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ABSTRACT 
 
We focused on the biological activities (LH- and FSH-like activities) of amino acids 
(94, 95, and 96) in the equine chorionic gonadotropin (eCG) β-subunit. The 
plasmids harboring the mutant β-subunit genes (βGln94Alaα, βIle95Alaα and 
βLys96Alaα) were used to transiently/stably transfected Chinese hamster ovary 
(CHO) cells. The single-chain rec-eCG mutants were efficiently secreted into the 
medium. The amount of expressed βGln94Alaα and βLys96Alaα was a slightly 
higher than that of wild type (βα) and βIle95Alaα (186 ± 27 mIU/ml) was the least 
secreted. The molecular weight of the rec-eCG mutants was determined at 42~46 
kDa. It was decreased to 34~37 kDa in the deglycosylated mutant of βGln94Alaα 
by PNGase F treatment. Thus, N-linked glycosylation accounted for about 8~10 
kDa. The LH- and FSH-like activities of the rec-eCG mutants were estimated by 
measuring total cellular cAMP in CHO cell lines that expressed the rat LH/CG and 
FSH receptors. The results suggested that the βIle95Alaα had the lowest (one-
sixth) LH-like activity relative to the WT. In addition, βIle95Alaα and βLys96Alaα 
did not show specific FSH-like activity and the βGln94Alaα was remarkably 
decreased to one-third that of the WT. Thus, amino acid 95 in the eCG β-subunit 
plays a pivotal role in the LH-like activity of eCG. Further, amino acids 95 and 96 
play a role in the FSH-like activity of the eCG β-subunit. In summary, these results 
suggested that the amino acid residues 94~96 in the eCG β-subunit are utmost 
important sites for signal transduction of FSH activity.  
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INTRODUCTION 
 
Equine chorionic gonadotropin (eCG) is a placental 
glycoprotein hormone that is involved in the maintenance 
of pregnancy in mares. It is a member of the glycoprotein 
hormone family, which also includes the luteinizing 
hormone (LH), follicle stimulating hormone (FSH) and 
thyroid stimulating hormone (TSH) (Min et al., 2004). 
Chorionic gonadotropin (CG) is secreted from the placenta of 
primates and equids only. eCG, which is also called pregnant 

mare's serum gonadotropin (PMSG), is secreted from the 
endometrial cups of the placental trophoblast in pregnant 
equids. Generally, peak values of eCG can be observed 
between 55 and 70 days of gestation (Holtan et al., 1975; 
James et al., 1993; Nett et al., 1975).  

eCG has the same amino acid  sequences  with  equine 
luteinizing hormone (eLH), but there are some differences 
in their binding activity (Min et al., 1994). These differences 
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are most likely attributed to the differences in molecular 
weight and structure of the N- and O-glycan chains linked to 
α- and β-subunits of eCG. Moreover, eCG contains many 
more and bulkier carbohydrates than eLH (Bousfield et al., 
1996, 2001). Although the function of eCG is not completely 
understood, it acts on the same receptors (eLH/CG 
receptors) as LH in the luteal cells of mares (Saint-Dizier et 
al., 2003). eCG also binds to the equine corpus luteum (CL) 
during early gestation (Saint-Dizier et al., 2004), and may 
provide gonadotropin support to maintain pregnancy 
(Murphy, 2012). Recently, the role of eCG during pregnancy 
was evaluated in mares (Boeta and Zarco, 2012) and its to 
control reproduction of the dairy cow was studied (Rensis 
and Lopez-Gatius, 2014). Distinct transcriptome profiles 
were identified between granulosa and theca cells during 
dominant follicle development in mares (Donadeu et al., 
2014). The mRNA expression in membranes of the 
conceptus at days 19, 21, and 25 days of pregnancy was 
analyzed by RNA sequencing (RNA-seq). The conceptus 
chorionic membrane functions as a scaffold-like structure to 
maintain the shape of the conceptus and as a separation 
between the chorionic membrane and the uterine luminal 
epithelium (Tachibana et al., 2014). 

