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Non-h&one proteins from rat prostate chromatin have been separated into three fractions: a salt-solu- 
ble fraction, a salt-insoluble fraction (the residual proteins), and a DNA-histone complex. A single 
injection of radioactive testosterone into the castrated rats resulted in an initially increased, and a 
subsequently reduced binding of labeled androgens to the salt-soluble nonhistone proteins. Concomit- 
tantly, the residual proteins showed an inverse pattern with androgen binding increasing late in the 
period. Analysis of the template activities of chromatins from castrated and normal rat prostates and 
comparison of the DNA-RNA hybridizations of RNAs transcribed from these chromatins indicate 
that the residual proteins are one of the determining factors in specifying the hormone responsive 
transcription of these chromatins. 

The action of androgens, and the other steroid hor- 
mones, is believed to be the activation of specific 
genes in their target organs [see Reviews 1,2]. Testos- 
terone, in the prostate, is initially metaboli~d to its 
hormonally active form, Sa-dihydrotestosterone, 
which binds to a cytosol receptor [>7]. This andro- 
gen-receptor complex is then transferred to the nuc- 
leus [3, 5, %-lo]. The translocated androgens bind 
to the acceptor(s) in the prostatic chromatin [3, 5, 
111, leading to specific gene activation [12]. Extrac- 
tion of either the androgen bound chromatin or nu- 
clei with O-3-04 M salt solutions releases an andro- 
gen-bound nonhistone protein fraction which has 
been considered to be the androgen acceptor fraction 
[3, 5, 13-191. 

The nonhistone proteins of chromatin are complex 
and heterogeneous [2], and contain components that 
activate tissue-specific transcription of DNA [2&22] 
and chromatin [23-261. The nonhistone protein bind- 
ing of androgens is therefore consistent with the gene 
activation concept hypothesized for the action of the 
androgen-acceptors, The enhanced transcription in 
vitro of prostatic chromatin by the 0.4 M salt-soluble 
acceptor fraction [27] lends further support to this 
contention. However, a si~ifi~nt percent of the 
androgens also binds to the salt-insoluble nonhistone 
proteins associated with the DNA. In the work 
reported here, we show that the salt-insoluble nonhis- 
tone proteins (the residual proteins) of prostatic 
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chromatin actively bind androgens following a single 
injection of labeled testosterone in the rat. The andro- 
gen-binding residual proteins are further shown to be 
indispensable for the androgen-specific transcription 
of prostatic chromatin. 

MATERIALS AND METHODS 

Animals. Male Sprague-Dawley rats weighing 
350-400 g were bought from Holtzman Co., 
Madison, Wis. and used in all experiments. Bilateral 
orchjd~tomy of rats was performed via the scrotal 
route under ether anesthesia. The animals were killed 
by decapitation 72 h after castration. Testosterone 
was administered to rats in one mg/Ol ml peanut 
oil containing 10% ethanol. The time duration after 
a single intraperitoneal injection of testosterone is 
given in legends to the figures. 

Materials. Testosterone, unlabeled ribonucleo- 
side-S-triphosphates and spermidine phosphate were 
obtained from Sigma Chemical Co., St. Louis, MO. 
Spray dried Micrococcus lysodeikticus cells, used for 

preparing RNA polymerase, were purchased from 
Miles Labs, Elkhart, Ind. Tritium labeled ribonucleo- 
side-S-triphosphates and [1,2-3HJ-testosterone (46 
Ci/mmol) were procured from Schwarz-Mann, 
Orangeburg, N.Y. All other chemicals used were 
of reagent grade. Nitrocellulose membrane filters, 
type B-6, were purchased from Schleicher & Scheull, 
Keene, N. H. 

Isolation of prostatic DNA and chromatin. DNA was 
isolated from prostates of normal rats by the method 
of Marmur [28] and purified by treatment with 
RNase and pronase [26]. Cell nuclei were isolated 
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from prostates of cithcr normal or castrated rats by 

the procedure of Blobel and Potter [?9]. from which 
the chromatin was isolated according to Seligy and 

Miyagi [30]. 
~~~~(,~j~)~~~~~~~~~ Llrrd ~~~~~~~~~~~r~~~~ c$’ pnXirutic C~~~~~- 

rirl pt~~ns. The chromatin proteins were fractionated 

into three major fractions based on their extractabi- 
lity or solubility in salt solutions. The purified pros- 

tatic chromatin was irlitially extracted with 2 M NaCI 
containing OG5 M Tris--WC?, pH 8.0, for 2 h. The 
2 M Nafl exfract WIS cotlected by cenrrifugation. 

This extraction was repeated twice and all three 
extracts were combined. The pooled 2 M NaCl 
extract was then diluted with 13 vol. of 0.02 M 
Tris--HCI, pH 8.0, to reduce the concentration of 
NaCl to 0.14 M. This step precipitated the DNA-his- 
tones [31] together with some nonhistone proteins 
EX], leaving most of the nonhistone proteins in sofu- 
tion which are referred to as the salt-soluble NHP. 
