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Abstract

APEX nuclease is a mammalian DNA repair enzyme having apurinic/apyrimidinic (AP) en-
donuclease, 3’-5’-exonuclease, DNA 3’ repair diesterase and DNA 3’-phosphatase activities. It
is also a redox factor (Ref-1), stimulating DNA binding activity of AP-1 binding proteins such as
Fos and Jun. In the present paper, a cDNA for the enzyme was isolated from a rat brain cDNA
library using mouse Apex cDNA as a probe and sequenced. The rat Apex cDNA was 1221 nu-
cleotides (nt) long, with a 951-nt coding region. The amino acid sequence of rat APEX nuclease
has 98.4% identity with mouse APEX nuclease. Using the rat Apex cDNA as a probe for Northern
blot analysis, the size of rat Apex mRNA was shown to be approximately 1.5 kb. Its expression
was compared in 9 rat organs on postnatal days 7 and 28. Although Apex mRNA was expressed
ubiquitously, the levels varied significantly, suggesting organ- or tissue-specific expression of the
Apex gene. The highest level was observed in the testis, relatively high levels in the thymus,
spleen, kidney and brain, and the lowest level in the liver. The level of expression at postnatal
day 28, with the exception of the testis, was almost the same as or lower in respective organs than
that at postnatal day 7. Postnatal developmental changes of Apex mRNA expression in the testis
and thymus were further studied. The expression in testis was markedly increased on postnatal
days 21 and 28. The expression in thymus increased once at postnatal day 14, and then decreased.
The developmental changes of Apex mRNA expression in testis and thymus suggest that APEX
nuclease is involved in processes such as recombinational events.
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cDNA Cloning of Rat Major AP Endonuclease (APEX Nuclease) and
Analyses of Its mRNA Expression in Rat Tissues’
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APEX nuclease is a mammalian DNA repair
enzyme having apurinic/apyrimidinic (AP) endonu-
clease, 3’-5-exonuclease, DNA 3’ repair diester-
ase and DNA 3’-phosphatase activities. It is also
a redox factor (Ref-1), stimulating DNA binding
activity of AP-1 binding proteins such as Fos and
Jun. In the present paper, a cDNA for the
enzyme was isolated from a rat brain cDNA
library using mouse Apex cDNA as a probe and
sequenced. The rat Apex cDNA was 1221 nu-
cleotides (nt) long, with a 951-nt coding region.
The amino acid sequence of rat APEX nuclease
has 98.4 % identity with mouse APEX nuclease.
Using the rat Apex cDNA as a probe for Northern
blot analysis, the size of rat Apex mRNA was
shown to be approximately 1.5 kb. Its expression
was compared in 9 rat organs on postnatal days
7 and 28. Although Apex mRNA was expressed
ubiquitously, the levels varied significantly, sug-
gesting organ- or tissue-specific expression of the
Apex gene. The highest level was observed in the
testis, relatively high levels in the thymus,
spleen, kidney and brain, and the lowest level in
the liver. The level of expression at postnatal day
28, with the exception of the testis, was almost
the same as or lower in respective organs than
that at postnatal day 7. Postnatal develop-
mental changes of Apex mMRNA expression in the
testis and thymus were further studied. The
expression in testis was markedly increased on
postnatal days 21 and 28. The expression in
thymus increased once at postnatal day 14, and
then decreased. The developmental changes of
Apex mRNA expression in testis and thymus
suggest that APEX nuclease is involved in proces-
ses such as recombinational events.
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A purinic/apyrimidinic (AP) sites resulting from
loss of bases are the most frequent DNA lesion in
cells, and are generated in DNA by spontaneous hydroly-
sis, radiation, oxidative damage and action of DNA
glycosylases on modified bases (1-4). Single-strand
breaks with 3’-blocked termini are also frequently
produced by radical-induced DNA damage (3-5). The
resulting AP sites and 3’-blocked single-strand breaks, if
they can not be repaired, block transcription and replica-
tion of DNA, and have cytotoxic and mutagenic effects
on cells (2-6). Repair of these lesions is thought to be
mostly initiated by AP endonucleases having 5° AP
endonuclease and DNA 3’ repair diesterase activities (2-
5). Although multiple forms of AP endonucleases have
been reported in mammalian cells, so far only one form
(the major 5° AP endonuclease designated as APEX
nuclease, or HHAP1, APE or Ref-1 protein) of AP
endonuclease/ DNA 3’ repair diesterase has been clearly
identified (7-11). In vitro studies have shown that the
major AP endonuclease (APEX nuclease) is multifun-
ctional. It shows 5" AP endonuclease, 3’-5° exonuclease,
DNA 3’ repair diesterase, DNA 3’-phosphatase and
RNase H activities as well as reductive activation of
AP-1-binding proteins such as Fos and Jun (4, 7-15).
However, at present, we have not enough information on
actual in vivo functions and regulation of APEX nuclease.
Studies on changes of its expression in vivo depending
on specific DNA damage, cell proliferation, cell
differentiation or organ development are thought to be
helpful to elucidate in vivo functions of the enzyme, We
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considered that rats are the well usable laboratory animal
with appropriate organ sizes for studying difference of its
expression in various conditions, organs or developmental
stages. In the present paper, therefore, we cloned and
sequenced rat Apex cDNA, and studied Apex mRNA
expression in various rat tissues using the cDNA as a
probe.

