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We have cloned and analyzed the cDNA for the chicken homolog of E. coli endonuclease ill (chNthll;
chicken homolog of E. coli endonuclease ill-like 1). The cDNA was isolated from a chicken embry
onic cDNA library using cDNA of mouse endonuclease ill (mNthll) as a probe. The obtained cDNA
was 1211 nucleotide long encoding a protein consisting of 281 amino acids with a predicted molecular
mass of 32 kDa. The amino acid sequence exhibits 66% and 67% homologies with those of the human
and mouse homologs, respectively, and the homologies are mostly concentrated within the
C-terminal, 2/3 region of the sequence. The two motifs consisting of a helix-hairpin-helix and an
iron-sulphur [4Fe-4SJ cluster were also preserved in the chicken homolog suggesting similar enzy
matic function in chicken cells as that of endonuclease ill in E. coli.
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Introduction

Reactive oxygen species generated by ionizing
radiation and also as a consequence of normal metab
olism induce DNA lesions that are removed by ubiq
uitous DNA repair systems [11 Among the DNA
base-lesions thymine residue is especially susceptible
to oxidative DNA damage and the major detectable
product is thymine-glycol [2J. E. coli endonuclease
ill (Endoill), a bifunctional repair enzyme, initiates
repair of this lesion by its DNA glycosylase activity
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which is followed by its AP lyase activity. Endoill
was also reported to be involved in the repair of
other damaged pyrimidine derivatives such as 5,
6-dihydrothymine, 5-hydroxy dihydrothymine,
5-hydroxycytosine, 5-hydroxyuracil, uracil glycol,
beta-ureidobutyric acid, 5-hydroxy-5-methyl hydan
toin and urea [1, 3, 4J which are cytotoxic or muta
genic, otherwise they are repaired properly [1, 3, 4,
51

Enzymes functionally and structurally homologous
to endo ill have been reported from both prokaryotic
and eukaryotic cells [1, 6, 7, 8, 91 Previously we
have cloned and characterized the mouse (mNthIl)
and human (hNTHl) homologs of endoill and deter
mined their genomic organization [10, 11, 12J.
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In the present paper we report the cloning of the
chicken homolog (chNthIl) using mNthIl cDNA as a
probe 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 disruption of
chNthIl gene.
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Materials and Methods

Materials
The reagents used in the present experiments

were obtained as previously described [Ill The
chicken Embryo cDNA Library (lO-day White
Leghorn Embryo fibroblast) was obtained from
Clontech Laboratories Japan Ltd., Tokyo, Japan,
and Chick Embryo Lambda cDNA Library
(# 937405; 5-day-old chick embryos) was obtained
from Stratagene, La Jolla, CA 92037 USA. Mouse
NthIl cDNA (accession no. AB006812) was prepared
as previously described [Ill

chNth11 I-CAAA!"GGRA-ARRLGAATAG---SR--VPSA-APR--YS--R-RTR-Rl--P-------I~-l---AEP----K48
hNTH1 -TALS" LTRSRSLGPGAGPRG---CR-EEPGPLRRREAAAEAR-KSHSpIKRPRKAQRLRV - -GSDSEKGE--G 70
mNthll -NS-G" VTRSRSRATRIASEG---CR-EE---LAPREAAAEGR-KSHRP~RHPRRTQKTHV- -AANGEEGE--D 66
S. cer REESRS"KRKHIPVDIEEVEVRSKYFKKNERTVEL-VKENKINKDLQNYGG!NIDWIKALKPIE F IESRTCDDPRT 79

chNthl1
hNTH1
mNthl1
S. cer

PE-SL--GP-KWEPENW-QQQ-I---ERI"E"HRD " 1EMl-VDKCY--DTSA-IP-QZ-MR-Y--OSLI109
AE-PL-KVP-VWEPQDW-QQQ- ---VNI" "KKD" IHL --TEHCY--DSSA-"P-KZ-RR-Y--I LSL S 132
AE-PL-KVP-VWEPQNW-QQQ- ---ANI"I "SKKD " IQL --AEHCY--DASA-oP-KI-RR-Y--1 SL S 128
WGRPITKEEMINDSGAKVPESF PIYNR "L "SKVK 0 1 SMIPVLVSNKCGloSEK!DPKNFRLIF IGT 159

