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ABSTRACT
The prihcipal objective,of'this study was to identify

and partially purify the‘androgen—feceptors of the ventral prostate

)

oo gland of the Yat. A second objective was to study the functional

relatidnship hétween steroid-recepters and the transport of androgens
aCross thg‘huclear membrane of prostatic cells. .
The in vitro binding of [1,2-"H]dihydrotestosterone and

23

o ‘[1,2-"H]testosterone to nuclear proteins wads measured by gel

H . . N ) .
g ' . . PP . PRI S | .
R filtration and association constants of .the. order of 10" M 7 were

{
o /’ - . . ' -
fff*‘ obtained. Castration caused a decrease in the binding of dihydro-

testosterone to nuclear receptors and an increase in its binding to
cytoscl receptors.

Cytoplasmic == nuclear rebeptors were partially
purified with chromatograp. ~ techniques employing cellulose phosphate

\
'

gnd Sephadex G-200.. Under in vitro conditicns six types of steroid-

- i : 7 . :
receptors were found - four in cytosol and two in nuclei. "However,

two of the cvtosol receptors were not observed in vivo. All forms of

. intracellular binding proteins were different from steroid recegtors

in serum. - :

In vivo binding‘ymdies demonstrated that only
\ft?:?gg?%rone and dihydrotestosterone bind to steroid-receptors in

cytosol and that only these,twd steroids are incorporated into the
nucléus. * THe transport of steroids across the nuclear membrane was

shown to depend on 'a concentrative process as most of the intracellular:
. ’ ' - - U . . ,

.



o

radioactivity ovriginating from a pulse iﬁjection of‘[l,Z—BH]testosterone

was ftetained in nucldi. This property taken together with other

considerations indicates the incorporation of androgens into nuclei

is accomplished by an active transport system.

When the transfer of androgens from cytoplasm to-

-

o

‘nucleus was studied in vivo usimg pulse—chase methods, it was found that

the cytosol and nuclear receptors were labelled in sequence and.that

the amounts of radioactive androgen lost from the former and gained by

the lagter were almost'equal.“ These results are consistent with the
concept’that thef§Ombined acpiog of éytosol”and,n;clg;r feceptors ig
necessary for thé transfer of steroid acros: the nuclear membrane.
IFurther ih&eétigétioﬁ of .the various iﬁtracéllulaf receptors revealed
the  celiulose phosphate Peak 2 receptors of cytoéol and Sephadex Peak
17T neéeptors of nuclei are cioéely related iﬁ s£ructu§é‘and appear

to assume the role of steroid carriers in the celil. Therefore, it

seems reasonable to conclude that the niicleat “iptake of steroids is

largely, if not entirely, dependent on t .action of these

particular molecules.
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JAS
N

INTRODUCTION

LY
"Corpora non agunt nisi fixata"

(Paul Ehrlich, 1854-1915)

The binding'of small molecules (ligands) such as vitamins
and steroid hormones to moleculat enti#ieS‘such as proteins is now
understood to be an obligatory steb in}the expression of the -
biological activity of‘many,essenbial conponnds. Ouf insight into the
importance of macromoleeule—ligand interactions is attributable to the
pioneer studies of Paul Ehrlich (Pilner; 1972). “Results of his early
research with dyes and proteiné'led him fo postulete that low molecular
weight subsfances are not biologieally active unless bhey become
attached to specific receptors (Corpora non agnnt nisi fixeta).

Heidenhain (1903) and_Bechhold (1907) were the first to

provide experimental evidence in support of. this hypothesis.

Heidenhain observed Lhat serum albumin, when added to a solution of .

.4 . I "
N

ac1dlc azo dyes, 1nterfered with the dialysis of dyes through

parchment tubing A reasonable 1nterpretat10n of his results was that»
: , .
. , 1N
binding had dccurred between the dye adé the serum protein. Bechhold
explored tbis phenomenon further, utilizing the technique of
5 <

ultraf%ltratlon From his date he concluded that dyes; such as

methylene blue, could be rever51bly adsorbed to serun protelns Since



“the inception of these studies the interaction of small molecules with

épecific binding proteins has proven to be relevant in the fields of

enzymology, immunology, toxicology, oncology, and endocrinology.

1. Binding of Steroids to Serum Proteins® Early Studies-

The first observation of reversible binding of steroids

N +

to proteins was reported by Oppenﬁgimgr (1913). While cénduciing
Egﬁvit;o experimenfs on the effects of'digitalis‘on‘frog Heart, ne
hoted a decregsed toxicity of the sterocids whén'seruﬁ was included in
the inFubation medium, He'sufmised that his results were due to the

formation of a steroid-protein complex. . The'adsorptioﬁ of the

<
i

steroids to serum had apparehtly reduced the‘effective amount of
‘digitalis reaching the cardiac cells. ' N

Unfortunately the éignificamce of Oppenheimer's results

was largely ignored until the early 1930's at which time Bennhbld' "

(1932).beganva thofough investigation of protein-ligand iﬁteradtions.

As a resulf of his studies he was-ablevto postulate that_serum

proteiﬁs act as vehicles for}the transport of steroids and other

‘small mélecules to'speéifiﬁ tis;ues. ‘Upoh delivery to target organs,

the protein-ligand ;omplex would diésoéiate and alloQ thé transporfed
‘ . . ( .

moiety to exert its biological activity. This mechanism still remains

o

as‘the accepted explanation for transport of steroids in the vascular

system.

. L
o

Following the discovery of sex hormoneslin the late
1920's Brunelli (1934) conducted a séries of .dialysis experiments in-c

— _  |

-«



which he demgnstrated that estrogens could bind reve#sibly to serum
proteins, HQWever, it was not until fourteen vears later‘that
testosterone2 Qas also shown to participate in similar protein binding
interactions (Bischdff and Pilhorn, 1948; Barry et al., 1952); While
this early wark provided evidence for direct éssbciacion between

’ ;ceroid hQrmones and serum prbteins; there was a péucity of

information concerning the fate of such hormones in their respective

target tissues. E ) ' -

2. Binding of Androgenic Sﬁeroids to Intracellular -

% Proteins: Survey of Recent Advances
{ . ’

The synthésis of radioactive steroid hormones. _provided

s . .

the oppdrtunity-for ipvestigators“tO'examine the localization of such
compounds in peripheral gissués.’ In the‘case of éndrogéhs, Barry gi‘gl.
(1952) found a’sigﬁificant amount of radioactivity present in the
Seminal yesicles of the rat after a éingle injection of radioactive
'wtestosterone.- Similar'stuaies by Greer (1959) confirmed Barry's
results and demonstrated that the ventral prostate of the rat was
"also capable of accﬁmulating labeiied androgen...ﬁurthermore he found
that the.radioactive'téstosterone disapgpeared rapidly from.the blood

and was retained to a much higher degree by the accessory sex glands

than by, adrenals or muscle. Apparently a mechanism existed for the

selective uptake of androgens by taFg

et organs.

<&
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The retention and subcellular distribution of radio-

active androgens in various tissues of the rat was first examined by
Harding and Samuels (1962). These authors reported that although the

total radioisotope concentration in the ventral prostate of the rat

was not much greater than that of the blood, the relative amount of

+

unconjugated steroid in this organ was nearly twice that measured in

the blood. Thus in the ventral prostate there was preferential

: A . . .
incorporation’ from the circulation of neutral androgens rather than

the more‘polar,'conjugated forms.

Hafding and Samuels next examined the subeellular\ﬂ

distribution of radioactive androgens under conditions in which EDTA
)
(ethylene dlamlnotetracetlc ac1d) was either lncluded in or deleted from

v‘n,

the homogenlzlng medium. In the presence of EDTA, most of the labelled
androgen appeared in the microsomal fraction; less than Snyf the
) . . N ‘I')

radicactiVity was recovered in the nuclef. This observé%ﬁbn was

paralleled by an EDTA stimulated shift of RhA from the’kuclear ‘to the

mlcroSomal fractlon In the absence of EDTA, most oﬁi he labelled

A

R B :\ i‘dl@j”

-ﬁ&ﬁsupernatant

androgen was detected in the high speed cy'

fraction and in the nuclear fraction.

"The intracellular locallzatlbn*“

5

uropygial (preen) gland of. the dnck was studie 'By'Wilson ‘and Loeb

(1965). The preen gland is“an,accessory sex organ which possesses the
necessary criteria of a target tissue in. that it selectively .

incorporates circulating andrqgens. With this biological system

Wilson and Loeb were_eble to show that nuclei had a greater'avidity

¥



for radioactive.androgens than did the ribosomes. rurthermore, .
closer examination.of the nuclear fraction revealed that most of the
radioactivity was associated with an euchromatin fraction which
conﬁained app;oxiﬁately 90% of the radioactive lébel but less than 10%
of " the nu;lear DNA. Usiﬁg qgsium chloxide density gradient
centrifuéation4teéhniques, théy were ablg té separate the DNA‘from a

protein fraction which contained most of -the radioactivity: . From
. : a

4

their. work they‘inferred thét’horméne responsive tissues contain
intranuclear proteins thchnbind androgéns reversibly.

The occcurrence of éucﬁ nuclear agdrogen receptors in
the rat ventral prostate was reporﬁed by Bruchovsky and Wilson (1968bY.

After injection of radioactive testosterone into normal at functionally
~ . f

“hepatectomized rats a significant amount of the radivisotope recovered
/ )

in the véntraluprostate'was associated with the nuclear fraction.

Using high molar salt extraction of nuclei, followed by gel
filtration of nuclear extracts, théy were.able to demonstrate the
“ presence of .a ‘macromolecular fraction which was éluted from the gels

coincident with a peak of radicactive hormone. This. radioactive

complex was salt extractable from the nuclei at neutral or basic pH

.

and was sensitive to pronase. Much of this work contradicted the

. studies by Mangan et al. (1968) whoghad_proposed that prostatic DNA

itself served as the source of binding sites for andrOgéhs.

e I
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Examination of the steroid metabolites recovered ‘in

these experimeﬁfs revealed that dihydrotestosterone and to a lgsser
extent, testosterone, were the only androgenéfbound'to ﬂuclea;¢‘\

réceptor pfotqin in any significant amounts. ‘In an earlier

publication Bruchovsky and Wilson (1968a) haa reported thét»afteg an
'injgctioﬁ of radiocactive testosterone most of the ga&ioactivi;y . ‘ :
recovered from ratwgrostate waé in the form of andrdsténgdiol,
androsterone, and{dihydrotestosteroge. . The latter‘androgeh_wés
aétected only in the prostate?*seminal vesicles, preputiglsgland,
kidney, and to a small extent, in the élasma, Since dihydrotestbstergne
was the predominant fadioactive steroid recovered in prostate, ana

. > R C_. .

since ‘it was also the major form of androgen‘bound‘§9 nuciear
receptors, the possibility was raised that dihydrotestoéferone is an
acfive‘form‘qf testosferonek It %as suggésﬁed’that the meéhanism of
éﬁtidq of tegtoséeroneuinvolves, at leasf two reaétions,‘ﬁamely'the

conversion of testosterone to dihydrotestosterone, and the-binding of

dihydrotestosterone to an intracellular protein receptdr,

7

3. Formation of'Dihydrotestosterone in Androgen

ResgonsiveATissues ) .
‘ o a8
The finding that relatively large amounté\df dihydro-- 7Y

testosterone are formed in the prostate has served as the impetus for.
- 1 . X .. - .

S A : ) . .

a great deal of research concerning téestosterone metabolism in

. . ! . »
peripheral tissues. Several groups have confirmed that extensive

formation of dihydrotestosterone occurs in other secondary sexual
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_tissues (Tveter and Aakvaag, l969° Shimaiaki et al. 1969 Wllson

and. Walker, 1969 W1lson and Glogna, l97l Bardin et al., 1970) In
many bioassay syStems dihydrotestosterone has been shown. to have a

greater potency than testosterone-with respect to DNA synthesis -
N L& i Lo

(Bruchovsky,-l972 Lesser and Bruchovsky, 1973% Schmidt‘et al:, 1972) ‘7

and RNA synthe51s (Dav1es et al., 1972) It seemed hlghly pertinent o
therefore, that a number of ocher potent natural androgens were found

to give rise to dihydrotestosterone in prostate. On <the basis of

’

“this evidence it was suggested that all»androgenic c&?poundsfmay -

‘exert their*action through the common formation of dyhydrotestosterone

{ %
GBruchovskyg 1971). However, there are reasons to doubt that

)

dihydrotestosterone serves as the ultimate factor in determining

Vandrogen action.l For example, Baulieu;et_al. (1968) found that

- v

testosterone ‘and dihydrotestosterone elic1t different cytological

ieffeCts on explants of prostate maintatnec in v1tro.. However their

'studies did 1nd1cate that dihydrotestosfﬁrone spec1f1cally

stimulated proliferation of target cells (Baulieu, 1970). It is nﬁt

clear, therefore,fwhether testosterone,functions as a circulating , s

RN

pre—hormone\(i.e. it\is éonvertedlto-the active:form, dihydrotesto-

sterone, in peripheral target organs), or whether it plays its own

\ A

. defined role within target cells. The ‘same question‘may be raiseg

concerning the action of-other androgens.

o N
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4. Binding c: Dihydrotestosterone in Rat Prostate

?

A A

Short'y afte. th discovery of intranuclear androgen

receptors in the ventral prostate, Unhjem et al., (1969) reported that

H - N\ . X . .
prostatic cytoplasm also contains;proteins which bind steroid hormones.

Cytoplasmic extracts, incubated with radioactive_dihydrotestosterone,

were spun through. sucrose density gradients;and_the migration of
‘ . q

radioactive peaks was measured. Two peaks of radioactivity were

detected one with a sedimeftitation coefficient of 9.3S, and a
N : L

second Qlth a coefficient of 4.55. Confirmation of_dihydrotestosterone

bindiné protein: ‘n prostatic cytoplasm was provided by others

(Stertt and Eisenfeld;"l969; Mainwaring, 1969). o . S

o

Fang et al. (1969) éoﬁducted”a eerieS'oﬁ comprehensive

in vivo-and in vitro,étudies to eharacterize.both the cytoplasmic and

j>)

the nueleérnbinding prote 15 of rat prostate. ‘Using sucrosefdeneity

. A . . , ° . . )
gradient- centrifugation they were able to show that the dihydro-

'teerS;erone binds to the protein of nuclear extracts obtained after

in vivo incubation, and that this protein migrates with a sedimentag;gg

7

‘coefficient of 3S. Theéy also reporped that.the-cytoplaémic higﬂ. s

4

speed supernatant contains?a dihydrotestosterone binding protein which

. PR o R ) o .
has a sedimentation coefficient of 3.58. The'binding proteins were

.

possess a hmgh degree of spec1f1c1ty for dlhydggtestosterone, and to

I3

be sensitive to proteases.but not to nucleases.

S

' found to -be temperature sen31t1ve, to ‘have a pH opF@mum around 7 4, to{ -



L
. ‘E ) . '
When incubations were done with minced prostate, the
] . - . B -

radioactive steroid protein complexes isolated from the cytosol-

Al 4 D

(lOS,OOO X g supernatant) or nuclear fractions had the same respective

sedimentation coefficients as those observed in in vive labelled extracts.

Similar results were obtained when cytosol protein and nuclei were
incubated togethWer with radioactive steroid - However, if isolated

N » . . . . - D" -,
prostatic nuclei were incubated in buffer with radiocactive steroid,

binding o% steroid to nuclear protein-was not observed. Upon

replacement of the buffer with prostatic “cytbsol as the suspending .

.
k2 ’

medium, one could then-detéct a 35S nuclear steroid—p}otein gomplex.

>
The latter result was\also achieved if the 3. SS ster01d proteln

complex 1solated from prostatic cytoplasm was 1ncubated with unlabelled

/

nuclei. They concluded that a tytoplasmic entity, presumably the

X .
‘androgen binding protein was necessary for the uptake and retention
. ’ ~ . ) v * ‘
of dihydrotestosterone by nuclei. Furthermo1( they postulated that

- Ve
&

nuclear uptake of androgens/yas~a result ﬁd?est@o Step prq%ess whernby

the hormones flrst are bound to a cytoplasmlc receptor and then are
. a :

transported,Aas part of a biomolecular ccmplex, into the nucleus.
Altholgh the concept of a two_step mechanism for

the incorporation of androgens into nuclei -has becdome the
-~ ° ‘

working hypothesis of many investigators, significant discrepancies

exist between the results»obtained by Fang et al. (1969) and those

reported by others. Several authors (Malnwarlng, 1969; Baulieu ani ljng,

1970; Jung and Baulleu, 1971) have shown that in addition to t e 3. SS

< . t.

~ . . 2

10
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steroid—protei complex in‘the cytosol, an 8S SP@@}ES is also present.
Moreover, two 1ndependent laboratorles (Unhjem 19705 Jung and
Baulleu 1971, have demonstrated that spec1f1c blndlng of dlhydro—
testosterone to prostatlc nuclear proteins occurs 1n vitro even in the
absence of added cytoplasmic factors. However, they did find that the
endogeno . 5 levels of androgenic binding,nroteins in isoiated nuclei

. A
declined as a “unctior of the duration of castration.

v

5. Binding . ° .adrogens in Pathological Tissues
i . > "

A;though the importance of the iﬁtracell&iar binding of

» steroids remains obscure, 4t is tentatively accepted that b1nd1ng

r

reactions play an 1ntegral role in regulatlng the growth of target

-
tissues., It is reasonable to expect, therefore, that disorders o

growth anOlV1ng hormone resp0n51ve tissues may be assocmated with ‘an
‘ S
alteration of the characterlstlc blndlng activity observed in normal

:-4'/

tissue. . '
Benlgn pqpstatlc hypertrophy is an age dependent
endocrlne dlsorder in which there 1s‘a 51gn1f1cant enlargement of the
prostate (Ofner, 1968). Stiteri and Wilson (1970) found thatmthe
accumulation 5; dihydrotestostetone wae almoetjfive times greater in
the proetatesvof patients with benign’prostatic hyperplasia.than in

the prostates of normal cdfitrols. Both types of prostatic tissue

however, had similar canacity to form dihydrotestosterone from ° N

testosterone. This finding,suggested that increased uptake and retention

Tather than increased metabolism of testosterone 1s responsible for the

~

11



hyperplastic.bhange. Other studies (Giorgi_gg;éi., 1971, 1972) support
this conclusion and implicate the intracellular bindiﬁg,of dihydro-
testosterone as the main factor causing the increased retention of
steroid in benign frostatic hypertropﬁy.

There is considerable'eviden;e‘that hormbne dependent
tumours (i.e. tumoyrs which reg;ess after castration) possess specific
sex steroid binding proteins wheréas'ﬁormone independent tumers of
.secondary sexual tissue show reduced or altered steréid:binding
’ éctivity,(McGuiré apd Juliaﬁ, 1971; McGuire et al., 1972; Shyamala,
1972). Brufhovsky and Meakin (1973) have shown that in the Shionogi
lSCFIIS mouse.mammary adenocarcinoma, there is a ﬁgéitive correlation
ibetﬁeen androgen deéendency dnd cytoplasmic binding of androgens.
Autonomous tumour lines exhibit both dimipished binding and reduéed
nuclear accumulation of the steroié when comparéd to dependent lines.

. Aﬁother less prevaléﬁt endocriné disorder, the
testicular feminization'‘syndrome (Weisberg et al., 1970; Roseﬁfield
et al., 1971) is also assoéiated wiﬁh abnormal levels of androgen
binding (Géhring“and Toﬁkins, 1971; Bullock et él.,.l97l}
Builock'and Bardiﬁ;'l970; Wilspnia?d ¢b;§stein, 1972)7

O

6. Functiona1‘Significance of Intracellular Steroid

Binding Proteins: Hypotheses

Since intracellular proteins which bind steroids appear
to be es atial for maintenance of hormonal control of male

reprodyctive orgar the question arises as to the fuhition of these
L o R

[



macrgmdlecules. There are at least three possible roles that binding

7

entities may fulfill (Williams—Ashman and Reddi, 1971).

| AFifst, these proteins méy be concerned with activation
of sex ?ofmones. Steroid - hormones are small simplé moleculés whicé
have a:%elatively limited cheﬁical information content. In order to
account  for their divérse array of biocheﬁical responses it would be
necessary fo;ﬁihem to be associated with a molecule of Higher
information content ~ such as a protein. Hence thé.true active form

of fhe hormone could well be the specific cytoplasmic protein-

androgen complex..
Secendly, the binding proteins may function as

o - o '

¢ o =:rs for the transport of specific androgens into ‘the nucleus.

=

Either the whole cytoplasmic androgen—protein. complex enters- the

nucleus or tbe'androgen component of.the complex is transferred at the

nuclear membrane level to another androgéh‘binding protein that is
restricted to the nucleus. .While it'is.pbssible to imagine variations
on thisvidea, the end result would be thg'delivery of a particular
éndrpgen into the nucleus. The steroid;éihemselves could then
.‘elicit a series of biochemical evenﬁs wiéﬁ%n the nugleus’involving

DNA synthésié, RNA synthesis or alteratidﬁésin the permeability of ‘

the nuclear membrane.

A third alternative "is that the androgens facilitate ™S

the nuclear uptake of the cytoplasmic binding proteins {i.e. the
converse of the second hypothesis). When the hormone binds to a

specific protein in the cytoplasm, the protein undergoes an

13



alteration which facilitates its entry into the nucleus. Upon

entering the target cell nucleus the protein itself, rather than the -

"steroid, initiates the appropriate cellular response. Thus the’

steroid may operate in a permissive manner to ensure intracellular

[
:

transport of specific proteins.

'~ The three possibilities outlined above are not mutually

‘e

exclusive: It is conceivable that both the unbound and the protein

bound steroid may influence different biochemical processes within the

o

nucleus. Also, the nucleus may not be the only site at which .

.androgens, either unbound or bound to proteins, influence cellular

. activity. A still further possibility does exist in which the
.!"\?:“H’-‘ N Lo . s :

‘intracellular binding proteins assume a negative role. These

proteins may function to regulate the amount unbound or free steroid
:], . B

i v .
present within the cell. In this storage capacity the androphilic

" proteins would allow only a small amount of active free steroid to

realize its biocatalytic function.

<5

7. Rationale and Objectives
From -fhe material-presentéd in this Chapter it is

evident that one approach to. the study of the early sites and

mechanisms of .action of androgens is‘based on the cohcept that

androgens are bound only in characteristic target organé_and that
. : 7 .

<

binding is related to subsequent physiological actions of. the hormone.

14



Accordingly the main objective of this work was to purify and
characterize the protein receptors for androgens in rat prostate.

A second principal objective was to examine the presumed function of
: _/j: ‘ ) AR ' .
these receptors in mediating the action ot (estosterone and
. ‘ ‘ > : ~
dihydrotéstosterone. . ) -

15



Footnotes

LI
1 T s . o .
The earliest preparation and therapeutic usage of androgens and
estrogens datés back to the medieval thﬁese alchemists. Modern
sex hormone endocrinoiogy has its roots in the work of Ascheim

and Zondek (Williams-Ashman and Reddi, 1971).

7

2The tri&iél names used are testosteromne, A44andros;en—l78—ol~3—one;
'dihydrotestosterqne,;Sd—androsta@gl78—ol—3;one; androstanediol,
5a—androstan53a, 178~diol; Qgtfé;;ol, 1,3,5 (lO}—estratrien—3,
178~diol; epitestosterone, Aa—aﬁdrosten—l78—ol—3—0ne;'androéferbng,

Sa;androsﬁan—3a—ol—l7—one; androstenedione, A4~androstene—3,l7—dione;

andfostanediode,ASa—androstane—B,17—dibne; cyproterone acetate,
. ) .

v A

l,2a;methylene—6—chloro4A4’6—pregnadien, 3,20—diohe,.l78—aéetate;'
estrone, 1,3,5 (lO)—eétratrien—3—ol—l7-one; estriol, 1,3,5 (10)-

- estratrien-3,16a, 178-triol.

16



CHAPTER 11 [~ '

: Qr.":- .

“a},v F—-

MATERIALS AND METHODS,, - .. -

‘ YAy
]

14

A Introduction

) T - U2 " b o ) 3
This chapter is a comprehensive survey of. methods for

Y
and the recovery of

the isolation of subcellular fractions
‘associated intraceldular receptor molecules. In each of the following -

chapters a ''Materials and Methods" section is included which summarizes

the procedures used in connection with the work that is described.

B. Materials

- 1. Buffers and Related Solutions .
‘ g . S o
The principal buffers used in the isolation -and '
incubation of tissue fractions are listed in Table 2.1.. The
titration of the Tris-EDTA buffer (Richardson, 1966) to pH 7.0 with 12 N
HCl was done at room temperature with .a Radiometer (Copenhégen;_

Denmark) pH meter. -All solutions<wefevprepared in one liter or greater

quantities and stored in a cold room at 4° C.

2. Chemicals

General laboratory chemicals and reagentsvwere4purchased'
from Fisher Scientific Co. (Montreal, Quebec). VUltra4pure sucrose was

obtained from Schwarz/Mann (Orangeburg, New York). Non-radioactive

steroids were purchased from Steraloids, Inc. (Pawling, New York)

17
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EXpept cyproterone acetate which was a gift from the Schering
Corporation (Blbomfield, New.JerSey). Bovine serum albumin and calf
thymus DNA were obtained from Sigma (St. Louis, Missouri),.

v ‘3. Balances

.~ Three ‘types of balances were used to determine the

~ weight of materials. The Mettler P1200N balgfre was used for

samples that weighed more than 500 mg. Samples weighing between 5 and
500 mg were measured with the Mettler H10Tw balance. And finally,
the Mettler Micro Gram balance was used to determine the weighE of

very small amounts of materials (<5 mg).

C. Preparation of Tissue_Extrac;s

1. Experimental Animals = ‘&

Male rats of the Wistar strain were purchased from

~

WOodlyn Laboratories, (Guelph Ontarlo) . The ’ rats were housed in the

‘Animal Center of the Clinical Sciences Building where they were

maintained on a dlet of Rockland Rat Chow and water ad llbltum
Anlmals weighing 250 to 300 g were routinely used.

" Castration was performed thrOugh a scrotal 1nc1s&en whlle the rats

were under ether enesthe51a The castrated rats used in in vivo

experlments were eviscerated and functlonally hepatectomized (Hotta

and Chalkoff 1955) immediate}y priorlto the intravenous

admiuistraiioneof radioactive steroid. Af Fhe abpropriate time,

the animals wef® killed by decapitation.

19



2. Homogenization of Tissue

The'procedures employedvfbr the homogenization of
prostatic tissue, and subsequent isolatidn of nuclei, were based on the
methods described by Bruchovsky‘and wilsen (1968a). Imniediately
after the experimental animals were sacrif{ced, their ventral
prostates were dissected‘free of epvelqpiug capsulay}tissue and

placed in a beaker on ice. All further preparative’procedures were

>
s

carried out at 0 to-4° C. . .

fhe prostates were weighed;vaud then chopped With‘a

T7-2 Sorvall trssue slicer (Allied Scientific go;, Scarporeugh;

Ontario). Examination of the tissue und?rnthe lléhtvm}croscope
gy ' , ) ~ .

(American'Optical Corp., Buffalo New York) after thls process :

revealed large clumps of intact cells and small pieces of flbrous

-~

tlSSUE In order to remove contamlnatlng serum and prostatlc secretlon

»

from th2 preparation, the«tlssue mince was suspended in 5 ml of 0.25 M

sucrose solution and then pelletéd at 800 X g for 15 m1n in a
Sorvall RC2~-B Superspeed refrlgerated centrlfuge (SS 34 rotor,

ravg’ '5.4 cm). The washed pulp was.resuspended,in 7 to 10 ml of 0.25
R . . .. . \ .

sucrose and transferred to a Dounce homogenizer (Kontes Glass Co.,
Vineland, New Jersey). The cells were ruptured by 25'stro§es with a
loosely flttlng plunger and flltered through two layers of gauze

After a further 15 strokes with the tlghtly flttlng glass plunger, He

Te——

~crude’ homogenate was centrlfuged at 800. x g for 15 min 1n the Sor¢all

/ .
centrlfuge The resultant supernatant constituted the "crude

20



L ' ) - i oy
nuclear fraction". ~ . £

o

, 3, Preparation of Cytosol Protein .
B - :

“V'V' _ Cytosol was prepared from the 800 X g supeigépa \\\_\\~\~%

through further centrlfugatlon at 10, OOO X g for 20 min in a Sorvall

P

' centrlfuge and chen at 105 000 x g for 120 min (SW&l rotor, ravg

10.78 cm) in a Beckman—Splnco L2-65B preparatlvé ultracentrlfuge

3

The“ﬁlﬁal supernatant wasiprocessed accordlng to the requirements.

of rhe particular'éxperihent. In ﬁany instances, the cytosoli

fraction was brought to 80% saturation with ammdn;ﬁm sulphare-(v/y) by

stépwise aadition‘ofvammoniunlsulphate cryatals.over a peripd of 1 hr
‘ with the*temperatureACQntrolled_at‘4° C. Precipitated protéin‘was

Bl

. collected by cent? fugation at 17, 000 x g for 20 min in a Sorvall

S

centrifuge‘aﬁd~diSSo§§ed in 1 ml of Tris-EDTA buffer, pH 7.0.