Materials and Methods

Materials. The reagents used in these experi-
ments were obtained from the following sources: restric-
tion enzymes from Toyobo Biochem., Osaka, Japan; T4
DNA ligase from Promega Corp. (Madison, WI,
USA); Tag DNA polymerase from Wako Pure Chemical
Industries (Osaka, Japan); human glyceraldehyde 3-
phosphate dehydrogenase (G3PDH) ¢DNA and a rat
brain ¢cDNA library in phage Agtl0 from Clontech Lab.,
CA, USA; PRISM Ready Reaction DyeDeoxy Ter-
minator Cycle Sequencing Kit from Applied Biosystems
(Mountain View, CA, USA); Megaprime DNA Labe-
ling System, [a-**P] dCTP (3000 Ci/mmol) and posi-
tively charged nylon membrane (Hybond-N +) from
Amersham Japan, Tokyo; RNAzol B from Biotecx
Lab., Texas, USA.

Cloning and DNA sequencing.  The recom-
binant phages in the rat brain ¢cDNA library (Clontech)
were plated with Escherichia coli C600Hfl, and three
replica nylon membranes per plate were prepared. The
coding region of mouse Apex cDNA was amplified by
polymerase chain reaction using a mouse ¢cDNA clone
(pExE2) (7) and appropriate oligonucleotide primers. A
32P_|abeled probe was prepared using the amplified DNA
fragments as the template and [ &-**P] dCTP (3000 Ci/
mmol) as the labeled nucleotide by the random priming
method (16) using the Megaprime DNA Labeling System.
About 7.5 X 10° independent clones of the rat brain
¢DNA library were screened with the **P-labeled probe
by the plaque hybridization technique (17).

DNA sequences were determined by the dideoxy-
termination method (18) using an ABI 373A DNA
Sequencer (Applied Biosystems, Japan).

Animals and RNA extraction. Male
Donryu rats were purchased from Sizuoka Laboratories
Center (Shizuoka, Japan), and maintained on a labora-
tory diet (RC4, Oriental Yeast Co., Tokyo, Japan) and
water ad libitum. Rats were sacrificed under ether anes-
thesia on postnatal days 1, 7, 14, 21, 28, 147 (21 w) or
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224 (32 w). At least 3 rats were used for each experimen-
tal pomt.

Rat organs to be used for total RNA isolation were
flash-frozen in liquid nitrogen immediately after sacrifice
and stored at —80°C. The extraction of total RNA was
performed using RNAzol B as described previously (19,
20). The RNA concentration was determined spectro-
photometrically, and the amount and property of RNA
electrophoresed on a denaturing 1% agarose gel were
monitored after ethidium bromide staining.

