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Promoter of the Drosophila proliferating cell nuclear antigen (PCNA) gene
contains DRE (Drosophila DNA replication-related element) required for
the high level expression of replication-related genes. Recently, we found
that promoter region of the D-raf (a Drosophila homolog of the human
c-raf-1) contains two sequences homologous to the DRE and demonstrated
the DRE/DREF (DRE-binding factor) involvement in regulation of the D-raf
gene. In this study, using ursolic acid (UA), a pentacyclic triterpene acid
reported to possess antitumor activities, we examined effects of UA on
proliferation of the Drosophila cultured Kc cells and on expression of the
PCNA and D-raf genes. UA showed an inhibitory effect on proliferation of
the K¢ cells in a concentration-dependent manner in DNA content assays
and [3H]thymidine incorporation assays. The ICs; value of anti-proliferative
effects of UA in DNA content assays was about 7.5uM. UA showed
inhibitory effects on expression of the PCNA as well as on that of the
D-raf, which were examined with the reporter plasmid p5’-168DPCNACAT
or p5°-878DrafCAT, respectively. The results obtained in the present study
suggest that expression of the PCNA and D-raf genes is coordinately
regulated in at least UA-treated Kc cells and that down-regulation of
expression of the PCNA and D-raf genes might be related with the anti-
tumor activities of UA.

Proliferating cell nuclear antigen (PCNA) was first
described as a nuclear antigen, restricted to proliferat-
ing cells (Miyachi et al., 1978). PCNA has been
identified as a cofactor of DNA polymerase § (Bravo
et al., 1987; Prelich et al., 1987a) and is required
for cellular DNA synthesis (Bravo et al.,, 1987; Pre-
lich et al, 1987b) and for cell cycle progression
(Jaskuiski et al.,, 1988; Liu et al., 1989). cDNAs for
Drosophila PCNA have been cloned and completely
sequenced (Yamaguchi et al., 1990).

Raf-1 is a protein serinef/threonine kinase located
primarily in the cytosol (Morrison, 1990; Rapp, 1991).
The Raf-1 serves as a central intermediate in many
signaling pathways, ultimately regulating cell prolifer-
ation, differentiation, and development (Crews and
Erickson, 1993; Davis, 1993) by connecting upstream
tyrosine kinase with downstream serine/threonine
kinases such as mitogen-activated protein kinase
(MAPK) and MAPK kinase (MAPKK) (Roberts, 1992;
Crews and Erickson, 1993). A Drosophila homolog of
the human c-raf-1, the D-raf has been cloned and
mutants for this gene have been identified (Nishida
et al, 1988; Ambrosio et al, 1989; Hata et al,
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1994). D-raf is also required for the regulation of cell
proliferation and differentiation (Perrimon et al., 1985;
Nishida et al., 1988; Melnick et al., 1993; Hata et
al., 1994). However, little is known about the regula-
tion of raf proto-oncogene expression.

Promoter of the Drosophila PCNA gene contains
DRE (Drosophila DNA replication-related element)
which is a common 8 base pair palindromic se-
guence (5'-TATCGATA) required for the high level
expression of replication related genes such as those
encoding DNA polymerase a and cyclin A genes
(Hirose et al., 1993; Yamaguchi et al., 1995a; Ohno
et al, 1996). The DRE-DREF (DRE-binding factor)
system appears to play a key role in the differen-
tiation-coupled repression of cell proliferation during
Drosophila embryogenesis (Hirose et al., 1994).
Recently, we found that promoter region of the D-raf
gene contains two sequences homologous to the
DRE and demonstrated DRE/DREF involvement in
regulation of the D-raf gene (Ryu et al, 1997).
Whether expression of the Drosophila PCNA and
D-raf genes is coordinately regulated in prolifera-
tion-controlled cells is very interesting.

UA, a pentacyclic triterpene acid, has been report-
ed to possess antitumor activities including inhibition
of skin tumorigenesis (Huang et al., 1994), induction
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of tumor cell differentiation (Lee et al., 1994), antitu-
mor promotion (Ohigashi et al., 1986), and antiin-
vasive activity (Cha et al., 1996).

To investigate whether expression of the PCNA
and D-raf genes is coordinately regulated in pro-
liferation-controlled cells, in this study we examined
effects of UA on proliferation of the Drosophila Kc
cells and on expression of the both genes. We
report here inhibitory effects of UA on proliferation of
the Drosophila Kc cells and on expression of the
Drosophila PCNA and D-raf genes.

