
ABBREVIATIONS: V2R, V2 arginine vasopressin receptor; HA, hemagglutinin; LVPR, lysine vasopressin receptor; DMEM, Dulbecco’s modified
Eagle’s medium; HG, high glucose; HBSS, Hanks’ balanced salt solution; D-PBS, Dulbecco’s phosphate-buffered saline; PBS, phosphate-
buffered saline; FBS, fetal bovine serum; AVP, arginine vasopressin; VIP, vasoactive intestinal peptide; BSA, bovine serum albumin; SDS, sodium
dodecyl sulfate; HEPES, 4-(2-hydroxyethyl)-1 -piperazineethanesulfonic acid; RIPA, radioimmunoprecipitation assay.
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SUMMARY
The human V2 vasopressin receptor belongs to the superfamily
of G protein-coupled receptors believed to be anchored to the
plasma membrane by seven transmembrane regions. The ex-
tracellular portion of the human V2 vasopressin receptor con-
tains one site susceptible to N-linked glycosylation. Metabolic
labeling and immunoprecipitation of the receptor expressed in
transfected cells were applied to examine whether the protein
was indeed glycosylated. The V2 vasopressin receptor ex-
pressed transiently was glycosylated, but glycosidase treat-
ment to test the complexity of the sugar moiety linked to
asparagine revealed that the majority of the receptor protein
lacked complex carbohydrates, an indication of an improperly

processed protein. This immature protein displayed a tendency
to form aggregates. In contrast with these data, testing of the
sugar complexity of the receptor protein synthesized in stably
transfected cells identified the predominant form as an appro-
priately processed receptor protein. Mutagenesis of asparagine
22 to glutamine produced on expression in transfected cells a
nonglycosylated receptor with ligand binding affinity and cou-
pling characteristics almost identical to those of the wild-type
form. After exposure to elevated concentrations of AVP (100
nM), the nonglycosylated form desensitized to the same extent
as the wild-type receptor.

The V2R expressed in the principal cells of the kidney
collecting duct mediates the antidiuretic action of AVP (1).

Occupation ofthe receptor by AVP promotes activation of the

G�adenylyl cyclase system. The increased intracellular level
of cAMP activates protein kinase A and starts a phosphory-

lation cascade that promotes the translocation of the AVP-

regulated water channel, aquaporin 2, to the apical mem-

brane ofthe cell, thus increasing water permeability (2, 3). In

confirmation ofthe role these proteins play in the mechanism

ofwater homeostasis, mutations affecting the V2R and aqua-
porin 2 have been described in individuals with hereditary
defects in urine-concentrating capability (4-6). The cDNAs

encoding the V2R from humans, rat, and mouse as well as

that encoding the homologous pig LVPR have been cloned.

Comparison of the deduced amino acid composition reveals

an overall 85% similarity among them and the presence in all
V2Rs ofone predicted acceptor site for N-linked glycosylation

in the extracellular amino-terminal segment (7-10).
Significant changes in receptor binding and trafficking have

been observed in the pig LVPR expressed in the LLCPK1 cell
line when glycosylation was prevented or altered by the use of
the antibiotic tunicamycin or the alkaloid castanospenrnn (11).

Synthesis of the LVPR was reduced when cells were treated

This work was supported in part by National Institutes of Health Grant
DK21244 (M.B.).

with these agents, and ligand-induced internalization of the
receptor was diminished. These findings led to the conclusion

that glycosylation plays a major role in the transport and func-
tion of V2Rs. It has also been reported that rhodopsin lacking
the glycosylation site at Asnl5 is transported poorly to the cell
surface and is defective in stimulating G� (12).

To verify whether the findings described for the pig LVPR

could be applied to the human V2R, we examined the impact
of glycosylation on the synthesis and function of this protein.

The wild-type and a mutant receptor lacking the asparagine
required for glycosylation were expressed, and their func-

tional properties compared. Experiments were performed

both in COS.M6 and HEK 293 cells expressing the receptor

transiently and in stable form. The human V2R was tagged

with the influenza HA epitope to allow for immunoprecipita-

tion from cell extracts (13). Here, we report that the func-
tional properties of the nonglycosylated human V2R we
tested are unaltered; these include hormone binding, cou-
pling to G5, desensitization, and internalization. We also
found that the receptor protein produced multiple bands in
the expression systems that we analyzed.

