Cell Research (1992). 2: 1—13

A protein in rat prostatic chromatin interacting with androgen

regulated gene

INTRODUCTION

XU Younai, Rona CHANG, QiuBao SONG AND SHIMING

CHANG
Sﬁﬂnﬂﬁm’ Institute g[ cell’ Bz’ofay_y, Academia Sinica

ABSTRACT

2M NaCl-insoluble fraction of rat ventral prostate
chromatin (residual proteins) contain proteins able to
interact specifically with androgen-receptor complex and
is, therefore, a part of the acceptor complex. Among
residual proteins, a 97 KDa protein has been found which
binds significantly to a genomic fiagment containing
an androgen-regulated gene coding for a 22 KDa protein.
The biological significance of this binding in androgen
action need to be further studied.

A mini-plasmid clone containing 22 KDa protein
coding sequence was cloned into Charon 4A genomic
library from which a 5.7 Kb genomic fragment was
isolated, identified by hybridization with a 5' and a 3'
cDNA probes, and shown to contain the 5' flanking
sequence.Restriction enzyme treatment of this fragment
yielded a 4.7 Kb restriction fragment representing
the 5' upstream region and a 1.0 Kb containing part of
the coding sequence. Deletion studies indicated that the
97 KDa protein bound only to a subclone of about 300 bp
segment. Furthermore, gel shifting experiment supported
its DNA-protein binding.

Key words: rar prostatic chromatin, 97KDa residual
_protein, ﬂmfmyfn nyuﬂsz/ gene sequences,
androgen receptor binding sites.

Androgens, like other steroid hormones, act on responsive cells by the
regulation of specific gene expression. As we have known to date, there are three
positively-regulated proteins(a 51 KDa PBP [1], a 22 KDa glycoprotein [2] and a 34
KDa SBP) [3] and a negatively-regulated protein(29 KDa) [4]. Additionally, the
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expression of two other proteins(13.5 KDa and 9.3 KDa)is also regulated by
androgens [5]. Similar to other steroid hormones, the mechanism of androgen action
on gene expression in prostate may be closely associated with an androgen-induced
change in chromatin structures which may result in a change in transcription
patterns [6]. It indicated that the interacting chromatin components were important
in androgen action. Foekens demonstrated that both DNA and proteins may
participate in the binding of steroid-receptor to chromatin [7].

In addition to DNA, protein acceptor sites of chromatin have been reported in
many laboratories and classified into two kinds: (1)salt-soluble acceptor, including
0.4 mol/L salt-soluble acidic and 2 mol/L salt-soluble basic acceptors[8], and (2)
salt-insoluble acceptors[9—10]. Previous studies indicated that salt-insoluble
chromatin components showed an androgen- and tissue-specificity, a DNA-
dependent binding to steroid-receptor complexes and an enrichment of androgen-
regulated sequences [11] Therefore, an interesting question is how DNA and residual
proteins relate to each other in the tripartite interactions among androgens, receptor
and acceptor in androgen action.

In this work, we reported an interaction of chromatin components, residual
chromatin, fractionated by salt, with a DNA sequence coding for an androgen-
regulated 22 KDa protein. In addition, the deletion studies indicated that the 97
KDa chromatin protein bound to a 0.3 kb upstream segment of the androgen-
regulated 22 KDa probe in gene. The affinity binding was also supported by gel
shifting experiment. Finally, the possible significance of the interaction between
residual protein and 5' upstream DNA sequence has been discussed.

MATERIALS AND METHODS

Animals and materials

Male Sprague-Dawly rats, weighing about 300g, were bilaterally orchidectomized under ether anesthesia
via scrotal route. Rats castrated for 2 days were used as androgen withdrawn animals. All biochemicals were
of analytical grade (Sigma). [a-*P]dNTPs, 3000ci/mmol, were form Amersham. Restriction endonucleases
and additional enzymes were purchased from BRL or Boehringer.

