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Abstract
Retention of misfolded proteins by the endoplasmic reticulum (ER) is a quality control mechanism
involving the participation of endogenous chaperones such as calnexin (CANX) which interact
and restrict plasma membrane expression of gonadotropin releasing hormone receptor (GnRHR), a
G protein coupled receptor. CANX also interacts with ERP-57, a thiol oxidoreductase chaperone
present in the ER. CANX along with ERP-57, promotes the formation of disulfide bond bridges in
nascent proteins. The human GnRH receptor (hGnRHR) is stabilized by two disulfide bond
bridges (Cys14-Cys200 and Cys114-Cys196), that, when broken, its expression at plasma membrane
decreases. To determine if the presence of chaperones CANX and ERP-57 exert an influence over
membrane routing and second messenger activation, we assessed the effect of various mutants
including those with broken bridges (Cys→Ala) along with the wild type hGnRHR. The effect of
chaperones on mutants was insignificant, whereas the overexpression of ERP-57 led to a wild type
hGnRHR retention which was further enhanced by cotransfection with CANX cDNA disclosing
receptor retention by ERP-57 augmented by CANX, suggesting a quality control mechanism.
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INTRODUCTION
The human gonadotropin releasing hormone receptor (hGnRHR) is a G protein coupled
receptor (GPCR) [1–3], stabilized by the presence of two disulfide bond bridges located
between residues Cys114-Cys196 and Cys14-Cys200. These bridges provide the structural
characteristics of the receptor that appear to be essential for its proper membrane expression
[3, 4]. The GnRHR shows a pattern of convergent evolution that has lead to restriction of the
plasma membrane expression (PME); as in the case of primate GnRHRs, where only about
50% is expressed in plasma membranes, in comparison to the total amount synthesized.
Restriction of expression seems to be dependent of the presence of amino acid Lys191,
absent in murine and rat sequences, and is usually replaced by Glu191 in non-rodent and
non-primate mammals. When residue 191 is deleted from the amino acid sequence of
hGnRHR, the PME is notoriously increased [5, 6]. Another interesting feature of GnRHR is
the presence of a carboxyl terminal extension in reptiles, birds and fishes, but absent in
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mammals. When this extension is added to the hGnRHR, PME is also increased [7]. In
clinical settings where mutations in the hGnRH receptor cause hypogonadotropic
hypogonadism, there is a diminished expression due to hGnRHR misfolding that results in
protein misrouting and inappropriate receptor trafficking. The observation that these
mutations can be rescued with pharmacological chaperones, refolded and routed to the
membrane may provide a therapeutic approach [8–11] for mutant receptor rescue within the
endoplasmic reticulum (ER) [8–13]. The ER contains molecular chaperone proteins that
retain misfolded or unfolded proteins [14] and targets them for degradation [14–16], albeit a
dominant-negative effect, due to retention of wild type (WT) GnRHR forms contained in ER
when mutant forms are present. This condition enables these proteins to be processed as
oligomers while the chaperone system assesses the overall quality of the mutant-WT
complex, often recognizing hetero-oligomers as defective [17]. GnRHR contains two
disulfide bond bridges that tend to oxidize in the ER due to its high oxidative redox
potential, hence promoting a disulfide bond formation, folding and oligomerization [14], of
a determined array of chaperones.

Endoplasmic reticulum protein 57 (ERP-57) is a (54 kDa protein of the of the thiol
oxidoreductase family with disulfide oxidoreductase and isomerase activity, particularly for
N-glycosylated proteins and glycoproteins with no cysteine residues (also known as
PDIA3), [18–25]. ERP-57 interacts with calnexin (CANX) a chaperone protein, and a lectin
that directly binds glycoproteins through a transient oligosaccharide intermediate [26–28],
thought to prevent a rapid degradation, as well as ER retention, of misfolded proteins [29,
30]. The presence of ERP-57 and CANX is apparently essential for binding the
glycoprotein. Subsequently, ERP-57 is recruited by CANX and Calreticulin (CALR) to
oxidize disulfide bonds [31] to modulate the folding process [20, 32, 33]. The actual
interaction of CANX and ERP-57, seems to go through the tip of the arm domains of the
lectin [34–36]. CANX interaction with glycoproteins may depend on the phosphorylation
state of CANX cytoplasmic carboxyl terminus [37] and a decrease of PME of GnRHR
retaining misfolded receptors and correct routing of folded ones to the plasma membrane
[38].