chNth11 1,-i--,----IAAMLI-IIDSII~DATfQIIYiljKYllAIIQKYGI"TVEEL 180hNTHl I 1----1---- GAMQ - DSI Q IDAT KL YPiG KY Q SAl QHYG 1 0 SVAEL 203
mNthll • 1----.---- GAMQ R- ESI Q IDDT RL Y~'~ KY TAl QRYE I " SVAEL 199
S. cer • I • NI YCLN lAE I DGL IIEPV NL RC~S YT NF QL DNFDSI "YDIEGI 239

Helix-hairpin-Helix

ChNth1111°tiIAlNSVS
hNTH1 V 0 0 vAiGTVS
mNthll V 0" VAIPTIS
S. cer LS 0 0 TLQKG~LI

o

4Fe-4S J---,

~;;~;1 ~lII;~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
* * *

11~59282
I 278
I 319

*

281
304
300
380

Fig. 1. Alignment of the amino acid sequence of chNth1 with those of the eukaryotic homologs. The amino acid sequence of
chicken endonuclease III homolog (chNthI1) is aligned with homologous sequences (abbreviated name and accession number in brackets)
from human (hNTH1; AB001575), mouse (mNthI1; AB009371) and S. cerevisiae (Sec; Z74785). Amino acids that are identical in all
the four of the sequences are shaded in black. Numbers in the right column refer to the last amino acid residue in each line of the
respective protein sequence. Solid lines indicate the helix-hairpin-helix motif and the four-cysteine [4Fe-4S] motif. The proposed active
site lysine residue is indicated by an open circle and the four cysteine residues responsible for [4Fe-4S] motif are indicated by star.
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Fig. 2. Schematic comparison of amino acid sequences among E. coli endonuclease ill and its eukaryotic homologs, and sequence
comparisons of HhH motif and four cysteine [4Fe-4S] motif among them.
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Cloning of the chNthll cDNA
Chicken Embryo cDNA Library (Clontech) was

screened using 32P-Iabeled mouse NthIl cDNA as a
probe with low stringent hybridization condition.
mNthIl cDNA was labelled with [a _32pJ dCTP (3000
Ci/mmol) using the random priming method.
Hybridization was carried out at 42°C overnight in
6x SSC (Ix SSC: 150mM NaCI, and 15mM sodium
citrate, pH 7.0), 5x Denhardt's solution, 0.5 % SDS,
denatured salmon testes DNA at 100 jJ, g/ml and the
labeled cDNA probe at 4.5 x 105cpm/ml. After wash
ing at room temperature for 10min in 2x SSC and 0.1
% SDS and then twice at 45°C for 1h in Ix SSC
and 0.1 % SDS, the membrane was air-dried, and
exposed on Kodak X-Ray film for autoradiography.
One positive clone was obtained from 5x 105 inde
pendent plaques. The cDNA obtained was a defective
one lacking a 3'-region. The full-length cDNA was
obtained by recloning of another embryonic cDNA
library (Stratagene) using the defective cDNA as a
probe. The inserts in the Uni-ZAP XR vector in the
isolated bacteriophage clone were excised with
helper phage infection and recircularized to generate
a subclone in the pBluescript SK (-) phagemid vec
tor. The nucleotide sequence of the insert of the
subclone was determined by the dideoxy chain termi
nation method [13J using either M13 universal prim
ers or oligonucleotide primers synthesized according
to the sequences determined using AmpliTaq FS
Ready Mix (Perkin-Elmer) by an Applied Biosystem
Model 373A DNA sequencer. The isolated full
length cDNA (designated as chNthIl cDNA) was
1211 bp long and contained an open reading frame of
843 bp. The nucleotide sequence data reported in
this paper have been submitted to the DDBJ/
GenBank/EMBL Data Bank under the accession
number AB284187.