Libraries and vectors
Rat prostate cDNA Agt10 library was purchased from Clontech. Rat genomic DNA Charon 4A library was

provided by Dr. Takashi Sugimura. Mini-plasmidz AN7 and £. co// MC 1061 r-m+su- strain were gifts from
Dr. Michael Garrick. £ co/i NK 5486(1ac Zam)was taken from Dr. Edward Morgan. Host cells HB101 and

JM 83 were provided by late Professor Li Weng-yu.

Preparation and solubilization of residual chromatin

Nuclei were isolated from rat ventral prostates according to the procedure of Blobel & Potter(1966) [12.]
The nuclei were used for the isolation of chromatin as described by Wang(1978)[13]. The solubilization of
residual chromatin was performed following Teng ¢ /. (1971)[14].

Screening genomic library
A cDNA fragment, coding for a 22 KDa glycoprotein regulated by androgen[2], was isolated from
pBR322cDNA—78, cloned into mini- plasmid 7AN 7, then used to screen the corresponding genomic fragment
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from lambda Charon 4A-rat liver genomic library by reciprocal recombination in host cell E. coli MC 1061
r-m+su-[15].

Gross mapping of genomic fragment

A physical map of ADNA-78 was deduced from the data of both partial digestion and Southern
hybridization. ADNA-78 was labeled with [ ¢-**P]dGTP and Klenow fragment [16], partially digested by
restriction endonucleases and analysed on 0.3% agarose gel electrophoresis[17]. The cold DNA sample
digested with the same restriction endonucleases and hybridized with either a 3' or a 5' probe.

Subcloning genomic fragments

A 5.7 kb EcoR I fragment and its restriction digests, containing sequence homologous to 5' cDNA, were
subcloned into vectors pUC 18 or 19, individually. The subcloned fragments were used as probes in the
binding experiments of residual chromatin.

Filter binding of residual chromatin to genomic fragments

DNA fragments were end-labeled by the procedure of O'Farrell et al[18], and the specific activity of **P-
DNA was 107 cpm/ ug. The binding experiments of residual chromatin to end-labeled DNAs were performed
according to Riggs et al. [19].Briefly, 0.25 ml reaction mixture contained 1 ng[ a-*P]DNA(10* cpm), 10—400
ng protein, 10 mmol/L Tris-HCI1 (pH7.4), 10mmol/L. MgAc2, 10mmol/L. KCl, 0.1lmmol/L EDTA, 0.1
mmol/L DTT, 5% DMSO and 0.1% BSA. After incubation at 25°C for 30 min, the reaction mixture was
chilled on ice and filtered through S&S BA 85 nitrocellulose (N. C.)membrane (pre-soaked in binding buffer
minus DDT and BSA)under vacuum. Identical reactions but without protein were run in parallel to serve
as controls. Non-bound filtrate was also collected for agarose gel electrophoresis to corroborate the binding
results. Cold 5.7 kb DNA, salmon sperm DNA and calf thymus DNA (1—200ng) were used as a competitor
DNA for determining the specificity of the binding reaction.

Western blot and binding of residual chromatin

Residual proteins were fractionated on 10% SDS-PAGE[20]. The proteins were electro-transfered onto
nitrocellulose (N.C.)membranes at 6—8V/cm and 4°C overnight in a transferring buffer (20 mmol/L
Trisbase, 150 mmol/L glycine and 20% methanol)[21]. The N. C. membranes were pre-treated in binding
buffer (10 mmol/L Tris-HCl/pH 7.0, Ix Denhardt's, 50 mmol/LL NaCl and 50 pg/ml sperm DNA) with gentle
shaking at 20°C. After 30 min, 10° cpm DNA(0.2 ug) fragments were added into barfer and incubated for
additional 2 hours. Then the membranes were washed in the same buffer 4 times, for 15 min each time. The
membranes were dried in air and exposed to X-ray film at -70°C.

