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1. Introduction 

The appearance of a specific estrogen-induced 
protein (IP) in the rat uterus [l] represents one of the 
earliest effects of estrogen on uterine macromolecular 
synthesis [2]. This effect can be reproducibly 
demonstrated following in vitro as well as in vivo 
estrogen treatment (3-S], making IP the most con- 
venient marker protein available for studying the 
mechanism of action of estrogen in the rat uterus. 

IP has been routinely detected using a double- 
isotope ratio method [6]. This method is convenient, 
but it cannot yield information on content or rate 
of synthesis of IP in non-treated organs, or in organs 
in which IP may be present but not susceptible to 
induction by estrogen. 

We have reported initial results, on the time course 
and age dependence of IP induction [7], using 
~uoro~aphy of ~35S]met~on~e-labelled proteins 
separated by sodium dodecyl sulfate polyac~l~ide 
gel electrophoresis [S]. We describe here the 
characterization of IP by partial protease digestion, 
which enables the identification of IP as a major 
constitutive protein in uterus,pituitary, hypothalamus 
and cerebral cortex of immature rats. (A short report 
of some of these findings was presented [9] .) 

2. Materials and methods 

2 .I . Bioc~emicals 
~3sS]Met~on~e (250-400 Ci/~ol) was 

obtained from the ~dioche~cal Centre Amersham. 
Estradiol-170 was purchased from Ikapharm Inc., 
Ramat-Gan; ‘Cellogel’, gelatinised cellulose acetate 

was from Chemetron, Milan, and Coomassie brilliant 
blue from Schwartz/Mann, Orangeburg, NY. 
Staphylococcus aureus protease was purchased from 
Miles, Slough. 

2.2. Preparation and fractionation of cytosol samples 
Immature female rats from the departmental 

colony (25 days) were the source of all organs unless 
otherwise stated. Rats were injected lntraperitoneally 
with 5 fig estradiol-170 in 0.5 ml 1% ethanol or with 
1% ethanol vehicle. Rats were killed 1 h after 
injection, organs were excised, rinsed in phosphate 
buffered saline (PBS) [lo] and incubated for 2 h at 
37”C, under a 95% 02/5% CO2 atmosphere, in 
PBS containing SO /.L!i [“S]methionine. Organs were 
homogenised in an all-glass Potter-Elvejehm 
homogeniser (0.005-O.007 in. clearance) in S vol. 
10 mM Tris-HCl (pH 7.5), 1 mM EDTA, and the 
homogenate centrifuged at 2°C for SO min at 
198 000 X g. For partial puri~cation of IP from 
cytosol, electrophoresis on prep~ative Cellogel 
blocks (2.5 mm and 5 mm thick) was used [ 111. The 
material having a mobility of 1.05-l .20 relative to 
BSA (found to include IP) was recovered from the gel. 

2.3. Sodium dodecyl sulfate (SDS)-polyacrylamide 
gel electrophoresis 

This was performed on 1 O-20% polyacrylamide 
gels according to [ 121. Calibration curves for 
molecular weight were constructed according to the 
observed mobilities of bovine serum albumin (BSA), 
ovalbumin, hemo~ob~ and cytochrome c. For the 
purpose of fluoro~aphy, gels were’dried, imprecated 
with a scintiilator [ 131 and exposed to Kodak RP 
54 X-ray film. 
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For digestion of protein samples with 8. barbs 
protease the method in [I41 was used: IP bands were 
cut from polya~~l~de slab gels. The gel slices were 
inserted into sample wells of a second polyacryl~ide 
gel together with a solution containing 100 ng 
protease. Digestion was allowed to proceed in the 
stacking gel. 

3, Remits 

cytosol has revealed that IP migrates during 
ele~trophoresis on Cellogel with a mob~ity of 
f .E -times that of BSA [ 1 11% ~a~oa~~ve proteins of 
uterine cytosol were subjected to cellogel electro- 
phoresis and the fractions obtained electrophoresed 
on SDS-polyacrylamide gels (fig.1). IP has been 
shown to be a mol. wt 46 000 protein of acidic 
nature (shown by its rapid migration on cellogel 
electrophoresis) and whose rate of synthesis is 
stimulated within 1 h of estrogen administration 
[iS]. These properties are consistent with an identifl- 
cation of the band of Mr 46 000 from cellogel 
fraction 7 (co~espon~g to proteins with a mobility 
of 1.05-l ;l-times that of BSA) as that containing IP 
(fIg.1). IP was found almost exclusively in fraction 7 

Fraction no. 

I 

c 

I 

E 

CE 23456702345670 

Fig. 1 I Fhmxogram of SDS-polyacrylamide gel electrophoresis of unfractionated and cellogel-fractionated cytosol. Samples uf 
sSSlabeBed uterine cytosol proteins from control (C) and estrogen-treated (E) rats were subjected to cellogel electrophoresis and 
separated into 8 fractions according to mohtity relative to bovine serum albumin (BSA). Fraction: 1, -0.1 to +O.l times mobility 
of BSA; 2,&l-0.3; 3,0.3-0.5; 4,0.5-0.7; $0.7-0.9; 6,0.9-1.05; 7,1.05-2.2; &,1,2-1.4. Unfractionated cytosol and frac- 
tions 2-8 were then subjected to electrophoresis on a lo-20% Fol~ac~~~ide gel. The exposure time of the total cytosol 
samples was less than that of the fractions, in order to avoid over-exposure. 
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both in preparations derived from untreated and 
estrogen-treated animals. 