Thus, eCG is an interesting hormone because it does not 
bind to FSH receptors in horse follicles or testis, suggesting 
that eCG is primarily an LH-like hormone in mares (Guillou 
et al., 1983, 1996) and since it appears to be a single 
molecule that possesses both LH- and FSH-like activities in 
other species than the horse (Moore and Ward, 1980; 
Apparailly and Combarnous, 1994; Moyle et al., 1990). We 
have previously reported that rec-eCG has biological LH-like 
and FSH-like activities as compared to the native hormones 
(Jeoung et al., 2010; Min et al., 1996, 1997, 2004; Park et al., 
2009). Additionally, we reported that an oligosaccharide at 
Asn56 -subunit of eCG plays an indispensable role in 
LH-like activity but not FSH-like activity (Min et al., 2004). 
The equine follicle stimulating hormone (eFSH) mutant that 
was deglycosylated at Asn56 of the -subunit also did not 
show any FSH activity (Saneyoshi et al., 2001). The function 
and role of eCG has been researched with regard to the 
carboxy-terminal peptide (CTP), N- and O-linked 
oligosaccharide, C-terminal region (90-110 sequences), and 
amino acid residues 94-96 in eCG β-subunit (Min et al., 
1996; Molye et al., 1994, Han et al., 1996; Park and Min, 
2010). The 102~103 sequences in the eCG -subunit are 
crucial to the FSH-like activity (Chopineau et al., 2001). 

In our study, we changed 3 amino acids to Ala in 5 regions 
of the tethered eCG. The Lys-Gly-Cys (33-35) and Pro-Thr-
Pro (42-44) of α-subunit, and Arg-Val-Met (43-45), Gln-Pro-
Val (54-56) and Gln-Ile-Lys (94-96) of β-subunit in tethered 
the eCG were constructed to examine the role  of  specific       

 
 
 
FSH-like activity of eCG. Among these mutants, mutants of 
amino acid residues 94-96 of the eCG -subunit were 
secreted along with eCG βα. This site was considered 
important for the signal transduction of FSH-like activity and 
to play a role in LH-like activity (Park et al., 2010).  

Therefore, we constructed the mutants for amino acids 94, 
95, and 96 of the β-subunit and mutations of each amino 
acid were Gln94Ala, Ile95Ala, and Lys96Ala. In the present 
study, we determined the amino acids important for the LH- 
and FSH-like activities of eCG by analyzing the cAMP 
responsiveness of cells expressing rat LH/CG receptor and 
FSH receptor. 
 
 
MATERIALS AND METHODS 
 
Materials 
 
The expression vector pcDNA3 and Anti-myc antibody were 
purchased from InvitrogenTM Life Technologies (CA, USA). 
pGEM-T easy cloning vector was from Promega (Madison, 
WI, USA). Ham’s F-12, G418, Opti-MeM, Lipofectamine® 
2000 and CHO-S-SFM II were bought from Gibco BRL (MD, 
USA). CHO-K1 cells were obtained from the Japanese 
Cancer Research Resources Bank (Tokyo, Japan). DH5α 
chemically competent E. coli was from Enzynomics 
(Daejeon, Korea). The plasmid extraction kit was purchased 
from GeneAll biotechnology (Seoul, Korea). PRO-PREP 
protein extraction solution was from iNtRON Biotechnology, 
INC. (Seoul, Korea). Fetal bovine serum was from Hyclone 
Laboratory (Utah, USA). PMSG ELISA kit was from DRG 
(USA). PNGase F was from New England BioLabs (MA, USA). 
Cholera toxin and Anti-mouse IgG was from Sigma-Aldrich 
(Louis, MO, USA). Centriplus concentrator was from Amicon 
(Beverly, MA, USA). Cell culture dishes (50 and 100 mm) 
were from SPL Life Sciences Co. (Seoul, Korea). PMSG ELISA 
kit was from DRG (Springfield, NJ, USA). Amersham cAMP 
Biotrak Enzyme immunoassay (EIA) System kit was 
purchase from GE Healthcare Science Corp (Piscataway, NJ, 
USA). All the other reagents used were from Wako Pure 
Chemicals (Osaka, Japan) and Sigma-Aldrich (Louis, MO, 
USA). 
 