Gel Shifting

5 ug residual proteins were mixed with 4 ng DNA (10° cpm)in a 20 ul buffer (10mmol/L Tris HCl/pH 7.5,
60 mmol/L KCl, 7.5% glycerl, 00.1 mmol/L. EDTA, 0.75 mmol/L. DT'T, 5 mmol/L. MgCl, and 0.5 pg pBR322
Hinfi) at 20°C for lh and loaded immediately onto 6% PAGE-0.25xTBE[22]. Gel electrophoresis was
performed in TBE at 100 volt and 4°C for 3—4 hours. The gel was exposed to X-ray film after dried in
Gel-Dryer.

RESULTS
Screening and mapping of genomic fragments

A 300 bp ¢cDNA fragment(from pBR322 clone-78)has been identified to code for a
22 KDa glycoprotein in the cytosol of rat prostate in our previous work. The cDNA
fragment was inserted into PstlI site of mini-plasmd 7zAN7, then the hybrid zAN7
was integrated into phage chromosome of lambda Charon 4A-rat liver genomic
library by reciprocal recombination in SupF cell, MC 1061r-m + su-. The selected
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Southern blot hybridization of restriction fragments of lambda genomic DNA78
with two ¢cDNA probes. The genomic fragment lambda DNA78 was digested with
combinations of various restriction endonucleases. The digests were subjected to
0.7% agarose gel electrophoresis(A), and Southern blot hybridized with [*P]
pBRcDNA78 probe(B)and [*’p]-lambda gt'’cDNA78 probe (C). The various
restriction digestions are shown in four frames reading from left to right. First
frame: lane 1, EcoRI; lane 2, EcoRI+Sall; lane 3, EcoRI+Xbal; lane 4, EcoRI
+ BamHI; lane 5, EcoRI + Sphl; and lane 6, EcoRI + Smal. Second frame.
lane 1, EeoRI + Kpnl; lane 2, Kpnl; lane 3, Kpnl + Smal; lane 4, Smal; and
lane 5, Haelll. Third frame: lane 1, Smal+BamHI; lane 2, BamHI; lane 3,
BamHI+Xbal; lane 4, Xbal; lane 5, Xbal+Sall; and lane 6, Sall. Fourth
frame: lane I, Sall+PstI; lane 2, Pstl; lane 3, PstI+SphlI; lane 4, SphI; lane 5,
SphI+HindIII; and lane 6, HindIII. Input of both [**P]cDNA probes was
5%106 cpm; film exposure was for 12h. DNA size markers shown at left were
HindIIl digest of lambda DNA and HaellI digest of #X174 DNA.
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lambda DNA clones with a homologous sequence to cDNA-78 were identified by
genetic test and dot hybridization(data not shown).

ADNA-78 prepared from the positive plaques was end-labeled with [ a-*’P]
dGTP and digested by various endonucleases to locate the restriction sites. The
same digested ADNA-78 were Southern blot hybridized to pBRcDNA-78 and Agt 10
cDNA-78 (a 5' cDNA probe, data not shown) for identificatin of both 3' and 5'
regions of the genomic fragment. Of the restricted samples, a 5.7 kb fragment from
a complete EcoRI digestion (Fig. 1-C, left panel 1)was shown to give strong
hybridization to Agt10 cDNA-78. This fragment was subcloned into pUCI9 and used
in chromatin binding experiments described in the following section. From these
results, a gross restriction map of the genomic fragment was deduced, as shown in
Fig. 2-A. Also, a detailed information on cleavage sites was obtained (Fig. 2-B).
There were a BstEII site on the 4400th bp and a Clal site on the 4700th bp from 5'
end of the fragment. The 5' or 3' end of 5.7 kb fragment was orientated by force
cloning EcoRI-Clal fragment (4.7kb) into EcoRI-Accl sites of pUC18 and Clal-
EcoRI fragment (1.0kb)in%o AccI-EcoRI sites of pUC19, respectively, as shown in
Figure 3.
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Fig.2 Restriction map of lambda genomic DNA-78 (A)and 5.7kb genomic fragment (B).