Materials and Methods

Plasmids

The plasmid p5’-168DPCNACAT contains the PCNA
gene fragment spanning from -168 to +23 with res-
pect to the transcription initiation site placed ups-
tream of the CAT gene in the plasmid pSKCAT (Ya-
maguchi et al., 1991). The plasmid p5'-878DrafCAT
contains the D-raf gene fragment spanning from -878
to +358 with respect to the transcription initiation site
fused with the CAT in the plasmid pSKCAT (Ryu et
al., 1997) (Fig.1). pAct5C-CAT contains the Dro-
sophila actin 5C promoter (-2500 to +88) fused with
the CAT in the plasmid pSKCAT (Bond et al.,, 1986).
The plasmid pSKCAT (parent vector for the plasmids
p5'-168DPCNACAT and p5'-878DrafCAT) carry the
polylinker region of Bluescript SK™ in front of the
CAT-coding region, splicing signals of the simian
virus 40 early gene, and poly (A) addition signal of
simian virus 40 early gene. The plasmids p5-168-
DPCNACAT and p5'-878DrafCAT were used as
reporter plasmids and the plasmids pSKCAT and
pACt5C-CAT were used as a negative and positive
control, respectively. All plasmids were prepared
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Fig. 1. Constructs of reporter plasmids p5-168DPCNACAT and p5'-
878DrafCAT. The plasmid p5'168DPCNACAT contains the PCNA gene
fragment spanning from -168 to +23 with respect to the transcription
initiation site placed upstream of the CAT gene in the plasmid
pSKCAT. The plasmid p5'-878DrafCAT contains the D-raf gene
fragment spanning from -878 to +358 with respect to the transcription
initiation site fused with the CAT in the plasmid pSKCAT. The
hatched boxes indicate the DRE sequence and the numbers with ver-
tical lines indicate nucleotide positions with respect to the transcription
initiation site.
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through two cycles of ethidium bromide CsCl density
gradient centrifugation.

Cell culture, DNA transfection, and CAT assay

Drosophila Kc cells (Echalier et al., 1970) were
grown at 25 in M3 (BF) medium (Sigma) supple-
mented with 2% fetal bovine serum and 0.5% peni-
cillin-streptomycin  (GIBCO-BRL). 5x10° cells were
plated onto 60 mm plastic dishes. 16h later, cells
were transfected with 10 pg of DNA by the calcium
phosphate coprecipitation method described else-
where (Di Nocera et al., 1983). Five hour later, cells
were treated with UA (Sigma). Forty eight hour after
transfection, cell extracts were prepared, and CAT
activities were measured as described elsewhere
(Yamaguchi et al, 1988). CAT activity was normal-
ized to protein amounts determined by Bicinconinic
acid (BCA) Protein Assay Reagent (PIERCE). The
CAT activities were quantified by an imaging ana-
lyzer BAS1500 (Fuji Filmy).

DNA content assay by fluorometric method

DNA content assay was carried out with fluorometric
method described by Erwin et al., (1981). Triplicate
samples of 1.0x10° cells were dispensed in 60 mm
culture dishes. Cells were counted by using 0.25%
trypan blue (Sigma) and a hemocytometer (Buller
and Dawson, 1992). After 16 h incubation, cells were
treated with UA. After 48 h incubation, cells were
washed with ice cold PBS, and then lysed in 5%
trichloroacetic acid (TCA) on ice for 5min. Cell
extracts were removed from culture dishes with
rubber policeman, and then stored at 4C for at least
4 h to ensure complete precipitation of acid insoluble
materials. The precipitate obtained by centrifugation
at 1000xg for 15min was suspended by vortexing
in 500 ul of 5% TCA. The suspension was hydrolysed
for 30min at 90C and cooled to 4T. Solubilized
aldehydes resulted from DNA hydrolysis were
separated from the precipitate by centrifugation at
1000xg for 15min. 100ul of 3, 5-diaminobenzoic
acid (DABA, 200 ug/ul stock solution) was added to
the TCA supernatant. The reaction between DNA
aldehydes and DABA was allowed to proceed for 1 h
at 60C. To terminate the reaction, 2ml of 1N HCIi
was added. The fluorescence of product was
determined with a fluorescence spectrophotometer
(Hitachi. F-4500) at absorption wave length 415 nm
and emission wave length 504 nm. For standard
samples, salmon sperm DNA (sodium salt), 1 mg/mi
stock solution, was prepared in TE buffer (10 mM
Tris-HCI [pH 8.0], 1 mM EDTA [pH 8.0]) and appro-
priate aliquots were dried at 60C. Standards were
prepared by the same procedures as mentioned
above.
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Fig. 2. Effect of UA on proliferation of the Kc cells shown by DNA
content assay. To measure growth of the Kc cells, the amount of
total DNA was measured with fluorometric method described by Erwin
et al. (1981), using a computerized spectrofluorimeter. The values are
the mean values of triplicate samples. Arrow represents the amount
of DNA from cells just before UA-treatment.