Northern blot hybridization. The RNA
fractions were denatured with 6 % formaldehyde, and
electrophoresed at 30 ug/lane at 20V for 18h ona 1%
agarose gel in the presence of 6 % formaldehyde. After
the electrophoresis, the gel was treated with 0.25M
ammonium acetate, and then RNA on the gel was trans-
ferred overnight onto a positively charged nylon mem-
brane (Hybond-N+) by the capillary blotting technique
(17). To analyse the results of Northern blotting, three
or four blotted membranes were prepared for each set of
samples. The membranes were prehybridized at 42°C in
a prehybridization buffer consisting of 5 < SSPE (1 X
SSPE: 150mM NaCl, 10mM NaH,PO,, 1mM
EDTA, pH 7.6), 5 X Denhardt’s reagent, 0.5% SDS,
50 % formamide and 100 g/ ml denatured salmon sperm
DNA. Hybridization was performed by incubating the
membranes at 42°C for 18h in the prehybridization buffer
supplemented with a denatured **P-labeled probe prepared
using the cloned rat Apex ¢cDNA. After removing the
excess probe by washing, the membranes were processed
for autoradiography.

The preparation procedure for the **P-labeled G3PDH
probe was the same as that for the Apex probe. After
removal of the Apex probe, the RNA-blotted membranes
were incubated at 65°C for 20h for hybridization with the
denatured, *?P-labeled G3PDH probe in a buffer contain-
ing 6 X SSC, 5 X Denhardt’s solution, 0.5% SDS and
100 g/ml salmon sperm DNA. The membranes were
processed in the same way as that for hybridization with
the Apex probe.

Analysis of autoradiograms.  Quantitative
analysis of the autoradiograms was performed using a
computerized imaging analysis system using Fujix Bio-
Imaging Analyzer BAS2000 (Fuji Photo Film, Tokyo,
Japan) as described previously (21). The hybridized
membranes were exposed for about 40h at room tempera-
ture to phosphor imaging plates. The exposed imaging
plates were inserted into an image reading unit and



Tan et a.: cDNA cloning of rat major AP endonuclease (APEX nuclease)

Fubruary 1996

scanned with a fine laser beam. To compare Apex mRNA
expression in various tissues, a mean value {(arbitrary
units), which was obtained by the analyzer, of Apex
mRNA in 7-day-old rat livers was used as the standard
for normalization of the data obtained in separate experi-
ments and for comparing the values in different tissues
and different developmental stages. Each datum is expres-
sed as a percentage of the mean value in 7-day-old rat
livers.

Results

Cloning of rat Apex ¢DNA. A rat bran
¢DNA library was screened with **P-labeled mouse Apex
¢DNA. Seven positive clones were isolated from 7.5 X
10° plaques. The insert of the positive clone was sub-
cloned into the EcoRI site of the pUC18 plasmid vector.
Among these positive clones, two clones having inserts of
roughly the Apex mRNA size were selected and the
inserts were sequenced. The inserts of the two clones
consisted of an identical region in both clones and a
non-identical region. The nucleotide sequence of the iden-
tical region was highly homologous to that of mouse Apex
¢DNA, and was thought to be downstream of the 5’
non-coding sequence and the complete sequence of the
coding and 3’ non-coding regions. However, the up-
stream sequences of the two inserts were not identical to
each other and were not homologous to that of mouse
Apex ¢cDNA. The Sma I/ PmaCl and EcoRI fragment,
which belongs to the identical region, was subcloned into
pUC18 plasmid to generate the rat Apex ¢cDNA clone
pUC18-RAPEXS80. The ¢cDNA sequence of the clone
pUC18-RAPEXS80 was determined for both strands from
overlapping DNA regions. The DNA sequencing
identified a coding region of 951 nucleotides (nt) with 115
nt of 5" flanking and 155 nt of 3’ flanking regions followed
by a poly(A) tail at 17 nt downstream of an authentic
polyadenylation signal, AATAAA (22) (Fig. 1). The
¢DNA for rat APEX nuclease (951 nt) encodes 317
amino acids.

Analysis of deduced amino acid sequence
of rat APEX nuclease. 'The amino acid sequence
of rat APEX nuclease is highly homologous to that of
mouse APEX nuclease (98.4 % identity/317 residues),
human APEX nuclease (93.1 % identity/318 residues),
and bovine AP endonuclease 1 (92.1 % identity/318
residues). Amino acid variation in these sequences is
mostly in the N-terminal 60 amino acids (Fig. 2). Recent-
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ly, Wilson ef al (23) reported the amino acid sequence
of a rat AP endonuclease (rAPEN), deduced from the
c¢DNA cloned by using a rat testis gt11 ¢cDNA library and
mouse Apex cDNA. The rAPEN amino acid sequence is
99.1 % identical with that of rat APEX nuclease.
Expression of Apex mRNA in various rat