Binding of residual proteins to The genomic fragment

The residual chromatin, which contains 40% of nuclear androgen binding
sites[11], is refractory to solubilization; its DNA is also resistant to dissociation.
We have finally succeeded in solubilizing residual proteins from rat prostate by
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Fig. 3 The force-cloning of 5.7 kb genomic fragment. The 5.7 kb genomic fragment was

digested by Clal and the resulted two segments——4.7 kb EcoRI—Clal and 1.0kb

Clal-EcoRI were subcloned into EcoRi-Accl sites of pUCI8 and AccI-EcoRI sites

of pUCI9, respectively.
phenol procedure. The solubilized residual protein exhibited heterogeneity with
species ranging from MW 17—310 KDa (Fig. 4). The average yield was 5—7ug
protein per g prostate, representing about 30% of protein in the residual
chromatin [11]. As can be seen, residual protein showed 60% saturation binding to
[a-**P] end-labeled 5.7 kb DNA (Fig. 5). This binding was competed by
unlabeled genomic DNA, but not by salmon sperm DNA and was only negligiblly
competed by calf thymus DNA (Fig. 6). Gel electrophoresis of unbound DNA in the
filtrate, showing in figure 7, further supporbed the binding results. These data
appear to indicate that the residual acceptor preferentially binds to a gene coding
for an androgen-regulated 22 KDa protein. However, since residual protein
preparation was highly heterogenous, it can not be ascertained whether the DNA-
binding protein is the acceptor. The specific binding DNA sequences and the
interaction of 97 KDa protein with androgen-receptor complex need to be further
studied.

As shown in Fig. 8, a 97 KDa protein was bound to [*’P]dATP labeled 5.7kb
genomic fragment after PAGE fractionation and N.C. membrane transfer. The
control DNAs, sperm DNA and r-globin promoter sequence (from Dr. Zhu, J. D.)
showed a negative result These results further supported that the binding of 97
KDa protein is gene specific. Comparing with BSA, the binding of residual proteins
to genomic fragment was 3-fold higher at the level of saturation (Fig. 9). Among



Fig. 4 Polyacrylamide gel electrophoresis

of solubilized residual chromatin
protein. About 100 ug of solubilized
residual chromatin protein was
precipitated with 5% TCA; the
precipitate was washed with 100%
ethanol, dissolved in sample buffer,
and subjected to 12.5% polyacryl-
amide gel electrophoresis. Markers
in kilodalton shown on the left
from top to bottom: myosin heavy
chain (200), phosphorylase b (97.4),
BSA(68), ovalbumin(43), chymo-
trypsinogen (25.7), lactoglobulin
(18.4) and lysozyme (14.3).
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Fig. 5 Binding of residual protein to 5.7kb genomic

[32p] DNA BOUND (c.p.m.)

fragment containing 22Kb glycoprotein gene
sequences. One ng of 3' end-labeled [**P]
genomic fragment(5.7kb EcoRI fragment)
was incubated with various amounts of the
residual protein as indicated at 25°C for 30
min. After incubation, each sample, in
triplicates, was filtered through a nitrocellu-
lose BAS8S5 filter and both filter (bound DNA)
and filtrate (unbound DNA) were counted in
toluene scintillation cocktail. The bound
radioactivity counts were subtracted by
background counts (control assay without
protein) and plotted against protein concentra-
tion. Vertical bars represent standard error.
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Fig. 6 Competition of residual protein binding to

