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Both LIM15/DMC1 and RAD51 are thought to be es-
sential for meiosis in which homologous chromosomes
pair and recombine. The primary purpose of the
present study was to investigate the homotypic and
heterotypic interactions among their terminal domains.
We prepared cDNAs and recombinant proteins of the
full-length, N-terminal, and the C-terminal domains of
LIM15/DMC1 (CoLIM15) and RAD51 (CoRADS51) from
the basidiomycete Coprinus cinereus. In both two-
hybrid assay in vivo and pull-down assay in vitro, ei-
ther CoLim15 or CoRad51 interacted homotypically
between the C-terminal domains, respectively, but
no heterotypic interaction was observed between
CoLim15 and CoRad51. The N-terminal domain of
CoLim15 bound to ssDNA and dsDNA, while the
C-terminal domain of CoRad51 appeared to interact
weakly with ssDNA. Based on these results, the inter-
action among the strand-exchange proteins and meio-
sis was discussed. © 2000 Academic Press

Key Words: Coprinus cinereus; LIM15/DMC1 (CoLIM15);
RAD51 (CoRAD5S1); homotypic interaction; C- and N-ter-
minal interaction.

We investigated meiosis-related proteins and their
relationship to meiotic pairing and meiotic recombina-
tion using meiotic cells in a basidiomycete, Coprinus
cinereus (1-10). This organism is especially well suited
for studies of meiosis, because its meiotic cycle is long
and naturally synchronous (9-12). We could, therefore,
precisely characterize each of the meiosis-related pro-
teins in relation to each of the meiotic events. In this
connection, we have been interested in the roles of
RecA homologs such as DMC1 and RAD51 in Coprinus
meiosis, because they have been to report to interact in
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meiotic events prior to meiotic chromosome synapsis
during prophase (13-20).

Both DMC1 and RADS51 are required for normal
meiotic recombination, for the formation of the synap-
tonemal complex and for normal progression from mei-
otic prophase (21, 22). DMC1 and RADS51 appear to
have both distinct and overlapping roles in meiosis
(21-23), and immunoprecipitation studies indicated
that human DMC1 interacted heterotypically and di-
rectly with human RAD51 (24). On the other hand,
Dresser et al. (23) reported that DMC1 functioned in a
Saccharomyces cerevisiae meiotic pathway that is
largely independent of the RAD51 pathway. Aihara et
al. reported recently that human RAD51 bound to
DNA via its N-terminal domain (25). The structural
interactions of RecA homologs should be investigated
in more detail.

We searched for a meiotic RecA homolog, LIM15/
DMC1, of C. cinereus, and succeeded in cloning the
gene, CoLIM15 (10). On the other hand, another RecA
homolog, CoRAD51, was identified in C. cinereus by
Stassen et al. (26), indicating that the basidiomycete
produces typical two meiosis-related RecA-like pro-
teins. Like human and yeast, sufficient amounts of the
recombinant proteins of CoLIM15 and CoRAD51 from
the basidiomycete, can be obtained for analysis of
structural interactions. The primary purpose of the
present study was to investigate the interaction of the
C- and N-terminal domains of the Coprinus strand-
exchange proteins, and to discuss the relationship
among these proteins and Coprinus meiosis. We pre-
pared cDNA molecules and recombinant peptides of
full-length, N-terminal and C-terminal domains of
CoLim15 and CoRad51, and test their interaction by
two-hybrid assay and pull-down assay, and gel-shift
mobility assay. There has been only one previous re-
port that the N-terminal region of Rad51 mediated
both self-association and Rad51-Rad52 interaction in
the yeast Saccharomyces cerevisiae (27). Unexpectedly,
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FIG. 1. Truncation derivatives of the Coprinus Lim15 and Rad51 proteins used in this experiment. Identities of full-length, N-terminal,
and C-terminal region of the two proteins are shown. The black boxes depict nucleotide binding motifs (10, 26).

homotypic interactions of either CoLim15 or CoRad51
occurred between their C-terminal domains, and
CoLim15 did not interact heterotypically with CoRad51.
The N-terminal domain of CoLim15 bound to both
ssDNA and dsDNA, but CoRad51 appeared to bind
only weakly to DNA at the C-terminal domain.