organs. The levels of Apex mRNA in various rat
GTGGGAACAGACAGACTCCATTCTTTGTGCAGTGAGGGGCTCCCTGCCTCGTTGGGAGGT 60
AGCGTAGTAAACACTGCTTCGGTGCTCCAGACGCCTAAGGGCTTTCGTTACAGCGATGCC 120
M P
GAAGCGGGGGAAGAGAGCGGCAGCGGAAGACGGGGAAGAACCCAAGTCCGAGCCAGAGAL 180
K R G X R A A A E D G E E P K S E P E T 22

CAAGAAGAGTAAGGGGGCAGCAAAGAAARACTGAGAAGGAGGCCGCAGGAGAGGGCCCTGT 2490

K K § K G A A K K TE K ERARAGE G PV 42
CCTGTATGAGGACCCTCCAGATCAGAARACGTCAGCCAGTGGCAAATCTGCCACACTCAR 300
L' Y E D P P D Q KT S A S G K S A T L K 62
GATATGCTCCTGGAATGTGGATGGGCTTCGAGCCTGGATTAAAAAGARAGGTTTGGATTG 360
I ¢ $S WNUV DG L RAMW I K K K G L D W 8z
GGTAAAGGAAGAAGCACCAGACATCTTGTGCCTCCAAGAGACCAAATGCTCAGAGAACAR 420
VvV X E EAPDIL CL Q E T K C S E N K 102
ACTCCCGGCTGAACTGCAAGAGCTGCCTGGACTCACCCATCAGTACTGGTCAGCTCCATC 4890
L P A E L Q EL P G L T HQ Y W S A P S 122
AGACAAAGAAGGATATAGTGGTGTGGGCCTACTTTCCCGCCAATGCCCGCTCAAAGTCTC 540
D K E G Y & 6V 6L L § R Q C P L K V 5 142

TTATGGCATTGGTGAGGAAGAACATGATCAAGAAGGCCSGGTGATTGTGGCTGAATTTGA g
Y 6 I 6 E EEHDGQE G RV I V A E F E 162

GTCCTTTATCTTGGTRACAGCCTATGTTCCGAACGCAGGAAGGGGTCTGGTAAGACTGGA 660
s F I L v T ayY VvV PN AGU RGUL V R L E 182

GTACCGACAGCGATGGGATGARGCCTTCAGAARGTTTCTAAAGGACTTGGCTTCCCGGAA
Y R Q R WD EAUF REKF L K DL A s R K 202

ACCTCTTGTGCTGTGTGGGGATCTCAATGTGGCTCATGAAGAAATAGACCTTCGTAACCC
P L VL CG DL NV AUHETETIDTLRNFP

CAAAGGAAACAAAAAGAATGCTGGTTTTACTCCCCAGGAGCGCCAAGGCTTTGGGGAAAT

K G N K K NAGF TP QE®RQGF G E M 242
GCTACAGGCTGTACCACTGGCTGACAGCTTCCGGCATCTCTACCCCAACACTGCCTACGT 900
L Q AV P L ADSF RUHLY PN T A Y A 262
TTATACTTTCTGGACTTACATGATGAATGCCCGCTCTAAGAATGTTGGTTGGCGCCTTGA 960

Y T F w T ¥ M M N A R S KNV G W RLD 282

TTACTTTTTGCTGTCTCACTC TCTTTTACCTGCTTTGTGCGACAGCAAGATCCGGTCCAA 1020
Yy F L L §$ H s$ L L P A L C D S K I R s K 302

GGCTCTTGGCAGTGACCACTGTCCCATCACCCTTTACCTAGCACTGTGACACTCCCCTCA 1080
A L G S DHCCP I T UL Y L A L *** 317

AGTAGCTTCATGCTGGGAAATAGCCTCCTCTCCTCCAGGAGACCAGTGCGTTATCTCTTC 1140
TTCAGGTGTTTACTCCCCTCTAAACCAAACTTCTGGTTTCCTTTAAACAATCCAAGTGAA 1250