genomic DNA by homologous and heterologous
DNA. One ngof [*P]-end labeled 5.7kb
genomic DNA (10°cpm) was incubated with
200 ng of residual protein at 25°C for 30 min
in the presence or absence of unlabeled genomic
DNA (O), calf thymus DNA(A) and salmon
sperm DNA([J). Experimental conditions and
processing of samples were the same as in Fig.
3. The amounts of competitor DNAs used in
the assays were as shown.
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Fig. 7 Specificity of residual protein binding to
genomic DNA. The filtrates (unbound
DNA) obtained from the experiment
shown in Fig. 5 were subjected to 0.7%
agarose gel electrophoresis and the gel was
exposed to x-ray film for 12 h. The electro-
phoretic pattern indicates the relative
amounts of the unbound DNA in the
presence of competitor genomic DNA.
Lane 1, no protein in the assay; lanes 2 to
6, binding in the presence of 0, 2.5, 5. 0,
10 and 15 ng of unlabeled Competitor
genomic DNA.
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Fig. 8 Residual protein binding to androgen- dependent genomic fragment.

(A.) Residual ploteins were separated in 10% SDS--PAGE, electro-transferred
onto NC filter and incubated with a ( @-*P) end-labeled 5.7kb fragment in
binding BF(2x10° cpm/ml). Lane 1, 2ug of 0.1M NaCl extract as a control.
Lanes 2 and 3, 2 or 4 ug of residual proteins, respectively. The molecular markers
were shown on the left.

(B) Residual proteins were incubated with different probes: Lane 1, (a-*’P)
5.7 kb fragment, lane 2, salmon sperm DNA, and lane 3, 7 -globin DNA, each
2—3 x 10° cpm/ml in binding BF.
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Fig. 9 The binding of residual chromatin of rat prostate to androgen-dependent genomic fragment.
(A) Residual proteins (top)were blotted on to N. C. fitter by the amounts as showed and
stained with Amido Black B 10. 0.1M NaCl extract of chromatin was used as a control
(bottom).

(B) 1Binding of ( a-**P) end-labeled 5.7 kb genomic fragment to residual proteins after
incubation in binding BF (2x10°cpm/ml). The curves represent the relative densities in
dots in relation to the concentration of the amount of both proteins. —@®—, binding to
residual proteins. —X—, binding to control proteins. —A—, the amount of loaded proteins.

the several subcloned fragments of 5.7kb genomic DNA, only BstEII-Clal
fragment(0.3kb)bound to 97 KDa protein (Fig. 10). The 0.3 kb fragment was
located above Clal site in 5' direction. On tho other hand, the binding of residual
protein showed a tissue specificity in the further experiment. As shown in Fig. 11,
the same androgen regulated genomic fragment bound only to residual protein
from prostate(lanes 3 and 4), but not that from liver (lanes 7 and 8). However,
both of low MW proteins in 2 M-soluble fraction (probable histones)from prostate
and liver bound to DNA fragment(lanes 1, 2, 5, and 6).

Fig. 10 The binding of chromatin proteins to
BstEII-Clal genomic fragment. After
SDS-PAGE and N. C. membrane
blotting, 3 g of residual proteins were
bound to various segments of 5.7Kb
genomic fragment: (A) P-EcoRI-
BstEII, 4.4Kb; (B) P-BstEII-Clal,
0.3Kb; and (C) P-Clal-EcoRI, 1.0 Kb.
X-ray was exposed for 16h.
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The binding specificity has received some support from gel shifting experi-
ments. Comparing with free protein sample, 0.3 kb genomic fragment migrated
slower after incubating with the residual protein (Fig. 12). Furthermore, the
raised Na* concentration (up to 200mmol/L)did not show any effect on the sample
migration, which meant a tight binding of residual protein to the upstream

region of a coding gene.