Experimental Procedures

Materials. DMEM HG, HBSS, D-PBS, penicillin/streptomycin,
0.5% trypsin/5 mM EDTA, geneticin (G-418), and FBS were from
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GIBCO (Grand Island, NY); methionine/cysteine-free DMEM was
purchased from ICN Biochemicals (Costa Mesa, CA); cell culture

plasticware was from Costar (Cambridge, MA); AVP was from Pen-

insula Laboratories (Belmont, CA); VIP, ( - )isoproterenol, and iso-

butylmethylxanthine were from Sigma Chemical (St. Louis, MO);

and forskolin was from Calbiochem (San Diego, CA). All other re-

agents were from Sigma. I3HJAVP (specific activity, 60-80 Cilmmol),
:enSExpress Protein Labeling Mix (specific activity, >1000 Cilmmol),

(Y:C2PIATp (specific activity, 3000 Ci/mmol), and Amplify were pur-

chased from DuPont-New England Nuclear (Boston, MA); [3H]cAMP

was from ICN Biochemicals (Irvine, CA); and PN-glycosidase F and

endoglycosidase H were from Boehringer-Mannheim Biochemicals

(Indianapolis, 1N.

Construction of mutant V2RS. The HA epitope (YPYDVPDYA)

and the N22Q mutation were introduced into the V2R using a poiy-

merase chain reaction-based approach ( 14). The resulting constructs

were sequenced fully according to the dideoxy chain termination

method of Sanger et al. (15). For expression in eukaryotic cells, the

cDNA bearing the N22Q mutation was cloned into the expression

vector pcDNA3 (InVitrogen, San Diego, CA). The HA epitope was

inserted between amino acids 1 and 2 added at the amino terminus

or after amino acid 370 at the carboxyl terminus of the receptor.

Commercially available monoclonal antibody 12CA5 was used to

immunoprecipitate receptor tagged with the HA epitope.

Cell culture. COS.M6 and HEK 293 cells were grown in DMEM

HG supplemented with 1O� heat-inactivated FBS, 50 units/ml pen-

icillin, and 50 �g/ml streptomycin.

Transient expression in cells. COS.M6 or HEK 293 cells, kept

below 75% confluence, were plated at a density of 1.0 or 2.8 x 106

cells/100-mm dish, respectively, and transfected the following day by a

modification of the method of Luthman and Magnusson (16). Briefly,

after rinsing with HBSS, each plate with cells received 800 M1 of HBSS,

pH 7.05, containing 3 pg ofplasmid DNA mixed with 0.5 mg/ml DEAE-
Dextran. After 20 mm at room temperature, 100 j.�M chloroquine in

DMEM containing 2% FBS was added. After 3 hr at 3T, the cells were

exposed to 10% dimethylsulfoxide in HBSS for 2 mm, rinsed twice with

DMEM without additives, and returned to growth medium and 37#{176}.A

similar protocol was used to transfect HEK cells 293.

Stable expression in HEK 293 cells. The cells, maintained at

subconfluency, were transfected according to the calcium phosphate

precipitation technique ofGraham and van der Eb (17). On the day

before transfection, 1-2 x 106 cells were plated onto each of two

100-mm plates. The DNA/calcium phosphate coprecipitate contain-

ing 10 ;.tg of pcDNA3, which contained the V2R cDNA, was prepared

in a sterile hood immediately before use with all reagents at 37#{176}.The

reagents were mixed in a 15-ml sterile polystyrene tube in the

following order: 10-100 pJ of plasmid DNA in 1 mM EDTAJ1O mM

TrisHCl, pH 7.5; sterile H2O to bring the volume to 900 pJ; 1 ml of

250 mr�i CaC12 and 100 pJ of 15 mM Na2HPO4; 50 mM HEPES; 150

mM NaCl; and 5 mM KC1, adjusted to pH 7.05 with NaOH. All

reagents were added dropwise and slowly, with gentle mixing after

each addition. After 10 mm at room temperature, halfofthe whitish

suspension was added dropwise to each plate with cells and mixed by
gentle swirling. After 18 hr in the incubator, the medium was re-

