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Receptor diners in hornmone action: A general survey.

The nucl ear estrogen receptors belong to a super fanily
of receptors whose function is dependent on the binding of snall
hydr ophobi ¢ i gands such as steroids, thyroid hornone, vitamn D
and retinoic acid. Functional analysis have shown that these
receptors act as transcription enhancing factors by interacting
with the corresponding responsive elenents, which triggers a
cascade of bi ol ogi cal responses through nodul ations  of
transcription of specific genes (Yamanoto, 1985; Geen and
Chanmbon, 1986; Evans and Hol | enberg, 1988; Evans, 1988).

Functional domains on the estrogen Receptor:

In the case of estrogen receptor (ER it has been shown
that the hornmone binding domain (HBD and the putative DNA
binding domain (DBD) which are responsible for the nuclear
binding (Kunar et al., 1986) and specific recognition of
responsive element of target genes (Geene and Chanbon, 1987;
Kurar et al ., 1987) correspond to separate discrete el enents that
can function independently (VWbster et al., 1988a; 1988b). The
hormone binding donain appears to contain estradiol inducible
transcription activation function (Kumar et al., 1987; Wbster et
al., 1988b). In addition estrogen is required for tight nuclear
bi ndi ng of the receptor.

Estrogen receptor as a honodi ner:

It was proposed by Yananoto and Al berts (1972) that the

estrogen receptor binds to DNA as a dimer. The cross |inking and



density shift experiments of 5S receptor conplex showed that it
consisted of two sinilarly sized units, which turned over wth
simlar half-lives providing an evidence that 5S nucl ear receptor
conplex is a dinmer of two 4S nonormers (Mller et al., 1985). Wth
the use of nonoclonal antiestrophilins Lindstedt et al., (1986)
showed that the receptor dimers are formed in the cytosol
following heat-transfornation of nonomeric cytosolic receptors.
It appeared that the mjor fraction of estrogen receptor
extracted from nuclei under these conditions existed as dinmers.
Conput er nodel ling studies of Gordon and Notides (1986) were al so
consistent with this nodel. The studies of Kumar and Charbon,
(1988) provided the direct evidence for the formation of
honodimers in human estrogen receptors for its binding to
responsive elements. The binding of glucocorticoid receptor to
DNA as a honodi ner was reported by Tsai et al., (1988) Wange et
al ., (1989) .

The efficient binding of estrogen receptor to DNA is
dependent on hornmone in vitro (Kumar and chanmbon, 1988) . They
showed that the action of the hornone does not involve the
nodi fication of structure of the DNA binding domain. The isol ated
DBD segment can also bind specifically to estrogen responsive
el enent suggesting that no post translational nodification is
required for its binding. The receptor diner binding to estrogen
responsi ve el enent required the hornmone binding domain for stable
conpl ex formation. Heterodimers of estrogen receptor were noticed

when the receptor truncated for HBD were nixed with nutants



without A/B region (Kumar and Chanbon 1988) . This was not
observed with an intact HBD, and the conplex formed was nore
stabl e.

Estrogen receptor contains both estrogen induced and
costitutive dimerization domains. The binding of hormone favours
the stable hormodi mer and therefore the HBD contains an efficient
estrogen inducible dimerization domain. Wereas DNA binding
donmain does not have such strong dinerization domain, though
dimers might also be forned in solutions in the absence of the
hor mone bi ndi ng domai n. Since the diner-DNA conpl exes were forned
irrespective of the presence of both A/B region it was suggested
that a weak constitutive dinerization donain must be present
within the mninal region that is required for DNA binding (QGeen
et al., 1988; Kumar and Chanbon, 1988). Fawell et al., (1990a)
have identified a region within the steroid binding domain of
nmouse estrogen receptor that is required for both receptor
di neri zation and high affinity DNA binding. The mutant that fails
to bind estradiol dinerizes and binds to DNA with high affinity
in vitro suggesting that the steroid binding is not an absolute
requi rement for specific DNA binding. This result contrasts with
previous studies on human estrogen receptor expressed in HelLa
cells, where dinerization was found to be dependent on estradiol
(Kurar and chanbon, 1988) . It was shown that the inhibition of
estrogen receptor DNA binding by anti estrogen was mnediated by
inpaired receptor dinerization (Fawell et al., 1990b). It is

interesting that hydroxy tanoxifen can mmc the effect of



estradiol although the conplex formed in the presence of this
anti estrogen may have an altered structure (Geier et al., 1987).
Zinc Fingers:

The DNA binding domain of the ER is 100% conserved between
human and chi cken estrogen receptors (Krust et al., 1986) and
contains a highly conserved 66 amino acid core sequence that is
common to all nuclear receptors and may fold into two DNA bi nding
zinc fingers. The DBD is separated from HBD at the c-terminal
region of the receptor by a hinge region (Lannigan and Notides,
1990) and it may be involved in dimerization (Kumar and Chanbon,
1988) .

Zinc fingers were originally recognized in a RNA

polynerase |1l transcription factor (TF Il A) of Xenopus |aevis

as a new DNA binding notif (MIller et al., 1985). The analysis
has reveal ed potential metal binding fingers as comron structures
in a variety of nucleic acid binding proteins (Berg et al.,
1986) .

Isolation and characterization of <¢DNA’s encoding
potential finger proteins indicate the existence of at |east two
classes of proteins wth specific nucleic acid recognition
capabilities. These classes are characterized according to the
nunber and position of cysteine and histidine residues available
for zinc co-ordination (Evans and Hol |l enberg, 1988) . The Q-H2
class typical to TF IlIl A is conprised of a sequence notif of 30
anino acids and is repeated consecutively 9 tinmes. This zinc

finger notif is defined by 4 netal ligands and conserved



hydr ophobi ¢ resi dues (Schwabe and Rhodes, 1991). Extended x-ray
absorption fine structure spectroscopy (EXAPS) and 2D NWR studies
have shown that each 30 aminoacid residue motif folds to form an
i ndependent domain wth a single zinc ion tetrahedrally
co-ordinating between an irregular p-sheet and short a-helix
(O ankun et al., 1986; Neuhas et al., 1990).

In steroid receptors the metal ligands are represented
exclusively by the cysteine residues. The nunber of cysteine
residues in a finger is variable. This class is represented as
Cx. Steroid receptors contains two apparently unrelated fingers
encoded by separate exons (Huckaby et al., 1987) with four (c,)
and five (c.) conserved cysteine residues. The c. famly is
anal ogous to Q-H2 class and reguires a single zinc ion, whereas
c and ¢ may require multiple netal ions for co-ordination
shared by cysteines. This type of interaction is present in
netal l othionein (Furey et al., 1986), where 3 netal ions share
nine cysteine ligands. In C class a point nutation in the
putative finger loop of GAL4 (yeast transcription factor)
increases the zinc concentration required for cell viability and
DNA binding in vitro (Johnston, 1987).

The DNA binding domain of estrogen receptor has two
putative zinc fingers (Geen et al., 1988) and it interacts with
DNA through the binding of recognition helix in the major groove.
The binding of ER to DNA cellulose is lost followi ng exposure to
netal chelators and restored upon addition of zinc (Sabbah et

al., 1987). Atkinson et al., (1990) showed the interaction of



bovi ne estrogen receptor with inmmobilized zinc.
Leuci ne Zippers:

Leucine rich regions of proteins, which are known as | eucine
zippers have been proposed as a possible site of protein
dimerization (Landshulz et al., 1988). Such structures can be
found in steroid receptors in both N and C terninal. The
pol ypeptide segnents containing periodic array of |eucine
residues are proposed to exist in an a-helical confirmation and
the leucine side chain extending from one «-helix interdigitate
with those displayed from simlar « helix of a second poly
peptide, facilitating dimerization. This hypothetical structure
is referred to as the leucine zipper and it may represent a
characteristic property of a new category of DNA binding proteins
(Landschulz et al., 1988). It was proposed that the |eucine
extend froman unusually long « helix and the |eucine side chains
of one helix interdigitate with those of a matching helix froma
second poly peptide to form a stable non coval ent I|inkage. The
periodic array of 4 |eucines was noted in the sequence of fos and
jun proteins and also in yeast gene regulatory protein CCN4
(Landschul z, 1988). Mutagenesis of fos protein supports the
hypot hesis that a haptad repeat of |eucine residues stabilize the
interaction between the fos and jun proteins. The conpl ex between
fos and jun can bind DNA nore tightly than either protein alone
and the basic residues adjacent to the leucine repeat of fos
contribute to the DNA binding potential of the conplex
(Kouzarides and Ziff, 1988). Schuermann et al., (1989) and



Landshul z et a1., (1989) have shown evidence that the |eucine
zipper regions are inportant for homo and heterodinerization of
sone proteins.

The circular Qichroism spectroscopy of the isolated
leucine zipper of GN 4, fos and jun showed that these proteins
will form a stable dimer of « helices oriented in a parallel
manner (o‘shea et al., 1989). Later the 2D NVR was used to
dermonstrate that the helix continues for atleast 32 to 33
residues in the peptide and that the dimer is symetric. So, it
is unlikely that the interdigitation nodel for the structure of
leucine zipper is correct, since it leads to an asymetric
structure in a parallel dimer (Gas et al., 1990). The x-ray
structure of GON 4 leucine zipper revealed that it is a tw
stranded, parallel coiled coil in which a helices wap around
each other in a shallow left handed super coil. Contacts between
the helices include ion pairs and extensive hydrophobic
interfaces that <contain a distinctive hydrogen bond. The
conserved |eucines make side-to-side interactions in every other
| ayer of the diner interface (O shea, 1991).

Anal ysis of sequences in the steroid binding donain of
mouse estrogen receptor revealed a haptad repeat of hydrophobic
residues in this region, which are well conserved in all nenbers
of the nuclear receptor super fanmly (Fawell et al., 1990a). The
dinerization domain in this receptor has certain features in
common with both the |eucine zippers (Landschulz et al., 1988)

and hel i x-1oop-helix motif (Mirre et al., 1989). The dinerization



donain characterized by Fawell et al., (1990a), lies at a
di stance of nmore than 250 aminoacids from DNA binding region, in
contrast to the leucine zippers and helix-Iloop-helix motifs,
which are adjacent to the basic DNA binding region. The proposed
structure is involved in the dinerization of uteroglobin, a
dineric protein, expressed predonmnantly in the endometrium that
bi nds progesterone with high affinity (Beato and Bairer, 1975).
POTENTI AL FOR ESTROGEN RECEPTCR HETERCDI MER FORNATI ON;

Jensen and De Sonbre (1973) nodel classifies steroid
receptor as an extra nuclear protein. Their nodel formed the
basis for the once w dely acclainmed two-step mechani sm hypot hesi s
that the estrogen receptor is mainly cytoplasmic in |ocation and
that it has to be activated or transformed by the steroid before
it could enter the nucleus and bring about gene activation.
Receptor activation is the nolecular reaction which alters the
receptor to an entity with increased binding capacity for the
nucl ear acceptor systens. A variety of nanipulations such as
increase in the tenperature of the nedium salt treatment or
al kaline pH have all been shown to activate the steroid receptors
(0’ Malley et al., 1974). Transformation has been defined by
Mil ler et al., (1983) as a change in the biochenical formof the
receptor which results in increased affinity of the receptor
hormone conplex for nuclear conmponents including DNA or

chromatin.

The transformation of 4S cytosolic estrogen receptor to

the 5S form involves an association with a second conponent or



subunit tO 4S (Notides and N elsson, 1974). The studies carried
out by vyamamoto (1974), showed that the transformation of 4S
cytosolic gr to the 5S form requires the binding of a second
sub-unit, subunit X, to 4S, which is not an estradiol binding
protein. concomitantly, this 5S conplex binds to the DNA These
results led to the discovery of a new cytosolic protein, that
does not bind estradiol and forns a conplex with the 4S estrogen
receptor to produce the 5S activated form This was referred to
as an estrogen receptor activation factor (E RAF) by Thanpan and
Aark (1981) . This was the first study ever, giving a clue for
possi bl e heterodimer invol venent in estrogen action. The basis of
the discovery was the assunption that ER was primarily |ocalized
in the cytosolic conpartnment of the target cell and it needed to
go through a transformation-cum-activation process in order to
bind to the DNA

EXCLUSI VE NUCLEAR LOCALI ZATI ON OF THE ESTROGEN RECEPTOR

Sheridan (1975) challenged the accepted nmodel of Jensen
and De Sonbre (1973) based on the conflicting reports of the
unoccupi ed receptors being present in the nucleus and on the
evidence for direct nuclear binding of steroid hornones. Sheridan
et al., (1979) proposed a nodel for the intracellular
distribution of steroid receptors in which the unbound receptor
was in equilibrium between the cytoplasm and the nucleus,
partitioned according to their water content. The affinity nodel
proposed by Walters et al., (1981 a, b) suggested the receptor

distribution between the cytoplasm and nucleus to be in a dynamc



equilibrium between the concentration of receptors, their
affinity for nuclear conponents and the conpartment vol unes.

In 1984 there appeared two independent reports which
showed that wunoccupied estrogen receptors were nuclear in
location. King and QGeene (1984) used nonoclonal antibodies
raised against Mcr-7 cell ER protein to detect the receptor in
various estrogen sensitive tissues. They used cytochalasin to
enucl eate the cells, thereby reducing to mininum the possibility
of creating honogenization artefacts. They found that receptor
resided mainly in the nuclear conpartnent. The receptor recovered
from the cytosol fraction of the homogenate, under these
conditions, represented the receptor that was |oosely associated
with the nucleus. Binding of estradiol to the receptor led to a
tighter association with the nucleus, a phenomenon previously
interpreted as translocation of receptor fromthe cytosol to the

nucl eus.

Si mul t aneously, Welshons et al., (1984) also showed that
the ER was predomnantly localized in the nucleus irrespective of
whet her the hornmone was bound to it or not. They proposed that in
an intact cell no nuclear translocation of the receptor took
place as part of the steroid response, but there occurred an
increase in receptor affinity for nuclear elenents. In the
absence of the steroid, nuclear elenents caused the receptor to
translocate into the cytosol when the cell was disrupted.

Immuno el ectron-mcroscopic studies of Vazquez-Nn et

al., (1991) showed that the estrogen receptor was mainly nucl ear
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in localization. They also showed a smaller but significant
section of the receptor to be present in the cytoplasm The
steroid receptors are known to associate thenselves with a heat
shock protein of nolecular mass 90 K (hsp-90) (Jacob et al.,
1984, Baulieu 1987, Binart et al., 1989 a, 1989 b: Inao et al.,
1990). Hsp-90 is known to be essentially a cytoplasmic protein
(Wech and Feramisco, 1982). A small fraction of hsp-90 appears to
be located in the nucleus and this may account for the nuclear
location of the steroid receptor in their non transfornmed state
in the absence of the hornmone (Baulieu, 1987) . The
denonstration of exclusive nuclear localization of ER (Welshons
et al., 1984; King and Greene, 1984) and the reports suggesting
cytoplasmc conpartnentalization of ER (Walters et al., 1981la,
1981b; King 1986, 1987; Raam et al., 1988) created a shadow of
uncertainty with regard to the function of E-RAF. This led to a
search for a cytoplasmc estrogen receptor that dimerizes wth
the EERAF (Anuradha et al., 1994). This has been identified as
the non activated estrogen receptor (naER). Evidences from our
| aboratory indicate that the goat uterine non activated estrogen
receptor (naER) has high affinity to interact with hsp-90. The
probability, therefore exists that the cytoplasmc ER identified
through immuno el ectron mcroscopy was the naER

ESTROGEN RECEPTCOR ACTI VATI ON FACTOR ( E- RAF):

Thampan and dark (1981) were the first to report the
presence of estrogen receptor activation factor (E-RAF) in the

mamal i an uterus. This protein has no capacity to bind estradiol,
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but is a DNA binding protein. The E-RAF, purified from goat uteri
(Thanpan, 1987) , has a nol ecul ar nmass of about 66 kDa (the 62 kDa
reported earlier is an under-estimation) and was found to exist
in three nolecular forms: E-RAF |, 1IIa and IIb (Thanpan, 1987;
1989) . The E-RAF 11a and IIb were shown to destabilize the DNA
hel i x, stimulate DNA strand separation and function as
transcription activators under in vitro conditions. E-RAF |
di spl ayed the opposite reaction. This protein stabilized native
doubl e helical structure of the DNA and inhibited transcription
in vitro. ERAF forns a heterodimer with the non activated
estrogen receptor (naBER) which is a high affinity estrogen
binding protein with no capacity to bind to DNA (Anuradha et al.,
1994). This heterodimer exists as a system parallel to the
regul ar estrogen receptor homodimers in the mammalian uterus.
E- RAF, naER and the regular ER are immnologically cross reactive
(zZafar and Thanpan, 1993).

