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Summary

The purpose of this study was to identify peptide sequences of human follicle-stimulating hormone-8
(hFSHB) which are accessible subsequent to association with hFSHa in heterodimeric hFSH. Antisera
were raised against synthetic peptides (AbP°P) corresponding to hFSH 8 sequences 1-20, 16-36, 33-53,
49-67, 66-85, 81-100 and 98-111. The topography of hFSH 8 was studied by testing the binding of these
antisera to hFSHB and hFSH captured by monoclonal antibodies (MAb) in an enzyme-linked im-
munosorbent assay (ELISA). When hFSH and hFSHB were captured by the same MAD, binding of
Ab'6736, Ab3-33 Ab31-1% and Ab*-1!! to hFSH was significantly lower compared to hFSH 8. However,
compared to other AbP®®, binding of Ab*~* to hFSH was strong. Similar results were obtained when
hFSH was captured by an a-specific MAb (10.3A6). Using 10.3A6, it was also possible to demonstrate
significant binding of Ab**~%” to hFSH. The data suggests that residues in regions 33-53 and 49-67 of
hFSHB appear to be accessible in the heterodimeric hFSH in addition to the glycosylated region of
1-15. Regions 16-36, 33-53, 81-100 and 98-111 of hFSH 8 appear to contain subunit contact-associated
sequences which are either masked or structurally altered subsequent to association with hFSH« in the
heterodimeric hFSH.

Introduction in noncovalent association. This pituitary glyco-
protein plays an important role in the develop-
ment of ovarian follicles and initiation of sper-
matogenesis in the testis. In order for FSH at
physiological levels (nM) to bind its receptor and
subsequently initiate signal transduction, hFSH
must be presented to its receptor in het-
erodimeric form. The association of hFSH« and
hFSHB in the heterodimeric FSH molecule likely
results in masking or possibly conformational al-
teration of the surfaces of the two subunits, but
! Current address: Department of Biochemistry and Molecu- this has not l,)een dc?rr}onstrated directly. Prehm{_
lar Biology, Albany Medical Center, Albany, NY 12208, nary success in obtaining crystals of human chori-
USA. onic gonadotropin has been reported (McPherson

Human follicle-stimulating hormone (hFSH) is
comprised of two subunits, hFSHa and hFSH S
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et al., 1986; Harris et al., 1989; Lustbader et al.,
1989). However, the three-dimensional structure
of that and other gonadotropins and thyrotropin
has not been determined. Such a model (struc-
ture) would aid assignment of specific amino acids
to receptor-binding and subunit contact associ-
ated regions (function). Several experimental ap-
proaches have been used to map the surfaces of
the subunits that interact with each other and
with the receptor (Dias, 1991). The results of
early studies which used chemically modified hor-
mone subunits and hormone specific antibodies
to study topology of gonadotropins have been
extensively reviewed (Pierce and Parsons, 1981;
Ryan et al., 1987, 1988). More recent studies have
utilized subunit specific monoclonal antibodies
(MADbs), synthetic peptides corresponding to sub-
unit sequences, and antipeptide antibodies in im-
munoradiometric assay and ELISA formats (Bi-
dart et al., 1987, 1989; Berger et al., 1988; Dighe
et al.,, 1990; Vakharia et al., 1990; Weiner et al.,
1990). Synthetic peptides corresponding to hor-
mone sequences have also been used in
receptor-binding inhibition assays (Charlesworth
et al., 1987; Keutmann et al., 1987, 1989, 1991,
Schneyer et al., 1988; Bidart et al., 1990; Erickson
et al., 1990; Santa-Coloma et al., 1990; Santa-Col-
oma and Reichert, 1990) and in subunit associa-
tion experiments (Krystek et al,, 1991; Vakharia
et al.,, 1991) in attempts to correlate structure to
function. Data obtained from the enzymatic di-
gestion of gonadotropins have been used to de-
fine their accessible and subunit-contact associ-
ated regions (Ratanabanangkoon et al.,, 1983;
Birken et al., 1986, 1987; Bousfield and Ward,
1988, 1989). More recently, construction of
chimeric gonadotropins and site directed go-
nadotropin mutants have been used to identify
residues necessary for proper folding, assembly
and posttranslational modification pursuant to
subunit-association and receptor binding activity
(Matzuk et al., 1989; Campbell et al., 1990; Moyle
et al.,, 1990; Chen et al., 1991; Fang and Puett,
1991; Xia et al., 1991). Using synthetic peptides
and MAbs in immunoradiometric, ELISA, recep-
tor-binding inhibition and subunit association
studies, we have previously documented hFSHp
epitopes. An epitope apparently containing se-
quences involved in receptor binding is comprised

