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Summary. — 1) A reproducible procedure was developed for the purification of bovine
follitropin.

2) The method involved ammonium sulfate precipitation, ion exchange and adsorption
chromatography, concanavaline-A-Sepharose chromatography and gel filtration.

3) A specific radioligand receptor assay 'was used to monitor each chromatoegraphical
step.

4) The potency of highly purified bovine follitropin as measured by Steelman and
Pohley bioassay 'was 62 times the NIH-FSH-B1 standard preparation.

5) Contaminations of bovine follitropin by other glycoprotein hormones such as thyro-
tropin and lutropin amounted to 3 and 0.45 per cent by weight respectively as measured
by specific radioimmunoassays and radioligand receptor assays.

6) The subunits « and 8 of bovine follitropin werc obtained by incubation in acidic
urea, the chains being then separated by anion exchange chromatography.

The subunits were submitted to complete characterization. The amino-terminal residue
of the a subunit is phenylalanine while a half cystine residue was found at the amino-
terminal end of the § chain.

8) Cross-contamination of the ¢ and § subunit preparations was measured by specific

radioimmunoassays and amounted to 0.02 and N.1 per cent by weight respectively.

INTRODUCTION.

The study of the hormones involved in the me-
chanisms of reproduction in cattle is of considera-
ble scientific and economical implication,

Follitropin (FSH Follicle Stimulating Hor-
mone) activity was first demonstrated in Lovine
pituitary crude extracts by Nalbandov and Casida
[1] in 1940. Since then, histological studies {2, 3]
and preparations of pituitary extracts {4, 57 have
shown that t"e content of follitropin in bovine
pituitary gland is very low when compared to the
amount present in the pituitary of other species.
The limited hormone content in the tissue combi-
ned with lability of the biological activity of the
hormone in purified form explain easily why only
two reports (6, 7. have been published so far on
the purification of bovine follitropin.

Indeed Cheng in 1976 [7] described a proce-
dure for the isolation of bovine follitropin in
highly purified form which possesses a biological
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activity similar to that described for follitropin in
other species. Using a crude pituitary extract ob-
tained fromm Organon (Oss, The Netherlands) as
starting material, we found the procedure descri-
bed by Cheng poorly reproducible and giving an
extremely low yield in purified bovine follitropin.

Consequently we have applied a method pre-
viously described by our group, for the isolation
of porcine {8, 91 and human follitropin [10]. In
this paper, we shall described modifications of
our procedure to specifically isolate bovine folli-
tropin.

A radioligand-receptor assay for follitropin [11]
was used to monitor hormonal activity during
chromatographical steps of the purification pro-
cedure. Taking advantage of previous experiments
on the isolation of porcine follitropin subunits
[8, 9 we have purified the subunits of bovine fol-
litropin using dissociating buffers and ion exchan-
ge chromatography. As those glycoproteins had
never been characterized, we present here data
on their biological, physical and chemical proper-
ties,
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MATERIAL AND METHODS. the follicle stimulating activity was recovered in

the fraction precipitated by ammonium sulfate at

A number of selected modifications, which re- 60 per cent saturation as measured by hinding
sulted in greater yield and better separation of the inhibition of 125I-porcine follitropin on porcine
bovine hormone from its contaminants, were in- testis receptors by bovine follitropin compared to
troduced in the initial procedure and are descri- a standard curve established with porcine folli-
bed in detail below. tropin. The resulting sediment was redissolved in

A crude bovine pituitary extract (60 g) obtained  0-001 M phosphate buffer pH 6.2 and chromato-