The chromatin residue from the 2 M NaCl extraction 

is referred to as the residual proteins [X3], 
For the determination of chromatin proteins, his- 

tones were extracted by 0.4 N H2SOJ in the cold 
for 20 min. A tofal of three extractions were made. 
and the pooled acid-extract is assumed to represent 

the total histonc. The acid-insoluble residue was dis- 
soll~ed in 0.1 N NaOH and was determined as the 

total nonhistnne protein. Protein content was deter- 
mined by the procedure of Lowry ;pt cii. [34]. using 
bovine serum albumin and calf thymus histone as 
standards. respectively. for nonhistone proteins and 
histones. DNA and RNA were determined on separ- 

ate chromatin samples by the methods of Burton [35] 
and Lusena [36]. respectively. 

Recott.slillrfit,tl o?{ ~~~~~)~?~~~f~~~. Chromatin was recon- 

stituted from the DNA-h&ones, the salt-soluble NEW 

and the residual proteins following the procedure of 
Bekhor tar 111. [37]. The three chromatin fractions were 
dialyzed overnight against 1 M NaCI-5 M urea con- 
taining 0.01 M Tris--HCl, pH 7.5. and combined. This 
mixture was then sequentially dialyzed against the fol- 
lowing KaCI solutions containing 5 M urea and 0.01 
M “l‘ris--HCl. pH 7.5: 1 M Naff for 1 fn; I M NaCf 
for 2 h; O+ M N&l for 2 h: 0.6 M NaCl for 2 h 
and 0.4 M NaC’I overnight. The mixture was finally 
dialyzed against 0.01 M NaCl in 0.01 M Tris-HCI, 
pW 7.5. The reconstituted chromatin was pelleted at 
78,000 y for 30 min and washed three times with 0.01 
p1/I Tris-HCI, pH f-5. before use. 

,,1 .s,sc~x ,fiir i~?~lp~~lr~ actirirjq c#” ~~i~ulrj~~~n. Previous 
studies of the transcription of rat prostatic chromatin 
using rat liver polymerase B has shown that the tem- 
plate activity of chromatin isolated from prostates of 
castrated rats is greater than that of normal rats [I Z], 
When the experiment was subsequently repeated in 
&i. ~~,s~~f~~~~f~~,~f~ RNA polymerase reaction, similar 
result showing a higher template activity af chromatin 
from castrated than that from normal rat prostate 
was also observed. In the present study. therefore. M. 
lwtdt4ric~r.s RNA polymerase was employed for 

determining the template activity of prostatic chroma- 
tin and of reconstituted chromatin. 

The standard assay system of Nakamoto tat tl/. 1381 
was used to assay the capacity of chromatin in RNA 
synthesis in r+ri^o. The reaction mixture. in if.5 ml, 

contained the following: 50 itmol of Tris~-Htl, pH 
7.5, 0.80 Ftmot of spermidinr phosphate, 12.5 /mol 
of MnCII, 0.40 /irnol each of ATP. C’TP, GTP and 
I%]-UTP. 2 units of Al. /~~~/cil\tic~r,s RNA polymer- 
ase, and varying amounts of chromatin as indicated 
in the figures. The reaction mi~turc was incubated 
at 30 for 10 min. At the end of j~lc~lb~~tion. the rcac- 
tinn was terminated by chilling in ice-water. followed 
in succession by I)*1 ml of 50”,, and 1 ml of 5”,, tri- 
chloroacetic acid with mixing. The acid-insoluble pre- 
cipitate was collected on Milliporc tiltcr (H,4 O-45 jnnl 
and washed six times with 5 ml of cold Y’, trichloro- 
acetic acid. Ten ml of scintillation Ruid $333 mi of 
Triton X-100. 667 ml of toluene. 5.5 g of 2.5-diphmyl- 
oxazole and 0.1 g of l,4-bis-2(4-methyl-S-phenylosa- 

zolyl)-benzene) wcrc added to the sample in a vial 
and the radioactivity was counted in a Packard liquid 
scintilhtinn spectrometer. 