of residues within peptide region 33-53, and toa !
lesser extent within peptide regions 49-67 and
66—85 (Vakharia et al., 1990). We also reported ’
results which suggested that part of the peptide !
region hFSHB 33-53 is involved in subunit con- |
tact as well, and that the C-terminal region in- ,
cluding residues within hFSHB 81-111 is also
involved in subunit contact (Vakharia et al., 1991).
In the present study we hypothesized that pep-
tide regions in hFSHB subunit which are masked -
or altered by its association with hFSHa subunit |
in heterodimeric hFSH would not bind to an-,
tipeptide antibodies (AbP®?) in antisera raised
against synthetic peptides of hFSHpB. The ap-
proach was taken to determine whether antisera ,
raised against peptides from the hFSHgS se-
quence could discriminate between hFSHp and
hFSH in an ELISA. This approach was previously ,
used to identify peptide regions in hFSHa that |
are accessible subsequent to association with
hFSHpB in heterodimeric hFSH (Weiner et al.,.
1990). ‘

Materials and methods K

Hormones

Highly purified hFSHB (AFP-4911B) and
hFSH (AFP-4822B, 3100 IU/mg) were obtained
from the National Hormone and Pituitary Pro-
gram (Baltimore, MD, USA). hFSHa was im-
munoaffinity purified from frozen human pitu-

itaries (Weiner et al., 1990). )

MAbs

Details of the development and specificities of
hFSH gB-specific MAb 3G3 and hFSH a-specific
MADb 10.3A6 have been published elsewhere
(Vakharia et al., 1990; Weiner et al.,, 1991). In
brief, 3G3 requires 7—10 times more hFSH than’
hFSHp to displace 50% of the antibody-bound
125].nFSHB in solution phase radioimmunoassay
(RIA) (Vakharia et al., 1990). MAb 10.3A6 binds
to hFSH preferentially and also to hFSHa in,
solid-phase ELISA format and binds hFSH pref- ,
erentially compared to hFSHa in solution phase |
RIA (Weiner et al., 1991).

Polyclonal rabbit NIDDK-anti-hFSHf3 antiserum
NIDDK-anti-hFSHB-2 (AFP-2041889)
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National Hormone and Pituitary Program (Bal-
timore, MD, USA). The antiserum was reported
to have been raised in a rabbit by immunizing
with immunoaffinity purified hFSHB. In ELISA,
the minimum moles of hFSHB and hFSH re-
quired by this antiserum at a dilution of 1:1500
to obtain an optical density value of 0.1 after 1 h
of the addition of substrate was comparable (3.125
ng and 6.25 ng respectively). This is in contrast to
liquid phase RIA, where 41-fold more of hFSH
than hFSHB is required to displace 50% of the
'51.hFSH B bound to the antiserum (Vakharia et
al,, 1991).

Peptide synthesis

Solid-phase synthesis of hFSH 8 peptides 1-20,
16-36, 33-53, 49-67, 66-85, 81-100 and 98-111
representing overlapping sequences of hFSHp
was carried out. Details of the synthesis and
purification of these peptides are given elsewhere
(Vakharia et al., 1990, 1991).