from Organon (Oss, The Netherlands) was dissol-

ved in 2 liters of 0.3 M potassium chloride adjus- )
ted at pH 5.5 by hydrochloric acid and fractiona-
ted by precipitations after addition of ammonium
sulfate from 0 to 40 per cent, 40 to 60 per cent and 15} pom
60 and 80 per cent saturation at 4°C. The bulk of
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Fii. 1. — Gel filtration on Sephadex G-75. Fta. 3. — Chromatographpy
Column (5 X 300 c¢m) ; developing buffer : (.05 M on Concanavaline-A-Sepharose.
pyridine acetate pH 5.0 ; flow rate 60 mi/h. : sample : Column (3.5 X 12 cm) equilibrated in 0.05 M Tris-
1,000 mg dissolved in 35 ml of the buffer : fraction chloride buffer pH 7.4 ; sample : 310 mg dissolved in
size : 25 ml : temperature : 4°C. 50 mi of the buffer. Elution with 0.2 M methvlmanno-
The area indicated by solid bar contains the side in_the initial buffer is indicated by the arrow.
hormone. The solid bar indicates the pooled fractions.
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0.001 M potassium phosphate buffer pH 6.8 ;
fraction size : 10 ml ; the sample (780 mg)
was applied in 45 ml of the buffer. Stepwise
— elution with buffer of increasing phosphate
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graphed on CM-Sephadex G-25 (Pharmacia) under
conditions already described [12]. Further puri-
fications including DEAE-Sephadex A-25 and
Sephadex G-75 (Pharmacia) chromatography were
performed under conditions already used for por-
cine follitropin purification (8, 9].

The active fraction eluted from Sephadex G-75
(fig. 1) was first concentrated by ultrafiltration on
the Amicon-Unit and equilibrated in 0.001 M phos-
phate buffer pH 6.2 by gel filtration on Sephadex
G-25. The non retarded material was chromatogra-
phed on hydroxylapatite (Biogel HTP) under con-
ditions described in figure 2.
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Fia. 4. — Gel fillration on Sephadex G-100
of bovine follitropin.

Column (1 X 95 c¢m) developing buffer 0.05 M Tris-
chloride buffer pH 7.4 ; fraction size: 2 ml; flow
rate ; 12 ml/h. ; sample : 31 mg dissolved in 2 ml.

Temperature : 4°C. The pooled fractions indicated
by solid bar contains the hormone.

The fraction eluted with 0.05 M potassium phos.
phate contained the bulk of the hormone.

This fraction was then equilibrated in 0.05 M
Tris-chloride buffer pH 7.4 by gel filtration and
chromatographed on Concanavaline-A-Sepharose
4 B (Pharmacia) under conditions described in
figure 3. The material eluted by the methyl man-
noside (Fluka) containing buffer was concentra-
ted and equilibrated against 0.05 M pyridine ace-
tate buffer pH 5.0. Final purification was achieved
by gel filtration on Sephadex G-10{) in the same
pyridine acetate buffer (fig. 4).
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Dissociation of the hormone.

The hormone (25 mg) was dissolved in 3 ml of
0.05 M hydrochloric acid, 8 M urea (Merck P. A.
grade) pH 2.8 and kept for 24 hours at room tem-
perature. The isolation of the subunits was per-
formed as follows : the incubation medium was
first diluted by 6 ml of distilled water and 3 ml
of 0.02 M sodium glycinate buffer pH 9.5 ; pH was
then adjusted to pH 9.5 with 0.1 N sodium hy-
droxyde. This solution was immediately applied
to a DEAE-Sephadex A-25 column.
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Fic. 5. — Isolation of the subunit
of bovine follitropin.

Chromatography at 4°C on DEAE-Sephadex A-25.
Column (1 X 10 cm) equilibrated in 0.02 M sodium
glycinate buffer pH 9.5 ; fraction size ; 2 ml ; sample™:

3 mg in a total volume of 12 ml. The slope of linear
gradient is indicated by broken line.

After washing the column with 0.02 M sodium
glycinate buffer a linear gradient of increasing
ionic strength was started, from 0.02 M sodium
glycinate to 0.25 M sodium chloride in the same
glycinate (fig. 5). Final purification of the subunits
was achieved by gel filtration on Sephadex G-100
in 0.05 M ammonivm bicarbonate as described in
figure 6 A and B.
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Fic. 6. A and B. — Gel filtration on Sephadex G-100
of the « subunit (B) and § subunit (4).

Column (1 X 95 cm) developingl buffer 0.05 M Tris,
buffer pH 7.4 ; fraction size : 2 ml.
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Analgtical methods.

The methods used for the amino acid analyses,
determination of sialic acid content, amino-termi-
nal amino acids and polyacrylamide gel electro-
phoresis have been described elsewhere [12].