NON ACTI VATED ESTROGEN RECEPTCR (naER):

naER is an estrogen binding protein without any capacity
to bind to DNA The identity of naER as an estrogen receptor has
been well illustrated by the observation that (i) it has high
affinity to bind estradiol and (ii) the hornmone binding site is
specific for estrogens. This protein has a nolecular nmass of 66
kDa, sedinments at 4.2S, and has a Stokes radius of 36°A CONBr
peptide analysis reveals that it has a primary structure
distinctly different from that of the regular estrogen receptor

(Anuradha et al., 1994). These studies further showed that naER
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gains access to the DNA only upon dinerization with the E- RAF
This is the first report of heterodimer formation in estrogen
action. As the nol ecul ar mass of naER is identical to that of the
regul ar estrogen receptor, theoretically in terms of nolecular
size and weight the regular ER homodimer is very sinmlar to the
het erodi ner constituted by naER and E- RAF.

Recent studies on naER carried out in our |aboratory has
shown that the naER is a tyrosine kinase and a glycoprotein
localized in the plasma nenbrane (Karthikeyan, 1994) . Keeping
this in view, a nodel (Fig. 1) has been presented in order to
identify the probabl e node of action of naER-E-RAF heterodiner in
the target tissue. Follow ng hornone binding the menbrane bound
naER enters the cytoplasm and dimerizes wth the estrogen
receptor activation factor. This hetrodimer enters the nucleus
where, upon dissociation, naER (now known as R |l estrogen
receptor) binds to the RNA-polymerase Wwhile E-RAF binds to the
DNA

13



Figure 1: Mdel showing the node of action of naER E-RAF
heterodiner in target tissue. naER= non activated estrogen

receptor, E-RAF= estrogen receptor activation factor.
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RECEPTOR HETERODIMERS | N THE ACTI ON CF OTHER HORMONES:

Receptor heterodimers have been identified in the
actions of thyroid hornone, retinoic acid and vitamin p. and al so
inthe viral onco proteins fos and jun which act as transcription
factors.

Thyroid hornone receptors belong to the same super
famly of steroid, vitamin D and retinoic acid receptors (Evans,
1988; Beato, 1989). There are two major classes of thyroid
receptor isoforms, TRa and TRB, encoded on separate genes (Evans,
1988; Lazar et al., 1990). These isofornms bind to specific DNA
sequences in target genes called thyroid responsive elenents
(TRE) as nononers and dimers (Formanet al., 1992; Baniahmad et
al, 1990; Holloway et al, 1990; Lazar et al, 1991). TRbinding to
TRE can be enhanced by heterodinerization with thyroid receptor
auxiliary proteins (TRAP) (Yen et al., 1992a; Mirray et al.,
1989; Darling et al., 1991; o’ Donnel et al, 1991; Zhang et al.,
1991). Retinoic acid receptors (RAR and retinoid-X-receptor
(RR also heterodinerize with thyroid receptor and enhance the
binding of the latter to TRE (Yu et al., 1991; Zhang et al.,
1992; Yen et al., 1992b; Marks et al., 1992). Physiological
concentrations of triiodo thyronine (T ) decrease the binding of
TRa and TRB homodimers to TRE, but does not affect the TR TRAP
heterodimer bi ndi ng (Sugawar et al., 1992; Yen, 1992).

The three genes which encode the high affinity retinoic

acid receptors (RAR have been identified and termed as a, B, 7
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(dnguere et al., 1987; Petkovich et al., 1987; Brand et al.,
1988; Krust et al., 1989; Zelent et al., 1989). Recently another
class of retinoic acid receptors have been identified, which
display low affinity for retinoic acid (Mnggelsdorf et al.,
1990; 1991), referred to as retinoid X receptor a (RXRa). The
binding of retinoic acid receptor to its responsive elenent
requires a co-regulator termed as RXRB, that increases the DNA
bi nding capacity and the transcriptional activity of RAR RXR8
al so heterodinerizes with thyroid receptor and vitamn D receptor
increasing both DNA binding and transcriptional function (Yu et
al., 1991). RXRa and RXRB can al SO heterodimerize with other
class of hormone receptors such as thyroid and vitamn D, thereby
enhancing their DNA binding capcity and transcriptional activity
(Yu et al., 1991; Bugge et al., 1992).

Vitamin D binding to its responsive el enent requires an
additional nuclear protein, nuclear accessory factor having a
nol ecul ar mass of 59-64 kDa. The accessory factor-dependent
formation of DRE- vitamn D heterodimer conplex was i ndependent
of exogenous vitanin b (Ross et al., 1992; Liao et al., 1990).

fos and jun, the products of nuclear proto-oncogenes
form a non covalent association that was reported by several
research groups (Rauscher et al., 1988; Sassone-Corsi et al.,
1988) . Coss famly dimerization was also reported in these
transcription factors by Hai and Curran, 1991.

Nucl ear Local i zati on Sequences (NLS):

The nuclear proteins nust contain in their primary structure

16



a signal that enables them to accunulate selectively in the
nucl eus (De Robertis et al., 1973). Regions inportant for nucl ear
I ocalization have been defined for several proteins and are
refered to as the nuclear |ocalization signals/sequences (NLSs).
In spite of the availabilty of a lot of data regarding the NLSs,
no consensus NS sequence has so far energed; the only
information available is that it is a sequence rich in basic

amino aci ds |ysine and/or arginine.

The NLSs for several proteins,such as Polyona T, NL/N2,
lamin A, c-nyc, c-rel, adenovirus ELA, p53, histones, etc. have
been identified, but only a few of them that have been studied
extensively, are described here.

Inthe Siman virus (SV) 40 large T antigen NLS, a sequence
of eight amno acids pro.lys.lys(128).lys.arg.lys.val.gly iS
necessary for its nuclear localization. A point nutation
resulting in the substitution of threonine for lysine at the
codon 128 position abolishes its ability to localize to the
nucl eus (Kalderon et al., 1984a). The nucleoplasmin NS is
bipartite and both the basic clusters are interdependent. A
nucl eopl asmin like nmotif is seen in several proteins such as p53,
N1/ N2, No38 and the steroid receptors (Robbins et al, 1991).

Steroid hornone receptor NLSs:

The NLSs of the menbers of the steroid/thyroid hornone
receptor superfamily are located in the hinge region between the
DNA and the hornone binding regions. A hornmone dependent NLS has

been reported for the rat GR (Picard and Yamamoto, 1987), but no
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such signal was found in hER (Picard et a1., 1990). vYlikomi et
al. (1992) preferred to analyze SR NLSs in their natural amino
aci d sequence context as the possible cooperation between several
NLS. The effect of the other domains of the protein on the
activity can be assessed only in their natural environnent.

Thus, VYlikom et al. (1992) identified three proto-N.Ss
(p-N.Ss) for ER None of the three NLSs is an efficient NLS on
its own and has to cooperate with others to becone efficient in
nuclear targeting. This is the reason why they are terned
‘proto-NLSs’.

There exists a hormone inducible p-NLS in the hER hornone
bi ndi ng donain, which on its own is not sufficient for ensuring
efficient nucl ear accunmul ati on, but can cooperate with
constitutive hER p-NLSs or a heterologous NLS. This inducible
p-NLS apparently contributes to the nuclear accumulation of the
wild type receptor in the presence of the hornone.

Nucl ear | ocalization sequence binding proteins (NLSBPs);

NLS containing proteins have to be recognized by proteins
terned as the NLSBPs in order to transport them to the nucl eus
(ol dfarb et al., 1986). The first attenpt to identify NLSBPs was
made by Yoneda et al. (1988) using a novel approach. They assuned
that since the SV 40 large T antigen NLS consists of positively
charged amino acids ‘lys lys lys arg 1lys’ probably the receptor
that interacts with the signal sequence has an electrostatically
conpl enentary negatively charged sequence containing either ‘asp

asp asp glu asp' (DDDED) or ‘glu glu glu asp glu’. The anti DDDED
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anti body bl ocked transport of nuclear proteins into the nucleus
and cross-reacted with the 69 and 59 kpa proteins of rat |iver
nucl ei (Yoneda et al., 1988).

Adam and Gerace (1991) were the first group to denonstrate
the identification of NLSBPs by a functional assay. La Casse et
al. (1993) identified two NLSBPs for GRs and TRs by cross |inking
cytosolic proteins with G TR NLS peptides. The nol ecul ar mass of
these proteins were 74 and 58 kDa. O these, the 58 kDa protein
bound the NLS peptide with high affinity. They are yet to be
purified and a functional assay needs to be designed to confirm
these proteins as the NLSBPs.

The studies carried out in our |aboratory has denonstrated
the existence of the NLSBP for ER in the goat uterus, which is a
55 kDa protein and transports ER into the nucleus (Bala N rnala,

1994) .
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Il. GENERAL SURVEY COF CALA UM ACTI VATED NEUTRAL PROTEASES W TH
SPEC AL EMPHASIS ON THE ENZYMES THAT HAVE BEEN SHOM TO MDD FY
STERAQ D RECEPTCRS:

The cal cium activated neutral proteases (CANPs) or cal pains
(E.C.3.4.22.17) are one of the few well characterized non
| ysosonal proteolytic systens of mammalian cells. The protease
activity was thought originally to be accounted for by a single
enzyme that requires very high concentrations of calcium (>1mM)
for activity in vitro. Later, a second form of CANP was
identified and isolated from soluble extracts (Demartino, 1981:
Demartino and Oroall, 1982; Kishimoto et al., 1981; Mellgren,
1980) indicating the presence of multiple forms of this enzyne.
The two isolated CANP activities shared many biochem cal and
catal ytical properties with the exception of their calcium
requirements. QCne enzyme required millimolar concentration of
calcium for its activity referred to as type Il, CANP-II, or
mCANP. The second enzyne type |, CANP-I or uCANP required only
mcro nolar concentration of calciumfor its full activity. Most
of the mammalian cells contain both the enzymes uCANP and mCANP.
The enzyme is a heterodimer consisting of two subunits with
nol ecul ar weights of 80k and 30k (QGoall and Denartino, 1984;
Demartino and Croall, 1983; Hatanaka et al., 1985; I|nomata et
al., 1985; Kitahara et al., 1984). There are several reports
showi ng that the enzyne has been purified as a nonomer consisting

of the large subunit of 80kDa mass (Qoall and Denartino, 1983;
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Kubota et al., 1981; Milik et al., 1983; Mlloni et a1., 1985;
Melloni et al., 1986). The large subunit can function as cal cium
dependent protease in vitro. The reason for the absence of the
small subunit has been suggested to be due to various post
honogeni zation modifications adopted in the purification
protocols. Commonly reported nethod of opurification of CANP
involves calcium dependent affinity chromatography using
imobi | i zed substrate |ike casein-Sepharose (Kubota et al., 1981,
Malik et al., 1983). The proteases mcaNp and ucANP are distinct
enzynes though they have a nunber of simlarities and share a
common subunit (30kDa subunit is conmmon in both the forns).
Bi ochem cal studies of the isolated protein revealed that the
catalytic or large subunit of upcaANP and mcANP are distinct
(Demartino and Croall, 1985; Inomata et al., 1985; Kitahara et
al., 1984; Qsuka et al., 1983). The 80kDa nol ecul ar wei ght
subunit of each enzyme conprised of 4 domains of which domain 11
is involved in catalysis (Metrione, 1986; Chno et al., 1984) and
domain IV in calciumbinding (Emoriet al., 1986; Krestsinger and
Nockol ds, 1983).

The catalytic properties of the two enzymes were simlar
except for their calcium requirenent. These enzymes have the pH
optimumat 7.5 and are cysteine proteases (cysteine is present at
the active site). They are irreversibly inhibited by alkylating
reagents such as iodoacetamide, iodoactate and N-ethylmaleimide
(Azamga et al ., 1979, Kitaharra et al., 1984). Qher inhibitors

of protease activity are leupeptin, antipain ..etc (inhibitors of
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sulfhydral proteases). Casein has been used as a test substrate
for the routine assays because it is extensively hydrolyzed to
acid soluble peptides and thereby provides a convenient and
sensitive basis for spectrometric and radiometric mneasurenents
(Demartino 1981; Murakam et al., 1988).

A large nunber of proteins and peptides have been reported
to be proteolyzed by the CANPs in cell free extracts; that
includes steroid hornone receptors also. It is being suggested
fromthe folowing that CANPs nay play a regulatory rather than a
degradative role in cellular metabolism a) calcium is well
established as an inportant regulator of many key cellular
functions like cell growh, secretion and cellular response to
hornones (Exton, 1988, Rasmussen and Barrett, 1984; Rasmussen et
al., 1987); b) these enzymes appear to nodify (and not degrade)
nunerous cytoskeletal proteins, protein kinases and receptor
proteins. Therefore it has been suggested that the enzynes carry
out their function through specific linited proteolysis, to
regulate the activity, structure or function of a particular

pr ot ei n.

Limted proteolysis is an inportant regulatory mechanism in
the biochem cal processes and it is a general phenonenon with
steroid receptors. Vedeckis et al., (1980) succeeded in partial
purification and characterization of a calcium activated
prot ease, from hen oviduct that hydrol yzes progesterone receptor.
They used this enzyme as a tool for analyzing hen oviduct

progesterone receptor structure (Vedeckis et al., 1980b). The

22



optimal cal cium concentration required for its activity was imM
and high levels of calcium do not inhibit enzyne activity. The
enzynme is a sulphhydryl protease and it cleaves the progesterone
receptor subunits A (79kDa nass) and B (117kDa mass) to two
hornone horrmone binding fragments (43kDa) and meroreceptor
(23kDa). The neroreceptor obtained from A and B proteins are
simlar in their size and charge which suggests the structural
simlarity between the two proteins. The proteol ytic fragments do
not bind to DNA-Cellulose, inplying that the horrmone and DNA
bi nding regions of A and B exist in separate domains.

The protease purified by Vedeckis et al., (1980) exhibits
simlarities to the receptor transformation factor (RTF) a
cal cium activated protease characterized by Puca et al., (1977)
which perforns a |limted proteolysis on the calf uterine estrogen
receptor. RTF converts the native estrogen receptor of 120kDa to
60kDa by way of limted proteolysis. It was suggested that this
nodification is needed for the diffusion of receptor into the
nucl eus.