 
Construction of eCG βα mutants by overlapping PCR 
 
To construct the mutants (βGln94Alaα, βIle95Alaα, 
βLys96Alaα), we utilized the previously constructed eCG βα 
(wild type) cDNA as a template. At first, the two parts were 
amplified and then mutants were amplified by using the 
method of overlapping PCR mutagenesis  as  shown  in  
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Fig. 1

βGln94Alaα 

βIle95Alaα 

βLys96Alaα 

Template
βα(Wild type) 

 
 

Figure 1. Construction of tethered eCG mutants by overlapping PCR mutagenesis. The myc-tag contains of 10 
amino acids. S: signal region of eCG -subunit; Myc-tag: myc-tag (Glu-Gln-Lys-Leu-Ile-Ser-Glu-Glu-Asp-Leu).  

 
 

Table 1. The sequence of primers used for the construction of each mutant. 
 

Primer name Primer sequence 

Primer 1 (forward) 5'- GAATTCTACCTCTGCGAGGTCCCCGACGACGAC -3' 

Primer 2 (reverse)  5'- GTCGACTTAAATCTTCTGCTGATAGCAAGTGCTGCA -3' 

Primer 94F  5'- GTGACGCCGGGGACGGCCTAGTTCTGGTGACTG -3' 

Primer 94R 5'- GTCAGTGGTCTTGATCCGGCAGGGCCCGCAGTG -3'  

Primer 95F 5'- GTGACGCCGGGGACGGTCGCCTTCTGGTGACTG -3' 

Primer 95R 5'- GTCAGTGGTCTTCCGCTGGCAGGGCCCGCAGTG -3' 

Primer 96F 5'- GTGACGCCGGGGACGGTCTGCGCCTGGTGACTG -3' 

Primer 96R 5'- GTCAGTGGTCCGCGTCTGGCAGGGCCCGCAGTG -3' 
 

Underline in followed the primer table means the mutation site about Alanine (Ala).  

 
 
Figure 1 (Min et al., 2004). Mutations were introduced in 
the eCG β-subunit by using the primer pairs summarized in 
Table 1. The mutants had a signal sequence of eCG β -
subunit and an added myc-tag on 2-3 amino acids of the β-
subunit mature protein. These fragments were digested by 
Eco RI and Sal I and then ligated into the eukaryotic 
expression vector pcDNA3. All mutants were sequenced 
completely to confirm the Kozak site, myc-tag, and any PCR 
errors. 
 
 
Transient and stable transfection with plasmids 
harboring mutant eCGs and collection of recombinant 
proteins 
 
One day before the transfection process, CHO  cells  were 

cultured in 6 well cell culture plates with Ham's F-12 
medium supplemented with 10% fetal bovine serum (FBS), 
100 IU/ml penicillin, 100 µg/ml streptomycin and 2 mM L-
glutamine. Next day, each mutant DNA was diluted with 4 
µg in 250 µl of Opti-MeM medium. Lipofectamine was also 
diluted with 10 µl in 250 µl of Opti-MEM medium. Cultured 
CHO-K1 cells were transfected with expression vectors 
using the liposome transfection method, as previously 
described (Min et al., 2004). The transfected cells were 
cultured for 48 h in serum-free medium (CHO-S-SFM- II), 
the media were harvested and centrifuged at 15,000 rpm 
for 10 min. Then the supernatants were collected and stored 
at -20°C until they were assayed. Six (6) to 8 pools of stably 
transfected cells were selected by incubating the cells in a 
growth medium supplemented with G418 (800 µg/ml) for 
2~3 weeks after transfection, according to  a  previously 
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reported method (Min et al., 2004). The culture media were 
collected and centrifuged at 15,000 rpm, and incubated 4°C 
for 10 min to remove cell debris. Supernatants were 
collected and concentrated in an Amicon stirred cell 
concentrator and stored at -20°C until assayed. 