Bioassays.

Follicle stimulating activity was measured ac-
cording to Steelman and Pohley [13] with the
National Institutes of Health Follicle-stimulating
Hormone B1 as standard.

This standard B1 is the last reference prepara-
tion distributed by the National Institutes of
Health for bovine follitropin,

Radioimmunoassays.

Methods used for labelling bovine thyrotropin
have been previously described [11]. Purification
of the labelled antigen was performed on small
cellulose columns (Whatman CF-11) [14]. The ra-
dioimmunoassay- developed for bovine thyrotropin
was essentially performed according to Vandalem
et al. [15] using the International Bovine Thyro-
tropin Standard and a highly purified bovine thy.
rotropin [16 prepared in our laboratory as refe-
rence preparations.

Contamination of our follitropin preparation by
lutropin was measured by a specific radioimmu-
noassay described by Ketelslegers et al. [17 using
the purified bovine lutropin prepared in our la-
boratory.

Cross-contamination of our subunit prepara-
tions were measured by specific radioimmuno-
assays for lutropin « subunit (187 and for follitro-
pin bovine 8 subunit.

The antiserum against follitropin # chain were
obtained by intradermal immunization according
to the method described by Ross [197. Labelling
of the 8 chain were perfor _.ned according to Ke-
telslegers and Catt [20]. The assays were perfor-
med in conditions previously described [15’,

Radioligand receptor assays.

" Portine follitropin ‘and bovine lutropin were
labelled with the lactoperoxidase method accor-
ding to Ketelslegers and Catt [20].

Purification of labelled porcine and bovine fol-
litropin was performed on Sepharose-Concana-
valine-A as described by Dufau et al. [21].

125] labelled bovine lutropin was purified by gel
filtration on Sephadex G-23.
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The radioligand receptor assay for porcine fol-
litropin were performed according to Maghuin-
Rogister et al [11] ; briefly :

— 100 ul of standard porcine follitropin prepara-
tion (0,5 to 20 ng) or 100 ul of unknown
amounts of bovine follitropin fraction in
0.05 M Tris chloride buffer pH 7.4 ;

— 50 ul of 1251 porcine follitropin (20,000 cpm/
tube) in Tris buffer ;

— 100 ul of porcine testis homogenate (about
130 ug of protein) were incubated for 16 hours
at 25°C.

Bound and free hormone were separated by
centrifugation at 3000 g during 20 min.

RESULTS AND DISCUSSION.

Yields in weight and follitropin activity at the
different steps of purification are summarized in
table 1.

TaBLE 1.

Recovery of follitropin from 60 g
of bovine pituitary crude extract.

Yield Total gl
Fraction of protein | activity I;::o::;{
(mg) {mg)
Crude extract 60,000 110 100
40-60 percent saturation| 24,000 92 84
(NH)), SO, precipi-
tation
CM-I 10,800 60 55
DEAE 0.12 3,750 45 41
G-75 11 784 39 35
HTP 0.05 310 34 31
Con-A 11 34 29 26

The protein yields are the amount measured by the
Lowry assay. The follicle stimulating activity is deter-
mined by radioligand receptor assay with reference to
porcine follitropin (8, 9]. The percentage of follitropin
recovery in each fraction was calculated with refe-
rence to the total amount present in the crude extract.

Behaviour of bovine and porcine follitropin du-
ring the various purification steps were similar
excepted for ammonium sulfate precipitation
where the bulk of bovine follitropin was recove-
red between 40 per cent-60 per cent saturation.

Due to the low content in follitropin present in
bovine pituitary extract, an additional chromato-
graphy on Sepharose-Concanavaline-A (fig. 3) had
to be added to the procedure described for the
porcine hormone in order to achieve purification
of bovine follitropin. The final yield in bovine fol-
litropin was about 25 per cent the amount initially
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present in the crude extract. This is significantly
higher than the yield obtained by the alternative
procedure (7].

As seen in figure 4 our bovine follitropin pre-
paration was finally eluted from Sephadex G-100
as an homogeneous fraction with an elution volu-
me similar to that of the porcine follitropin.