A calcium activated neurtral protease purified from goat
uterine cytosol has been used in the structural and functional
characterization of estrogen receptor activation factor (E-RAF),
an estrogen receptor associated protein found in the cytosol. The
data is being presented in this thesis. However the role played
by these proteases in the E-RAF dependent nol ecul ar mechanisns is

far from bei ng under st ood.
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SOCPE OF THE THESI S:

Estrogen receptor activation factor (E-RAF) is a DNA binding
protein found in the mammalian uterus, that dimerizes with an
alternate form of estrogen receptor, the non-activated estrogen
receptor (nakER). The true functional role of this heterodimer in
estrogen action in only beginning to be understood. The fact that
the naER is the precursor form for the type Il (R-II) estrogen
receptor in the goat uterine nucleus and also that the transport
of naER to the nucleus is exclusively dependent wupon its
dinerization with ERAF point towards the high functiona
significance of the protein, ERAF. Added to these is the
know edge that the naER is a tyrosine kinase, while E-RAF
functions as a serine kinase.That these protein kinase activities
do not nanifest so long as the two proteins remain together in
the heterodimer highlights the inportance ascribed to the process
of dissociation of the heterodiner in the nucleus. Al these
features of the E-RAF point towards a position of paranmount
importance to the E-RAF in the hierarchy of proteins associated
with estrogen action.

The experimental work presented in this thesis serves to
hi ghlight some of the structural and functional features of the
goat uterine E-RAF. The structural studies carried out on the
protein using an endogenous calcium activated neutral protease
provided valuable information on the existence of different

functional domains on the nolecule. The highlights of these

24



studies were minly two: (1) the discovery of a specific
dinerization donmain in the E-RAF involved in dimerization with
the naER, apparently through |eucine zippers; (2) the indirect
evidence indicating that the nuclear entry of the two nonomers is
dependent upon recognition of the nuclear |ocalization sequence
in one nmonorer by the other protein in the heterodimer.

In vivo regulation of E-RAF bhiosynthesis in the rat uterus
has been anal yzed. The nethod invol ved exposure of the uteri to
subcut aneous inplants of various hornones to deternine the
hornone specificity associated wth the protein synthesis.
Another nethod was the E-RAF-ELISA developed in our |aboratory
while the studies on E-RAF synthesis were in progress. This
nmet hod was successfully used in estimating ng quantities of E RAF
inthe rat uterus during a variety of physiological conditions.

It is expected that these studies would serve to enhance our
know edge on the biology of the E-RAF and provi de an ELISA net hod
for the quantitation of E-RAF in biopsies of human nammary and

uterine cancer.
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Chapter Il

Materials and Methods



Adenosine 5' triphosphate, casein, diphenyl oxazole (ppPO),

1,4-bis (2,5-phenyloxazol) benzene (POPOP) , 178-estradiol,
fluorescein iso thio cyanate (FITC) isomer |, phenyl nethyl
sul phonyl fluoride (PMSF) , pr ogest er one, t est ost er one,
di ethyl stil bestrol, dexamethasone, Tamoxifen, 4-chloro-1~-

napht hol, benzamidine-HCl and poly L-aspartic acid were purchased
from Signa Chenical Co.,st. Louis, USA DEAE Cellul ose (DE-52),
G-/ C glass micro fiber filters, Watnan filter papers (3m),
cel lul ose cc-31 and phosphocel | ul ose were purchased from Wat nan
Bi osys. Ltd., England. Sepharose 4B, and Sephadex series G-100,
G50, and G25 were obtained from Pharnmacia Fine Chenicals,
Sweden. 2,4,6,7- [ H estradiol-178 (specific activity 101 G/ m
mol) and high specific activity tritiated amino acid m xture (Sp.
act. 93-130 G/ m nol) were purchased from Amersham. 355
Met hionine (Sp. act. 1000G/ m nol) was obtained from Board of
Radi ation and |sotope Technology (BRI T), Bhabha Atom c Research
Centre (BARC), Bonbay. Ntro cellulose nenbrane sheets were
purchased from Kodak. Horse radi sh peroxi dase-coupl ed anti rabbit
Igc and tetra methyl benzidine (TMB) was purchased from Genei,
Bangal ore. Coat anti rabbit 1gG and antibodi es agai nst estradiol
coupled to BSA, raised in goat, were purchased from Lupin
| aboratories, Bonbay. Dulbecco's nodified Eagles medium was
prepared in the laboratory. The nediumwas deficient in phe, |eu,
lys, tyr, pro and net. MALA-N (Indian Drugs and Pharnaceutical s
Li m t ed, Hyder abad) , an oral contraceptive that contains
Nor gestrel and Et hi nyl estradi ol , was obtained from the

University of Hyderabad Health Centre. Al other reagents used
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were of analytical grade, purchased from local conmmercial
est abl i shment s.

Water used in the preparation of buffer was processed as
follows. Raw water was first subjected to pressure filtration in
order to renove suspended elenents. This was deionised using a
Pure water DM-75 deionizer. The deionized water was subjected to
sigle distillation using either a glass or a stainlees steel
unit. The single distilled water was redistilled using a
glass/quartz wunit. This is termed as double distilled water
(DDW. Coat wuteri were obtained from local slaughter, house
transported on ice to the laboratory and stored at -75 C until
further use.

BUFFERS USED | N THE EXPERI MENTS:

Buffers used in the purification of ER. E-RAF and naER

TEM: 10mM Tris-Hcl, pH 7.6, 1imM EDTA and 12mM nonot hi ogl ycerol,
containing 0.2mM PMSF.

TEMN:. TEMwi th 50nM Nacl. pH 7.6.

TCKM Sucrose: 50nM Tris-HA, pH 7.5, 4nM MgCl,, 20mM kc1, |nM
cacl and 250mM sucrose. This buffer was used in the isolation of
nucl ei fromthe uterus.

Buffers used in the purification of CANP:

Homogenization buffer: 2 OnM NaHCo,, | nM EDTA pH 7. 5.

3'
pH 7.5 buffer: 20mM Tris-HJ pH 7.5, 100mM NaCl, 5nM EDTA and
| O"M g-mercapto ethanol.

Substrate for CANP. This contained 0.21% casein, 5nM cacl , 25nM

B- mercapto ethanol and o.iM sodi um gl ycer ophosphate, pH 7.5.
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SDS-PAGE buffers:

Acrylamide solution: 30g of acrylamide and 0.8g of methylene bis
acrylamide were dissolved in double distilled water (DDW and the
final volume was made upto 100m .

Lower Tris (4X): 1.5M Tris-Hcl pH 8.8 containing 0.4% SDS.

Upper Tris (4X): 0.5MTris-Hd pH 6.8 containing 0.4% SDS.

APS sol ution: 2% APS sol ution (prepared freshly).

Reservoir Buffer: 0.1M Tris, pH 8.2 containing o.sM d yci ne.

Sanpl e buffer: 1ml glycerol, soul g-mercapto ethanol, 3m 10% SDS
and 1.25m wupper tris solution (4X). Final volume was made upto
10m with DDW

Buffers for Western transfer:

Towbin buffer: 2smM Tris-HJ, pH 8.3, 19omM Qycine in 20%
methanol.

Tris Buffered Saline (TBS): 1omM Tris and 0.9% Nacl pH 7. 4.

Coating buffer: 1omM Sodi um carbonate and 4omM Sodi um bi car bonat e
pH 9.6, with 0.02% sodi um azi de.

PBS- Tween: 0.1M phoshate buffered saline pH 7.5 containing 0.05%
Tween- 2 0.

Bradford's reagent for protein estimation: 10mg of Coomassie
Brilliant Blue G250 was dissolved in 5m of ethanol. To this
10m of 85% (wv) phosphoric acid was added. The resulting
solution was nade upto 100m with DDW and was finally filtered
through Whatnman # 1 filter paper.

Scintillation cocktails for radioactivity neasurenent:

Tol uene base: 5g PPO 500ng PCPCP per liter that contained Triton
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X-100 and toluene in a ratio 33:67.
Brays M xture: 60g naphthalene, 20m ethylene glycol, 100m
methanol, 4g PPO, 200mg PCPCP made upto 1 lit with di oxane.

Mai nt enance and surgery of aninals:

3 months old female rats from an inbred colony of Wstar
strain were used in the experimental studies. The aninals were
mai nt ai ned under natural dark and light cycles (12 hours of Ilight
and 12 hours of darkness). Food (standard pellet food supplied by
H dustan Lever Ltd., India) and water were available ad libitum
to the aninmals. oOvariectomy, adrenalectomy and the subcutaneous
i npl antati ons of hornone-bees-wax pellets were done in rats under
light ether anaesthesia. Adrenalectomized rats were given nornal
saline (0.9% sodiumchloride) instead of water for drinking.

Preparation of hornone-wax pellets:

Estradiol-178, testosterone, Tamoxifen Or Dexamethasone -
bees wax pellets had a hornone to bees wax ratio of 1:1000.
Progesterone: bees wax was in 1: 2 00 ratio. On an average the
pellets to be inplanted wei ghed between 50-70ng. Mala-N bees wax
pellets were made in 1:1000 ratio wth reference to its
ethinyl estradi ol concentration. The steroid was extracted into
al cohol before nixing with nolten bees wax.

Detection of the stages of estrus cycle and pregnancy in rats:

The vagi nal smears were observed under a light mcroscope to
deternine the stage of the estrus cycle of the rat (Zarrow et
al., 1964). The vaginal snear taken during the proestrus
contained |eukocytes and numerous small, rounded nucleated

epithelial cells.The vaginal snear of the estrus showed cornified
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cells and those of metestrus had cornified cells along with |arge
nucleated cells and a linmted nunber of 1leukocytes.Diestrus
vagi nal snear contained large nunber of |eukocytes, nucus and
debris. The fenales in proestrus stage were caged with healthy
mal es and the day one of pregnancy was determned follow ng the
detection of vaginal plugs.

sDs-Polvacrylamide gel el ectrophoresis (SDS-PAGE):

SDS- PACE was performed as described by raemmli (1970). The
el ectrophoresis was perforned by casting 10% gel to check the
protein hormogeneity and al so for peptide mapping.

Silver staining of sDS-gel:

Silver staining of polyacrylamide gels was carried out
according to the procedure described by Blumet al., (1987). The
gels were fixed in a solution of 50% methanol and 12 % gl aci al
acetic acid and 0.5m of formaldehyde/ liter for 1 hour. After
fixation of the proteins the gels were washed with 50% et hanol
for 3 x 20 mnutes. After pre-treatment with 0.2g/liter sodium
thi osul phate (1min) the gels were washed 3 times with water and
then inpregnated for 20 mnutes with 2g/ liter silver nitrate.
Following this the gels were rinsed in water and devel oped wth
60g/ liter sodium carbonate. The proteins appeared as silver
st ai ned bands.

Radi oi mmuno assay of estradiol:

The procedure described by N swender et al., (1975 was
fol | owed.
Sanpl e preparation: The hornmone from ratr serum was extracted

with diethyl ether solvent. s5ooul of serumwas mxed with equal
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volurme of ether and the tubes were left in a freezer at -75°C
The top organic layer that contained the hornmone was coll ected by
decanting it into an assay tube.

Estradiol Standards: Standards were prepared in the 20-200ng
range by first nmaking a stock of 200ug Of estradiol/ml methanol
and diluting it to make the corresponding working solution wth
0.01M phosphate buffered saline containing 0.1% gel atin.

Label ed estradiol: H-estradiol of 40nm concentration was dil uted
100 tinmes and an aliquot of 1004l was added to each tube during

the assay. The assay was carried out as follows.

Al the standards were run in triplicates. To the standard
tubes varying concentrations of unlabelled estradiol was added,
in the 20-200pg range. This was followed by the addition of PBS
to a final volume of 1iml. 100ul of |abeled estradiol was added to
the above m xture, mxed and to this 1oul of anti-estradiol-BSA
raised in goats was added. The tubes were incubated at 4°c for 12
hours. At the end of the incubation, sooul of dextran coated
charcoal (0.1% dextran and 1% charcoal in PBS) was added to the
tubes which were subsequently kept in ice for 30 mnutes. The
tubes were subjected to centrifugation at 5000xg for 5 mnutes at
4°c. The supernatant was collected and the radioactivity
associated wth the sanples neasured using Bray's nixture
(scintillation cocktail). The experinental sanples were also
treated in a sinlar fashion. Bl anks were the tubes that
contained labelled hornmone alone. Total counts were calculated
from the tubes that contained |abelled hornone and estradiol

antisera. Non specific counts were calculated fromthe tubes that
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cont ai ned | abel ed hormone and control sera (goat |1gGQ) .

—————————————————————————————————————————— X 100
Total counts

The graph was plotted with the % of binding on Y-axis and
concentration of estradiol on X-axis.

Preparation and ligand coupling to cyanogen bromde activated

Sephar ose:

Cyanogen bromide (ONBr) activation of Sepharose 4B was
performed as described by March et al.,(1974). One volune of
Sepharose 4B al ong with equal volume of 2M sodi um bi carbonate was
taken in a beaker and was left to stir slomy. The rate of
stirring was increased and 0.05 volumes of 2ng of CNBr/ ni of
acetonitrile solution was added all at once. After stirring
vigorously for 15 mnutes, the slurry was transferred into a
coarse sintered glass funnel and was washed with 10 vol unes of
0. 1M sodi um bi carbonate pH 9.5.

The ligand was dissolved in one volune of 0.2M sodi um
bi carbonate, pH 9.5. Coupling of the activated Sepharose 4B was
done for 20 hours in the absence and for an additional 4 hours in
the presence of 1M glycine at 4°C. This gel was washed with 20
vol unes each of 0.1M sodium acetate (pH 4.0), 2Murea and 0.1M
sodi um bi carbonate pH 10.0. Al the three solutions contained
0.5M Nad . The gel was stored suspended in TEM buffer containing
0. 02% sodi um azide at 4 C
| sol ati on of heat shock protein 90 (hsp-90):

The hsp-90 was isolated from the the goat liver by the
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procedure of Sullivan et al., (1985) with nminor modifications.
Goat liver was honogenized in +nolybdate (+My) buffer (1omM
pot assi um phosphate, pH 7.0 containing 1omM sodi UM molybdate and
10mM monothioglycerol) . The homogenate WwWas centrifuged at
12,000xg at 4°C for 20 minutes. The resultant supernatant was
centrifuged at 100,000xg for 90 minutes in a Beckman L8-M

Utracentrifuge using a SW28 rotor.

The liver cytosol thus obtained was stirred with 0.1 vol ume
of phosphocel | ul ose which was then filtered under vacuum The
filtrate was stirred wth heparin agarose (40m, al so
preequilibrated with +M buffer) for 20 minutes. The heparin
agarose was washed with 20 vol umes of +Mo buffer aided by vacuum
filtration. The gel was resuspended in +M> buffer.The
heparin-eluate was mxed with DE-52 (30m equilibrated with -M
buffer) and stirred for 2 0 minutes.

The DE-52 was pelleted follow ng centrifugation and the gel
was washed with 20 volumes of -M buffer (phosphate buffer
without nolybdate) containing 0.3M potassium chloride; 2ni
fractions were collected. The absorbance at 2 8 Onmwas det er m ned
for each fraction. The peak fractions containing hsp-90 were
di al yzed overni ght against -M buffer and |yophilized.
| mobi i zation of hsp-90 and E-RAF Il on Sepharose 4B:

Coval ent coupling of E-RAF Il and hsp-90 to ONBr activated
Sepharose 4B was carried out following the method described by
March et al ., 1974.