The present study assesses the effect of GnRHR on PME when cotransfected with ERP-57,
as the effect of this PME when cotransfecting GnRHR with a group of mutant receptors that
were selected due to their differential expression levels in comparison to the wild type
receptor (WT); of particular interest were receptors with broken disulfide bond bridges:
Cys114Ala, Cys196Ala and Cys14Ala, Cys200Ala. The integrity of both cysteine bridges
(Cys114-Cys195/196 and Cys14-Cys199/200) is required by the human receptor. The presence
of these mutations in the hGnRHR is reflected by a decrease in PME, while the rat and
mouse receptors are not affected by mutations in the Cys14-Cys199/200 [39]. Other mutations
used were the construct of a rat extra cellular loop 2 (ECL2), based on differences of this
particular loop between rats and humans (mutations at Ser186Gly, Gln189Pro and Ser203Pro).
Due to its proximity with the disulfide bond bridge, we expected it to exert an effect upon
the bridge formation [39]. Another group of mutants, used in this study, were selected
because they also alter WT GnRHR PME. These include, a non-contiguous 4 amino acid
sequence that cause a loss in the requirement for the Cys14-Cys/200 bridge: hWT+M
(Leu112Phe/Gln208Glu/Leu300Val/Asp302Glu, these replace the human residues with
orthologous rat residues called “M” as a shorthand [39]) and an extension found in the
catfish GnRHR C-terminal (hWTGnRHR+C-tail); a feature lost in mammals. Both of this
mutations, independently and added as a chimera to the human sequence, increase PME [7].
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MATERIALS AND METHODS
Materials

The GnRH agonist, Buserelin(D-tert-butyl-Ser6, des-Gly10, Pro9, ethylamide-GnRH) was
obtained through Hoechst-Roussel Pharmaceuticals (Somerville, NJ). DMEM, OPTI-MEM,
Lipofectamine and PCR reagents were purchased from Invitrogen (Carlsbad, CA).
Restriction enzymes, modified enzymes and competent cells for subcloning were purchased
from Promega Corp. (Madison, WI). The Endofree Maxi-prep kit was purchased from
QIAGEN (Valencia, CA). ERP-57, ERP-72 and Calnexin (CANX) cDNA was obtained
from Open Biosystems (Huntsville, Al. MHS1011-9199116, MHS1011-75436 and
MHS1011-60083, respectively). IN3, (2S)-2-[5-[2-(2-azabicyclo[2.2.2]oct-2-yl)-1,1-
dimethyl-2-oxo-ethyl]-2-(3,5-dimethylphenyl)-1H-indol-3-yl]-N-(2-pyridin-4-ylethyl)-
propan-1-amine, was obtained from Merck Co., Inc. (Rahway, NJ).

Wild and Mutant Receptors
The wild-type (WT) hGnRHR cDNA was subcloned intopcDNA3.1 at KpnI and XbaI
restriction enzymes sites. Mutant receptor cDNAs for transfection were constructed by
overlap extension PCR (38, 39); the purity and identity of plasmid DNA was verified by dye
terminator cycle sequencing, Applied Biosystems (Foster City, CA).

Chaperone Proteins
Chaperone proteins CANX, ERP-57 and ERP-72 were subcloned into pcDNA3.1 using
standard PCR conditions. Engineered restriction sites were incorporated at the 5′ and 3′ ends
of the protein nucleotide sequence to allow subcloning into pcDNA3.1 at KpnI and Xba1
restriction sites. Kozak’s consensus sequence was additionally included in the primer design,
and the sequences are as follows: 5′gtacggtaccaccgccaccatgxxxxxxx3′ and
5′gtactctagattaxxxxxxx3′, where “x” denotes the first and last 5–7 codons of chaperone
nucleotide sequences.

