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Abstract
Using biochemical and imaging approaches we examined the post-endocytotic fate of the complex
formed by human choriogonadotropin (hCG) and a constitutively active mutant of the human lutropin
receptor (hLHR-L457R) found in a boy with precocious puberty and Leydig cell hyperplasia.

Following internalization, some of the complex formed by the hLHR-wt and hCG recycles to the
cell surface and some is found in lysosomes where the hormone is degraded. In contrast, the complex
formed by the hLHR-L457R and hCG is not routed to the lysosomes, most of it is recycled to the
cell surface and hormone degradation is barely detectable. For both, hLHR-wt and -L457R, there is
an hCG-induced loss of cell surface receptors that accompanies internalization but this loss cannot
be prevented by leupeptin.

The removal of recycling motifs of the hLHR by truncation of the C-terminal tail at residue 682
greatly enhances the lysosomal accumulation of the hormone-receptor complexes formed by the
hLHR-wt or the L457R mutant, the degradation of the internalized hormone and the loss of cell
surface receptors. The degradation of the hormone internalized by these mutants as well as the loss
of cell surface receptors is largely prevented by leupeptin.

These results highlight a previously unrecognized complexity in the post-endocytotic trafficking of
the hLHR and document a clear difference between the properties of the constitutively active mutant
and the agonist-activated hLHR-wt. This lack of lysosomal degradation of the L457R mutant could
contribute to its constitutive activity by prolonging the duration of signaling.

Introduction
Although much is now known about the pathways by which G protein-coupled receptors
(GPCRs) are internalized (reviewed in refs. 1,2-6), less is known about the sorting of the
internalized receptors to a recycling or a degradation pathway (reviewed in refs. 3,5,6-9). A
better understanding of the structural features of GPCRs and the cellular proteins that
participate in their post-endocytotic sorting is needed because receptor internalization has
important functional implications. For example, recycling of internalized GPCRs is thought to
be involved in the resensitization of cellular responses (4,5,7) and is necessary for preserving
cellular responsiveness by maintaining a relatively constant density of receptors at the cell
surface (10-12). Conversely, lysosomal degradation of internalized GPCRs is thought to be
involved in the acute termination of signaling (13-15) and to contribute to a more prolonged
attenuation of signaling because it results in a net loss of cell surface receptors (10-12).
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In a series of recent studies we have shown that following hCG-induced internalization, a
portion of the hCG-human LHR (hLHR) complex is recycled to the cell surface where it
releases the bound hormone and can mediate additional rounds of hCG binding and
internalization (16-19). We have also identified two distinct structural motifs present in the C-
terminal tail of the hLHR and a protein with a PDZ-type I domain (GIPC) that participate in
the recycling of this receptor (16-19). Lastly, we have shown that the recycling of the hLHR
is important in maintaining a relatively constant level of cell surface receptors and cellular
responsiveness (12,18,19).

In addition to laboratory-designed mutations there are a growing number of naturally occurring
mutations of the hLHR gene associated with reproductive disorders (reviewed in refs. 20,21).
Some of these are loss-of-function mutations that prevent agonist-induced activation, whereas
others are gain-of-function mutations that result in constitutive activity. Although the hormone
binding and activation properties of these mutants are generally well characterized (reviewed
in refs. 20,21), less is known about their internalization (22-25) or their intracellular trafficking
after internalization (26). With this in mind we examined the post-endocytotic trafficking of
the hLHR-L457R mutant, a well characterized constitutively active mutant of the hLHR gene
associated with Leydig cell hyperplasia and precocious puberty (23,24,27-29). We report here
that the post-endocytotic fate of this constitutively active mutant of the hLHR differs from that
of the hLHR-wt.

Results
The hLHR-L457R does not route the internalized hCG to the lysosomes.

293T cells were transiently transfected with the hLHR-wt, a well characterized constitutively
active mutant (hLHR-L457R, see refs. 23,24,27,28,29), a truncated version of the hLHR at
residue 682 (hLHR-t682) that routes most of the internalized receptor to a lysosomal
degradation pathway because it removes recycling motifs present in the C-terminal tail of the
(18,19) and a new construct that incorporates both of these mutations (hLHR-L457R/t682).

The binding and signaling properties of these different mutants have been previously
characterized under conditions where the density of receptors at the cell surface is the same.
This can be done by manipulating the amounts of plasmid used for transfections and it is
necessary because receptor density can affect the magnitude and/or sensitivity of hormonal
responses (30). The functional properties of hLHR-t682 are similar to those of the hLHR-wt
(12). The constitutive activity of the L457R mutant is very similar to the maximal activity
observed when the hLHR-wt is activated by hCG (23,24,27-29). In addition, the high
constitutive activity of the L457R mutant is not further increased upon stimulation with hCG
in spite of the fact that it binds hCG with the same affinity as the wild-type receptor (23,24,
27-29). The functional properties of hLHR-L457R/t682 are very similar to those of hLHR-
L457R (data not shown). In contrast, the trafficking properties of the LHR and mutants thereof
are independent of receptor density (31-34). Therefore all experiments presented below were
done using cells transfected with identical amounts of plasmid for each receptor construct.

The fate of the internalized 125I-hCG was examined in cells that were allowed to bind and
internalize 125I-hCG (1 nM, enough to occupy ∼ 25% of the surface receptors, c.f. Fig 2) for
20 min and then, after removal of the surface-bound hormone, they were allowed to process
the internalized hormone for 2 h. A 20 min internalization period was chosen because it roughly
corresponds to the half-life of internalization of hCG mediated by the hLHR-wt (32,34). These
experiments were done in the absence or presence of leupeptin to allow or prevent the lysosomal
degradation of the internalized hormone, respectively (10,35), and in the presence of an excess
of hCG in the medium to prevent rebinding of any hormone that had recycled back to the
surface (18,33). Table 1 shows that in the absence of leupeptin ∼20% of the 125I-hCG
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internalized by the hLHR-wt is degraded and released. The rest of the 125I-hCG remains in
intracellular compartments (∼25%), or is recycled back to the surface and it remains bound to
the receptor (∼34%) or released to the medium in an undegraded form (∼21%). As expected
(19), cells expressing the hLHR-t682 display an increase in the amount of degraded 125I-hCG
(∼44%) and a decrease in the amount of recycled hormone. Cells expressing the hLHR-L457R
mutant degrade only a small amount of the internalized 125I-hCG (∼3%) and most of the
hormone remains intracellularly (50%) or is recycled to the surface. In contrast to cells
expressing any of the other constructs, however, most of the 125I-hCG recycled by the hHLR-
L457R mutant remains receptor bound (∼42%) and only a small amount is released back into
the medium (∼5%). A t682 truncation of the L457R increases hormone degradation and
decreases recycling.