I solation of uterine nuclei:

The procedure described by Thampan (1985) was followed. The
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goat uterus was honogenized in 20 vol umes of TCKM Sucrose buffer
pH 7.5, using a Pol ytron homogenizer PT 45-80 and the homogenate
was filtered through a cheese cloth. Following filtration the
suspension was subjected to centrifugation at 100Xxg for 10
mnutes. The pellet was treated with Triton x-100, washed thrice
with detergent free buffer and resuspended in 10 of
TCKM Sucrose buffer. This was layered over 30m of TCKM buffer
containing 340nM sucrose and centrifuged at [100xg for 10
m nut es. The purified nuclear pellet was resuspended in
TCKM Sucrose buffer.

| sol ati on of DNA:

DNA was isolated following the method of Marmur (1961). The
nuclei were isolated from goat liver following the nethod of
Thanpan (1985) and suspended in saline EDIA (0.15M Nacl, O0.1M
EDTA, pH 8.0). To this a 25% SDS sol ution was added. The m xture
was incubated for 10 minutes in a water bath at 60 C and was
subsequently cooled to room tenperature. Sodium perchlorate was
added to the viscous suspension to a final concentration of
I M This suspension was mxed thoroughly with an equal volune of
chloroform-isoamyl al cohol (24:1 v/v) in a ground gl ass stoppered
flask for 30 mnutes. The emul sion was centrifuged at 5,000xg for
5 mnutes. The upper aqueous phase was carefully wthdrawn. Two
vol umes of ethanol were gently layered on the aqueous phase to
precipitate the nucleic acid. The precipitate was dispersed in
saline citrate and was subjected to re-extraction with
chloroform isoamyl alcohol nixture until very little protein

remained at the interphase. The DNA was reprecipitated with
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et hanol .

Preparation of single stranded (ss) DNA-Sepharose:

DNA fromthe goat liver was extracted as described by Mannur
(1961). The DNA was denatured by dissolving in 0.5M NaCH f ol | oned
by heating in a boiling water bath for 15 minutes. Equal volune
of 0.4M sodi um bi carbonate solution of pH 9.5 was added. The
denatured DNA was coupled to one volune of cyanogen bronide
activated Sepharose 4B, prepared as described by March et al.,
1974. The gel was suspended in TEMN buffer containing 0.04%
sodi um azi de.

Preparati on of DNA-Cellulose:

Rat liver DNA was extracted following the procedure of
Marmur (1961). The DNA was adsorbed to cellul ose (Whatman cc-31)
as described by Aberts and Herrick (1971), with the
modifications introduced by Thanpan (1987). 60ng of goat |iver
DNA was denatured by dissolving it in 0.1IN NaCH and then heating
in a boiling water bath for 15 mnutes. The solution was then
cooled in an ice bath and the pH was adjusted to 7.0 wth HCIL.
It was then mxed with a solution of native DNA (60ng DNA in 10mM
Tris pH 7.5 and 1mM EDTA). 12g of cellul ose was slowy added. The
slurry was dried overnight at room tenperature, |yophilized and
suspended in 120m of TEW buffer. The suspension was stored in
3mt aliquots at -75 C
Purification of E-RAF II:

The nethod devel oped by Thampan (1987) was followed. The
experimental steps were all carried out at 0-4 C Goat uterine

cytosol was first chr omat ogr aphed over a colum of
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p-aminobenzamidine-agarose equilibrated with TEMN (10mM Tris-HC1,
pH 7.6, containing 1M disedium EDTA, 12nM nonot hi ogl ycerol, 50nM
Nacl and 0.2nM phenylmethylsulphonyl fluoride) buffer. The
flowthrough fraction fromthis colum was collected. This step
was chosen in order to reduce the protease contamnation of the
cytosol during the purification of the protein. The flowthrough
fracti on was chromatographed over a 25mt col um of Wat nran DE-52,
equi librated with TEW buffer. The flowthrough fraction fromthe
DE-52 colum was chronmatographed over a 10m colum of single
stranded DNA Sepharose. The colum was washed extensively with
the buffer. Hution of E-RAF from the colum was achi eved using
TEMN buffer containing | WM ATP. Anmoni um sul phate was added to
this ATP-eluted fraction to give a final 70% saturation of the
salt. The precipitated proteins were dissolved in a small volune
of TEMN buffer and dial yzed extensively against the sane buffer.
The fraction was chromatographed over a 10m  columm of
hydroxyl apatite equilibrated with | Qmw sodi um phosphate, pH 6.8.
The col um was washed with 200nM sodi um phosphate and el ution was
carried out wth 250nM sodium phosphate. The 250mM sodi um
phosphate-eluted fraction contained E-RAF Il which appeared as a
singl e band of 66kDa in silver stained poly acrylam de gels.

Purification of regular estrogen receptor (ER):

The procedure developed by Zafar and Thampan (1993) was
followed. The goat uterine cytosol was chromatographed over pABA
The pABA flowthrough fraction of the cytosol was nixed with a
suspensi on of Whatnman DE-52 in TEMN buffer, in a beaker kept in

an ice bath. The protein fraction eluted from the matrix using
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TEMN buffer containing 0.2M Nacl was collected. This was m xed
with a suspension of phospho cellulose in TEMN buffer containing
0.2M NaCl . The gel was washed with this buffer and the receptor
bound to the matrix was eluted with the buffer containing 0.3M
NaCl. The Nad concentration of this eluate was diluted to 50nmM
following which the naterial was mixed with a suspension of
Ss- DNA- Sepharose in TEMN buffer. The gel was washed with the
buffer and the receptor bound to the DNA was eluted with the
buffer containing 10nM ATP. The ATP-eluted fraction contained
purified estrogen receptor, appearing as a single band O e6kxba
in silver stained gels.

Purification of non activated estrogen receptor (naER):

The nethod developed by Anuradha et al., (1994) was
followed. Mnor modifications were introduced into this procedure
in order to increase the yield of the protein. Goat uterus was
honogeni zed (20% in TEMN buffer using a Polytron PT 45-80
homogenizer. The cytosol, prepared follow ng the nmethod described
by Van der Hoeven (1981) was chromatographed on a colum of
What man DE-52. After extensive washing, once each with TEM buff er
and TEM buffer containing 0.3M Nad, the proteins bound to the
matrix were eluted using TEM buffer containing 0.5M Nad . The
Nad concentration in the eluate was diluted to 0.05M and solid
sodi um molybdate was added to this preparation giving a final
concentration of 1omM. This material was chromatographed over a
col um of hsp-90- Sepharose. The col um was washed extensively and
the proteins bound to hsp-90 -Sepharose were eluted using zero

nol ybdate TEM buffer. Fractions collected were anal yzed for their
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absorbance at 280nm. The peak fractions were chromatographed on a
colum of phosphocellulose equilibrated with TEM buffer to
achieve final purification of the receptor. The naER was el uted
from the phosphocel | ul ose using a Nacl concentration betwen 0.6M
and 0.7M. The purified protein appeared as 66kDa band in
silver-stained SDS gels.

FITC-Labelina of naER and E- RAF:

naER and E-RAF were labeled with fluorescein isothio cyanate
isomer | followi ng the nethod of Nargessi and Landon (1981). The
purified protein was dissolved in o0.1M NaHco buffer pH 9.0 (img
of protein was dissolved in 100ul of buffer) . To this 1ooul of
1imM solution of FITC in buffer was added and incubation was
carried out for 12 hours at 30°C. The free FITC was renoved by
gel filtration on a Sephadex G25 column. The |abeled protein
that was eluted in the void vol une was collected and concentrated
for further use.

Ant i bodi es;

Equal volume of the antigen (Ing/ m) and conplete Freund' s
adjuvent were mxed. The mxture was injected into the foot pad
and four subcutaneous locations of a New Zealand white rabbit.
Three booster injections with two weeks intervals between two
boosters were given mxing the antigen with inconplete Freund s
adjuvent. Bleeding of the rabbit from the ear vein was carried
out a week after the third booster injection. and the serum was
col | ect ed.

The serum col | ected was chronat ographed over a DE-52 col um,

equilibrated with 10omM Tris-Hcl buffer pH 7.6. The flowthrough
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fraction which contained Ig G was collected. Affinity colunmns
were prepared by coupling the immunogen covalently to OCNBr
activated Sepharose 4B The  crude 1gc fraction was
chronat ographed over the affinity colum equilibrated with 1omM
Tris-HCl pH 7.6. The column was washed with three col um vol unes
of the buffer and the 1gG bound to the col um was eluted using 4M
MgCl,. The eluate was collected in an equal volunme of 1o0omM Tris.
The resulting mxture had a pH of 7.2. The eluted protein was
concentrated by ultrafiltration and was chromatographed over a
colum of Sephadex G25 equilibrated with salt free, 1omM
Tris-HQ buffer, pH 7.6. The void volunme was collected and used
as a nonospecific pol yclonal antibody preparation.

Western blotting:

Western transfer of proteins from SDS gels to nitrocell ul ose
menbranes using a Bio-Rad transblot equipnment was done as
described by Towbin et al., (1979). The pure proteins were
subjected to SDS-PACE. Following electrophoresis the gel was
equilibrated with Towbin transfer buffer for 30 mnutes. Two
pi eces of Whatman No. 3 filter papers were cut to the size of the
gel and the nitrocellul ose nenbranes were saturated by soaking in
transfer buffer for 30 mnutes. A pre wetted fiber pad and the
soaked filter paper sandw ched the gel and nitrocellul ose sheet.
Air bubbles were removed at each step of the assenbly of the
sandwi ch by * roll-pin’ exclusion using a glass pipette. The
transfer was carried out for 5 hours at 60V (limt 0.21). The
proteins transferred to the nitrocellul ose nenbrane were exposed

to the primary antibody (1:500 dilution) at room tenperature for
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12 hours, after pretreatment of the nenbrane with 3% BSA for one
hour. The membrane was then coupled to HRPO-coupled anti rabbit
IgG for 2 hours at roomtenperature. The menbrane was washed with
Tris buffered saline and stained with 4-chloro-1-naphthol.

Quantitation of proteins by Bradford s assay:

To 1o00ul of test sanple iml of Bradford's reagent was added,
m xed and the col our devel oped was read at 595nm after 5 m nutes.
BSA was used as the protein standard.

DNA estimation in rat uteri:

Rat uteri were honogenized (10% in 1omM Tris-Hcl ph 7.5.
Equal volume of 10% trichloro acetic acid (TCA was added to the
honogenat e fol | owi ng which the acidified homogenate was incubated
in a boiling water bath for 15 mnutes. Followi ng centrifugation
at 5,000xg, O0.1m of the hot TCA extract was mxed with 5% TCA in
order to nake up the final volune to Inm. 4m of freshly prepared
di phenyl amine solution (3.0g of recrystallized diphenylanmne in
300m of glacial acetic acid and 8.25m of concentrated sul phuric
acid) was added to the 10 fold diluted TCA extract. The mxture
was incubated in a boiling water bath for 10 minutes. The tubes
were imrersed in an ice water bath to facilitate rapid cooling
and the absorbance was measured at 600nm Calf thymus DNA was
used as the DNA standard.

Purification Oof type 1., III. and V collaagens fromgoat uteri:

Dfferent types of collagens were purified according to the
procedure described by MIller et al., (1982) using neutral salt
sol vent .

CGoat uteri were honogenized in TEW buffer (0.05M Tris-Hd
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pH 7.5, ~1mM EDTA  4.5M Nacl with 0.02M PMSF). Foll ow ng
centrifugation at 10,000xg for 10 ninutes the pellet was
coll ected. The pellet was subjected to washing with DDWVto reduce
the concentration of Nad and was suspended in 20 volumes of
solvent containing 0.05M Tris pH 7.5 and 1.0oM Nad. Extraction
was carried out into the neutral salt solvent for 24 hours and
the extraction mxture was filtered through a cheese cloth. The
collagen solution was subjected to centrifugation at 100, 000xg
for 2 hours to get a clear supernatant that contained different
types of coll agens.

Col l agens differential were separated by differential salt
precipitation. Type |Ill collagen was precipitated from the
extract by the addition of solid Nad to 1.8M This was followed
by the precipitation of collagen type | by increasing the salt
concentration of the solution to 3.s5M. Finally type V collagen
was precipitated with 4M Nad. Precipitates were recovered by
centrifugation at 35, OOXxg for 1 hour. Al the 3 collagens were
dissolved in 0.5M acetic acid and re-precipitated by the addition
of 2M NaC . The different collagens thus obtained were used in
col | agenase assay.

Purification of collaagenase:

Crude coll agenase was prepared from rat uteri as described
by Weks et al., (1976). The uteri were honogenized in 10 vol unes
of ice cold o.01M calcium chloride solution containing 0.25%
Triton x-100. The homogenate was centrifuged at 4 C for 20
mnutes to obtain the 6,000xg pellet. The pellet was resuspended

in 0.1M Tris-Hcl buffer, pH 7.6 and incubated at 60 C for 4
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minutes. After cooling in ice it was subjected to centrifugation
at 10,000x g for 10 mnutes and the supernatant collected was
used for the assay of collagenase activity.

Col | aaenase assay using type I, 1II and V as substrate:

1004l of crude collagenase was incubated with 1soug of
collagen at 37 C for one hour. Undigested col |l agen was renoved by
centrifugation at 5,000xg for 10 minutes. To the supernatant
equal volume of 12N HCL was added at 100°C in order to hydrol yze
the peptides released by the action of collagenases. The
hydrol ysate was evaporated at 130°C. The residue |eft behind was
assayed for hydroxyproline.

Measur enent of hydroxyproline:

Hydroxyproline (CHP) was assayed as described by Wessner et
al., (1961). chloramine-T solution was made by dissolving 1. 41g
of chloramine-T in 20m of DDW to which 30m of nethyl cellosol ve
and 50m of 0.26M citrate buffer pH 6.0 containing 0.21M acetic
acid and 1.45M sodium acetate trihydrate were added. 1ml of
chloramne-T solution was added to each tube containing the
hydrol yzed peptide residues of collagen. Hydroxyproline was
alloned to be oxidized for 20 mnutes following which the
reaction was termnated by the addition ofiml of 3.15M perchloric
acid. The contents of the tubes were mxed and allowed to stand
for 5 minutes.Finally Im of 20% of p-dimethyl amino benzal dehyde
dissolved in methyl cellosolve was added to the mixture and the
tubes were placed in a water bath at 60°C for 20 minutes. The

absorbance at 557nmwas deternined spectro photonetrically.
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purification of calcium activated neutral protease (CANP) from

goat uterus:

Goat uteri were obtained from a local slaughter house,
transported in ice to the laboratory, and kept stored at -75°C
until used. A 20% homogenate of the tissue in the homogenization
buffer (2 OnM NaHCO,, 1mM EDTA, pH 7.5) was made using a bl endor.
The honobgenate was filtered through glass wool and centrifuged at
12,000x g for 20 minutes. The supernatant was recentrifuged at
105,000x g for 2 hours using a sw28 rotor in a Beckman
ultracentrifuge, to obtain the uterine cytosol.

The cytosol thus obtai ned was chronatographed over a col um
of p-am nobenzam dine agarose (pABA) equilibrated with 20mM
Tris-HC1 pH 7.5 containing 100mM NacCl, 5mM EDTA and 10mM
B-mercaptoethanol. The proteins bound to the pABA columm were
eluted with 2mM benzmaidine-Hcl in the sane buffer. The eluate
was chronat ographed over a colum of hydroxyl apatite equilibrated
with 1omM sodi um phosphate buffer follow ng which the colum was
washed with the buffer. The enzyne bound to the col um was el uted
with 2s5omM sodi um phosphate buffer, pH 7.5. The sodi um phosphate
el uate was chromat ographed over a colum of DE-52, equilibrated
with TN buffer (IQMTris, GO Nad pH 7.5). The protease bound
to the colum was eluted using a linear gradient of Nad (1QOWM
to 1M . Fractions (2m each) collected were subjected to CANP
assay. Al the isolation steps were carried out at 4°C unless
ot herwi se nenti oned.