In comparing data from Cheng [7] and our la-
boratory (table II) no significant differences are

Tabr 11,
Compositions of bovine and porcine follitropin.

) .
| Bovioe ng,ne
Aminod acid
residue/100 residues
H
LysiDe..oovivneeniinnenninnnns i 6.5 7.7
Histidine. -7 | 3.0
Arginine.....ooveunriannnns. I 3.3 3.1
Asparticacid.................. ! 7.2 7.7
Threonine......o.v.vvennnn.. | 9.5  10.1
Serine ......coiiiiiiiiieiien 7.2 . 6.2
Glutamic acid.................. ' 9.8 ¢ 8.7
Proline,.......coivvviivnnnn 6.6 | 4.9
Glyelne. ...t 6.8 : 5.4
Alanine............... ... 7.4 8.2
Half-cystine. .................. 8 4 9.3
Valine......... ......c.cuu.t 6.7 4.5
Methionine ............. ...... ) 1.6 1.9
Isoleucine................... .1 3.5 3.5
Leucine.........ooiieeeenenns P 4.4 4.9
Tyrosine..............c.....t v 5.0 6.7
Phenylalanine ................. . 3.5 3.7
Tryptophane .................. ‘ond. 0.8
Sugars............ vremaenen i umol/mg
Sialfcacid ................ ... ©0.057 0.55

observed in amino acid compositions of prepara-
tions.

Nevertheless, it must be noted that bovine folli-
tropin possess 10 times less sialic acid than its
porcine counterpart.

This must be correlated with the lower biologi-
cal activity of in vive bioassays of the bovine hor-
mone as compared to the porcine follitropin.

Figure 5 shows that the native hormone disso-
ciated into two fractions well separated by chro-
matography on DEAE-Sephadex. Amino acid ana-
lyses of both fractions clearly demonstrated that
the material eluted at the end of the linear gra-
dient of ionic strength contained the B chain. The
amino acid compositions of our bovine a and g
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subunits are compared to their porcine counter-
parts in table III.

Chromatography on Sephadex G-100, as descri-
bed in figure 6 A and B was necessary to minimize

TasLe III.

Compositions of bovine
and porcine follitropin subunits.

Bovine Porcine

Amino acid B subunit | « subuanit

subunit sub?mit

residue/400 residues

Lysine............
Histidine.........

Arginine ..........
Aspartic acid......
Threonine.........
Serine ............
Glutamic acid .....
Proline ...........
Glycine...........
Alanine...........
Half-cystine.......
Valine......... ..
Methionine........
Isoleucine.........
Leucine...........

Tyrosine :
Phenylalanine ... .. i
Tryptophane ...... i
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Sugars...........- umol/mg

0.48

Sialic acid ........ n.024| 0.095 | 0.50

both the cross-contaminations between subunits
and the contamination of the subunits by the
undissociated hormone. Consequently, our subunit
preparation possessed follicle stimulating activi-
ties amounting to less than 0.5 per cent of the na-
tive hormone as measured by radioligand receptor
assay. The electrophoretic analyses of the intact
hormone and its subunits are shown in figure 7.
Bovine follitropin gave a rather diffuse protein
band as is commonly observed for follitropin of
other species [8, 9, 22, 23]. The more cathodic
character of the a subunit compared to the § chain
at alkaline pH is consistant with the respective
chromatographic behaviour of the subunits on
DEAE-Sephadex,

End group analysis revealed phenylalanine as
the sole terminal amino acid residue for the o
chain while CM-Cysteine was detected at the
amino-terminal end of the reduced and carboxy-
methylated B subunit.

59
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The biological activity of our purified bovine
follitropin were found to be 62 times that of the
National Institutes of Health Follicle Stimulating
Hormone B1 (bovine) preparation. Cheng [7] gave
a figure of 164 times the NIH-FSH-S1 (ovine) pre-
paration. This reference substance (S1) was dis-
tributed such a long time ago that a significant
loss of its specific activity is most probable. In
addition, in the Steelman and Pohley’s assay, bovi-
ne and ovine follitropins give non parallel res-
ponse curves.

-y -
+ .
. A B c

Fic. 7. — Gel electro;;h‘oresis in 12 per cent poly-
acrylamide of bovine follitropin (A) and its ¢ (B) and
B (C) subunits.