. o . . / N o o
4, Isolation of Prostatic Nuclei . xxfl\ s .
. T - ) AL T )

‘Purificatibﬁ of prostatic nuclei was accomplished by
. S o o j//' ‘ O 4
centtifugation through a discontinuous suérose gradient. The crude

nuglear pellet was firsr suspended in.0.88 M suérose solurion (25 ml

par tube) and then gently.layered.over a discontinuous sucrose

gradiént consisring of 5ml of 1.8 M suérose and 5 ml of 2.2 M
fsﬁdrose. The.tubes were centrifuged at 53,000)3 g for 90 minb(§w27"
"rqtor, ravg,‘ll.56 CT) in a‘Bézkman-Spinca ultraaanrrifuge. On

completion of centrifugatidn, the nuclear pellet was suspended in °

. L ’ »



Tris—EﬁTA buffer, chtaining'SO'mM NaCl. Aliquots were taken for .= '

v

couq;fﬁg'of-nucleiﬁand, where applicable,j;or measurement of‘radio—u

activity, Tﬁe nuclei were stained with a

ew drops of methylene blue

;;(lA w/v) and then counted at least twice under the light miCroscope
- N o
u31ng‘a haemocytometer (American 0pt1da1 Corp. Buffalo, New York)

)

Nuclei were. conSidered suff1c1ently pure for further experimentation

e

if fewer_than 5% of them had’ visible cytoplasﬁic tags. In later-
‘ ‘ ‘ - , ¢ T ' RS
experiments it was found that the presence of lz‘.‘than 1%

) - o

-androstandiol in this fraction could also be used as a criterion of

. o . ‘ . ‘)
nuclear purity. Nuclear preparations tha éld not meet these .-

¢

requirements were either discarded or were respun through “sucrose

~

gradients.

5. Preparation of Nuclear Extracts ) ﬁ\‘wf“a

The isolation of a chromatin fraction from purdfied
nuclei was accomplished by sonication and extraction with a salt

‘solutlﬁn of high molarity. The prostatic nuclei were“first

suspended in.an hypotonic salt solution (Tris- EDTA buffer, pH 7, O

r

Wlth 0.05 M VaCl) and ‘then allowed to swell for lO min. Following this
period the nuclei were ruptured with a Bronwill Biosdnik 111

_(BronWlll Sc1entif1c, Rochester, New ‘York) sonicator at a. setting of

N

: .SO with-5/16" probe (yellow code) Four 5 second pulees were

adequate to disrupt the nuclei. -An equal volume of 1.15 M NaCl
(iu:Tris;EDTA'buffer, pH 7.0)lsolution'was added to thezsonicated:

nuclear fraction, giving a final NaCl concentration of 0.6 M. After

v
[}
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30 min ‘in the'cold, the;solution was'sedimented in a Sorvall
centrifuge at l?,OOO x g for 20 min. The supernatant mas withdrawn with
a Pasteur plpet and the pellet was re—extracted with alsmall amount of"-
O 6 M NaCl solutlon When radloactlve nuclear samples were used, the
extractlon plocedure was repeated- untll at least 907 of the radio- .
1sotope mas present 1n the supernatant' in general, this was

achieveo with'tyo extractions. The supernatants obtained from

repeated salt extractions were pooléd. The final samplevthus obtained

is referred to as the 'nuclear extract". _

D. Column Chromatography ;;

L 1. Preparatibn of Sephadex Gels

‘b

‘Sephadex G-200 and coarse Sephadex G-25 .(Pharmacia Fine

:Chemicals, Montreal QUebec) were\prepared according to the

‘

1nstruct10ns provided by the manufacturer. The Sephadex powder w-e
added slowly to a large beaker of distilded water and was

occa51onally stlrred w1th a glass'rod. After all the dry materlal

had been 1mmérsed in water, the beaker was’ covered Wlmh parafilm and
DRI

the slurry was allowed to swell for 3 to 5 days at room, temperature.
Flnes ‘were removed from the swollen gel 1mmed1ately p;lor to use.

/
SEN

U AN

Ea¥; \f—" )

2. Preparation of Sephadex G-25 Columns "

Glass columns for Séphadex G— a chromatography were

P

Ve \\(T t
manufactured by the Unlversity of- Alberta To'&nlcal Serv1ces ‘ Bezore

>

[

the columns w@re packed with gel, they Qefeksalanlzed by’ lmmer51on for

23
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-"one hour in a solu?ion containing dimethyldichlorosilane iﬁ toluene
(107 Q/v). Fol}owing this, they were rinsed with toluene and washed
éith methgnél. This procedure successfully prevented the adhesion of

Léxtraneous material to the colﬁmn walls.

The packing of Seéhadex_G;ZS into columns was

%erformed at ambient temperatufé in order to prevent the forﬁation of
ﬁai; bubbles. A small piece of silanized glass wool was firsf placed

in the tapefed end of the célumn whith,was‘closed off with a smali
“section of\polyethYlene.tubing. The column was next partia}ly filled
"with water and a small amount of slyrry. As the gel particles

settled under_gravity, water‘wasvremoved from the upper porpion qf the
m‘column and more gel was added. This cycle was repeated until the gel_y

matrix had attained a specific bed volume height. The osacked columns

were then removed to the cold rcom where they were equilibrated under

U/graxiii/i%th an appropriate buffer solution.

3."7Gel Filtration with Sephadex G-25

v
-

After'the columns had been equilibrated with 300 to 400
Ai of buffgr, suitable éyﬁoplasmic or'qgélear~extracfs were'applied.
Samples (0.5 to 1.5 ml) weré'gently léyered onto the gel and allowed
»_pé enter. the Sephadex under grévity, The surface of the gel was then
wasbed wigh.tho 3'ml of buffer to ensure passage‘of‘all the sample
© into the gél bea. Following this, the qolumn was connected to a buffer
:reserVo;r and the flow raﬁe_was'adjustéd to 1.8 to 2 ml per min. The

eluted‘fractions were collected either manually orfwigh,a Brinkmanq



Linear II fraction collector (Brinkman Instruments, Rexdale, Ont.).

t
The fraction of interest was the void volume (Vo) which contained the

protein-androgen complexes. Detection of the position of this
! ' . ‘ ' ’

fraction was accomplished by one of the following methods.
(1) The locat. .1 of the radioactive peak associated with the void

volume could be found by measuring the cpm of small aliquots from

-

‘each fraction. (ii) The 2%0 my absorbing material in the Volcould be-
monitored with an Isco Model UA2 ultraviolet‘analyzer (Allied
Scientific Co., Scarborough; Ont.). (iii) The progress of the
macromolecule fraction through the column could be detected v1sually

when Blue Dextran 2000 (Pharmacia) was mixed with the sample just
prior to'chromatography. TAfter the appropriate fractions had been

~collected, they were assayed for proteinvand radioactivity.

~

4. Gel Filtration with Sephadex G-200

The method for packing a Sephadex G-200 column was
identical to that described for Sephadex G-25. However, in the case
~of the former, the gel bed (1 cm x 90 cm). filled the entire column
" (Glenco Precision Bore, O.H. Johns, Toronto, Ontario). Tne Sephadex
G-200 colunn wasvequilibrated with butfer in an upward direction at
aczc usingian lKB Type 4912A peristaltic pump (LKB,.Unosala, Sweden) .

The apparatus used for applylng a sample to the column
con81sted of a 5 cc disposable syringe (Standard Hospital Supply Ltd.
Edmonton Alberta),_an 18 gauge needle, and a section of polyethvlene

tubing whlch was connected toone aperture of a 3 way stopcock at the
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lower end of the column.. The sample, usually less than 1.5 ml, was
-inserted into ‘the syringe and'Vas allowedtto enter the polyethylene
tubing under.grauity.~~3 ml of{the appropriatebbuffer,uas theén
placed in the syringe to ensure sufficient pressure to‘force the
sample along the tublng and eventually into the bottom‘of the column
When the flow of, fluld through the sample appllcator appa_-atus had
stopped the stopcock was turned to permlt entry of buffer from a
reservoir. The perlstaltlc pump was sw1tched on and the elution of ~
proteins was done in an upward dlrection w1th a flow rate of 8 to 10
ml per-hr, After a fixed number of tubes were collected, the fraction
collector (Ultro‘Rac LKB 7000)uactivated automatic shut down of the

system, Allquots from(fi} collected fractlons were taken for the

measurement of rad10activ1ty and protein.

5. Preparation of Cellulose Phosphate

Whatman P11l cellulose phosphate (W & R Balson, Ehgland)
was prepared by flrst stlrrlng 100 g of dry flber w1th lOOO ml of 0.5 N.
NaOH for 30 min at room temperature The cellulost phosphate was then
vtransferred to a Buchner funnel where the NaOH was removed bv gentle
suctlon. Repeated washlngs w1th dlstllled watervwere used to reduce Jf
_the pH of the suspenslon to 8 and then the cellulose phosphate nas
‘resuspended in “1000 ml of O 5N HCl The mlxture was»stlnred_forb30V

min and.washed as‘before with distilled %ater’dntil;the ph was 4.

After this step, the acidic'cellulose phosphate uaS'suspended,in_SQO=ml |

of Tris-EDTA buffer, th7.0;’Stirred for 15 min and then -titrated to
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pH 7.0 with 6 N KOH over a period of 6 hours at room temperature.

% . .
Columns (Pharmacia), 1 cm x 15 cm, prepared froﬁ\this material were

a

! equlllbrated at 4° C with 300 ml of Tris-EDTA buffer, pH 7.0.

f b .
LI

- " 6. Cellulose Phospﬁgpé Cﬁfomatography

Samples,,g;bu which excess salt had been remoued by
passage through Sephadex G—-25 columns were iayered on top~of they ion
vexchange matérial and phen alloued to permeate the co;uqn bed under
gravity._‘Following sampio application, the columns were washed wi;h
20 to 25 ml of Tris-EDTA bugfer, pH 7.0. Proteins uere then eluted
at a flow fato of 0.4 ml per min wglh a linear ionic gradient
consisting of 0 to 0.8 M»NaCl in‘Tris—EDTA buffer, pH 7.0. : The protein

and radioactive conternt of each 4.2 ml fraction collected were

determined. S ) §
E. Identification of Steroids from Tissue Extracts

1. The Extraction of Steroids from Aqueous. Solutions

The extraction of steroids from aqueous solutlons was
accompllshed by an adaptatlon (Bruchovsky and Wllson, 1968a;
Bruchovsky, 1972) of the method described by Folch et al. (1957).

pAllquots from tlssue fractlons were agitated manually in five

voilimes of .chloroform-methanol (9 1, v/v) and then centrlfuged at

‘lOOO x g for 10 min in a MSE Multex Centrifuge (0.H. Johns

Sﬁientlflc, Toronto) at room temperature. The upper aqueous phase was

ﬂ»premoved and the lower phase was shaken with an equal volume of upper
[ .
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phase solvent (chloroform-methanol-water, 3:48:47 by vol.). Following
cenfrifugatioﬁ,_the,quer phase was again removed and the extraction:
was repeated one more time. The vg§ultant lower phase was passed

.through a teilon Millipore filter (Millipore Ltd., Montreal, Quebec)

- with-a 5 micron pore size. The filtrate was taken to dryness undé;“

nitrogen and resuspended in.a small volume of chloroform. Portions of

the sample were taken for analysis by thin layér chromatography.

‘
~

2. Thin Layer Chromatography .

&

The identification of steroids was accomplished by thin

s o .

layer éhromatography using an aquebus suspension of either silfca gel H

(Merck, Brinkmann, Instruments, Toronto) (30 g 172 ml) or aluminum B
) . g v

oxide, neutral, Type T (Brinkman) (30 g 142 ml). Glass piates (20 cm x

20 cm) were coated with a 250 mﬁ layer of the material, and activated

at 100° C in Fisher Isotemp oven (Fisher Scientific) for 1 hour.
Separation. of androstaﬁaiol, testosterone; androsterone,

dihydrotestosterone, androstanedione, and andrbstenedione was

achieved by two. upward developments of alumina oxide plates in

-y

.

cyclohéxane—ethyl acetate - éﬁegic acid {60:40:0.1 by vol.). Good

resolution of 17B—estradiol, eStriol“andvestrone‘was possible on silica
gei plaﬁgs after one develApment in benzene-ethanol (8:2 v/v).
Approbriace'unlébelled standards (25 ug of each compound) were
added'ﬁé'thé radioactive tissue extracts to ensure detection of each

spot.
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lFollowing chromatography, the plates were‘dried and
sprayed with a 0.01% solution of morin in methanol (w/v) and then
examined'uﬁder ultraviolet light. The location .of each standard.&as
noted and the plate was.divided inte horizontal bands which were then
scraped into counting-vials. One ml of methanol together with 10 ml
of 0.4% diphenylogézo;e in goluene (w/v)'were.added to the vials.and
the samples were measured for‘radioagtivity. Thef@%lidity'of'the“
above technique for determining androgen and éstrogenumétabolites"pf
the rat prostate haé bééﬁ demonstrated uéing gas—liquid chromatography

and recrystallization techniques (Bruchovsky, 1971; 1972):
F. Measurement of Protein and DNA ‘ _ . )

- 1. Protein Determinations

Protéin was measured by a color reaction (Lowry gg_gl;,
1951)'and by differential ultraviolet abso;ptién (Layné, 1957).
Samples assayed by the Lowry method weré'diiuted to a final vélume of
1 ml with distilled‘wafer. éﬁitable blanks and protein standards
(5 to 50 ug 5f bovine serun aibumin) wére prepared which had an

. - L
identical concentration of buffer and other small molecules to that

" present in the unknown samples. Each reaction vessel received 5 ml of a

solution containi;g O;OiZ Cu804'5 HZO’ 0.027% sod}um ;artyate, and 2%
NaZCO3 in O.l N NaOH, aﬁd was allowed to stand for 10 min aﬁ'room
temperature. Next, 0.5 ml of i NvFolin reagent were added té the
samples, which were then placed in a 37°;ﬁ.”%%e: bath for 30 min. At

the end of this jncubation, the absorption of each sample at 500 nm
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was determined using a Bausch and Lomb Spectronic 20 (Rochester,

New York). By plotting absorptlon against the protein concentration

i
!

of the standards, it was poss1ble to interpolate the amount of
' ' \
Protein in the unknown samples,

Although the Lowry method provided relatively accurate

quantitation of protein concentrations, it was, however, time

consuming and required the construction of a standard curve for each -

set of’data.’ Because of this inconvenience a somewhet similar
technique was adopted that permitted the\protein assay of several
samples in a short time. TPhis orocedure involved reading the optical‘
Aden51ty of samples at 260 and 280 nm against approprlate blanks on the
Zeiss PMQ spectrophotometer (Carl Zeiss Canada Ltd. s Don Mills,
Ontario). The values at each wavelength were recorded and applled to
a formula described by Layne (1957) (see Appendix). This method for

determining protein concentration was used only with fractions

1

eluted from cellulose phosphate and Sephadex G-200..

2. DNA Determinations

The preparation of DNA contalning samples was done ~
‘according to‘standard procedures (ﬁaggio et al., 1963), DNA‘was
measured by the dlphenylamlne me thod (Schnelder 1957) with calf
thymus DNA as a reference standard After development of the colour
reéttion, the optical density of the samples was determlned at 600 ‘nm
with a Specttonic 20. A standard curve wes constructed and from this,

an estimate of the amount of DNA present in each of the biological

extracts was obtained,
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G. Measurement of Radioactivity

1. Radioactive Materials

N, 2- H]testosterone (5 mCi/.032 mg), [1,2- 3H]
dlhydrotestosterone (1 mC1/6 0 ug), and [6,7~ H]17B estradlol
(5 mCi/0.029 mg) were purg¢hased from New England Nuclear (Boston,é'.
Mass). ). “Purity was checked by thln layer, gas liquid and liquid
chromatographv lhe steroids were eonsidered acceptable only when
the yurlty exceeded 90%. Solutions for intravenous injections were
prephred as follows: to each 150 uCi of radioactiﬁe steroid in

ethanol-benzene solutlon was added 15 u2 of 5% polyoxyethylene

SOrbntan monopalmltate, and the solutlon was drled under nltrogen

__The drﬁy%geparatlon was then dissolved in a suitable amount of

o

[

distilled waper containing 5% ethanol. Each rat was- - injected with

ZSOV'uQ of Su}:h- a solution. . ‘\"

gl

2. Liquid Scimtillation C.ounting

./'2

Liquid scintlllaticn counling was carried out with

er a‘diphenyloxazole—toluene solution (4 g-of diphen&loxazole

per liter of’tolﬁenéf'gor non aqueous samples or a ﬁio—solv—

cocktail (6mg of diphenyloxazole; 1 liter of toluene, 75 ml water and
116 g of BBS 3 (Beckman Instruments) for _aqueous samples Samples
were deposited in glass vfals (Value Vials, Beckman Instrnments)

and. the rad10act1v1ty was measured in a Beckman LS- 250 ‘automatic

-

’llquld scintillation system. External standardization was used to

\ .
correct for quench when necessary. Otherwise the efficiency of

Ao,
¥
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tritium detection was usually about 50% in the diphenyloxazole-

toluene solution .and 35% in the Bio-Solv solution.
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CHAPTER III o

IN VITRO BINDING STUDIES ’

A,  Introduction

‘The interaction of male sex Eprmooes with cellular
receptors has been. the subject of intense study (W1111amsrAshman and
Reddi, 1971) but surprlslngly little-information is avallable on the
comparative binding parameters of'the principal androgens,
testosterone and dihydrotestosterone; While it is generaily assumed
that thexc?tosol receptor sites for testosterone and dihydrotesto-
sterone are the same, it remains’ p0551ble that the observed

. w,yrv'
variation, 1n binding act1v1ty of the two hormones (Fang et al., 11969)
results from the presence of distinct receptor sites for each
hormone.f Since such knowledge is of potential importance in the
interpretation of binding dats; experiments were undertaken to obtain

detailed measurements of the reaction of these hormones with receptors -

in prostatic cytoplasm_and nuclei in vitro.

<

‘B. - Materials and Methods

L]

1. Conditions for Routine In Vitro Incubations

Cytosol and nuclear fractions were isolated from
prostatic tissueﬂas described in.Chapter II. For the ‘measurement of

hormone binding to nuclear receptors, approximatelyii to 2 x 10’

‘

33




ﬁuclei werelsﬁspended in 1 ml of Tris—EiTA buffer (pH 7.05 with 50 mM
NaCl, containing either [1,2—3H]testosterdne of(£i,2—3ﬁ]dih§dr6-
testosterone. To facili;ate solution of High concentrgfions of
androgens in>aqueous media, é maximum of 2% ethanol (v/v) was mix:
with the qufér in some expériments. No adverse effects on bindiﬁg
werg-noted in control experimen;é with this ‘quantity of éthanol.
In vitro incubations were routi;ely:catriea out at 25° C for 90 min

in a Dubnoff shaking water bath (Précision Scientific, Chicago; 111.).

asmic supernatant)

'

Cytosol sampleé (105,000 X g cytopl
were also incubated wi£h;Eéa;oactive'SCeroids at 25° C for 90 min.
Approximately 500 ug of cé;osol protein iﬁ 0.25 M sucrose solution
Qas mixed with Tris—EDTA buf fer, pH 7.0;lcon£aining 3ﬁ-androgen, aﬁd

‘the final volume waé adjusted to 1 ml yith buffer.

TZ;SfMeasurement of Steroid Binding -

Following the ‘ncubation perio% nuclei were sonicated

’ and extracted with Tr;s—EDTA buffer;'pH}7.0, containing 0.6 M NaCl.
The nuclear extract was tﬁénvapplied to a Sephadex G-25 column

(1 em x 40‘cm)»and elu;éd at a flow. rate of;l.8 to 2.0 mlther min

with either 0.6 M NaCl in Tris-EDTA buffer, pH 7.0, or buffer with

no ad 2d-salt. Cytosol samples were.chromafographed under identical

conditions. In each case, the radioactivity and protein in the void

an

volume fraction of the columns were measured.
. <

é ~

\
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" 3. In Vitro Incubations with Enzymes

Deo%yribonucléése I (bovine pancreatic) (Mann),
ribonuclease Type.III—A (bovine bancfeatic) {(Mann) and prénase,
B grade, (Sigﬁa) were édded to incubatidﬁ\mixggggs to test the
sensitivity of the'biﬁding.compiexes. The conditions are

described in the text.

/ ~ g
C. - Results ‘ ‘

. o ] ' ) ] ¢
1. Establishment of Conditions for Steroid Binding In Vitro

Many of the techniques available for the measurement

of the binding of radi&éctiyg ligand to macromolecdles‘are'either time

‘consuming (etg,_density—gradfgﬁtbcentrifugation and equilibrium

dialysis)_or'lack\éuffigient-accuracy (e.g. charcoal adsorption) for
precise gquantsitative studies. Gel filtration procedures, however,

provide a relatively rapid and yet accurate evaluation of such

S , . -
interactions (WOod and Cooper, ~1970). Sephadex G-25 columns have been .-

S

used to measure ster01d blndlng in rat prostate (Bruchovsky and
Wilson, 1968b), and recently gel: flltraZ:Bh\yiEE\i:%hadex G- 25 has
e .
“been shown to be-a_superior. method for the quantlt tloq of: ster01d

' = N
hormone“ingeractio;;\;zzg\ﬁ?oﬁeips (Jungblut et al., 19§5\ \\\\

When prostatlc protein extracts are 1ncubated w1th \\§\

IS . e
~ .

3H—androgen and then runuon a Sephadex‘G-ZS column one observes a

profile of radidéetivityvas shown ip fig, 3.1: The first peak of

radioactivity (the void volume fraction) contains the receptor

<
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Fig. 3.1. Sepafation on Sephadex G-25 of [1,2—3H]ﬂihydro—

teétostergneointo bound and free "fractions.

‘ Approximately. 500 ug of‘cytoéol protein were
L S

incubated with 2.5 X'lO SfM [l 2— H] dlhydro—'

’“testosteroq;}for 90 min at 25° G and then

: : L . .
_;pH 7.0, and <he radloact1v1ty 1n each e

Uy ' , |
was measured. ‘ o
e - hm ) :'
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~or dihydrotestosterone for 90 min at 4, 25, and 37° € (Table 3.1)

<

proteins, whereas the second peak corresponds to the elution volume

</

. observed when free 3H-androgen is passed through the column.

Accofdingly,-it was possible to measure fhe amount of radiohctivg
steroid Bound to proteiné by éampling the void volume fraétion
pbtained after gel filtration of cellular extracts.

| vDuring the initial phases qf this work, the’effécts |
of incubation temperature and'elution'bﬁffer wvere studied. Nuclei

7

and cytosol proteins were incubated with radioactive testosteronec

P

Following incubations nuclear and cytosol extracts were prepared
and then chromatographed on columns of Sephadex G-25 using the
appropriate elution buffer. Although binding of androgen'c@uiﬁ be

demonstrated at 4° C, maximal binding'was achieved at higher

temperatures. No appreciable-difference was noted in the binding at

25% or 37°, but because of the instability of in vivo ﬁinding at 37° C

(Bruchovsky and Wilson, 1968b), the lower temperature was consideréd

.moré.suifable for ig vitrd studies. The presence of 0.6 M NaCl in
the elution buffer use: during gel-filtration had no discernible
effect upon the amount of radicisotope bound to receptors.

Maximum binding was achieved during incubation pe®iods of 60 to 90 min.

<

7 2., Effects of Column Length . ' ST : “

After the determination of apprOﬁriate incubation
conditions, experiments were conducted in' order to estimate théﬂg\

amount of “on-column" dissociation that occurs when steroid-receptor
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oo ) TABLE 3.1

THE EFFECTS OF INCUBATION TEMPERATURE AND ELUTION BUFFER

ON INTRACELLULAR'BINDINGfOF ANDROGENS

. :Testoéferone, ’ Dihydrotestoé;efone
[NaCL]  Tempv. — cypg NUC : . CYTO NUC
oo . S

(dpm/mg Protein x 10 )

4 2.4 1.4 3.9 3.3
0.0 25 3.0 1.5 - . 5.8 4.6
37 3.2 1.5 R 5.8 5.0
4 2,20 1.3 . 3.6 3.2
0.6 25 ‘2.8, 1.6 : 5.5 4.7
37 -2.9 1.5 L 5.9 4.9
.Nuclel and cytosol protelns were lncubated with 4 x 10 -8 M of A

e1the1 [L,Z H]dlhydrotestosterone or [1 2~ 3H]testosterone at 4°,

25° or 37° C for 90 min Dupllcate samples of - the approprlate ext ‘ac s

' were run on Sephadex G- 25’columns in which the eluant con51sted of
"Tris-EDTA buffer, pH 7 d]é“f‘Trls EDTA buffer, pH 7.0, conta;nlng Q.6 M
fNa?l. :The radloacgi&;ly;%nd proteln}qontent in the void volume
aﬁféétion of eagh“;glumn wasvdetgrmined.- Each value represents the

mean of two. or more experiments.




ig.

3.

Ihe ef fects of column size on the recovery of

<

[y, 2- H]testosterone and [l 2- H]dlhydrotestosterone‘

‘bound to cytosol and nuclear proteins. The

LY

appropriate subcellular fractions Trom“intact'rats

~ were incubated at25°C for 90 min with [1, 2—3H]4

dlhydrotestosterone 0T [1 2= 3H]testosterone and

A
'

‘then analyzed for proteln blndlng on Sephadex G-25

¢

columns of lengths 25, 40 ‘and 100 cm. In cytosol

eXPErlments the~columns were eluted w;th T;is—fﬁf:
EDTA'buffer, pH 7.0; nuclear eaeracﬁs#were-eluted'
w1th the Tris-EDTA buffer, pH 7. 0 ebntainiﬁé
0.6 M NaCl. The congentrathn of radicactive

androgen ﬁas either 5 x 10_8

M.(m) or 2 x 1070
(O). Each point represents the mean of ‘two o

experiments. Radidactivity reCQVered: Panels

A and B, dihydrdtéstosterone bound to{cytbsql

.and nuclear extracts respectively; panels C and

D, testosterone bound to cytosol and nuclear

extracts respectively.
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o

! ;’
w7 2
complexes é@ewpgssed thraugh Sephadex columns. Nuclei and cytosol
: T

‘protein were incubated at 25° for 90 min with [1,243H]testosteroné

Feas: .
or [l,2—3H]dihydrdtestos@grone at concentrations of 2 x 10_8 M and

5 x 10—8 M. The labelled extracts were then applied to Sephadex

7 G-25 columns of dimensions 1 cm x 25 cm, 1 e¢m x 40 cm, and

‘:>l cm x 100 cm, and subsequently analyzed for steroid binding. The

'}esdlts sthn in-Fig:xB.Q indicate that the»émount of 3H;steroid
recove?ed in the void volume fra;tion varies inveréely as a function
of column height. Since thié relationship is'linear, it waé possible
to extrapolaté the recover& to zero column height and hence obtain a
more-accurate estimate of the binding_:eaction at equilibrium. Tﬁe'
calculation of a correétion factbt for on-column diséociation was
done relativg to the 1 cm x 40 cm Sephadex‘éolumﬁ, as this éiéé was‘

most frequently used in gel filtration ekperiﬁents. The binding of

‘dihydrotestosterone
- g

% AE’." - -
underestimated witﬁ?&hese columns by approximately 14 and 18 per cent

@ cytosol and nuclear receptors was

respectively. - Similarly, the levels of testosterone recovered. in the
void volume fraction of 1 ecm x 40 cm columns. after nuclear or .

ol experiments was 19 to 22 per cent less than that estimated

A

lfor zefo_columh héight. The application of these correction

factors to, the raﬁvbinding data is only permissible if the rate of
dissogiétion'during-gel filtration is constant at all steroid
) ‘ S
. concentxations. Since eéxtrapolation to.zero column height .at two

different hormone concentrations indicated similar rates df_on—Column

dissociation, such an assumption appears valid, as any differences
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are probably less than the inherqptypxper&méntai error. An

adaptation of this procedure has recently béen describéd by
Godefroi and Brooks (1973); and .their results confirm the, validity
of correcting for "on-column'" dissociation in the manner described
in tRis secticn. s ) .