 
 
Quantification of rec-eCG mutants  

 
The recombinant hormones were quantified by performing 
PMSG ELISA using the conjugate of anti-PMSG monoclonal 
antibody, horseradish peroxidase, and 
tetramethylbenzidine (TMB) as the substrate according to 
the supplier’s protocol. At first, 100 µl of PMSG standards 
and eCG mutants were distributed into the appropriate 
wells of the 96-well microplate that was coated with 
monoclonal antibodies. The microplate was incubated for 
60 min at room temperature without agitation and was 
rinsed 3 times with 300 µl distilled water. Then, 100 µl of 
enzyme-conjugate was added into each well and incubated 
for 60 min at room temperature without agitation. The anti-
PMSG-antibody was conjugated to horseradish peroxidase 
and washed 5 times with 300 µl of distilled water again. A 
100 µl of substrate solution was added and the plate was 
incubated for 30 minutes at room temperature. As a final 
step, 50 µl of stop solution was dispensed into each well at 
the same time intervals for stopping an enzymatic reaction. 
The absorbance of each well was determined at 450 nm 
within 30 min. 

 
 
Western blot analysis of tethered rec-eCG mutants and 
deglycosylated rec-eCG βGln94Alaα 

 
For western blot analysis, samples of the concentrated 
medium were electrophoresed under reducing conditions, 
on 12% sodium dodecyl sulfate (SDS) -poly-acrylamide gels, 
following the method proposed by Laemmli (1970). After 
SDS-polyacrylamide gel electrophoresis (SDS-PAGE), the 
protein was transferred to polyvinyli-dene difluoride 
(PVDF) membrane (0.2 μm) at 100 V for 2 h using the Bio-
Rad Mini Trans-Blot Electrophoretic Transfer cell. After 
blotting, the membrane was washed with 1x Tris-Buffered 
Saline with Tween 20 (TBST). The membrane was blocked 
with a blocking reagent (5% skim milk in TBST) for 3 h and 
bound by monoclonal anti-myc antibody (1:5,000) for 2 h at 
RT or for overnight at 3-5°. The blot was washed to remove 
the unbound antibody, incubated with a secondary 
antibody (peroxidase-linked Goat anti-mouse IgG 37.5 
μl/15 ml of 1% blocking solution) for 1 h at RT, and then 
the membrane was washed 2 times with 1x TBST to remove  

 
 
any non-joined antibodies. The membrane was then 
incubated for 5 min with 2 ml Lumi-Light substrate solution 
and placed with its protein side up on Saran Wrap. The 
membrane was covered with a second Saran Wrap and 
exposed to an X- ray film for 1–10 min.  

In addition, we deglycosylated and analyzed the 
molecular weight of rec-eCG β△94α via western blotting. 
For denaturation, 5 µg of proteins was combined with 1 µl 
of 10x glycoprotein denaturing buffer and heated on 100°C 
water for 10 min. Then, the samples were chilled on ice for 
5 min and spun down for 10 s. The denatured mutants were 
combined with 2 µl of 10x G7 reaction buffer, 2 µl of 10% 
NP-40 and 1 µl of PNGase F. Then, samples were incubated 
in a 37°C water bath for 1 h. The deglycosylated mutants 
were analyzed via western blot analysis.  
 