[aH]Thymidine incorporation assay

The [*HJthymidine incorporation assay was carried
out as described by Werner et al., (1985). Quadrupli-
cate samples of 2x10° cells were dispensed in 24
well culture plate (Corning). After a 16 h culture, cells
were treated with UA. After a 43 h culture, a 0.5 uCi
of methyl tritiated thymidine (5.0 Ci/mmol, Amersham)
was added to each well. After a 5h culture, cells
were washed three times with cold PBS and fixed
with methanol for 30min. The unincorporated
[*Hthymidine was removed by washing with 5% ice
cold TCA. The radioactivity was measured by a
liquid scintillation counter (LKB, 1219 RACKBETA).

Results

The kinetics of cell growth were analyzed by DNA
contents of cultures and by the incorporation of
[*H]thymidine into DNA. The growth kinetics shown in
DNA contents of the Kc cells treated with UA for 48
h are shown in Fig.2. UA showed an inhibitory
effect on proliferation of the Kc cells in a concentra-
tion dependent fashion. However, amounts of DNA of
the cultures treated with the highest concentration
(15uM) of UA were more than those of incipient
cultures (just before the chemical treatment) as
shown in Fig. 2. Therefore, these results mean that
UA inhibited proliferation of the Kc cells but not
affected viability of the cells. The ICs value of
anti-proliferative effects of UA was determined to be
about 7.5uM in DNA content assays. Effects of UA
on incorporation of [*Hjthymidine into DNA of the Kc
cells are shown in Fig.3. The incorporation of
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Fig. 3. Effect of UA on proliferation of the Kc cells shown by
[3H]thymidine incorporation assay. 2x10° cells were seeded in 24-well
Corning multidishes. 18 h later, each concentration of UA was added
into the cultures. The cultures were incubated for 48 h. For the final
5h of the incubation, 0.5uCi of methy! tritiated thymidine was added
to each culture. Celis in each well were harvested and lysed. The
radioactivity was measured with a liquid scintillation counter. The
value are the mean value of guadruplicate cultures.

[*Hjthymidine into DNA was also inhibited in the
UA-treated cells in a concentration-dependent fash-
ion. These results obtained in the DNA content
assays and the [*H]thymidine incorporation assays
indicate that UA have inhibitory effects on prolifera-
tion of the Drosophila cultured Kc cells.

Effects of UA on expression of the PCNA and
D-raf genes were examined. For assaying expression
of the PCNA and D-raf genes, the plasmid p5-168
DPCNACAT and the plasmid p5-878DrafCAT men-
tioned in Materials and Methods were used, respec-
tively. Kc cells transfected with p5-168DPCNACAT or
p5'-878DrafCAT by the calcium phosphate method
were cultured for 48 h in media without or with UA
at various concentrations. CAT activities of extracts
of the UA-treated (or untreated) cells transiently ex-
pressed the reporter plasmid p5-168DPCNACAT or
p5'-878DrafCAT (Fig.4A and B) showed that UA
reduced the expression of both PCNA and D-raf
genes in a concentration-dependent manner. And, we
detected that the CAT activities of the Kc cells
transfected with pActSC-CAT (used as a positive
control) and treated with 12puM of UA showed no
change compared with that of the UA-untreated cells
(data not shown). The extent of repression of the
D-raf gene expression by UA was similar to that of
the PCNA gene expression (Fig.4C and D).