S

3. Determination of Association Constants

Expériments were next perﬁarmed to determine the
éffinity constants forvthe biﬁding of androgens .to receptors.
CYtosol preparatioﬁé from normal‘ré§§ were'%ncgbated with Yﬁ@ying
concentrations of ?adioactiVe testosﬁerone and dihydfotestos;eroné
for 90 min at 25° ¢, and then .the amount of radioaétive hormone bound
to protein was determined by gel filtration on Sephadex G-25.
Purifigd'nuclei were aiso incubéted with varying’concentratioﬁs of
tritiated téétosferone andvdihydrotestosterpne for 90 min at 25°.C.
Followiﬁg incubation, thé‘nquei’were washed in Tris-EDTA bdffer,
pH 7.0, and extractedeith'Tris—EDTA buffer, pr7.0,'containing
Q.Q M NaCl. The amount of prOtein—bouﬁd hofﬁgne in the nuclear
extract.was measured via gel filtration. As can be seen fro& the
regults sho&n in Fig.'3.3 if was not possible to satufaée ;he
cytosol recéptor éites for eitger [1,243H]£estostérone or [1,2—35]—
dihydrotestos;erpné>ig tHe concentration ranée up to 10—7 M. Even
when the coﬁcentrétiopvwas increased to.7 X 10f7 M the li;éar'

relatiqnship was maintained. Conversely, the nuclear binding of

[1,2;3H]testosteroﬁe and [l,2—3H]dihydrdtestosterone reached an

v
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Fig. 3;3.

=/

. . . “
Binding of [152—3H]testosterone and%[l;ZESH]—
dihydrotestosterone ig_vitro. Prosgatic tissug
. — 5 .
from 5 to 10 normal rats was homogenized in -

0.25 M sucrose with a ball—type'Dounce

homogenizer. The crude homogenate was then

sfractions

Chapter II. Approximately 1.0 x lO7 nuclei
\VngSOO ug cytosol protein were incubated at

25° C for 90 min in one ml of Tris-EDTA buffer,
pH 7.0 éontaiping various concentrations-of
radioactive steroid as shown. Following the

incubation period, nuclei were, sonicated and’

'extraqted with Tris;EDTA buffer, pH 7.0

containing 0.6 M NaCl. The amount of bound

hormone was determined by gel-filtration on
: ) /

Sephadex G-25. ?anel A; Eiﬁaing of [1:2;3H§— O

testosterone; papel B,>binding of [152—3H]—

dibydrotesfoéterone., GF¥~—¥~—®.-cytosol;
o——-0 nucléi. ' s _ ‘ 9

4

, €%§§ ‘h ..
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appsrent plateau at approximately 5 x lO—8 M. Thus the binding

e

reactlons for both hormones exhibited qualltatlve similarities.
Scatchard plots (Scat‘hard 1949) of the nuclear
bindlng detai§shown in Fig. 3.4, yielded estimates of the
assoc1atlon constant (Ka) for testosterone and dihydrotestosterone.
The values obtalned were l 1 x lO7 M l»-and 3.5 x lO M_l,
respectively,'which'suggesfed that the binding of each compound to
‘chromatin protein was highly specific. Mo?eover, it was calculated
that there were 1700 specific bihding sites‘per nucleus fofvb
testosterone end 3400 for dihydg%testosterone in keeping with the
_ molecular ratlos observed in vivo (Bruchovsky and Wilson, 1968b;
Fang.eg.il., 1969) Although Fang and Liao (1971) have reported
that nuclear binding occurs only in the presence of cytosol factors,
'Unhjem (1970) has shown that cytosol factors are not crltlcal¢_ The
results obtained in thls 1nvestigation "(i.e. Figs. 3.3 and 3.4)
iddicate that significant Binding takes plaee when nuclei are
incubated in the absence of cytosol and thus confirm the latter”

observation’ - " ; .

> .
4 o
;

4o The Binding of Testostcrone and Dihydrotestosterone -

as_a Function of Receptor Site Concentration

.hormone ‘bound to cytosol protein increases in a linear fashion.as a
._function of steroid concentration, -it was of interest to see whether

fhe*gel—filtrdtion binding assay could also detect changes in the

£

Since the above results demonstrate that the amci.at of -



Ny

@

Determination of association éénétants for theA
binding,ofn[i@2—3H]testosterone and [1,2—3H]f'

. .
dihydrotestosterone to nuclear'receptors.-.
Experiments wefg‘pe;fprmed aé described'ip-the_‘_ e
leggnd to Fig. 3.3, Concentrations of Eouhd
and'freé hormoné were" determined on éephadex
G~25-gei and the dataﬁere plottealusing.the
;élationéhip bound/ffee =K (bound/mé'protein)
+ Kn, where K = slope and»the‘ﬁumber of J
binding sites/mg protein = n. Panel A,
[1,2—3H]téstosterone; panel B;.{l,2—3H]—

dihydrotestosterone.
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Fig. 3.5.. Binding of [1,2-"H]dihydrotestosterone and [1,2-"H]- BN
testosterone to cytosol receptors as a function of
; . . R
- "gﬁtpteih concentration. Cytosol.extracts containing
different, amoynts of protein were incubated with
3 R : . v -8
H-steroid at a concentration of 2 x 10 ~ M and .

then measured: for binding as before. Panel A,

4???§ghydrotestosterone bound to Eytésol protein;

X , teStosterone bound to cytosol protein.
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concentration of cytoplasmic receptor sites. Therefore, experiments
were done in which varying amounts of .cytosol protein from rat

prostate were incubated at 25°C for 90 min with a fixed

concentration (2 x.lO_8 Mj.of'either‘[1,243H]testoste;one or [1,2—3H]—

v

dihydrbﬁestosteroné. ~The.r85uits'shown in Fig. 3.5 indicéte that

the amount of radiow tive steroid bound to receptors increase
linearly'with the amount;of protein present in the incubation mixture.
Hence, Sephadex G-25 cﬁromatograph& is a relatively sensitive
technique for defecting fluctuations in Bdth receptor'site

’

concentration and steroid concentration.

5.. Identification of Stercids Bound to Receptors after

In Vitro Inhcubations - .. ~

. +Several investigators have shown that in the rat

prostate teéstosterone and dihydrotestosterone are metabolized to

-

‘ l 4 .

other androgea@;_steroids under both in vitro and in vivo conditions
(Bruchovsky .and Wilson, 1968a; Bruchovsky, 1971; Moore and Wilson,
1972). However, when in vitro incubations o7 steroids with

R . B 4+ .
prostatic tissue are performed, the presence of NADP and a NADPH2~

<

generating system are necessary for the reduction of testosteromne

to dihydrotestosterone (Baulicu et al., 1968) and for the -
conversion of dihydrotestosterone tb‘androstandiol (Unhjem, 1970). -

Aithdugh‘thcse cofactors were mot added to the incubation mixtures

N

. : : " ‘)\ AY
used in this study, the possibility existed that endogenous levels

of NADPH, were sufficient to effect some metabolism of testosterone

.t ~
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TABLE 3.2~ . R A

L4

IDENTIFICATION OF STEROIDS AFTER:'IN VITRO INCUBATIONS
. g\ '

.

3H-—Steroids Ihcdba?e&'

Fractioﬁ?ﬁu Sample ) _ -
3 I Testosterone p :“Dihydrotestosterone
% Recovered as T : . % Recovered as DHT
I Cytosol Total - 91 - 89
Bound _ ;93 o - 87
B ) ‘{.'rz
II Nuclei  Total 95 o 87
Bound . 92 o 90

| S . .
Following standard in vitro incubations with radiocactive androgens,

-aliquots from the'unfractionaﬁed cytosol and nuclear extracts and
- A / . N

/ .
their respective androgen prgtein complexes were taken for steroid’
extractions. Steroid ideéntification was performed using thin~layer

chromatography as<describéﬁ}iﬁ Chapter II. Results are expressed
i i ik
TR

s

o e i M S : L
as per cent of the orlggpalﬁ H<steroid recovered after in vitro

R

ingcubations. -



"tonducted in

.

o . ;
and q%éydrotestosterone. Therefore experiments Wikl
. & : : .

which the steroids bound to receptors and those present in the
unbound form were identified. Following in vitro incubations with

[1,2—3H]testosterone and,[l,2—3H]dihydrotestosterone aliquots were,

"taken for’extractions of steroids; the remaining samples were subjected

.

to gel-filtration, after which fhe void. volume fractions were also
extracted. Identification of the steroids recovered in these

} - . . - l
‘experiments was accomplished by thin-layer chromatography (Chapter II).
- A\

\

The results are shown in Tdble 3.2. Between 87 and 95 per cent of
the radioactive androgens used in the binding experiments were
recovered in their or.~i-al unmetabolized form. . Clearly, no

significant metabolism of the stereid substrates occurred during

v
L .
Eheée in vitro incubations.

&
e

6. Susceptibility of Steroid Binding to Pronase

. In order to verify that nuclgar and cytoplasmic

recéptors were composed largely of protein material (Bruchovsky and

Wilson, 1968b; Fang et al., 1969) the sensitivity of the hormone

‘

binding reaction to»severaf enzymes was tested. Samples of cytosol

or nuclear extracts wWere incgbated at 25° C for 30 min with the
, / ", ‘ A

appropriate radioacﬁive hormone. Following.this interval, they were

/
!

incubated a furtheﬁ 60 min at 25° ¢ without added enzyme, or with
100 pg of ribonucl¢ase; deoxyribonuclease, or pronase. .On

= | 7 3 S , v
completion of incubation, the levels of TH-steroid bound to

|

receptors was measfired using gel filtration. From the results shown

- 53



. : <& TABLE 3.3

‘RECOVERY OF BOUND RADIOACTIVITY FOLLOWING

INCUBATION OF STEROID-RECEPTOR COMPLEXES WITH DIGESTIVE ENZYMES P

. Cytosol . Nuclei

Enzyme ‘ =

T = DHT T DHT

K . -
Radioactivity_Reéoﬁered?(%) .
None 100 100 - 100 L, i 100
Pronase 20 5 - oo2st 30
DNase 92 o . - oo i0a oot 8Y
" RNase 95 93 .. w98 ® 105

1 T
. B ?

o - .

Samples containing elther 200 Lg of nuclgz? proteln or: 500 vg ef

cytosol~protein were. incubated witH 4 x 10 -8 W{[l 2 3H]testosterone

A
or [1,2- H]dlnydrotestosterone for 30 mln at §5 C‘= At thlS tlme lOO

/

ug of pronase, de&xyrlbonucleasp or rlbonuclease were added, and the
I ) )

Cod. . T
R

sampleswere 1ncubatcd a further 60 mln at 25 «jBlndlng was measured
in the'usual manner using gel flltratlon;* In the cytosol

~ .

4
exneriments the control values “(100%) . for blndlng were 2.8 x 10 dpm
and 1.6 X lO dpm for ;:E?urotestosterone and testosterone

S \}) 3
respectively. Sllearly ntrol values of 9.4 x 107 dpm of dlhydro—
testosterone and 2.8 x 10 dpm of testosterane were obtained in
nu;leér Binding;éxpcriments. -Fach figure fepfesents thé mean of two.

experiments.

4
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\

in Table 3.3 it is evident that only pronase treatment caused a
pronounced reduction in the radiocactivity recovered in the void

-volume fractions. This confirms that the receptor molecules are

-

proteins.

7. Effects 0f Lastration om Binding of Testosterone
7 i€ T e -:.a‘ ,,y:? . g

and Dihydrotestosterone

While the in vitro binding reactions for testosterone

and dihydrotestosterone'are qualitatively similar (Fig. 3.3).ic§§ys
' v o '
unknown whether the :receptors for each are identical or different.

. !

"In order to resolve this problem, the effects of castration on cytosol
. .

and nuclear binding were compared. It was expected that if dihydro-

’

testosterone and testosterone were bound to the same sites on a

single receptor protein, any shift in the binding ¢ ¢ dihydrotestostérone
. B . - _'.ﬂ . ','— L " K ,

caused, by castration whuld ~ accompanied by a parallel shift in the

ot U K . _ .

¥ .
fbindiﬂg‘of testbsterohé.ffCéﬁSfa@t amounts of cytosol and purified.-
nucigi obtaiﬁed from casﬁfétéduéats were incubated with“hormbne
subégfates'agded to a concentragion.of'é.o,x th8 M, which is close
to the concentration of testosterone in the Blgod and prostate of“sqme
spéﬁies’(cloynavgg_gl., 1970;;Siitepi and Wilson) 1570; Ri&afdla and
Migeon, 1966) and within #he concentfatioﬁ'range where high affinity
binding ii’expected (Fig. 3.3). From the results shown in Fig. 3.6
it can b;;seen that each time interval studied; the binding of [1,2;3H]—

dihydrotestosterone‘alway§ exceededlthe‘binding of [l,Zf?H]testosterone.

o
S
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Fig.

3.

6.

‘for ecach time intgrva].‘w

Effects of castraﬁion on the binding of [l,2v3H]f
testosterone and [l,2—3H]dihydfotestosterone.
Nuclear épd‘cytosol preparaﬁioﬁs’we?e obtaineq
from male rats castrated at O,‘24, and 72 hours
prior to ‘the béginning of the éxperiment.
Appfoximatelyri;d x.lO7 nuclei or SOO-pg

éytosol proteiﬁ were incubatéd at 25° C for §O\
min in one ml of'T'ris-EDTA;_Bufger, pH 7.0
Qontéining 4.0 x lOTS.M radioactive'égstosterone
or dihydroteqtosterone. -Nuclei were extracted
with Tris-EDTA buffer, pH 7.0 containing o_.é M

NaCl. The amount of bound hormohe‘in the vayious

3

fractions was determined by. gel-filtratioh on

Sephadex G-25. Open bars, amount of [l,2f3H]¥_
b .
2%

testosterone bound, closed bars, amount of-Tl,Z{fgiy

- dihydrotestosterone bound. The standard érror of -

the mean value from several experiments is shown

¥y
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Fﬁrthermore ﬁhe binding of [l,2—3K]dihydrotesﬁosteroﬁe was increased
in"cytosol and decreased in nuclei at 24 and 72 hours %ollowing
ccastration. No corresponding changes were observed in the binding.
of. [i,2—3H]testosterone thch remained relatively constant
*vtﬁroughout the experiment. The specific change in the binéipg of
"diﬁYdrotestosterone in response to castr#tion suggests that the

receptors for testosterone are'not the same' as those for dihydro-

téstosperone-or alterrigtively, that the experimental conditions

requiréd to demonstrate the in vitro binding of each hormone are
differénté '

-

D.  Discussion

~

.in thiS'chaptef it was-démonstrated that both

testosterone .and dihydrotestosterone bind to proteins in cell free
extracts of rat prostate. Binding experiments with both hormones.

vielded assoéiatiOhFEonstéhté'ﬁhiéh'indicate high affinity binding

. to ﬁqclear.protein (Fig. 3.3_and‘3;4). The values are lower than
: valqes'suggéStedfbyfother‘authofs (?ang et al., 1969; Ritzen et al.,

1971), but they'compare favourably with the association constants
R T ‘ L S
obtained for the binding of 17f-estradiol.to endqmetrium;(Zimme:ing

et al., 1970).. Since thé'%ﬁtimaté of¥3400 receptor sites per
. o \ o S

» _—

nﬁcleus.for dihydfbtéstqsgefbné‘isncloséitd_tbé approximations of‘
2000 (Fang et al., 1969) and 6000 (Mainwaring and Peterken, 1971)
xeportéd by othérs, the:KA Qalué,off3.5ix 107wt s probably

significant.
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lﬁfﬁquailure to satufatc'cytoplaéﬁicd}eceptor with
eitﬂef testosteroﬁe or dihydrotestosterone”@éy be due'tq the
presence of non-specific binding‘éiﬁe§f' P;éteiné’possessiﬂg sites
of high capacity yet lo@ affihity for'éﬁefoidsvhafe.béen”postgléted
by Georgi et al. (1972). ‘Bauiiéu and Jung §l§70) iéqlatéd_a4j
‘binding piotein from rat prostate whiéh was‘both noﬁ-speéificﬂénd
non-saturable at hormone cqé¢entrééions dompar;ble to bhysioldgi;a;
levéls; / , p.‘ | '}

' Y ' o

The presence of distinct“receptorzsétes fgr

testosterone and dihydrotestqstefone was suggéstgd‘by some df~tp§
data. From the Séétchard plots (Fig. 3.4) it éppearSAthat the
numnbter of binding sites (from thé'inFercept pnlthe‘abéissa) in
nuclei différs.for each sﬁeroid;- Furthermdye,'fﬁe“fiﬁging that
castration produces a shift in the recegéétg fdr dihydrotésfosterone
“but not for testostecrone (Fig.‘érb)-is codsisteﬁt with the cqnceﬁp(
of separate sites. On the other band,;the‘%gsults may also be :
interpreted to suggest that this iglvitro éystem falis sﬂgrt of
fproviding thimal condiﬁibns foé,ghé binding of ﬁestostergnf.

' a
3 B - . . .
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CHAPTER 1V

THE CHARACTERIZATION OF ANDROGEN-RECEPTOR COMPLEXES FORMED IN VITRO

A. - Introduction

Within minutes of the administration of testosterone  to

~

castrated rats, dihydrotestosterone is récovéred from prostatic cytosol
in assoc1at10n with a 3 to 4§ proteln (Fang et al., 1969; Mainwaring,
1969; thzen et al., 1971; Baulieu and Jung, 1970) and from prostatic
nuclei in association with a 3§ protein (Fang et al., 1969).  As well}
a second cytosol receptor has beeﬁ observed in some sysfems
(Naianring, 1969; Baulieu and Jung, 1970) with a sedimentation
coefficient of 8§, .Sedimentation aﬁélysis’of nuclga; and cytoplasmic
extracts after in vitro.incubations-with ra&ioacﬁive dihydrotestosﬁerone
has also demonstratgd the‘presence of these receptor proteins (Faqg

et aL., 1969; Baulieu and Jung, 1970) Although the above scudies
1nd1cated that one or p0551bly two different dlhydrotestosterone
blndlng proteins are presentwln prostatic cytosol, it was neither
established whether the receptors in the 3S and 8S fractiqni were
relaﬁed? nor alternatively,fwhether there were several typé; of -
binding proteins with common.sedlmentatlon propertles Furthermore,
'bacause of SLlearltles in mlgratlon rates 1n sucrose den51tv
‘gradients, the 3-4§ cytop}asmio binding protein and the 3-4S nuclear
binding prdtein were béliecved to be idgntigél bﬁt no information was

available as to their homogeneity in other analytical systems.
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Accordingly, the experlmeots described in thlS
Chaptet‘were undertaken to determine the number ‘of binding pre 1s in
the cell cytoplasm and nocleus, and to study the.relationship tween
cytoplasmic and nuolear receptors’ in greater detaili Toward this

end the principal amalyses were carried out using column chromatography

prqcedures. . .
. £ .

B. MEEErials and Methods

Y

1. Conditions for'In Vitro Incubations

3

s

i ) : ‘ @

XA
Yk

Nuclear and cytoplasmlc fractions were 1solated in the

2.
N

5

manner descrlbed in Chapter II. Approximately 5 x 107 nuclei,

N
o

a0

mmuspended in 1 ml of Tris—EDTA buffer containing 50 mM NaCl, were

2

" incubated at 25°C for 90.min«with the appropriate radicisotope.
Following incuba?ion, the sample Qas:sonicated and extracted with
‘high molar salt’(final conceotratioo 0.6 M)%l Where iooicated, the
.sonicatioo>ano salt extraction yefo performeo prior to incubation.
Cytosol protein from 1 g of prostatic tissue was
incubated with 3H—steroid at 25°°C for 90 min and then precipitated
with ammonium sulphate. The sample was saturated to 802 with.ommoﬁium
solphate which was added slowly over a 1 hour period Vhile the
temperature was controlled at 4° C. Precipitated protein was
coilected by centriﬁugation at‘l7,000 x g for 20 min“inma Sorvail°
centrifuge and suspendéd in 1 ml of Tris—EDTA buffer,ypH 7.0.  Any

departures from this procedure are indicated in the text.

61



_ . o
. . .

2. Column Chromatography Proce uires

Samples wére desalted by ﬁasSagé through Sephadex G-25
colgmns (1 cm x 40 cm) prlor to application to cellulose phosphate
columns. Protelns were eluted from the columns (l cm X 15 em) with
an ionic gradlent (0 to 0.8 M NaCl) and fractions of 4.2 ml were
collected.

| Sephadex G—ZOOvénalysis'Of extraéts was performed on
l‘cm.x 90 cm columns in which Tris—-EDTA buffer,va 7.0, containing

either no NaCl or 0.6 M NaCl, served as the elution buffer.

C. Results

PART I -~ C(Cytosol Receptors

)

1. TPrecipitation of Cytosol Proteins with‘Ammdnium Sulpheate

k]
As a result of the fractionation and isolation

procedures, cytosol preparations from 1 g of prostatic tissue

usually had_a;finai volume of 10 ml. While the protein concentration

in these preparatiqhs was adequ?te.for the binding stqdies descriégd
in Chapter‘III,1the relat vely largé volume was cumbersome‘for
further analysig of the steroid—protein'complexes. To overcome this
broblemg the.cytosol-proteins.were concentrated by precipitatiqn i
ammon%um sulphate.

Rats‘pastratedH24 hours previouély, were used in

these experiments. This interval of custration gives rise to maximal

~ binding of dihydrotestosteronc (Fig. 3.6) since most of the

Y

/
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endogenous steroids have heen clearea from the ventral'brostate
(Fang et al., 1969). Cytosol from 1 g of prosgaticvtissge (the
poolea prostates of 3 Eové rats) was incubated with 0.8 uCi of
either [1,2—3H]test5sférone or [1,2—3H]diﬁydrotestqsteroné at 23° C
for 90 min. After the‘incubation period, each sample was divided
into 3 equal vol;mes. Two of these were broughtkgo 50% ahd 80%
saturation with ammoﬁium éulphaﬁe and the remainiﬁé one ser&éd as

control. The pfecipitated protein was collected by centjiﬁugation,'

zel

feéuspended in 1 ml of'TrisféDTA buffer, pH 7.0, and subjected to
filtrétion on Sephadex-G~-25. ‘The results of these experiﬁents are
shown in Tabie.é.l. Virtuaily all of the iadioactivity aésociéted with
the receptor proteins was fecovered in thé 80% ammonium sulphéte
precipitate. When portions oflﬁhe 807% sﬁpernatant were asséyed for
protein bound radioactivity, no Sinding was detecﬁed. ‘Thus ammonium
isﬁléhaté precipitation provided a simple and quick methﬁd’for

concentrating cytosol proteins.

2. Chromatography of Cytosol Protein on Cellulose Phosphate

Pgrtial purification of steroid binding proteins in

prostatic cytosol was undertaken using cellulose phosphate. Rats,

castrated 24 s previously, were sacrificed and the cytosol
fraction from 1 g of prostatic tissue was.isolated. -The cytosol
protein was incubated at 25° C for 90 min with either [1,2- H}aihydro— .

et : =3 R . =9
testosterdne or [1,2-"H]testosterone at a concentration of 1 x 10 M,

\

e



TABLE 4.1

PROTEIN PRECI?ITATlON WITH AMMONIUM[SULPHATE

- Radioactivity Bound

-

o ' (dpm/g Wet Weight x 10 °) A
(NH,) ,80, , i .
o o Testosterone C Dihydrotestosterone
0 6.1 13.0 (100%
(Control) . ’ ‘ {)
50 L 4.5 8.4  (65%)
go . 5.9 (977) e 1220 (e O

Cytosol protein from 1 g of prostatic tlssue was 1ncubéted\with;either
0. 8 uCi of [1,2 H]dlhydrotestosterone.or‘[1,2 Oy ]testosterone bnder
standard conditions (i.e} 25° C fdr éO min; | On completion of
incubation, the samples were divided inta’ 3 equal mortlons and made " ‘to

v

5 ml each with 0.25 M sucrose solutlon Solid ammonium sulphate was
added over a period of 1 hr to give a~findl concéntration oé 507 of
802 séturation at 0° C. The protein prec1p1tates were collected by
centrlfugatlon,cresdspended in 1 ml of Tris—-EDTA buller, pH 7.0, and
-analyzed for androgen bimding by gel filtration. Binding in the

control sémplévwasldgtefmined direétly by'passing_the.umprecipltated

cytosol through the column.



7

Fig. 4.1,

.Fractions.:of 4.2 ml each Qefe’collectad, the '0.D.  at
o . N )

! .' v ’ : - - ‘. ) . ) ..
260 and 280 nm and the,Jadloatt1v1tyr£n gach fraction

4

Demonstrat@on'of‘in vitro cytosol receptor peaks on

<

cellulose phosphate. . Cytosol preparations were
v

obtained from male rats castrated, 24 hours
v L g

-previcusly. An amount of cytosol protein equivalent

to 1 ¢ ofvprqsfate‘was incubated at 23? C for 90
. e ; T"‘ 2 :
min in 10 ml Tris-EDTA buffer, pH 7.0 containing

' .9 . ) - .
.25 M sucrose and 1.0 x 10 M radiocactive steroid.

Followingeithe incuhation the charged cytosol was

ﬁreciﬁitd{éd with ammonium sulphate (80z'saturation).

The precipitate was desalied by passage through
3

Sephaduex G-25 gel w-and then applied to 2 1 cm x 15 cm
K S . e 1 . e

b ~ oy
[ B iy . .
column of cellulosaiphqﬁphate. Proteins were =
elu%ed'with an ionic,gradipnt consistinéﬁof - :
Y — ,;.‘ * . -~

“Tris-EDTA Buffer, pH 7.0 éontaining G o 0:8 XaCll >

ity -3

. . - : st ! N !
. - M. . JU - . - o
were measured. Panel A,_gadlo$ct¢vyty recovered;-

lv ' .‘.I‘ 3 v < 4 ";» o IR
O————0 - [1,2-"H]testosterone; Cwr——® . .
[1,2<711dihydrotestosterane'. + Panel “B, “typical .. .

Co . » ) . ’,‘i ) ”»

“profile of protein distributiog. , N
o : N N Ct ('Q
}
¥
’ i -
& ’
& -
L “ i - l;
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° 1

The %@argéd cytoscl protein was precipitated with ammonium sulphart
s :

m

at 80% saturation. The precipitate was resuspended in 1 ml of Tris~

- EDTA buffer, pH 7.0; and then desalted bv gel filtration through

i

* g . . »
G-25." The sample recovered in the void volume was applied

Sephade
to a column of cellulvbse phosphate. Proteins were eluted witR an

ienic gradient and the radicactivity in each fracti-n was measured. It

. i ) . ) e,
is evident from the results .shown- in Fig} 4.1 thi- wiile [l,2—3ﬁ]—

J

testosterone was sprcad diffusely throughout fractions 10 to 7(, ’
. ~ .

3 . ' e . - ,
.[1,2-"H]ldihydrotestosterone was recovered in two peaks whith - 5

.corresponded closely with the two peaks of c¢.uted.protein. Most of

the radioactivity was recovered in the Peak 1 area. When the run-
- through fractions from thése columns (i.e. Tracticns 1 to 7 of

Fig. 4.1) were examined on Sephadex G—ZS'cqumns no protcin.bound

radicacdtivity was detected. : o -~ _ . -
. ) ' 3 ., . ’
. Ther= were no qyalltanve.dlygerenges in the

. .

cellulose phaosphate chrqmaqurams obtained when-ghe - ammonium sulphate
T | ‘
precipitation step, and the subsequent desglting proceduregﬁware/ " N

[

i \- .Av s PRl > ’ . - N
deleted .from the experimental dcsggn. Also, when cytosol protein. from
CQa . ) . s . v .

1

hntact_rats was used, the radiocactive.profile was similar to that o

| : . LA . - . v B -

4 . C ’ : Co. < : - ‘ .. . . ! - .
shown-in Fig. 4.1, Negther testosterone 7nor; dihvdrotestosterone Qy, Ce
¢ ' M . v N e -« 0 g ’ : o7 P S BESUEN . B LT T
- S : v, A e L
N W > : . s , . . o

, e . . . N . G, o ,

themdelves are retained by cel]ul&se:phospnate. K L i

- . . L . L - - ’ v o .

. R - : ) . . .
. AR s N LN = ' e : r
I ’ T . o
«
<
\ ~ * - h



3. Chromatography ¢f Cytosol Protein on Sephadex G-200

Experiments were next carried out to investigate the
behaviour of steroid-receptors on Sephadex G-200 coliimns. Cytosol.

protein from castrate rats was incubated as*before with either

-

}[1,2—3H]testosterone or [l,2—3H]dihydrotestosterone, precipitated WVith

N

ammonium sulphate, and applied to :a Séphadex column. Proteins weore

eluted with Tris-EDTA buffer, pH 7.0, or Tri%-EDTA buffer, pH 7.0,

\

containing 0.6 M NaCl. . 'he results shown in Fig. 4.2 and 4.3 give

the protein and radioisotope distributions obtained after experiments

¢

. b FERY - B ¢ 3
with ¢ rvdr :psterone and testosterone respectively. S
. ¢ W o\ . .

.’_1.:",. . 5 .