The results presented in Table 1 also show that leupeptin readily inhibits the degradation
of 125I-hCG mediated by the hLHR-wt, -t682 and -L457R/t682 mutants. This inhibition is
reflected as a decrease in the amount of degraded 125I-hCG released (see hLHR-wt) and/or a
decrease in the amount of degraded 125I-hCG released as well as an increase in the amount
of 125I-hCG that remains intracellularly (see hLHR-t682 and -L457R/t682). Leupeptin had
virtually no effect on the processing of the 125I-hCG internalized by hLHR-L457R.

Since these experiments were done using a single time point we also compared the time courses
involved in the processing of the 125I-hCG internalized by cells expressing these mutants. In
addition to the differences shown in Table 1 the time course experiments show a delay in the
rate of recycling of the internalized 125I-hCG in cells expressing hLHR-L457R when compared
to that observed in cells expressing the hLHR-wt (Figure 1). This difference was not obvious
from the experiments presented in Table 1 because at the end of a 2 hour period the extent of
recycling in cells expressing either construct is similar (Figure 1 and Table 1). Using a
somewhat different protocol others (26) have shown that another constitutively active mutant
of the hLHR (D578H) also recycles slower than the hLHR-wt.

The lack of dissociation of the recycled hCG/hLHR-L457R complex shown in Table 1 is also
surprising because this mutant binds hCG with the same affinity as the hLHR-wt (27). In an
attempt to understand this observation we measured association and dissociation kinetics
of 125I-hCG to cells expressing the hLHR-wt and the L457R mutant. The data are presented
in Figure 2 show that these parameters are the same for both receptors.

The location of the 125I-hCG internalized by the different receptors was ascertained by Percoll
gradient centrifugation (10,35). To enhance our ability to detect 125I-hCG in the lysosomes
only cells incubated with leupeptin were analyzed at the end of the binding and internalization
period (defined as t = 0) and at the end of the 2 h incubation period (t = 2 h) used to allow for
processing of the internalized hormone (Figure 3). Regardless of the receptor used, 20-30%
and 12-15% of the radioactivity present in the gradient at t = 0 migrates in the endosomal and
lysosomal fractions, respectively. At the end of the 2 h processing period the fraction of the
gradient radioactivity present in endosomes declines to 10-15% and the fraction of radioactivity
present in the lysosomes increases to 46-54% in cells transfected with the hLHR-wt, hLHR-
t682 or hLHR-L457R/t682 (Figure 3). In contrast, there is little or no change in the distribution
of radioactivity in cells transfected with the hLHR-L457R mutant (Figure 3).

Although the fraction of intracellular radioactivity that accumulates in the lysosomes is similar
for the hLHR-wt, -t682 and -L457R/t682 mutants, the total accumulation of radioactivity in
the lysosomes of cells expressing either of the two mutants is higher than that of cells expressing
the hLHR-wt because of the higher amount of intracellular radioactivity found in cells
expressing the mutants (Table 1). When this distribution is taken into account it can be readily
estimated that in cells expressing the hLHR-wt only ∼14% of the internalized 125I-hCG is
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present in the lysosomes at the end of the 2 h incubation (30% of the hormone remains
intracellularly × 46% of the intracellular hormone present in the lysosomes). In contrast, in
cells expressing hLHR-t682 or hLHR-L457R/t682, ∼32% and ∼45% of the internalized 125I-
hCG, respectively, is present in the lysosomes. The same calculations revealed that in cells
expressing hLHR-L457R only 10% of the 125I-hCG is present in the lysosomes.

Since it was previously shown that the hCG-LHR-wt complex remains associated after
internalization the fate of the internalized 125I-hCG can be used as a convenient and quantitative
method to follow the fate of the internalized receptor (10,35-37). This is documented again in
Table 2 where we measured the fraction of the 125I-hCG radioactivity present in the lysosomal
fraction that was free or receptor bound. Since the hLHR-wt and mutants are tagged with the
myc-epitope, any radioactivity immunoprecipitated by the 9E10 antibody has to be receptor
bound rather than free hormone (10,35). Table 2 shows that at the end of the 2 h processing
period, 20-40% of the 125I-hCG present in the lysosomal fraction of cells transfected with the
hLHR-wt or any of the mutants can be immunoprecipitated with the 9E10 antibody. Since the
efficiency of immunoprecipitation is ∼40% (see Materials and Methods and the legend to Table
2) we estimated that 50-100% of the radioactivity present in the lysosomes represents 125I-
hCG bound to the receptor.

We conclude that the hCG-receptor complex internalized by the hLHR-L457R mutant is not
routed to the lysosomes. Instead it seems to continuously cycle between the endosomes and
the cell surface. Our data also show that similarly to the hLHR-wt, truncation of the C-terminal
tail of the L457R mutant allows for a greater accumulation of the hormone receptor complex
in the lysosomes.

The internalized hLHR-L457R is not routed to the lysosomes.
The trafficking of the receptors was ascertained by confocal imaging in 293T cells
cotransfected with a GFP-cathepsin D fusion protein (a lysosomal marker) or in cells incubated
for 2.5 min with Alexa488-conjugated transferrin to label early endosomes. The top panels of
Figures 4A and B show that, in the absence of hCG, the hLHR-wt and hLHR-t682 localize
mostly to the cell surface. As shown previously (19) the hCG-induced internalization of the
hLHR-wt and hLHR-t682 can be clearly demonstrated after a 20 min incubation with hCG
when both receptors localize in early endosomes (middle panels in Figures 4A and B). During
this short incubation the hLHR-t682 can be found in the lysosomes of ∼60% of cells (Figure
4B, middle panels) but the hLHR-wt cannot be found in the lysosomes of any cell (Figure 4A,
middle panels). Once the cells are allowed to process the internalized hCG for an additional 2
hours then the internalized hLHR-wt or the hLHRt682 can be found in early endosomes and
lysosomes (Figure 4A and B, lower panels). However the percentage of cells showing the
hLHR-wt in lysosomes is 50-60% whereas ∼90% of cells expressing the hLHR-t682 show a
lysosomal accumulation. The increased localization of the hLHR-t682 in lysosomes is in
general agreement with the results on the fate of the 125I-hCG measured on Percoll gradients
(Figure 3). The only difference is at t = 0 where the imaging reveals the presence of hLHR-
t682 and absence of hLHR-wt in lysosomes whereas the Percoll gradients do not show a
lysosomal accumulation of 125I-hCG in cells expressing hLHR-t682 (Figure 3).

