EEREWMDRLM 1917
chApex1 DGGFLDSFRL LYPDVPNAYT FWTYMGGARE RNVGWRLDYF LLSTRL--—— REALCDSKIR 283’

BE = I koL L. kR kR L ok kX E N
Exolll ~ SWGLVDTFRH ANPQTADRFS WFDYRSKGFD DNRGLRIDLL LASQPLAECC VETGIDYEIR 251"
chApex1 SAAMGSDHCP ITLYLAL 300
* . kK K
Exolll ~ SMEKPSDHAP VWATFRR 268’

Fig. 2

Comparison of chicken Apex nuclease and E. coli exonuclease lll sequences. The amino acid sequences of chicken APEX

nuclease (upper; chApex1) and exonuclease Il (lower; Exolll) are aligned to give maximum correspondence. Dashes indicate gaps
produced by this alignment in one or the other sequence. Exact matches and similar amino acids are indicated with asterisks and dots,

respectively.
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(27.8 % 1identity/266 amino acids) (Fig. 2). The
amino acid sequence of chicken APEX nuclease
exhibits a high homology with the sequence of mam-
malian APEX nuclease (64 %, 62 % and 63 % identi-
ties/300 amino acids with those of the human, mouse
and rat APEX nuclease, respectively) (Fig. 3). The
amino acid sequence homology occurred along nearly
the entire length of the sequences, although the
homology is somewhat low in N-terminal 44 amino
acids. The region between the 45th amino acid (phe-
nylalanine) and the carboxyl terminal (leucine) of
chicken APEX nuclease corresponds to the XthA
region of mammalian APEX nuclease (refer to the

accession number NP_033817) [8]. The probable
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metal binding sites of APEX nuclease [17] are pre-
served in the chicken APEX nuclease at positions 51
(asparagine), 79 (glutamic acid), 193 (aspartic acid),
195 (asparagine), 290 (aspartic acid) and 291 (histi-
dine). The possible proton acceptor site and possibly
important site for substrate are also preserved at
positions 291 (histidine) and 195 (asparagine) respec-
tively.

Studies using chicken cells on the repair enzyme
may be valuable not only for understanding the struc-
ture and function of the enzyme in chicken cells, but
also for studying its general biological function by
using homologous recombination-proficient chicken B
cell lines, and to examine the phenotype caused by

chApex 1 MPKRSKIKG-—- -—- VSAKSF—-—---—-- PREAANA - B -NVIDEBVREETA PY 43

hAPEX 1 MPKR GAVA ELR EAKKSKTAAKKNDKEAAGE YIEDPPDHKTSPSGKPA 60

mApex 1 MPKR AAA- EPKSEPETKKSKGAAKKTEKEAAGE LYFIDPPDQOKTSPSGKSA 59

rApex 1 MPKR AAA- EPKSEPETKKSIKGAAKKTEKEAAGE LYEIDPPDQOKTSASGKSA 59

chApex 44 N TISWNVDGLRAW EAPDVVCLQETKCGAEST PHf P 103
hAPEX 6l T CSWNVDGLRAW EAPDILCLOETKCSENK PGILS 120
mApex 60 T CGSWNVDGLRAW EAPDILICLQETKCSENK PGILIT] 119
rApex 60 T GSWNVDGLRAW, EAPDILCLQETKCSENK EiL PGILIT 119
chApex 104 SAVGRSGYSGVGLLSRTAPI HGIQIEEHDAEGRVILTRE FFSivY YVPNISIGRGIIN 163
hAPEX 121 APSDKEGYSGVGLLSRO YGIGDEEHDOEGRVII VAE FIDSIEV YVPNAGRGLYV 180
mApex 120 APSDKEGYSGVGLLSRQ YIGIGEEEHDQEGRVII VAE FEISIEV YVPNAGRGIYV 179
rApex 120 APSDKEGYSGVGLLSRQ YGIGEEEHDOQEGRVIIVIAEE EFI YVPNAGRGLYV 179
chApex 164 RLOYRORWD S A VLCGDLNVAHREIDLRNPKISNRRSPGFTQ 223
hAPEX 181 RLEIYRQRWD S VLCGDLNVAHEEIDLRNPK KNAGFTP 240
mApex 180 RLEYRQRWD S VLCGDLNVAHEEIDLRNPK KNAGFTP 239
rApex 180 RLENYRQRWD S VLCGDLNVAHEEIDLRNPK KNAGF TP 239
chApex 224 GG DSF YPDVPNAYTEFWTYMG RNVGWRLDYFLLST ERLCDSKIf 282
hAPEX 241 AV DSF YPNTPYAYTEFWTYMM KNVGWRLDYFLLSHSILILPALCDSKI} 300
mApex 240 AV DSF YPNTAYAYTEFWTYMM KNVGWRLDYFLLSHSLILPALCDSKIf 299
rApex 240 AV DSF YPNTAYAYTFWTYMM KNVGWRLDYFLLSHSILPALCDSKI! 299
chApex 283 | GSDHCPITLYLAL 300
hAPEX 301 GSDHCPITLYLAL 318
mApex 300 GSDHCPITLYLAL 317
rApex 300 R GSDHCPITLYLAL 317

Fig. 3  Alignment of the amino acid sequence of chicken APEX nuclease with those of the eukaryotic homologs. The amino acid

sequence of chicken APEX nuclease (chApex; chApex1) is aligned with homologous sequences (abbreviated name and accession
number in brackets) from human (hAPEX; hAPEX1; D90373), mouse (mApex; mApex1; D90374) and rat (rApex; rApex1; D44495).
Amino acids that are identical in all the four of the sequences are surrounded. Numbers in the right column refer to the last amino acid
residue in each line of the respective protein sequence.
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the conditional disruption of chApex1 gene.
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