 
cAMP assay of rec-eCG mutants using receptor cell line  
 
The rat LH/CG and FSH receptors in pcDNA3 expression 
vector were cloned and these plasmids were used to 
transfer CHO cells. A previously reported procedure was 
used (Park et al., 2010). LH-like and FSH-like biological 
activities were estimated by measuring total amount of 
cyclic AMP. Receptor cells were cultured in standard 96-

well microplates, at concentrations of 105～106 cells/ml, 

and incubated overnight at 37°C. An aliquot (20 μl) of rec-
eCG was added and incubated for 30 min. Lysis reagent (20 
μl) was then added. Finally, a cyclic AMP kit was used 
according to the supplier's protocol, and the optical density 
was measured at 630 nm with a microplate reader. 
Concentration-response curves for the rec-eCG induced 
increases in cAMP accumulation were plotted for the level 
of total cAMP in cells that had been incubated with at least 
5 different concentrations of eCG in the presence of a 
phosphodiesterase inhibitor (Min et al., 1998).  
 
 
RESULTS 
 
Production of transient and stable rec-eCG proteins 
 
The transient expression level of the rec-eCG proteins (WT, 
βGln94Alaα, βIle95Alaα, and βLys96Alaα) from CHO cells 
were determined by ELISA analysis as shown in Figure 2.  
These transient rec-eCG proteins were efficiently secreted 
into the medium from CHO cells. The amount of rec-eCG 
expressed was 186-415 mIU/ml in transient cells. The 
expressing of βIle95Alaα was the lowest (186.4±27 
mIU/ml). Although the quantity of βGln94Alaα was high, 
the expression of βGln94Alaα and βLys96Alaα was similar
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Fig. 2

βGln94Alaα βIle95Alaα βLys96Alaα βα
 

 
Figure 2. Quantitative analysis of secreted proteins of rec-eCG mutants by ELISA. Values are 
expressed as mean ± SEM for at least three independent experiments. 

 
 
 

Fig. 3
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Figure 3. Western blot analysis of mutants.  rec-eCG mutants were separated by SDS-PAGE. The 
primary antibody was diluted (1:2500) and secondary antibody was diluted (1:1500) in 1% skim 
milk blocking solution. (A) Three mutant proteins, including wild type rec-eCG were detected as 
42~46 kDa bands. (B) Western blot analysis of deglycosylated βGln94Alaα is shown. The molecular 
weight of secreted rec-eCG was 42~46 kDa and that of the deglycosylated protein was 34~37 kDa. 
In the cell lysate, a 38~40 kDa band was detected, with its deglycosylated form being 33 kDa. 
Media was collected from cell supernatant. Deglycosylation of PNGase F treatment.  

 
 
to that of the WT. Next, we established the stable cell lines 
followed by G418 treatment. Between 6 and 8 stably 
transfected pool of each mutant cells were selected and 
analyzed for the quantity of expression of rec-eCG proteins. 
The expression in the stable cell lines was a little low in 
comparison to the transient cell lines. 
 
 
Western blotting of rec-eCG mutants and N-linked 
oligosaccharide enzyme treatment 
 
The molecular weight of the rec-eCG proteins was identified 

to about 42~46 kDa (Figure 3A). Although the same 
concentration was loaded in the gel, the βIle95Alaα mutant 
was weakly detected. The rec-eCG βGln94Alaα in the cell 
medium was detected at 42~46 kDa. However, it was found 
to be as 38~40 kDa in the cell lysate. Protein from the cell 
medium was decreased to 34~37 kDa by the 
deglycosylated treatment (Endo F). The molecular weight 
of 38~40 kDa in the cell lysate was decreased to 33 kDa as 
shown in Figure 3B. Thus, we suggest that large amount of 
oligosaccharides were added to rec-eCG proteins in CHO 
cells and were remarkably decreased by N-linked 
oligosaccharide enzyme treatment. As previously reported, 
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Figure 4. Effects of increasing concentrations of rec-tethered eCG on its accumulation in stable transfectants of 
CHO cells expressing rLH receptor. Cells were incubated with the indicated concentrations of rec-eCG in medium 
containing 0.5 mM 3-isobutyl 1-methyl xanthine for 30 min. At 37°C before total cAMP was assayed. Each point 
represents the average±SEM of three independent experiments. Duplicate dishes were used for each experiment. 