CANP assay:

Casein was used as the substrate and it was prepared as
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described by Ishura et al., (1978). The preparation contained
0.24% casein, 5mM CaCl,, 25mM B-mercaptoethanol and O0.1M sodi um
gl ycerophosphate, pH 7.5. To sooul of the substrate, 250ul
aliquots of the DE-52 fractions were added and the nixture was
incubated at 30°C for 1 hour. The reaction was stopped by the
addition of 750ul of 10% trichloroacetic acid (ice cold)
following which the tubes were kept in ice for an additional 30
m nutes. The supernatant was collected followng centrifugation
in a J2-21 Becknan refrigerated centrifuge using a JA 18.1 rotor.
The absorbance at X 280 nm of the TCA supernatants was measured
in a Shinadzu spectrophotometer. The result of CANP action was
exam ned using Bradford's assay (Bradford, 1976). (ne unit of the
enzynme activity is expressed as equivalent to that activity which
enhances digestion of casein by 0.1 absorption unit at 595nm in
Bradford' s assay.

E-RAF fragmentation by CANP and separation of the fraaments on

ss-DNA Sephar ose:

To 1ooug of E-RAF in the substrate buffer 2o0o0ul of enzyne
fraction (10 units) was added. The mi xture was incubated at 37°C
for one hour. Reaction was stopped by the addition of 1oo0ul of
DE- 52 slurry equilibrated with TEM  buffer. Fol | owi ng
centrifugation at 4,000x g for 5 ninutes the supernatant was
col l ected and chronat ographed over a colunn of ss-DNA Sepharose.
Fl owthrough fractions fromthis colum were collected and the
peptide bound to the DNA was eluted using TEM buffer containing
1omM ATP. Both the fractions were concentrated and subjected to
SDS- PACE anal ysi s.
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nissociation of naER and E-RAF heterodimer:

The purified naER (100oug in TEM) was incubated overnight
with 20nm H-estradiol at 4 C Following this an equal volume of
dextran coated charcoal suspension (1% charcoal and 0.1% dextran
in TEMbuffer) was added to the incubation nediumand the m xture
was left in ice for 30 ninutes. The supernatant was collected
following centrifugation and was chromatographed over an E-RAF
Sephar ose columm, E-RAF inmobilized on CNBr activated Sepharose
4B. The colum was washed with TEM and elution was carried out
using varying concentrations of salt (sodium chloride 0.2Mto 2M
and also wth 1omM concentrations of various amino acids
belonging to different chemcal categories (leu, gly, cys, tyr,
lys, asp, val, phe, net, and ile) . The radioactivity associ ated
with the eluates was neasured using Brays mxture in a LS 1801

Beckman liquid scintillation counter.

Experiments to identify the ERAF fragment involved in the

dimerization:

To 0.5 m of Frirc |labeled naER (100 ug) 100ug of E-RAF in
0.5m of TEMwas added. The nixture was incubated at 30°C for one
hour. Both naER and E-RAF were dissociated by the addition of
leucine to a final 1omM concentration. Separation of naER and
E-RAF was carried out by the addition of 2s5o0ul of DE52 slurry
equilibrated with TEM (E RAF appears in the flowthrough fraction
whil e the naER remai ns bound to DE-52). The nixture was subjected
to centrifugation and the supernatant containing the E-RAF was
collected. This E-RAF was treated with CANP as mentioned earlier

and the fluorescence associated with the two fragments neasured
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in a fluorescence spectrophotometer (Shimadzu RF-5000) at
excitation wavel ength of 470nm and em ssion wavel ength of 520nm

Assay for dimerization between naER and one of the two E RAF

fraaments:

To 100ug of FITC |abeled naER in TEM an equal anount either
of a or of B fragment of the E-RAF was added and the reaction
m xture was incubated at 3 0°C for one hour. The conpl ex was then
subjected to gel filtration on a colum of Sephadex G-100
equilibrated with the TEM containing 0.3M Nacl. The columm was
calibrated previously with blue dextran and the narker proteins
and the fractions (4m/ fraction) were collected. An elution
vol une that was three tines the void volume (bed size of 90m and
void volunme of 28m) was collected. Fl uorescence associated with
each fraction was nmeasured as mentioned before.

Effect of estradi ol on E-RAF-naER dinerization:

FITC-naER (100mg) was incubated with varying concentrations
of unlabeled estradiol (0-20nN) overnight at 4 C which was
followed by the addition of 10oug of E-RAF in TEM buffer to the
i ncubation mixture. The incubation was continued for one hour at
30°. Dissociation of both the proteins was carried out by the
addition of leucine to a final 1omM concentration. Separation of
E-RAF from naER was achieved following the addition of 1o00ul
DE-52 slurry into the reaction nixture. The fluorescence
associated with the DE-52 flowthrough fraction (ERAF) was
nmeasured in order to deternine the extent of dimerization in the

presence of varying concentrations of estradiol.
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Cross reactivity of naER ERAF. and the a and g fragnents of

E-RAF with anti pol vaspartate antibodies:

Fol | owi ng SDS- PAGE, naER E-RAF, and the a and g fragnents
of the E-RAF were transferred to nitrocellul ose nenbranes as
descri bed by Towbin et al., (1971). The immuno blots were exposed
to anti polyaspartate 1gG for 12 hours at room tenperature.
Subsequently the mnenbranes were exposed to HRPO coupled anti
rabbit 1gG for 2 hours. Blots were washed with Tris buffered
saline and stained with 4-chloro-i-naphthol, a HRPO substrate.

Assay for interdependence of E-RAF and naER for the nucl ear

nmgration of the heterodimer:

This experinent was designed in order to look into the
conditions that influence the transport of naER and E-RAF to the
nucl eus. Goat uterine nuclei in sucrose buffer (50mM Tris-Hcl pH
7.6 containing 2mM MgCl , 20mM KC1l, 1mM CaCl , 250mM sucrose and
0.2mM PMBF) wused in this procedure was prepared as nentioned
earlier. To show the dependence of E-RAF on the transport of the
heterodimer into the nucleus, 100oug of naER in 10o0oul of TEM was
incubated with 2onM of 3H-estradiol 11(3, overnight at 4°C. To
this equal volume of dextran coated charcoal was added. Follow ng
centrifugation, after an incubation in ice for 30 mnutes, the
supernatant was collected. This was mxed wth varying
concentrations of ERAF (o-i100ug in TEM and incubated for
another 30 nminutes at 30°C. The nucl ear suspension (200 ul/ tube
corresponding to i1mg of DNA in sucrose buffer) was added to the
reaction mxture mentioned above and the incubation at 30 C was

continued for one hour. The pellet was collected after
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centrifugation at 1000g for 10 mnutes and washed twi ce with the
sucrose buffer. Radioactivity associated with the nuclei was
neasured following extraction with im1 ethanol in a Beckman LS
1801 liquid scintillation counter wusing a toluene based
scintillation cocktail containing 59 PPO 500ng PCPCP/ it of

toluene: Triton x 100 (67:33 v/v) mxture.

To show the dependence of nakEr on the nuclear transport of
the heterodimer, 100ug of FITC |abeled E-RAF was incubated with
varying concentrations of naER-estradiol 178 conplex (0-100ug)
for 30 minutes at 30°C. To this 200ul of goat uterine nuclear
suspension in sucrose buffer corresponding approxinmately to 1img
DNA was added. The mixture was incubated for one hour at 30°C
centrifuged and the 1000X g pellet was collected. The pellet was
washed twice with the sucrose buffer. The FITC-labeled E-RAF,
bound to the nuclei, was dissociated by the addition of Inm of
TEM contai ning 0.5M Nacl. The fluorescence in the supernatant was
neasured at excitation wavelength of 470nm and em ssion
wavel ength of 52 Onm

Ooss reactivity of a and g fragnents with anti-ER and anti-E- RAF

IaGs:

Both the fragments were transferred to nitrocellul ose as
nmentioned above and the cross reactivity of the fragments with
anti-ER or anti E-RAF 196 was studied follow ng exposure of the
blots first to the primary antibody and subsequently to
HRPO-coupled anti rabbit 1gG The blots were stained wth

4-chloro-1l-naphthol.
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In Vitro incorporation of |labeled anino acids into E- RAF:

The uteri from rats belonging to different experinental
groups were renoved, cleared free of fat and connective tissue,
slit longitudinally and imrediately transferred to Dulbecco’s
nmodi fied Eagles nmedium (1 uterus/nm) deficient in phe, leu, 1ys,
tyr, pro and met. The uteri were incubated in the mediumwth a
H-labeled amino acid mixture (leu, |lys, phe, pro, tyr) and [3%sg;
nmet (5uci each) at 37°C for 5 hours. Each incubated uterus was
honogenized in 3.0 m of TEMN buffer (1omM Tris-Hcl, pH 7.6
containing 1mM EDTA, 12mM nonot hi ogl ycerol, 50mMM nNac1 and O0.2nM
phenyl methylsulphonyl fluoride). The honmbgenate was centrifuged
at 10,000x g and the supernatant was collected. To 1ml of the
supernatant, 5o0ul of a DE-52 slurry, equilibrated with TEMN, was
added and nixed gently. The tubes were incubated in ice for 30
m nutes, centrifuged and the supernatant was collected. This was
mxed with anti goat uterine E-RAF 1gG (final dilution of 1:200
with monospecific polycl onal ant i body) overnight at 4°C
Afterwards goat anti rabbit Ig Gwas added to the m xture (1:1000
final dilution) and the incubation was continued for another 2
hours. The tubes were centrifuged at 10,000 xg for 10 minutes and
the precipitates collected. Al the centrifugation protocols
menti oned above were carried out using a JA 18.1 rotor in a
Becknman refrigerated centrifuge. The precipitates wer e
redi ssolved in sooul of TEWN buffer and filtered through Wat man
G/ C glass fiber filters using a MIlipore (12 placed) filtration
unit connected to a vacuum punp. The filters were washed twice

with 10% TCA in order to renove the unincorporated, |abeled am no
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acids and twice with ethanol to dry them The radioactivity
associated wth the dry filters was neasured wusing a
scintillation cocktail (59 PPO and 500my POPCP/ liter of tol uene:
Triton X-100 67:33 (Vv/v) in a Beckman LS 1801 Iliquid
scintillation counter.

ONBr fraagmentation of ERAF II and analysis of the cross

reactivity of the fragments with anti-ER 1qgG:

E-RAF Il was subjected to cyanogen brom de fragmentation
followng the nethod of Kasper (1970). The fragments were
chromat ographed over a colum of anti ER 1gG-Sepharose
equilibrated with 10mM Tris-Hecl, 12mM MONO thioglycerol, pH 7.2.
The column was washed with this buffer. The protein fragnents
bound to the columm were eluted with 4 Mygd . Both the flow
through fraction and the 4M Mgcl eluate of the columm were
collected. The eluate was collected in a beaker containing equal
volume of 1o0omM Tris. The resulting mxture displayed a pH of
7.2. Estrogen receptor was also treated with ONBr in a simlar
fashion and the resulting fragments were chromatographed on a
colum of anti ER 19G Sepharose. The flow through and the 4M
Mgcl eluate of the colum were collected. The peptide fragments
of ER and E-RAF were transferred to a nitrocellul ose menbrane
which was in turn exposed first to anti ERAF 1gG for 12 hours
and later to the secondary antibody, anti rabbit 1gG coupled to
HRPO for 2 hours. The proteins were stained using a HRPO
substrate, 4-chloro-l-naphthol.

ELISA FOR E- RAF

Indirect microplate ELISA procedure described by Voller et
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al., (1987) was followed with modifications. Varyi ng
concentrations of E-RAF (0-200 ng) in 2o0oul coating buffer (1omM
carbonate and 40mM bicarbonate buffer pH 9.6, having 2mM sodium
azide) was coated on to a 96 well Erisa plate and the plate was
incubated for 18 hours at 4°C Following this the plate was
bl ocked using 5% BSA in the coating buffer (2o00ul/well) for 4
hours. The plate was washed tw ce with phosphate buffered saline
pH 7.6, containing 0.05% Tween-20. Following this 200 u1 of
rabbit anti goat E-RAF IgG was added (1: 500 dilution) to each
wel | and the incubation was continued at 37°C for 6 hours. The
plate was subjected to the washing procedure twice again wth
PBS- Tween, following which the secondary antibody (goat anti
rabbit 1gG coupled to HRPO was added to the wells (200ul/ well).
Fol I owi ng incubation for 2 hours at 37°C the plate was subjected
to washing and the substrate for HRPO, 3, 3’,5, 5’-tetramethyl
benzidine (TMB) was added to the wells (2o0ul/ well). The
reacti on was stopped after 30 nminutes by the addition of soul of
1N sul phuric acid. The col our developed was read in a Thermomax
mcropl ate reader at A 450nm

The tissue sanples, for the rmeasurement of ERAF
concentrati on, were honogeni zed (20% homogenate) in the coating
buffer. The homogenates were centrifuged at 10,000 g and the
supernatants collected. To iml of the supernatant soul of DE 52
slurry, equilibrated with the coating buffer, was added. The
tubes were incubated in ice for 30 mnutes and centrifuged
foll owi ng whi ch the supernatant was collected. An aliquot of this

supernatant was taken for the estimation of E RAF through ELISA
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Chapter 11i

Estrogen Receptor Activation Factor Il (E-RAF I1) of the
Goat Uterus: Use of an Endogenous Calcium Activated
Neutral Protease in its Structural Characterization.



Cal cium activated neutral proteases (CANP) are the non
lysosomal proteolytic enzynes identified in several manmalian
cells (Dce, 1987, Hershko et al., 1986). These enzymes are
reported to be involved in the proteolysis of a |large nunber of
proteins including steroid receptors. The enzyne has previously
been used in the structural characterization of progesterone
receptor (Vedeckis et al., 1980a, 1980b) and estrogen receptor
(Puca et al., 1977). In the present study CANP has been purified
and used in the structural characterization of ERAF Il. The
protease cleaves the ERAF into two distinct fragnents « and g.

The studies carried out on these fragements are presented here.

Purification of CANP:

Chromatography of the wuterine cytosol on a colum of
p- am nobenzam di ne agarose facilitated adsorption of proteases to
the imobilized p- am nobenzam dine, a protease inhibitor. These
enzynes were subsequently eluted from the colum using
benzamidine-HCl. The enzymes were subsequently adsorbed to the
cal ci um phosphate gel (hydroxylapatite, HAP) where the calcium
dependent immobilization of the enzyme took place. Hution of
these proteins was achieved with the help of 250 mM sodium
phosphate buffer. The eluate from the HAP colum was
chronat ogr aphed over a colum of DE-52. B ution of purified CANP
fromthis colum was achieved with the help of a linear (0.1Mto
1.0M) wnNacl gradient. Figure 1 shows (a) the absorbance at 280 nm

of the purified protein and (b) the CANP assay data.
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Purity of the enzyme and the display of calcium dependent

activity:

The protein eluted fromthe DE-52 colunn appeared as a 80
kDa band in silver-stained SDS gels (Figure 2 inset). Mxinum
enzyne activity was observed when the assay was carried out in
the presence of 1mM concentration or above of calcium chloride,
in the medium (Figure 2).

CANP effect on naER and E- RAF:

E-RAF (100 ug) or naER (100ug) was each incubated with 10
enzyne units of CANP (one enzyne unit is eguivalent to that
activity which enhances digestion of casein by 0.1 wunit of
absorption at 595 nm in the Bradford assay) at 30°C for one hour
following which the reaction products were subjected either to
chromatography on Sephadex G50 or to SDS gel electrophoresis.
The E-RAF broke up into 2 fragments, of nolecular nass 32 and 30
kDa (Figure 3 inset) as a result of CANP action, while the enzyne
failed to effect a simlar change in the naER (Figure 3). The 32
kDa fragnent was designated as the « and the 30 kDa fragnent as
the B.