moved, and cells were treated with 2 ml of 25% glycerol in HBSS at

370� After 1 mm, the glycerollHBSS mixture was diluted with 10 ml

of HBSS added slowly with continuous mixing. The solution was

aspirated, and the cells were rinsed once with HBSS. Fresh medium

was then added, and the plates were returned to the incubator. The

next day, the cells were trypsinized and diluted with the selection

medium containing 400 �g/ml G-418. Cells were then distributed

into the wells of two 96-well microtitration plates (2000-4000 cells!

well) using a Costar transplate device. G-418-resistant clones were

picked after 16-18 days and expanded in six-well plates to assay for

stimulation of adenylyl cyclase activity as described.

Metabolic labeling with 35S-methionine and 35S-cysteine

and immunoprecipitation of V2R. Proteins were labeled in

100-mm dishes according to a modification of the method of Keefer

and Limbird (18) at 48 hr after transfection or 24 hr after plating

2.8 x 106 stably transfected HEK 293 cells. After being starved for 1
hr in methionine-free DMEM HG, the cells were labeled for 2 hr with

2 ml of the same medium containing 100 j.tCi of 35S-Express Protein

Labeling Mix/plate. Cells were used at this point or incubated for an

additional 2 hr in DMEM plus 10% fetal calf serum (chase). Cells

were then rinsed, scraped from the plate, and collected by centrifu-

gation in D-PBS. The cell pellet from one plate was homogenized in

500 pJ ofRIPA buffer (150 mM NaCl, 50 mM TrisHCl, pH 8.0, 5 mM

EDTA, 1% Nonidet P-40, 0.5% deoxycholic acid, and 0.1% SDS con-
taming protease inhibitors 0.1 mM phenylmethylsulfonyl fluoride, 1

j.tg!ml soybean trypsin inhibitor, and 0.5 j.�g!ml leupeptin). Homoge-

nization was achieved by drawing the cells through needles of de-

creasing gauge (20-25 gauge) fitted to a 1-ml plastic syringe. Cell

extracts were then clarified by mixing them with 50 pJ of a 50%

slurry of prewashed Protein A-Sepharose in the same buffer. Pre-

washed Protein A-Sepharose was prepared by treatment for 1 hr

with 25 mg!ml BSA in RIPA buffer, followed by two washes with

RIPA buffer alone. For immunoprecipitation, monoclonal antibody
12CA5 was added to the clarified extracts at a concentration of 40

j.tg!ml and incubated overnight at 4#{176}.The antigen/antibody com-

plexes were then separated by incubation of the mixture with pre-

washed Protein A-Sepharose for 2 hr at the same temperature. The

beads were centrifuged, incubated three times for 4 mm at room

temperature with RIPA buffer, and recovered each time by centrif-

ugation. Proteins were then eluted for 20 mm at room temperature

with 80 j.d of2x Laemmli buffer (lx = 62.5 mM Tris-HCI, 1% SDS,

10% glycerol, 10% f3-mercaptoethanol, pH 6.8) containing 10%

f3-mercaptoethanol. Alternatively, the proteins were eluted with 80

pJ of RIPA buffer containing 100 �iM HA peptide. After treatment

with glycosidases, these aliquots were mixed with an equal volume of

2x Laemmli buffer containing 10% �3-mercaptoethanol. The samples
were electrophoresed in 10% polyacrylamide gels and visualized by

treatment of the gel with Amplify and exposure of the dried gels to

Kodak-Xomat film at -70#{176}for the times indicated.