Polyclonal rabbit anti-hFSHpB peptide antiserum
(AbPe?)

Antisera to hemocyanin-coupled peptides
(AbP*P) were developed in rabbits. Synthetic pep-
tides 1-20, 16-36, 33-53, 49-67, 6685, 81-100
and 98—111 were coupled to hemocyanin (H-1757,
Sigma, St. Louis, MO, USA) using the water-
soluble coupling reagent 1-ethyl-3-(3-methyl-
aminopropyl)carbodiimide HCI (EDAC; E7750,
Sigma, St. Louis, MO, USA) according to the
method described elsewhere (Weiner et al., 1990).
The first three immunizations of 100 ug of the
coupled peptide were at intervals of 15 days.
Subsequently, 1 mg of the coupled peptide was
immunized at intervals of 15 days. Blood samples
were collected before every immunization. The
blood sample collected prior to the fourth immu-
nization of 1 mg of peptide was used in the
present study.

Titer and peptide specificity of Ab*¢P

The titer of AbP®® was determined in an
ELISA by testing the binding of different dilu-
tions of AbPP to 1 ug peptide adsorbed on wells
of Immulon I plates. The details of the ELISA
method are described elsewhere (Vakharia et al.,
1990, 1991). In brief, peptides dissolved in 0.05 M

91

Tris buffer, pH 9.5 were coated on the wells of
Immulon I plates at 37°C for 2 h. After the
incubation period 2.5% nonfat milk solution
(Carnation milk powder, Carnation Co., Los An-
geles, CA, USA) in bicarbonate buffer was added
for 1 h at room temperature (RT)} to block the
free sites in the wells. Plates were then washed 3
times and AbP®? in binding buffer were added to
wells and incubated at 37°C for 1 h. After incuba-
tion the plates were washed and alkaline phos-
phatase-labeled goat anti-rabbit immunoglobulin,
diluted 1:2000 in binding buffer, was added and
incubated for 1 h at RT. The wells were washed
again and substrate ( p-nitrophenylphosphate) was
added. The yellow color that developed after the
addition of substrate was quantitated using a
Dynatech plate reader, with a 410 nm filter. AbP?
bind to peptides with high affinity, therefore the
color development was rapid, allowing the optical
density in the wells to be determined as early as
30 min after the addition of the substrate.

The highest dilution of the antiserum giving an
optical density greater than 0.1 after correcting
for the nonspecific control, 30 min after the addi-
tion of the substrate, was considered the titer of
the antiserum. The peptide specificity of each of
the AbPP was determined by testing the binding
of a 1:50 dilution of each of the antisera to 1
ng/well of different peptides. If an AbP®P cross-
reactivity at 1:50 dilution was observed with
hFSHpB peptides against which the animal was
not immunized, then a working dilution of the
AbP®? was determined which showed no nonspe-
cific cross-reactivity with other peptides.

Binding of Ab?°? to hFSHB and hFSH captured
by hFSHp-spcecific and hFSHa-specific mono-
clonal antibodies respectively

Immulon I plates were precoated with 1-3
pg/well of protein-A immunopurified hFSH 8-
specific MAb 3G3, and hFSHa-specific MAb
10.3A6, by incubating overnight at 4°C in bicar-
bonate buffer (15 mM sodium carbonate, 35 mM
sodium bicarbonate, 3 mM sodium azide), pH 9.6.
After the incubation period, the contents of the
wells were discarded and 2.5% nonfat milk solu-
tion (Carnation milk powder 200 wl/well) in bi-
carbonate buffer was added for 1 h at RT to
block the free sites in the wells. After washing, 50
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ng of hFSH B in bicarbonate buffer was added to
wells containing hFSH B-specific MAb, and 100
ng of hFSH in bicarbonate buffer was added to
wells containing hFSH a-specific MAb. After an
overnight incubation at 4°C, the plates were
washed and ADbP® and preimmune sera were
added to both hFSH B8 and hFSH containing wells
and the subsequent part of the assay was carried
out as described above. The dilutions of AbP®P
used were determined above. Wells containing
preimmune sera served as nonspecific controls,
the optical density values of which were sub-
tracted from the corresponding wells containing
ADbPP, Absorbency values that were greater than
2 at the time of record were assigned the numeric
value of 2.0.