 
 
the oligosaccharides of about 10 kDa were added to the rec-
proteins. 
 
 
cAMP assay of rec-eCG mutants by rat LH/CG and FSH 
receptors cell line  
 
The effects of the rec-eCG on cAMP secretion  in cell lines 

expressing rat LH/CG receptor and FSH receptor genes 
were determined to evaluate the LH-like and FSH-like 
activities. The cell lines expressing rat LH/CG receptor and 
rat FSH receptor were incubated with increasing 
concentrations of rec-eCG (Figures 4 and 5). In LH/CG 
receptor cell line, the βIle95Alaα mutant appeared to have 
the lowest activity, which was IC50 44.77 (Table 2). It is 
about 1/6 times in comparison with WT (IC50 7.39). 
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Figure 5. Effects of increasing concentrations of rec-tethered eCG its accumulation in stable transfectants of CHO 
cells expressing rFSH receptor. Each point represents the average ±SEM of three independent experiments. 
Duplicate dishes were used for each experiment. 

 
 
Table 2. The IC50 and cAMP concentration of maximum response for rec-eCG mutants by cAMP assay. 
 

  Βα (wild type) βGln94Alaα βIle95Alaα βLys96Alaα 

LH activity 
IC50  7.39 7.78 44.77/(44.77/7.39⇋6 7.63 

Maximum response (fmol/ml) 5229 1552 13828 4207 

      

FSH activity 
IC50 17.89 56.37/(56.37/17.89⇋3 - - 

Maximum response (fmol/ml) 1249 1185 - - 
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Although their IC50 value were 7.78 (βGln94Alaα) and 7.63 
(βLys96Alaα) respectively, the maximum response in the 
other two mutants was remarkably decreased. Thus, we 
suggest that these mutants play an important role for LH-
like activity. Especially, the activity in the βIle95Alaα 
mutants considered to be related to LH-like activity. In FSH 
receptor cell line, the eCG βGln94Alaα mutant showed a 
little activity, which was IC50 56.37 (Table 2). It is about 1/3 
times in comparison with WT (IC50 17.89). The other two 
mutants (βIle95Alaα and βLys96Alaα) did not demonstrate 
any activity. Thus, these mutants affected the FSH-like 
activity. These results suggest that the amino acids 95 and 
96 of eCG β-subunit play pivotal roles in its FSH-like activity.  
 
 
DISCUSSION 
 
In order to characterize the dual-activity in eCG molecule, the 
mutants (βGln94Alaα, βIle95Alaα, and βLys96Alaα) were 
constructed using site-directed mutagenesis in specific sites, 
which were significantly linked to LH-like and FSH-like 
activities, as previously reported. The present study 
indicates that LH-like activity is linked to amino acid 95 of 
the eCG β-subunit. The FSH-like activity was found to be 
related to amino acids 95 and 96 of the eCG β-subunit. All 
mutants were compared at equivalent concentrations as 
estimated by sandwich ELISA. The expression of mutants 
was almost similar to that of the wild type. Although the 
expression of the βIle95Alaα was very low, the secretion of 
the mutant protein was not significantly different from that 
of the wild type. As previously reported, we selected 5 
specific sites (each of 3 amino acids) in the tethered eCG. We 
detected the expression and activity of the groups analyzed 
in the presented study (Park et al., 2010). We also found that 
the deleted mutants (delβα△93, delβα△95) of COOH-
terminal region secreted 3 times higher as compared to wild 
type as previously reported (Jeoung et al., 2010). These 
amino acid substitutions may have induced changes in the 
structure and folding of the rec-eCG protein (Park et al., 
2010). 