1 was empluded from the eluant, Z peaks of

L
A e STy . o~ - . . .

radioactivity (i-.e..Feaks 1, I1I) were obaerved in the experiment’s
: - . ;

‘

with dihydrotestosterone (Fig. 4.2A); 'in the presence of NaCl, 3

of Peak 11

i

radioactive peaks were present (Fig. 4.2B).  The absence

-
o

label aﬁ%'the‘relativeﬂy areater proportion of radioactivity associaﬁed~
- T A | - . : L .

L . . ) . f i~ . .‘
with Peak I under conditions of low ionic strength suggests .that Peak
- . Gl e 3 PR - . N > . ) . !

1 may represent .an aggfegated form of steroid-receptor. “Injhoth.the

B 1

N ' . - 2 N ’ - v . N . vA
absence and. presehced of NaCl,, the greatest amount of radioadtiwvity

. RN N —
- N ‘ : : & oo PR
S <o . a
whs recovered in Peak TLI0 % ¢ D ) o
’ - A S . - 3 S
- - ~-When similar experimengs- were dajz ising [1,2-"1]-"
e - : 2 a LA : S
[ - . Lo “ 7 .

festostefbné-as substrate, two Eeqks of radinectivit = were detelted

B ) v ] ‘ 4 Ce ¢ " - : R ©

‘(Fig. 4.3). poth peaks were eluted in wvolumes corresponding to Pefﬁ T
- - . . - T . '

and Peak LIl observed in experiments with dihydrotestosterone.

However, the amount of label associated with these peaks was considerabls

-~

less when comparced to the amount of binding obtained with dihydro-

o
kg

~



Fig.

[N

% \
Demonstrat f in vitro cytosol receptor peaks fo
dihydroteés . zrone’ on Sephadex G-200. Cytosol

protein from 1 g of prostate from castrated rats,

(1

was incubated at 25% ¢ for 90 min in 10 ml of 0.25 M

sucrose solution containing radioactive dihydro-

-9 . . .
testosterone (1 x 10 MY. After the incubation

perist the protein was precipitated with ammoaium
sulphate (807 saturaticn) and collected by.

AT - ey e . .
centYTiiugation. ihe p1‘ec1p‘te vas tnen

resuspended In 1 ml of Tris-EDTA buffer, pil 7.0,

and “applied to a Sephad?x G-200 columnf(l cm x 90 cm).

) . : r : . . >
Proreins were eluted either with NaCl-free buffer
(Panel A) or with buffér containing 0.6 M NaCl

(Panel B). Fractions of 1.5 ml each were
\ o : : s

‘collected; the absorbance at 260 and 280 nm and the

radiocactivity in cach fractien were determined.

U SN .
Radloaat ivity O———=0 ! protein, O——O
A s s s
r . N o R . : . :
L ‘ o ] RN A N ) . \ B
. & ‘ .o ! : C
SR L R - o 4
-, 3 R i i . Lo . RSN .
t ~ * N
) " \
) . o . N
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Fig., 4.3. Demonstration of in vitro cytosol receptor peaks
; 21 - -
for testostercne on SecPhadex G-200. Prostatic
cvtoscol from castrate rats was incubated and
analvzed -on Sephacdex G-200 in an idencical:
manner to.that described in Fig. 4.2. 10 ml of
v.‘ . RN
. . : o £ + : O
. cytosol protein from 1 g of prostate was
. . 3.y ' N
incubated with [1,2-"tH]testosterone (1 = 10 My
Proteins were‘elutad with Tris-EDTA buffer
’ ’ ! . B
/ . PREY — . J— . ra . . . )
(Panel A) drwith Tris-EDTA buffer containirg
. o : ,
0.6 M NaCl (Panel B). TFractions of 1.5 ml each
. were collected znd the radioactivity in each.
T T R v o r
was determined,. : o - ' e
J s . A . : . N
)‘ . - . * “ ~ ' had
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, testosterone. A second difference in the results was that

-

testosterone failed to bind to protein éorfesponding to the FPeak II

area.of the chromatogram even in the presence of 0,6 M NaCl (Fig. 4.3B).
4. Repeat Chromatography of Peaksyfﬁﬂll'and I1I on
s - Sephadex G-200 ’
a ”f Since the results shown in Fig. 4.2 suggested that part

v

of the [1,2-"H]dihydrotestosterone associated with Peak I. arose from

aggregation of Peak IT steroid-receptors, eXperiments;%

in which Peak I was isolated and. then rechromatographe?

Sephadex G-200 under conditions of high ionic'strengtﬁ3?

'

cytosol from 1 g of prostatic tissue was incubated with “I1
dihvdrotestosterone, precipitated with ammonium sulphate, and applied

"to a Sephadex G-200 chanP“ ProteinS‘wqre eluted from the column

v ) .-y
PGy N
. SRR >

: wich TristDTA‘bufferl(noﬁNéCl),”pH 7.0, and fractions 17 to 19 were

poqled‘(Peak I¥. In order to ensure that sufficient‘radioactivity

'
f K

was bound to this protein, the sample was again incubgred at 25° C for
' \

- o T , . .

90 min with "1,2-"Hldihvdrotestosterone. The Peak I protein was then

precipitated with. ammonium sulpbaté.and.run on a,Sephadex G-~200. column

in which JTris-IEDTA buffer tontaininz .6 M NaCl was used as the
L R T R -, [a=) " Y. .

elution huffer.

%

=

t is evident from the result
i : . L -

s §5§wn4ﬁn Fig. 4.4 that

vralﬁ;St all o{'thé~r:liodctivity_was.recovefed)fn'tﬁ? Peak‘lvarea‘of
Jhé'ch;oﬁatograﬁ.‘ if Pcék [ was férméd‘ag o rgéulf of revers%bl;
uggrlga;ion of Poak II roécptofs, disaggregatioﬁ of the former sho@fd

>

hive cocurréd with 2 corresponding . incrgase in the ‘latter when 0.6.M
p 2 ,

N ©



with 1 x 107 noles of [1,2-

the radioactivity and protein™in each was

+

R

: LY
Repeat chromatography uf Sephadex Peak I on

‘Sephadex G-200. Fractions 17 to 19 (Fig. 4.24)

vere pooled and incubated at 25° C for 90 min

B

(o8}

Hldihydirotesto-
sterone. The protein was precipitated with

ammonium sulphate and applied to a Sephadex

~ .

e

G-200 column. Fractions of 1.3 ml each were

eluted with buffer containing 0.6 M NaCl, and

.

. « X = . N B . .
magsured. "Radioactivity, - & O T
. .-.’ N ’ . ¢ , ' . -
protein, O—mO . . . = ., S N
N . ;;- A

[

e



(U0 /bl N1310¥d

400

(o] o (]
I S A

q,, H

=
[l \|\ 1 N .
(@) (e}
= S S
(UoneAjjwdo) ALIATLOVOIaYY =
i w A w,ﬁ N
wo
\ ia £



Fig.

o~

Repeat chromategraphy of Sephade: Peaks II and III

“ephadex G-200.  Fractions 21 to 24 (Peak 11)

I

5 ) .
and 31l to 34 (Peak III) from the experiment shown

in Fig. 4.2B were pooled and reincubated with

o,
L
1 x 10 + moles of [l,2—3H]dihydrotestoste{one.

. :
The Saﬁplés~vere precipitated yith amﬁﬁnium
sulphate (SQZ saturaﬁién)‘aﬁd;apﬁlied to a
SepﬁadeﬁyG—ZOO column; 'Fraé££5A;ﬂof i,3 ml were
eluted with T%is—EDTA buffer, pan.O, containing
0.6.M NaCl and the radiojctivity and protein in
each were‘measdréd. Panel A, fépéat
chromatography of ?eak IT, Panel B, repeat i

chromatography of Peak III1. Radioactivity,

; pre 2in O———0O .,

-
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NaCl was included in, the eluant. However, this'was not the case. v
While the data are consistent with the idez that Peak I radicactivity

. 4 : .
. ] o . : .
arises as a.result of irreversible aggregation @f 'smaller st

recdpkors,

damaged the protein in such a way as- to prevent dissociation o

eroid

g

it is equally possible that the experimenitai manipulations

f the

, &
aggregates.
: Expeyliments similar to those described above with

Pezk I proteins. were performed with Peak I1 and Peak 111 material.

Fig. 4.5 shows the results of experiments in which Peak II receptors
D . : . . . “ RN ) . :

o

44) or Peak TIII receptors (Panel B) were isolated, incubated with'
r b

a

I SO c, 3 . ) . " A L
&roid, and again chromatographed on Sepnadex GTQUD columns. In

“3tances the major partion of the protein aSSLletéC radio-
el . = ; . lf .
.was recovered in the same fractions that were applied to. the
T ‘ | \
. + : B - N N ' '(
. ' . /
1 - ‘
. K . ) ’ N
5. Stokes' Radii and olecular Weights [/ . ,/ -
n B o ’—}g\ ‘, . N o I
‘ : Wt - /
. ~Gel filtration. provides a rapid and simple method for
estimating the molecular wéight and molecular size uf protein#.
. . . N . I
. ; - ) 5’ : ) _ ) N ' ' — \“ .
Several studies (Vhitaker, 1963; Andrews, §964,ri363) have sjowr that

the elution volumes of'proteins are large#% determined by their.

.. . . Ly . L . g :
molecular weights. Molecular weights can be estimated lg/relatlvely

i

is not required.

crude

reparations and hence extensive purification
- .

However, when molcdular weights are de

calibration substances nust he {rem the same homelogous group .of !

proteins having
I V.



‘molecular'weight of.147,OJW - 153,000 aﬁd a Stokes' radius of "47 - 49
S : . *

< \\5;’ . ’ 4 . N ) ) -

" information is averilable as to the- molccul :r shape of the cytoplaspic
; : ¥

o R . : . -
androgen recepbors&»%ﬁatlmates of the molecular weights of these
. . . .
proteins, using globular proteins as standards, may he

B . - B K . . R
inaccurate. However, the derivation of Stokesfvradii from Sephadex. \

" - - " < . i

- C N . S R A L
elutionidata Without assuming a particular molecular sheg

accepta@@e (SiegeL;aﬁ&\ﬁqnty, 19g6; Andréws, 1970) . g;
L A Séppadei'G*éOO gélumﬁ (1 cm z;@O cm) waé célibraéedv
with 200 to 500 ué of\each of the following stahdard;; cyfochrome Cy
RNase I, DNasg, ovalbum%&h bobf%e serum alpumin apd its dimer,
aldolase, and bovine vy globulin. é;lculaﬁion of'the partition

coefficient (Kp) between ghé liquid phase and the gel phase was done
. L ‘ L

. - ) ‘K‘. T
¥sing the relationship (Laurent and Killander, 1964) Kf = (Ve - VO)/'

VT - VO), where Ve i@ the,elution volume of the pafticulay-solute,

VT is the total volume of the gel bed, and Vé is the void volume:

When the Kp values obtained for the protein standards were plotted

against-theif respective molecular weighfé (F%g..4.6A).or Stokes'
Y : . 5 : : ’
radii (Fig} 4.6B) on semi~log scale, a linear relation$hip wadp
observed -in each case. From these plots it was possible to calculate
the desired physical parameters of the cytoplasmic rgcepto%»proteins

~

for dihydroteétosteroﬁe.' “ur, example, Peak II protein had an apparent

while Peak LII protein had values of 34,000 - 36,000 and 23 - 25 A for

molecular weight and Stokes' radius respectively. Because Peak 1 —

IR

protein appeared in the void volume, estimates of molecylar size could
e . .

Al

not be dal#ulated_fox this_reééptor.'=The relevance of the molecular

& S
-2 .

i
Y
o

®
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.

Fig. 4.6. Correlaticn¥f Kp with molecular weight and
. a - A
’
Stokes' radius. Partition coefficients (Kp)

‘of'pqotein standards\Wete computed from data

obtaiﬁéd from Sephade% G-200 experiments
according to the relationship Kp =
. . V=V
. S ' T o
Thé/arrows indicaté the Kp values obtained

\

for Peak IT and Peak‘iII compiexes: The

=Y

relationship between partitidn‘coefficients

and molecular weights and Stokes' radii are °

3

. : ¢ "
shown in Panel A and Panel B gespegtively.

&
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R
weights asorited tJd Peak IT and Peak III proteins are of ﬁdﬁése.
: . Eo ma;n
contlngent on acecuracy of th@ assumptlon that both pro:eins h@ve -a
lf"
gl-uo .r shapa.
6. Seguential Analysis of Cytosol Froteins on fellulose .

Phosphate and Sephadéx G-200 "Columns

Although one can deteci at lcast- two distinct types

-

of dihydrotestosterone receptor proteins using Sephadex'GfZOQ
. . S T ' ' T
chromatography (Fig. 4.2).and cellulose phosphate chromatography

(blo 4 1), it is not clear whether tnese protelhs are - equlvalent
] eR

in the different analytical systems. For example; does Sephadex - ~

Peak~II1 feceptor correspond to cellulose phosphate Peak 1 receptor,

and similarly is Sephadex Peak II receptor the same as cellulose

phosphate Peak 2 receptor? To answer these questions and to'provide

2

further information as to the number of discrete androgen binding.
proteins preSent"in_prostatic cytoplasm, a two step purification

procedure was employed. . ™y

Ten ml of cytosol protein from castrated rats was

=% M [1,2-38]dihydro-

incubated as before in the presence of 1 x 10
testosterone. The labeflled protein was_precipitateé with ammonium
sulphate, desalted on a Sephadex G-25 column, and applied to a’ e
cellulose phosphate column. After elution with a,salt gradient,
€ractions containing Peak 1 receptor (i.e. fractions corresponding to

tubes 24 to 27 of the experlmept shown in Flg 4, 1) were pooled and

then relncubated at 25° C for 90 min w1th [l 2- H]dlhydrotestosterone.

" 82




% | |
';Oh1coﬁpletion of'tﬁe‘secondvincobation, thebsamplevwas again
. prec1p1tated‘w1*h ammonium sulphate and subsequently run.on a
Sephadek G-2090 column. ‘The resulps of this experlment are shown in

.:Fig.:q.fa. V‘rtually all of the. dlhydrotestosterone blndlng act1v1ty

-

' absoc1ated w1c“ cellulose phosphate Peak 1 was eluted from the ’
Sepnadex G—ZOO'Column in the same position as Sephadex‘Peak I1

receptors. By'ahalogy therefore,,one mlght expect that cellulose

phosphate Peakwc'“s equ1valent to the. Sephadex Peak III.

3 In order to examlne Ghls pOSSlblllty, Peak 2 pfdtein"j

- was 1solatcd as descrlbed in the experlment above u51ng cellulose

~

"pnosoh te (tractlons 34 to 38 in Vlg 4.1) and then reincuhated'yithi
h[l,2e3H]dihydrotestostéroneﬁ Following.iocuhation,bthe saople.was
“jprec1p1tated ulth armonium - solphate and then chromatographed on
Sephadek G 200. - eun cctedl;5'when\*he radlolsotope and proteln

: concentratlon3~were measured.in tire eluted'fracfions, 3 peaks of
;radloact1v1ty were found correspondlng to Peaks I, II, and III

L

(Fig..zt7ﬁ)q Slnce cellulose phosphate Peaks 1 and 2 were well
o e

o Separaoed; the possihility,that Peak Z'protein was contaminated b&

: Peak l protelh prior to chromatoéraphy on bephadex ls remote.

Thus, it woold appear that there/are'seperal forms of receptors for

dihydropestostéroné in ﬁ!ostatic cytosol; 'Three.haVe'idehtical

faffinity for cellulgse phosphate‘but possess étokes'.radii of

approximately 24 g,‘48 A and greater chah 48 A (SephaoexaPeakbl).

A fourth form of'receptor.has a Stokes' radius of ahout 48 A but

Lo ) ; & .
displays a reduced affinity for cellulose phosphate.

~

© 83



. Fig.o4.70

i
.-

ghggmatography_of cellulose phosphate Peaks '1 and

2 on Sephad;;MC2200:~—Beak”l and Peak 2\cqmplexes
were isolated from cellulose phosphate 3

experiments with in vitro labelled cytosol

receptors. Fractions corresponding“to Peak 1
' o ' f -l

protein were pooled, incubated with 2 x 10

moles of [l,2-3H]dihydrotestoStéroné, preéiﬁitated

with ammonium sulphate, and then applied to a

Sephadex G-200 column. Similar‘operations were

perfqrmed with Peak 2 protein fractions.. In each

" case the Sephadex columns were eluted with Tris-

' EDTA buffer, pH 7.0, containing 0.6 M NaCl, and

fractions of 1.3 ml were-collected. Panel A,

‘gel filtration of Pﬁaﬁil;AgPanel B, gel

filtration of Peak 2:.L~t"_'Rédioactivity', o——@ ;

[ESY

protein O——O

,
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-PART I? - Nucleér’Receptors

I

1. Cﬁromatqgraphy of Nuclear Extracts on Cellulose Phosphate

Partial purification of intranuclear steroid-
receptors was undertaken next and the first gpproach invelved the
use o7 cellulose phosphate. Inte:t animals were used in these
experiments since it was assumed that there wbuld be more receptor
sites in prostatic nuclei of normal rats compared to ﬁncleigof
castrated rats (Fig. 3.6). Purified nuclel were incubated in Tris-

. .. : —lli'k/
EDTA buffer, pH 7.0, containing 0.05 M NaCl, and 1 x 10 moles of

{1,2~3H]dihydrote§tosterone at 25° C for 90 min. Followjiig -

‘incubation, the nuclei were sonicated, and extracted with_bdffer,

containing 0.6 M NaCl. The resulting nuclear extract was desalted by

g%l filtration and then applied to a cellulose phosphate column.

The column was eluted with an ionic gradient, and fractions were

-cbrresponding to Peak 1 obtained in experiments with cytdsol

assayed for protein and radioactivity. Two radioactive peaks were

observed as shown in Fig. 4.8. While one peak appeared in fraction
. N \\

»(Fig.'&.l),-there was less radioactiviﬁy in this peak than;in the

second which waé eluted at épproﬁimately'0.6 M NaCl, Ipsng£§0n of
Figs. 4.1 and 4.8 reveals that the second nucieaf peék is not 5
) " ' , R
identical with cytosol Peak -2 (eluted at 0.52 M.NaCl) and o
accordingly'is-depictédvag Peak 2a._'if the nuclei were first
extrécted and then incubated with [l,Z—Bﬁ]dihydrotestosterone, the
.profile of radioactivity obtaiﬁed'did-npt differ from thét shown in

Fig. 4.8.

86



Fig. 4.8.

FAS

-

N

Demonstration of ip vitro nuclear receptor peaks on
cellulose phbsphate. Prostatic nuclel were

obtained from intact male rats according to the

.isolation procedures described under Methods.

Approximately 5.0 x 107 nuclei were incubated at \\
Jx m - ’ N
25° C for 90 min in 1 to 2 ml Tris-EDTA buffer, ' \\ -

éH 7.0 coﬁtainiﬁg 1 x 10_ll_moles of [l}2f3H1~
Aiﬂ§8rotestostéroné. Followiﬁg the iﬁcubation
period, the nuclei were sonicated and extraétéd
with Tris-EDTA buffer, pH 7.0 conﬁéiqing 0.6 M
NaCl. vThe nuclear extract was desélt;d by gel
filtration,'épplieé_to alecmx 15 cm column 6f,
cellulose phosphafe; and proteins were eluted with
an iqnic-gfadienﬁ consisting’of Cris-EDTA buffér, 7} Sy
pH_7 )vcontaining 0 £0'Q;8 M NacCl. 'Fractibﬁs‘of |

4.2 ml each were collected ‘and the'absorbance and

_the radioactivity in each fraction were measured.

4

oy - 2 o
Panel A, radioactivity.recovered; Cﬁ%————f.

_[1,2-3H]dihydrotestosterone.,'Panel B, typical

. profile of protein distribution.
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Since it was showr pre%ionsly that there is a decrease

e
in the levels of intranuclear bindlng of dlhydrotestosterone 1n -

‘.f

castrated animals (Flg 3.6), it was of interest to: determlne

whether this effect was due to a speclflc kfduétfon'in either Peak 1

! ~

or Peak 2a binding. Accordingly, nuclear extracts obtained frgm
- . / 47 F) » n )
rats castrated 24 hours prev1ouslyzwere incttbated and chromatﬁﬁraphed

' ,‘.,‘ P

4

4,,

on cellulose phesphate in the same ' AnR

r, described above for
preparations from‘intatt animals. " THo resultsyshown in Fig, 4.9

-reveal that_in these experiments [l32—3H]dihydroteétésterone was -0
’ ! F-S | ’ . . «7']' ) . . [
bound,almost exclusively to Peak 1 protein. .Very little

- radicactivity was associated with{tﬁe Peak 2a area of the chromatogram.

" Apparently, castration eaué%s a selective loss of Peak 2a receptor

sites. . o R S VI
. . , . . ¢ :

.»' 2

-

¢ ‘ o
-2, Chromatography of Extracts of Nuclei on Sephadex G-200 \ =/\
A ' ' v . ' < '

L.

LS " The second approach go the partial purification of
o / : ' » 7 . ) .
nuclear receptors involved the use of Sephadex G-200. Nuclear extracts,
. obtained from the-prostates of intact and castrated rats, were':

incubated with [l 2- H]dlﬁydrotestosterone for 90 m1n at'43° C and

~ . F

then applied dlrectly to a column of Sephadex G-200. Elution of the!

protelns was accompllshed with Trls EDTA buffer, pH 7. O contalnlng
<

P2 e U

0.6 M NaCl. Figs. 4.10A and 4.103 showvthe distribution of radio-

: s . ) - g 3 . ‘. iy ] - ‘ ) .
activity and optical density at 260 nm,observed with nuclear.
extracts from intact and castrated rats respectively. In the fprmér o

case two distinct peaks of radioactivity wege present - one : o
- . L B . Q- )

associated With_thelvbid‘VQlume, and the other with an elution volume

- J -
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Fig. 4.9. Chromatograph of extracts of prostatic nuclei of . N
castrated rats oﬁ'cel}ulose_pﬁosphate. A nuclear S
extfgct, equi;gﬁent«to's X 107'nuclei, was L 45;.
obtained from rats castrated 24 hours .previously. s A
: : v 7 _ j D
The sample. (1 to 2 ml) was incubated’at 25° C for A \ &”hP
| . ‘ v : . , . . o . -, .\\é;‘}::?‘
- 90 min with 1 x lO_ll'moies of [%j2¥3ﬁ]dihydro+ ’ e
testoéteroﬁe, desalted by gel filtrétion, and then
. e o
chromatographed on cellulose phosphate as degcribed .
& ) . » :ﬁ ’ . o - \\ N ’
in -the legend to-Fig. 4.8. Fractions of 4.2 ml - °
A were collected and the radicactivity in each’ = ) .
. . . - N 'v . !//J .
was determined. ' S e ‘ o =
® s o

N
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Fig. 4.10.;1Demonstr5tion.of n vitrd nuclear receptor peaks-on

L~

&

'Sephadek G-200. Approkima;éinS b lO7 nuclei were

isolated from intact and castrated rats and

e

extraé%ed with Tris-EDTA buffer, pH 7.0, containing

K 0.6 M NaCl. The nuclear e%;féc;s (1 to 2 ml) were

ificubated Gith M x 10 11 moles”of  [1,2-%)dihydpo-"

testosterone for 90 min at 25° C and then applied

to a Sephadex G-200 column. Fractions of 1.5 ml .

were eld&ed from the column with Tris-EDTA buffer

>containing 0.6 M NaCl.. Panel A, extracts prepared

from prostatic.nuclei of intact rats. anel B,
extracts .prepared from prostatic nuclei of .

castrated rats. Radiodctivity, @— —@ ;

absorbance O——O . - o -

N N N
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: A
equivalent to that noted for cytosol Peak III protein (Fig‘AA.ZB).

On the other hand, nuclear extracts from the prostates of castrated
ratsvcontaiged only the.larger form ci receptor appea?ing in the

- void volume. ‘Thgs the steroid~b§ﬁding activity of reéeptor with
a Stokes' radius of 24 Z,;disappears within 24 hours after
castration. Since cellulose phosphate Pgak 2a 1is alsé lost after
castration (Fig. 4.9), it is reasonable to'beliéve that Sephadex

Peak IIT receptors_énd cellulose phosphate Peak 2a rec:.ptors are

- equivalent. Similarly, cellul

e phosphafg&Peak 1 receptor of the
nucleus is probably the same bindi! protein as that recovered in the
void volume after Sephadex G-200 gel filtration. . S N

——
»

v ‘ _ :
( 3. Repeat Chromatography of Nuclear Peak III

a

To investigate the possibility that the dibydroteéto-

5

sterone binding activity recovered in the void volume after gel;
filtra;ioﬂ through Séﬁhadex”G—ZOO arises :; a result;of'agg;egatipn

of Péak III_receptbrs, experim@nts were dbndﬁcﬁed in which isolated
Peak III proteins were incubated andisubjected to re;eéi gel
fnltratioh;._Fractions at the cénter of Peak III_Kffaépions 32'£o'34
injFig. Q.llA)‘were pooied and incubated with<[l,Z-BHJdihydfoﬁesto— !
;téroée.. A sample of 1 ml was apﬁliéd to afgephadé; Gj200apoluﬁh‘
:and subsequently eluted éroﬁ the column with Tris-EDTA b#ffer, pH 7.b;
-'containing 6.6 M NaCI.‘ The results of this expe;iment; depiétea in

Fig. 4.11, indicate that there was no measurable change in the

elution volume of nuclear Peakblll radioactiviﬁy. Hence, it .appears

. -
)



Fig. 4.11. Re_ =at chféﬁatograﬁhy of Seﬁhadex Peak III nuclear
| receptor on Sephadex G-200. Fractions 32 to 34
_frombthe experiment sho%n invFig. 4.10A were
_CSmbined and ihcubate?/in the presence of
1 x iO_ll«moles of [l}2—3H]dihydrotestosferone‘at
25° ¢ for 90 min. 1 ml of the sample-(total - N
volume of 3 9 mi)'waé tﬁen a;plied‘to a -
'Sephadex G 200 column and eluted with Tris-
‘:"EDTA buffer, pH 7 O contalnlng 0. GAM NaCl.

- The rad10act1v1ty in each fractlon of. l 5 ml

- was measUred; L - .
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_ S | ' ‘
unlikely that the formation of the large receptor complex is due to
’ aggréga;ion of smallér‘receptor units during the'éiperiment.

However, this conclusion is tentative in:.view of the possi ility that

.

conditions used may not be adequate to ﬁroduce the aggregation effect.

-

4. -Effects of DNase, RNase-and Pronase on Nuclear Receptors

3 A

v te . -, -

>Ip has been suggestéd‘that the 3~4S steroid-receptor

complex recqvered from targé; céll_huclei“maé itselfvbecsmg bound to
}anothe; nuclear méérdmdlecule. Whilé.fhe?chemical compoéition of
the iatter complex was not élucidape@, it was tﬁbught to be a
protein which was‘only foun& in Fhe hﬁclei of hormone responsive

‘tissues (Tymoczko'and Liao, 1971). ’Mo:e’rebeﬁtly,.hOWever, King

-

ana Gordon (i972) demonstrated' that- the 48 nuclear ;eceptor gomplex
from rat uterus binds tg DNA." Liao et al. (1973), on the other haﬁd,
have pr;seﬁted éviéénce impiicating an RNA containing fraétion as
the'principaLDﬁuclear.entity tHat binds the anérogen—receptor complex.
Becausg of the uncertéiﬁty»in?the evidence,
experiments wéreiﬁerf&rmeavin which 1;belled nuclear extracts were
incubated‘wigh Various.digestivé énzyﬁes an? chfomatographed on -
Sephadex‘G—ZOO; Nﬁclei were obtaiﬁea from pqutates of castrated
'raté.and-appfopr?até~e$tracts'Were incubated with [1,2—3H]dihydr8-

testosterone at 25;_0 fér 30gmin}} At Ehe enévof~this Pefiod, RNase or
‘.DNage‘was added} aﬂa t;X§s§lees wereiincubéggd'af 25° C for a furtherw
60 min. 'The'reaction mixturé§‘were sﬁbjected to gei fiitrafion on;

: Sébhadex,@—zoo; and the elutéd fract?bns werehgnélyzed‘for radioazﬁivity

-

- | : | ~
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~void volume. Apparently, the steroid binding sites in the nuclear

. "" . —
JoF L

Lo o

‘
\

and absorbance at 260 .nm. The results shown in Fig. 4.12A reveal that

DNase cau$ed a significant drop in the amount of absorbing material

present in the void_&olgme of the column (cpmpare with/Fig; 4.108B).
However, tHere was no accompanying loss in &he amount of [1,2—3H]—
dihydrotestosterone associated with this fraction. 1In the

experiment with RNase, a slighéydecline was Qbserved’in both the | ’
height of the peak of radioéétivit& and in the absorbance spectrum

(Fig. 4.12B). Siﬁce BNase d;d'ndt cause a significant drop in the
radioaCtivity—bbundvtbiproséatic nucleér receptors of intact rats

(Table 3.3), the results pfésented'here (Fig. 4.12B) are probébly

due to experimental .variation. Thus under these conditions, neither

DNase. nor RNase produced a significant depression in the binding of

radioactivity associated with Sephadex Peak I.
Al . ’

When pronase was incubated with nuclear extracts from

prostates of intact rats, the results shown in Fig. 4.13 were

obtained. The radioactivity tha& in control experiments (Fig.34.lOA)
was bound to small receptérs (nuclear Peak III), was not e&ident;

however, "an appreciable .amount of radicactivity was recovered. in:the

¢

{ * "

Peak I fraction are less susceptible to proteolytic digestion .than
those in the Peak III area o%{the column.