In order to objectively affirm a positive result,
statistical analysis of these data was performed.
Briefly, an analysis of variance was performed for
all antipeptide antibody pairs (preimmune, im-
mune sera) within each treatment. For example,
in Fig. 1, hFSHB would be one treatment with
eight pairs. Then an independent sample ¢-test
was used to determine if the difference between
each pair was different from zero. The level of
significance was set at P = 0.05 before the analy-

TABLE 1

TITER OF ANTI-PEPTIDE ANTISERA FOR THE RE-
SPECTIVE IMMUNIZED PEPTIDES DETERMINED IN
AN ELISA

Immulon I plates were coated with 1 png peptide. Absorbance
(410 nm) was determined after a 30 min incubation with
substrate.

Antisera Titer @

1- 20 10,000
16— 36 5,000
33~ 53 75,000
49— 67 75,000
66— 85 75,000
81-100 75,000
98-111 500

2 Values are expressed as the reciprocal of the end-point
dilution of duplicate determinations.

sis was done. Thus, a positive result is the differ-
ence between preimmune and immune sera that

is significantly different from zero at the P =0.05

level.

In order to determine if the amount of hFSHp
and hFSH bound to capture MAbs was compara-
ble the following assessment was made. MAbs

3G3 and 10.3A6 at 3 ug/well concentrations |

were coated on Immulon I plates as described
above. To 3G3 coated wells unlabeled hFSHS
(3.0-6000 ng) and 0.5 ng of '»I-hFSHA (80,000
cpm) were added in a final volume of 60 ul. To
wells coated with 10.3A6 unlabeled hFSH (3.0-
6000 ng) and 1.4 ng of »I-hFSH (80,000 cpm)
were added also in a final volume of 60 wl. After
overnight incubation at 4°C, the wells were
washed with cold phosphate-buffered saline (PBS)
pH 7.5 and each well was counted in a gamma
counter. The amount of hormone bound to MAb
at each concentration was determined by analysis
of the results of the ligand binding isotherm
(Munson and Rodbard, 1978). The amount of
hFSHB and hFSH captured by 3G3 was also
determined.

Results

General characteristics of AbP°?

Table 1 lists the titer of each antipeptide anti-
serum determined using an ELISA format where
wells were coated with unconjugated peptides.
The cross-reactivity of each AbP®? with other
hFSHB peptides is illustrated in Table 2. All
AbP® except Ab!36 Ab*-% and AbS-®
bound only to immunized peptide or, as ex
pected, to neighboring peptides with overlapping
peptide sequence. Ab*6~36 Ab*~57 and AbSI-¥
showed slight cross-reactivity with peptides 49-67,

I

4

16—36 and 49-67 respectively; however, with fur- |
ther dilution of these AbP®P no cross-reactivity -

was detectable (Table 3). The optical density val-
ues of wells containing preimmune sera and pep-
tides which ranged from 0.012 to 0.062 for dilu-

tions (1:500 to 1:75,000), were automatically |

subtracted from the respective wells containing
ADbP? and peptides. The absorbance values of
wells with AbP? and peptide after the correction
for preimmune sera were always greater than
0.10.

TABLE 2
CROSS-REACTIVITY OF .
Antisera (1:50 dilution) wer

Antisera hFSH B peptic
1-20
Optical densit

1- 20 0.79+0.08

16— 36

33- 53

49— 67

66— 85

81-100

98-111
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TABLE 3
DILUTIONS OF ANTI-PEI

All antisera at respective dil

Antisera hFSH¢
1-20

Optical

1- 20(1:100) 0.62+(

16— 36 (1:100)
33- 53(1:100)
49— 67(1:100)
66— 85 (1:100)
81-100 (1:1000)
98-111 (1:50)
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CROSS-REACTIVITY OF ANTI-PEPTIDE ANTISERA TESTED AT THE SAME DILUTION FOR hFSHB PEPTIDES
Antisera (1:50 dilution) were tested against peptides (1 pg/well) coated on Immulon I plates.