Mutant Chaperone ERP-57 (Phe299Trp)
This mutant was constructed with the ERP-57 sequence, changing Phe299 to Trp299 through
overlap extension PCR. Precision and identity of plasmid DNA was verified by dye
terminator cycle sequencing, Applied Biosystems (Foster City, CA).

Transient transfection and Co-transfection
Cos 7 cells were cultured and plated in growth medium (DMEM, 10% fetal calf serum
(FCS), 20μg/mL gentamicin) at 37°C and 5% CO2 in a humidified atmosphere incubator.
Medium was previously warmed to 37°C in water bath and then added to cells. For
cotransfection of mutant or WT receptors as well as chaperone proteins CANX, ERP-57,
ERP-72 and mutant ERP-57 Phe299Trp, 5×104 cells were plated in 0.25mL of growth
medium in 48-well Costar cell culture plates. After a 24 hour period, cells were washed with
0.25mL/well OPTI-MEM, then transfected with WT or mutant GnRHR (25ng/well),
accordingly CANX, ERP-57, ERP-72 and ERP-57 Phe299Trp was also transfected, empty
vector (pcDNA 3.1 without insert “empty vector” was used to bring the total cDNA to 100
ng/well). Lipofectamine was used according to manufacturer’s instructions. Five hours after
transfection, 0.125mL DMEM with 20% FCS and 20μg/mL and gentamicin was added to
the wells [40].

Inositol Phosphate (IP) Assays
Twenty-three hours after transfection the medium was removed and replaced with 0.25mL
of fresh growth medium, IN3 was added, where indicated, in 1% final DMSO (vehicle) in
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respective media to cells for 4 hours (50). Twenty-seven hours after transfection the cells
were washed twice with 0.5mL DMEM containing 0.1% BSA/20μg/mL gentamicin then
“pre-loaded” for 18 hours with 0.25mL of 4μCi/mL myo-[2-3 H (N)]-inositol, in inositol
free DMEM, then washed twice with 0.30mL DMEM (inositol free) containing 5mM LiCl
and treated for 2 hours with 0.25mL of a saturating concentration of Buserelin (10−7 M) in
the same medium. Total IP was determined by Dowex Anion exchange chromatography and
liquid scintillation spectroscopy [41]. In the range of 0–100 ng receptor DNA, IP production
is a good measure of plasma membrane expression of the hGnRHR [17, 39].

Statistics
Experiments were repeated at least 3 times with triplicate determinations in each showing
the means ± SEM of replicates by experiment; significance was determined by ANOVA and
verified with individual Student’s t test. P < 0.05 for a degree of significance (SigmaStat 3.0,
Jandel Scientific Software, Chicago IL).

RESULTS
Cotransfection of ERP-57 chaperone with broken disulfide bond bridge mutant hGnRH
receptors

The ER chaperone ERP-57, with its thiol oxide reductase activity, was cotransfected with
the hGnRHR mutants that had broken disulfide bond bridges due to mutation (Cys114Ala,
Cys196Ala, Cys14Ala and Cys200Ala). We observed no significant difference in the Inositol
Phosphate (IP) response to 10−7 Buserelin comparing those receptors cotransfected with or
without ERP-57 (50ng). This experiment was performed since the Cys14-Cys200 bridge is
essential for proper receptor trafficking in mammalian species other than rat and human
[39]. Consistent with this observation, the Cys14-Cys200 bridge appeared to impact
expression of hGnRHR, but not the rat counterpart [39] When rescue was attempted with
pharmacoperone IN3, we obtained an increase in the PME, still, the difference between both
groups (i.e. with and without over-expressed ERP-57 cDNA) was not significant (Figure 1).
An interesting observation was the significant decrease in total IP production when ERP-57
was cotransfected with WT hGnRHR, an effect that was completely lost when cells were
treated with pharmacoperone IN3 (Figure 1).