~i~~r~~~~=~l~~(~~~ c$ R N.4 ~~~~~~.s~~j~~[~ .fiom ~~i~~~~~~i~~~i~ 
in Gtro. To synthesize RNA irr CY&Y~ for hybridization, 

the standard RNA polymerase reaction mixture as 
described above was increased 40-fold. The reaction 
mixture, in a final volume of 10 ml. contained l-l.5 
mg DNA-equivalent chromatin, all four tritium-la- 
b&d ribonucleoside triphosphates. 1flOO units of 
RNA potymerase and other constituents as indicated 

in the standard assay. The reaction mixture was incu- 
bated at 30 for 30 min. An additional 500 units of 

RNA polymerase were then added to the reaction 
mixture, and the reaction was continued for 30 min. 
At the end of the incubation, sodium d~ecy~suI~~t~ 
and NaCt were added to final conce~~tr~~jons of O-Y’,, 

and 0.14 M, respectively. The ift rifro synthesized 
[-“HI-RNA was extracted with redistilled phenol and 
precipitated by 2 vol. of ethanol. Purification of the 
[3W)-RNA by treatments with DNase and pronase 

has been described elsewhere [Xl. 
For hybridization experiments. one jtg of prostatic 

DNA was denatured in alkali and immobilized on 
35 mm nitrocellulose membrane filters according to 

Gillespie and Spiegelman 139). Annealing of 
[‘HI-RNA transcribed irr vitro on DNA was per- 
formed essentially by the procedure of Tan and 
Miyagi [4f_ Varying amounts of the &Z r‘iirgt synthe- 
sized C3H]-RNA in IQ ml of KY’,, formamide. 0.30 
M NaCl and 0.030 M sodium citrate were incubated 
at 37’: for 24 h in screw cap vials. Each vial contained 
two DNA filters and two blank filters. At the end 
of the incubation period. the filters were washed with 
50 ml of O-30 M NaCf-0030 M sodium citrate_ and 
incubated with pancreatic RNase f 1CX.l pg3 ml saline-- 
citrate) for I h at room temperature. The incubated 
filters were washed with 75 ml of the same saline 
citrate per each side. dried. and counted in a liquid 
scintillation counter, 
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For double-saturation hybridization of the in vitro 
synthesized r3H]-RNA, two blank filters and the 
DNA filters annealed with saturating amount of 
c3H]-RNA synthesized from one chromatin template 
processed as above were washed with salinecitrate, 
blotted on a filter paper, and placed in a vial contain- 
ing [‘H]-RNA transcribed from a different chroma- 
tin, 30”; formamide, 0.30 M NaCl and 0030 M 
sodium citrate. The filters were further incubated at 
31” for another 24 h. At the end of this incubation, 
the filters were washed, treated with RNase and 
counted as described above. 

Binding of [3H]-androgen to chromatin proteins in 
vitro. The in vitro binding of C3H]-androgen to 
chromatin proteins was carried out by incubation of 
prostate nuclei with C3H]-androgen-cytosol. To pre- 
pare the prostate cytosol, prostates from 10 castrated 
rats were minced and homogeni~d in 0.25 M sucrose 
containing 0.05 M Tris-HCl, pH 7.4, 0.025 M KC1 
and O%lO5 M MgC12. The homogenate, after filtering 
through glass wool, was centrifuged at 105,Oo g for 
2 h to yield the cytosol. The cytosol, in 10 ml of 
the sucrose-buffer medium, was incubated with 

[3H]-testosterone (0.5 mGi) at 37” for 20 min. After 
the incubation, the cytosol was chilled in ice, and dia- 
lyzed against 0.02 M Tris-HCI, pH 7.5, with three 
changes of the buffer. The dialyzed [3H]-androgen- 
cytosol was concentrated by lyophilization and dia- 
lyzed against 0.32 M sucrose in 0.02 M Tris-HCl, 
pH 7-5, with two changes of the sucrose-Tris buffer. 
The dialyzed solution was centrifuged at 10,000 9 for 
10 min to remove some insoluble material and the 
clear supernatant was used as the [3H]-androgen-cy- 
tosol receptor source. 

Nuclei were freshly prepared from rat prostates as 
described previously and incubated with the E3H]-an- 
drogen-cytosol in the sucrose-Tris buffer at 37” for 
20 min. The mixture was chilled in ice and the nuclei 
were pelleted at 1000 g. The nuclei were washed with 
0.59, Triton X-100 in the sucrose-Tris, followed by 
two washings with the sucroseTris buffer. The 
[3H]-androgen-chromatin was isolated from the 
washed nuclei as described previously. 