-

+
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Ef fects of DNaée and RNase on the binding of

dihydrotestosterone. In each experiment,
’ ¢ .

approximately 5 x 107,nuclei from castrated rats

were extracted with 0.6 M.NaCl in Tris-EDTA

buffer, pH 7.0. The nuclear extracts (i to 2 ml) were
incubated with 1-x 10_ll mcles. of [1,2—3H]—
dihydrotestosterone for 36 ﬁin at 25° C. At

this time 500 ug of either DNase or RNase were

added to the incubation mixtufé. After a

further 60 min at 25° C, fbe samples were

apﬁlied_to a Sebhadeva—ZOO ébl?mn and éluted '-f'
with Tris—EﬁTA'bﬁffef,bﬁﬁ 7.0, containing 6.6 M

NaCl. The absqrbance at 260 nm and radio; » h

activity in each 1.5 ml fraction were measured.

-Panel A, treatment with'DNase; radiocactivity

( &———® ), absorbance ( O———0O ).
’ o .
Panel B, treatment with RNase; radioactivity
. . " [~4

( @&——® ), absorbance ( O—-—-—-—O ).

Q
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Fig. 4.13.

absorbance, O—mQ ., p@gy

'

Effect of pronase on the binding of dihydrotesgo—
sterone. A-nuclear extract was prepared from
5% 107 nuclei obtained from.intact anima’ s

The sample (l to 2 ml) was 1ncubated with

1 x 10_l moles of [1,2~ H]dihydrotestoster;ﬂe

at 25° C for 30 min at which time 500 pg of-
proﬁase.ﬁas added. "After an additiOnal_éOimin

incubatidn at 25° C the sample was appl&ed to

a Sephadex G=-200 column and 1. 3 ml. f:ﬁ@tlons

were eluted w1th Tris-EDTA buffer, %?3'7 0,

’containing 0.6 M NaCl._ Radloact;v ity Gw——O H

o
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5. Testosterone Receptors in Nuclei

The binding studies described in Chapter III indjcate

. that testosterone binds to nuclear receptors with a felatively high

affinity (Ka ~ lO7 M‘l). Therefore it was expected that’ blndlng of

testosterone to. spec1f1c peaks could be readlly demonstrated Gel
flltratlon using Sepbadex G-200 was the technlque employed in thls

study 51nce the previous reSults (Flgs 4.1 and 4, 3) with cytosol

- . Te—
~—

* receptors, 1nd1cated that testosterone. blndlng could best be

demonstrated in ‘this manner. N e -

[y

Nuclear extracts, prepared from prostates’ of intact

rats, wereﬁineubated>at 25° € for 90 min with [1,2—3H]testosterone. .
B C._,. . .

Following this, the sample was applied.to a Sephadex G-200 column
and then eluted from the'column‘with Tris—EDTA buffer, pH 7;0,

containing.0.6 M Naél The results shown in Flg 4.14 indicate that

=3

the proflle of radloact1v1ty was qualltatlvely 31m11ar to that\'
«[xt_

observed when - [l 2~ H]dlhydrotestosterone was used as substrate- S

(compare with Fig. 4.10A). The two radioactive ﬁeaks were;almost
eoineidentwitb‘Sephadex_Peaks I and III. However, testosterone

"binding differed in two resbects. First, the_quantity of 3H—steroid

-

’ bound to nuclear receptors was con51derablyiless than' that observed o

in parallel studies uslng [l 2- H]dlhydroteséosterone. Second?&, #

in qhe experiment with testosterone, the amdbnt of radioact1v1ty in

Peak I‘was muc%rgreater than in Peak I1I; by coutrast,-the,radioi‘r\fa\;;\\“;;;h

activity in these peaks was almost -the same in experiments with
, , oo F ; : .

dihydrotestosterone. ~



Fig. ®N14.

nuclei, isolated, from ‘intact rats, was

incubated at 25° C for 90 min with 1 x 107

’ﬁréctions of 1.5 ml were collected aﬁd measured

<

QBinding of testosterone to intranuclear receptors.

Bl

11
) - L, 3 . . . ,
lmoles of"’[1,2-"H]testosterone. On completion of
'incubatién, the samg?ﬁkVaé énalyzéd on a .

Sephadex G-200 column (1 cm x 90 cm).

for radioaqtivity. \

- A nuclear extract. (1 to 2 ml) cbrfeé;g;;}ng to 5-~x,107 K

4

(R Vs
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2 ' CART ITI - Serum Receptors
. . * . ¢

’ : _ : o
Although precautions were taken to ensure that
. N o
‘contamination of the cyjoplasmic and nuclear preparations by serum
protéins was minimized,‘it’remained possible that some of. the -
dihydrotestosterdne binding ascribed to intracellular proteins
resulted from binding to seruﬁiproteins. Both steroid-binding

glgbulln and serum albumln are capable of binding androgens

(Restphal 1971) (Therefore experlments were conducted in which
serum ‘otelns were 1ncubated with radioactive dlhydrotestosterone‘

and then eXamined by analysis on’Sephadex G-200 and cellulose

.
phosphate columns.

Samples of blood were collected in heparinized tubes

v
t

from the jugule vein of castrated rats. Serum proteins were
3 . - ‘ . . v N ) . .
separated from erythrocytes by centrifugation at 500 x g for 10 min

in a SotVall(chjl'centrifuge (HL—& fotop; Ravg 12.5 cm). "The upper
layer was\renoved and then respun at 500 xAg to further clarify the
serun fraction. The flnal supernatant was decanted 1nto clean t;bee
and allquots.were taken for proteln determlnatlona ’ ﬁ
i é;mples containing‘lS to 20 mg.of serum protein“were

brought to a flnal volume of 1 ml with TF&S EDTA bufler, pH 7.0;

. 3
and then 1ncubated at.25° C for 90 mirrin the presence of [1,2-"H]-
dihydrotestosterone.’ On'completion of incubation, the proteiné were

,__)«

either applled dlreccly to a Sephadex G-200 column or paséed‘through

a GephadeXeG 25 column and then applled to a cellulose phosphate column.

. . . N . [
" . N ° -

106
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The results of thcse'experiments'are shown in Figs- .15 and 4.16
_respectively. Two peaks of rad10act1v1ty were observed .in the .}//

3 -
)

Sephadex b~260 chromatogram. The first peak eluted from the column
was relatively small and diffuse, ahdihad an elution volume consistent
Wlth that of steroid—bindingjvglobulin." The second peak, which
contained the majority of radioactivity, was recovered in an elution
volume that corresponded to a globular protein with a molecular weight

of approx1mately 64,000 - 68, OOO The latter protein is probably

albumln Both’ types of steroid binding measured in these
‘\
Y-

experlments had. dlfferent elution volumes than those observed in
similar experiments with,intracellular'receptors_of the rat prostate
(compare with Fig. 4.3B).

When the seérum proteins were analyzed on cellulose

phosphate two peaks ofiradioactivity were again observed (Fig. 4.16):

. ~
Although it was not EStablISh§J£§h1Ch peak corresponded to

&

albumln and which to‘sﬁer01d blndrhg globulln,qthe positlons of the
peaks in the cellulose phosphate chromatogram dlffered from

| cellulosg phosphate Peaks 1, 2,'and 2a (compare with Figs. 4.1 and
4.8); Clearly, both Sephadex G-200 and cellulose phosphate
chromatography allow one to differentidte between the androgen.hinding
proteins of thewserum and of the prostate. Slnce'neither steroid-
hinding globulin nor serum albumdn binding activity is detectediih
prostatic preparations,‘contamination by extracellular proteins is

probably minimal.

107 .



Fig. 4.7 5.

Demonstratioéon of in vitro lébelied steroid-

receptors of serum on Sephadex G-200.

_ Apprékimately 18 mg of serum protein in 1 ml

of Tris—-EDTA buffer, pH 7.0 was incubated a
25° C for 90 min with 1 x 107'" moles of
[l,2~3H]dihydrotestosterone. ??ollﬁﬁing N

incubation, the sample was appliéd to a -

‘Sephadex G200 column (1 cm x 90 cm) and elﬁfed

with,Trié—EDTA buffer, pH 7.0,-containing 0.6 M
NaCl. Fractions of 1.5 ml were collected

and radioactivity was measured.

).
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Fig. 4.16. Demonstration of in vitro labelled steroié—v
’redgptors of serum.bn celluloée phosphate. , \N\\j

Approximéte%y_ZO mg of serum prote;n was |
incubated as described in the legend of
Fig. 4.16. Following incﬁbation tﬂe‘sémple
was passed th?ough a Sephadex G—é5 column.
The void volume Qas then aﬁélyzed on celiulbée
phoéghate'ﬁnder the same qbnaitions as

described in the legend to Fig. 4.1. .
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D.” Discussion

In tbis investigation 'four types of receptor molecules
for dihydrotestosterone'were observed.in prostatic cytosol.
Examinatién of ig.vitro lébelled cytoé 1 extracts on tellulose
pﬁpsghaﬁé columns revéélea the presenfe of two discrete peéks of

[N

radioéctivity (Peaks 1 and 2) (Fig. 4.1). Further characterization

of these peaks on Sephadex G-200 dgménétrated that several forms of -
dihydrétestosterone bindingcproteins were present ip prostatic
‘cytosoi. ’Péak 1, obtained with cellulose phosphate, was found to.
contéin receptor:proteins with a Stékes' radiué of about 48 2
(Fié. A.AA);‘whereas réceptdr proteins of at least three different
ﬁolecular sizes were detected‘in_?é;k 2 (Fig. 4,2B).. - These had
Stokes' radii of 24”&, 48,&,,and‘>48 Z; In thiS'invesgigation? it
Qas also found that certain of the cytosél recepﬁor complexes
undergo a molecular siée réduggién;in the presencé of high molar
salt. For exaﬁple, when ig_zigéé labélleg‘cyﬁbsol extracts were
rﬁn oﬁ Sebhadex G-200 the distributionngf\;adioaétivity between
Peak I and Peak II could be altered by ch;ﬁging the concentration
of NaCl in the eluant. At high ionic strength (0.6 M ﬁaCl) more
radioactivity waé'bound to>Sephadex.Peak iI;AconVérsely, in.the'

- absence of NaCl, more radioaétivity waf‘bouﬁd to Sephadex Peak I - -

P

(Fig. 4.2). _
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Stqdy of the intranoclear binding of dih?drotestosterone
furnished evidence of the existence of two recepcorS'ﬁor.dihydro-
testosherone. Using cellulose phosphate, one nuclear receptor was
eloted in a position corresponding to cellulose phosphate Peak 1 of
cytosol (Fig. 4.8). The other nuclear receptor was eluted in é
position close to,buc‘not c01nc1dent,w1th cellulose phosphate Peak 2
of cytosol and was, designated Peak 2a (Fig. 4.8). When Sephadex G-200
was used to analyse the incranuclear binaing of dlh&drotestosterone,
two peaks were again Qg;ained, one corresponding to Sephadex Peak I
of Cytosol-and thefoch;}lcorresponding to Sephadex-Peak_Illvof
vcytosol Cascratlon caused'a marked reduction in the size of
cellulose phosphate Peak 2a and Sephadex Peak II1 of the nucleus.

These parallel changes suggest that cellulose phosphate Peak 2a and
éephadex Peak III represent the same receptor. The relative Stablllt;k
..of cellulose phoSphatehPeak 1 and Sephadex Peak I suggests that these
peaks represent. a second'intranuclear-binding site.

Comparison of the chromatogruphic-properﬂies ofbthe‘
cytoplasmic and huclear receptors”és detefmined by in vitro
experiments, 1nd1caces that there is a single receptor that is common

 to both the cytoplasm and nucleus. This receptor has a Stokes

radius of 24 A and both the cytoplasmic and nuclear forms have

“similar, though not identical, affinity for cellulose‘phosphate

(R

(compare Peaks 2 and 2a in Figs. 4.1 and 4.8).



Th@ ahemical nature of the
g 0,, EX
presumed second nuclear receptor 1s }es$5c1ear

by its sensitivity to pronase.

aBolished by pronase (Fig} 4,13).

SRR -?'"J*cS’ :
digestion and only sllghtly sensitive to ﬁNase dlgestlon (Flg 4.12).

The reason for the relativeA%esistance of this peak to ;hese :
treatments is not clear. It is possiBle that the binding to:
Sephadex Peak I represents a different type>of complex tﬁaﬁ:the
binding‘to Sephadek Peak IIT. ‘This view is consistent with Fhe
suggestion of Tymocyzko and Liao (1971) thae the.nucleue contains an
acceptor siﬁe which bindsvsteroid,or steroid—Protein complex
transporteﬂ %croés the nucle;r membrane.

% No binding of‘[l,Z—BH]testoéterone to eytosol “
'prepein could be demonstrated on cellulose phoephate'(Fig. 4.1).
. The isolation of testosterqne—protein‘complexes was more successful
when Sephadex G—ZOO was use& and pr‘peaks‘of radioactivity were
obtained (Fig. 4.3);' The first peak was eluted in the void volume
and the‘seCOnd‘peak was eluted in. a position similar to Peak III.
Both peaks were: smaller than those obtaieed in comperable
experiments with [l,2-3HJdihydrotestosterone. Also,;the pfesence'of
0.6 M NaCl‘in'the eletion buffer didrnot'giﬁe riee to a testosterone
binding peak. in the cytoeol cbrresponding'te Sephadex Peak iI. 7

(Fig. 4.3). Together this evidence suggests,tﬁ%t the receptor sites

fo¢'testostef¢ne are different from those for dihydrotestosterone;

2
. B - )
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however, the results may also be attributabié to the possibility that
_experiméntal conditions used were inadequaté-to obtain maximum
binding of testosteroée.‘ In the next Chapter, éxperiments are
described whiéh were unaértaken to.eéta£lish whether these in vitro

results could be related to the in vivo action of androgens. ' .

—

.



CHAPTER V ‘ .

IN VIVO BINDING STUDIES

A. Introduction

There is considerable\evidence to suggest that nnder
g
>3

in vitro conditions cytosol ster01d receptor in. the presence of

dlhydrotestosterone stlmulates the 1ncorporatlon and retention of
dihydrotestosterone by isolated nuclei (Fang E£=3£7’ 1969; Fang and
l97l;vStegg1es'g£_§l.,-1971). While sucn énlobservation would be
expected if steroid- receptors mlgrate from cytoplasm‘to nucleus, lt
is not.certaln whether tthis mlgratlon ‘occurs in v1vo Generally
" speaking, in vivo studles of androgen upteke.and retentlon by rat
ventral prostate have not been concerned w1th the effect of blndlng
protelnsAln regulatlng the»1ntracellplarrdistribution of annrogens.
Accordingly, expéeriments described;lnﬂtﬁislcnapter were undertaken,
first .to differentiate between cytoplesnlcuand nuclear ster01d—

receptors under 1n vivo condltlons, secondly, to compare these w1th

‘ster01d receptors deflned under in vitro conditions, and thlrdly, to
A ‘

assess the functlon of ster01d receptors in- terms of thelr role in

the transport of steroid from cytoplasm to-the nucleus.

’

o f
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B. Materials and Methods .

1. Preparation of Cytosol and Nuclear Fractions

- .
v

Approximately 24 hours after castration, male rats

were eviscerated, functionally hegatectomized; and then'iojected
.- .\ [ - °

intravenoosly with 150 pCi of radioactive steroid. (It has been

~ shown that ablation of viscera causes significart increase in ‘the

amount of radioactive testosterone taken up by the rat ventral:

prostate (Bruchovsky and Wilson,-l968a)). After lO, 30 60 or 120 min
the rats were kiiled4by.decapitatioﬁzand their prostates were removed.

+ s . ‘ 3 . - A
The procedures used for-the homogenization of prostatit

-

tissue and isolation'of nucleiland cytosol were identical to those

used” in in vitro experlments. Allquots were taken for the

measurement of rad10act1v1ty, for the countlng of nucleL, and in eomé\i

' RN

instancessy forv§he identification of steroids.
S

"

2. Column Chromatography Procedures

To quantitate steroid—protein|binding }E_vivo,.suitable

‘ extracts from cytosol or nucle1 were chromatographed on Sephadex G-25
columns (l cm x 40 cm) as before. Fractionls ‘containing the ster01d—
receptor complex were analyzed for radioact'vity and protein. In some“
_ experlments the'in vivo labelled extracts wete run on cellulose

phosphate or Sephadex G-200 columns. The’ chromatographﬁd)condltlons “\\

S

were identical-to those employed in the in vitro experiments. When

. N : : . .
necessary, steroid metabolites were}recovered.from appropriate
. : ,. ‘ . - .. hd ." ‘ ] B . \ (,.
fractions and identified by thin-layer chromatography. e

117



C. Results

. y {
PART I ~-" In Vivo Cytggol Receptors

o o o . 1
. " 3 ) i '
1. . Indorporation of - H-Androgens into Cytosol

' -after the Pulse Injection of [l;Z—BHJTgstosterode\iw\\“A

In order to obtain insight into theirelationship

h Uhetween the appearance of androgens in proétatic cytosol and the
-;. o | o ' 5 . 5 . .
binding of androgens to cytosol: receptor,, the “H-steroids associated

with these two<fractions-were quantitated and'identified at 10, 30 60

and 120 'min after the intravenous admlnlstratlon of 150 ucCi (l ug) of

[l 2- H]testosterone to castrated, functionally hepatectomized rats.

The radioactivity in. cytosol is plotted as a function of time in
- PN rk
Flg 5.1A (upper curve) and it can be seen that the amount of 1abel

~3

rises. §%arply to 400 x 10 dpm/g wet weight at 30 min and little

further c%@nge occuré%&etween 30 min and 120 min. The 4ower curves

1n,E1g. S.lA'lndlcate the relative ounts of testosterone
dlhydrotestosterone and androstanedjj:\;resent in this fraction.

Testosterone and dlhydrotestosterone are clearly the do@}nant
", /
metabolltes at.all times and are. recovered in nearly equal

proportlons.
: \ - . R R .A‘, .
The results of parallel measurements on‘the labelling

P S

“of cytosol receptor are shown in Fig. 5. lB Labelllng of the *
receptor was v1rtui%ly complete by 10. min and there was little chance

. from the level of 75 x lO3 dpm reached at thls time. - The ampunt of

-
B <
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 Fig. 5.1.

S

3]

23
5%

)

“inoorporation of.3Hfandrogens into cyrosol‘after £Bé
ﬁ nulse‘injection of {1?@—3H]testosterone:' Groupsfof
3 to 5 rats castrated 24 hours‘prev1ously were |
functionally hepatectomlzed and 1n3ected w1th 150
uCi of [1,2- H]testosterone.(sn. act,_S mCi/.O32 mgi.
Then 10,530 60 and 120 mip later the rats were,

\' W
killed and samp%es of prosLate were fractlonated as -

A

4
a B,

assayed for radloact1v1ty and steroid constltuents vﬁ{

. ¢ .
‘were idéntified by t}\n—layer chromatography

r

described 1n Chapter II ~ap’.opriate~aliquots were §§;

Protein was preclpltated wicth ammonium sulphate‘

(804 saturatlon) and applled to a column (l cm x 40 cm)

of Sephadex G- 25. The column was eluted\w Tris- v

\wﬁ
EDTA buffer,'pH,].O and the void'volume was collected.

An aliquot was removed for measurement of radio-

~
.

activity and.the remainder of the fraction was
extracted with,chloroformemethanol (251,'v/y);

neutral metabolites were identified by thin{Layer
'ichromatography. Each value represents the nean of

\ o

- at least 3 separate experiments; the standard erroxr

. of the mean is shown-for measurements of radio-

1Jactivity. Panele,.radioactivity and androgens

x . 5
S~

recovered in cytosol panel B, in cytosol receptor.
Total radioactivity (mean * S. E ) D—————-—43 H
~dihe .orestosterone, Cf~—————{? ; testosterone;

‘e
A

~—————@ ; androstanediol, A———A
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aihydrSCeitogterone bound.remained stable at 35 'x lO3 dpm; the
.amount of‘testosterone declined slightiy from 30 x 103,dpm ét 10 min
te 20 x 103.dpm at 120 min. However, for.the most_part; theﬁrelétive
 amounts wefelonly éligﬂtly different from Ehose in the cytosol
fréction. .Only.a trace amount 6f and;oétanediol (less than 2%) -—:as
recovered, from the'éterqid—receptorAcomplex despite the fact that
this steroid represents 7 to 147 of the radioactivity iq cytosolt This
.observation is iﬁ keeping with the view that the selectivity of

binding, and by inference, of transport, is established at the level

of the cytosol receptor.

2. .Partial Purification of Cytosol Receptors

using Cellulose Phosphate

Experiments were cafried'oht to characterize the
steroid—reéeptoré in cytosol using cellulose‘phosphagg. At 10, 30
and 60 min\following the administration of‘t;dioacgive testosteromne
to 24—hour‘castratedlrats, prostaticqcytosol wés isolétgdiandz.
treated with ammonium sulphate at 80% saturation. The precipitates
were desaltea by gel filtfétion, appliéd to a.celluioée phosphate
column, and eluted with a salt gradient, As éhowh'in Fig. 5.2
virtuaiiy all of tgé labelled receptor was recovered in tﬁe Peak 2
area. M;reéyér, the amount of radioactivity in this peak was .
relatively constant after 10, 30 ahd 60 min of.ig'gigg.iﬁcubation, and

no radioactivity COrrespondiﬁg to Peak 1 was detected at any time.

i
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5.

2.

Demonstration of in vive cytosol receptors on
cellulose phosphate. Grbups -f 4 to 5 male rats
castrated 24 hours pre;iodély were functionally
hepéteétomiéed immediately prior to recéiving
int;évenogs inj;ctions of 150 uCi [1,2—3H]—
téstostérone. Then 10, 30 and 60 min‘later the
rats were killed and cytosol was isolated from
1 g of the combined prostatic tissue of each
group. Protein was precipitated with ammonium
sulphate (80% satqration), deéalted by gel-
filtration on Sephadex gel and appliedfto alcm
x 15 cm column of cellulo;e phosphate.' Receptor
comﬁléx‘was éiuted with an ionic gradient
consisting of Tris—EDTA buffer, pH 7.0 goﬁtaining
0 to 0.8 M NaCl. ?ractions of 4.2 ml each were
collected and the.radiéactivity.in ;ach fraction
was measured. Raaioactivity recovered;
& ® 10 min; O———O 30 min;

A—— A 60 min.
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The ratio of 3H—-dihydrotestOsterone to 3H—testosterone in Peak 2 was

found to be similar to' that shown in Fig. 5.1. Thus it is clear that

while in vitro cytosbl’binding occurs to both Peak I and Peak 2
-protelns (Flg 4 l), the in vivo binding occurs exclu51vely to

- Peak 2 proteinf’,These observations-suggest'that the proteins which

bind androgens exist in different forms deperiding on the

. o L v
experimental conditions.

— . -

-3, Chromatography of Cytosol Steroid~Receptors

on Sephadex G200

Cytosol protein was chromatographed on Sephadex G-200

to further characterlze ster01d—receptors in cytoplasm ‘Cytosol ,

extracts were obtained from the prostates of castrated rats injected

'

: §
with 150 uCi of [1,2—3H]testostefone. The cytosol proteins were

precipitated with ammonium sulphate;-résuspeﬁded in buffer and
chromatographed on Sephaaex G-200. Fig.'5;£ shows the results of -
exﬁeriments in which rats were_killed 60 min éfter the inje;tion of
" -radioactive testosterone;' In the ébsence of NaCl oniy Peak I
.raaloact1v1ty is recovered in association with cytosol protelns

(Flg 5 3A) In the presence of 0. 6 ‘M NaCl (Fig. 5. 3B) radloact1v1ty
is recovered in Peak II and, to allesser gxtent 1n:Peak 1. Thus the
effect of NaCl in vivo is similar to its effeét 23_21353 in causing
an apparent transition of receptors from a larger to a smaller
configuration. However, it is to be nbted that.Peak I1Y whicH_was'

prominent in in vitro experiments is conspicuously absent in these
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Demonstration of in vivo cytosol receptors on

-Sephadex GAZOO, Croups of 4 to 5 rats castrated

24 hours previously were  functionally hepatectomizéﬁ

and then each. animal WaéAinjected with 150 uCi of

‘

{1,2 H]tes*osterone 60 min later the rats were

killed and cytosol was 1solated from 1 g of

’ combined'prostatic tissue of each group. .Protein

was prec1p1tated with ammonlum sulphate (80/
saturation), resuspended in 1 ml of Trls—EDTA A

buffer, pH 7.0, and analyzed by gel filtration.

"Fractions of 1.5 ml were,colleCted and the -

radicactivity in each was determined. Panel A,

radioactivity recovered after elution of

.Sephadex G-200 column (Ifcm x 90 cm) wieh Tris-

EDTA buffer, pH 7.0. Panel B"radioaotivity

~

=)

recovered when tbe column was eluted w1th

buffer containing 0.6 M NaCl.
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in vivo,experiments. Thus under in vivo conditions both cellulose

phosphate Peak 1 and Seéhadex Peak'IpI afe'not'detected.

4. Chromatography of Cellulose Phosphate Peak.2

) t
Receptors on Sephadex G-200

The absence of Sephadex Peak LII under in vivo .
conditions raisés the question as to the sigﬁificance of this
peak as demqnsérdted»under-ig_zigzg conditions. Since it was shown
-\iﬁ Chapter fv:thathellulose phosphate Péak 2 (labelled ig.jiggg)

"

could be rechromatographed on Sephadex G-200 to give rise to )
Sephadex Peaks I, I1, and ITI if was of interest to determiné whether’

. .celluioée phosphate Peak 2 (lahglledﬁig vivo) wduld_giﬁe-risé to é

~mmmSephaéex:?eakmlllwmwAecordinglyj in vivo labelled cytésol protein,
,isolated.after'a 6d'min pulse of [1,2—3H]testoster§ne (150 uCi),
was precipitated with ammonium sulphate, desalted; aad appiied to a’
cellulose ghosphate column as,befofe. After elution with an ionic
gradient the Peak 2 ;rea'Qas pooled (Fig. 5.2,.fractions 35 to 37)
and incubated for 90 min at 25’ C ﬁifh-[i,i—BHJdihyarotestosterdne;
Following the"igigigzé incubatién, the protein was precipit;ted with
ammonium sulphate ana,thgn applied:to a Sephadex G-200 column. The

’distribution of radioactivity th%;éluate'is shown in Fig. 5.§A. It

can be seen thatvthe profile of radioactivity resembles that obtained

-after rechromatography of the in vitro labelled Peak 2 (Fig. &4.7B) .
but differs significantly from that obtained when protein from ) A
. in vivo labelled cytosol is directly chromatographed bn Sephadex G-200

(Fig. 5.3).



Fig. 5.4.

Chromatography of cellulose phosphate Peak 2 on
Sepﬁadex G=200. Fractions corresponding to tﬁbes
35 to 37 of Fig. 5.2 (after 60 min interval) were

pooled. These fractions were reincubated at 25° C

for 90 min with 2 x lO_ll moles<of [1,2#3H]qihydro4

testosterone and then precipitated with ammonium

* sulphate (80%~saturation): The sample was applied

fo a Sephédex'G—ZOO column (1 cm x 90 cm) and

eluted in 1.3 ml fractions with TristDTA buffer,

pH<7.0, cq?taining 0.6 M NaCl. Radioactivity

©@—@® ; protein o————-O0 .

L .
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b

These results can be summarized as follows. When
prostatic cells areAlapelled ig_xizé, it is possible to recover
receptors in cytosol“thet chromatograph ip the pOSition of Peak 2 on .
cellulose phosphate and in the positions of Peak I and Peak II'on
Sephadex G-200. It is clear that a trahsition is induced between
Peak I and Peak II by alterlng the ionic strength of elutlng buffer.
At low ionic strength the formation of Peak I is favo ed and

W
conversely at high ionic strength the farmatlon of Peak II 1is

-

favored.
Rechromatography of cellulose phosphate Peak 2 on
Sephadex G-200 yields a third peak (Peak I1I) that is evident

‘whenever in vitro 1ncubat10ns are .used to label cytosol receptors.