Discussion

Expression of genes for DNA replication enzymes is
closely correlated with the proliferating state of
cells and repressed in accordance with the progres-
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Fig. 4. Expression of the Drosophila PCNA and D-raf genes in the
UA-treated or untreated Kc cells. 10ug of reporter plasmids, p5'-
168DPCNACAT (A), or p5'-878DrafCAT (B) was transfected into the
Kec cells. The plasmids pSKCAT and pAct5C-CAT were used as a
negative and positive control, respectively. Five hour after transfection,
cells were treated with UA and 48 h after transfection, cell extracts
were prepared and used for CAT assays (A and B). The CAT activi-
ties from spots corresponding to acetylated {'*Clchloramphenicols on
the thin-layer plates were quantified by an imaging analyzer BAS1500
(Fuji Film) and plotted against activity in UA-untreated Kc cells (C
and D). CAT activity was normalized to protein amounts determined
by BCA assay. The relative values were averages of results from
three independent experiments. Ac, acetylated forms of chioram-
phenicol; CM, non-acetylated forms of chloramphenicol.

sion of differentiation in various tissues during
development (Matsukage et al., 1986; Matsukage et
al., 1994). Mammalian genes such as these encod-
ing DNA polymerase a, thymidine kinase, dihydro-
folate reductase (DHFR) and PCNA contain the
transcription factor E2F-binding site within their pro-
moter regions or first intron (Nevins, 1992; Slansky
et al, 1993; Yamaguchi et al., 1994; Lee et al,
1995). Expression of these genes increases drama-
tically at late G1 in response to growth stimulation
(Nevins, 1992; Miyazawa et al, 1993). As in the
case of mammalian, the Drosophila DNA polymerase
a gene and PCNA gene also contain E2F recogni-
tion sites (Ohtani and Nevins 1994; Yamaguchi et
al.,, 1995b) and these sites essentially function in the
regulation of promoter activity of these genes during
development (Yamaguchi et al., 1995b). Expression
of these genes are also regulated by the DRE/DREF
system (Hirose et al, 1993; Yamaguchi et al.,
1995a). D-raf is required for the regulation of cell
proliferation and differentiation.

UA effectively inhibited the proliferation of cultured
Kc cells of Drosophila as shown in [*Hjthymidine
incorporation assays and DNA content assays (Fig. 2
and 3). UA, which is a tumor cell differentiation-
inducing agent (Lee et al., 1994), showed inhibitory
effects on expression of the PCNA and D-raf genes
in a concentration-dependent manner (Fig. 4A and B).
The extent of repression of the D-raf gene expres-
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sion by UA was similar to that of the PCNA gene
expression (Fig. 4C and D). Expression of PCNA is
known to be regulated by cell cycledependent trans-
cription (Jaskulski et al., 1988; Liu et al., 1989).
Little is known about the control of raf proto-
oncogene expression. The repression of the D-raf
gene expression by UA indicate that expression of
the D-raf gene can undergo modulation in associa-
tion with change in cellular proliferation.

Our results suggest that expression of the PCNA
and D-raf genes is coordinately regulated in at least
UA-treated Kc cells and that down-regulation of
expression of PCNA and D-raf might be related with
the antitumor activities of UA, although the detailed
mechanism by which UA reduced the expression of
both genes remains to be clarified.

Acknowledgements

We are very grateful to M. Yamaguchi for providing the
plasmids pSKCAT, pActsC-CAT and p5-168 DPCNACAT.
This work was supported by a grant (94-0401-10-01-3) from
the Korea Science and Engineering Foundation.

References

Ambrosio L, Mahowald AP, and Perrimon N (1989) Require-
ment of the Drosophila raf homolog for torso function.
Nature 342: 288-291.

Bond BJ and Davison N (1986) The Drosophila melano-
gaster actin 5C gene uses two transcription initiation sites
and three poly adenylation sites to express multiple mRNA
species. Mol Cell Biol 8: 2080-2088.

Bravo R, Frank R, Blundell PA and MacDonald-Bravo H
(1987) Cyclin/fPCNA is the auxiliary protein of DNA
polymerase 8. Nature 326: 515-517.

Buller M and Dawson M (1992) Cell Culture. Blackwell Sci-
entific Pub, pp 28-30.

Cha HJ, Bae SK, Lee HY, Lee OH, Sato H, Seiki M, Park
BC, and Kim KW (1996) Anti-invasive activity of ursolic
acid correlates with the reduced expression of matrix
metalloproteinase9 (MMP-9) in HT1080 human fibrosarcoma
cells. Cancer Res 56: 2281-2284.

Crews CM and Erickson RL (1993) Extraceliular signals and
reversible protein phosphorylation: what to Mek of it all.
Cell 74: 215-217.

Davis RJ (1993) The mitogen-activated protein kinase signal
transduction pathway. J Biol Chem 268: 14533-14556.