ERP-57 had no effect when K191 was deleted from sequence, which already had a greater
expression when compared to the WT receptor. The same situation was observed in other
mutants such as hWT+M (“M” is a shorthand notation for receptor with mutations
Leu112Phe/Gln208Glu/Leu300Val/Asp302Glu) that replaces the human residues with
orthologous rat residues. These mutations, which convert the hGnRHR to the rat ortholog of
four residues, also conveys rat receptor characteristics (loss of dependence on the Cys14-
Cys200 bridge and greater PME) upon the human receptor [39], as does the hWT+C-tail
(catfish tail carboxyl terminal extension) [7]. The only mutant that presented a slight
decrease in expression was hWT+rECL2 (mutations on the ECL2 makes it more rat like,
Ser186Gly, Gln189Pro and Ser203Pro) with an average expression variation of 50.2%.

Cotransfection with ERP-57 and CANX
Cotransfecting CANX with hWT GnRH cDNA (or that from other proteins) resulted in a
marked decrease in their PME [29, 30, 38]. This decrease in receptor PME observed with
increasing amounts of cotransfected ERP-57 (50ng) and CANX (25ng) is shown in Figure 2;
CANX being the one to present a lower PME and probably a higher retention efficiency of
the protein. Since ERP-57 interacts with CANX to achieve thiol reductase function, we
cotransfected both chaperones with mutants and WT GnRH receptors. There was no
significant change in PME with mutants such as hCys14Ala, hCys200Ala and hCys14Ala/
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Cys200Ala. An impact was observed exclusively with hWT receptor, decreasing PME that
increased when the two chaperones were cotransfected together (Figures 3, 4). The double
mutant hCys14Ala/Cys200Ala presented an increased expression with ERP-57(50ng) only in
comparison to chaperone free conditions, contrasting with mutants containing one Ala-
substituted side of the disulfide bond bridge, as in hCys14Ala or hCys200Ala. Cotransfecting
ERP-57 (50ng) and CANX (25ng) with several of these mutants revealed that only the PME
of the hWT was altered when CANX and ERP-57 were cotransfected (Figures 3, 4).

Observations with mutant ERP-57
The interaction between ERP-57 and CANX has been suggested by a report [42] of a mutant
with a point mutation at position 299 in the ERP-57 sequence (Phe→Trp), reducing the
interaction between these two chaperones. We constructed the same mutant (ERP-57/
Phe299Trp) and cotransfected it with our mutant and WT hGnRH receptors, comparing PME
to the wild type ERP-57 chaperone. No significant differences were observed between these
two, although both chaperones presented a decreased receptor PME. When cotransfected
with CANX, the PME of the hGnRH receptors was even lower than seen previously, yet no
difference between the wild type and mutant ERP-57 chaperone was registered (Figure 5)
even when CANX was additionally transfected.

Observations with mutant ERP-72 chaperone
ERP-72 is another member of the Protein Disulfide Isomerase family, sharing sequence
identity as well as isomerase activity [45–47] with PDI. Transfecting this chaperone with
hWT and mutant GnRH receptors yielded no PME modification; hWT GnRHR presented
greater expression with ERP-72+CANX than the receptor cotransfected with ERP-57. This
could be attributed to the ERP-57+CANX interaction mentioned previously (Figures 6 and
7). The ERP-72 chaperone actually increased PME in comparison with chaperone free hWT
GnRHR. Receptor rescue experiments performed with pharmacoperone IN3 showed rescue
of the protein expression, yet failed to be significant enough to reveal any effect generated
by the cotransfection of ERP-57 and CANX.

DISCUSSION
Human GnRHR mutants with broken disulfide bond bridges (Cys14Ala, Cys200Ala,
Cys114Ala, Cys196Ala) do not assume the conformation needed to pass the cellular quality
control system (QCS), due to misfolding, resulting in ER retention and inability to reach the
plasma membrane. These mutants exhibit a low PME compared with the hWT hGnRHR,
hence, integrity of both disulfide bond bridges is key for the human GnRHR (Cys14-Cys200

and Cys114-Cys196), yet this is not true for other species [39].

Cotransfecting these mutants with ERP-57 (with its thiol oxide reductase activity) did not
have any significant difference in the IP response with receptors cotransfected without this
chaperone. Rescue with pharmacoperone IN3 resulted in a threefold increase in the PME of
both groups.