Results and Discussion

Cloning and characterization of the chNthll
cDNA

Eighteen positive colonies were picked up by
screening the chicken embryonic cDNA library
(Stratagene) with the defective clone as described in
Materials and Methods. Among them, at least four
independent clones were present. Two of the four
were defective clones, one was a splice variant (lack
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of exon 5) and the remainder was the clone containing
an entire coding region. Sequencing of the latter
clone showed that the cDNA inserted in the clone
was 1211 nucleotide long with an open reading frame
of 843bp encoding 281 amino acids. The cDNA ter
minated with a poly (A) tail, 20 nucleotides down
stream from an authentic polyadenylation signal,
AATAAA [14]. The chNthIl protein encoded by the
cDNA has a calculated molecular weight of 31,900
and a calculated pI of 10.07.
Analysis of the deduced amino acid sequence
ofchNthll

The deduced amino acid sequence of the chNthIl
was compared with those of human, mouse and
Saccharomyces cereviciae homologs of E. coli endo
nucleaseill (Fig. 1). The homologies of the amino
acid sequence deduced from the chNthIl with that of E.
coli endonuclease ill (accession no. J02857) and those
of the human, mouse and Saccharomyces cereviciae
homologs (accession nos. AB001575, AB006812 and
Z74785, respectively) are 29% identity/178 amino
acids, 66% identity/285 amino acids, 67% iden
tity/269 amino acids and 37% identity/240 amino
acids, respectively. The homologies are mostly con
centrated within the C-terminal, 2/3 part of the
sequence with the exception of the Saccharomyces
cereviciae homolog.

Genomic cloning of chNthIl gene was performed
(unpublished results). Comparing the genomic
sequence of chNthIl and cDNA sequences of the
other cDNA clones with the present chNthIl cDNA,
several sequence variances were observed. In order
to tentatively assign a base position within the cDNA,
the adenine residue in the translation initiation codon
of the chNthIl cDNA was designated as position + 1
and the 5' neighboring residue cytosine as position -1.
With this as a starting point, positive numbers are
given to positions downstream from the starting point
and negative numbers to those upstream. The
observed sequence variances are as follows: position
117, T to C (Valine, synonymous substitution);
position 155, C to T (Proline to Leucine); position
864, T to C; position 1000, T to G; position 1064,
A to G; position 1080, G to A. Poly (A) attached to
position 1202 (T) or 1207 (A). The sequence vari
ability in the chicken NthIl cDNAs seems to be high
comparing with that in human NTHL1 or mouse
NthIl cDNAs, although the reason is not clear.
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The helix-hairpin-helix (HhH) motif, which is
common in enzymes having DNA glycosylase activity
and is involved in interaction with DNA, is preserved
in chNthll (Figs. 1 and 2) [11, 15J. The HhH DNA
binding motif is found in the amino acid sequence
positions from 168 to 197. Furthermore, the motif
of the HhH-GDP superfamily base excision DNA
repair protein, which is present in a diverse range of
structurally related DNA repair proteins, is found in
positions from 103 to 241 [161 The superfamily is
called the HhH-GPD family after its hallmark Helix
hairpin-helix and Gly/Pro rich loop followed by a
conserved aspartate [17J. The four cysteine residue
motif (Cys-X6-Cys-Xz-Cys-X5-Cys) that constitutes
the iron/sulphur(4Fe-4S) cluster is well preserved in
the chicken homolog at the C-terminal region (from
positions 259 to 275) (Figs. 1 and 2). The key resi
dues responsible for the formation of enzyme-sub
strate intermediate (Lys212 for hNTHL1 and
Lys120 for endoill) and involved in catalysis (Asp231
for hNTHL1 and Asp138 for endoill) are well pre
served in the chicken homolog in positions 189 and
208, respectively, suggesting that the chicken homo
log has an endonuclease ill -like function [10J.

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
the disruption of chNthll gene.
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