. This conclusion is supported both byuxbe data presented in Flg 5.4

7

and that presented in Figs. 4.7B.

PART II - 1In Vivo Nuclear: Receptors

1. Incorporation of 3H—Andrqgens into Nuclei after

the Pulse injection ofglLJZ—BH]Testosterone

. 3 . )
Experiments were performed to define any correlation..

between the-accumulation of androgens in prostatic nuclei and the .-

appearance of a speclflc ster01d proteln complex in. this fract

- Following surgery, rats were 1n3ected 1ntravenously w1th 150 pjl

o

‘ x ug) of 11,2- H]testosterone and at sultable intervals were kllled

i

g N

by decapltatlon. Nuclei were 1solated from prostatlc tlssue and

examined for content of radiqactiv1ty and of steroid-binding protein.‘
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. The incorporation of radioactivity by nuclei is plotted as a function
\ C L

——

of time in Fig. 5.5A (upper curve). The rate of uptake of—SH—
o ‘ 2 ‘ ‘ .
androgens was. greatest during the initial 30 min; afterwards,

. L]
incorporation continued ‘to increase in a linear fashion until 120 min

3 Tt:‘ : . ’
but at a lower rate. Between 10 and 120 min the amount of dihydro-
reks. , .
, . : : \
testosterone increased uniformly; by contrast, the amount of

3

. testosterone reached a maximum level of approximately 490 x 10~ dpm

. at 60 min. Whether this.implies that the nuclei are saturated or
\‘ . . .

B Y
that the supply of testosterone from the cytoplasm is attenuated. is
1\ . ,i ’ . ' B : . .

(Y . ] . - .

ndt clear. As might be predicted from the failure of androstanediol

pY
3,

o

to hi?d to cytﬁsol receptor, this compound is not recovéred from
- s
\\\\puclei,
“The accumulation of H-steroid-receptor in the nucleus
is plotted’as a function of time in Fig. 5.5B (upper curve). Radio-
. ' 4 ' ‘ ' \
activity associated with this fraction increased linearly from 50 x lO3

. i" . - -
dpm at 10 min to 00 x 103 dpm at 60 min. Between 60 and 120 min

there is a marked reduction in the rate of labelling such that the

. . 3 : » , \\\7\\
level attained at lZOrmin, §75 x‘lO_ dpm, represents oniy a 20% )
increasé.over the levél at560-mfn. Tﬁe bercentggg>cﬁénge is

+ considerably lower than ﬁhe 70% increase observed in the total | /
. . . ‘ o
qucléa: levél of radioactivity during the same intérval.» The steroid
constituents offthe steroidvprofein complex, és:shOWn in Fig. 5.5B
(lower cﬁryes), afé dihydroﬁestéstéronevani%testosterqne.,VWith |
increasing time the ratio of-ﬁhesévtwo_compounds chéngés from 1:1 at : f“““

. lo min to 2:1 id favour of dihydrotestosterone at 120 min.



o~

Incorporation of 3H—androgens by nucleinaﬁte;‘the
puise injection of [l,Z—BH]testost?rone. 'The‘
experimental procedure is d%scribed in,tﬁé

text. Purified nuélei were obﬁained as described
in Chapter II and.were extrécﬁed with Tris-EDTA
buffer, pH-7£O; containing 0.6 M NaCl. ;The
émount of binding was determined by gel-

filtration on Sephadex G-25. Sampleé of .

isolated nuclei and of nuclear receptor were

assayed for radioactivity Qnd the metabolite§
associéted«with each fraction was.
identified. Panel A, radioaétivity and
metabolites recovered in nuclei; panel B,

in nucleér repepfor.‘ Toﬁal ;adioactivity

(mean # S.E.) O————— ; diliydrotestosterone

O————0 ; ‘testosterone '0~————14. .

v

@
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2. Partial Purification of Nucldar Reéepfors

v
¢

using Cellulosc Phosphate‘ ot

To determine whether the in vivo bindiag of androgens: -

a
v

in nuclei is the same as under in vitro conditions, quclei were

éxamined for peaks of 3ﬁ—steroid-protein complexes on ceilulose,

1

. © ’
phosphate following the intravenous administtation of 150 uCi of

[l,2-3H]testosteroné to 24 hour castrated rats. After 10, 30 and 60

v,
e

min the animals were killed .and nuclear extracts of prostate were °-

~‘prebared in the dsual mannér. When pﬁeséAéxtracts were analyiéd on
cel}qﬁose phosphate cqiumns thévresults shown in Fig.‘5.6 were

_ obtained; Unaer in EEXQ conditioné a singie peak of radidactiviéy

Z?was,obsérved and i;s positién in the iénic gradient while differing

..f%om tﬁ% cyt6§9l_Peak 2 was ideﬁfibal'tp the nuclear Pea§;2a noted
earlier (Fig; 4.9). The 3H—steroid constituents of this peak were
digydrotestosterone'and testosterone ip the éame proportions'as shown

urin Fig..S.é.. Unlike the in vivo, cytosol biﬁding da£é, téere was a
prog?essive,increase in the size of this*peékﬂat‘lO, 30 and éO'ﬁin as

might be expected if the accumulation of‘andrdgen labelled prbtein

was dependent upon a rate ‘miting tran. .r reaction. No radioactivity
- corresponding to cellulose ; -hate Peak 'l was detected in these
experiments. y ' e

.



‘Fig. 5.6.

Demonstratién‘of ig_xijg nuclear feceptors on
cellulose éhosphate. The experimengal procedu%e
was identgcal to that described in the lezend
to Fig. 4.9. Purified nuclei from 1l g pr. -ate
were obtained as describéd in Chapte; II:and.
ext;acted\with Tris~EDTA buffer, pH 7.0
containing 0,6 M.Naél. The extféét:waﬁgapplied
fo alocmx 15cm column oﬁ cglluioéé phosphate
and the reéegtor coméiex was eluted with an
ionic gfadient consisting of Tf&s—EDTA bufferfv
pH 7.0:containiﬁg 0 to 0.8 M NaCl; Fractions
cZ 4.2 ml égch were collected énd the fédio—
activity in each fraction was meésufed.
Ra@i%éqtivity fecovered e——® 10 min;

OO 30 min; A———A 60 min.
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‘ C 3. Chromatography of Nuclear.Steroid;Receptors

on'Sephadex G-200 ‘ L -
The fn vivo labelled nuclear receptors were next

examined on Sephadex G—ZOO columns, 60 and 120 min after the

1ntravenous 1n3ectlon of [l 2= H]testosterone “The samples were o P

applled to a Sephadex G-200 column and eluted with Tris- -EDTA buffer,

pH 7.0, contalnlng O 6 M NaCl The results shown in Flg 5.7 reveal

that the radloact1v1ty was assoc1ated w1th 2 peaks The smaller

¢
.

steroid-receptor complex (Stokes radius 24 A) accounted for most

‘.,;‘_..'

of the radloact1v1ty 1solated at 60 and 120 mln‘ Wlth lncrea51ng

’

~ time there was a small increase in- the amount of label assoc1ated

with both peaks.

4, The Effects of Freééing on Nuclear Receptors

Because lt,washnot»always convenient to analyze in vivo
labelled nuclear reCehtors immediately; experiments wereAperfOrmed
to determine the efgect of-freezing on‘nuclear binding; Castrated
rats were 1njected with 150 uCl of [1,2- H]testOsterone and then
after an interval of 60 min were sacrificed. The prostatlc nuclel
‘were purified as before, frozen and stored for 24 hours at -10° C.
After this period, the nuclel were thawed extracted and then
chromatographed on Sephadex 'G-200. The results shown in Flg 5.8
- demonstrate that the freezing process drastlcalf; alters the | 'g hi

character of the nuclear receptor complexes After freezing, most of

the bound radioactivity was eluted in the void volume of the column

P

&

e



Fig. 5.7. Demonstration of in vivo nuclear receptors on
, _— ‘ ,
Sephadex G-200.- Castrate rats were functionally

ﬂbﬂn
hepatecto%ized‘immediately prior to receiving
intravenous injections of 150 Ci pf.[l;2—3h]—
testbstérone. Then 60 and 120 min later the
rats were sacrificed and n;clei were‘isolafed.
Approximately 5 x 107 nuélei from each
experiment were extfacted with'Trié—EDTA 5ﬁffer;
pH 7.0, cohtainiﬁg 0.6 M NaCl and épplied to:a
Sephadex G-200 column (1 cm x 90 cm):
Fractions of 1.5 ml were collected after
elutioﬁ of the column with 0.6 M NaGl in

buffer. Radioactivity recovered; ®—=@

.60 min; O———O , 120 min::'® - . 7
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Fig. 5.8. Effect of freeziﬁé on intranuclear binding.
Approkimately 5 # 107 nuclei, obtained 60 min
after ‘the intravénous injection of [1,2;3H]—
testostefgge (150 uCi), were fro;eﬁﬁfor 24
hours. At fhe'end of this pgriod, 1he
nuclei were,thawed and‘extragFéd with 0.6 M

NaCl. The nuclear extract was then applied

to a Sephadex G-200 column (l cm X 96 cm) dnd

eluted with Tris-EDTA buffer, pH 7.0

containing 0.6 M NaCl. Fractions of 1.5 ml

were collected and assayed for radiocactivity.
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Furth ermore,,. the- Q&@&tlty g?”? 7,t”r01d a;$%¥1ated with thlS peak

@’J( L., . .1@3’
i‘lﬂn 1hﬁﬁh%s area of By

b, o ” .

gltaappears,'

;
«_.

column’ in control eﬁp@rlments (Flg\ 5 7, 60 mrh",
, S 3~§a :
therefore that free21ng eithe; causes aggregatlon of receptors or .

that it enhances the binding of the small intranuclear receptor to

chromatln _ E‘.

D. - Discussion - R

Within 10 min after phe_injec;ion of [l,2~3H]testosterone
into castrated rats the,binding of radiocactive androgens to cytosol
reaches. a maximum énd gheniremains nearly constant over a 2 hour
periéd (Fig. 5.1B). Thé‘ginding is specific in that only dihydro—
teétosterone and testosterone ére bougd in spite of the presence of
siénificant quantities of ather'androgens‘in the cytoplasm under these
coﬂqitionS;(data not shown). On cellﬁlose phosphéte the steroid-
recéptorégéré recoveredﬁin.the position‘oﬁ Peak 2 (Fig. 5.25, while b
on Sephadex G—?OO the sterdid—receptbrs are‘?ecé;éred'in positions
corresponding ;o Peak I and Peak II (Fig. 5.3). The.relative‘reéove;y

of Peaks I and II is strongly influenced by ionic strength and thus it

N N

Seems reasonable to believe that both peaks probably represent different

forms of the same receptdr. A'third peak is recovered when cellulose
phosphate Peak 2 is incubated in.the presence of Il,2f3H]dihydrotesto_
sterone and chromatographed on Sephadex G-200. This peak is shown as

Peak III in Fig. 5.4.

14z
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The nucleus conﬁains steroid-receptors that .
chromatograph,on;pellulése phosphate in a‘position Slightly
different from the steroid’ré&eptors of cyfosol and aécordingly
.gaQ%'beeq defined as Peak 2a receptors ﬁp distinguish them-frp@ the
celiulbse phosphate Peak 2 cy;osol receptors (Fig. 5.6). on
Sephadéex G-200 the nﬁclear receﬁtors are recovefeazin positions‘
corfésponding to Peak I .and Peak 111 (Fig. 5.7) and[tﬁe relative
recovery in Peak I is incréasea by freezing (Fig. 5.8).

The similar behaviour of Peak 2 andJPeak 2a
receptors.on cellulosggphoséhate suggesté that ghése'molecular “
entitieé are closely related. The time dep&ﬁdeﬁt increase in radio-
activity. associated with Peak 2a (Fié, 5.6) indicatés that this
peak represents thevpriﬁcipalvintranuclear steroid—receptor. The
Sephadex Peak III complex recovered in the nuclei probably .

. corresponds to cellulose phosphate feak 2a. The fact that the
formér coﬁplex df§XPp¢a;é after castration (Fig. 4.10) and is
.ipduced.by,iqﬁec iqné‘of [l,Z—BH]testosterone is'in keeping with the

idéa that androgens are transferred from cellﬁlose phosphate Peak 2
of the ;ytosol to cellulose phosphatz Peak 2a. (also Sephadék Peak 111)
of the nucleus. Although the signifiéance of Sephadex Peak I of the
nucleus‘is unclear, severai speculgtive considerations appear
worthwhile at this,time. Sephadex Peak I méy represent an‘intranuclear
- site which bindé free steroid; edually; it may ;epresent an intranuclear
acceptor éite that binds steroid—réceptor complex; thére remaing the

possibility that it represents aggregates of Sephadex Peak III

receptor as suggested by the effects of freezing.
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CHAPTER .VI

Y v

A

IN VIVO PULSE-CHASE,STUDIES //

A. Introduction U~

N g
~

The studies described in Chapter V indicate that
in vivo both tes: sterone and dihydrotestosterone bind to specific
cytosol and nuclear receptors. Moreover, it is possible to infer )
\

from theresultsthat androgens ‘are transferred from a cellulose

phosohate Peak 2 receptor in cytosol to a cellulose phosphate
A . .

IS

’/'

~Peak 2a receptor (or Sephadex Peak III receptor) in nuclei._QTo
gain further ipsight into the process whichfpromotés-the

incorporation of androgens into nuclei, an in vivo.gulse-chase

T

procedure was developed.‘ It was expected that this method would
provide a meaﬁs of following the sequential transfer of androgens

from the éytoplasmic to the cellular nuclear compartments. Lf the

N P

cytosol receptors migrate from one compartment to the other, one:
would predict that a chase dose of unlabelléd steroid would cause a -

decrease in_phe;radioactivityraSsociated with previously labelled

cytosol receptors; the transfer of a pulse of radioactivity into the

nucfgus and its'subsequeﬁt clearance could be followed in a logical

{ ! .

sequénce. On the otherﬁhand, if cytoplasmic binding and incorporatior
of steroids into nuclei afemindependent of one another thens

. : o . g . @,
presumably there would be no correlation between chase-effects on

ot . ~

.3

cytosol and nuclei. -

'
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Pulse—ch?ee methods were also used to study ' the action
of anti-androgens, such as_cyproteroqegﬁeetate,,in displacing’

, : -
natural androgens from steroid-receptors.

' B. Materials and Methods

3 N R N ) ) . - —
L. Pulse-Chase Procedures o ' : . ' '

Functionally hepatectomized, castrated rats were injected -

intravenously with 150 uCi (1 ug) of [l,2~3H]testosterone.' Theni

-

10 or 60 min later each animal received an intravenous dose of 230 ug

of ‘unlabelled’s ster01d in 250 pf of dlstllled water containing 107

polyoxyethylene sorbltan monopalmltate and 5 to. lO/ ethanol

Follow1ng a second 1nterval of lO to 120 mln ‘the rats were killed
. f
_ and the prostatlc tissue was fractlonated as descrlbed in Chapter IT.
f _ ’ // L . 1
. Bindlng was determlned by gel~ flltrat17p on Sephadex G*25 except
. . - e \7

where stageﬂ otherwise. T
. = . A
A S

. Results . T A . ‘_. S .‘ 1

- . : ’ . . .
N [ . : v

1. vEffeqtsﬁéflthe Size of Pulse on the Incorpofation

o l.of-'"'jH—Sterc'ids into Prostatic'CytoSol'and Nuclei

Before pulse-chase studies were conducted it was
necessary to evaluate. the effectiveness of chase doses of the‘

appropriate steroids. Experlments were performed to meeeure "the
concentration of ster01d in prostatlc cytosol and nucle1 after the
1ntravenous 1nject10n of [1,2- H]testosterone, [1;2— Hﬂdihydro—

testosterone and [6%7—3H]estradiql,' Both 1 ug (Sp. act. 150 uCi/l-ug)

“and 250 ug (Sp. act. 150 uCi/250 ug) doses_of'3H-steroid were tested .



RS
and the results are presented in Table 6.1. ‘At 60 min after injection
of 1 yg of [L,Z—BH]@Bstosterone, Q;Q; +‘O.21\pmbles (mean = S.E;).of
- "H-steroid were recerrédvin the cytOSol;'after the injection of 1 ;g

bfn[6,7:3H]estradi%l—l78, 4.24 + 0.29 pﬁoles of 3H—stefoid were

recovered in the same fraction. When radioactive testosterone and,

estradiol were injected in.doses of 250 ug, the émougt‘of 34-steroid -

. in.cytosol {ncreased proportionately to 1250 = l60-and‘}052 "4 4,68

U

'pmoleérrespéctively; An injection of 250fpg of [1,2;3ﬁ]dihydrqf

testosterone produced a level of 867 + 41 pmolés.which was comﬁérablg o

©

_to the level adhiéved with 250 pg doses.of the other sterdids tested.

"ffTherefore_oné might expect that -4 ‘chase dose of- 250 LE of_eitﬁerh '

SR

Cine

testosteronelor dihydro;estosteféne would effect an approximate 250-

fold dilutibn of the metabqliies derived from a pulsebinjectidn of 1 ug -

of [1,2—3H]:eétosteronelg Ideﬁtiﬁication'oflthe metabolites of'[l,2—3H]—

i
o . oH¥

7 Wbestosterone in the 4 subcellular fractions.listed in Table. 6.1 revealed

%%u #hat there ‘was no change'int the relative amounts of testosterone, dihydro-

.. . L -

fﬂLfgeSﬁpﬁté}one'éhdugndroétamediol after the injection of 1 pg~6r.250 pg of

er Tw

I 3 R .
; [1,2-"H]téstosterong.
;’ il "

' e N - : N ) " - -
" From the data shown in Table 6.1, column 2 it can be

s

seen that the amount of 3H—steroid bound to cytosol protein-

;ihcreases from levels beiow"l~pmoleAaftér the injection of 1 pg of .

et 3

3 . o £
H-steroid to levels betwee

250 ug of 3H—steroid1"While'the injection of-either'[lLZ—BH]—
testosterone;ofVIl;ﬁ—SH]dihydrotéﬁfosterone produces similar levels of
binding, the idjectioﬁ‘df [6;7—3Hjestradibl supports less binﬂing than

the androgens at I~ugiand moreqbiﬁaipg'at 250 pg.

bl . ! . )
n318 and 31 pmoles after the injection of

146
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Thé*effecf,of dose on the uptake and binding of
steroids by nuclei'is shown in Table ﬁ.l, columns 3 and 4. Levels of
9.20 + 1.14 pmoles and 4.05 +0.3) pmoles were established for
incofporati;n and.binding.resﬁectively by theAinjéctiontéf 1l g of
‘[1,2—3E ‘éstosterone.. These levelé increased slightly to 1%.10 R "
3.0 pmoles‘apd 6.02 * 0.20 pmoles after the injéction of ZSO ug of
[1,2—3H]testosterone. However, the approximate doubling of the
valies represents a diminutiye.response iw‘comparisdnito theiBOO-fold
increase in the chcentration of cyto@iasmic-steroids. Uﬁdoubtedly
the resﬁlts reflect ﬁhe considerable difference in the permeéhility
of plasma and nuclear membranes,‘ Whereas thére is little or ﬁo
reétriction to the diffusion of androgens across theﬁ%lasma‘membrane;

- the transfer of these compounds across the nuclear membrane is
/

«decidedly limited.

»DoSes‘cOnsisting of 250 pg of [;,B-Jﬁ]dihydrotestasterone
or . of {6,7—3H]eégradiol produced lévelé of 3H—steroij in nuclei of
11.83 = 0.31 pmoles §nd 10.002;{3.01 pﬁoles respectively (Table 6.1,
column’ 3)-, %lightly lowér than the levels produced by.[l,2-3H}—
testésﬁerong. It is’clear therefore that estradiol is incorp;rated 5y ; 
nuclei .as effiéieﬁtly as dihydrotestosquone at thé higher‘dose. The -
amount of binding‘aftef the.injectibn of 250 yug of [1,2—3H]diﬁydro-
‘testésterone at 4.74 » 0.31 pmoles was approximatelf the same ag'that

achieved with an injection of [l,Z—BH]testosterone but about 1/2 fo 1/3

2

MR,

éfhthat amount ’/binding was produced by the injection of 250 yug of
3. . ‘ - '
H]esg adiol. , L . -

RN

J

[6,7-
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_tissue was fractionated as before. o

into Cytosol co ' B

s ‘ . Q l . ‘::‘:u A
Experiments were next performed to iﬁveétigafe the
turnover of 3H—sferoids in cytoplasm and nuclei. Rats castrated 24
hours previously were. injected vith 150/-uCi (1 pg) of [1,2—3H]testo—

sterone.  This injection was followed 10 min later by a second dose

‘or 250 ug of unlabelled testosterone. At intervals of 10, 20, 60 and

120 min after the‘seéond dose, the rats were killed and the prostatic

“;,r\

DThe effect of the chase procedure on the cytosol

fraction is shown in, Fig. 6.1A (upper curve); The uptéke,of'

‘
|

tddioactivity into cytosol was not unlike that observed in pulse
experiments (Fig;nSQlA), and no striking departures in the relative -

»

. ; . :
amounts of the three principal metabolites were evident.

. . o
As Fhown,in_Fig.'6,lB the'3H—androgens Boﬁndvto

cytosol protein d%splay a greater senéitivityﬁto a\chase‘dose of

testbséef6q§ €§éﬂ;does the'complete cygosol'fractioﬁ. Within 10 min

following:égéiéd%iﬁ;strétion of unlabelled testosteroné an amount

of radioactiveygéeroid equivalent tg 55 x.?O?.dpm is lost from the )

3 . L .
H-steroid-receptor fraction.

:When cytosol extracts from pulse-chase experiments

~weré: examined on cellulose phosphate columns the amount of radioisotope

~recovered-in association with proteins was extremely smali ..d was

confined entirely to the Peak 2 area. In qualitative respects,

therefore, the cellulose phosphate chromatograms were similar to thdse N

t .



Fig.

6.1.

Effect of chasing on the incorporation of 3H—A

androgend into cytosol. Rats castrated 24 hours

- previously were functionally hepatectomized and

. ) ' {
injected with 150 uCi (1 upg) of [132—3H]testosteron@.

This injection was followed 10 min later by a
second;injection of 250 ug‘of unlabeiled '
t stosterone as marked by the arfow on the abscissa.
At intervals of 10, 20, 60 and 120 min after the

v

second-dose, the rats were killed and the

. prostatic tissue was fractionated as described in

Chapter I1. Cytosol and cytosol receptor

fractions were assaygd for radioactivigg and
métabolites were identified, Panel A,’radio—
aétivity and metaboliteslrecoveréd in cytosoi;
panél B, in cytosol receptor. Total radioactivity
(méan t S.E.), Gf——————D ‘; dihydrotéstoster5ne

O———0O ; testosterone O——0 ;

andrdstanediol H————-A
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obtained in pulse experiments (Fig. 5.2). Examination of cytosol
receptors on Sephadex G-200 columns, however, révealed that chasing not
only reduces the quantity of bound radiocactivity but also alters the

distfibptipn‘of 3H-steroids (Fig. 6.2). 1In contrast to the results

. oy s
o ”iﬁ?-é i{
obtaigedﬁih ?yﬁse experiments (Fig. 5.3), in which no binding was
, A o ; . . . .

PRI D

ol

) R IR - ) ’ .
detected ~in Sephadex Peak IIT1, trace amounts of this type of receptor

I3]

were labelled in pulse-chase experiments. The results shown in

Fig. 6.2 thus imply that‘Sephadex~Peak IT (or Peak I) receptor gives

Ay
) ) . A Y

rise to Sephadex Peak III receptor ég_vivo.

3. Effects of Chasing on the Incorporation of
&

H-Androgens into Nuclei

The effect of a chase injection of unlabellcd

e e ; 3. . -
testosteroneé on the incorporation of "i-androgens into nuclei was
. R . ‘. ‘

@udied ngxt. a

.{H€ ﬁesdlts are plotted in Fig. 6.3A. Except for
the small~in}t£éifiﬁé¥eéée from i95 x lO3 dpm at lOvmiﬁlto 245 x lO3
dﬁm at'30_min;‘£ﬁéﬁuptake of radicactivity was rapidly and
‘tompletely inhibiteﬁ by the administratiéh’of chase (compare to

¢ - ) ) . . . . ,
Fig. 5.5A). Moreover, the constancy of the amount of radiocactive

label retained by-nucléi between 30 min and 130 min indicates that ;

there &as ngﬁflui of pulsé—derived 3H—androgéﬁs into or out of the

. nucleus. Thé reciprocal chanée in the amount‘of testostéféné and
:dihydroteétostéfoﬁe and the slight acéuﬁuiétion of dihydrotestosﬁerone
-Qith inc#easing time are presumably manifestations of ﬁhe intra—‘

nuclear metabolism bf testosterone (Fig. 6.3A, lower curves).

ey )
2



saturation) and then %pplied to a Sephadex G-200

0 -
P A .
Chromatography of cytosol steroid-neceptors on

Sephadex G-200 after pulse-chase sequence. Rats

castrated 24 hours previously were functionally

hepatectomized and then injected with 150 uCi

(1 vg) [1,2-3H]testusterone. After 10 min the

~

animals received an intravenous injection of

unlabelled testosterone (250 ug), and were

sacrificed after a further 20 min period.
Cvtosol, isolated from 1 g of "prostate, was

precipitated with ammonium sulphate (80%

3

L]

column (1 cm x 90 cm). Fractions of 1.5 ml
were eluted from the column with Tris-EDTA
buffer, pH 7.0, and the radicactivity in each

was measured. - ,
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' Fig.

6.

3.

Effect of chasing on the incorporatiun of 3H—androgens
into nuclei.  Rats were Created as described in the

legend-to Fig. 6.2. Purified nuclei were

- extracted and anélysed as described in Chapter IT.

-Fractions éogﬁaiﬁing fuclei and nuclear receptor

'wére‘assaYed fb; radioactivity aﬁd metabolites were N

gidentif;éq: Péﬁel A, tadioactivity and metabolites
recovered in intact nuclei; Eanel B, in nuclear
recepgdr. bTotal'radioaCtivity (mean = S.E.)
 D—~f~—f—{] ;. dihydrotestosterone, C}*~—~—f<) ;

testosterone @——O
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Thé outcome of a chase injection of unlabelled

‘ 3 . ,
n nuclear “H-steroid-receptor was examined and a much
St .

‘different result was obtained as shown-in Fié. 6.3B (upper curve).

During the 10 min immediately following the administration of -chase, the

level of 34-steroid in the receptor fraction increased from 48 x lO3

dpm to 108 x lO3

dpm representing a net accumulation of 60 x 103 dpm.

Immediately f&llowing the peak at 20 min the level of 3H;-steroid in

3.dpm at 70 min and

the receptor fraction declined rapidly to 53:x 10
thereafter did not changé'significantly. The decline in binding of

ﬁ-androgens appears‘to result froﬁ tﬁe displacement of both
‘testostgrone and dihydrotestosterone as can be seeﬁ from thé~lower
jﬁgrves of Fig; 6.3B. Beyond the 70 min interval, however, more
testosterbne ﬁaé displaced than dihYdrotestosterone and the relative
amount of the latter in: the receptor}f;écinn actually increased.
The st;iking similarity'iﬁ-the amount of 3H-.—androgens lost from

cytosol 3H—steroid—receptor complex (55 x‘103 dom) and

" ‘simultaneously gained by the nuclear 3H—steroid—receptor complex

3

(60 x 103'dpm) and by isolated nuclei (50 x 107 dpm) constitutes

: PR » . : ‘ 3 .
strong albeit indirect evidence that "“H-steroid has been

' 7 . :
transferred from one receptor to the other and that the incorporation

 of androgenic compounds by nuclei is wholly dependent on such a.

transfer reaction.

Faact B i M . ’ .
”‘/f With reference to the data in Table 6.1, columns 3 and

-

4 (injectioh of 250 ug of testosterone) it is possible to estimate
'v‘ . . . ) - ] N ) ] 3 .
the dilution of specific radioactivity of the pulse-derived “H-steroid

caused by the chasing pfocedure. For example, 1 hr after the chase

[

(93}



injection of testosterone the total amount of ste. -d in nuclei is
18.10 pmoles while the amount of r;dioactive sterc 7 in nucléi is

only 2.25 pmoles. Similarly the amount of steroi the receptor
fraction is 6;02 pmoles but only 0.53 pmoles is present as radiocactive
material. /From these values it is clear that the ghasing procedure °
reduces the spécific radiocactivity of the pulse der}véd 3H—steroid

8 to 11 fold in isolated nuclei and in the steroid—recéptor complex.
Since.there appears to bé'a restriction on the amount of stgroiq taken
up gy nuclei, this dilution of specific radioactivity probably

represents the maximum that can be achieved under the experimental

conditions described. The absence of further dilution of specific

radioactivity may explain why the amount of 3H—stefoid in the

receptor fraction' at 70‘and 130 min is the same (Fig. 6.3B). ' “"\“

Nucleaf‘expracts obtained after a 20 min chase interval
were chromatographed on cgllulose bhésphate Thé results of this
analysis ére shown iﬁ"FigfiB.A. After a ldvmin pulsevwith'[l,2—3H]_
testostefoﬁe (1 ug) and ‘a 20 min chase with unlabelled testoéteroneﬁ
(ZSO;ug), most of the nadioagtivity was recovered in Peak 2a and a émalg .
amount in Peak 1. Thus after a short chase interval most of the ‘

- binding was to the carrier fcrm Af receppof.