RESULTS 

Binding of [3H]-androgen in vivo to chromatin pro- 
teinsfollowing injection of [3HJ-testosterone. The rela- 
tive compositions of prostatic chromatins isolated 
from castrated and normal rats are shown in Table 
1. The histone content of chromatin from the cas- 
trated rats was reduced by approximately 18”, as 
compared to that of the normal prostate; while the 
acid-insoluble nonhistone proteins did not show any 
apparent difference between normal and castrated 
animals. The residual proteins contained significant 
amount of acid-soluble proteins, assumed to be his- 
tones (Table lb). The nonhistone protein content of 
the residual proteins from normal rat prostatic 
chromatin appears to be higher than that from cas- 
trated chromatin; whereas the nonhistone protein 
content in the salt-soluble chromosomal proteins 
shows the reverse pattern. These results may explain 
the apparent similarity between non-histone protein 
content in the chromatins of normal and castrated 
rats. 

To determine the extent of androgens binding to 
chromatin fractions, the chromatin proteins were frac- 
tionated into the salt-soluble NHP. DNA-histones, 
and the residual proteins as described in Methods. 
Table 2 shows a time course of the relative distribu- 
tion of C3H]-androgens bound in riuo to prostate 
chromatin proteins after a single injection of 
[3H]-testosterone into rat. It can ‘be seen that the 
binding of ~3~3-androgens to the salt-soluble NHP 
was immediate after the hormone administration and 
was also the highest among the three chromatin frac- 
tions. The salt-soluble NHP, prepared by extraction 
of the prostate chromatin with 2.0 M NaCl. would 
include the 0.4 M KCl-soluble chromatin proteins, 
and hence, contains the androgen acceptor fraction 
which has been described by other investigators 
[17-191. The initial active binding of C3H)-androgens 
by the salt-soluble NHP in viva is therefore consistent 
with the evidence of nuclear retention of C3H]-an- 
drogens through binding to the chromatin acceptors 
[f&13, 17-19). The binding of radioactive androgens 
to the salt-soluble NHP decreased steadily with time. 

Table 1. Compositions of chromatins isolated from normal and castrated rat prostates 

(4 

Normal [9] 
Castrate [3] 

DNA 
l+O 
1@0 

Histones 
1.37 If- 0.06 
1.13 + 0.05 

Protein 
Non-histone proteins 

0.75 * 0.04 
0.78 f 0.01 

RNA 
0.08 1 
0.069 

(b) 
Chromosomal proteins 

DNA Acid-soluble Acid-insoluble 
Salt-soluble proteins 

Norma1 [4] l%xl 1.10 & 0.03 0.32 rt 0.01 
Castrate [3] 1.00 0.83 + 0.04 044 * 002 

Residual proteins 
Normal [4] 100 0.26 + 0.02 0.43 ) 0.01 
Castrate [S] loo 0.30 f 0.06 0.32 k 0.02 

Values in parenthesis represent number of determinations. The deviations represent: 
Mean k SD. 
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Table 3. Distribution of tritmm among chromatin proteins after a single injection of [3H]-tes- 
tosterone into rats 

Salt-soluble NHP 
d.p.m./mg “(, 

Residual proteins 
d.p.m./mg ‘I%, 

“DNA-h&one” 
d.p.m.,‘mg I’,, 

20 min 936 & 1,2* 400 7&l f 4.3 30-O 7@3 + 3-6 30.0 
lh 68.0 i_ 1.4 34.0 668 * 1.2 33.4 6.52 f 2.4 32.6 
‘h 53.1 + 2.3 3tkO 60.1 Sr 1.3 336 45.2 -i_ 1.2 36.4 
8h 52.4 f 1.3 3X.5 63.4 + 3.5 34.4 68.3 h I.1 37.1 
I2 h 43.4 + 0.X 23.2 86.8 + 4.8 44.3 656 k 1.5 33.5 

* The values are averages of three experiments, mean f SD, 

On the other hand, the binding of androgens to the 
residual proteins, after decreasing during the first 2 
h and maintained at a steady level until 8 h after 
injection of the hormone, increased 229,, above its in- 
itial value. The relationship of androgen-binding by 
these two chromatin protein fractions is better illus- 
trated by plotting their percentage distribution of 
bound androgens vs time. as shown in Fig. 1. Since 
the binding of androgens to the DNA-histones 
remained relatively constant throughout the time 
period, the results suggest that after translocation of 
the androgen~receptor complex to the nucleus, there 
is a sequential transfer of the bound [3H]-androgens 
from the salt-soluble NHP to the residual proteins 
in the chromatin. 