MATERIALS AND METHODS

Yeast two-hybrid analysis. Full length Coprinus LIM15 and
RAD51 cDNAs were amplified by PCR and inserted into pBS. The
cDNA fragments encoding N- or C-terminal domains of CoLIM15
(CoLIM15N or CoLIM15C) were also amplified and inserted into
pBS. The CoLIM15, CoRAD51, CoLIM15N and CoLIM15C genes
were cloned into pGADT7 and pGBKT7 to produce fusions to the
GAL4 DNA-binding and activation domains. To obtain cDNA frag-
ments encoding N- or C-terminal domains of RAD51 (CoRAD51N or
CoRAD51C), the full-length CoRAD51 gene was digested with ApalLl
and blunted with the Klenow fragment. Then, CoRAD51N or
CoRAD51C DNA fragments were inserted into pGADT7 and
pGBKT7. All constructs were sequenced to verify the correct
open reading frames. The GAL4 fusion constructs were trans-
formed into the yeast strain AH109 and cells were plated on syn-
thetic media lacking adenine, histidine, leucine and tryptophan or on
media lacking leucine and tryptophan. Transformation, colony lift
B-galactosidase assays were carried out according to Matchmaker kit
manual (Clontech Laboratories). The truncation derivatives are
shown in Fig. 1.

Protein expression and purification. The recombinant CoLim15,
CoRad51, CoLim15N, CoLim15C, CoRad51N and CoRad51C pro-
teins were isolated as follows. The cDNA fragments were subcloned
into the bacterial expression vector pET28b or pET32b (Novagene),
and the plasmid constructs were introduced into E. coli strain BLR21
(DE3). These E. coli were grown at 30°C in 2XYT medium with 2%
glucose and 50 ng/ml kanamycin (pET28b) or carbenicillin (pET32b).
At OD600 = 0.7, Recombinant protein synthesis was induced by the
addition of 1 mM IPTG, and after 5 h the cells were harvested by
centrifugation, frozen in liquid N, and stored at —80°C. The cell
pellets were resuspended in Lysis buffer (20 mM Tris-HCI, pH 7.9,
10% glycerol, 500 mM NaCl, 5 mM imidazole), containing 5 mM
2-melcapto ethanol and the protease inhibitors phenylmethylsulfo-
nyl fluoride (1 mM), leupeptin (1 wM) and pepstatin A (1 uM). Cells
were lysed by addition of 1 mg/ml of lysozyme and stirred on ice for
30 min, then sonicated and Triton X-100 was added to 0.1%. Insol-
uble material was removed by centrifugation at 25000 r.p.m. for 30
min in a Beckman 70 Ti rotor. Proteins were loaded onto a 1 ml
HiTrap Chelating column (Amersham Pharmacia Biotech). The col-
umn was washed successively with T buffer (20 mM Tris-HCI pH 8.0,
10% glycerol, 500 mM NaCl, 0.02% NP-40) containing 10 and 50 mM
imidazole, respectively. The bound proteins were eluted with a 20 ml

98

linear gradient of 50-600 mM imidazole in T buffer. Fractions of
proteins were identified by SDS-PAGE, pooled and dialyzed against
storage buffer (20 mM Tris-HCI pH 8.0, 10% glycerol, 1 mM EDTA,
0.5 mM DTT, 200 mM NacCl) and stored in aliquots at —80°C. The
protein concentrations were determined using a Bio-Rad protein
assay kit with y-globulin as the standard.

Pull-down assay of CoLim15 and/or CoRad51, and their C- and
N-terminal domains in vitro. The pull-down assay was performed
by essentially the same method as described by Kovalenko et al. (30).
The purified proteins (1 ug each) were incubated in binding buffer
(200 wl) contained 25 mM NaHEPES, pH 7.2, 200 mM NacCl, 10%
glycerol, 0.5 mg/ml BSA, 0.5 mM DTT, 0.1% Triton X-100, for 30 min
at room temperature. Binding complex were precipitated with 10 ul
of S-protein Agarose (Novagene). After incubation of the binding
reaction at RT for 60 min, the bound proteins were washed five times
with binding buffer and eluted by incubation with 3 M MgCl,. The
eluted proteins were separated by SDS-PAGE and western blotting
was carried out using a rabbit anti-CoLim15 polyclonal antibody.