In western blotting, the molecular weight of rec-eCG 
mutants was detected to be 42~46 kDa. The molecular 
weight of βGln94Alaα was decreased from 42~46 kDa to 
34~37 kDa following deglycosylation. The results suggest 
that the glycosylation was high in the glycoprotein 
expressed by CHO cell lines. The mutant rec-eCG (βα△56) in 
the glycosylated site was detected to be 39~42 kDa (data 
now shown: in press). Desialylation studies have shown that 
the long half-lives of eCG can be attributed to the presence of 
sialic acids (Martinuk et al., 1991). In addition, the 
oligosaccharide site of eCG α-subunit Asn56  was  found to  

 
 
 
play an important role in LH-like activity (Min et al., 1996). 
However, heterodimeric eCGs mutated at α△56/β evoked 
increased FSH-like activity in vitro. Thus, glycosylation of 
eCG α-subunit Asn56 plays a different role for the FSH-like 
activity depending on the heterodimeric or tethered form 
(Min et al., 2004).  

Thus, this dual-activity of eCG needs to be investigated and 
studied in order to characterize the function and signal 
transduction of recombinant eCGs molecule. In the present 
study, mutants of amino acids 94-96 appeared to be 
important sites for signal transduction of FSH activity and to 
play a role in LH-like activity, as previously reported (Park et 
al., 2010).  

In contrast, sulfated oligosaccharides have been 
implicated in the rapid clearance of the bovine LH 
(Baenziger et al., 1992). The pharmacokinetics of a rec-eCG 
single chain produced in the milk of transgenic rabbit has 
been described previously (Galet et al., 2000). The rec-eCG 
shows an extremely rapid clearance (~10 min), which could 
be explained by the absence of its in vivo biological activity.  

In the results of cAMP assay of rec-eCG mutants, 
βIle95Alaα appeared to have the lowest LH activity and the 
three mutants did not appear to have specific FSH activity, 
although βGln94Alaα showed very low FSH activity.  

These results support that specific region (comprising 
residues 94-96) primarily influences LH receptor binding by 
its effect on hormone conformation rather than directly 
acting as an essential high-affinity receptor (Moyle et al., 
1995).  

Taken together, our findings show that amino acid site 95 
on the eCG β-subunit plays a key role its LH-like activity. We 
also suggest that amino acid sites 95 and 96 on the eCG β-
subunit are indispensable for its FSH-like activity.  

In the hCG, the α-subunit residues Phe33, Arg35, and 
Arg42-Ser43-Lys44 are essential for receptor binding of 
hCG and hTSH (Reed et al., 1991; Liu et al., 1993). 
Furthermore, the amino acid residues 33-44 of the common 
α-subunit of the glycoprotein hormones have been 
implicated in heterodimerization as well as high affinity 
receptor binding of hCG (Leng et al., 1995; Gorossmann et 
al., 1996).  

The amino acid residue Gln54 in hCG β-subunit 
participates in receptor binding, and its major function 
appears to involve α-subunit binding (Huang et al., 1994; Hu 
et al., 1996). In addition, amino acid residues 94-96 of the 
hCG β-subunit had little influence on FSH receptor binding. 
These observations support a model in which the residues 
94-96 influence human LH/CG receptor binding specificity 
primarily through an effect on hormone conformation 
rather than by direct participation in essential high affinity 
receptor contacts (Moyle et al., 1995).  
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Conclusion 
 
As a conclusion, the present findings show that eCG dual 
activities are attributable to amino acid 94 to 96 of -subunit. 
Thus, we found that the activity of glycoprotein hormones, 
including eCG and hCG, could be attributed to a specific site 
in addition to the oligosaccharides. Studying the specific 
activity sites of re-eCGs by site-directed mutagenesis will be 
useful for analyzing the structure-function relationships of 
gonadotropins in horses and other species. In summary, our 
findings show that the amino acid 95 of the eCG β-subunit 
plays a key role in its LH-like activity and amino acids 95 
and 96 of the eCG β-subunit are indispensable for its FSH-
like activity. 
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