ATAAAAGTCCTACTTTTCAAC 1221

Fig. | Nucleotide sequence and the deduced amino acid sequence
of the c¢cDNA for rat APEX nuclease. The deduced amino acid
sequence in the standard one-letter code is shown beneath the
nucleotide sequence. Amino acids are numbered, starting with the
first in-frame methionine as number |. The transliation termination
codon and polyadenylation signal are indicated with triple asterisks
and double underlines, respectively.
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rApex 1 MPKRGKRAA-AEDGEEPKSEPETKKSKGAAKKTEKEAAGEGPVLYEDPPDOKTSASGKSA
mApex 1 e S o S T R =
BAP1 T e WV A T oA AGr e Neov - Ve Ao e oo P
hApex 1 e KG:-V-+ +D-LRT«- A--+T-e:ND-v-+++.- Bev e H---P-- P-
rApex 60 TLKICSWNVDGLRAWIKKKGLDWVKEEAPDILCLQETKCSENKLPAELQELPGLTHQYWS
mApex 3 R S T T
BAPl 61 ............................................. Veo-e- S . S
hApex T3 R I NI St
rApex 120 APSDKEGYSGVGLLSRQCPLKVSYGIGEEEHDQEGRVIVAEFESFILVTAYVPNAGRGLY
mApex D20 et Ve
BAPl 12 l ........................... I I R R YDA V- oo v v oo m e e
hApex [ ST S Doeeereeeeneens Do v Weeeeeemiee e
rApex 180 RLEYRQRWDEAFRKFLKDLASRKPLVLCGDLNVAHEEIDLRNPKGNKKNAGETPQERQGF
mApex LY TS A
BAPl 181 ................. G ..........................................
hApex TBL e LT
rApex 240 GEMLQAVPLADSFRHLYPNTAYAYTFWTYMI\dNARSKNVGWRLDYFLLSHSLLPALCDSKI
nApex 240 S T T
BAP1 241 PR PRI D R IR Q B A R IR
hApex 241 T = T I
rApex 300 RSKALGSDHCPITLYLAL 317
nApex FOO e 317
BAPl 3 01 .................. 3 18
hapex 0L e 318

Fig. 2 Comparison of the amino acid sequence of rat APEX nuclease (rApex) with those of mouse APEX nuclease (mApex) (7), bovine AP
endonuclease | (BAPI) (27) and human APEX nuctease (hAPEX) (8). Gaps (indicated by dashes) are introduced at position 10 of the rat and
mouse APEX nucleases. Amino acids identical to rat APEX nuclease are shown as a dot.
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Fig. 3 (Left) Northern blot analyses of mRNA expression of Apex and G3PDH genes in various organs of 7-day-old rats. Thirty micrograms
of total RNA from various rat organs were electrophoresed on a | % agarose gel containing 6% formaldehyde, blotted onto a nylon membrane,
and hybridized first with the *P-labeled rat Apex cDNA probe (A), and then with 32P.|abeled G3PDH probe after detaching the Apex probe (B).
To monitor the RNA samples, total RNA of each sample was elctrophoresed at | ug/lane and stained with ethidium bromide (C). Numbers to

the right in Figs. 3A and 3B indicate sizes of transcripts in thousands of nucleotides.
Fig. 4 (Right)  Northern blot analyses of mRNA expression of Apex (A) and G3PDH (B) genes in various organs of 28-day-old rats. The
Northern blotting, hybridization and monitoring of the RNA samples (C) were performed as described in Materials and Methods and in the

legend to Fig. 3.
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Expression of rApex mRNA

Fig. 5 Levels of Apex mRNA in various organs of 7-and 28-day-old
rats. Quantitative analyses of the autoradiograms were performed as
described in Materials and Methods. To compare Apex mRNA expres-
sion in various organs, its expression level in livers in 7-day-old rats
was used as the standard for normalization of the data obtained in
separate experiments, and the percentage of Apex mRNA expression
in an organ to the expression in livers were calculated. Each point
indicates the mean values of 3 independent determinations. Vertical
bars indicate the standard errors of the mean values.