To investigate this phenomenon further, nuclear extracts
isolated after the pulse-chase sequence were chromatographqﬁ.on
_éephadex G;ZQO. Fig. 6.5 shows the radiocactive profile'bbserVed when

nuclear extracts obtained after a 60 min chase were examined in this

fashion. More 3H—steroid is recovered in Peak I (yoid volume) of the




Fig.

6.4

Chromatography of nuclear receptors on cellulose
- N

phosphate after pulse-chase sequence. Rats,

castrated 24 hours previously, were functionallj,/
hepatectomized, and injected with 150 uCi (1 ug)
of [l,ZrBH]teétos;erone. After 10 min the
animals receiveduan intravenous injection of
unlabelled tegtosterone (2§O ug) . Aftér a chase
inferv;l of-2O min the rats were Rilled and the-
proétatic nuclei were iéolated. Approximately

5 x 107 nuclei were extracted with Tris-EDTA

‘buffer, pH 7.0, containing 0.6 M NaCl, Jesalted,

and épplied to cellulose phdéphate cc lumns

y

{1 em x 15 cm). The elution of proteins was

performed in the same manner a& in pulse

experiments with an ionic gradient consisting of

‘ Tris—EDTAlbuffer, pH 7.0, containing 0 to 0.8 M

NaCl. Fractions of 4.2 ml were collected and the

\

radioactivity in each was measured.
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Fig.

it

6.

T
.killed"and the prostatic-nuclei isolated.

" determined.

-

Chromatogréphy of nuclear receptors on Sephadex C—ZQD
after pulse-chase sequence. Castrate rat’s were K .

ﬁunctionally hepatectomized and injeéted with '150°.

1 with unlabelled testosterone
: i

P
e

r a further 60 min the rats were

dh ke Tiamied b

Approximately 5 x 107 nuclei were extracted witﬁi:

[

. Tris-EDTA buffer, pH 7.0, containing 0.6 M NaCl,

and applied to a Sepandex G-200 column (1 cm x 90. cm) .

Fractions of 1.5 ml were eluted with the ahove ™

i

NaCl solution and the radiocactivity in each was
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column than in Peak 111, When thése data are compared to those ohtained

N

in pulse experimengk\(Fig. 5.7) it is apparent that under chase
A e

condirions the relative amounts of radioacpivity i the two peaks

shi“ts in favour of the larger molecular species.

4. Effects of Eﬁtending:the Pulse@%ﬁterval

In previous pulse-chase experiments, a pulse interval.

o7 10 min proved sufficient to label nuclei and nuclear binding protein

\ o PR . - o3 »
. and under the conditions of the experiments no release of “H#steroid

A

from the nucleus was detected (see Fig. 6.3A). TFurther experiments
were carried out in order to determine whether-discharge could be

o L 3 : :
demonstrated by allowing more H ster01d—"ceotor to accumulate in
nuclel befor; the administration of chase. The effect of extending

: * } - .
he p l ¢ interval to 60 min dis- shown in Table 6.2. From the data
' - ., ) ) . . )
listed-in column | it is evideng that incorporation of'*H*steroid into
R . ) . . . 3 N ) h .
auclei afper 60 min of chase (1023 x 107 dpm) was slightly abeove the
-2 : :
value "attained after 60 min_of’pulse (920 .= 19*3 dpm) although the
» ' 4
- N . . ) 5
results were 1ot sLLtlstlcall" di.feregt; the mean R?COVeries of "H~

VT . ‘ s

stercid in ti - receptor {fraction at correspohding,;ldes alsc 2id not

’ A S ‘ : R J: "_ . e
) M -A ~ — : ! i . ' . " ) -~
di Fnal. QuallLalebly theso resulis are 51n1} Cto R

&

a

! ’

in Fig 6. 51 and aba1n ﬁhe atfﬁwﬁ&\}“ déWLﬂSLratb

N : 3

Stcrgids”from'CheVnUélens.was dot SUCCQSSLUlF" T . -
.. a ).. - “ ) v '
F"amlnatlon of the metabolites recovercd in the various

fractions =f prgstate (Thble 6.2, colums 2 and 3) indicate thar

rt
o3
(D
=)
o
0
[
m
<

followinz chase the amount of testosterone in nucledl and

s

receptor fracq{;;“wag substantially below the 60 min and 120 min

AR

[

an

L
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. 3, -
control levels. As there was no demonstrable loss of "H-steroid

from the nucleus ‘during the éxperiment, it appears reasonable-~to

believe that testosterone was metapolized to dihydrotestosterone

-

accounting for the increase in the ratio of dihydrotestosteronc:
. £ .

testosterone from 1l:1. after a pulse interval of 60 min to more than- '

4:1 after the pulse-chase sequence, An alternative but less likely

evplanation is that the increased dihydrotestosterone associated

Y

with the nuclear fractions
. A Y

results from the selective uptake of thiiy

steroid accompanied by the coincident Toss of testosterone from the

v .
v ’

5.0 Effect of Chasing with Dihydrotestosterone on the

Incorporation of 3H—Andr0gens‘into Cytosel and ‘Nuclei

. ) . [

]

L Since dihydrotéstosterone i's a Wfighly potent androgeh‘

in rat proSta?c'and since it is.plso the predbmingnt metabolite in
- “prostate, experiments were conducted to determine whethey or ndt =
N “ . Lo - - o -

dihydrotestosterone is a more effective chase maté}iél*than

. - . . - LSRN :
Jtestosterone. Rats castggted*24.hours previously~xére injected with'
. d N o . ‘ K !

. M N o .
Ce B 3 e ‘ P . .
N 150 uCi (1 'ng) of [1,2-TH]testosterone and 10 min later were .
- R ‘-.* 0/ . ,“; . Lo s L. .',_'; X - . . .: Ve IR . - . ] .}. ) e .
¢ injected with 250 pg~%f unlabelfed dihydrotestosterone. After - ‘ Coh N
LT ' ’ S e . ' q N ’ - - '
, v » ~ ' . ) P P 'y .
further ‘intervals of 10 and '60 min tht -ats were killed and v
L . ) _—

-, appropriate cytosol arnd nuclear frJ;tiQns;wéré assayed.in the usual -

manner. Fig. 6.6 shows the results of these experiments. An

3

- immediate but transient arrest ol H—stéroid uptake. occurred in oo Coe
‘cytosol and- the level nf radiocactivity at 70 min was - almost identical to

KR

yo




Effect of chasing with dihydrotestosterone.. . Rats:
were treated as described in the Tegend to Fig: 6.3,
except thaf the chase injection was dihyvdrotiesto-
stercne instead oﬁ\tEStosterone. Cytosol and
R S R > e
tions were assayved for ra¥ioactivity

end metabolites werec identified by thin-layer

diocactivity, (mean = S.E.),
A .

)
i
=
L

chromatograpnyv. Tota
O————0 . dihvdrotestosterone, OO0 ;
testosterone. ©—F——O ; androsctanedicl L

i
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the. levél reached when testosterone was used as chase (Fig. 6.1). At

N
v

this time the amounts., cf testosterone and. dihydrotestostercne in

cytosol were also virtually the same as the amounts obtained in the.
experiment with testosterone. 'Dihydrotestosterene gausad an initial-
sharp reduction in the amount of 3ti-steroid associated with cytosol
receptor and as expected there was a reciprecal incredse in the

amount of TH-steroid in the nuclear receptor fracticn. Alchough the

10, 20, and 70 =in. levels ofVBH—steroid’in nuclei did not differ
significantly, che mean level increased sligh.ly during the 10 min

W

period imm:

(

diatelv following tihe injection of chase. Dihydrotesto-
) o . % . 3. .
sterone was less effective than tesjostercne in displacing “H-steroid
N . i

Yo

3

from the nuclear receptor vetween 20 min aznd 70 min. On the other

hand,.the tendency towards disappearance of testosterone from nuclei

< . -

and from huclear receptor was gompsvrable te the trend observed in

osterone. In the present cass,

2

""r
]
n
+

Fig. 6.4, and in Table 6.2 wit

however, -the significance of this observarion is less certain since

¢
¢

the small Jdexline in the mean level of nuclegr ralicactivity over

' B B * . - : . N 1
-

‘the duration of the experiment is consistent with the possibility
that testosterone is selectively rele

. PN - Lot oL } 3 ,- i
a chase inigctfini o dihydrotestfpsterone. | L ; o
.. fw Effecis of Estradiol, Cyproterone Acetate and
Y. Epitestosta¥onc on tihe Intfracellular Transport of androgens
.. N : o o - 3 Al !
' 4 ! 2 o 4 R . 1
1t has been-suggestead
. o
t actior 7. zndirogens at the'cellular. leel by-inhibiting the
conversior of testosterone- to dihydrotestogstercone (Shi. zexi st wl.,
§ s
oo . : R EAER X



.f;965§ Féf‘és’wérﬁh,"ié69; Groom gg_ai., 1971§ Leav et al., 1971),
by'pge;enting rhe association-of androgens to‘cytosol'feceptors
(?ebg g£ §£., 1969) . Cyproterone-acetete is another agent whicﬂ:
1nduces an involutional effect on the growth and functiee'of ﬁalef
‘acceesery reproductive tlssues.(Neumann and Von Berswordt- Ualbrabe

_l966)ﬂand is thought to-cause this effect through competlelve
_;nhibitien of the intracel?uiar binding éz androgens (Stern and

.Ei‘sen_f‘eld', 1969; 3elham and Neal, 19713 Mangan“and Mainvaring,
1572); - Epitestos erone is a relatively inactive aﬁdrogen bet has

been reported to inhibit the metabolism of testosterone in vitro

(Frederiksen and Wilson ._971) Each of these compouﬁds wasw
g % »r*-‘

tested for capacity to fnterfere with the ttansier of steroids from"
cytosol receptor to nuclear receptor. The results of experiments in 7

whlch the pulcﬂ LDJECthﬂ of 150 uCl (11 g) of [l,2~3H]testosterohe

\
s

was succeeded 10 min later by a chase injection of 750 peg of tesct

compound are shown in Table 6.3. Values obtalned 60 min at zf? the.

’ N
’

. K . ’f . . : \ ‘. ;

: admlnlstratlon of cbase vere‘hompared with values,ezpectediln the
. . : o T

..absern;e of chase as.ob tained Lrom ng. 5.1 and Fig.:S;S.b\gbw.'

Ly

The mean levels of “qfandrogens in cytosol a.ter

chase injections .of éstradiol, epitestosterane, and cyproterone acatate.

i A N o~ . s . A

were identical and did not differ significancly from the meon level.
afcer the chase injectinn of testosterone. HOWever, the amount ot
3 P . ’ ' - . e =g aqQu

H-steroid in the.dytas 1 receptor .fraction Was reduced by 347, 397,

and’ 54% relarive to cor:rol following chase lujections ¢l estradiol,
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. . ool
_epitestosterone, and cyproteruﬁé‘éCetate respectively; none dgggéeéé
: e o Sl Fis L n

compounds was as efféctive as’ testosterone which produced. a
Lo e k4

t o

* ' .
reduction of 78%. From the remaining data in Table 6.3 it is evident

3

"H-steroid in nuclei and in the nuelear receptor
. 4'2 .

that the reduction of |
- . ' : . 3 C .
fraction almost parallels the reduction of “Hwsteroid in the cytecsol

receptor “raction and again it is clear that .the most profound
changes are induced by testosterone. A final point that merits
. . .

C , . .3 . , :
emphasis is that the reduction of “H-androgens in nuclear receptor

caused by estradicl is equivalent to 1.49 = 0.10 pmoles which is L -
virtually the same quantity of estradiol recovered in this fractioen
. . n N
3

-

Hlestradiol

§

tollowing the pulse administration of 230 vg of (6,7~
(Table 6.1). :This result would be predicted if estrogens and

androgens were bound to the $ame nuclear receptor.

: . - 3 - S
The metabolism of [1,2-"H]testosterone was examined p
) - -j ; ) : N ,l'
s . . . o . P Y 4
series of experiments as well and no signiricant cnange “as

0]
-
3
e
®
e
rt
ot
o]
ot

testosterone, and androstanediol after the chas

4 R - . LRI -

the test compounds. listed in Table 6.3... Consaguen

)

R . .
probtbly not expresseq¢ through any alterations in

‘action of estradiol and cyp;oterone-acgtéte at the

' N

K4

enzy&es involyed in androgen metabeldism. -Rather,

that sugch action is explained on the basis o

hinding of testosterone.and dihydrotestosterons Lo C¥
. ' ) . *

nuclear receptors. The behawjour of epitestosterone is compatinblc vich 2

\ e .



that of an androgen antagonist insofar as it also inhibits both the
. . ’ . .
_binding of testosterone and dihydrotestosterone to cytoscl receptor

and the transport of these steroids into the nucleus. :

7. TheMetabolismof [6,7—3H]Estradiol;in Rat Prostate

. The metabolites of'[6,7—3H]estradiol appearing in

prostatic cytosol and cytosol receptor 60 min after the injection of

1 ug " 250 vg of steroid were identified in order to assess the

pessibility that the: inhibitory action of estradiol. is promoted by

anYCner estrogenic compound. As shown in Table 6.4 more estrone than '

R

(19
n
s

=

zdi~L was recovered in the cytosol and cytosol receptor —-actions.
A small .amount of estriol was present as was a significant amount of

atified material ‘described as 'other". Preliminary analyses of

e nid recovered in nuclei suggest that only estradiol is present

in fhe nuclear fractiomy—0n the basis of available information no
judgement can be reached as to the contribution of estrone to the

an-i-zndrogenic effect of estradiol; in this respect, however, it :
3 g b

is clear that the Totential action of estrone should not Hu overlooked.

2

- - o

2

In these experiments the tyaniport of ‘androgens in
; R :

rat prostate was studied in v vo wich the usc of a pulse-chase

merhod. . Fractions of cvrobSol and nucleil were labelled by a pulse
L . s e e o 3 L L
injaction of 150 10i (L ug) of [1,2-TH]tesgosteronc and this operation

r

as Tollowed »v a chase dnjdetion of 250 ;g of unlabellced restosiverone.

0
\
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»
In most experiments the first and second injections were separated
by a 10 @in interval. 1I%t was calculated that this experimental

design vielded & significant reduction in specirfic radioactivitv of

\ the cyresol' and an 8 to 11-fold dilution in the nucleus 60 min after
the administration of chase. Since there was no change in the relative
. ( ’ -
amounts of teS:osterone,-dihydrotestosterone_agﬁﬂanéTGEE;%ediol

oz
arter the injection of 1 ug or 250 pg of [1,#-"Hltestosterone it

M . . .- . ,\ . - . 5 e
reasonably certain that the degree of dilution o7 intracellular ‘ Y
N ' ! % ’
B ) ’ ) . . ) ‘ el
androgens deri: from testosterone was similar. - i
A !
v ) . . - o L€
plasma and nuclear membranes was demonstrated bvarwo finding
Al .
First, the amount of steroid incorporated by cvtosol was proporfionzal
= . . - . .. _' - .
to the cose ©of sterocid injzcted whereas no direct relationship was
Iound between Jose and uptake of steroids by nuclei (Table 6.1).
N . ‘ \\. . - . - L) - -~
Secondly, the apparent dilutioh of speciiiy radioactivity of pulse
the didutior (
\
thererore, that th
'
explained in tfterms
1n the nast
S,
(Giorgi et al., 1971; Munck, 1971).S | The passage of steroids through 4 -

M R S 3 1 1 1A PRI - ] . v -
S, aewWever, 15 1ndeir.lilanoee as an oac .o ive

[

wransport mechaniem on the hasis of both the relative saturahilicy of

\
\ \

n.1) and the accumulation of stercid in nuclei

. The lztter result can be deduced {roam




N

Y K} |

v

which clearly showed that at 30, &0 .and 120 min zf{ter the 11]ecLlon

e ven K S 3
of 150 €1 (1 ug) of [1;2—3H]testosterone the amount of "H-androgen
in nuclei steadily increased over the amount in the cvtopnlasm.. This
evidence along with the inability to dEmonstrate counter-transport

.

(Fig. 6.3 and Table 6.2) rules out the pqssibility that steroids are

transferred into the ncleus by facilitated aiffusioqu Two

.

additional findings are in keeping with active transpdrt, namely

r

. . / . .

that téstosterone and dihydrotestosterone are ‘transferred

quantltat ly from a cytosol refeptor to a nuclear receptor of C

. 4 c
.. _ . YR « A )
lght’" different structure (compare. Peak 2 and Peak 2a; aiso

Fang EE;E;J"1969) and that these steroids are released from the

steroid-receptor complex after Deﬂetratﬁ the nucleus (Fig. 6.3B).
In effedt it would seed that the steroifi-receptor complex represents T~

‘ a ’

-a’true carrier-substrate complex formed on one’ side of the 'membrane

/
14

/

'7 : X - ) . - - l ' " N - X
and modified on thé other in such a way that the carriger has lowered

'

omn

e N

: . 3 ‘ j
affinitv for its subs \\\ Stein, 1957; Kaback, 197') It7isz also
N / . ‘~
! : . e

tewp*lng to- suggest th;trfft auoarent trapping or rbturthn c;

D )

Stcr01ds by the nucleus :asults from the convers*o’rof qteroid
- T

Al \p B
a free, ncw~*ranspor blé& form No .-
A : ) T [
jhdgeme;t_gan be reached, howgver r-as to whether steioidé,exist in a
4 . . . A 3 »

bound, transportable form-to

. . l .
free form as.such‘ou whether they are Bound t¢. low-affinity irntrantuclear.
o S, “ |

LI Sy . !

receptors. Neither is L erc sufficient dats to assess the péssibilicy

. v
P P—

that the carrier returns tc the &ytoplasm to initiate ancther
transport cvcle as has been propased for th e krqu‘ﬁrL(Ufugj

-

wcocortivoids
1Y

Munck et al., 1972; Ishii et ai., 10ﬂ“‘.

—_ _— ]

wlzsﬁﬁm



N

S 3
1ntranuclear; H- SLLrOld in pu

~of exchange of steroids between a bound and free compartmrﬂt -

/ & N » . ’\{ X 17
3 }! e X ‘: ) \\ 2 ‘ ‘ » N >
?« [ ‘ \) # ) . , '
SR g The dllueigg\if the specific radioactirity of »

uls e $“' ‘exyperiments results in the
. 3 o
partial dlsappearance of H-steroid‘from the steroidrreceptor complex

i
v | -

(Flg 6. 3B) Tnls effect .is probany related to the 1ntranuclear

mixing of labelled an& unlabelled steroid and prov1des indirect pxoof

-

Al ' : i

-
” e

Further suggestive'evidencé of-a free compartment is.obtained from the

| ’ Tt ’

> - . S I 3 : .
results of experiments on the incorporation of H-androgens by nuclei

!

¢ ’ ’ : . o
aftef the pulse injection of [l,Z—BH]ﬁQSfosterone shown in Chapter V,
Fig. 5.5. From a comparisen of Fig. 5.5A and_Fig.'SlSB it is readily f
: - ) : b

apparent that the fraction of intraﬁulceerﬂeferoid recovered in the

| nucleer recepé&r fraction is close to 302‘kmeae of 25%, 27%,'&3%, and
32% is equal to 32%) at eacb tlmegb01nt 1nd1catedu Slnce thie
Lractlon never exceeds 43% of the to;al stero;d in the nucleus the A:}
queeglon arises as to whether the,unboumd ster01d orlglneles
anomalously fro% the breandown'of sterﬂgd protein complex dpfzng gel-.
filtration or Qhether’indeed it represents aiphy51olog1cal compartment ¥

of steroid. 1In regerds-to the formef possibility,;when apprOp:iaeé

. correctidns were made for artifactual dissociation of in vitro

labelled feceptors (Chapter I1T, Flg. _.z) omnly a small pereeptage of

_the bound steroid dissociated as a res t of passage thrquh Sephedex-

G-25 columns. Assuming: then that the latter possibility is valid, it

is clear ﬂﬁat either free steroid is derived from the steroid-protein

complex or it enters the stcleus through other unidentified pathways.

" / - . g
[ S * . o



SO e ) a

“Despité the lack of complete parallelism in the kiﬂétgcs of -
. ‘ ) \.‘n " \
incorporation of steroids by nuclei and of the, accumtilation of

steroid-receptors by nuclei (Chapter V, Fig._S;S), theseé results

are compatible with the view that the development of the compartment
] : . ~.. )
of free steroid is conditionat.to the appearance of steroid

‘ : - : s -

receptors complex in the nucleus. §ince the 8-fold increment in ~

o

total nuclear steroid betggen'lO and 120 min (Fig. 5.3A) is nearly

.

-‘eéqual to the concomitant.l0-fold increment in binding (Fig. 5.5B),
, : - i o

and since the relative proportion of ¥ree steroid is usually
maintained at about 70% of the fotal intranuclear steroid, it is
. : : . . ‘ Jo
therefore possible.to define a'felationship between free steroid and
the amount of binding. Such a correlation is not surprising if the
; , - ,

. : S . .
. uptake of steroids by nuclei is dependent on an active transport

‘process where there is a pha7e of rapid dissociation of the carrier-
' ’ \ . - '
steroid complex. The dependence of intracellglar‘transpott on the
. _ @
carrier function of steroid-receptors is also suggested by several

«

-lines of evidence obtained from work on hormene sensitive and
‘nsensitive cells showing that the uptake of steroids ¥v nuclei 'is
achieved in the absence of appropriate bind%ﬂg proteins (Bullock

. Bardin, 19705 Baxter'et al., 1970; Ohno et al., 1971; Bullock et .al.,
. e} faY ) M .
1971; Rosenau et al., 1972; McGuirexet al., 1972; Shvamala, 1972;

Gol&gtein and Wilson, 197?);

o

o A pecullarltv of .the androgep/zalrler pmoteln is that

it falls to form a complex with any potent natural androgen other than

v

testosperone or dihydgptestosterone. Biologically active compou ds-

‘\ - ’,
. ) s -
- . . ’



such as androst nediol, androsterone, androstanedione and

androstenedione are seldom Tound in the prostatic nucleus
. . o - S X '
~{Bruchovsky, 1971), as a rule do nét bind to cytosol receptor, and
" ’ . - \ N . :

probably ‘undergo enzymatic conversion to dihydrccestosterone before

.they aré active {Bruchovsky, 1971). One may reasonably suspect
R W ‘ , .
therefore that the intracellular transport of androgéns is’

“ »

Q
Py

4
conditional on.the natureof the substraye as well as on the
N\ o .

~availability of suitable carriers.
When the cytosol receptors, labelled under pulse-
. . o

chase conditiens, were‘chrbmatographed on cellulose phosphate columns
the protein bound radioactivity was found %xclhsivelxvin the Peak 2

; | " ‘ | ‘ |
fractions. However, whén these extracts were chromatographed on

Sephadex G-200: the fesﬁltant profile of radioactivity was

different than that observed in pulsé experiments (Fig. 6.2). In
. { Y : .

addition to Sephadex Peak I and Peak II complexes 3H—Sterﬂids vere

also found in association with Sephadex Peak I1I receptors. Thus it

+ appeared that the label was chased either from Peak III to Peak I1 .

.

ahd\Pegk I receptors, g converselyf from the Pfak~II and Peak Iﬂ;o
N » _ | v B

! N 4 B . 4
.Peak TIII receptors. Since in pulse experiments most of the

radioactivity in nuclei is repévered jn the Sephadex Peak III fraction

(Fig. 5.7), and since thére is considerable evidence to suggest Ehat’

: * 4 .
the-nuclear receptor originates in. the cytoplasm it is more likely

that cytosol Peak III receptor.is formed from cytosol Peak II

(orﬁPeak'I) receptors..

S

i

[
~1
w

e



,Examination by column chromatography of the nuclear

-eceptors formed in the pulse—chase experiments revealed that when the

o

thase interval was extended to 60 min there was an increaze in the
N \ — : .
s - . e 3. . il e 5
relative proportion cf TE-steroid recovered in Sephadex Peak I as
compared to that found in Sephadex Peak 111 (Fig. 6.3).  After a chase’

. s

of 20 min most of the bound radiocactivity was obsérved in Peak 2a

B
v

fraction obtained byv"cellulose phocphate chromatngraphy (Fig. 6.4).
' . e . . N E .

4 . S N . .
The results are therefore cempatible with the idea that there is a'
steroid~acceptor or a steroid-receptor-acceptor site in . the nucleus
which is distinct from the steroid-receptor. The latter éppgars to L
 function as a carrier moleccuie in the transport of- androgens from

s 5
cytoplasm to nuclei. _ ‘ g RS .

A final point that merits emphasis is the finding that

\ J
. . ) . Vi ’ v

estradiol is incorporated by prostatic nuclei and appeays to be

bound to the same . 2ceptor which

-

binds testosterone and dihydro-

X . . 2 )
testosterone (Table 6.1). ~Since estradiol is not known to mimic the

action of androgens on prostatic epithelial cells, it seems that the

presence of receptogain the nucleus in the absence of testosterone

and dihydrotestosteroqe is ‘not ;‘suffic%ént stimulus to initiate a ~
physiological'response. Because‘the data'suggeét that‘the éclionvdf
'1‘cypr0terone_écetate is éimilar gdfﬁhat of estradiol (Table 6:45 .
’conside;atipn should be g&ven,to the.péssibiiit?'thgt the action o?
anti-androgens such as estradiol angd cyprogefbné acetételis bésgd on

<4 . . .
their ability to induce the formation of inactive complexes-which

migrate -into the nucleus. Saturation of the nucleus with such
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s .. . / . . E
copéﬁexes or the resultant depletion of receptoXs”in cytosol would =

account for certain aspects of chemical antagoniém to androgens.

Other compounds such as epitestosterone may produce similar

k] . N

effects. - . ¢ : . '
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CHAPTER VII

4

- DISCUSStoN

» S
L)

o

of the early action of androgens in rat prostate.

objectrdve was concerned with the

.

.

c e A . . " J . :
‘This investigation was designed to elucidate two aspects

One principal

.

identification of intracellular-

receptors-and the homology between cytoplasmic "and nuclear forms. A

. B o : L
second principal objective was concerned w

steroid-receptors i

n cytoplasm and nuclei. ' The results o

experimentélﬁreSQntéd in Chapters II1 and IV provided evi

assume severadl configurations in tissue

‘sterc -receptors
o . »

not all forms are cqmmon to both .the cytoplasm and nucleu

more, 'the results of in vivo.experiment$ presented in Cha

'VI indicated that there are,fewer‘configuxationSQgg vivo

The use of pulse-chase experiments as describéd in Chapte
. . . . ‘ He) !|> . ‘

"established that certain of’ the stefqid—féceptbrs‘appea

“
' .

r

ith the function of -

B

f in vitro .

dence that
and tHat

s.’ Further-

ptéfé V and

than in vitro.

A

rs V and»V¥

to function

as carrier molecules in the transport of- testosterone an@ dihydro-

testosterone across the nuclear membrane. In the followi

-~}

these observations and Trelated conclusions are reviewed i

~
- 3 .

’
4

1. In Vitrd Studies

Results of Eg_viﬁfo experiments indicated

4 types of receptor protéins wére present in prostatic cy

.were distinguished on the basis of their relative elution

- AE““;

3
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ng discussion,
n detail.