D

Antisera hFSHp peptides
1-20 16-36 33-53 49-67 66—85 81-100 98-111
Optical density (410 nm)

1- 20 0.79+0.08 0.16+0.02

16- 36 1.00+0.04 0.1140.00

33- 53 1.144+0.018 0.324+0.06

49- 67 0.29+0.03 1.43+0.01 0.18+0.02

66— 85 1.16+0.07

81-100 0.17+0.05 0.45+0.02 0.55+0.04

98-111 0.85+0.04

Binding of Ab”¢? to hFSH and hFSHB captured
by hFSH a-specific and hFSHB-specific MAbs

To test the binding of AbP°®? to hFSH S associ-
ated with hFSHa (hFSH), hFSH was captured
cither by hFSH B-specific MAb (3G3) or by an
hFSH a-specific MAb 10.3A6. In the latter for-
mat, hFSH is bound to MADb via its e-subunit,
leaving some surfaces of the B-subunit available
to react with AbPeP;

Initial experiments determined that coating 3
pg/well of capture MAb was sufficient to gain
appreciable binding of AbP°P to captured hFSHB
and hFSH such that differences if any in the
binding of AbP*®? to hFSHB and hFSH could be
estimated. Using NIDDK-anti-hFSH g it was de-
termined that a 2-fold molar excess of hFSH to

TABLE 3

hFSHp vyielded sufficient amounts of hFSH and
hFSHB captured for AbP®? binding and this was
incorporated into the design. Finally, when the
amount of hFSHB and hFSH captured by MAb
was assessed, Scatchard analysis revealed that the
amount of hFSHB captured by 3G3 and hFSH
captured by either 10.3A6 or 3G3 was compara-
ble (data not shown).

The binding of AbP*P to captured hFSH B and
hFSH is illustrated in Fig. 1 and Fig. 2. The
results where both hFSHB and hFSH were cap-
tured by MAb 3G3 are illustrated in Fig. 1.
Ab16-36 Ab33-53 Ab31-1%0 and Ab%8-1!! bound to
hFSHB (P =0.05). Ab3*> also gave a strong
signal for hFSH although at an earlier reading it
was significantly lower than hFSHB (see also

DILUTIONS OF ANTI-PEPTIDE ANTISERA SHOWING SPECIFICITY FOR IMMUNIZED hFSHB PEPTIDES

All antisera at respective dilutions were tested against peptides (1 pg/well) coated on Immulon 1 plates.

Antisera hFSH}B peptides
1-20 16-36 33-53 49-67 6685 81-100 98-111
Optical density (410 nm)

1- 20(1:100) 0.6240.03

16- 36 (1:100) 0.93+0.02

13- 53(1:100) 1.05+0.02

49- 67 (1:100) 1.254+0.01

66- 85 (1:100) 1.01 £ 0.06

81-100 (1:1000) 0.35+0.01

98-111 (1:50) 0.73 £ 0.06
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Fig. 1. Binding of AbP®P to hFSH B (50 ng) and hFSH (100 ng)
both captured by MAb 3G3 in an ELISA. See Materials and
methods for the details. The dilutions of AbP¢P used are listed
in Table 3. NIDDK-anti-hFSHB antiserum (1:1500) was used
as a control to determine whether comparable amounts of
hFSHB and hFSH were available for AbP® binding. An
asterisk indicates when specific optical density values are
significantly different from zero (P < 0.05).

hFSH-BETA

discussion of Fig. 2). In this experiment it was not
possible to demonstrate significant difference in
the binding of Ab'"2 and Ab¥-% to either
hFSHB or hFSH. Ab®~% bound neither hFSHB
nor hFSH.

