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Specific e s t r o g e n ,  binding pro te in  (SEBP) of r a t  l ive r  d i f fers  essent ia l ly  in ce r ta in  p r o p e r t i e s  f r o m  known 
r e c e p t o r s  and t r a n s p o r t  p ro te ins  [1, 5, 7]. Besides  aspec ts  of regulat ion of the level of this  sex-dependent  p r o -  
t e in  in r a t s  a l ready  known, new aspec t s  of mul t i fac tor ia l  control  of de te rmina t ion  and regulat ion of gonad-de -  
pendent p r o c e s s e s  have been d i scovered  [2, 3, 8]. 

Pur i f ica t ion  of the SEBP, desc r ibed  in this paper ,  can be r ega rded ,  in pa r t i cu la r ,  as an essen t i a l  s tage in 
the s tudy of the as yet  unknown physiological  function of this pro te in .  

E X P E R I M E N T A L  M E T H O D  

Exper iments  were  c a r r i e d  out on sexual ly  ma tu re  Wis ta r  or  noninbred r a t s  weighing 150-300 g. The 
an imals  were  decapi ta ted .  Af ter  pe r fus ion  with cold 0.9% NaCI solution the l ive r  t i s sue  f r o m  15 to 20 animals  
was homogenized in 2 volumes of 10 mM Tr i s -HC1 (pH 7.5) with 10 mM KC1 and 1 mM EDTA buffer  (TPE buf-  
fer) ,  containing 6 mM dithiothrei tol .  The s tandard  p r epa ra t i on  of pa r t i a l l ypu r i f i ed  SEBP was obtained by p r e -  
cipitat ion of p ro te ins  with ammonium sulfate f r o m  the cytosol ,  ge l - f i l t r a t ion  on AcA 44 Ultrogel ,  and i on -ex -  
change chromatography  on DEAE-Sephadex A-50 [1]. Before  fu r the r  pur i f ica t ion of the  SEBP by affinity ch ro -  
matography ,  two samples  of it were  pooled, one of which had p rev ious ly  been dialyzed against  T E P - b u f f e r  and 
concentra ted  20-30 t imes  on a smal l  (1 ml) column of DEAE-Sephadex A-60.  

The s tages  of synthes is  of the affinity sorbent  e s t r a d i o l - s e p h a r o s e  a re  i l lus t ra ted  in the scheme:  
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CH~COOC2H 5 ":- BrCH2COOC~H5 (I) (II) 
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Fig. 1. Affinity chromatography of SEBP on es -  
t r ad io l - sepharose .  A) Time of application of 
s tandard part ial ly purified SEBP preparat ion,  B) 
t ime of application of buffer solution, C) t ime of 
connection of second column with affinity sorbent ,  
D) t ime of application of estr iol  solution. Ab- 
scissa ,  elut ionvolume (in ml); ordinate: on l e f t -  
extinction of solution of protein stained with Coo- 
massie  at 595 am (in relat ive units), on right - 
radioact ivi ty of protein-bound [~fI]estradiol (in cpm). 

To a solution of 5 g of estrone and 250 pCi (0.73 pg) of [2,4,6,7-3I-I]estrone (from Amersham Corporation) 
in 150 ml of a mixture of freshly distilled absolute dioxan and te t rahydrofuran  (1:1) 2 g of f reshly prepared  zinc 
filings and 2 ml of ethyl bromoacetate were added during mixing and heating. The react ion was initiated with 
two or three  c rys ta ls  of metal l ic  iodine and it continued on boiling (about 85~ for  12 h with periodic addition of 
zinc (total 10 g) and ethyl bromoacetate  (total 10 ml). Complexes of the product with zinc were decomposed with 
cold dilute HC1 at pH 3.0. Steroids were extracted with ethyl ether,  and then washed with water  to neutral  pH 
values.  The extract  was dried over MgSO 4 and evaporated.  Estrone and the ethyl es te r  of es t rad io l -17~-ace t ic  
acid (with s imi la r  mobility in different sys tems  of solver ,  s on si l ica-gel)  were separa ted  f rom byproducts  by 
column chromatography on s i l ica  gel (60-100 mesh) in a h e x a n e - e t h e r  (2:1) sys tem.  The es t e r  was saponified 
by t rea tment  with 3.3% KOH in 30 ml of 70% methanol for 18 h at 20~ The alkali was neutral ized with 1 N HC1 
and the s teroids  were extracted with ethyl ether .  The extract  was washed with water,  dr ied over MgSO4, and 
evaporated.  Estrone and es t rad io l -17~-ace t ic  acid were  separated by column chromatography on s i l ica-gel  in 
a benzene -e thy l  acetate (4:1 and 1:1) sys tem.  The product  was isolated f rom the oily solution by c rys ta l l i za -  
tion f rom h e x a n e - e t h e r  (2:1). Yellowish crys ta ls  with mp 116-130 ~ were obtained. Yield 25%. The s t ruc ture  of 
17f i -es t rad io l -17~-ace t ic  acid was confirmed by data of the mass  spec t rum (m/e) :  330 (M+), 312 (M+-H20),  
270 (M+-CH3COOH), 252 (M+-CH3COOH-H20); a n d t n f r a r e d s p e c t r u m  (cm-l): 3340 (-OH), 1690 ( ) C - O ) .  