E-RAF « retains the DNA bindi ng domai n:

Fol | owi ng exposure of E-RAF to CANP in the presence of |InM
calciumchloride, the enzyme was renoved by adsorption to DE-52;
the E-RAF appeared in the DE-52 flowthrough fraction while the
enzyme renained bound to the matrix. This CANP treated E- RAF was
chromat ogr aphed on a col umm of single stranded DNA- Sepharose. The
flowthrough fraction and the DNA-bound protein, eluted with 10mM

ATP, were collected and were subjected to SDS gel analysis. The
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30 KDa fragment appeared in the DNA Sepharose flowthrough
fraction while the 32 KDa protein was detected in the fraction
eluted with ATP from the DNA Sepharose colum (Figure 4 |left
panel ). Both these fragnents cross reacted with anti ER 1gGc as
well as with anti ERAF IgG It was of interest to see whether
these fragnents enhanced the DNA binding of the naER follow ng
dimerization. In this experiment constant quantity of naER was
incubated with DNA in the presence of varying quantities of the «
fragment, either alone or in the presence of the (3. A positive
dose response relationship was noticed between the ERAF a
concentration and the quantity of HnaER bound to the DNA
cellulose (Figure 4 Right panel) . The presence of EERAF g in the
medi um did not nmake any difference in this pattern.

E-RAF a retains the dinerization domain:

FITC | abel ed naER (100ug) was incubated either with E-RAF a
or with EERAF g, at 30°C for 30 ninutes following which the
m xture was chromatographed on a column of Sephadex G-100,
equilibrated with the TEMN buffer. The basis of the experinent
was that if one of the fragnment dinerized with naER the resultant
fl uorescent conpl ex should appear in the void volune of the G 100
colum. It was observed that the o fragment of E-RAF possessed
the capacity to dimerize with the naER (Fg. 5a) . The high
nol ecul ar wei ght conpl ex was not forned between E-RAF g and naER
(Fig. 5b).

Leuci ne di ssoci ates E- RAF-naER heterodimer:

The non-destructive conditions under which E RAF dissociates

fromits dimer with naER was anal yzed. naER was incubated with
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3g-estradiol overni ght and the free radioactivity was renoved

followng the addition of dextran-coated charcoal . The

H-estradiol-naER conplex was chromatographed On an E RAF
Sepharose colum. The colum was washed with the buffer and the
elution with a variety of nedia was attenpted in order to
dissociate Hestradiol-naER from the E-RAF. Sodium chloride
concentration as high as 2M did not help in this dissociation
while elution with buffer containing 1omM |eucine conpletely
dissociated the naER fromthe EERAF (Fig. 6) . None of the other
amino acids tested, belonging to various chemcal categories,
were effective in bringing about this dissociation.

Additional confirmations for the presence of dimerization domain

in the ERAF a

FITC~labeled naER was i ncubat ed with equimolar
concentrations of E-RAF at 30 C for 30 minutes. Leucine was added
to this mediumto give a final 1OW concentration follow ng which
the mxture was exposed to a slurry of DE-52, equilibrated with
the TEMN buffer. This step was undertaken in order to obtain the
free EERAF in the DE-52 flowthrough fraction. The fluorescence
associated with the following fractions was measured: 1) naER
dissociated fromthe heterodimer and bound to the DE-52; 2)total
E-RAF; 3) E-RAF a bound to DNA-Sepharose, after E-RAF digestion
with the CANP and 4) E-RAF g which appeared in the DNA- Sepharose
flowthrough fraction. The basic assunption was that a
fluorescent transfer should occur fromthe FITC-naER to the E RAF

site lying close to the naER

The data presented in figure 7A shows the distribution of
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fluorescence in naER E-RAF and the E-RAF fragnents a & g, under
these conditions. It was observed that incubation of FITCc-naER
with E-RAF caused alnost a 50% loss in the naER fluorescencs.
Wiat was lost from the naER appeared in the E-RAF. 85% of the
total fluorescence detected in the intact E-RAF was recovered in
the EERAF a with practically no fluorescence being detected in
the g (Fig. 7A) .

naER E- RAF dimerization occurs independent of estradiol;

It was of interest to know whether estradiol influenced
naER- E- RAF dimerization. E-RAF and FITGnaER were incubated at
30°C for one hour in the presence of varying concentrations of
estradiol followng which the dissociation of ERAF from the
conpl ex was achieved upon exposure of the conplex to 1omM
| euci ne. The labeled ERAF was recovered in the DE52
flowthrough fraction as described for the experiments detailed
in figure 7A° The fluorescent activity in the E-RAF was neasured,
taken as an index for having dimerized with the naER The
presence or absence of estradiol did not make any significant
difference in the degree of fluorescent |abeling of the E-RAF
apparently indicating the fact that the dinerization was
i ndependent of the presence of estradiol (Fig. 7B).

Both naER and the ERAF (a & B) cross react wth anti

polvaspartate IaG:

Purified naER E-RAF and the a and (3 fragnents of the E RAF
were subjected to SDS-PAGE. The proteins, western transferred to
nitrocel l ul ose, were exposed to anti polyaspartate IgG, to be

followed by exposure to HRPO-coupled goat anti rabbit 1gG It was
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observed that both the naER and the E-RAF, including the two
E-RAF fragments, cross reacted with anti pol yaspartate 1gc (Fi g.
8).

Interdependence of E-RAF and naER for each other's novenent into

H-E, naBER nigration into isolated goat uterine nuclei was
studied both in the absence and presence of E-RAF, sinmilarly

nuclear mgration in vitro of FITC-labeled E RAF was exam ned

both in the presence and absence of naBER Virtually no nucl ear
novenent of naER took place in the absence of E-RAF. The naER
binding to nuclei increased along with the increase in the
concentration of E-RAF added to the medium (Fig. 9A).

Simlarly, no intra nuclear mgration of E-RAF took place
when the medium was deficient in naER Enhanced binding of
FITC-E-RAF t0 nuclei took place as the concentration of naER in

t he medi umincreased (Fig. 9B) .
3
H-E.-naER Nigration into uterine nuclei in the presence of one

o)
&

of the two E-RAF fraoments:

It was of interest to see whether any of the two E-RAF
fragments could stinulate naER entry into the nucleus,
i ndependent|ly. Experinments in this direction were carried out as
described for those presented in figure 9. Neither of the E-RAF
fragments could stimulate the entry of naER into the nucleus

(data not shown).
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DI SCUSSI ON

Intracellular protein degradation is recognized as a very
i mportant regulatory process influencing the levels of individual
proteins as well as the developnment and degeneration of body
tissues (Goldberg & Dice, 1974; Goldberg & St. John 1976).
Non-lysosomal nechani sms have been shown to be responsible for a
maj or part of the intracellular protein degradation (Dice 1987;
Her shko & Ci echanover 1986). CANPs have been recognized as one of
the best studied non lysosomal protein degradation systems. Two
possibilities exist for the CANPs to influence cellular

functions:

a) protein metabolism leading to cellular degeneration and death.
b) a constructive regulatory role in cellular metabolism |eading
to cell secretion, cellular responses to various hornones and
cellular growth in general (Exton, 1988; Rasmussen et al., 1984,
1987). We wish to focus the attention on the goat uterine CANP in
both these perspectives.

Regul atory role for <calcium in the biology of estrogen
action in the uterine cell is a nuch discussed proposition (Batra

and Sjogren, 1982; Szego & Pietras 1984). Szego and Pietras

(1984) identified a remarkable increase in the intracellular
calcium concentration in uterine cells upon exposure to
estradiol. This enhancement in cell <calcium my well be an

estrogen receptor nediated phenonenon as there is positive
evidence available regrading the primary location of the
non-activated estrogen receptor (naER) to be the plasma nmenbrane

(Karthi keyan, 1994). Hornmone binding to the receptor results in
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an immedi ate dissociation of the receptor estrogen conplex from
the plasma menbrane and its entry into the cytosol. The
possibility exists that this dissociation of the receptor hornone
conpl ex fromthe plasna menbrane can lead to naj or changes in the
pl asma nenbrane organi zation, resulting in the opening up of a
cal cium channel . The increased cal ciumlevel in the cytosol could
imedi ately influence a variety of calcium dependent metabolic
regulators including the CANP. W& do not have the data regarding
the action of this CANP on proteins other than E-RAF and naER
The conditions under which the CANP cleaves E-RAF into two
distinct fragnents are incapable of influencing the CANP to act
upon the naER The formation of E-RAF a and (3 fragnents of near
identical nolecular size as result of the CANP action is
indicative of the existence of a highly specified donain in the
E- RAF nol ecul e where CANP binds. Since both a and B8 cross react
with anti polyaspartate IgG, it nmay be assumed that both these
fragnents are capable of binding to nuclear localization
sequences in the naER Theoretically, then, both the fragnents
shoul d posess the property to help in the naER transport to the
nucl eus independently which, as it appears, is not the reality.
There are conflicting reports regrading the nolecular
organi zation of CANPs in mammalian cells. A large nunber of
reports indicate that the enzynme exists as a heterodimer
consisting of subunits with nolecular mass 80 kDa and 30 kDa
(Goall et ai1., 1984; Demartino et al., 1983; Hatanaka et al.,
1985; Inamato et al., 1988; Kitahara et al., 1984). Many others
identify the enzyne as a 80 kDa nononer (Qoall & Demartino 1983;
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Malik et al., 1983; Mlloni et a1., 1985, 1986; Z mernan &
Schl aepfer 1984). Qoall and Dpemartino in their review (1991)
observed that calcium dependent affinity chromatography using
imobi li zed substrate is used in the methods which purify the
monomeric form of CANP. The enzyne involved in our study is a 80
kDa  nononer. The isolation nmethod involves the enzyne
i mmobi lization on a protease inhibitor, elution and the
subsequent adsorption on to the calcium phosphate gel. Wether
the absence of the 30 kDa protein in our studies is the result of
this type of isolation procedure can not be ascertained at this

st age.

CANPs have been used earlier in the characterization of
steroid receptors (MVedeckis et al., 1980; Puca et al., 1977).
E-RAF is not a steroid receptor, but a receptor associated
protein. As it is observed fromthe data presented in this report
it is an unavoidable factor in transporting naER to the nucleus
just as naER is required in the novenent of ERAF to the
nucleus.That shows a true synergistic relationship between the
two proteins. Wile the DNA binding and the dimerization donains
are retained by the a fragment of the E-RAF, the NLS-recognition
donains are shared between both a and g. Figure 10 is a nodel
representing this distribution of the dual recognition motifs
between E-RAF and naER The naER and the E-RAF are represented
here as coming close to each other at three sites: (1) the
dinerization region in the «-E-RAF and the naER (2) the naER NLS
recognition domain of ERAF a and the o-E-RAF-NLS recognition

domain of the naER, (3) naER NLS recognition of the EERAF g and g
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E-RAF-NLS recognition domain of the naEr. |If, as discussed
earlier, the a and g fragnents of E-RAF are capabl e i ndependent!y
of transporting naER to the nucleus, it will not be difficult to
perceive a system of regulation of the gene that is under the
control of the E-RAF, the DNA binding protein in the heterodimer.
The controlling elenent in such a situation wll be the
cytosolic CANP. Since that is not the case, it is clear that the
naER novenent into the nucleus is dependent upon the structural
integrity of the E-RAF.
| have used E-RAF and naER l|abeled with rITc to understand
the proximty relationship between the two proteins. FITC |abels
amino groups in proteins. It has been well established that
el ectronic excitation energy can be transferred effectively over
a distance as large as 70°A between a fluorescent energy donor
and an acceptor (Stryer, 1978). Forster (1948) proposed a theory
to explain this dipole-dipole energy transfer. Stryer and
Haughl and (1967) further suggested that the energy transfer could
be used as a spectroscopic ruler in the 10-60°A range to identify
proximity relationship among biological macro nol ecules. Cne of
the two properties of the heterodiner that helped us to exam ne
the fluorescent energy transfer between naER and E-RAF without
using a cross linking agent was the stability of the dimer in
high ionic strength nedia. The other was the ease wth which the
dimer could be dissociated into its monomeric units in the
presence of 1omm |eucine. What we believe is that by adopting
this nmethod which did not introduce any conditions |ike cross

linking that is likely to endanger the delicate biological
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function of the proteins we have succeeded in studying this
protein-protein interaction in the nost non-destructive nanner
possible. This feature is evident in the experinent that led to
the identification that the ERAF a contains the dimerization
domain. Al nost 85% of the total fluorescent activity that was
lost from the naBER was recovered from the ERAF «, Wth
practically no activity being detected in the g fragnent of the
E-RAF. W anticipate that this nmethod should prove useful in
understanding the proxinity relationship between monomeric units
of other heterodimeric systens |ike the Fos and the Jun.

W do not have any direct evidence for the involverment of
leucine zipper in the dimer formation between naER and E-RAF
However, the observation that only leucine is capable of
dissociating the nonomeric units of this heterodimer s
apparently indicative of the leucine zipper involvenent. In this
arrangement pol ypeptide residues containing an array of |eucine
residues are proposed to exist in an a helical configuration,
with the leucine side chains extending from one a helix
interdigitaing with those displayed froma sinilar a helix of a
second pol ypeptide, facilitating the dinerization (Landschulz
1988) .

Experi ment al evidences suggest that the naER is a
gl ycoprotein (Karthikeyan, 1994). This glycoprotein dimerizes
with the E-RAF and the heterodiner enters the nucleus. A specific
change in this organization takes place within the nucleus during
whi ch a nucl ear gl ycopeptidase cleaves off the sugar residue on

the naER This de-glycosylated nabER is incapable of dinerization
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with E-RAF, possibly due to a distinct irreversible structural
change that has taken place. It will not be out of context to
state here that studies on this heterodiner, its dissociation and
subsequent intra-nuclear movement of the mononers will provide

vital clues to understand the nolecular biology of estrogen

action.
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Figure 1: 1Isolation of CANP through DE-52 chromatography. The
CANP bound to the DE-52 colum was eluted using a linear Nacl
gradient. The bed volume of the colum was 15nm and el ution was
carried out using a 50m gradient of Nad (10omMto 1M and 2nm
fractions were collected. The absorption profile (280nn) is given
in Fig. 1A Fig. 1B displays the reuslts of the assay of CANP.
Caesin was used as the substrate. The peptides released by the
action of the enzyne were neasured either using Bradford s assay
(absorption at 595nm) (o) or by observing the absorbance at 280

nm (O) .
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Figure 2: optimal calcium requirement for the CANP activity.
Casein was incubated with CANP, in the presence of varying
concentrations of calcium chloride (o-1.5mM) and the peptides
rel eased were estinmated by neasuring absorbance at 280nM The
inset is a SDS-PACGE of the purified enzyne existing as a 80kDa

nonomner.
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Figure 3: Effect of CANP on naER and E-RAF. naER was |abeled with
FITC. Following the treatment With the CANP the FITC-naER was
subjected to gel filtration on a colum of Sephadex G50 (bed
volume of 90m and void volunme V of 33m) . 4ml fractions were
col | ected. Fl uorescence associated wth each fraction was
measured using a fluorescence spectrophotometer at excitation
wavel ength of 470nm and enission wavel ength of 520nm The inset
is the SDS-PACGE of E-RAF digested by CANP, showing the 30 and
32kDa fragnents of E-RAF. The enzyne was separated fromthe E RAF
following addition of a DE-52 slurry to the incubation nedium

The diffuse band at 66 kba is the uncleaved E-RAF.
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Figure 4: Separation of the a and g fragments of the E-RAF
resulted following the CANP action. The details regarding
separation of the fragmets have been given in ‘methods’. a is the
fragnent that is retained by the ss-DNA-Sepharose columm while
the g is recovered fromthe DNA-Spharose flowthrough fraction. A
and B represent the silver stained SDS gels of a and g
respectively. A and B indicate the cross reactivity of the «
and B fragnents respectively with anti ER 196 while A and B.
represent the corresponding fragnents recognized by anti E-RAF
IgG The panel on the right exhibits the results of a
DNA-cellulose binding assay for naER  influenced by varying

concentrations of «, either in the presence or absence of g.
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Figure 5. Dimerization studies between FITC-labeled naER and the
E-RAF fragment a or g. The E-RAF fragnent « (Fig. 5A) or ft (Fg.
5B) were incubted separately with FITCGlabeled naER and the
protein mxture was subjected to gel filtration on Sephadex G-100
(void volune V = 28m, bed volune 50m) and fractions (4n/
fraction) were collected. The fluorescence associated with each
fraction was neasured at excitation a= 470nm and em ssion X=
520nm
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Figure 6: Dissociation of the naER and E-RAF heterodimer under
vari ous experimental conditions. The free amino acids (2-10) were
used at 1omM concentration. (1) 2M Nacl, (2) |leucine, (3)
glycine, (4) cysteine, (5 tyrosine, (6) lysine, (7) aspartate,

(8) valine, (9) phenylalanine, (10) methionine.
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Figure 7: Identification of the dimerization domain in E-RAF and
studies on the effect of estradiol on dinerization betwen E-RAF
and naER Figure on the left shows the fluorescence transfer from
FITC-naER to E-RAF in general and the a and g fragnents in
particular. The fluorescence associated with A= control (naER
not l|abeled with rFiTc), B= FITGnaER C= naER after separation
from the dimer, D= ERAF dissociated from the dimer, E= «
fragment of E-RAF, F= g fragment of E-RAF.

