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Conflicting reports in regard to the biologi- 
cal potency of purified human pituitary folli- 
cle stimulating hormone ( FSH) preparations 
have appeared in the literature ( 1 4 ) .  The 
potencies of such preparations have ranged 
from 45 to about 500 times NIH-FSH-ST. 
Reports on the chemical composition of FSH 
similarly contain significant discrepancies 
(1-5). Studies of human FSH, therefore, con- 
tinue to be of interest. 

We have obtained a homogenous human 
FSH preparation, by employing a series of 
simple column fractionation steps, and have 
examined some of its physicochemical charac- 
t e ri s tics. 

Methods, Results and Discussion. Acetone- 
dried human pituitary powder was extracted 
and purified according to the procedure of 
Hartree (6) .  The crude material was further 
purified on a column of DEAE-C ( 2 ) ,  fol- 
lowed by fractionation on Sephadex G- 100, 
and then rechromatography on DEAE- 
Sephadex (4). Final purification was effected 
by absorption onto sulfoethyl Sephadex ( 7 ) .  
Inactive material was removed by stepwise 
elution with acetate buffer, ph 4, ionic 
strength 0.03, and phosphate buffer, pH 6, 
ionic strength 0.03. FSH eluted with 0.01 M 
hTA2 HP04,  was exhaustively dialyzed against 
distilled water a t  4' and stored frozen at  

Biological assay for FSH was performed by 
the method of Steelman and Pohley (8) ,  as 
modified (9). Biological assay for LH was 
performed by the method of Parlow (10). All 
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FIGURE 1. 

solutions used for bioassay were thawed and 
appropriately diluted immediately prior to 
injection. The dosage was based on the quan- 
tity of FSH determined either by the Lowry 
and co-workers' method ( 11) or by obtaining 
the dry weight of the freshly lyophilized 
material. The value from the former 
procedure corresponds to 78% of the dry 
weight (12). 

The purified FSH has a biologic potency 
of 120X NIH-FSH-Sl/mg. LH contamination 
was 0.24X NIH-LH-S 1. The FSH preparation 
was homogeneous by the criterion of polya- 
crylamide gel electrophoresis, in which it 
moved as a single broad band at  pH 8.3 
(Fig. 1). 

The Stokes' radius of FSH was calculated 
from gel filtration experiments as described 
by Siege1 and Monty (13). A linear calibra- 
tion graph was obtained when the experimen- 
tally determined K,, values of reference pro- 
teins (nonenzymatic protein mol wt markers, 
Mann Research Laboratories) were plotted 
against their known Stokes' radii. The FSH 
was labeled with I3lI and eluted from 
Sephadex G-100. The fractions were assayed 
for radioactivity in an automatic gamma 
counter. The value for Stokes' radius, ob- 
tained from the experimentally determined 
K,,, value was 32.0 A which is in the agree- 
ment with the value of 32.2 A found earlier 

1120 



HUMAN FSH AMINO ACID 

1200 Human FSH, IOmglml 
In 005M Tris 0 1 M  NaCl 

0 -  - v  

49 50 51 52 
2 ~ C m s 2 )  

0.000 - 
n u 

0.400 
c 

V 
- 
a 0  - 

-0.600 

I 

COMPOSITION 

Human FSH. IOmq/ml 
in IM  Propionice O I M  NaCl 

34pOO r p m. 
22 hours 

pn 2.0 

Mw= 20.262s 163 

50 51 52 
x2 ( C m A  

FIGURE 2.  

Humon FSH. IOmg/ml 
in 6M Guonldlnc . 05% MSH 

36,000rpm 
47 hours 

Mw = 22.997 t734 

50 51 52 
x2 ~ C m l )  

by similar technique ( 12). 
The weight-average molecular weight was 

determined in the Spinco Model E ultracen- 
trifuge a t  20" by the high speed equilibrium 
method of Yphantis (14). A partial specific 
volume (v) of 0.696 ml/g was used for these 
calculations (15). The results plotted as log 
C versus r2 (where C is the protein concen- 
tration in fringes and r is the distance from 
the axis of rotation) yielded rectilinear 
graphs for the native FSH as well as the 
dissociated species (Fig. 2 ) . 

Samples of FSH were dissolved and equili- 
brated in 0.05 M Tris buffer (ph 7.5), con- 
taining 0.1 M sodium chloride a t  4" for 48 
hr. Ultracentrifugation was performed for 46 
and 70 hr a t  23,150 and 27,690 rpm. The 
apparent weight-average molecular weight 
was calculated as 36,300 t 2240. 

Separate samples of the hormone were also 
equilibrated with 1 M propionic acid in 0.1 
M NaCl. The weight-average molecular 
weight a t  22  hr and 34,000 rpm was found to 
be 18,700 & 130, indicating the dissociation 
of the molecule into subunits of half its origi- 
nal size. 

Behavior of FSH in guanidine HCl was 
also examined. U1 t racen tri f uga tion studies 
were carried out in 6 M guanidine HCl con- 
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T A B L E  I. Amino Acid Composition of H u m a n  
FSH. 

Rcsi cl ues/3 6,0 0 0 111 01 m t . 

Time of hydrolysis 

Amino acid ( h r ) :  24 48 72 

1, y sine 
Histidine 
Argiriine 
Aspnrtic acid 
T h r eonine 
Serine 
Glutamic acid 
Prol ine 
Glyciiie 
Alanine 
Half  cysteiiic 
Valine 
Methionine 
Isoleueine 
Leucine 
Tyro  si ne 
Phenylalanine 

9.0 
4.2 
6.1 

11.6 
15.1 
11.6 
15.0 
9.6 
9.4 
8.3 

14.3 
10.7 
2.4 
5.4 
7.9 
8.2 
- 

10.1 
4.5 
6.8 

12.6 
15.6 
12.3 
16.4 
10.0 
11.9 
9.0 

15.6 
11.6 
2.5 
5.9 
8.8 
9.0 
6.4 

9.6 
4.9 
5.9 

12.6 
14.9 
10.6 
16.5 
10.4 
10.6 
9.9 

16.6 
11.5 
2.7 
6.2 
8.8 
8.9 
6.7 

taining 0.5% mercaptoethanol (pH 7.2) at 
23,47, and 71 hr, and 34,000 and 36,000 rpm. 
The molecular weight value under these con- 
ditions was 20,000 t 645. 

Samples of human FSH (0.5-0.6 mg) were 
dissolved in 6 N hydrochloric acid (0.5-0.6 
ml)  and hydrolyzed in sealed, evacuated tubes 
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at  110” for 24, 48, and 72 hr. The amino 
acid analysis was performed on a Beckman 
120C amino acid analyzer. Norleucine was 
added as an internal standard prior to hydrol- 
ysis and the data shown in Table I have 
been corrected for norleucine recoveries. No 
other correction factors have, however, been 
applied. It is noteworthy that the molar ra- 
tios shown in Table I bear close resemblance 
to the data published earlier by Roos ( 2 ) .  

Summary. Examination of the physi- 
cochemical characteristics of homogenous hu- 
man FSH, prepared in our laboratory, re- 
vealed a molecular weight of 36,300; dissoci- 
ation in 1 M propionic acid into subunits 
with a molecular weight of 18,700; and an 
amino acid composition similar to that previ- 
ously reported by Roos ( 2 ) .  

We are grateful to Mr. D. M. Brown of UCLA, 
for carrying out the ultracentrifugation studies. 
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