Binding of CoLim15, CoRad51, CoLim15N, CoLim15C, CoRad51N,
and CoRad51C to DNA. Binding of the CoLiml5, CoRad51,
CoLim15N, CoLim15C, CoRad51N or CoRad51C protein to DNA was
studied by gel mobility shift assay essentially as described by
Kovalenko et al. (30). Single-stranded ¢$X174 DNA (15 ng) or EcoRV-
linealized pBS DNA were incubated with each protein in 20 wl of
reaction buffer containing 25 mM NaHEPES, pH 7.2, 5% glycerol, 2
mM ATP, 15 mM MgCl,, 100 pg/ml BSA, 1 mM DTT. After 30 min at
RT, samples were analyzed by electrophoresis through 0.8% agarose
gels in 0.5X TBE buffer. DNA and DNA-protein complexes were
visualized by ethidium bromide staining. All DNA concentrations
are expressed in moles of nucleotides.

RESULTS AND DISCUSSION

Specific interactions between CoLIM15, CoRAD51, or
their truncation derivatives. CoLIM15, CoRAD51 and
their truncation derivatives were used in two-hybrid
and in vitro binding studies. The truncation deriva-
tives of CoLIM15 and CoRAD51, i.e. CoLIM15N,
CoLIM15C, CoRAD51IN and CoRAD51C are shown in
Fig. 1. CoLIM15 and CoRAD51 showed 42.5% amino
acid sequence identity. The identity between their
truncated N-terminal domains was lower than that of
their C-terminal domains (Fig. 1).

Table | shows specific protein-protein interactions
between CoLIM15, CoRAD51, CoLIM15N, CoLIM15C,
CoRAD51IN and CoRAD51C determined using the
plasmids described above. Homotypic interactions
were detected for both CoLIM15 and CoRAD51 (Table
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TABLE |
Protein-Protein Interactions Analyzed in the Two-Hybrid System

\AD CoLim15 CoLim15N CoLim15C CoRad51 CoRad51N CoRad51C
BD
CoLim15 ++ - ++ - - -
CoLim15N - - - - - -
CoLim15C + - ++ - - -
CoRad51 - - - ++ - ++
CoRad51N - - - - - -
CoRad51C - - - ++ - ++

++: Indicates a strong interaction, i.e., Ade”™ and His* phenotypes were detected within 3 d of growth at 30°C on synthetic media lacking
Ade, His, Leu, and Trp, and a LacZ"' phenotype was detected within 1 h of incubation at 30°C in the presence of X-gal.

+: Indicates a weak interaction, i.e., under the conditions described above, the Ade* and His™ phenotypes were detectable after 7 d of
growth at 30°C and detection of the LacZ™ phenotype required 3 h incubation.

1), as reported previously for yeast and mammalian
homologues (23, 27, 30). We also tested heterotypic
interactions with each protein expressed either as a
fusion to the GAL4 activation domain or to the GAL4
DNA-binding domain. In contrast to their ability
to self-interact, heterotypic interactions between
CoLIM15 and CoRADS51 were not observed (Table 1).
Amino acid sequence homology between CoLIM15 and
CoRAD51 was more than 40%. Human DMC1 was
reported previously to interact directly with human
RADS51 (24), and similarly heterotypic interaction, al-
beit weak, is known to occur between mouse DMC1 and
RADS51 (23). Moreover, both of the Coprinus proteins
were expressed at the meiotic prophase stage, zygo-
tene, at which the homologous chromosomes pair (10),
and our unpublished data). Although these observa-
tions led us to speculate that heterotypic interaction
would occur between CoLIM15 and CoRAD51, espe-
cially in meiosis, the results of this study were unex-
pectedly negative (Table 1). At least in Coprinus,
CoLIM15 and CoRAD51 must work independently
in the homologous chromosome pairing process in
meiosis.