Previous observations have revealed a diminished PME when the disulfide bond bridges are
broken by mutating the residues on either side of the bridge (Cys14Ala, Cys200Ala,
Cys114Ala and Cys196) [39]. Cotransfecting ERP-57 (50 ng), a chaperone that is part of the
QCS within the ER, one would expect an interaction where ERP-57 could increase PME due
to its thiol oxide reductase activity or diminish the expression by identifying the mutant as
improperly folded. The receptor, with the double mutation Cys14Ala/Cys200Ala, had an
increased expression when cotransfected with ERP-57 as opposed to the chaperone free
mutant (Figure 5); one might speculate that the lack of the disulfide bond is compensated by
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other modification due to ERP-57, where cysteine residues could be involved, forming
disulfide bonds as described by Farmery et al. [43].

We examined the effect of ERP-57 on other GnRHR mutants, such as those lacking K191. It
has been observed that cow, sheep and humans include this particular amino acid in the
GnRHR sequence; its deletion significantly increased PME [6], as observed with WT
hGnRH containing the C-tail. When cotransfecting these particular mutants with chaperone
protein ERP-57 (50ng), no significant difference was found between receptor PME, with or
without the chaperone protein. This could be due to the fact that this particular mutant does
not interact with the chaperone. Both these mutants (hGnRHR des K191 and WT hGnRH+C-
tail) have a greater PME than the hWT receptor [8]. The K191 seems to be characteristic of
primates and its deletion increases the efficiency in receptor routing to PM, likely by
modifying receptor conformation and increasing chances of forming the Cys14-Cys200

bridge.

Addition of the catfish tail sequence is also known to increase the hGnRHR PME [7], since
it is quite probable that the lack of the catfish tail is accompanied by structural
rearrangements in other parts of the receptor, resulting in lower PME. Chaperone interaction
may also be important in the recognition of these conformational differences which may be
identified by other chaperones, or a set of several interacting chaperone proteins. Due to the
significantly increased expression of these mutants, ERP-57 chaperone activity may be
unperceivable in these particular cases.

Other mutants tested were WT hGnRH + rECL2. Point mutations in the ECL2 render the
receptor more rat-like (Gly186/Pro189/Pro202) [39], hence diminishing PME; also the WT
hGnRHR + M (“M” is a shorthand notation for receptor with mutations in Leu112Phe/
Gln208Glu/Leu300Val/Asp302Glu), a series of mutations that were all steric (no major
change in their charge or hydrophobicity) [39], had dramatic increases in the PME of the
receptor. Still none of these had significant modifications in their levels of IP production
when cotransfected with chaperone ERP-57 (50ng).

Chaperone protein ERP-57 may not recognize some point mutations, or simply not interact
with the hGnRHR when certain point mutations are present in the ECL2 as well as the
disulfide bond bridges. Still, a significant finding was a 14% decrease in IP production when
ERP-57 was cotransfected with the human WT receptor; a finding that was further enhanced
(49%) when this chaperone was cotransfected in combination with CANX (25ng), another
chaperone of the QCS within the ER, whose PME restriction qualities have been described
on this receptor [38].

Cotransfection with ERP-57 and CANX
Cotransfecting the hWT GnRHR with ERP-57 and CANX yielded a 49% decreased
expression in comparison to the WT receptor free of any chaperone interaction. The PME
was decreased by 22% when hWT GnRHR was cotransfected with CANX only. ERP-57
recruited by CANX to oxidize disulfide bonds, being that both chaperones are part of the
QCS in the ER and together they seem to recognize hWT GnRHR as an improperly folded
protein and were being retained in the ER [29,30,38], hence decreasing IP production
CANX and hGnRHR interactions have shown a diminished IP production when
cotransfected together [38]. Therefore, interaction between these chaperones enhanced
receptor retention within the ER. ERP-57 has been observed to provide initial protection to
glycoprotein degradation rather than CANX. Later on, roles seem to be exchanged and
ERP-57 moved on to its thiol oxidoreductase function [44]; this might also explain the
reduced expression of the receptor when GnRHR is cotransfected with ERP-57 only.
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Mutant ERP-57 Chaperone Protein
Once we had observed a high PME restriction with CANX and ERP-57 combined, we tested
the actual interactions between these two chaperones by constructing an ERP-57 mutant
described by Russel SJ et al [42]. This mutant (ERP-57 Phe299Trp) is reported to have less
than a 17% interaction with CANX and CALR. We cotransfected this mutant chaperone
with hWT GnRHR and found no significant difference in PME compared to normal
ERP-57, in combination with hWT GnRHR. Adding CANX to these chaperones did not
alter the difference between the mutant chaperone and the normal one (no significant
difference, p ≥ 0.05); still both presented a mean 58.57% less IP production than hWT
GnRHR. Our observations indicate no interaction between these two chaperones in the
presence of hGnRHR, still both exerted a PME restriction. One might also conclude that
these two chaperones act in different segments of the receptor structure, and instead of this
being a synergistic effect between the two chaperones, it is the net result of individual
proteins exerting their own effect. Further studies are needed to establish the actual effect
and interaction of these two chaperone proteins and their effect on the hWT GnRHR.