10

Fig. 12 Gel shifting of BstEII—Clal genomic fragment. 10° cpm of BstEII—Clal genomic fragment
(0.3Kb) was incubated with residual proteins of rat prostate and fractionated on 6% SDS-
PAGE. Residual proteins: 5 ug each in lane 1—5 and 7—9; pBR322 HinfT: 0.2, 0.4, 0.6,
0.8 g in lane 2—5, respectively, and 1 ug each in lane 6—9; temperature: 0°C; incubation
time: 90 min. Ionic strength: 60 mmol/L in each, and plus 100, 150, 200 mmol/L NaCl in

lane 7—9, respectively.
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Fig. 11 The binding of genomic fragment to

chromatin proteins of rat prostate and
liver. 3 ug of chromatin proteins from
rat prostate or liver were fractionated
10% SDS-PAGE, electro-transferred
onto N C. membranes and incubated
with P-5.7 Kb genomic fragment in
binding buffer. Lane 1 and 2: prostate
salt-soluble chromatin; Lane 3 and 4:
prostate salt-insoluble chromatin; lane 5
and 6: Liver salt-soluble chromatin:
lane 7 and 8: liver salt-insoluble
chromatin. X-ray film was exposed for
24 h.
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DISCUSSION

In this work, we have attempted to elucidate the nuclear events of androgen
action in ventral prostate of rat. In androgen action the only known event
preceding the activation of selective transcription is the alteration of prostate
chromatin structure[23-24]. Correlation of the altered chromatin structure and
transcription with androgen receptor binding sites (acceptors) would therefore be
a logical approach to delineate nuclear events of androgen action. Our previous
work on prostate active chromatin was carried out with such an attempt. The
results suggasted that the changed chromatin conformation, androgen receptor
binding sites (acceptors)and androgen specific DNA sequences are spatially
arranged in a particular domain in response to androgen action [6].

The chromatin androgen binding sites, the acceptors, represent the important
link between androgen receptor complex and activated transcription. Although
recent evidence indicates preferential interaction of steroid receptors with
enhancer—like elements of specific genes [25—27],there is ample documentation of
multiple protein acceptors. We have, therefore, taken one of these acceptor
fractions, the high salt—resistant residual chromatin, for approaching to this goal.

It has been already established that solubilized residual protein showed
significant acceptor activity and that residual DNA, which means DNA in residual
chromatin, was enriched in androgen-regulated sequences encoding the prostate
binding protein[11]. To support that residual protein is directly related to
androgen regulated sequences, we isolated a genomic fragment encoding the 22
KDa prtein by screening from a rat genomic library and used this fragment for
protein binding experiments. Despite the heterogeneity of protein preparation,
the results suggest strongly that residual protein binds specifically to androgen
regulated gene sequences and support the involvement of proteins in the mediation
of receptor activity.

In a further study, we found that a 97 KDa protein may be responsible for the
binding of residual chromatin to the genomic fragment. Also, gel shifting
experiment demonstrated that a segment, located at about 300 bp above Clal site
in the 5' direction, bound to this 97 KDa protein. Although we have not shown
that the binding is sequence—specific, the data given here is suggestive for a
correlation between androgen—receptor and regulatory sequence of a gene. Of
course, we do not know whether this binding would lead to a conformational change
in the bound region as in active chromatin which bound more androgen receptor [6],
or would contribute only a small fraction to the androgen—specific gene transcrip-
tion. To interpret the mechanism of androgen action, it is urgent to study the
relationship of this 97 KDa protein to a purified androgen—receptor complex and
the effect of this binding on gene transcription in vivo or in vitro system. So far,
the evidences had suggested that 97 KDa protein may at least be a candidate for
trans-acting protein which plays a role in androgen regulation of gene expression.

Androgen receptor is known to be DNA—-binding and binds usually to a
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conservative sequence at the upstream promotor region. However, at the present
time, 97 KDa protein can not be correlated to either androgen—receptor bound
DNA or androgen—regulated transcription. It may mean that DNA confers certain
conformation to residual protein which is required for androgen receptor
interaction. It is also possible that androgen—receptor complexes recognize only
the DNA—protein configuration. Considering its high degree of specificity (tissue—
and steroid—specificity, and preferential binding to androgen regulated gene),
residual protein may likely play an important role in gene expression, by
interacting either directly or indirectly with androgen—receptor complexes. A
more detail study on this purified residual protein and its relationship to both 5'
upstream sequence and androgen—receptor complex would throw some light to the
mechanism of androgen action.
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