Temperature : 4°C and 3 maA/tube for 3 hours.

Calibration by a bovine standard is thus com-
pulsory. By radioligand receptor assay, our puri-
fied follitropin was found to be 55 times more
potent than bovine NIH-FSH-B1 standard a value
in close agreement with the activity measured by
bioassay. Our bovine follitropin preparation thus
exhibits activity in the range of that of other
purified follitropin preparations [11] in the radio-
ligand receptor assay. The minute differences ob-
served are probably due to slight variations in
the degree of purity of the various preparations
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or to species specificity of the porcine testicular
receptor.

Our preparation was also assessed for contami-
nation by other pituitary glycoprotein hormones
by specific radioimmunoassays and radioligand
receptor assays.

Tested in the bovine thyrotropin assay system,
bovine follitropin exhibited a contamination by
thyroid-stimulating hormone of 2.8 per cent by
weight.

Tested in the bovine lutropin radicimmuno-
assay system, the bovine follitropin exhibited a
contamination by lutropin of about 3.0 per cent
by weight.

Measured by homologous radioligand receptor
assay the contamination of bovine follitropin by
lutropin amounted to 0.45 per cent by weight.

Such discrepancy between the contaminations
measured by radioligand receptor assay and im-
munoassay could be explained by the presence in
the preparation of degraded forms of lutropin
retaining immunoactivity only.

Concerning the subunit preparations, the_cross-
contaminations have been measured with specific
radioimmunoassays. They amounted to 0.02 and
0.1 per cent by weight for the a and 8 subunit res-
pectively.

CONCLUSIONS.

The procedure described above for bovine folli-
tropin purification can be employed for the hor-
mone from other species likes pig [8] and man
[10].

Monitoring the entire purification procedure by
a specific radioligand receptor assay which per-
mits selection of follicle stimulating activity lead
us to obtain hovine follitropin essentially devoid
of luteinizing and thyrotropin activities and pos-
sessing a specific biological activity similar to that
of purified follitropin of other animal species.
Using our preparations specific immunoassays
have now been developed for both bovine folli-
tropin and its subunits. They are being used toge-
ther with the specific radioligand receptor assays
for unequivocal physiological and biological expe-
riments in the physiology of reproduction.

The a and § subunits of bovine follitropin were
isolated and fully characterized in this study. The
purity of these reagents is such that they could be
used for primary structure determination.
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REsUME,

1) Un procédé reproductible d’isolement de la folli-
tropine de baruf est décrit.

2) Cc procédé utilise la précipitation fractionnée au
sulfate d’ammonium, les chromatographies échan-
geuses d’ions et d’absorption ainsi qu’une séparation
sur Concanavaline A et une filtration sur gel Sephadex.

3) L’utilisation d’un dosage basé¢ sur I'inhibition de
la liaison sur récepteur testiculaire de la follitropine
porcine radioactive par I'hormone bovine nous a per-
mis de repérer la follitropine hovine au cours des
différentes étapes de purification.

1) Mesurée dans le test in vivo de Steelman and
Pohley, la follitropine bovine posséde une activité
biologique 62 fois supérieure & la préparation de réfé-
rence Bl du National Institute of Health.

3) La contamination de la follitropine bovine par
la thyrotropine est de 3 p. cent mesurée en dosage
radioimmunologique spécifique. La contamination en
lutropine mesurée par dosage sur récepteur testiculaire
est de 0,45 p. cent.

6) La follitropine bovine se dissocie en ses sous-
unités o et § par incubation en urée a4 pH acide.
Celles-ci sont alors séparées par chromatographie sur
DEAE-Sephadex.

7) La phenylalanine est I'acide aminé terminal de
la chaine a tandis que la carboxyméthylcystéine se
trouve a l'extrémité amino-terminale de la chaine g
réduite et carboxyméthylée.

8) Les sous-unités g et 3 de la follitropine bovine
sont de grande pureté puisque leurs contaminations
croisées respectives sont seulement de 0,02 et 0,1 p.
cent en poids mesurées par leurs dosages radioimmu-
nologiques spécifiques.
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