Observations with mutant ERlP-72 Chaperone Protein
Another important member of the Protein Disulfide Isomerase family is ERP-72, which
shares sequence identity with PDI and ERP-57; and, as such, it is recognized to function
both as a disulfide oxidase and reductase, catalyzing the formation of disulfide bonds in
nascent proteins [45–47], although interactions with ERP-57 and CANX have been reported
[34–36], the same cannot be said for ERP-72. This chaperone was cotransfected with
hGnRHR to see how it affected the IP production (PME), using the same amount of
chaperone protein as in the ERP-57 experiments (50ng). An increased IP production was
observed compared to the expression of the hWT GnRHR without any chaperone
interaction; although this increase by ERP-72 on hWT GnRHR is not statistically significant
(p ≥ 0.05). ERP-72 and CANX have been reported to interact, yet their relation remains
unclear [48]. Further experiments are needed to establish the actual interaction between
ERP-72 and hWT GnRHR.

These experiments show hWT GnRHR is a protein whose expression is modified by the
QCS chaperones. Their interaction may be complicated by the fact that many of these
proteins interact among themselves before exerting any effect on the nascent protein. Other
chaperones, such as HSP-90 and CALX, may be tested to see their own specific effect on
the hGnRHR as well as further detail in the interaction of ERP-57 and ERP-72 with this
specific receptor. Thiol oxidase/reductase chaperones are an important component of the ER
QCS that is still being studied. Since these chaperones interact with cysteine residues, they
probably also interact with the hWT GnRHR at the ECL-2 (a site that contains the cysteine
residues), the disulfide bond bridges and the Lys191 residue—when deleted, it dramatically
increases PME.

