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Genomic cloning and sequencing of a chicken homolog (chNthll) for Escherichia coli endonuclease 
HI, that is involved in pyrimidine base excision repair, were performed. The sequence covered the 
entire chNthll gene consisting of six exons and five introns spanning 4.9kb with 5' flanking (6.6kb) 
and 3' flanking (3.lkb) regions. The boundaries between exon and intron follow the GT/AG rule. 
The sequenced 5' flanking region lacks typical TATA and CAAT boxes, but contains a CpG island 
having putative binding sites for several transcription factors such as Ests 1 and Spl. The chNthll 
gene lies immediately adjacent to the tuberous sclerosis 2 (chTsc2) gene in a 5'-to-5' orientation. 
Downstream of the chNthll gene, the gene for the regulatory factor 2 (chSlc9a3r2) of the solute car- 
rier family 9 (sodium/hydrogen exchanger), isoform A3, lies in a 3'-to-3' orientation. The genomic 
organization of the chNthll gene and the relative orientation of the gene with the adjacent genes of 
chTsc2 and chSlc9a3r2 are similar to those in human and mouse genomes. 
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Introduction 

Oxidative DNA damage produced by endogenously 
and exogenously generated reactive oxygen species 
has been implicated in cell death, mutagenesis, car- 
cinogenesis, and aging [I]. Thymine residue of 
DNA is known to be especially susceptible to oxida- 
tive DNA damage, and the major detectable, oxida- 
tive product is thymine glycol [2]. Repair of the 

Corresponding author. 
Shuji Seki 
Department of Human Nutrition, Faculty of Contemporary Life Science, 
Chugokugakuen University, Okayama 700-0197, Japan 

lesion is generally initiated by the DNA glycosylase 
activity of such enzyme as endonuclease III (endo IIt ) 
of Eschenchia coli (E. coli) which is followed by the 
A P  lyase activity of the same enzymes [I, 31. Endo 
III 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 [I,  3, 41 which are cytotoxic or 
mutagenic, otherwise they are repaired properly E l ,  
3, 4, 51. 

Enzyme activities functionally homologous to endo 
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ID have been reported from both prokaryotic and 
eukaryotic cells [I,  6, 7, 8, 91. Previously, we 
have cloned and characterized the mouse homolog 
(mNthll) and human homolog (hNTHL1) of endo III 
and determined their genomic organization [ lo,  11, 
12, 131. The human NTHLl or mouse Nthll gene 
has been shown to lie immediately adjacent to the 
tuberous sclerosis (TSC2 or mTsc2) gene in a 5'-to-5' 
orientation [12, 141, and adjacent to the gene for 
the regulatory factor 2 of the solute carrier family 9, 
isoform A3 (OCTS2-SLC9A3R2 or mSlc9a3r3) in a 3' 
-to-3' orientation [12, 13, 151. The cDNA for the 
chicken homolog (chNthll) of E. coli endonucleaselII 
has also been cloned and characterized [16]. 

In the present paper, the genomic organization 
and the sequence of a 14.6kb genomic fragment con- 
taining the chNthll gene and partial sequences of the 
neighboring genes (chTsc2 and chSlc9a3r2 genes) are 
reported. 

Materials and Methods 

Materials 
The reagents used in the present experiments 

were obtained as described previously [ l l ,  121. 
The chicken Nthll cDNA was cloned by screening a 
chicken fibroblast cDNA library (Clontech Lab., 
Inc., Palo Alto, CA 94303, USA) with the 32P-la- 
beled mouse Nthll cDNA [ I l l ,  and then recloned by 
screening another embryonic cDNA library 
(Stratagene, La Jolla, CA 92037, USA) and char- 
acterized, as described previously [161. Chicken 
spleen genomic library in Lambda FIX11 and E. coli 
strain XL1-Blue MRA (P2) were obtained from 
Stratagene. 
Southern blot analysis of chNthll genomic 
DNA 