Di Nocera PP and Dawid IB (1983) Transient expression of
genes introduced into cultured cells of Drosophila. Proc
Natl Acad Sci USA 80: 7095-7098.

Echalier G and Ohanessian A (1970) /n vitro culture of Dro-
sophila melanogater embryonic cells. In vitro 6: 162-172.

Erwin BG, Stoscheck CM, and Florini JR (1981) A rapid
fluorometric method for the estimation of DNA in cultured
cells. Anal Biochem 110: 291-294.

Hata M, Inoue YH, Yoo MA, and Nishida Y (1994) Multiple
functions of raf proto-oncogene during development from
analysis of a temperature-sensitive mutation of Drosophila.
Int J Dev Biol 38: 329-335.

Hirose F, Yamaguchi M, Handa H, Inomata Y, and Matsuka-
ge A (1993) Novel 8-base pair sequence (Drosophila DNA
replication-related element) and specific binding factor
involved in the expression of Drosophila genes for DNA
polymerase a and proliferating cell nuclear antigen. J Bio/
Chem 268: 2092-2099.

Hirose F, Yamaguchi M, and Matsukage A (1994) Re-
pression of reqgulatory factor for Drosophila DNA replication-



related gene promoters by zerknillt homeodomain protein. J
Biol Chem 269: 2937-2942.

Huang MT, Ho CT, Wang Z2Y, Ferraro T, Lou YR, Stauber
K, Ma W, Georgiadis C, Laskin JD, and Conney AH (1994)
Inhibition of skin tumorigenesis by rosemary and its consti-
tuents carnosol and ursolic acid. Cancer Res 54: 701-708.

Jaskulski D, de Riel JK, Mercer WE, Calabretta B, and
Baserga R (1988) Inhibition of cellular proliferation by anti-
sense oligodeoxynucleotides to PCNA cyclin. Science 240:
1544-1546.

Lee H-H, Chiang W-H, Chiang S-H, Liu Y-C, Hwang J, and
Ng S-Y (1995) Regulation of cyclin D1, DNA topoisomerase
I, and proliferating cell nuclear antigen promoters during the
cell cycle. Gene Exp 4: 95-109.

Lee HY, Chung HY, Kim KH, Lee JJ, and Kim KW (1994)
Induction of differentiation in the cultured F9 teratocarcino-
ma stem cells by triterpene acids. J Cancer Res Clin
Oncol 120: 513-518.

Liu YC, Marraccino RL, Keng PC, Bambara RA, Lord EM,
Chow WG, and Zain SB (1989) Requirement for proliferat-
ing cell nuclear antigen expressed during stages of the
Chinese hamster ovary cell cycle. Biochemistry 18: 2967-
2974.

Matsukage A, Kitani H, Yamaguchi M, Kusakabe M, Morita
T, and Koshida Y (1986) Differentiation of lens and neural
cells in chicken embryos is accompanied by simultaneous
decay of DNA replication machinery. Dev Biol 117 226-
232.

Matsukage A, Hirose F, and Yamaguchi M (1994) Trans-
criptional regulation of DNA replicationrelated genes in cell
growth, differentiation and oncogenesis. Jpn J Cancer Res
85: 1-8.

Melnick MB, Perkins LA, Lee M, Ambrosio L, and Perrimon
N (1993) Developmental and molecular characterization of
mutations in the Drosophila-raf serinefthreonine protein kin-
ase. Development 118: 127-138.

Miyachi K, Fritzler MJ, and Tan EM (1978) Autoantibody to a
nuclear antigen in proliferating cells. J Immunol 121: 2228-
2234,

Miyazawa H, lzumi M, Tada S, Takada R, Masutani M, Ui M,
and Hanaoka F (1993) Molecular cloning of the cDNAs for
the four subunits of mouse DNA polymerase alpha-primase
complex and their gene expression during cell proliferation
and the cell cycle. J Biol Chem 268: 8111-8122.

Morrison DK (1990) The Raf-1 kinase as a transducer of
mitogenic signals. Cancer Cells 2: 377-382.

Nevins JR (1992) E2F: a link between the Rb tumor sup-
pressor protein and viral oncoproteins. Science 258: 424-
429.

Nishida Y, Hata M, Ayaki T, Ryo H, Yamagata M, Shimizu
K, and Nishizuka Y (1988) Proliferation of both somatic and
germ cells is affected in the Drosophila mutants of raf
proto-oncogene. EMBO J 7: 776-781.