Our research failed to identify a specific site where ERP-57, with or without CANX, may
interact with the human GnRHR, but it shows that the WT receptor IP production and
therefore PME is affected by these two chaperone proteins. Different interactions may take
place with ERP-72, but these do not seem to be as important as the ones with ERP-57.
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Figure 1.
Cotransfection was performed with the hWT GnRHR as well as hGnRHR mutants in COS-7
cells due to their different IP production. Each one of these proteins was stimulated and their
inositol phosphate (IP) production determined with and without chaperone ERP-57 (50ng).
Further on, pharmacoperone rescue was attempted using IN3 (1μg/mL) where the IP
production is increased in most of these receptors. As observed, hWT GnRHR IP production
is decreased when cotransfected with ERP-57(50ng), rescue is evident with pharmacoperone
IN3 (1μg/mL). Mutations such as hC14A, hC200A and hC114A prevent disulfide bond
bridge formation in the hGnRHR, hence a lower IP production, other mutations such as h/
des191, hWT+CTFT and hWT+M actually increase IP production (“M” is a shorthand
notation for receptor with mutations in Leu112Phe/Gln208Glu/Leu300Val/Asp302Glu. The
hWT/rECL2 mutant construct of a rat extracellular loop 2, based on the differences of this
particular loop between rats and humans (mutations at Ser186Gly, Gln189Pro and Ser203Pro)
has also been seen to have variations in IP production. “C-tail” refers to the carboxyl
terminal extension found in catfish GnRHR, a feature lost in mammals that increases PME
(7).
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Figure 2.
A dose response curve was elaborated in order to evidence the most dramatic and significant
IP production restriction by the chaperones ERP-57 and Calnexin (CANX) when
cotransfected with hWT GnRHR (25ng). Co-transfection of CANX or ERP-57 cDNAs
restricts human WT GnRH receptor plasma membrane expression. Total inositol phosphate
(IP) production, as a result of transfecting increasing amounts (25–75 ng) of chaperone
(CANX) and disulfide oxidoreductase (ERP-57), with a constant amount of human WT
GnRH receptor (25ng) in Cos 7 cells.
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Figure 3.
The hWT receptor IP percentage production further evidences the attenuating effect of co-
transfection of ERP-57 and CANX cDNAs when compared to the hWT GnRHR, the effect
of each chaperone protein (decreased IP production) and the combination of the two (a
probable synergistic effect). Total inositol phosphate (IP) production of human WT GnRH
receptor cDNA (25ng) cotransfected with: empty vector (75ng), ERP-57 (75ng), ERP-57 +
CANX (50ng, 25ng), and CANX alone (25ng).
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Figure 4.
Buserelin (a GnRH receptor agonist) dose response curves for Cos 7 cells expressing:
human WT GnRH receptor, ERP-57, CANX + ERP-57, and CANX alone illustrate PME
decrease, inferring receptor retention at the ER. Cos 7 cells were transiently transfected with
human WT GnRH receptor (25ng) and: ERP-57 (75 ng), CANX + ERP-57 (50ng, 25ng),
and CANX alone (25ng) and total inositol phosphate (IP) production was measured. The
final amount of DNA was 100 ng by adding a complementary amount of empty vector.
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Figure 5.
Cotransfection was performed with the hWT GnRHR as well as hGnRHR mutants in COS-7
cells due to their different IP production. Each one of these proteins was stimulated and their
inositol phosphate (IP) production determined without any cotransfected chaperone, with
ERP-57 (50ng), CANX (25ng) and ERP-57(50ng)+CANX(25ng). The hWT GnRHR IP
production is decreased when cotransfected with ERP-57(50ng) and with CANX (25ng),
further restriction is evident when both of these proteins are cotransfected with the hWT
GnRHR. Mutations such as hC14A, hC200A and hC14/C200A will prevent disulfide bond
bridge formation in the hGnRHR, hence a lower IP production, other mutations such as
hC14a+M will increase IP production (“M” is a shorthand notation for receptor with
mutations in Leu112Phe/Gln208Glu/Leu300Val/Asp302Glu. (7)). Total inositol phosphate (IP)
production of human WT GnRH receptor cDNA (25ng) cotransfected with: empty vector
(75ng), ERP-57 (75 ng), ERP-57 + CANX (50ng, 25ng), and CANX alone (25ng). The final
amount of DNA was 100ng by adding a complementary amount of empty vector.
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Figure 6.
Total IP production response was further determined for the ERP-57 mutant receptor
ERP-57 (Phe299Trp), although IP production is restricted, compared to the chaperone free
production, no difference was observed in the effect of this mutant compared to the non-
mutant ERP-57; such an observation is also made when this mutant was co-transfected with
calnexin. All Cos 7 cells were transiently transfected with hWT GnRH cDNA (25 ng) and
different chaperones were added: ERP-57 (75 ng), ERP-57/Phe299Trp mutant (75ng),
Calnexin (75ng), ERP-57 (50ng) and CANX (25ng), ERP-57/Phe299Trp mutant (50 ng) and
CANX (25ng).
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Figure 7.
ERP-57 and ERP-72 action, diminishing PME of WT GnRH receptors, as measured by total
inositol phosphate (IP) production in Cos 7 cells transiently cotransfected with human WT
GnRH receptor (25ng) and chaperones: ERP-57(50ng), ERP-57 (50ng) and CANX (25ng),
CANX (25ng) and CANX (50ng); same combinations for ERP-72. ERP72 exhibited a non-
significant IP production increase, yet no restriction was observed when co-transfected with
Calnexin.
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