Binding of [3H]-antiroyens to chromtin proteins in 
vitro. To determine whether the binding irr r:iro of 
E3H]-androgens by the residual proteins can be 
demonstrated it1 vitro. the [3H]-androgen-cytosot 
receptor complex was incubated with the prostate nu- 
clei of castrated rats and the chromatin was isolated 
from the incubated nuclei as described in Methods. 
The chromatin, with its bound [3H]-androgens, was 
extracted with O-4 M NaCl and then with 20 M 
NaCl. The 2.0 M NaCl extract was diluted with 13 
vol. of 0.02 M Tris-HCl. pH 7.5. to precipitate the 

“2ot , , , , , , j 

0 2 4 6 8 IO 12 
HOURS AFTER TESTOSTERONE INJECTION 

Fig. 1. Time course of the binding of tritium-labeled 
androgen to prostate chromatin protein fractions after in- 
jection of [3H]-l,2-testosterone to castrated rats. One mg 
of the labeled testosterone was injected intraperitoneally 
into each rat at the indicated time intervals before sacrifice. 
Chromatin was prepared from the nuclei of the excised 
prostates and fractionated into salt-soluble NHP, DNA- 
histones and the residual proteins as described under 

Methods. 

DNA-histones, similar to the fractionation procedure 
described above. Altogether, four chromatin protein 
fractions were obtained. The radioactivity of each 
fraction was determined. As shown in Table 3. the 
0.4 M NaCl- and 2.0 M NaGsoluble NHP, which 
together make up the salt-soluble NHP in Table 1 
and Fig. 1, account for 22.4”; of the total chromatin- 
bound C3H]-androgens. Most of these bound 
[3H]-androgens were in the 04 M NaCl-soluble 
NHP, the acceptor fraction. The largest amount of 
the chromatin bound [3H]-androgens (4WJ was in 
the residual protein fraction. These values of the dis- 
tribution of the binding of [3H]-androgen-cytoso1 
receptor complex to chromatin in vitro are compar- 
able to those obtained in the in rivo experiment. The 
data support the results from the previous in Go ex- 
periments which suggest that the interaction of 
[3H]-androgen-cytosoI receptor complex with 
chromatin may involve two hormonally responsive 
acceptor fractions. the 0.4 M salt-soluble NHP and 
the residual proteins. 

The template activity qf‘prostatic chronwfin kuki~ty 

the residud proteins. The active binding of androgens 
by the residual proteins, and the parallel temporal 
increase in both the residual protein-bound 
androgens and the synthesis of uracil-rich nuclear 
RNA [12] suggest that the residual proteins may play 

Table 3. Binding of C3H]-androgen in Gtro by chromoso- 
ma1 proteins. isolated from rat prostate chromatin 

Chromatin 
protein fraction 

[’ HI-androgen I’,) bound 
bound (d.p.m.) androgen 

0.4 M NaCl NHP 
2.0 M NaCl NHP 
DNA-histones 
Residual proteins 
- 

12.192 14.4 
6175 X.0 

26.925 31.x 
38.778 45.8 

Nuclei containing 1.8 mg DNA isolated from castrated 
rat prostates were incubated with [3H]-androgen-cytosoI 
(II! mg protein) in 0.32 M sucrose and 0.02 M TrisHCI. 
pH 7,s. at 37 for 20 min. After incubation. the nuclei 
were re-isolated and washed with the sucrose-Tris three 
times, from which the chromatin was prepared. The 
chromatin proteins were fractionated and the radicactivi- 
ties of the bound androgens in each fraction determined. 
Experimental conditions were as described under Methods. 
Total radioactivity input of [3H]-androgen-cytosol was 
246.930 c.p.m. and the radioactivity recovered in the 
chromatin was 84,670 c.p.m., representing 34,3”, of the in- 
put androgens bounds to chromatin. 
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a role in the androgen responsive gene activity in the 
prostatic chromatin. To ascertain this role of the resi- 
dual proteins, chromatin was reconstituted from the 
salt-soluble NHP and DNA-histones, with or without 
the residual proteins, of the prostates of normal and 
castrated rats. The reconstituted chromatins were 
then examined for their template activities in RNA 
synthesis ili t’itro. As shown in Fig. 2a, the template 
activity of chromatin reconstituted from the chroma- 
tin constituents of castrated rat prostates was greater 
than that reconstituted from chromatin fractions of 
normal rat prostates. Both template activities were 
similar to those observed with their corresponding 
native chromatins [12]. However, when chromatins 
were reconstituted in the absence of the residual pro- 
teins (i.e., chromatin reconstituted with only the salt- 
soluble NHP and DNA-histones) the template ao 
tivity of the reconstituted chromatin from castrate 
fractions became less than that reconstituted from 
normal prostate fractions (Fig. 2b). This result indi- 
cates that the characteristic higher template activity 
of castrated rat chromatin as compared with chroma- 
tin of normal rat is dependent upon the presence of 
the residual proteins. The data suggest that the resi- 
dual proteins are a dete~ining factor in the correct 
transcriptional expression of prostatic chromatin. 