Figures 4C and D show the imaging results obtained with the hLHR-L457R and hLHR-L457R/
t682 mutants. Even in the absence of hCG some of the hLHR-L457R is intracellular and located
in early endosomes but not in lysosomes (top panels of Figure 4C). This is not unexpected, of
course, because of the constitutive activity of this mutant (23,24,27-29). Stimulation of these
cells with hCG (middle panels in Figure 4C) and further processing of the bound hormone
(lower panels in Figure 4C) do not appear to alter this distribution and the hLHR-L457R does
not localize in the lysosomes. The majority of the hLHR-L457R/t682 mutant is also
intracellular in the absence of hCG stimulation. Most of this intracellular hLHR-L457R/t682
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does not co-localize with endosomes or lysosomes because it is the intracellular LHR precursor
present in the endoplasmic reticulum (see Figure 6 below). Some of the intracellular hLHR-
L457R/t682, however, localizes in endosomes and lysosomes even in the absence of hormone
(top panels of Figure 4D). Again, stimulation of the cells with hCG (middle panels in Figure
4D) and further processing of the bound hormone (lower panels in Figure 4D) do not appear
to alter this distribution. These results are also in general agreement with the Percoll gradient
data (Figure 3) which show no lysosomal accumulation of the internalized 125I-hCG in cells
expressing the hLHR-L457R mutant and substantial lysosomal accumulation of 125I-hCG in
cells expressing the hLHR-L457R/t682 mutant.

The fate of the hLHR-wt and mutants was also ascertained using a quantitative method in which
the density of the receptor at the cell surface was measured by immunoprecipitation of the
receptors from biotinylated cells (17,19). In the first series of experiments we examined the
levels of cell surface receptors under the same experimental conditions used above: a 20 min
binding and internalization period (defined as t = 0) followed by the removal of the surface
bound hormone and a 2 h incubation (t = 2 h) to allow the cells to process the internalized
hormone-receptor complex. Since we wanted to detect changes in receptor density that may
occur because of the degradation of the internalized receptor (17,19) these experiments were
done using a saturating concentration of hormone to maximize receptor occupancy and in the
absence of leupeptin to allow for lysosomal degradation to proceed. Figure 5 shows that a small
loss (∼20%) of cell surface receptors detected during the 2 h processing period in the cells
expressing the hLHR-wt and a greater loss (∼40%) in the cells expressing the hLHR-t682
(19). This is consistent with the larger accumulation of the hormone receptor complex in the
lysosomes of cells expressing hLHR-t682 when compared to the hLHR-wt. Surprisingly
however, the loss of cell surface receptors detected in cells expressing the hLHR-L457R mutant
that does not accumulate in lysosomes is relatively high (∼34%). The hLHR-L457R/t682
mutant behaved as expected from its higher lysosomal accumulation with a pronounced loss
(∼80%) of cell surface receptors.

In a series of related experiments, the density of cell surface receptors was measured in cells
incubated with a saturating concentration of hCG and in the absence or presence of leupeptin
for a much longer period of time (6 h). Under these conditions the cells continuously bind and
internalize the hormone thus allowing us to determine more pronounced changes in the density
of cell surface receptors that would occur after many rounds of internalization and processing
of the internalized hormone-receptor complex. The data presented in Table 3 show that under
long-term hCG stimulation the density of cell surface receptors in cells expressing the hLHR-
wt or hLHR-t682 decrease to ∼70% and ∼20% of control, respectively. Leupeptin inhibits the
decrease in hLHR-t682 but it has no effect on the loss of hLHR-wt. The loss of cell surface
hLHR-L457R is similar or slightly more pronounced than that detected in cells expressing the
hLHR-wt whereas the loss of hLHR-L457R/t682 is similar to that of the hLHR-t682. Leupeptin
has no effect on the loss of hLHR-L457R but it inhibits the loss of hLHR-L457R/t682.

We also attempted to document the recycling of the internalized receptor with the aid of
disulfide-linked biotin (38). This strategy proved difficult to implement with the hLHR,
however. We are not sure of the reason for this but we suspect it is related to the large and
disulfide-rich extracellular domain of the hLHR (20).

Lastly it should be noted that the biotinylation experiments (see Figure 5) indicated that, when
identical amounts of plasmid are transfected, the density of cell surface receptors in cells
expressing hLHR-t682 and particularly the hLHR-L457R/t682 mutant is much lower than that
of cells expressing the hLHR-wt or hLHR-L457R. This observation was confirmed by 125I-
hCG binding assays, which determine only the receptor at the cell surface, and by western blots
which determine the relative levels of the mature cell surface receptor and its immature
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intracellular precursor (reviewed in ref. 20). These data are presented in Figure 6 and show
that, when identical amounts of plasmid are transfected, the density of cell surface receptors
in cells expressing hLHR-t682 and hLHR-L457R/t682 is lower than the density of cell surface
receptors in cells transfected hLHR-wt or hLHR-L457R. A similar result was obtained when
the relative density of cell surface receptors was ascertained using Western blots (Figure 6).
Lastly, the Western blots presented in Figure 6 also show that whereas cells expressing the
hLHR-wt, hLHR-t682 or hLHR-L457R express similar amounts of the mature and intracellular
receptors, those expressing the hLHR-L457R/t682 mutant express mostly the intracellular
precursor. These results also explain why there is a substantial amount of intracellular receptor
that does not co-localize with endosomal or lysosomal markers in cells expressing the hLHR-
L457R/t682 mutant incubated without hormone (Figure 4D, upper panels). This intracellular
receptor is likely to represent the immature form of the hLHR which predominates in cells
expressing this mutant (Figure 6) and localizes to the endoplasmic reticulum (20). Many other
mutations of the hLHR have been previously shown to impair the maturation and/or transport
of the LHR precursor to the cell surface (reviewed in ref. (20)

Collectively the biochemical and imaging data show an hCG-dependent internalization as well
as endosomal and some lysosomal accumulation of the internalized hLHR-wt. This lysosomal
accumulation is enhanced in hLHR-t682 and the loss of cell surface receptors becomes more
pronounced. Interestingly our data also show that some of the hLHR-L457R localizes to early
endosomes even in the absence of hormone and that this mutant does not accumulate in
lysosomes even after hCG addition. The hLHR-L457R/t682 mutant is also internalized
constitutively and after hCG stimulation but it accumulates in lysosomes.

Discussion
Together with our previous results (17-19,35) and data from other GPCRs (39,40) the results
presented here are consistent with the notion that the internalized hCG/hLHR-wt complex
recycles by default. Since the process of recycling cannot be fully efficient a portion of the
internalized complex is transported to the lysosomes. This results in the release of hormone
degradation products in the medium and the net loss of a small amount of cell surface receptors.
The degradation of the internalized hormone clearly occurs in lysosomes because it is sensitive
to leupeptin (this paper) and other lysosomal inhibitors (41). On the other hand, since the loss
of cell surface hLHR-wt that ensues is not sensitive to leupeptin it appears that in spite of its
lysosomal accumulation, the internalized hLHR-wt is degraded elsewhere.