organs (skeletal muscle, thymus, testis, spleen, liver,
kidney, lung, heart and brain) were examined by North-
ern blot hybridization using **P-labeled rat Apex ¢cDNA
as a probe. A 1.5 kb transcript for the Apex gene was
detected in all organs examined (Figs. 3 and 4). The
amounts of Apex mRNA in various organs relative to the
amount in livers of 7-day-old rats were determined as
described in Materials and Methods, and the results are
shown in Fig. 5. Although the Apex gene is expressed
ubiquitously, its expression level varied significantly from
tissue to tissue and with the developmental stage of the
tissues. In most organs examined, the Apex mRNA level
at postnatal day 28 was slightly (skeletal muscle, thymus
and brain) or markedly (spleen, liver, kidney, lung and
heart) lower than that at postnatal day 7. Among these
organs, the liver showed the lowest Apex mRNA expres-
sion, and the liver mRNA level in 28-day-old rats was
one-sixth of that in 7-day-old rats. Testis showed the
highest expression, and the amounts of Apex mRNA in
testis on postnatal days 7 and 28 were 4 and 50 times
higher, respectively, than those in liver on postnatal days
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7 and 28.

The expression patterns of the G3PDH gene, which
was used as an internal control for Northern blot hybridi-
zation, show that the relative expression levels in these
organs at postnatal day 28 are similar to those at postnatal
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Fig. 6 Northern blot analysis of Apex mRNA expression in the
developing rat testes. The Northern blotting of total RNA isolated
from developing rat testes and hybridization with the **P-labeled rat
Apex cDNA probe (A), and monitoring of electorphoresis of the RNA
samples (B) were performed as described in Materials and Methods
and in the legend to Fig. 3. The sample examined was testis at
postnatal day 7 in lane |, 14 inlane 2, 21 inlane 3, 28 in lane 4, 147
in lane 5 and 224 in lane 6. (C) The same experiment was repeated
3 times. The results were analyzed as described in the legend to Fig.
5.
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Fig. 7 Northern blot analysis of Apex mRNA expression in the
developing rat thymuses. The Northern blotting of total RNA isolated
from developing rat thymuses and hybridization with the **P-labeled
rat Apex cDNA probe (A), and monitoring of electrophoresis of the
RNA samples (B) were performed as described in Materials and
Methods and in the legend to Fig. 3. The sample examined was total
RNA from the thymus on postnatal day 7 in lane |, day 14 in lane 2,
day 21 in lane 3, day 28 in lane 4, day 147 in lane 5 and day 224 in
tane 6. (C) Each experiment was performed in triplicate. The results
were analyzed as described in the legend to Fig. 5.

day 7, except that the expression in skeletal muscle is
strikingly high in 28-day-old rats (Figs. 3 and 4). Figures
3 and 4 also show that the expression patterns of G3PDH
gene in various organs on postnatal days 7 and 28 are
quite different from those of the Apex gene.
Expression patterns of Apex mRNA during
testis and thymus development. The expres-
sion pattern of Apex mRNA during the rat testis develop-
ment is shown in Fig. 6. The Apex mRNA expression in
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rat testis was observed at a fairly high and constant level
in 7-, 14- and 21-day-old rats. The expression increased
sharply from postnatal day 21 to day 28, possibly in
association with the increase of pachvtene spermatocytes
as discussed later, and finally attained the adult level
which was almost 3 times and 1.5 times higher than the
levels in testes of 7- and 21-day-old rats and of 28-day-old
rats, respectively.

Postnatal changes of the Apex gene expression in the
thymus are shown in Fig. 7. Although the variation in
experimental data are relatively large, the result shows
that the Apex gene expression in rat thymuses tends to be
the highest in 14-day-old rats, and declines sharply at the
beginning and then gradually to half of the highest expres-
sion.

Discussion

APEX nuclease (also designated HAP1 (9), APE
(10), or Ref-1 (11) gene product) is a multifunctional
DNA repair enzyme which may be involved in DNA
repair of AP sites and 3’ blocked single-strand breaks.
The enzyme is also known to function as a redox factor
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 including NF-%B, Myb and members of ATP/
CREB family (11, 13, 24-26).

Previous studies on the enzyme have been mostly
restricted to in vifro studies. In the present investigations,
¢DNA cloning of APEX nuclease from a rat ¢cDNA
library and its sequencing were performed for analyzing in
vivo functions of the enzyme. Apex gene expressions in
various rat tissues and in developmental stages of testis
and thymus were studied using the cloned rat Apex
c¢DNA.