200 mg of 17f i -es t rad io l -17~-ace t ic  acid was t rea ted  in 120 ml of 70% dioxane with 2 g of 1-e thyl-3(3-  
dimethylaminopropyl)-carbodiimide-HC1 (from Sigma) at pH 4.0 until no fur ther  inc rease  of pH took place (about 
5 min). Next, 20 g of AH-sepharose  4B f rom Pharmac ia ,  Sweden, washed with 2 l i ters of 0.5 M NaC1 and 1 l i ter  
H20, was added to the mixture .  The pH was adjusted to 8.0 with dilute KOH. The mixture was s t i r red  for  2 h at 
20~ The gel was then washed with 1 l i ter  of 50% dioxane and 0.5 liter H20 and used for a second identical con- 
jugation cycle. According to the content of radioactive s teroid  in the washed gel, the efficiency of the conjuga- 
tion procedure  with respec t  to s teroid was 10%. The degree of occupation with s teroid  was 2 p m o l e / g  of wet 
gel. 

The estradiol-binding activity of the SEBP in the tes t  fract ions was determined as descr ibed previously  [3]. 

Elect rophores is  of the SEBP preparat ions  in the presence  of sodium dodecylsulfate in tubes of 10% poly-  
acrylamide gel and staining of the gels were ca r r i ed  out as in [6]. Bovine s e rum albumin, ovalbumin, ~ - c h y m o -  
trypsinogen,  and myoglobin were  used as m a r k e r s .  

The protein content was determined by the method in [4], using bovine se rum albumin as the standard.  

E X P E R I M E N T A L  R E S U L T S  

The s tandard preparat ion of par t ia l ly  purified SEBP (80-120 ml) was applied to  a column (1.2 x 7 cm, 
11 ml) of the affinity sorbent,  equilibrated with TPE buffer containing 1 mM dithiothreitol and 0.5 M NaC1. The 
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TABLE 1. Stage-by-Stage Purif icat ion of SEBP 

Stage of purification 

Cytosol (NH4)2S 04, 
55-75% saturation 

Ultrogel AcA 44 

DEAE-Sephadex A-5O 

Estradiol-sepharose 

T oral 

Legend. 

Total protein 
content~ mg 

8EBP, moles/mg 
protein x 10 "12 

Total content of 
SEBP, moles 
X 10 -~ 

Purification at 
stage, number of 
times 

3313-+61 
(I1) 

773-+ 118 
(9) 

227-+13 
(1I) 

25,5-+5,l 
(5) 

0.39___0,14 
(5) 

6,l• 
(m) 

10,9-+1,5 
(9) 

34,1 -+4,0 
(11) 

233• 
(5) 

13800-+700 
(4) 

19,7• 
(10) 

9,7-+1,9 
(ll) 

8,0-+1,3 
(11) 

6,2+2,7 
(5) 

5,4 

2,4-+0,4 
(8) 

3,1• 
(S) 

13,3• 
(5) 

59,3 

2260 

Number of determinations shown in parentheses. 

Yield at stage, 
% 

[00 

53,8• 
(1o) 

88,4--+8,0 
(ti) 

88,2-+27,9 
(5) 

86,3 

27,2 

ra te  of flow of the solution through the column was 15 m l / h .  A fur ther  increase  in ra te  led to an increase  in the 
yield of SEBP in the unretained fract ion (usually not more  than 5%) and to the ear l ie r  elution of the retained f r a c -  
t ion of SEBP (usually not before 300 ml). Prote ins  nonspeeifically retained by the sorbent  were eluted with 200 
ml of the above-mentioned buffer. Excluding NaC1 from the buffer sharply increased adsorption of ballast p r o -  
teins,  probably due to the ion-exchange proper t ies  of the unsubstituted amino groups of the  AH-sepharose .  After  
removal  of the main mass  of ballast proteins f rom the column, a second column was connected to  it with a f resh  
portion of sorbent .  The washing of the columns continued for a fur ther  24 h at the rate of 15 mI/Ix, after  which 
the SEBP was eluted with a solution of the specific ligand estr iol  (20 pg /ml)  at the ra te  of 60 ml/h (Fig. 1). The 
result ing preparat ion,  dialyzed for 5 days against  5 l i ters  of 10 mM CH3COOH-NH4OH (pH 8.0), and lyophil- 
ized gave only one band on e lec t rophores t s  under denaturing conditions, of a polypeptide with mol. 
wt~ of 31,200 * 400 daltons, when applied to the gel in amount up to 50 #g protein,  evidence of 
the high degree of purity of the preparation (evidently at least 95%). Exclusion of the second column with affinity 
sorbent from the purification scheme did hog allow a sufficiently high degree of purification to be achieved, but 
the use of two identical cycles of affinity chromatography on one column led to a significant decrease ill yield 
of SEBP and did not give stable resu l t s  as r ega rds  the degree of purif ication of the protein.  The resultant  p u r i -  
fication of SEBP achieved after  all s tages of purif ication was 2260 t imes ,  with a yield of about 2 7 ~  the main 
losses of SEBP took place in the p re l iminary  s tages of isolation (Table 1). Specific estradiol-binding activity 
of the SEBP in the prepara t ions  amounted to 0.45 • 0.03 mole of s teroid per mole of protein (taking the molecular  
weight of SEBP to be 31.2 kilodaltons). 

To conclude, the relat ive s implici ty of synthesis  of the immobil ized derivative of estradiol  used in the 
work, the integri ty of the functional groups of the s teroid,  and the presence  of commerc ia l  preparat ions  of [3H]- 
es t rone - the original compound for  synthesis  - make this ligand a very  promis ing substance for affinity ch ro -  
matography not only of SEBP, but also of other es t rogen-binding proteins ,  and also for  induction of antibodies to 
estradio[  and for  the study of interact ion between estrogens and ceil membranes .  

The authors are  grateful  to M. I. Pa r i sov  (All-Union Cardiologic Scientific Center,  Academy of Medical 
Sciences of the USSR) for  help with immobil izat ion o f the  affinity ligand. 
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