We have previously shown that two residues present in the C-terminal tail of the hLHR,
Leu683 and the C-terminal Cys699 are essential for recycling (18,19). Cys699 is essential for
binding GIPC, a PDZ-domain protein that mediates recycling (18). The reason why Leu683 is
needed for recycling is unclear but this residue may be involved in the formation of an internal
PDZ ligand that binds another (as yet unidentified) PDZ-domain protein that also mediates
recycling (42). The removal of this Leu683/Cys699 motif (by truncation of the C-terminal tail
of the hLHR at residue 682) interferes with recycling and a higher proportion of the internalized
hCG/hLHR-t682 accumulates in lysosomes and follows a lysosomal degradation pathway. The
involvement of the lysosomes in the degradation of the internalized hLHR-t682 and its
associated hormone can be clearly documented in this case because the loss of cell surface
receptors and the degradation of the internalized hormone are both sensitive to leupeptin.

The results presented here with the hLHR-L457R highlight a previously unrecognized
complexity in the post-endocytic trafficking of the hLHR. The hLHR-L457R mutant has a high
degree of constitutive activity in all signaling assays tested, it binds hCG with the same affinity
as the hLHR-wt and its activity cannot be further increased upon hCG binding (23,24,27-29).
The finding that the L457R mutant accumulates in early endosomes even in the absence of
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hormone stimulation is not unexpected because internalization is one of the consequences of
activation and this mutant is constitutively active. Surprisingly, however, the hLHR-L457R
that is internalized constitutively or after hormone stimulation does not traffic to lysosomes.
The internalized hLHR-L457R can be detected only in endosomes and there is little (if any
degradation) of the internalized hCG. In addition, recycling of the hCG internalized by the
hLHR-L457R mutant is slower and most of the hormone that recycles back to the cell surface
remains bound to the receptor. As shown herein the lack of dissociation of the hCG/hLHR-
L457R complex cannot be explained by a slower rate of dissociation of the hormone but it may
be explained by the faster rate of internalization of hCG mediated by this mutant (23) which
would result in a shorter residency time of the recycled complex at the cell surface. In fact it
appears that this complex enters a futile cycle of recycling and internalization.

Since internalized proteins traverse different endosomal compartments (43) and the hCG
internalized by the hLHR-L457R recycles slower a possible explanation for these results is
that the hCG/hLHR-wt and hCG/hLHR-L457R traffic through different endosomal
compartments. For example the hCG/hLHR-wt complex could follow a fast recycling pathway
from early endosomes whereas the hCG/hLHR-L457R could follow a slower recycling
pathway involving either the recycling and/or the late endosomes. We can localize both
receptors to early endosomes but we have not yet attempted to localize them to recycling or
late endosomes. We do know, however, that the recycling of the L457R mutant depends on
the same recycling motifs present in the hLHR-wt because a truncation at residue 682 allows
for a higher lysosomal accumulation and degradation of both hCG/receptor complexes as well
as a more pronounced decline in the density of cell surface receptors.

Since recycling requires an association of the LHR with GIPC (18) and at least one other protein
(see above) it is possible that the stability of these recycling complexes is enhanced by the state
of activation of the receptor. If this is the case the recycling complexes formed with the hLHR-
L457R would be more stable than those formed by the hLHR-wt because the former is
irreversibly activated by the receptor mutation whereas the latter is reversibly activated by
hormone binding. We already know that the co-immunoprecipitation of GIPC with the hLHR-
wt is not enhanced by hCG stimulation (18) but this assay is unlikely to detected subtle changes
in affinity that could influence the rate of dissociation of this complex. Moreover, since GIPC
is not the only protein that participates in the recycling of the hLHR it is also possible that
activation of the receptor influences the association of the receptor with this other protein.
Alternatively, the stability of the recycling complexes formed by hLHR-L457R could still be
caused by the mutation and could be unrelated to receptor activation. Although the L457R
mutation is on a residue present in transmembrane helix 3 of the hLHR (27) it is not difficult
to envision how a mutation in this region could affect the conformation of the C-terminal tail.
In fact another activating mutation of the hLHR (D578H in transmembrane helix 6) was
recently shown to impair the palmitoylation of one or more cysteine residues present in the
juxtamembrane region of its C-terminal tail (26). Also there are several examples of mutations
in the transmembrane regions of the LHR that affect the conformation of the extracellular
domain, as judged by changes in hormone binding affinity (44) or specificity (45).

Clearly more experiments are needed to determine if the internalized hLHR-wt and -L457R
traffic through the same endosomal compartments and if they form stable or unstable
complexes with GIPC and/or other recycling proteins.

Our data also show that the hCG-induced loss of cell surface receptors that occurs during
endocytosis is similar in cells expressing the hLHR-wt or hLHR-L457R and in both cases this
process is insensitive to leupeptin. The lack of effect of leupeptin on the loss of the L457R
mutant agrees with the finding that this mutant does not accumulate in lysosomes. On the other
hand, the lack of effect of leupeptin on the hLHR-wt is unexpected because we can detect the
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hCG/hLHR-wt complex in lysosomes and the degradation of the hormone internalized by this
receptor is sensitive to leupeptin. Likewise, the similarity in the magnitude of the hormone-
induced loss of the hLHR-wt and L457R mutant from the cell surface is surprising because
only the hLHR-wt accumulates in lysosomes. Lastly, truncation of the hLHR-wt or the L457R
mutant at residue 682 promotes not only the lysosomal accumulation of these mutants and the
ligand but also a greater extent of ligand degradation and loss of cell surface receptors, which
are sensitive to leupeptin. Clearly then these receptor mutants follow a lysosomal degradation
pathway.

In summary the results presented here extend the characterization of the post-endocytotic
trafficking of the hLHR and they highlight a previously unrecognized complexity in this
process. Although the reasons for the differential fate of the hCG-activated internalized hLHR-
wt and the free or hCG-activated hLHR-L457R are not fully understood these experiments are
important because they document a clear difference between the behavior of a constitutively
active mutant of the hLHR (hLHR-L457R) and the agonist activated hLHR-wt. Most (or all)
of the other functional properties of the constitutively active mutants of the hLHR are basically
indistinguishable from those of the agonist-activated hLHR-wt (23,24,27-29). It should be
noted that the different trafficking of the hLHR-L457R is not unique to this constitutively active
mutant. More limited studies published earlier (26) with another naturally occurring
constitutively active mutant of the hLHR (hLHR-D578H) show that this mutant also mediates
a slower rate of recycling and degradation of the internalized hCG. If some hormonal signals
originate from endosomes then this pathway could contribute to the constitutive activity of the
mutants. Alternatively, the lack of lysosomal accumulation could simply prolong the duration
of the signals generated by these mutants.