Next, to determine which regions of CoLim15 and
CoRad51 proteins were essential for homotypic inter-
actions, we used the plasmids described above express-
ing for their terminal domains. Two-hybrid assay
showed that the C-terminal domain fragment of
CoLim15 (CoLim15C) containing amino acids 105 to
347 interacted with the full-length protein (CoLim15),
while the N-terminal domain fragment (CoLim15N)
containing amino acids 1 to 104 did not (Table I).
CoLim15C could also interact only with CoLim15C
(Table 1), indicating that the C-terminal region, or at
least a portion of it, was required for the homotypic
interaction. Similarly, the C-terminal domain frag-
ment of CoRad51 (CoRad51C) mediated CoRad51 self-
association (Table I). The N-terminal domains of these
proteins were not related to the homotypic interac-
tions.
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Pull-down assay for interaction of C- and N-terminal
domains in CoLim15 and/or CoRad51 in vitro. The
interaction between CoLim15 and CoRad51 was also
tested by pull-down assay as reported by Kovalenko et
al. (30). We first expressed two forms of full-length
CoLim15 in E. coli and then highly purified: (i) His-
tag-CoLim15, and (ii) Thioredoxin-His-tag-S-tag-
CoLim15 (Trx-CoLim15). The first form designated as
His-CoLim15, which contained a tag of six histidine
residues in its N-terminus, was purified by chelate
column chromatography as described under Materials
and Methods. Similarly, His-forms and Trx-forms of
CoRad51 were also made. His-forms of CoLim15N,
CoLim15C, CoRad51N and CoRad51C were made. The
purification results are shown in Fig. 2A. Each of the
Trx-forms was bound to S-protein agarose, and then
each of the His-forms was pulled down. CoLim15,
CoRad51, CoLim15N, CoLim15C, CoRad51N and
CoRad51C could not be pulled down by the Trx-tag
alone. As shown in Fig. 2B, His-CoLim15 and His-
CoLim15C showed substantial retention to Trx-
CoLim15, and also His-CoRad51 and His-CoRad51C
showed retention to Trx-CoRad51, while none of the
N-terminal fragments reacted to any of the Trx-forms.
These in vitro results coincided well with those of the
two-hybrid analysis in vivo (Table ).

These observations concerning the homotypic inter-
actions at the C-terminal domains in vivo and in vitro
were consistent with the results of mammalian DMC1
and RADS51 reported recently (22), although in Copri-
nus the strand-transfer proteins did not interacted het-
erotypically. Coprinus belongs to the fungi, and is
closer to yeasts than mammals. Nevertheless, in Sac-
charomyces cerevisiae these proteins were reported to
show self-association via the N-terminal domains (27).
The meiotic prophase of S. cerevisiae, especially at
zygotene and pachytene, is exceptional (31). Since the
yeast homologous chromosome pairs synapse properly
with the formation of the synaptonemal complex only
after they have been tightly aligned by recombination
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FIG. 2. Protein-protein interactions determined in vitro by pull-
down assay. (A) Purification of proteins. Proteins were separated by
SDS-PAGE and visualized with Coomassie Blue. M, Precision-
weight marker (Bio-Rad). (B) Pull-down assays under the presence of
Trx-CoLim15 or Trx-CoRad51, or under the absence of Trx-CoLim15
or Trx-CoRad51.

(31), the stages of zygotene and pachytene are not
morphologically discernible from each other. On the
other hand, Coprinus as well as mammals and plants
require homologous chromosome pairing at zygotene
and their recombination at pachytene (10). The dif-
ferences in the domains for the homotypic interac-
tion might reflect those of meiotic systems, irrespec-
tive of their phylogenetic distances. As described
above, there was no heterotypic interaction between
CoLIM15 and CoRAD51. Shinohara et al. (21) ob-
served no heterotypic interaction between DMC1
and RAD51 in S. cerevisiae, and concluded that un-
like mammals they have both distinct and overlap-
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ping roles in meiosis in yeast. The phylogenetic dis-
tance may be reflected in the heterotypic interaction
between DMC1 and RAD51.

Gelshift assay for interaction of C- and N-terminal
domains in CoLim15 and/or CoRad51. The observa-
tion that CoLim15 or CoRad51 could interact homo-
typically at the C-terminal domain, and the fact that
they are DNA-binding recombination enzymes,
prompted us to examine which domains bind to DNA.
A gel shift assay was used for this purpose. The
regions encoding CoLIM15, CoRAD51 and their C-
and N-terminal domains were each amplified by
PCR, cloned into the pET28b expression vector and
transformed into E. coli for protein induction. Ex-
tracts prepared from the cells induced for 5 h were
shown to contain six histidine N-terminal-tagged fu-
sion proteins (data not shown). Each of the proteins
was purified to near homogeneity as shown by SDS-
PAGE analysis of column fractions obtained by Hi-
trap chromatography.