The amino acid sequence of rat APEX nuclease
deduced from the rat Apex cDNA sequence exhibits
intensive homology with those of mouse and human
APEX nuclease and of bovine AP endonuclease 1
(BAP1), especially with that of mouse APEX nuclease
(7-10, 27). During this study, Wilson et al (23) report-
ed ¢cDNA cloning for the multifunctional rat AP endonu-
clease (rAPEN)/redox factor using mouse Apex ¢cDNA
as a probe. The amino acid sequence reported for
rAPEN was almost identical (99.1 % identity/317 amino
acids) to that reported here for rat APEX nuclease.
There are some differences in the ¢cDNA and deduced
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amino acid sequences between TAPEN and rat APEX
nuclease, although both enzymes are thought to be identi-
cal. The rat Apex cDNA encodes 317 amino acids,
whereas rAPEN encodes 316 amino acids. The alanine
residue at position 9 in rat APEX nuclease is missing in
vAPEN. The arginine residue at position 236 and the
histidine residue at position 288 in rat APEX nuclease are
the alanine and glutamine residues, respectively, in
rAPEN. At present, we can not say whether the
sequence difference between rat APEX nuclease and
rAPEN is due to a polymorphism of the same enzyme.
Just, we can say that two independent rat Apex cDNA
clones tested showed the identical coding sequence as
described in the results section.

Studies on in vivo expression of the rat Apex gene
indicate that the gene is ubiquitously expressed house-
keeping gene, and that the level of its expression varies
depending on tissues and developmental stages. The
expression pattern of the rat Apex gene in various tissues
is similar to the patterns of DNA polymerase 5 gene (28,
39), poly (ADP-ribose) polymerase gene (30, 31) and the
Xree-1 DNA repair gene (32, 33) in various rat and
mouse tissues, although there are some differences
among them. The almost parallel expression of the Apex,
DNA polymerase 3, poly (ADP-ribose) polymerase and
Xrece-1 genes in these tissues suggests that the genes
coding for these enzymes may be coexpressed. The
mouse RAD51 homolog gene (34) is also expressed
highly in testis and thymus, similar to expression of the
Apex gene. Wilson el al. (23) also reported that expres-
sion of the rat major AP endonuclease gene (rAPEN)
was highest in the testis and thymus. The possible
coexpression of the Apex, DNA polymerase /3 and
Xree-1 genes may support the notion that these proteins
are involved in X-ray-type short patch repair such as base
excision repair and repair of radical-induced, single-strand
DNA breaks.

We previously studied the expression of mouse Apex
gene during mouse brain development by in situ and
Northern blot hybridization, and showed that mouse
Apex mRNA was expressed at high levels in the prolifer-
ative zone of various brain regions, with showing tempo-
ral and spatial changes of the expression in the embryonic
and postnatal development (35). Its expression decreased
in association with brain development to the basal expres-
sion level which was observed even in adulthood, with the
exception of its high expression in the hippocampal forma-
tion.
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The present experiments also showed a similar
developmental decrease in Apex expression in most tis-
sues. The expression pattern of the Apex gene in most of
the rat tissues examined suggested that its expression
decrease slightly or markedly in accordance with the
development and reached adult levels which are quite
different from tissue to tissue. The developmental change
of its expression in thymus is phenomenologically as-
sociated with the proliferative change of the organ (36).

It is well-known that specific cell types appear in the
seminiferous tubules at a well-difined age during postnatal
development of the testis (28, 37). In 23- and 26-day-old
rats, spermatocytes are seen at all phases of the long
meiotic prophase. Increasing numbers of pachytene sper-
matocytes and spermatids are observed in all seminiferous
tubules in 26-day-old rats. The adult cell pattern in
seminiferous tubules is seen in 50-day-old rats (37). The
Apex mRNA expression in testis increased markedly
from postnatal day 21 to day 28 in association with the
increase of pachytene spermatocytes, n which the recom-
bination process occurs, and finally reached the adult high
level.

The developmental changes and tissue or cellular
variations of Apex gene expression suggest that APEX
nuclease is multifunctional in vivo, as suggested by in
vitro studies, and that it is involved in cellular processes
such as growth, development, transcriptional regulation
and recombination as well as base excision repair. To
study further the in vivo functions of APEX nuclease, the
rat Apex ¢cDNA may provide a useful tool.
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