Materials and Methods
Plasmids and cells

The preparation and characterization of expression vectors for the myc-hLHR-wt and the
mutants (in pcDNA3.1) have been described (19,23,30,46). The expression vector for human
cathepsin D fused with the green fluorescent protein was kindly provided by Dr. Jonathan A.
Backer (Dept of Molecular Pharmacology, Albert Einstein College of Medicine of Yeshiva
University).

Human embryonic kidney 293T cells were maintained in DMEM containing 10 mM HEPES,
10% newborn calf-serum and 50 μg/ml gentamicin, pH 7.4 (Growth medium). Cells were
plated in gelatin-coated 35mm wells or 100mm dishes and transiently transfected with 0.5 μg
or 5 μg of plasmid DNA, respectively, using the calcium phosphate method of Chen and
Okayama (47) when 70-80% confluent. After an overnight incubation with the transfection
mixture, the cells were washed and used 24 h later.

125I-hCG binding assays
Transiently transfected cells were washed and placed in 1 ml of Binding medium (RPMI-1640
medium pH 7.4 without NaHCO3 but containing 20 mM Hepes, 50 μg/ml gentamicin and 1
mg/ml bovine serum albumin). The cells were incubated with a concentration of 125I-hCG
similar to the Kd (2.5 nM, Kd = 1-3 nM, see ref. 16,30) overnight at 4°C. At the end of this
incubation the cells were washed 2 times with cold binding medium to remove the free
hormone, solubilized with 100 μl of 0.5 N NaOH and collected with a cotton swab to measure
the bound 125I-hCG using a γ counter. Three wells were used for each receptor construct tested.
The first two wells received 125I-hCG only and were used to measure the total 125I-hCG bound.
The third well received 125I-hCG and 50 IU/ml of crude hCG and was used to correct for the
non specific binding.
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For the experiments shown in Figure 2 the cells were co-transfected with Dynamin-K44A to
prevent internalization of the bound hormone (24). Binding was then determined as described
above.

Fate of the internalized hormone
Transiently transfected cells were washed and then allowed to bind and internalize 125I-hCG
(1 nM, Kd = 1-3 nM) for 20 min at 37°C in Assay medium (RPMI 1640 medium with 20 mM
Hepes, 50 μg/ml gentamicin and 1 mg/ml bovine serum albumin, pH7.4) without or with 200
μM leupeptin (to inhibit lysosomal proteolysis, see refs. 10,35) as indicated in the figures and
tables. The cells were placed on ice and washed to remove the free hormone. The cell surface
bound 125I-hCG was then released by a brief exposure (3-4 min) of the cells to an isotonic pH
3 buffer (48). This was defined as t = 0 min in the figures, and the cells (which now contain
only internalized 125I-hCG) were incubated for an additional 2 h at 37C in assay medium
without or with 200 μM leupeptin and an excess of crude hCG (50 IU/ml) to prevent rebinding
of any intact hormone released into the medium (33). At the end of this second incubation
(defined as t = 2 h in the figures and tables), the medium was saved and the cells were washed
with cold medium. They were briefly exposed again to the isotonic pH 3 buffer to release and
measure any internalized hormone that had recycled back to the cell surface. The acid-stripped
cells were solubilized with NaOH to measure residual radioactivity that remained internalized.
Finally, the saved medium was precipitated with 10% trichloracetic acid to determine the
amount of degraded and undegraded 125I-hCG released (10,33,35).

In other experiments the cells were treated as above but at t = 20 or 120 min they were collected
and homogenized to determine the location of the internalized radioactivity (10,35). To do this
the cells were washed twice with cold homogenization buffer (0.25 M sucrose, 10 mM Hepes,
1 mM EDTA pH 7.4 containing 40μl/ml of protease inhibitor cocktail (Complete protease
inhibitor cocktail EDTA free, Roche Molecular Biochemical, Indianapolis, IN) and scraped
into 2 ml of this buffer. The cell suspension was centrifuged for 15 min at 800×g, the
supernatant was discarded and the cells resuspended in 2 ml of cold homogenization buffer
and lysed by forcing them through a 21-gauge needle 10 times. The cells were centrifuged
again at 800×g for 10 min and the supernatant was kept. The pellets were homogenized and
centrifuged again. The two supernatants were combined and a 2 ml aliquot was thoroughly
mixed with 8 ml of a Percoll solution (with a density of 1.046g/ml) prepared in homogenization
buffer. These mixtures were then centrifuged at 33,000×g for 20 min (70.1 Ti rotor in a L7-80
ultracentrifuge, Beckman Coulter, Inc., Palo Alto, CA) at 4C. The content of the gradients were
then collected from the top (250 μl/fraction), and the fractions were assayed for radioactivity
with the aid of a γ counter. Under these conditions the plasma membranes and endosomes band
together towards the top of the gradient whereas the lysosomes band towards the bottom of the
gradient (10,35).

Analysis of receptor-bound 125I-hCG
After Percoll gradient centrifugation, the fractions containing the lysosomes (fractions 33-42)
were pooled. Each pool received 200 μl of protease inhibitor cocktail and 500 μl of 10% NP-40
prepared in 20 mM hepes, 0.15 M NaCl pH7.4. The volume was adjusted to 5 ml with
homogenization buffer, and the samples were rotated 45 min at 4°C. The detergent extracts
were then centrifuged at 100, 000×g for 1 h at 4°C to remove the Percoll and insoluble material.

Duplicate aliquots of the supernatants were used to determine the total amount of 125I-hCG
present, and duplicate aliquots (500 μl) were mixed with an antibody to the myc epitope (9E10)
that was previously bound to protein G agarose. Prebinding of the 9E10 antibody to the protein
G-sepharose was accomplished by mixing 50 μl of a 25 fold dilution of 9E10 antibody (ascites
fluid from the 9E10 hybridoma cell line) with 30 μl of protein G agarose (50% slurry in 0.1%

Galet and Ascoli Page 9

Mol Endocrinol. Author manuscript; available in PMC 2006 November 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



NP-40, 20 mM Hepes, 0.15 M NaCl and 1 mM EDTA pH7.4) overnight at 4C. The bound
antibody was recovered by centrifugation at 4C and the agarose beads were washed twice with
the same solution before using. The beads were then mixed with the solubilized cell samples
and the mixture was rotated overnight at 4°C. The beads were then recovered by centrifugation
(4°C) and washed twice with 0.1% NP-40, 20 mM Hepes, 0.15M NaCl pH7.4. Finally the
beads were counted in a γ counter to determine the amount of 125I-hCG that was bound to the
immunoprecipitated receptor (35).