The figure on the right displays the effect of estradiol on naER-
E-RAF dinerization. FITGnaER was incubated with increasing
concentrations of estradiol (0-20 nM) and it was nade to dinerize
with equimolar concentrations of E-RAF. Dissociation of the
conpl ex was brought about followi ng exposure of the conplex to
1iomM | eucine. The fluorescence associated with the E-RAF,
dissociated from the heterodimer, was neasured. OT= total
fluorescence associated with FITGnaER before dinerization. The

val ues represent the concentration (nM of estradiol used.
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Figure 8: (Coss reactivity of naBER and E-RAF wth anti
pol yaspartate Igc (A and B respectively) . C and D are the blots
of a and g fragnents respectively showing the cross reactivity

with anti polyaspartate 1g G
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Figure 9: Interdependence of naER and ERAF for nuclear
transport. H-estradiol bound-naER was incubated with increasing
concentrations of E-RAF (0-1ooug) in the medium that contained
isolated goat wuterine nuclei in order to study the ERAF
dependent transport of naER (Fig. 9A) . In the other experinent
FITC-E-RAF Was incubated with varying concentrations of naER-E
conpl ex (0-100ug) along with nuclei in order to measure the naER
dependent nucl ear transport of E-RAF. The Fl uorescence associ ated
with the high salt extracts of the nuclei, follow ng washing was

nmeasured (Fig. 9B) .
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Figure 10: A nodel displaying the possible sites of interaction
between E-RAF and naER The a and ft fragnents of E-RAF have been
identified. Based on the indirect evidence that |[eucine
di ssociates the naER -E-RAF heterodimer, it is being proposed
that the leucine residues of a interdigitate wth the
corresponding residues in the naER forming a | eucine zipper. The
naER is a glycoprotein; the sugar residues are displayed in such
a way as to show that they are responsible for the naintenance of
the structural and functional integrity of the protein. Both naER
and E-RAF (a and ft) are shown here as possessing regions which
recognize the nuclear localization sequences in the other

nononer .
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Chapter 1V

Hormonal Control of Estrogen Receptor Activation Factor
(E-RAF) Synthesis in the Rat Uterus: Development of a
Sensitive ELISA Method for the E-RAF Assay



The experimental results presented in this chapter is an
attenpt to understand the hornonal interpaly involved in estrogen
receptor activation factor -biosynthesis in the rat uterus. It was
felt that in order to understand the true significance of this
protein in estrogen action a know edge of the factors which
regulate its synthesis was necessary. As the results indicate,
the synthesis of the protein is under the exclusive control
either of estradiol or of progesterone. Another part of this
study was the developement of an ELIsA for the measurement of
E-RAF in reproductive tisssue. Using this nethod the E-RAF |evel
in the rat uterus under certain specific physiological conditions
has been esti mated.

I mmunol ogi cal cross rel atedness between E-RAF |1 and ER

Both estrogen receptor and E-RAF Il were subjected to CNBr
fragmentation. The ONBr peptides were allowed to bind to anti ER
IgG coupled to Sepharose in a colum and both the flow through
and the 4M Mgcl., eluate fractions were collected. The peptide
fragments were transferred to nitrocellulose which in turn was
exposed to anti E-RAF 1gG The antibody cross reacted with E-RAF
specific fragnent in ER having a nol ecul ar mass of about 55 kDa
and also with the uncleaved ER showing immunological cross
rel atedness between the two proteins (Fg 1) In ERAF as in ER
antigenicity was retained by the 55kDa fragment.

The purpose behind the presentation of this experinental
results was to show the existence of conmmon antigenic
determnants in E-RAF and ER This was necessary to show the

i nportance of the DE-52-nediated separation of the ER and E-RAF
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carried out during the amino acid incorporation studies.

Effect of ovariectomy or pvariectomy-coupled W th adrenalégfemy

on the uterine E-RAF synthesis;

Cycling female rats were subjected either to bilateral
ovariectony or to a conbination of ovariectomy and adrenalectomy.
The animals were killed at 24h intervals from the day zero
onwards. The uteri were incubated in a short termtissue culture
medium containing |abeled aminocacids and the radioactivity
associated with the immuno precipitated E-RAF was exam ned. E-RAF
synthesis in the uterus registered a decline imediately
foll owing ovariectony and reached a basal level on day 3 post
ovariectony. Subsequently, a steady increase in E-RAF synthesis
took place which reached the peak activity on day 5 follow ng
ovariectony. This activity also declined, reaching the basal
level, towards the end of the first week following surgery (Fig
2A) .

It was interesting to note that in the aninals subjected to
ovari ectomy and adrenal ectony the peak synthetic activity of day
5 was not detected (Fig 2B).

Influence Of exogenous estradiol or of progesterone on E-RAF

synt hesi s:

Rats were ovariectonized and maintained for a period of one
week following which they received subcutaneous inplants of
estradi ol - bees wax pellets (2 pellets per rat). The pellets had
a horrmone to wax ratio of 1: 1000. Another group of animals were
subjected to ovariectony and adrenal ectony sinultaneously. These

animals, mamintained on saline and food for one week, received
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progesterone- waex pellets having a hornone to wax ratio of 1:
200. The uterine E-RAF synthesis was studied in these rats at
regul ar 24 hour intervals following the hornone- wax
inplantation. Exposure of the uteri to estradiol resulted in a
gradual increase in the synthesis of E-RAF, reaching a peak on
the day 4 following hornonal exposure (Fg 3a). The synthetic
activity registered a decline subsequently. The E RAF synthesis
in response to the exposure of the uteri to progesterone followed
an altogether different pattern. A sharp rise in E RAF synthesis
was noticed on day 5 with practically no synthetic activity being
detected either before or after this crucial interval (Fig. 3B).
The circulating level of estradiol in rats exposed to
subcut aneous inplants of estradiol- bees wax pellets was measured
using estradiol RIA. A linear increase that occurred in the
circulating hornone |level was seen during the first 4 days after
the exposure of the rats to estradiol-wax pellets (Fg 4). No
further increase in the circulating hornmone concentration was
noti ced subsequently, after reaching a level of 160 pg/ m serum
This was conpared with the average circulating estradiol I|evel of
proestrus rats. The value = 120 pg/ m serum was significantly
lower than that noticed in the animals exposed to estradiol -wax
pellets. It has not been possible to carry out progesterone RA
in order to measure circulating |evels of progesterone.

Additional studies on the hornonal specificity associated wth

the E-RAF bi osynthesis:

It was of interest to observe how specific the estradiol

medi ated and the progesterone nediated synthetic activities were.
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For this purpose ovariectomized rats were exposed to subcutaneous
inplants of Tamoxifen, either alone or in conbination wth
estradiol. Smlarly rats were subjected to ovariectomy and
adrenal ectony simultaneously and were exposed to bees wax
inmplants of testosterone or of dexamethasone. The treated aninals
bel onging to both the categories, were killed on day 5 followng
the hornone- wax inplantation.

Tanoxifen on its own was ineffective in stimulating E-RAF
synthesis (Fg 5A) . A the same time the anti estrogen
effectively blocked the estradiol-mediated rise in ERAF
synthesis. Sinilarly, testosterone and dexanethasone failed to
evoke any positive response in the uterine synthesis of E RAF
(Fig5B).

Effect of estrogen-progestogen conbination on the uterine E-RAF

synthesis in nornal rats:

Rats belonging to the pro estrus stage of the estrus cycle
were selected for this purpose. Two types of  hornonal
conbi nati ons were enployed. In the first the animals were exposed
to subcutaneous inplants of estradiol- wax (1: 1000) or of
progesterone- wax (1: 200). In the second the oral contraceptive,
MALA-N, which is a mixture of Ethinyl estradiol and Norgestrel
(300ug and 3oug respectively, per tablet) was enployed. The bees
wax inplants made for the latter purpose contained a hornone to
wax ratio of 1: 1000 with respect to Ethinyl estradiol. The
animals were sacrificed at regular intervals and the E RAF
synt hesi s exam ned.

The pattern followed in the study involving estradiol and
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progesterone (Fig 6A) and that involving MALAN (Fg 6B) were
alnmost identical. The synthetic activity declined immediately
after the in vivo exposure of the uterus to the estrogen-
progest ogen conbination, reaching a total decline by day 4
followng the treatment. There was no E-RAF synthesis noticed
during the remaining part of the hornmone exposure regine.

Measurenent of E-RAF in the pregnant rat uterus:

An ELISA nethod was developed in order to determine the
concentration of E-RAF in tissue sanples. The method devel oped is
sensitive; the standard graph (Figure 7A) shows a linear
rel ationship between the response and the concentration of E RAF
enpl oyed.

Using this nethod the concentration of E-RAF in the uteri
and fetus of rats was measured during pregnancy. The results show
a gradual increase in the concentration of ERAF in the uteri
during the first half of pregnancy, reaching a peak on day 10
(Fg 10B). The activity registered a steep decline alnost
i mredi ately and the synthesis of E-RAF reached the basal |evel on
day 16 of pregnancy. The E-RAF concentration in the fetus during
the first two weeks of pregnancy was virtually undetectable. a
sharp increase in the immunoassayable concentrations of E-RAF was
observed on day 16. The fetal E-RAF titer continued to increase
till the day of parturition.

The literature survey reveals that the plasma progesterone
level in rats rise sharply shortly before inplantation and the
level renmains elevated until day 16 of pregnancy reaching a peak

(140 ng/m1) at this stage (Mrishige et al., 1973). Immediately
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following this, a sharp decline in progesterone concentration
results, reaching the basal level of 20 ng/ml plasma. Estradiol
level s in the ovarian venous plasma under these conditions showed
a secretion rate of about o0.8ng/ hour/ ovary. This basal |evel,
detected during the first 15 days of pregnancy, rises sharply on
the day 16 and remain elevated till parturition (Shaikh, 1971).

Cyclic changes in E-RAF levels in rat uteri during estrus cycle:

The uterine concentration of E-RAF during estrus cycle was
neasured following the ELIsA. The E-RAF concentration in the
uteri remained high during the estrus stage of the cycle. During
proestrus the E-RAF concentration was about a half of that
detected during the estrus. During netestrus and diestrus the

E-RAF levels renained very low (Figure 8).
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D SCUSSI ON:

A preliminary study was conducted earlier in our |aboratory
in order to understand the hornonal regulation of the synthesis
gap junction proteins and E-RAF in the rat uterus (Anuradha &
Thampan 1993). A refinement brought about in this study in
conparison to that reported earlier was the DE 52 chronatography
and collection of the DE-52 flowthrough fractions of the high

speed supernatant prepared fromthe uteri incubated in vitro. The

met hod was introduced in order to separate E-RAF fromthe regul ar
ER and the naER as it is known that the regular ER and naER
remains firmy bound to the DE-52 nmatrix while E-RAF appears in
the DE-52 flowthrough fraction. The three proteins are
immmunologically cross reactive (Zafar & Thanpan 1993). W felt
t hat it should be possible to bring about sel ective
immunoprecipitation of E-RAF, free from being contam nated by
naER and the regular ER by this nethod.

The first study on the effect of ovariectomy on the uterine
E-RAF synthesis indicated that there are two factors that are
involved in the process. The immediate decline in E-RAF synthesis
following ovariectony, which continued upto day 4 post
ovariectony, indicated that the synthesis was dependent upon one
ovarian hornone. The sharp increase in E-RAF synthesis on day 5
after surgery brought into focus the second factor that regul ates
the protein biosynthesis. Since the conparison was made with a
control rat belonging to the proestrus stage of the estrus cycle,
it was not difficult to infer that the initial decline in ERAF

synthesis was due to the decline in circulating estradiol.
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The sharp increase in the synthetic activity observed on day
5 post-ovariectomy could be interpreted as being due to one of
the follow ng reasons
1. loss of an inhibitory material; 2. release of a hornone from
an extra ovarian source

Resko’s observations (Resko, 1969) on the rel ease of adrenal
progesterone in rats inmmediately follow ng ovariectomy gave an
expl anation in support of both the surm ses nentioned above. He
observed an enhancenent in adrenal progesterone production and
release followng ovariectony, apparently indicating that the
ovarian estrogen had an inhibitory effect on the adrena
progesterone release into the circulation if not on production
The results of the experiment in which the rats were subjected to
both ovariectony and adrenalectony confirmed this assunption
since the peak synthetic activity of day 5 follow ng ovariectony
in these rats di sappeared conpl etely.

The progesterone nediated stinulatory effect on E-RAF
synthesis was restricted to a specific interval following in vivo
hornone exposure, probably suggesting that the activity was
dependent on a threshold level of «circulating progesterone.
Hormone levels either below or above this did not evoke a
response. On the other hand, estradiol- nediated effect was
spread over a longer interval. The increase in the uterine
protein synthesis following its exposure to estradiol was
gradual . The estradiol dependence in E-RAF synthesis is further
highlighted by the fact that the anti estrogen, Tamoxifen,

brought about a total inhibition in the estradiol nediated
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protein synthesis. Further, testosterone and dexanethasone were
unable to stimilate the ERAF synthesis thereby to reaffirmng
the hornone specificity that is associated with this synthetic
activity.

A totally different picture was obtained when E RAF
synthesis was examned in normal rats exposed in vivo to a
m xture of estradiol and progesterone through subcutaneous bees
wax inplants. The synthetic activity declined as the days
progressed following hornone treatnent. This was clearly
indicative of the fact that E-RAF synthesis was dependent on a
hi ghly bal anced dose of ovarian hornones in vivo. Exposure of
rats to the exogenous hornones apparently disrupted this delicate
internal horrone bal ance possibly through the blocking of the
hypothalamo- hypophysial axis. It appeared from this data that
there existed a non responsive, latent phase during which
addi tional exposure to the hormone could not evoke a stinulatory
response in the uterus.