Tlie residual proteins and specific transcription of 
prostatic chromatin. To further ascertain that the resi- 
dual proteins are indispensable constituents for the 
accurate transcription of chromatin, the prostate 
chromatin proteins of castrated and normal rats were 
reconstituted with and without the residual proteins, 

without residual proteins 

Fig. 2. Comparison of the template activities of castrated 
and normal chromatins reconstituted from chromatin pro- 
teins of prostates ia) with and (b) without the residual pro- 
teins. In the case where excess residual proteins were used 
for chromatin reconstitution, the residual proteins isolated 
from two extra rats were added to the normal complement 
of the residual proteins before the gradient dialysis. Isola- 
tion of chromatin proteins, reconstitution of chromatin, 
and assay for the template activity of chromatin are de- 

scribed in Methods. 

without residual proteins 

0 100 200 300 

(JG RNA 

Fig. 3. Double-saturation hybridization of DNA with 
C3HJ-RNAs synthesized from chromatins reconstituted 
from castrate and normal prostate chromatin proteins (a) 
with and (b) without the residual proteins. In the upper 
figure (a), chromatin was reconstituted from the salt-solu- 
ble NHP, DNA-histones and the residual proteins isolated 
from normal rat prostate. RNA transcribed from this 
reconstituted normal prostate chromatin (N) was hybri- 
dized to prostate DNA to saturation. The saturated DNA 
was further hybridized with C3H]-RNA transcribed from 
chromatin reconstituted from castrate chromatin proteins 
(C). In the bottom figure (b), similar double-saturation 
hybrid~tion experiments were carried out using 
C3H]-RNA transcribed from normal chromatin which was 
reconstituted in the absence of the residual proteins (N), 
and [‘HI-RNA transcribed from chromatin reconstituted 
from castrated chromatin without residual proteins (Ct. 
Reconstitution of chromatin, synthesis of RNA using the 
reconstituted chromatin as template, and DNA-RNA 

hybridization are described in Methods. 

and their transcripts were studied by double-satu- 
ration DNA-RNA hybridization. The results are 
shown in Fig. 3. As indicated in Fig. 3a, when the 
C3H]-RNA transcribed from the chromatin which was 
reconstituted from a complete supplement of chroma- 
tin proteins isolated from normal rat prostate was 
hybridized to prostatic DNA, there was 4% DNA- 
RNA saturation hybridization. Further annealing of 
this RNA-saturated DNA with E3H]-RNA synthe- 
sized from chromatin reconstituted from chromoso- 
ma1 proteins of castrated rat prostate yielded an ad- 
ditional 2.3% DNA-RNA hybrid, resulting in a total 
of 6-37: DNA-RNA hybrid formation. This value is 
the same as that obtained using the transcripts of 
native chromatins from the prostates of castrated and 
normal rats (data not shown). It is also consistent 
with a value of 60?4 DNA-RNA hybrid formation 
obtained by annealing normal chromatin transcripts 
with DNA saturated with castrated chromatin tran- 
scripts [12]. 

If, as suggested by the previous data, the residual 
proteins play a specific role in the correct transcrip- 
tion of prostatic chromatin, then reconstituted 



chromatin without residual proteins should transcribe 
unrestrictedly, deviating from the DNA-RNA hybridi- 
zation pattern as illustrated in Fig. 3a. As shown in 
Fig. 3b. when [“HI-RNA transcribed from chromatin 
reconstituted from normal rat chromosomal proteins 

but without the residual proteins was hybridized to 
prostatic DNA, there was a 6,1”,, DNA-RNA hybrid 
formation. This is equivalent to the combined hybrids 

formed between prostatic DNA and the RNAs syn- 
thesized from normal and castrated rat chromatins. 
Further annealing of this RNA-saturated DNA with 
C3H]-RNA transcribed from chromatin reconstituted 
from complete supplements of castrated chromosomal 
proteins yielded insignificant additional DNA-RNA 
hybrid (0,4”,,). The results thus support the interpre- 
tation that prostatic chromatin does not transcribe 
correctly without the residual proteins as part of the 

chromatin constituents. Furthermore. since reconsti- 
tuted chromatin without the residual proteins tran- 
scribes more RNA species, the residual proteins 
appear to restrict transcription of prostatic chroma- 
tin. Indeed. if chromatins were reconstituted in the 

presence of excess residual proteins, the template ac- 
tivities of these reconstituted chromatins showed a 
decreased capacity for RNA synthesis in &PO as com- 
pared to chromatins reconstituted from normal com- 
plements of chromosomal proteins (Fig. :a). These 
data, taken together, show that characteristic tran- 

scription of prostatic chromatin from normal rat and 
castrate are contingent upon the presence of the resi- 

dual proteins. 