We immunoprecipitated the 125I-hCG-receptor complex present at the cell surface of 293T
cells transiently transfected with the myc-hLHR wt as a positive control and the non-tagged
hLHR-wt as a negative control. This was done by immunoprecipitation of detergent lysates of
transfected cells that had been allowed to bind 2.5 nM (Kd = 1-3 nM) 125I-hCG for 4 h at 4°
C (35). Under these conditions the amount of solubilized 125I-hCG immunoprecipitated from
myc-hLHR-wt or hLHR-wt transfected cells was 39 ± 1 and 5 ± 1 %, respectively.
Since 125I-hCG binding to cells incubated at 4C occurs only at the cell surface (48) the
percentage of hormone immunoprecipitated from myc-hLHR-wt and hLHR-wt transfected
cells is a good measure of the efficiency and specificity of immunoprecipitation, respectively.

Loss of cell surface receptors
Transiently transfected cells were washed twice with PBS (137 mM NaCl, 2.7 mM KCl, 1.4
mM KH2PO4, 4.3 mM Na2HPO4, pH 8) and then the surface proteins were labeled by
incubation of the cells with a 0.5 mg/ml of freshly prepared Biotin (EZ-Link TM sulfo-NHS-
LC-Biotin, Pierce, IL) for 30 min at room temperature. At the end of this incubation the cells
were washed once with DMEM containing 20 mM Hepes, 10% newborn calf serum, 50 μg/
ml gentamicin and incubated for 5 min in 1 ml of this medium to quench the unreacted biotin.

In some experiments the loss of cell surface receptors was ascertained using the same
experimental conditions used for determining the fate of the internalized hormone (see above).
For these experiments the biotinylated cells were washed twice with assay medium (see above)
and incubated in 1 ml of warm assay medium with a saturating concentration of hCG (25 nM,
Kd = 1-3 nM) for 20 min at 37C. At this point (t = 0 in the figures) the cells were placed on
ice, washed twice with wash medium (see above) to remove the free hormone and then treated
with an isotonic pH 3 buffer to release the bound hormone. The cells which now contain only
internalized hCG were incubated for an additional 2 h at 37C in assay medium, washed and
treated with the pH 3 isotonic buffer again to release any internalized hormone that had recycled
to the surface (t = 2 h in the figures). The cells were then lysed in 1ml of RIPA buffer as
previously described (23) and aliquots (∼ 500 μl) of the lysates containing 0.5 mg of protein
were then used to immunopreciptiate the myc-tagged receptors using the 9E10 antibody as
described above and elsewhere (23). The immunoprecipitates were resolved on SDS gels and
electrophoretically transferred to polyvinylidene difluoride membranes as described elsewhere
(49). The receptors were revealed using streptavidin conjugated to horseradish peroxidase
(Vector Laboratories Inc, CA) at a dilution of 1:5,000 in blocking solution. The proteins were
visualized and quantitated using the Super Signal West FEMTO Maximum Sensitivity system
(Pierce, IL) and a Kodak digital imaging system as described elsewhere (23). The image capture
system alerts us when image saturation occurs and prevents the quantitative analysis of
saturated images.

In other experiments the loss of surface receptors was ascertained after a long incubation with
the hormone that allows for several rounds of endocytosis (18,19). For these experiments the
biotinylated cells were incubated in medium without or with a saturating concentration of hCG
(25 nM, Kd = 1-3 nM) and with or without leupeptin (200 μM) for 6 h at 37°C. At the end of
this incubation the cells were placed on ice, lysed, immunoprecipitated and analyzed as
described above.
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Receptor immunoprecipitation and western blots
Cell lysates were prepared as described earlier (23). Aliquots containing 0.5 mg of the
solubilized protein were immunoprecipitated using the anti-myc 9E10 antibody prebound on
protein G agarose beads, resolved on SDS gels and transferred to membranes as described
above. The receptors were visualized by western blots using an anti-myc 9E10 antibody
conjugated to horseradish preroxidase (Roche Applied Science, IN) used at a 1:1,000 dilution
during a 1 h incubation at room temperature. The immune complexes were finally visualized
and quantitated as described above.

Confocal Microscopy
Confocal microscopy experiments were performed basically as described previously (17,19,
24) but using experimental conditions that mimic those used above to follow the fate of the
internalized hormone. Briefly, 293T cells were plated in eight-chamber coverslip culture
vessels coated with polylysine (Biocoat polylysine slides, Becton-Dickinson). They were
transfected (in a total volume of 400 μl) with 100 ng of the receptor expression vectors alone
or together with 10 ng of the cathepsin D-GFP expression vector as described above. In order
to determine the localization of the receptor in hCG stimulated cells two sets of cells transfected
with the receptor alone (groups A and B) or with the receptor and catepsin D-GFP (groups C
and D) were incubated for 20 min in assay medium containing 2.5 nM hCG (Kd = 1-3 nM).
At the end of this incubation one of the sets of cells transfected with the receptor alone (group
A) was also incubated with 20 μg/ml of Alexa 488-conjugated transferrin (Molecular probes)
for 2.5 min to label the early endosomes (50) whereas another group co-transfected with the
receptor and cathepsin D-GFP (group C) was incubated for 2.5 min without transferrin. These
two groups of cells (groups A and C) were washed twice with wash medium then subjected to
a brief exposure (3-4 min) to an isotonic pH 3 buffer to remove any surface bound transferrin
and hCG and then washed two more times with PBS pH7.4 and processed for microscopy as
described below. These cells are labeled as (+ hCG, t =0 min) and they are the same as the t =
0 min cells in the assays used to determine the fate of the internalized hormone (see above).
Group A allows for co-localization of the receptor and transferrin (an early endosomal marker)
whereas group C allows for co-localization of the receptor and cathepsin D-GFP (a lysosomal
marker).

Groups B and D were incubated for 20 min with hCG as described above, and washed twice
with wash medium prior to a brief exposure (3-4 min) to an isotonic pH 3 buffer to remove
any surface bound hCG and then washed two more times with assay medium. These cells were
further incubated in assay medium without hormone for 2 h to allow for processing of the
internalized hormone. Group B was then incubated with 20 μg/ml of Alexa 488-conjugated
transferrin (Molecular Probes) for 2.5 min whereas group D was incubated for 2.5 min without
transferrin. At the end of this incubation groups B and D were washed twice with wash medium
then subjected to a brief exposure (3-4 min) to an isotonic pH 3 buffer to remove any surface
bound transferrin and hCG and then washed two more times with PBS pH 7.4 and processed
for microscopy as described below. These cells are labeled as (+ hCG, t = 2h) in the figures
and they correspond to the t = 2 h cells in the assays used to determine the fate of the internalized
hormone (see above). Group B allows for co-localization of the receptor and transferrin (an
early endosomal marker) whereas group D allows for co-localization of the receptor and
cathepsin D-GFP (a lysosomal marker).