Two types of DNA substrates were utilized: single-
stranded ¢x174 virion DNA (ssDNA), and double-
stranded EcoRV-linearized pBS DNA (dsDNA). As
shown in Fig. 3, we found that both CoLim15 and
CoRad51 bound to both ssDNA and dsDNA in our
assay. The binding to ssDNA or dsDNA of CoRad51
was observed in a dose dependent manner (left panels
in Fig. 3A or 3B). The CoLim15-ssDNA complex was
also in a dose dependent manner, and with increasing
amount of the protein, the complex band was shifted to
the low-mobility region in the gel (left panel in Fig. 3A).
In the case of CoLim15, a high-molecular weight
protein-dsDNA complex was formed that barely moved
into the 0.8% agarose gel and the density of the band
left at the well was dose-dependent (left panel in Fig.
3A). CoRad51 similarly bound to dsDNA in a dose-
dependent manner (left panel in Fig. 3B).

Figure 3 also shows the binding to ssSDNA or dsDNA
of each domain, CoLim15N, CoLim15C, CoRad51N, or
CoRad51C. Interestingly, CoLim15 bound to ssDNA
via the N-terminal domain (middle panel in Fig. 3A),
while CoRad51 appeared to interact with ssDNA via
the C-terminal domain (right panel in Fig. 3A).
CoLim15N also bound to dsDNA (middle panel in Fig.
3B), but CoRad51C did not (right panel in Fig. 3B). The
binding of the C-terminus of CoRad51 to DNA may be
weak. In 1999, Aihara et al. reported that human
Rad51 protein bound to DNA via its N-terminal do-
main (25). Our results concerning the DNA-binding
site of CoRad51 were different from those obtained
with the human counterpart, and the DNA-binding
site of CoLim15, the mushroom homolog of Lim15/
Dmcl, was the N-terminus.

As described previously (10), CoLIM15 might be
required mainly for strand arrangement between ho-
mologous DNA molecules at zygotene. Terasawa et
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FIG. 3. Binding of CoLim15 and CoRad51 to single- and double-stranded DNA. Indicated amounts of full-length CoLim15 (lanes 2-5),
CoRad51 (lanes 6—9), CoLim15N (lanes 11-14), CoLim15C (lanes 15-18), CoRad51N (lanes 20—-23), and CoRad51C (lanes 24-28) with (A)
ssDNA or (B) dsDNA. Lane 1, 10, 19 no protein. Complexes were analyzed by agarose gel electrophoresis.

al. (32) reported that RAD51 was expressed at lep-
totene to zygotene in lily meiosis, suggesting that
at least it is not required for recombination at
pachytene. The present results indicated clearly
not only that CoLIM15 and CoRAD51 interact homo-
typically at their C-terminal domains, but also
that they do not interact heterotypically with each
other. CoLim15 binds to DNA via its N-terminal
domain, and CoRad51 interacts with DNA via the
C-terminal domain. These observations suggested
that these molecules do not work together at the
same site(s) on DNA. These Coprinus strand-
transfer proteins may have both distinct and over-
lapping roles in Coprinus meiosis, although they are
simultaneously present at zygotene at which stage
the homologous chromosomes pair. Although it has
been suggested that there are two possible meiotic
events that may require RecA-like protein, i.e., ho-
mologous chromosome pairing at zygotene and their
recombination at pachytene, the strand arrangement
between homologous DNA molecules at zygotene
may be separated into two events requiring distinct
RecA-like proteins.

ACKNOWLEDGMENT

We thank Dr. Y. Mizushina of our Department for technical assis-
tance and his helpful discussion.

REFERENCES

1. Sakaguchi, K., and Lu, B. C. (1982) Mol. Cell. Biol. 2, 752-757.

2. Sakaguchi, K. (1987) Protein, Nucleic Acid, and Enzyme (in
Japanese) 32, 1321-1328.

3. Lu, B. C., and Sakaguchi, K. (1991) J. Biol. Chem. 266, 21060—
21066.

4. Matsuda, S., Takami, K., Sono, A., and Sakaguchi,
Chromosoma 102, 631-636.

5. Gomi, K., and Sakaguchi,
Comm. 198, 1232-1239.

6. Takami, K., Matsuda, S., Sono, A., and Sakaguchi,
Biochem. J. 299, 335-340.

7. Matsuda, S., Sakaguchi, K., Tsukada, K., and Teraoka, H. (1996)
Eur. J. Biochem. 237, 691-697.

8. Kitamura, A., Kouroku, Y., Onoue, M., Kimura, S., Takenouchi,
M., and Sakaguchi, K. (1997) Biochim. Biophys. Acta 1342, 205—
216.