High molecular weight genomic DNA was isolated 
from chicken liver as described [17]. Five micro- 
grams of the DNA digested with restriction enzymes 
were electrophoresed on a 0.5% agarose gel at 7V 
for 16 hours, and transferred onto a positively 

method. The blotted membrane was hybridized with 
the 32P-labeled probe. Hybridization was carried out 
at 68°C for 12h in 6x  SSC ( l x  SSC: 150mM NaCl, 
and 15mM sodium citrate, pH7.0), 5x  Denhardt's 
solution, 0.5% SDS, denatured salmon testes DNA 
at 100,ug/ml and the labeled cDNA probe at 5x  
lo5 cpm/ml. After washing at room temperature for 
lOmin in 2x S S C  and 0.1% SDS and then at  68°C 
for l h  in l x  S S C  and 0.1% SDS with twice 
changes, the membrane was air dried, and exposed 
on a Kodak X-Ray film for autoradiography. 
Cloning of the chNthlI gene 

The genomic library constructed using chicken 
spleen genomic DNA and cloning vector Lambda 
FIXR I1 T 7/T 3 (Stratagene) was screened using the 
same DNA probe as that used for the Southern blot 
analysis. Among 16 positive clones obtained, the 
clone 2 (designated as chNthllG-2) having a 15kb 
insert was selected for further analysis. The 15kb 
fragment was subcloned into the plasmid vector 
pBluescript KS (-) for sequencing. 
DNA seqmncing and sequence analysis 

The nucleotide sequence of the insert of the sub- 
clone in the pBluescript KS (-) was determined by 
the dideoxy chain termination method [I81 using 

charged nylon membrane (Hybond Nt; Boehringer Fig. 1 Southern blot analysis of the chNthll gene. Chicken 
Mannheim Biochem., IN) as described [ l l ,  171. liver genomic DNA was digested with the restriction enzymes indi- 

~h~ c h ~ t h l l  c~~~ fragment was excised from the cated on the top. Five micrograms of DNA per lane were sub- 
jected to electrophoresis on 0.5% agarose gel, and then trans- 

plasmid containing chNthll [I6' by treating ferred onto a nylon membrane. The blots were hybridized with the 
with EcoRI and XhoI, gel-purified, and labeled with 32P-labeled chNthll cDNA. Numbers in the left column indicate 
[32p] dCTP (3,000Ci/mmol) by the random priming the size markers in kilobase pairs. 
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either M13 universal primers 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 nucleotide sequence data reported in 
this paper have been submitted to the DDBJ/ 
GenBank/EMBL Data Bank under the accession 
number AB358957. 

Results and Discussion 

Southern Blot Analysis 
The rough chNthll gene structure was studied by 

Southern blot analysis of chicken liver DNA digested 
with restriction enzymes and hybridized with chNthll 
cDNA as a probe. The results showed that the 
hybridizing fragments detected corresponded to the 
restriction enzyme fragments deduced from the 

sequence of the chNthll gene, although minor 
unidentified fragments were also observed (Fig. 1). 
The origins of the 3.6kb minor hybridizing fragment 
in the BgllI-digested DNA (lane 1) and the 2.3kb and 
1.5kb fragment in the SacI-digested DNA (lane 2) 
were not exactly known. 
Cloning and Sequencing of chNthll gene 

A chicken spleen genomic library was screened 
with randomly [3ZP1-labeled chNthll cDNA as a 
probe. Sixteen positive clones were isolated from 1 
x lo6 independent clones. Among them, one clone 
containing the entire region of chNthll gene 
(chNthllG-2 clone) was analyzed. The chNthllG-2 
clone was isolated and digested with a restriction 
enzyme, SacI. The digestion produced four restric- 
tion fragments of 4.5, 3.5, 3.0 and 1.7kb in size. 
These fragments were inserted into the pBluescript 
K S  (-) plasmid vectors and sequenced. By compar- 