3.2. [licle presence of IF in rat brain and pihritary gland 
An SDS-polyacrylamide gel electropherogram of 

unfractionated cytosol and cellogel-fractionated 
cytosol from a number of rat organs is presented in 
fig.2, The cellogel fraction tested is that corresponding 
to the mobility of IP (fraction 7). In the case of 
cerebral cortex, hypothalamus and pituitary from 
female rats, as well as cerebral cortex of immature 
male rats, an IP-like protein was detected both in 
cytosol and cellogel-pulled fractions. In the case of 
liver and muscle, no such clear band corresponding to 

IP was visible in unfractionated cytosol samples. The 
ce~ogel-puri~ed fractions derived from muscle and 
liver cytosol were concentrated 5-fold relative to 
those of other rat organs. These concentrated fractions 
showed a faint band corresponding to IP, indicating 
a much lower IP content in muscle and liver than the 
other rat organs tested. Comparing the incorporation 
of [35S]methionine into the IP-like protein of 
pituitary and hypothalamus, up to 2 h after estrogen 
administration, revealed no evidence for induction of 
this protein (data not shown). Because of relatively 
poor incorporation of f3%]methionine into protein 
in vitro by cerebral cortex, possible IP-induction in 
this tissue has not yet been ~vestigated. 

I 2 3 4 5 6 7 8 9 IO Ii I2 I3 I4 I5 I6 

Ut pi l-ly Co Co Li MU 

d’ I 

Fig.2. Coomassie brilliant blue staining pattern of SDS-polyacrylamide gel electropherograms of unfractionated cytosol and 
cellogel fractionated cytosol of uterus (Ut), pituitary (Pi), hypothalamus (Hy), cerebral cortex (Co), cerebral cortex of immature 
male (Co d), liver (Li) and muscle (Mu). The cellogel fraction shown is that corresponding to the mobility of IP (fraction 7 as 
shown in fig.1). Lanes 1 and 16 show molecular weight markers (BSA, 67 000; ovalbumin, 45 000; hemoglobin, 16 000). IP 
migrates slightly slower than ovalbum~. 
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between the various IP-like proteins and uterine IP, 
smaII amounts of these prateins were purified 
through the stages of cellogel and SDS-polyacrylamide 
gel electrophoresis, and subjected to partial protease 
digestion using the S. aureus protease VS. The 
di~e~ti~~ patterns of IP-like proteins from cerebral 
cortex, ~ypothal~~, pituitary and untreated uteri 
compared with uterine IP are shown in fig.3. The 
patterns of ax1 materials are identicai, implying a 

cIose similarity in the original proteins, A nmber of 
prote&s of roughJy &r&r mofecufar weight to IP 
were a&o digested. The digestion patterns of rabbit 
muscle actin and rat brain tubulin were clearly dif+ 
ferent from that of IP (fig.3). 

4. Discussion 

The limit~t~~~s of double-isotope ratio analysis 
led us to search for improved methods of detecting 
EP_ Use of S~S-polyac~l~~de slab gel elect~ophoresis 

C E CE CE CE 

Fig.3, Protease partial digestion pattern of W-like proteins from uterus (UP), pituitary (Pi), hypothalamus (Hy) and cerebral 
cortax (Co). Purified samples of IP-like proteins from the above organs were preparcsd as in section 2, cut from SDS-poXyrcryI- 
smidt: slab gels and subjected to electrophoresls on SDS 15-20% pofyacrylamide @Is in the presence or absence of 3. #ur~tG 
protease, Lanes 1 and 8 contain moIectittr weight markers (BSA, ovalbumin, ~~bymotryps~ogen, myogiobin and ~ytoch~o~~e C). 
Lane 2-7: Mike proteins in the absence of protease. Lanes 9-14: digestion pattern xesulting from addition of protease. Organ 
abbr~~a~o~s are those used in fig.2 legend, The letters under the organ abbre~at~~~s educate preparations from control (c) and 
estro~en-~ea~~ EE) rats. Lanes I5 and I6 show rat tub&n CT) and rabbit muscle act& (A), respectively, in the presence of 
protease. The patterns for uterus and pituitary represent ~uoro~ams of the geI after el~~op~ore~, whereas tIz;o~e. for the 
remainder are Coomassie briIIiant blue-staining patterns. 
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coupled with ~uorography allowed us to ~equivo~~ly and the Population Council, New York and (to 
identify a particular protein band (at mol. wt 46 000) Il. Z. Iittauer) from the US-Israel Binational Science 
as the one which contains If. Foundation @SF), Jerusalem. 

A protein showing the same molecular weight and 
electrophoretic mobility as IP was found to be 
present in cytosol and cellogel-purified fractions from 
cerebral cortex, hypothalamus, pituitary and untreated 
immature uteri. Identity of these IP-like proteins 
with IP from estrogen-treated uteri is strongly 
suggested by an exact correspondence of the pattern 
of peptides from a partial protease digest of these 
proteins, Brain may thus be a convenient source of 
material for large scale preparations of purified IP 
which are needed for studies of its structure and 
function. A parallel case, in which a progesterone- 
stimulated protein originally thought to be con&red 
to the female reproductive tract has been found in 
the male reproductive tract and in the respiratory 
tract, is the work in [ 16,171 on rabbit uteroglobin. 
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