9. Sawado, T., and Sakaguchi, K. (1997) Biochem. Biophys. Res.
Comm. 232, 454-460.

K. (1993)
K. (1994) Biochem. Biophys. Res.

K. (1994)

101



Vol. 275, No. 1, 2000

10.

11.
12.

13.

14.

15.

16.

17.

18.

19.

20.

Nara, T., Saka, T., Sawado, T., Takase, H., Ito, Y., Hotta, Y., and
Sakaguchi, K. (1999) Mol. Gen. Genet. 262, 781-789.

Raju, N. B., and Lu, B. C. (1970) Can. J. Bot. 48, 2183-2186.
Pukkila, P. J., Yashar, B. M., and Binninger, D. M. (1984) Symp.
Soc. Exp. Biol. 38, 177-194.

Bishop, D. K., Park, D., Xu, L., and Kleckner, N. (1992) Cell 69,
439-456.

Ogawa, T., Shinohara, A., Nabetani, A., lkeda, T., Yu, X,
Egelman, E. H., and Ogawa, H. (1993) Cold Spring Harbor
Symp. Vol. LVIII, 567-576.

Bishop, D. K. (1994) Cell 79, 1081-1092.

Terasawa, M., Shinohara, A., Hotta, Y., Ogawa, H., and Ogawa,
T. (1995) Genes & Develop. 9, 925-934.

Anderson, L. K., Offenberg, H. H., Verkuijlen, W. H. H. C., and
Heyting, C. (1997) Proc. Natl. Acad. Sci. USA 94, 6868—-6873.
Ashley, T., Plug, A. W., Xu, J., Sorali, A. J., Reddy, G., Golub,
E. 1., and Ward, D. C. (1995) Chromosoma 104, 19-28.

Lydall, D., Nikolsky, Y., Bishop, D. K., and Weinert, T. (1996)
Nature 383, 840—-843.

Scully, R., Chen, J., Plug, A., Xiao, Y., Weaver, D., Feunteun, J.,
Ashley, T., and Livingston, D. M. (1997) Cell 88, 265-275.

21

22.

23.

24.

25.

26.

27.

28.

29.
30.

102

BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

. Shinohara, A., Gasior, S., Ogawa, T., Kleckner, N., and Bishop,
D. K. (1997) Genes to Celis 2, 615-629.

Tarsounas, M., Morita, T., Pearlman, R. E., and Moens, P. B.
(1999) J. Cell. Biol. 147, 207-220.

Dresser, M. E., Ewing, D. J., Conrad, M. N., Dominguez, A. M.,
Barstead, R., Jiang, H., and Kodadek, T. (1997) Genetics 147,
533-544.

Massen, J-Y., Davies, A. A., Hajibagheri, N., Van Dyck, E.,
Benson, F., Stasiak, A. Z., Stasiak, A., and West, S. C. (1999)
EMBO J. 18, 6552—6560.

Aihara, H., Ito, Y., Kurumizaka, H., Yokoyama, S., and Shibata,
T. (1999) J. Mol. Biol. 290, 495-504.

Stassen, N. Y., Logsdon, Jr., J. M., Vora, G. J., Offenberg, H. H.,
Palmer, J. D., and Zolan, M. E. (1997) Curr. Genet. 31, 144-157.
Chen, J., Silver, D. P., Walpita, D., Cantor, S. B., Gazdar, A. F.,
Tomlinson, G., Couch, F. J., Weber, B. L., Ashley, T., Livingston,
D. M., and Scully, R. (1998) Mol. Cell. 2, 317-328.

Kovalenko, O. V., Golub, E. I., Bray-Ward, P., Ward, D. C., and
Radding, C. M. (1997) Nucleic Acids Res. 25, 4946—-4953.

Haber, J. E. (1998) Science 279, 823—-825.

Terasawa, M., Shinohara, A., Hotta, Y., Ogawa, H., and Ogawa,
T. (1995) Genes Dev. 15, 925-934.



	FIG. 1
	MATERIALS AND METHODS
	RESULTS AND DISCUSSION
	TABLE I
	FIG. 2
	FIG. 3

	ACKNOWLEDGMENT
	REFERENCES