In order to localize the receptor in cells incubated without hCG, two additional groups of cells
transfected with the receptor alone (group E) or together with the cathepsin D-GFP plasmid
(group F) were incubated for 20 min in assay medium without hCG. Those in group E also
received 20 μg/ml Alexa 488-conjugated transferrin for the last 2.5 min of this incubation.
Finally they were washed twice with wash medium then subjected to a brief exposure (3-4
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min) to an isotonic pH 3 glycine buffer to remove the surface bound transferrin and washed
two more times with PBS pH 7.4. Those cells were then treated for microscopy and are labeled-
hCG in the figures. Group E allows for co-localization of the unoccupied receptor and
transferrin (an early endosomal marker) whereas group F allows for co-localization of the
unoccupied receptor and cathepsin D-GFP (a lysosomal marker).

To visualize the myc-hLHR, the cells were washed 3 times in PBS pH 7.4 and fixed in 4%
paraformaldehyde (in PBS) for 30 min at room temperature, washed again in PBS and
permeabilized for 1 min in 1% Trixon ×-100 in PBS. The cells were then incubated in 5%
bovine serum albumin in PBS for 1 hour and then incubated for 1 hour at room temperature
with a 1:100 dilution of the myc monoclonal antibody (9E10, see above) dissolved in PBS
containing 5 mg/ml bovine serum albumin. After washing three times the cells were incubated
for another hour at room temperature with a 1:1,000 dilution of Cy™5-conjugated sheep anti-
mouse IgG (Jackson Immunoresearch Laboratories). Finally, the cells were washed four times,
dried and mounted using Prolong antifade (Molecular probes). The Cy™5 labeled myc-hLHR
receptors and the Alexa488-conjugated transferrin or the cathepsin D-GFP were visualized
with a Zeiss confocal microscope. An oil 63× objective was used and the iris opening was 2
to 2.2 for each color filter.

For each probe, 5 to 10 fields were observed and 5 to 10 pictures of each field were taken. This
allows us to estimate the number of cells showing co-localization of the receptor with the
endosomes and the lysosomes.

Hormones and supplies
The 9E10 hybridoma cell line was obtained from the American Type Culture Collection. These
cells were used by Covance to prepare an ascites fluid containing the 9E10 antibody. Human
kidney 293T cells are a derivative of 293 cells that express the SV40T antigen (51) and were
provided to us by Doctor Marlene Hosey (Northwestern University, Chicago, IL). Purified
hCG (CR-127, ∼ 13000 IU/mg) was purchased from Dr A. Parlow and the National Hormone
and Pituitary Agency and purified recombinant hCG was generously provided by Ares-Serono
(Randolph, MA). 125I-hCG was prepared as described elsewhere (52). Partially purified hCG
(∼300 IU/mg) was purchased from Sigma, and it was used only for the determination of
nonspecific binding. Cell culture plasticware and medium were obtained from Corning and
Invitrogen, respectively. All others chemicals were obtained from commonly used suppliers.

293T cells were transiently transfected with the indicated constructs and incubated with 125I-
hCG (1 nM, Kd = 1-3 nM) for 20 min at 37°C in the absence or presence of leupeptin as
indicated. At this time the cells were washed to remove the free and bound hormone and placed
back in medium containing an excess of non-radioactive hCG without or with leupeptin at 37°
C for 2 h as indicated. The fate of the internalized 125I-hCG was then measured as described
in Materials and Methods.

Results are expressed as a percent of the total intracellular 125I-hCG radioactivity present at
the end of the binding and internalization period and they represent the mean ± SEM of three
to six independent transfections. At this point the amount of internalized radioactivit1 y varied
between 30,000 and 60,000 cpm/well.

293T cells were transiently transfected with the indicated constructs and incubated with 125I-
hCG (1 nM, Kd = 1-3 nM) and leupeptin for 20 min at 37°C. At this time the cells were washed
to remove the free and bound hormone and placed back in medium with leupeptin and an excess
of hCG at 37°C for 2 h. At the end of this incubation the cells were collected, homogenized,
and analyzed on Percoll gradients as described in Figure 2. A pool of the fractions containing
the lysosomes was solubilized with detergent and immunoprecipitated with an antibody (9E10)
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to the myc-epitope. The immunoprecipitated radioactivity was expressed as % of the total
radioactivity found in the pooled fractions.

Each of the samples used for immunoprecipitation contained 2,000-5,000 cpm. Each value
shows the mean and SEM of 3-4 independent transfections. Control samples in which
equivalent amounts of free 125I-hCG were immunoprecipitated as described above revealed
that only about 0.5% of the free 125I-hCG was immunoprecipitated. In contrast, when cells
transiently transfected with myc-hLHR-wt were incubated with 125I-hCG for 4 h at 4°C
followed by detergent solubilization, about 40% of the solubilized radioactivity could be
immunoprecipitated using the method described above.