Fig. 2 illustrates the results of experiments
where hFSHB was captured by MAb 3G3 and

2.500 T T T T T T T T
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363 Ml nhFSH-BETA

10.3A6 [_] hFSH 1

- - N
o [d o
Q =] Q
o o o
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)

0.000
1-20 18~38 J33-53 49-67 B6-85 B1-100 98-111

ANTISERUM
Ti

ANTISERA TO hFSH—BETA PEPTIDES hFSH-BETA

Fig. 2. Binding of AbP*® to hFSH B (50 ng) captured by MAb
3G3 and hFSH (100 ng) captured by MAb 10.3A6 in an
ELISA. See Materials and methods for the details. The dilu-
tions of AbP°P used are listed in Table 3. NIDDK-anti-hFSHg
antiserum (1 : 1500) was used as a control to determine whether
comparable amounts of hFSHB and hFSH were available for
AbP® binding. An asterisk indicates when optical density
values are significantly different from zero (P < 0.05).

hFSH was captured by MAb 10.3A6. The results

-collected 2 h after substrate addition were quali-

tatively identical to the results in Fig. 1. The
binding of Ab'6-3¢, Ab33-33, Ab31-1%0 apnd Ab*%-11t
to hFSHpB was higher than hFSH. Significant
binding of Ab!~?° to both hFSHB and hFSH was
only observed when color development was al-
lowed for a longer time. In that case, the binding
of Ab!~% to hFSHB was no different from hFSH.
Additionally, Ab**~%7 showed significant binding
to hFSH in wells coated with hFSH, obscured in
Fig. 1 because that sequence is in the epitope of
3G3, as is hFSHB 66-85. Other results shown
here and conclusions are comparable to Fig. 1.

Discussion

In the present study anti-peptide antisera were
raised against synthetic peptides corresponding to
hFSH B sequences and were tested for their bind-
ing to either FSHB or hFSH a-associated hFSHp
(hFSH). In contrast to earlier work with hFSHa
(Weiner et al., 1990), only limited binding of
AbP? to hFSHB was observed if hFSHB was
coated directly onto the ELISA plates (not
shown). However, when hFSH B was captured by
an hFSH B-specific MADb, five of the seven Ab?®
showed binding to hFSHB detectable in 1-2 h
The inability of the remaining two (Ab*-%
Ab%-8) to bind hFSHpB captured by MAb 3G3
can be explained by the fact that sequences 49-67

and 66-85 of hFSHp are also in the epitope }

recognized by 3G3 (Vakharia et al., 1990).

The present study had as its hypothesis that .'

low binding of AbP®® to hFSH compared to
hFSHp is due to masking or induced mobility of
amino acids in the corresponding hFSHS se-
quences subsequent to association with hFSHa
in the heterodimeric hFSH. We reasoned that a
comparable or higher binding of AbP? to hFSH
than hFSHB would suggest that amino acids in
the corresponding hFSH 8 sequences are accessi-

ble and not masked by hFSHa in heterodimeric |

hFSH.

was realized that the optical density signal follow-
ing binding of AbP°? to hFSHB was consistently
greater than binding to hFSH. Scatchard analysis
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or 100 ng hFSH with capture MAD, the resultant
amounts of hFSH 8 and hFSH available for AbPeP
binding were comparable, i.e., the amounts of
hFSHB represented in heterodimer (hFSH) was
comparable to free hFSHgS.

The results of experiments using hFSHa-
specific 10.3A6-captured hFSH alleviated some
concerns that low or no binding of AbP®P to
hFSH in experiments using 3G3-captured hFSH
could be due to obstruction of some regions on
hFSHB by 3G3. By using 10.3A6 additional infor-
mation about region hFSH B8 49-67 was obtained
and the differences in the binding of other AbPeP
to hFSH and hFSH B were qualitatively the same
as when hFSH was captured by hFSH B-specific
MAb (3G3).