In the present study. the residual proteins of pros- 
tatic chromatin are shown to actively bind [“HI-an- 
drogens in a temporal sequence after a single injection 

of labeled testosterone into the castrated rats. Since 
the residual proteins are not released by 1 M NaCl, 
they do not contain the nuclear or chromatin accep- 
tor molecules obtainable with 0._%0.4 KC1 or NaCI. 
The seemingly quantitative precursor-product rela- 
tionship of androgen binding between the salt-soluble 

NHP and the residual proteins after testosterone 
administration suggests a possible multiple-step 
mechanism of chromatin acceptor reaction in andro- 
genie action. 

The residual proteins also contain some histones. 
Since the binding of androgens by the DNA-histone 
complex, which perhaps was partly due to the pres- 
ence of nonhistone proteins, remained practically con- 
stant throughout the experimental period, it is un- 
likely that the histones in the residual proteins contri- 
buted to the elevated androgen-binding activity of the 
residual proteins. The histones in the residual pro- 
teins. however, were probably one of the causes for 
the lowered template activity of the chromatins recon- 
stituted with excess residual proteins. As histones do 
not determine the specific transcription of chromatin, 
the characteristic transcription of castrated and nor- 

mal prostatic chromatins. as shown by the hybridiza- 

tion results here. is specified, at least in part. by the 
residual proteins. 

The above interpretation does not, however. imply 

that the residual proteins are the only nonhistone 
proteins involved in specific transcription of chroma- 
tin. In a previous study of regenerating rat liver. we 

have shown that the salt-soluble NHP are also indis- 
pensable chromosomal proteins for the selective tran- 
scription of chromatin 1411. Thus. it can be stated 
that both the salt-soluble NHP and the residual pro- 
teins contain specific nonhistone proteins that deter- 
mine characteristic transcription of chromatin, and 

both may act as androgen acceptors in the rat pros- 
tatic chromatin. 

Castration evidently causes a profound change in 
the state of prostatic chromatin. Chung and Coffey 
[42] have reported a reduction in histone Fl in the 
ventral prostate of castrated rats as compared with 
the normal rats. This reduction in histone Fl in cas- 
trated rat chromatin could result in the unmasking 
of DNA sequences, making them available for tran- 
scription and perhaps accounting. in part, for the 
higher template activity of castrated rat chromatin 
as compared to that of the chromatin from normal 
rat prostates. 

As shown by the present data. the RNA synthesized 
from castrated rat chromatin contains RNA species 
transcribed from DNA sequences that are different 
from that transcribed from the normal prostatic 

chromatin. While DNA-RNA hybridization technique 
detects only highly repetitive DNA sequences, and 
also, bacterial RNA polymerase, which was used for 
synthesizing sutkient amount of irk ritro RNA. does 
not transcribe specific DNA regions [42, 431, the 
technique does provide a basis for comparing tran- 
scription of two chromatins. In this respect. the ad- 
ditional transcription indicates gene activation. On 
the other hand, normal prostatic chromatin also con- 

tains transcribable DNA sequences that are not avail- 
able in castrated chromatin. Hence. the effect of cast- 
ration is both gene activation and gene repression 
in the prostatic chromatin. This and the correlation 
of the temporal binding of androgens to the salt-solu- 

ble NHP and then later to the residual proteins with 
the activation of different nuclear RNAs [12] and the 
early increase and later decrease in template activity 
of testosterone-treated prostatic chromatin. indicate 
differential gene regulation in the rat prostate induced 
by the androgens. 

REFERENCES 

1. Liao S. and Fang S.: Virum. Harm. 27 (1969) 18-90. 
2. Wang T. Y. and Nyberg L. M.: Int. Rw. CJml. 39 

(1974) l--33. 
3. Mainwaring W. I. P. and Peterken B. W.: Biochrm. 

J. 125 (1971) 285-295. 
4. Fang S. and Liao S.: J. hiol. Gem. 246 (1971) 1624. 
5. Fang S., Anderson Kc M. and Liao S.: J. hid. Chem. 

244 (1969) 65846595. 



Androgen-binding nonhistone proteins 273 

6. 

I. 

8. 

9. 