Ohigashi H, Takamura H, Koshimizu K, Tokuda H, and ito Y
(1986) Search for possible antitumor promoters by inhibition
of 12-O-tetradecanoyiphorbol-13-acetate-induced Epstein-Barr
virus activation; ursolic acid and oleanolic acid from an
antiinflammatory Chinese medicinal plant, Glechomma hedera-
ceae L. Cancer Lett 30: 143-151.

Ohno K, Hirose F, Sakaguchi K, Nishida Y, and Matsukage
A (1996) Transcriptional regulation of the Drosophila Cyc A
gene by the DNA replication-related element (DRE) and

155

Korean J Biol Sci 1: 151155, 1997

DRE-binding factor (DREF). Nucleic Acids Res 24: 3942-
3946.

Ohtani K and Nevins JR (1994) Functional properties of a
Drosophila homolog of the E2F1 gene. Mol Cell Biol 14:
1603-1612.

Perrimon N, Engstrom L, and Mahowaild AP (1985) A pupal
lethal mutation with a paternally influenced maternal effect
on embryonic development in Drosophila melanogaster. Dev
Biol 110: 480-491.

Prelich G, Tan CK, Kostura M, Mathews MB, So AG,
Downnewy KM, and Stillman B (1987a) Functional identify
of proliferating cell nuclear antigen and a DNA polymerase
& auxiliary protein. Nature 326: 517-520.

Prelich G, Kostura M, Marshak DR, Mathews MB, and
Stillman B (1987b) The cell-cycie regulated proliferating cell
nuclear antigen is required for SV40 DNA replication in
vitro. Nature 326: 471-475.

Rapp UR (1991) Role of Raf-1 serinefthreonine protein kin-
ase in growth factor signal transduction. Oncogene 6: 495-
500.

Raoberts TM (1992) A signal chain of events. Nature 360: 534-
535.

Ryu JR, Choi TY, Kwon EJ, Lee WH, Nishida Y, Hayashi Y,
Matsukage A, Yamaguchi M, and Yoo MA (1997) Trans-
criptional regulation of the Drosophila-raf proto-oncogene by
the DNA replication-related element (DRE)/DRE-binding fac-
tor (DREF) system. Nucleic Acids Res 25: 794-799.

Slansky JE, Li Y, Kaelin WG, and Farnham PJ (1993) A
protein synthesis-dependent increase in E2F1 mRNA corre-
lates with growth regulation of the dihydrofolate reductase
promoter. Mol Cell Biol 13: 1610-1618.

Werner EJ, Walenga RW, Dubowy RL, Boone S, and Stuart
M (1985) Inhibition of human malignant neuroblastoma cell
DNA synthesis by lipoxygenase metabolites of arachidonic
acid. Cancer Res 45: 561-563.

Yamaguchi M, Hirose F, Nishida Y, and Matsukage A (1991)
Repression of Drosophila proliferating cell nuclear antigene
gene promoter by zerknillt protein. Mol Cell Biol 11: 4909-
4917.

Yamaguchi M, Hayashi Y, and Matsukage A (1988) Mouse
DNA polymerase B gene promoter: fine mapping and
involvement of Sp1-like mouse transcription factor in its
function. Nucleic Acids Res 16: 8773-8787.

Yamaguchi M, Hayashi Y, Matsuoka S, Takahashi T, and
Matsukage A (1994) Differential effect of p53 on the
promoters of mouse DNA polymerase B gene and prolifer-
ating cell nuclear antigen gene. Eur J Biochem 221: 227-
237.

Yamaguchi M, Hayashi Y, Nishimoto Y, Hirose F, and
Matsukage A (1995a) A nucleotide sequence essential for
the function of DRE, a common promoter element for
Drosophila DNA replication-related genes. J Biol Chem 270:
15808-15814.

Yamaguchi M, Hayashi Y, and Matsukage A (1995b)
Essential role of E2F recognition sites in regulation of the
proliferating cell nuclear antigen gene promoter during
Drosophila development. J Biol Chem 270: 25159-25165.

Yamaguchi M, Nishida Y, Moriuchi T, Hirose F, Hui C-C,
Suzuki Y, and Matsukage A (1990) Drosophila proliferating
cell nuclear antigen (cyclin) gene: structure, expression
during development, and specific binding of homeodomain
proteins tc its 5'-flanking region. Mol Cell Biol 10: 872-879.

[Received December 7, 1996; accepted February 5, 1897]