The epitope on hFSHB to which 3G3 binds
consists in part of peptide sequences 33—53, 49—67
and 6685 (Vakharia et al., 1990). We therefore
expected no binding or reduced binding of the
corresponding AbP°P to captured hFSHB. From

{ the data in Figs. 1 and 2 we observed no binding

of Ab*~%7 and Ab%-85 to captured hFSHS. But
Ab¥-* did bind to captured hFSHB. This sug-
gested that part of hFSHB 33-53 is still exposed
even when hFSH is captured by 3G3 and that
Ab¥-33 contains antibody specificities that are of
sufficiently high titer to bind that part of the
protein. To identify this sequence we tested bind-
ing of Ab*-5% and 3G3 to short peptides repre-
senting overlapping sequences 28-35, 35-42, 43—
49, 48-54, 55-62 and 63-69 of hFSHB (data not
shown). Ab**->* bound predominantly to peptide
#3-54 and to a lesser extent to peptides 43—49
and 35-42. 3G3 also bound strongly to peptide
48-54 and did not bind to 43—49 or 35-42. Thus
itseems reasonable to suggest that if region 4854
was masked by 3G3 then perhaps Ab**-53 con-
tained specificities that recognized sequences 43—
49 of MADb-captured hFSH 8.

One interpretation of this observation is that
in hFSHB the sequences in region 33-53 can
acquire more than one configuration. The com-
parison in the binding of Ab*-% to hFSHpB and
hFSH, captured by MAD, suggested that Ab33-33
bound more strongly to hFSHB than hFSH. As
per our hypothesis this would suggest that region
13-53 of hFSHp is partially masked or struc-
turally altered subsequent to association with
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hFSHa in the heterodimeric hFSH. As discussed
before in detail (Vakharia et al., 1991), data ob-
tained following enzyme digestion of ovine LH
(Bousfield and Ward, 1988) have suggested that a
similar region in other gonadotropins is at the
subunit-contact site.

Ab%-8 did not bind to captured hFSHB or
hFSH. If Ab%-%5 does contain all the appropriate
antibody specificities, but does not bind captured
hFSHpB then the data suggest that this region is
indeed the epitope recognized by capture MAb
3G3 and is blocked by it (Vakharia et al., 1990).
The inability to bind hFSH captured by MAD also
suggests that this region of hFSH is either ob-
scured or structurally altered subsequent to asso-
ciation with hFSHe in the heterodimeric hFSH.
In this regard, subunit-association studies also
revealed that the preincubation of hFSHa with
hFSH B-peptide 6685 prevented further associa-
tion of hFSHB with hFSHa (Vakharia et al.,
1991).

Ab*~%7 bound captured hFSH, suggesting that
part of hFSHB 49-67 is still exposed even when
in association with hFSHa in heterodimeric
hFSH. Recent studies of Grasso et al. (1991a)
have reported that synthetic peptides hFSHpS
1-15 and hFSHpB 59-65 induce uptake of Ca?*
into the liposomes. Implicit in those results is the
notion that these sequences are exposed in hFSH.

Ab'%~% bound captured hFSH 8 but not hFSH.
This suggests that amino acids in peptide region
16-36 of hFSHp are also at the subunit contact
site. Earlier biochemical studies have shown that
Tyr®” of hCGB cannot be nitrated, iodinated or
perturbed by solvent in the native hCG molecule
but can be affected in the free hCGS molecule
(Ryan et al,, 1987). Those data suggest that the
highly conserved region 31-37 which includes
amino acids CAGY?” of hCGg is positioned at
the a-B subunit contact site. Tryptophan fluores-
cence of the B subunit of LH or FSH is per-
turbed upon combination with the « subunit
(Ryan et al., 1987; Sanyal et al., 1987). The de-
crease in tryptophan fluorescence is inhibited by
peptides containing CAGY amino acid residues.
A recent study using peptides corresponding to
the B subunit of human thyroid-stimulating hor-
mone reported that association of o and 8 hu-
man chorionic gonadotropins was inhibited by