Mala-N is an oral contraceptive that is now being used by
many wonen in India. It is mxture of a synthetic estrogen
(Ethinylestradiol) and a synthetic progestogen (Norgestrel). The
results of the experinent in which the rats were exposed in vivo
to this hormonal nixture was identical to those of the experinent
in which the rats were exposed to a nixture of estradiol and
progesterone. It is therefore possible to conclude that exposure
to this oral contraceptive has the inherent danger of interfering
with the hypothal ano hypophysial axis. The drastic inhibitory

effect observed on the uterine synthesis of E RAF under such
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circunstances is difficult to be ignored. Unfortunately, the
research on the role of this protein in estrogen action has not
captured the inagination of workers in other |aboratories. V& are
also in no position at this stage to comment upon the biol ogical
consequences of such a block in E-RAF synthesis in wonen.

The sensitive ELISA nmethod for the measurement of E-RAF in
the rat uterus was helpful in neasuring the E-RAF titers during
pr egnancy. It is known that the uterus is influenced
predonminantly by progesterone during the nmajor part of pregnancy.
As is evident fromfigure 3A the progesterone-dependent synthesis
of uterine E-RAF is influenced by a threshold concentration of
the hornone. The protein synthesis is not stimilated by a
concentration of progesterone either above or below this
threshold level. Athough we do not have a RIA data to show the
circulating progesterone concentration during this period, it
appears logical to infer that the peak in endogenous E-RAF |evel
noticed in the uterus during nmd pregnancy was influenced by this
highly specified level in circulating progesterone. A steep
decline in the EERAF titer takes place during |later pregnancy, a
peri od marked by decreasing levels of progesterone and increasing
levels of estradiol in circulation (16, 17). Possibly, the
increasing titers of immunoassayable E-RAF detected in the fetus
during this period is an estrogen dependent phenomenon

Looking at the extensive changes that the uterine E RAF
I evel undergoes during the various hornonal exposures it is
possible to speculate that this protein has the potential to be

identified as a narker protein in the diagnosis of estrogen
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dependent cancers of the uterus and the breast in humans. This
view is supported by the data that the E RAF shares common
antigenic deternminants with the c-fos oncoprotein (Anuradha,
1992) . It is anticipated that the E-RAF ELISA will be of use in
eval uati ng mammary and uterine cancers before they are exposed to

the therapeutic reginen.
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Figure 1: O\Br peptides of ER (A and E-RAF (B) and their cross
reactivity with anti E-RAF 1gGc (C - H).
lane C CONBr peptide of ER
D ONBr peptides of ER appearing in flowthrough fraction of
anti - ER Sepharose col um.
E 4MMgcl elution of ER peptides bound to anti-ER Sepharose
col um.
F: ON\Br peptides of E-RAF.
G E-RAF peptides appearing in the flowthrough fraction of
anti - ER Sepharose col um.

H 4M Mgcl elution of E RAF peptides bound to anti-ER Sepharo

column.

85






Figure 2: Effect of ovariectony (A or ovariectony conbined with

adrenal ectony (D on the E-RAF synthesis by the rat uterus. The
uteri, renoved at intervals followi ng surgery were incubated with
a labelled amino acid mxture, as described in the text. The
radi oactivity associated with the proteins, immuno precipitated
by monospecific rabbit anti goat uterine E-RAF 1IgG, was
estimated. The data is the nmean + S E of 4 independent
determnations. The open circles represent the control data from
experinents where the labelled proteins were first exposed to

rabbit pre immune 19gG and subsequently to goat anti rabbit 1g G
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Figure 3: Effect of exogenous estradiol or of progesterone on the
uterine E-RAF synthesis. (A Rats were subjected to bilateral
ovariectomy. One week after the surgery each aninmal received two
subcut aneous inplants of estradiol- bees wax pellets with a
hornone to wax ratio of 1:1000. The aninmals were killed at 24
hour intervals and the uteri were incubated with the |abeled
amino acid mxture as described in "methods". The radioactivity
associated with the proteins immuno precipitated by monospecific
rabbit anti goat E-RAF 1gG was neasured. The data is the nean +
S E of 4 independent determnations. (B) The rats were subjected
to ovariectony and adrenalectomy simultaneously and , one week
after the surgery, were inplanted with progesterone- bees wax
pellets (1:200 ratio of hornone to wax). The remaining
experimental steps were the sane as in (A . The open circles
represent the control data from experiments where the |[abeled
proteins were first exposed to rabbit pre imune I1gG and

subsequently to goat anti rabbit 19 G
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Figure 4: Concentration of estradiol in the rat serum follow ng
inplantation of the ovariectomized rats wth estradiol wax
pellets a week after the surgery. The aninals received
subcut aneous inplants of two estradiol bees wax pellets with a
hornone to wax ratio of 1: 1000 and were Kkilled at 24 hour
intervals. The serum was collected for the estinmation of
circulating estradiol using radioimmunoassay. PE indicates the
hor mone concentration in the proestrus rat (Fig. 4B).

Fig 4A is the standard graph of estradiol RIA.
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Figure s5: Hornmonal specificity involved in E-RAF synthesis.
(Wper panel) Rats were ovariectomzed and one week after the
surgery, were inplanted subcutaneously with two control bees wax
pellets(C), estradiol- bees wax pellets (E), Tamoxifen- bees wax
pellets (Tx) or a conbination of Tanoxifen- bees wax and
estradiol - bees wax pellets (TxE). (Lower panel) The aninals were
subj ected to ovariectomy and adrenalectomy. The rats received two
subcut aneous inplants of bees wax (C), progesterone- bees wax
(P), testosterone- bees wax (T) or Dexamethasone- bees wax
pellets (Dx) . The animals were exposed to the hornone for a
period of 5 days follow ng which they were killed. The uteri were
incubated wth the Jlabeled amino acid mxture and the
radi oactivity associated with the proteins immuno precipitated by
monospecific, rabbit anti goat uterine E-RAF Igc nmeasured. The

data is the nean + S.E. of 4 independent determinations.
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Figure 6: Effect of in vivo exposure of rats to an estrogen-
progest ogen conbi nati on on the E-RAF synthesis. Rats belonging to
the proestrus stage of the estrus cycle were selected for this
study. The animals received (A 2 pellets of estradiol- bees wax
and 2 pellets of progesterone- bees wax; (B) 2 pellets of Mala-N
(ethanol extract- bees wax, 1:1000 ratio with reference to
ethinyl estradiol and bees wax). The rats were killed at
different intervals follow ng hornmone exposure and the synthesis
of E-RAF studied. The data is the nean + S.E of 4 independent
determ nations. The "control" rats received bees wax inplants

alone.
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Figure z: Concentration of E-RAF during pregnancy in the rat
uterus and fetus as neasured by the ELisa. A) Standard graph for
ELISA showing linear relationship between the response and E- RAF
concentration. B) Qpen circles showing the concentration of E RAF
in the fetus during pregnancy. The closed circles represent the
concentration of E-RAF in the pregnant uterus. The concentration
of protein is expressed in terns of ng per mg DNA The data is

the nean = s.E. of 4 independent deterni nations.
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Figure 8: Concentration of E-RAF in rat uterus during different
stages of the estrus cycle, as neasured by the ELISA. The data is
the nean £+ S. E of 4 independent determ nations. P = Proestrus:

E = Estrus; M= Metestrus; D = D estrus stage of estrus cycle.
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Appendix

Duad Hormona Involvement in the
Regulation of Rat Uterine
Collagenase Activity



Col | agenases are metalloproteinases synt hesi zed by
fibroblasts (chua et al1., 1985), rat skin (Nagai et al., 1972),
enbryoni ¢ chicks (Sakamoto et al.,), rat uterus (\Weks et al.,
1976)and other tissues involved in the degradation of collagen.
Earlier studies on the collagen produced by the rat uterus both
invivo (Ryan et al., 1972) and in vitro (Jeffrey et al., 1970)
enphasi zed the inmportance of this enzyme in the initiation of the
br eakdown process of the collagen nol ecul es during the process of
uterine involution.

Tyree et al., (Tyree et al., 1980) reported on the existence
of latent collagenases in the medium of cultured involuting
uterine explants and presented the evidence that progesterone
prevented the conversion of the inactive collagenase to the
active species. Wwhal, (Whal, 1977) on other hand, showed that
both estradiol and progesterone were effective in the regulation
of col | agenase production by cultured macrophages. Qher reports

suggested that the dilation of cervix in pigs was achieved by

estradiol - nediated degradation of type | collagen in situ by
col l agenase (Rajabi et al., 1990). It was also reported that
apart from estradiol and pr ogest er one, prost agl andi n

intermedi ates were al so involved in collagenase production in the
cervical cell cultures of pregnant guinea pigs (Rajabi et al.,

1991). In the present study attenpts are being made in order to
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hi ghlight the involvenent of estradiol and progesterone in the
regul ation of rat uterine collagenase activity using each of the
three collagen types (Type 1,111, and V) that are predoninant in
the uterine wall.

RESULTS AND DI SCUSSI ON

Fig.1 shows the <changes in the collagenase activity
associated with the rat uterus in response to ovariectomy Or a
conbi nation of ovariectony and adrenalectomy over a period of
one week. Assays were carried out at 24 hours intervals using
the three collagen types viz type I, IlIl and V. The activity of
the coll agenase that used type | collagen as substrate did not
show any clear difference in the study conparing the
ovariectom zed and ovariectomzed + adrenal ectomzed rats (Fg.
1A). The only difference that was apparent was that while in the
ovariectomzed rats the activity after day 5 post surgery
persisted, it registered a decline in the rats subjected to both
ovariectony and adrenalectony. On the other hand, the enzyne
activity that required type IIl collagen as the substrate showed
a clear difference between the two groups (Hg 1B) . The peak
activity detected on days 2 to 4 post ovariectony was no |onger
visible in the rats subjected to ovariectony and adrenal ectony.
The col | agenase activity which used type V collagen as substrate
also did not differentiate between the two experinental
conditions, ovariectony and ovariectony + adrenal ectony (Fig 1C).

Resko (Resko, 1969) reported that following ovariectony the
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pl asma progesterone |evels showed an increase. This was shown to
be due to the enhanced secretion of progesterone from the
adrenals, wunder the influence of ACTH Based on this it was
assuned that the changes in collagenase activity that required
type Il collagen as the substrate, noticed in the ovariectony +
adrenalectomized rats, could have been due to the influence of
adrenal progesterone. Experiments were carried out in order to
examine this assunption. In these experiments the animals used
were subjected to both ovariectomy and adrenalectomy and were
provi ded with subcutaneous inplants of estradiol-beeswax pellets
(1: 1000 hormone to wax ratio) or progesterone beeswax pellets
(1: 200 hornmone to wax rati o). The hornmone exposure of aninmals was
carried out one week after the rats were subjected to ovariectony
and adrenal ect ony si mul t aneously.

The col | agenase activities which used type | and V coll agens
as substrates responded positively to the treatment with both
progesterone and estradiol (Fg 2A and ©Q . The only difference
noticed was that the positive response to progesterone appeared
earlier than that to estradiol. The progesterone dependent effect
declined as the estradiol dependent response registered an
increase particularly in the case of the enzyne which used type |
collagen as the substrate. The nost convincing result was shown
by the enzynme system that used type Ill collagen substrate. The
activity was shown to be influenced predoninantly by progesterone

in the tine dependent hormone exposure study (Fg 2B). An
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i medi at e enhancenent in this activity was noticed along with the
in vivo exposure of the animals to progesterone. This activity
dropped for a brief interval on the day 6 of hornone treatnent
when the short lived peak associated with the estradiol-dependent
activity surfaced.

What appears is a progesterone-estradiol antagonism in the
stinulation of different collagenase types in the rat uterus
(Prem Kunar and Thampan, 1992). Wen the progesterone effect is
at its peak, estradiol action remains low and the vice versa.
There is a clear preference for the progesterone-stimlated
system over the estradiol -dependent one in the regulation of the
col | agenase activity which wuses type |IIl collagen as the

substrat e.
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Fig 1. Effect of ovariectony or of ovariectomy + adrenalectomy On
the rat uterine collagenase activity. Werine collagenase was
assayed at different intervals followi ng the surgery. The colla-
genase substrates used in the enzyne assay were type | (Fg 1A),
type Il (Fg 1B) and type V (Fg 1C). The data are nmean + SD of

at |east 4 independent determni nations.
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Fig 2: Effect of exogenous estradiol or of progesterone on the
rat uterine collagenase activity in rats subjected to ovariectony
and adrenalectomy simultaneously . Hornone bees wax pellets were
implanted in rats subcutaneously one week after the animals were
subjected to the surgical intervention. The collagen substrates
used in the enzyme assays were type | (Fg 2A), type Ill (Fg 2B)
and type V (Fg 20 . The data are nean = SD of at least 4

i ndependent det erm nati ons.
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CONCLUSI ONS
1) Estrogen receptor activation factor (E-RAF) is a 66kDa
receptor accessory protein having no capacity to bind to DNA. It
dimerizes with a special class of estrogen receptor, the non
activated estrogen receptor (naER) that has no capacity to bind
to DNA on its own.
2) A 80 kDa calcium activated neutral protease (CANP), purified
to honpogeneity from the goat uterine cytosol cleaves the E-RAF
into two near identical fragments a« and g, of nolecular nass 32
and 30 Kda respectively. The enzyme, under these conditions did
not succeed in cleaving naER.
3) o-E-RAF retains the DNA-binding activity while the g fragnment
does not bind to DNA. I ncubati on of t hese fragments,
i ndependently with purified naER revealed that the a was capable
of dimerization with naER
4) Conditions under which the E-RAF-naER heterodimer dissociated
into individual wunits were examned. Wile very high ionic
strength could not dissociate the two mononeric units, |eucine,
at a concentration of 10mM succeded in dissociating them all
other amino acids tested in this process provided negative
results. This was possibly an indirect evidence for the
invol venent of |eucine zippers in the naER-E-RAF dinerization. It
has also been shown that the dinmerization domain is carried by
E- RAF a.
5) anti Poly aspartate IgG has been used as a tool in detecting
proteins having capacity to bind to nuclear |ocalization sequence
(NLS) in proteins which need to mgrate to the nucleus. It has

been shown that the antibody cross reacts with the naER as well
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as the a and B fragments of the E-RAF. This possibly indicated
that the NLS in one unit was recognized by its counterpart in the
het erodi mer. Mgration of E-RAF and naER into nucleus failed to
take place as independent units. 6) Hormonal control of E-RAF
bi osynthesis in the rat uterus has been analyzed. The synthesis
is dependent on the exposure of the uteri either to estradiol or
to progesterone. Exposure of rats in vivo to Mala-N an oral
contraceptive, has been shown to inhibit E-RAF biosynthesis.

7) An ELISA nmethod has been developed for the neasurement of
E-RAF in reproductive tissues. Using this method E-RAF analysis
was made in rats belonging to two physiological states: (a)
pregnancy; (b) the four stages of estrus cycle.

8) The studies revealed that E-RAF level in the uterus reached a
peak towards a critical period during pregnancy when serum
progesterone |evel is known to be high. towards the late
pregnancy as the uterine E-RAF level declined, a corresponding
increase in the fetal E-RAF |evel became apparent.

9) DMBA, in the presence of estradiol, produce a dranatic
increase in the level of E-RAF, followi ng exposure to very |ow
doses of the carcinogen (data mot  shown).

10) The question remmins : can E-RAF assay be carried out as a
routine diagnostic exercise in evaluating estrogen-dependent

cancers of uterus and the mammary gl and.
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