10. 

11 

12. 
13 
14 

Tveter K. J. and Aakvaag A.: Acta endocr., Copenh. 
65 (1970) 723-730. 
Hu A.-L., Loor R. M. and Wang T. Y.: Biochem. bio- 
phys. Res. Commun. 65 (1975) 1327. 
Bruchovsky N. and Wilson J. D.: J. biol. Chem. 243 
(1968) 2012-2021. 
Anderson K. M. and Liao S.: Nature, Lond. 219 (1968) 
217-279. 
Parsons I. C., Mangaan F. R. and Neal G. E.: Biochem. 
J. 117 (1970) 425-430. 
Mainwaring W. I. P. and Irving R.: Biochem. J. 134 
(1973) llF127. 
Nyberg L. M. and Wang T. Y.: (unpublished data), 
Mainwaring W. I. P.: J. Endocr. 44 (1969) 32>333. 
Anderson K. M., Slavik M., Evans A. K. and Couch 
R. M.: Exp. Cell Res. 77 (1973) 143-158. 

25. 

26. 

27. 

28. 
29. 

30. 

31. 
32. 
33. 
34. 

^_ 
15. Bruchovsky N. and Wilson J. D.: J. bial. Chem. 243 35. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 
24. 

(1968) 5953-5960. 
Nozu K. and Tamaoki B.: Biochem. bi0ph.w. Res. Com- 
mun. 58 (1974) 145-150. 
Liao S.. Liang T. and Tymoezko J. IL.: J. steroid Bio- 
them. 3 (1972) 401-408. 
Tvmoczko J. L. and Liao S.: B&him. biouhvs. Acta 
262 (1971) 607-611. 

I _ 

Liao S.. Liang T., Shao T. C. and Tymoczko J. L.: 
Ado. exp. med. Biol. 36 (1973) 232-240. 
Tang C. S., Teng C. T. and Allfrey V. G.: J. biol. Chem. 
246 (1971) 3597-3609. 
Shea M. and Kleinsmith L. J.: Biochem. b~o~~~s. Res. 
Commun. 50 (1973) 413-477. 
Kostraba N. C., Montagna R. M. and Wang T. Y.: 
J. biol. Chem. 250 (1975) 1548-1555. 
Wang T. Y.: Exp. Cell Bes. 61 (1970) 455457. 
Kamiyama M. and Wang T. Y.: Biochim. biophys. Acta 
228 (1971) 563-576. 

36. 
37. 

38. 

39. 

40. 

41. 

42. 

43. 
44. 

Kostraba N. C. and Wang T. Y.: Biochim. biophys. 
Acta 262 (1972) 169-180. 
Kostraba N. C. and Wang T. Y.: Cancer Res. 32 (1972) 
234&2352. 
Davies P. and Grifliths K.: Biochem. biopkys. Res. 
Coals. 53 (1973) 373-382. 
Marmur J.: J. molec. Biot. 3 (1961) 208-218. 
Blobel G. and Potter V. R.: Science 154 (1966) 
1662-1665. 
Seligy V. and Miyagi M.: Exp. cell Res. 58 (1969) 
27-34. 
Wang T. Y.: J. biol. Chem. 242 (1967) 122tXl226. 
Pate1 G.: Life Sci. 11 (1972) 1135-1142. 
Wang T. Y.: J. bioi. Chem. 241 (1966) 2943-2947. 
Lowry 0. H., Rosebrough N. J., Farr A. L. and Ran- 
dall A. J.: J. biol. Gem_ 193 (1951) 265-275. 
Burton K.: Biochem. J. 62 (1956) 315-323. 
Lusena C. V.: Can. J. Biochem. 29 (1951) 107-108. 
Bekhor I., Kung G. M. and Bonner J.: J. molec. biol. 
39 (1969) 351-364. 
Nakamoto T., Fox C. F. and Weiss S. B.: J. biol. Chem. 
239 (1964) 167-174. 
Gillespie D. and Spiegelman S.: J. molec. Bioi. 12 
( 1965) 8299842. 
Tan C. H. and Miyagi M.: J. mol. Biol. 50 (1970) 
64-653. 
Kostraba N. C. and Wang T. Y.: Exp. C& Res. 80 
(1973) 291-296. 
Chung L. W. K. and Coffey D. S.: ~ioc~~m. b~op~ys. 
Acta 247 (1971) 584-596. 
Reeder R. H.: J. mol. Biol. 80 (1973) 229-241. 
Butterworth P. H. W., Cox R. F. and Chesterton C. 
J.: Eur. J. Biochem. 23 (1971) 229-241. 