96

peptides including the CAGY sequence (Bergert
et al., 1991). Since it is likely that hFSH and hCG
fold similarly and have a similar overall confor-
mation, it seems reasonable to suggest that
CAGY-containing sequences of hFSHpB are
masked or altered by hFSHa in hFSH. For
hFSHB the comparable conserved region which
contains tryptophan as well as CAGY amino acid
residues is 25-31. This sequence is contained in
peptide 16-36.

Ab®1-1% and Ab%-111 bound captured hFSHp
and, to a lesser extent, hFSH. This suggested that
residues within regions 81-100 and 98-111 of
hFSHB are either masked or structurally altered
by hFSHa in the heterodimeric hFSH. The pres-
ent study confirms and extends the results of
those subunit-association experiments and also of
epitope mapping studies. In the latter study MADb
with higher affinity for hFSHB than hFSH were
mapped to regions within 81-100 and 98-111
suggesting that these are subunit-contact associ-
ated epitopes and that these regions are either
masked or altered subsequent to association with
hFSHea in heterodimeric hFSH (Vakharia et al.,
1991). We have not been able to demonstrate
that the synthetic peptides hFSHB 81-100 or
hFSH B 98-111 inhibit binding of hFSH to recep-
tor in 12I-hFSH-receptor-displacement assay
(Vakharia et al.,, 1990). However, studies of
Santa-Coloma and Reichert (1990) have shown
such inhibition by hFSHB 81-95. The disparity in
the results may lie in the use of different peptide
preparations. The corresponding loop region
peptide (93-100) derived from the hCGS se-
quence has been shown to inhibit receptor bind-
ing (Keutmann et al., 1989). However, unlike
hFSHB 81-95, hCGB 93-100 did not stimulate
steroid production in the target organ. Keutmann
et al. (1989) have suggested that hCGB 93-100
has no significant ordered structure, is less rigid
and poorly antigenic compared to hCGB 38-57
and that it associates with hCGa to form a topo-
graphical receptor-binding domain in the whole
hormone. Using 8 subunit chimeras and mutants
Campbell et al. (1990) have predicted that hCGB
47-51, hCGpB 89-92 and hCGpB 106-108 are re-
ceptor-binding sites. Substitution of hFSHB 88-
108 amino acids in place of hCGB 94-115 re-
sulted in a hormone analog identical to hFSH in

its ability to bind and stimulate FSH receptor
(Campbell et al., 1991). However, as discussed by
them (Campbell et al, 1991) hCGB 94-115
(hFSHB 88-108) is also near « subunit and that
induced change in the conformation of a-subunit
and hFSHB 88-108 or hCGB 94-115 in the
heterodimer may facilitate receptor binding. More
recent site-directed mutagenesis experiments of
the hCGB 93-100 loop region where Arg*, Arg”
and Asp®® were replaced by different amino acids
having a different charge property or by amino
acids represented by the corresponding position
in the hFSHB sequence suggested that these
amino acids were important for receptor binding
(Chen et al., 1991; Fang and Puett, 1991; Xia et
al., 1991). They also suggested that these amino
acids either represent contact site or conforma-
tional determinants on the B subunit. The con-
clusions of the present study and those described
in our earlier study (Vakharia et al., 1991) con-
firm and extend those studies discussed above.

The present data and the information in the
literature clearly lead us to suggest that although
some regions of hFSHB are exposed in the het-
erodimeric hFSH, a significant proportion of the
remaining hFSHB molecule in heterodimeri
hFSH is altered or masked when compared with
hFSHB which is not associated with hFSHe. It
seems imperative that the crystal structures of
gonadotropin subunits as well as heterodimer be
elucidated in order to fully appreciate their fine
structures.
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