( 1) ATG (Exon 1 :>64bp) = CGCAG ( 64) gtacggggcg ( 457bp) 
cctcctgcag ( 65) GGAGC (Exon 2: 221 bp) = CGCAG (285) gtaatggcac ( 875bp) 
t t t cccccag (286) GTTAT (Exon 3 :  171bp) GGAGG (456) gtaagcgtgg ( 546bp) 
gg t t t t ccag  (457) AACAA (Exon 4: 160bp) = GATAG (61 6) gtaagttgaa (1 21 9bp) 

a ccc t tcc tag  (617) CTGTG = (Exon 5:  106bp) a CCCAG (722) gtgaggtgtg ( 624bp) 
= ctcactgcag (723) GGATC (Exon 6:>124bp) TGA (846) acccatgacg 

Fig. 2 The structure and exon-intron organization of the chicken Nthll (chNthl1) gene and its flanking regions. In order to tentatively 
assign a base position in the gene and in the flanking regions, the adenine residue (A) in the translation initiation codon of the chNthll 
gene was designated as position + 1 and the 5' neighboring residue C 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. (A) From the top: scale in kilobases, a 
diagram of chNthll gene, a 5' region of chicken tuberous sclerosis 2 gene (Tsc2) and a 3' region of the chicken gene for the regulatory 
factor 2 (Slc9a3r2) of the solute carrier family 9 (sodium/hydrogen exchanger), isoform A3. The Nthll gene lies adjacent to the Tsc2 
gene in a head-to-head orientation and adjacent to the Slc9a3r2 in a tail-to-tail orientation. The exons are numbered from the 5' end of 
the gene. Filled and open boxes represent translated and untranslated regions, respectively. (B) Nucleotide sequences of the exon-intron 
boundaries of the chNthll gene. Sequences of introns are given in lowercase letters, and those of exons in uppercase letters. On both 
sides of the parentheses for the number and size of each exon, the first and last five nucleotides are shown. The nucleotide numbers of 
the first and last residue of each exon are shown in parentheses before and after the first and last five nucleotides, respectively. The size 
of each intron is shown in parentheses on the right side. 
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ing the sequence with chNthll cDNA sequence, we 
defined the exon/intron structure of chNthll gene 
(Fig. 2). The gene consists of six exons and five 
introns, with a total length of 4,932bp. All exon/ 
intron junctions follow the GT/AG rule [19]. The 
translation initiation and termination codons (ATG 
and TAA) are located in exons 1 and 6, respectively 
(Fig. 2). To tentatively assign a base position in the 
gene and the flanking regions, the adenine residue in 
the translation initiation codon of chNthll gene was 
assigned to position +1 and the 5' neighboring resi- 
due cytosine to position -1, and positive and nega- 

chNthll gene is lying immediately adjacent to the 
chSlc9a3r2 gene and in a 3'-to-3' orientation with the 
chSlc9a3r2 gene. The exon 6 (480bp; the last exon 
containing a stop codon) of chNthll gene and the exon 
7 (2272bp; the last exon containing a stop codon) of 
chSlc9a3r2 gene both lie within the 3306bp-se- 
quence. 
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stream and in the 'pstream sequences from the start- (Repair, Recombination and Mutagenesis, 08280101). 
ing positions, respectively. Besides the chNthl1 The nucleotide sequence data reported in this paper have been 

gene, the chNthllG-2 clone contained the 5'-flanking 
region of 6.65 kb and the 3'-flanking region of 3.06 kb. 

Sequence analysis of the 5'-flanking region by 
comparing it with the mouse tuberous sclerosis 2 
(mTsc2) mRNA sequence reported by Kim et al. [20] 
revealed that chNthll gene is lying immediately adja- 
cent to the chTsc2 gene and in a 5'-to-5' orientation 
with the chTsc2 gene. The exon 1 (155bp) of 
chNthll gene and the exon 1 (73bp) of Tsc2 gene 

deposited with the GSDB, DDBJ, EMBL, and NCBI nucleotide data- 
bases under the Accession Number AB358957. 
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