293T cells were transiently transfected with the indicated constructs. The cells were
biotinylated and incubated at 37°C in the presence of a saturating concentration of hCG (25
nM, Kd = 1-3 nM) for 6 h in the presence or absence of leupeptin (200 μM) as indicated. The
cells were lysed and the lysates immunoprecipitated with the 9E10 antibody. The amount of
surface receptor was visualized and quantitated on western blots using streptavidin covalently
coupled to horseradish peroxidase as described in Materials and Methods and is expressed as
% of the receptor present at t = 0.
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Figure 1.
Recycling of the internalized 125I-hCG in cells transfected with the myc-hLHR-wt or myc-
hLHR-L457R. 293T cells were transiently transfected with the hLHR-wt (▲) or -L457R (■)
and incubated with 125I-hCG (1 nM, Kd = 1-3 nM) for 20 min at 37°C. At this time the free
and bound hormone were removed and the cells were further incubated at 37°C for 2 h in
medium containing an excess of non-radioactive hCG. The amount of recycled 125I-hCG
(surface bound + intact hormone released, see Table 1) was then measured at the times indicated
as described in Materials and Methods. Results are expressed as a percent of the total
intracellular 125I-hCG radioactivity present at the end of the binding and internalization period
(defined as t = 0 in the figure) and they represent the mean ± range of two independent
transfections. At t = 20 min the amount of internalized radioactivity varied between 30,000
and 60,000 cpm/well.
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Figure 2.
Kinetics of association and dissociation of 125I-hCG to and from cells expressing the myc-
hLHR-wt or myc-hLHR-L457R. 293T cells were transiently co-transfected with Dynamin-
K44A (to prevent internalization) and either the myc-hLHR-wt (□) or myc-hLHR L457R (▲)
as previously described (24). In the top panel the cells were incubated with 125I-hCG (2.5 nM,
Kd = 1-3 nM) at 37°C and the amount of hormone bound was determined at the times indicated.
In the bottom panel the cells were preincubated with 125I-hCG (2.5 nM, Kd = 1-3 nM) for 1h
at 37°C and then washed to remove the free hormone. The cells were placed back in medium
without hormone (t = 0) and incubated at 37°C. The amount of hormone that remained bound
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to the cells was determined at the times indicated and expressed as % of the amount of hormone
bound at t = 0. Each point is the mean ± SEM of 3 independent experiments.
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Figure 3.
Analysis of the distribution of the internalized 125I-hCG present in 293T cells expressing the
myc-hLHR wt or mutants thereof. 293T cells were transiently transfected with the indicated
constructs and incubated with 125I-hCG (1 nM, Kd = 1-3 nM) and leupeptin for 20 min at 37°
C. At this time (defined as t = 0) the free and bound hormone were removed and some of the
cells were processed immediately (open triangles) and the rest were placed back in medium
containing leupeptin and an excess of non-radioactive hCG and incubated at 37°C for another
2 h (black squares) to allow them to process the internalized hormone. At the end of this
incubation the cells were washed again with a neutral and acidic buffer as described above
prior to further processing. The cells were collected, homogenized, and analyzed on Percoll
gradients as described in Materials and Methods. As shown previously (35) the plasma
membranes and endosomes band towards the top (fractions 4-15) whereas the lysosomes band
towards the bottom (fractions 33-42) of these gradients. The radioactivity banding towards the
top of the gradient is considered to be in the endosomal only because the surface bound 125I-
hCG was released prior to analysis (see above and Materials and Methods). Each point is the
average of 2 to 8 experiments and the results are plotted as the radioactivity present in each
fraction expressed as a % of the total radioactivity present in the gradient. The total amount of
radioactivity present in each gradient was 60,000-90,000cpm. The numbers shown on top of
each of the endosomal or lysosomal peaks represent the amount radioactivity present in these
peaks expressed as % of the total radioactivity present in the gradient (mean ± range or SEM
of 2-8 experiments). The total lysosomal hormone at t = 2 h was calculated as discussed in the
text.
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Figure 4.
Confocal imaging of the myc-hLHR-wt and mutants thereof 293T cells were transiently
transfected with the indicated myc-hLHR constructs without (left panels) or with cathepsin D-
GFP (right panels). The transfected cells were washed and incubated without (-hCG) or hCG
(2.5 nM, Kd = 1-3 nM) for 20 min at 37°C (+ hCG, t = 0) and further processed as described
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in Materials and Methods. Another group of cells was incubated with hCG (52 nM) at 37°C
for 20 min and then, after removal of the receptor-bound hormone they were further incubated
without hCG for another 2 h at 37°C (+hCG, t = 2h) to allow for processing of the internalized
hormone. The cells transfected with the receptor only (left panels) were also incubated for 2.5
min with Alexa488 conjugated-transferrin and then treated with an isotonic acid buffer to
release the surface-bound transferrin while leaving the internalized transferrin in the early
endosomes. The receptors (in red) were visualized using an anti-myc monoclonal antibody
(9E10) and a CY5™-conjugated anti-mouse antibody. Alexa488 conjugated transferrin and
cathepsin D-GFP are shown in green and colocalized compartment are shown in yellow. The
cells were observed and analyzed using a Zeiss confocal microscope.
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Figure 5.
Short-term agonist induced degradation of the cell-surface myc-hLHR-wt and mutants thereof.
Transiently transfected 293T cells were biotinylated and incubated with a saturating
concentration of hCG (25 nM, Kd = 1-3 nM) for 20 min at 37°C. The cells were then washed
to remove the free and bound hormone and either lysed immediately (t = 0) or after an additional
2 h incubation at 37°C (t = 2 h). Lysates were immunoprecipitated with the anti-myc antibody
(9E10) and the surface receptors were visualized and quantitated on western blots using
streptavidin covalently coupled to horseradish peroxidase as described in Materials and
Methods. The relevant portions of a representative blot are shown. The numbers under each
lane represent the quantitation of receptor levels (mean ± SEM of 5 to 8 independent
transfections) expressed as a percent of the amount of cell surface receptors present at t = 0.
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Figure 6.
Expression of the myc-hLHR-wt and mutants thereof 293T cells were transiently transfected
with the indicated constructs, lysed and immunoprecipitated with the 9E10 antibody. The
mature, cell surface (M) and immature intracellular precursor (I) of the hLHR were visualized
on western blots using the 9E10 antibody coupled to horseradish peroxidase as described in
Materials and Methods. The relevant portions of a representative blot are shown. The amounts
of mature and immature receptor were quantitated by densitometry and are expressed relative
to the amounts detected in cells expressing the hLHR-wt (mean ± SEM of 3 independent
transfections). In other experiments the binding of 125I-hCG to the surface of cells transiently
transfected with each of the constructs shown was measured as described in Materials and
Methods. The results of these binding assays are shown below the respective receptor lanes
and they also show the mean ± SEM of three independent transfections.
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Table 1
Fate of the 125I-hCG internalized by 293T cells expressing the myc-hLHR-wt or mutants thereof

125I-hCG (% of initial cpm internalized)
hLHR Leupeptin Intracellular Recycled Degraded

Surface- bound Released undegraded

Wt - 25 ± 1 34 ± 1 21 ± 3 20 ± 3
+ 30 ± 1 32 ± 2 30 ± 3 8 ± 2

t682 - 27 ± 1 14 ± 1 15 ± 1 44 ± 2
+ 61 ± 1 14 ± 1 19 ± 1 6 ± 1

L457R - 50 ± 2 42 ± 4 5 ± 1 3 ± 1
+ 46 ± 1 46 ± 1 6 ± 1 2 ± 1

L457R/
t682

- 57 ± 3 9 ± 1 5 ± 1 29 ± 3

+ 83 ± 1 13 ± 1 3 ± 1 1 ± 1
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Table 2
Receptor-bound 125I-hCG in the lysosomes of cells expressing the myc-hLHR-wt or mutants thereof

Receptor Receptor-bound 125I-hCG (% of total cpm present in lysosomes)

hLHR-wt 29 ± 6
hLHR-t682 22 ± 6
hLHR-L457R 29 ± 1
hLHR-L457R/t682 41 ± 6
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Table 3
Long-term agonist-induced degradation of the cell-surface myc-hLHR-wt and mutants thereof.

Receptor Leupeptin Residual cell surface receptors (% of initial)

hLHR-wt - 71 ± 3
+ 77 ± 7

hLHR-t682 - 20 ± 1
+ 66 ± 8

hLHR-L457R - 63 ± 5
+ 57 ± 14

hLHR-L457R/t682 - 34 ± 8
+ 52 ± 7
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