———————

that at least

tosol. 'These
' r
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“haracté ;Eigg irﬁﬁ cellulose phosphate and Sephadgx G—ZOQ columns. ° . _
wé"y'h ‘ ! ‘:-’-./ “7 A » 3 o " 4.
» ‘ﬁe Qhr‘magographv of cytosol protelr labelled in vitxo w1th [1,2~-"H] -~ 7 .
. b \S.’ . .. - -
o _ ¥ %
_stosterone.ylelded two peaks of rad10act1v1tv ‘Peaks 1 and mEos
2;4 1»., Wh:n these’peaks were reincubated and thén subjected 'h: v
'  ¥
*hvokes '“‘f 48 A (Flg 4 7A) Cellunlose DhosphaLe Peak 2, on i e

r.ad spokes' radii of 24 A, 48 A, and > 48 &

The c1romatograohv of nuclear ;xtract labelled in v1tro 5
lbvdrbtestosLerone vielded-~two receptor complexes. S ?
~ ' - ‘ :

4.8) and from

A
as cellulose phosphate Peak 1 and” Sephade Peak I The flrst had a ] ' '5‘Q
Stokes"radius of aoproxlmately 24 g; whereas the Second had a ,.@

>
»

M ~ ) o . - 'a ) . . ’ . ’ g
Stokes’ radius of »%48 A. Thus under in vitro conditions six types ot
P :
e

androgen-receptors were igalated. from prostatic cells. None of these

were found to correspEud to Sferoid-binding proteins of the serurm ' -
v

(Fig. 4.15 and 4.16). : . ' - }
[ . . vv . » J i 'g
. L C | S
" 2. In Vivo Studies =~ . ‘ - %

Results obtained from in wvivo experiments differkd

from those obtained in vitro in that fewer'recéptdr.complexe;_we;e

) ‘ . .y X N L e .3
isolated under in vivo conditions. After a pulse injection of [5,2-7Th]-



" testostzrone into!casttated Tats only“cellulose-phosphate Peak
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t
s

8%

G . -

‘; (Fié. 5.2) and. the corresponding Sephadex Peaks I and iI (Fig. 5.3) ¥

The relative amount of radiocactivity associated with Sephadex Peaks I

zeneral, is comparable to the transition of the 85 receptor to the 35

_obtained in vitro when nuclei from castrated rats are used. " - N

‘were isolated from the cytosol (note the absence of Sephadex Peak I11).

" and II was determined by the ionic strength ofﬁthe cluant. This

o . N ‘
effect of ionic strengta was also seer. in vitro (Fig. 4.2) and in

N

form‘reported by others (Badiieu and Jung, 1970; Jung ‘and Bauiieu,

1971);v2A1though cellqloée phosphate Peak 1 receptor was not seen ///~

"EE:Vivb, anbe:amoqnts of "Sephadex Peak III complex were observed ///////

s A .

}‘during pUlseQChase experiments in vivo (Fig. 6.2).

Vol -
Ly

'%‘ . o .. Nuclear extracts examined less  than 60 min after the

T in vivo;édﬁinistration of [1,2-3H]testos£erone mainly vielded Séphadex

U . . : : o

Peak 1IT receptor corresponding to a Stokes' radius of 24 A

(Eig. .5.6). At. later intervals, however, a significant amount of
radicactivity was also bound to the larger form of nucléar

receptor “(Fig. 5.7).  Tt:is noteworthy that the nuclear receptors : .
Y . . . .
a4t A . ‘ .
demonstrated under in vivo ceonditions using castrated rats are.similar
to thosé}demonstrated under in vitro conditions using non-castrated i -
o =
rats. llowever, as will be pointed out later, different results éfe‘ '

3. The Incorporation of-Androgens into Nuclei

o

"and Active Transport

In classical terms active transport involves the

followiﬁgTsteps (Kaback, 1972):



IVA,. f\ o

v
(1) Substrate combir- with a specific carrier on.one side of a
. T .
merbrane and is -anzlocated to.the otHer side of the /
. - d
. 1 r >
membrane. '
- ' ) ot
(2)  The complex undergoes a\conformstlonalnchangg_so that the
’ e . "” K : o RS .
- substrate has a reduced affinity for the carrier and is
released. N ’ - ' .
(3) The net result of this'mebhaniSm is that substrate is N

concentrated against a chemical gradient at the expense

. ’ ’ ’
-of metabolic energy. . - . b

The transport of testosterone and dihydrotestosterone into prostatic

s 1

nuclei appears to depend on a system which possesses these

characteristics. . First, testosterone and dihydrotestosterone

accumulate in nuclei against a-chemical gradient (Figs. 5.icand 5.5).
Secondly, the rate ét which these steroids ére_transported seems to be
- limited (Table 6.1). Thirdly, it appears that the steroids are

trahsported into the nucleus by a proéess which depends on the 7 _ )

\

carrier funetion of‘steroid—réceptorsr(Figs.-6.1B and .3B). Finally

it"appearsltH%tftHe'séeroid»geceptor is modified sligh;ly during
passagé‘acfogsrfhe-nﬁelear membrané (Figs. 5.2 and15.6), This
altération presﬁmeably results iﬁ a change of affinity and .partial
dissociagiOn of:thé complex. Thefobsérvation that.a significant
amount of intranuclear stefgid ié in phe.frée form'is in keéping with

~ N »

the latter conclusion. _
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l
<

¢ : : . .
Although in ﬂhls 1nvest1gatlon it was mot shown that

Liptake of hormones_is energy dependent, Sar et al. (1970)
e e ) N
¥iat prostatic miqces concentrate -steroids in the nucleus

~ . -~

RN . o : ) : ‘ .
whenlthevlntubatlon temperature is 37° C but not when the temperatute

>

is 2° C. Rochefort and Baulieu (1969) demonstrated that tHe uptake
of estradiol 4dnto uterine nuclei is also ' a temperatufe dependent o P
process. . » o : _ - . - 4

While nuclear uptake and riﬁention of androgens

operates through a process which is characteristic of active,transport,
. . AC .

the passage of steroids through‘the plasma membrane of prostatic cells %

occurs by way of a different mechanism. In this investigation it

‘was found that the amount of steroid entering- the cytosol fraction
was dlrectly proportlonal to the dose of 1n3ected stegg;d\(Table 6. l)

Since even at relatlvely hlgh doses of 1n3ected steroid (250’ug) i
. \-ﬂ

(was not posyible to saturate the transport capac1ty ‘of the plasma

. \ N
*‘.
*w“hembrane, it seems reasonabWe to belleve\that thlS pro?ess is not

4
carrier mediated. Thus in accordance with the conclu51ons of

other 1nvest1gators (Glorgl et al., 1 Munck, \\71/ Brlnhmann et al
1972) it appears that steroids enter prostatic cells by passive

diffusion~~ .

"~ . 4. The Carrier Function of Steroid-Receptors.

] . . . e
fTwo observations indicate that cytosol réceptors of the

rat prostate are indeed essential for the incorporation of androgzens

into nuclei. . First, it was demonstrated that the amount, of “H-steroid

o



. - L - R
3 .
_ C R S ’ .
. 4 O ] ; r L )
, . A .
J e .

chased’ from oytosol receptors to the nuclear receptors was ' S

quantltd&lve and that the transfer occurred sequentlally (Flgs 6.1B

»

and 6.3B). Secondly, desplte the presence of at leas

t five
~androgen metabolites in -the cytoplasm (Bruchovsky l9>l), only

testosterone and dlhydrotestosterone were found to bind to . 7 - “
! W ;:‘,: : : 2 f
cyt/glasmlc receptors (Fig. 5. lB),,thls llmltﬁ'vﬁ%'lﬂ blndlng \

corresponded to ‘the llmltatlon on the _types of ] }ogens

'transported~intovthe nucleus.' These findings are”consiStent with the
view.that eitﬁer tﬁe_steroii-moiety,o% the.cytdéol'steroid;receptor .
complex is‘transferred to nucleer-receptor,,or §lternatinely, thet the
ientire’cytosol complex enters_the'prostaticf%ncleus ‘As dlscussed

o

below the ev1dence obtalned in thls study tends .to EQVbur the latter

. - . | . t
alternative. v :

!
: 7

When binding studies were performed in vitro with

v

'nuclear extra®dts obt.:ied fro& castrated animals (Fig. 4.9 and 4 lOB)

- onlyﬂthe larger forn of receptor wﬁs eV1dent (Sepﬁadex Pea~ I),
However, when casttated rats were 1n3ected w1th [1,2- H}testosterone“
(Fig. 5.6 and 5.7) there was'é\progressive increase in the level‘of pd
Sephadex Peak III receptor complex (24 k form) . Since this cooplex

v

+gnly seen 1n the nuclei of -andro en—stlmulated prostates
£X g

e

& 8 and ‘4,104) 1t seems reasona&ie to belleve that: tnls
‘rdcdptor complex is transferred from the cytoplasm. ‘The»fact that

certaln of the cytoplasmlc receptors have chromatographlc propertles,

. G« ¢

resembllng those ascrlbed to the small nuclear receptogf lends

.further dupport to this view. ‘lt«is-clear that,the'small 24vA forms
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't nuclear an. the cytoplagmic complex?s both.-display simiiar '_)/*J} '
#'finit~ .o cellulose phosphate (Fig. 5.2 &nd.5.6). Moreover, the.

Sephadex Peak III receptors which are éenerated in cytosol under in

~

vitroe coﬁditions) would appear to be the same as the Sephadex Beak III

-l

receptors which #4ppear in nuclei under in vivo conditions. These

B . ) o o ‘
results. are consistent with reports that both n%clear and

 ¢ytoplasmic receptors have sedimertation coefficients of about 3-4S

(Fang et*al., 1969; Fang and Liao, 1671; Mainwaring and Peterken,
v } R S ’
1971). ‘ I ..

A final point thch’ten@;ﬁgg‘support‘carrier'role ' o *

—~—
gt S

: .- : . _ _
assigned’ to cvtosol receptors is derived from studies with .
. ) “

. . . o _ » , Ly

s X .. . . . . . Rt

reconstituted cell free systems. In such investigations it has been - ®
. 7 « 4 N o

shown that 3-4S steroid~reéeptor complexes formed in the cytosol |

ig_?itro are able to permeate th® nuclear ﬁembrané’when'in;pbated.
with isolated nuclei (Fa%g”gg al., 1969; Fang and Liao, 1971). ST

a

5. The Presence of Acceptor Sites in Prostatic Nuclei - * ' . ’
. -, ] ; " ~ - . ///
. ARt present it is generally believed that after the.

N . .

recepfor*gomplexes pass into®he nuclei of target cell tissues they

~

bind to acceptor sites within the chromatin-(Kihg and Gordon, 1972);

Musliner éQd Chader, 1971; Tymaczko and Liao, 1971; Liao et al., 1973).

v 0

Wh_ﬁ@ evidence' in sﬁpport of this hypothesis has been difficult to-

?

obtain, three findings made in this investigation are compatible with -

existence of ‘accéptor molecules in prostatic nuclei.  First, résults
from in vitro studies suggested that prostatic nuclei pnssess a class

i '. . : . oy



of

andfbgt. binding sites-(i.e. 5ephadex Peak I) tHat are. not gross]y
affected p?')kstratlon .Flg 3 6 and 4., 10) Secondly, under pulse and -

'1pulse¥chaSe-cond1tlons the‘levels oI\rad10act1V1tv ﬁssooﬁated w1th #

o » < E : L s . I

these_sites increased as a'funCtion f'time after:the injﬂction‘of:

. ' 1
(1, 2—3 ]testosterone (Flg :,7'and:6.5).v Thlrle wnen in v1vo,

Er

labellea nuclei were frozen prior to exan?nation“on Sephadex G=200 . .
. o { . . - N

only -the - Sephadex Peak I 51tes were labelled w1th radloactlve

\

. ¢ : . o -

honmone (Vlg -5, 8) Vhether the observed blndlng of 3H—androgens to:

. . 3\‘ ' to -

uSephadex Peak I was: due to the blndlng of free ster01ds or whetheér 1t§

gﬁ ~ arose.as a result of blndingiof smaller receptors complexes (i.e. ¢ . i
: ) . - . . ) . ) S .
. o . i . }
Bephadex. Peak II1) is not certain.. Also the'possibility that. . . &

N

4

Sephadex ?eakAI‘radioactivity represents a non—specific aggpegate’of ,J/’

binding proteins gcannot be completely discounted.
‘ ‘ ) . _. . ) . A- .v . -~ S "
6. A Scheme of the, Funttion of Récaptor Proteins in
Y ; "

B3

-

e . N . '
6 - the Intracellular -Transport of\Androgens , o~
o N - N : - - - B

On the ba51é}'oF the apparent structural‘51mllar1t1es

2 A
= - w7 . .

andifunctlonal relatlonshlps ascribed to the receptqy protelns 1t is

‘ { .
p0381ble to- construct a model which outllnes the’ role-of steroid-

N il . AR ¥ . ..
©

receptors in'thé]transport of‘steroids7ﬁrom the cytdolasm'to the nucleds

. Lo . . !
\ LY . 14

,(Eig: 7.1). Testosterone, the pr1nc1pal male sex, hornone -di ff ses

x

from the c1rculatlon into the prostatlc cell and is metabollzed to

v

1l
aihydrotestosterone and other unconjugated“androgeﬂs Dlhvdrotestosterone

land unmetabollzed testosterone £hen blnd to Sephadex Peakol receptor

~ 1

which is probably equlvalent to. the 88 receptor descrlbed by ' %

“ Malnwarlng and Peterken (19/1) After® this'event the newly'formed

<
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A MODEL FOR RECEPTOR PARTICIPATION IN THE NUCLEAR UPTAKE OF ANDROGENS

SERUM . © CYTOPLASM

CIN.VIVO BINDING

IN - T:D

N VITROBINDING. .~ * T;D
SEDIMENTATION COEFFICIENT 8S

~ STOKES' RADIUS (A) -

CELLULOSE PHOSPHATE PEAKS2 .
_ SEPHADEX G-200 PEAK I po

NUCLEUS

A}
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I ) . ’a

.Teceptor complex undergoes a transition.step to yield Sephadex Peak II

complex. It is tonjectured that Sephadéex Peaks I and IT may be
related through an equilibrium reacticn.

4 N ~ ! - {

Next a second transztion yields a smaller

receptor (- . adex Péak I1I) which penetrates the nuclear membrane.
Although the ‘actors regulating the formation of this comggzx ate -
unknown, there is some evidence which suggests that a specific

'enzyme may catalyze this type of reaction (Puca et al., 1972).

W
o

Because the chcentratioﬁ/of Sephadex Peak III complex is very low

I '.}R vivo it seems reasonable to suspect that this ipecies has only a

- ¥
transitory ex%?tence in :the cytoplasm.

¥

® During,-or shdrtly‘after its passage through the

nuclear membrane, Sephadex Peak I complex is modified.so that it
'now has a reduced affinity fo?;ﬁts substrate but binds more

X

.

tenaciously. to ceﬁaulosé phosphate. Androgens appear in a bound and

free state in'the nucleus and it is not clear which form, if
2 ' - .
either, is'ad?iveg It ¢ befvisualized that.free steroid interacts
) . . . . . . ., {J .
directly with chromatir _ .at stéroid—receptor complex interacts

with chromatin or that .e receptor (minus g&er01d9 is the activator
molecule. A final question yet to be elucidated,éoncerné the fate
¢ tb  intranuclear steroid; further égudy:of the mechanisms involved

L1 ,

insthe dischérge of steroids from the nucleus i&fht provide useful

' . information on the significance of various. associations of- steroids
. .- . S - - ;' ;
and- reccptors in prostatic cells. _

‘ . - - 4

L



BIBLIOGRAPHY

—"

Andrews, 'P. (1964). Biochem: J. 91, 222. _
Andrews, P. (1965). Biochem. J. 96, 595.

Andrews, P, (1970). Meth. Biochem. Anal. 18, 1.
Bardin, C.W., Bullock, L., Schneider, G., Allison, J.E., and
- Stanle:  A.J. (1970). Science-167, 1136.

LBarry, M., Eidinoff, M.C.L., Dobriné}l K., and Galiagher, 1.F.
(1952) . Endocrinology 50, 587. A

Baulieu, E.E., and Jung, I. (1970). Biochem. BXophys. Res. Comm.
38, 599. \

Baulieu, E.E., Lasnitzki, L., and Robel, P. (1968). Nature 219, 11SS.

L

Baxte?, J;Dy,Hafrfé, A.W., Tomkins, G.M., and Cohn, M. (1970).
Science 171, 189. ,/) SR T

Baxter, J.D, and Tomkins, G.M. (1971)! Proc. Nat. Acad. Sci. U.S.A. .
68, 932, S . ,

Bechhold, H. (1907). Biochem. Z. 6,.379. . =
- : ’

Belham, J.E., and Neal, G.E. (1971). Biochém. J. 125,,81.

‘Bennhold, H.'(l§g2). Ergeln. Inn. Med. Kinderheiik._ﬁg, 273.

Bischoff, F., and Pilhorn, H.R. (1948). J. Biol. Chem. 172, 663.

Brinkmann, A.0., Mulder, E., and Van Der Molen, H.J. (1972).
J. Steroid Biochem. 3, 601.

Bruchovsky, N.,(1§71).<Endocrin010gy 89, 1212.

Bruchovsky, N../(1972). Biochem. J31127, 561.

r.o

Bruchovsky, N;, andiMeakin, J.W. (1973). Cancer Res. (in press).
Bruchovsky, N., and Wilson, J.D. (1968a). J. Biol. Chem. 243, 2012.

Bruchovsky, N., and Wilson, J.D. (1968b). J. Biol. Chem. 243, 5953.

' A3
\

/

(Comtinued)



BIBLIOGRAPHY (Continued) ‘ J
v
Brunelli, B. (1934). Arch. Int. Pharmacodyn. 49, 262.
- Bullock, L.P., and Bardin, C.Wi (1970). J. Clin. Endocrinol. 31, 113.

Bullock, L.P., Bardin, c.w.,/ggd Ohno, S. (1971). Biochem. Biophys.
; Res. Comm. 44, 1537',/ '

. -

Chamness, G.C., and McGuire, W.L. (1972). Biochemistry 11, 2466.

Davies, P., Fahmy, A.R., Pierrepoint, C.G:, and Griffiths, K.
(1972). Biochem. J. 129, 1167.

Fang, S., Anderson, K.M.,, aad :iao, S. (1969). J. Biol. Chem,
. 244, 6584,

Fang,, s% and‘ Liao, S. (1971). J. Biol. Chem. 246, 16.
: »

Farnswerth, W.E. (1969). Invest.~Urol. 6, 423.

Folch, J., Lees, M., and Stanley, G.H.S5. (1957). J. Bjiol. Chem.

2267 497.
Frgderiksén, D.Wi, and.Wilson, J.ﬁ, (1971). j.?Biol./Chem.

246, 2584. ‘ o
.Gehriné;.U., and Tomkins, G.M. (19715; Nature New Biology 232, lbé; y
Giannopoulos), G.,'aﬁd Gorski, J. (1971). J. Bibl. Chem. 246, 2524, | ///

Giorgi, E.P., Stewart, J.C., Grant, J.K., and Scott, R. (1971).
:ff . Biochem. J. 123, 41.
Giorgi, E.P., Stewart, J.C., Grant, J.K., and Shirley, I.M.

. (1972).. Biochem. J. 126, 107.

Gloyna, R.E., Siiteri, P.K., and Wilson, J.D. (1970) .
' J. Clin. Invest. 49, 1746. C '

Glwyna, R.E., and Wilson, J.D. (19§9). J. Clin. Endocrincl. 29, 970.
Godefroi, V., and Brooks, S.C. (1973). Anal. Biochem. 51, 335.

. Goldstein, J.L., and Wilson, J.D. (1972). J. Clin. Invest. 51, 1647.

v

AR : o ' (Continued)



BIBLIO%BAPHY (Continued) -
“eeio, BeS. (1959) . Endocrinology 64, 898.

Groo%, M., Harper, M.EL, ?ahmy, A.R., Pierrepc.nt, C.-., and.
Griffiths, K. (1971). Biochem. J. 122, " 25.

A

Harding, B.W.. - -d Samuels, L.T. (1962). Endocrinology_zg; 109.
Heidenhain, M. ( 203). Arch. Ges. Physiol. 96, 440.
Hotta, S., and/Chaikoff, I.L. (1955). Arch. Biochem. Biophys. 56,

‘

Ishii, D.N.; Pratt, W.B., and Aronow, L. (1972). Biochemistry l&A

28.

3896.

Jensen, E.V., Numata, M., Brecher, P. I-, and Desombre, E.R. (1970).

In TheQBlochemlstry of Steroid Hormone Action, p. 133.
Edited by R.M.S. Smellle, Academlc Press, New York.

o j ‘
Jung, I. ?nd Baulleu, E.E. (197}1). Biochimie 53 '807.
Jungblut, P.W., Hughes, S.; Hughes, 4., and Wagner, R.K. (1972).

i

Kaback, HiR. (1972). Biochim. Biophys. Acta 265, 367,

King, R.J.B., and Goraon, J. (1972). Nature New Biology 240, 185.
! i . —

Acta Endocrinologica 70, 185. | \,) . ' S

N

' Laurent,/T.C., and Killander, J. (1964). J. Chromatography 14, 317.

Layne, ﬁ.'(l957). Methods Enzymo?. 3, 680.
Leév, I:, Morfim, R.F., Ofner,.P:., Cavazos, L.F., and Leeds, E.B.
(1971). Endocrinology*89;, 465. i

K Lesser, B., and Bruchovsky, ‘N. (1973). Biochim. Biophys. Acta G

(in press).

" Liao, S.,[Liéﬁg,‘T,, and Tymoczko, J.L. (1973). Nature New Biology

241, 211. - "

Lowry, 0.H., Rosebrough,‘N.J., Farr, A.L., and Randall, R.J. (1951).

J. Biol. Chem 193, 265.

<

" (Continued)

193



BIBLIOGRAPHY (Continued)

Maggio, R., Siekevitz, P., and Palade, G.E. (1963). J..Cell. Bio].
* 18, 267. - : ) '

@

Mainwaring, W.I.P. (1969). J. Endocrinology 43, 531;

'Mainwaring3 W.I.P., and Peterken, B.M. (1971) Biochem. J. 125, 285.

-~

Wangan, F R., and Malnwarlng, W.I.P. (1972). Steroids 20 331.

fangan, F.Rrg Neal, G.E., and Wllllams, D C. (1968). Arch. Biochem.

Biophys. 124 L7

Mann, T., Rowson; L.E.A., Baronos, S., and Kafagiannidis;.k.'(1971).

J. Endocrlnology 51, 707.

McGuire, W.L., Huff, K., Jennings,.A.,. and Chamness, G.C. (1972). -
Science 175, 1623. o ' '

McGuire, W.L., and Julian, J. (1971). J. Cancer Res. 31, 1440
Moore, R.J., and Wilson, J.D. (1972). J. Biol. Chem. 247, 958.
rMﬁnck, A.(1971). Persp. Biol. Med. 14, 265

Munck, A;,'Wira, c., Youﬂg, D.A., Mosher, K.M., Hallahan, C., and
Bell, P.A. (1972).,J.»Steroid Biochem. 3, 567.

Musliner, T.A., and Chader, G.J. (1971). Biochem. Biophys. Res.
Comm 45, 998 -

Neumann, F., and Von Berswordt Wallrabe,'R. (1966) .-
' J. Endocrlnology 35 363

Ofner, P. (1968). Vitamins and Hormones 26, 237, - \\~ féﬁ

'Ohno, S., Tettenborn, U., and Dofuku, R. (1971).,Hereditas 69, 107.
Oppenheimer, é.'(1913) Biochem. Z. 55, 134.- .

Pafsons, I.Cc., Mangan, F.R., and ng%, G.E. (1970). Biochem. J.
' : 117, 425 o J

VPilner, L._(l972).‘New York State Journal ofNMedicine 72, 620.

(Continued)

194



195

BIBRLIOGRAPHY (an;inued)

Puca, G.A., Nola, E., SLga v., and Bresclanl, F. (1972).
Blochemlstry 11, 4157, . ;

Richardéon,'J.P; (1966). J. Mol. Biol. 21, 83.

Ritzen, E.M., Nayfeh, §.N., French, F.S., anc Dobbins, M.C. (1971).

Endocrlnology 89 143,
. Rivarola, M.A., and Migeon, C.J. (1966), Steroids 7, 103.
Rocﬁefort, H., and Baulieu “EL.E. 11969)“'Eﬁd6crinologyb84, 108.

Rosenau, W., Baxter, J.D., Rousseau, G.g,, and Tomkins, G.M. (1972).
Nature New BlOlOgy 237 20.

v

Rosenfield, R.L., Lawerence, A;M., pLiao, S., and Landau, R.L. (1971).
J. Clinf_Endbcrinology 32, 625,

~

Sar, M., Liao, S., and Stumpf, W.E. (1970). Endocrinology 86, 1008.
“Scatchard, G. (1949). Ann. N.Y. Acad. Sci. 51, 660.

Schellman, J., Lumry, A.R., and Samuels, L.T. (1954). J. Amer. Chem.
Soc. 76, 2808.

Schmidt, H., Noack, I., and Voight, K.D, (1972). Acta Endocrihologica
69, 165. o :

Schneider, W.C. (1957),'Methods Enzymol; 3, 680.

Shimazaki, J., Horaguchi, T., Ohki Y , and Shlda, K. (1971).
Endocrlnol .Japon,. 18 179. v , N/

Shimazaki, J., Kurihara, H., Ito, Y., and Shida, K. (1965).
Gunma J. Med. Sci, 14, 313. \{ . '

Shimazaki, J., Matspshlta, I., Faruya, N., Yamaka, H., and
“Shida, K. (1969). Endocrinol. Jdpon. 16, 453.

Shyamala, G. (1972). Biochem. BioBhys. Res. Comm. 46, 1623.
. : i’ - . \ - .
Siegel, L.M.; and Monty, K.J. (1966)- Biochim. Biophys. Acta 112, 366.-

(Continued) -

KEY



N
. BIBLTOGRAPHY (Continued)

’

Siiteri, P.X., and Wilson, J.D. (1970). J. Clin. Invest. 49, 1737.

Smith, J.A., Martin, L., King, R.J.B., and Vértes, M. (1970).
L Biochem. J. 119, 773. ’ :
A . : .
Spelsberg, T.C., Steggles, A.W., and 0'Malley, B.W. (1971). . .

J. Biol. Chem. 246, 4188, ‘ N

Steggles, A.W., Spelsberg, T.C.,'Glasser, S.R., and 0!Malley, B.W.
'(1971). Proc. Nat. Acad. S¢i. U.S.A. 68, 1479.

Stein, W.D. (1967). The Movement of Molécules Across Cell Membranes.
Academic ‘Press, New York. '

Stern, J.M. and ‘Eisenfeld, A.J. (1969). Science 166, 233.

Tvetef, K.J.,.and Aakvaag, A. (1969). Endocrinology §§; Qﬁj.
Tquézko,gJ;L., and Liao, S. (1971), Biochim. Biophys; Aé;a gég, 607{
Unhjem, 0. (1970). Acta Endocrinologiga 65, 5255

Unhjem, O. , Tveter, K.J., and Aakvaag, A. (1969).. Acta Endocrinologica .
, 193.

- Vonderhaar, B;K., Kim, U.H., and Mueller, G.C. (1970). Biochim.
Biophys. Acta 215, 125.

Weisbefg,’M}G., Malkasian, C.D.,‘and Pratt, J,H. (1970). Amer. J.
Obstet. Gynec. 107, 1181, : .

Wei}bhal U. (1971) Steroid-Protein Interactions. Editea'bz
' F Gross; A. Labhart, T. Mann, L.T. Samuels, and
,_Zander Sprlnger Verlag, New York.

- Whitaker, J.R. (1963). Anal;»Chem. 35, 1950. . s
W1lllams-Ashman, H.G., and Reddi,”A.H. (1971). Annual-ﬁeviews of
. Physiology 33, 31.

Wilson, J.D.,vand'Gloyna, R.E. (1971). Recent Progr. Horm. Res.
26, 309. '

3]
Pl

Wilson, J.D., and Goldstein, J.L. (1972). J. Biol. Chem. 247, 7342.

D

< o L ‘ . . i (Corit * nued)

|



BIBLIOGRAPHY (Continued)

Wilson, J.D., and Loeb, P.M. (1965). lﬁ Developmental and Metabolic
Control Mechanisms and Neoplasia, p. 375, Williams and
Wilkins, Baltimore. :

T

-Wilson,'J.Dﬁg and Walker, J.D. (1969), J. Clin. Invest. 48, 371.

Wood, G.C., énd'Cooper, P.F. (1970). Chromatog. Rev. 12, 88.

.Zimmering? P.E., Kahn; I., and Lieberman, S. (1970). Biochemistry
9, 2498, ' :

187

A



A.

C.

. ~\“

b~

APPENDIX
N
Estimation of Protein Coﬁcentratidn from Absorbance at 280 nm -

and 260 nm (Layne, 1957).

Protein concentration (mg/ml) = 1.55D - 0.76 D

280 260

where: D280-is tﬁe absorbance at- 280 nm

D26O is the absorbance at 269 nm.

Estimation of Standard Error of the Mean (S.E.)

. n N H
. T ~2 . . ;
s = %. (Xi-x) : L ’ Sk
. : a2
n-1 l b ' )
¢

] .

where: 's is the sample variance - R

n is the sample size

'i is the sample mean

o RO,

.'S.E. is the dtandard errof.

- Calculation of the Association Constant (Ka) (Scatchard, 1949).

. _ : : ‘ Y
%5 Ka(n-v) : ‘ . E

~
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where: v is the amount bound (moles/mg).
. o (A) is the amount unbound (moles/2)
Ka is the association constant
n is the number of sites (per mg) . .
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