Hormone binding to intact cells. Cells were plated onto 12-well

plates at a density of 0.5-1.0 X i0� cells/well. Binding assays were

performed the following day. Cells were washed twice with ice-cold
D-PBS, after which each well received 0.5 ml of ice-cold D-PBS with

1 mM tyrosine, 1 mM phenylalanine, 0.2% glucose, 2% BSA, and the

appropriate dilution of [3H1A�p Plates were incubated for 2 hr on

top of crushed ice in a cold room before removal of the binding

mixture by aspiration. After being quickly rinsed twice with ice-cold

D-PBS, 0.5 ml of0.1 N NaOH was added to each well to extract bound

radioactivity. After 30 mm at 37#{176},the fluid from the wells was

transferred to scintillation vials containing 3.5 ml of Beckman UL-

TIMA-FLO M (Packard, Meriden, CT) scintillation fluid for radioas-
say. Nonspecific binding was determined under the same conditions

in the presence of 10 j.�M unlabeled AVP (14). Replicate plated wells

were trypsinized, and their cell content was determined to normalize

the results as binding sites per cell. Binding experiments were per-

formed at least three times, and the data are reported as mean ±

standard error.

Adenylyl cyclase activity in cell homogenates. Adenylyl cy-

clase activity was assayed as previously described (14). The medium

contained (in a final volume of5O pJ) 0.1 mM [a-32P]ATP (1-5 x 106

cpm), 1.6 mM MgCl2, 10 �M GTP, 1 mM EDTA, 1 mr�i [3HIcAMP
(- 10,000 cpm), 2 mM isobutylmethylxanthine, a nucleoside triphos-

phate regenerating system composed of 20 mM creatine phosphate,

0.2 mg/ml (2,000 units/mg) creatine phosphokinase, 0.02 mg/mi

myokinase (448 units/mg), and 25 mM TrisHCi, pH 7.4. Incubations

were at 32#{176}for 20 mm. Hormones (diluted in 1% BSA) were present

at the concentrations indicated on the figures. Reactions were

stopped by the addition of 100 pA ofa solution containing 40 mM ATP,

10 mM cAMP, and 1% SDS. The cAMP formed was isolated by a

modification of the standard double chromatography over Dowex-50

and alumina columns (19, 20).

Under these assay conditions, cAMP accumulations were linear
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with time of incubation for �40 mm and proportional to the amount
of homogenate. The activities were expressed as pmol of cAMP

formed/mm/mg of homogenate protein. Protein was determined ac-

cording to the method of Lowry (21) using BSA as standard. The

experiments were performed at least three times. The values for
adenylyl cyclase activity are expressed as the mean ± standard

error.

Results

Glycosylation of the V2R in COS and HEK 293 cells.
To examine whether the wild-type V2R is indeed glycosy-

lated, the HA epitope was added to either the amino-terminal

or the carboxyl-terminal end of the receptor to isolate the
protein from cell extracts by immunoprecipitation. In either

location, the presence of the epitope did not alter the level of
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ceptibility to endoglycosidase H identified the 37-kDa band

as a glycosylated protein containing high mannose sugar

substitution, revealing that the majority of the isolated re-

ceptor protein had not been processed through the Golgi

network as expected from a mature plasma membrane pro-
tein. A similar distribution ofradioactive bands was observed

when metabolically labeled V2R expressed transiently in

HEK 293 cells was examined by the use of SDS-polyacryl-

amide gel electrophoresis and fluorography (not shown). As

illustrated in Fig. 1, B and C, transfection of the N22Q

mutant cDNA always produced a protein of 40 kDa, close in

size to the predicted nonglycosylated V2R. Assuming that the

glycosylated protein would have migrated as a slower and

less-focused band, we considered the possibility that the 45-
55-kDa protein corresponded to the mature glycosylated hu-

mon V2R
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chase and displayed resistance to endoglycosidase H treat-

ment. Treatment with PN-glycosidase F reduced the size of

the 37-kDa (Fig. 2, bottom arrow) and 30-kDa bands and gave
rise to a 40-kDa band (Fig. 2, top arrow) while reducing the

intensity of the broad band. Extracts from control HEK cells

treated in a similar way did not undergo changes in their

radioactive pattern.

Functional properties of the nonglycosylated V2R.
The wild-type and N22Q mutant V2Rs were expressed tran-
siently in COS.M6 and HEK 293 cells to assess the binding

affinity of the receptor to AVP and the level of receptor

expression. In the representative experiment illustrated in

Fig. 3, the binding affinity for [3H]AVP was 2.2 and 2.7 nr�i for

the wild-type and the nonglycosylated receptors, respec-

tively. The � was 5.9 x 106 sites/cell and 4.6 X 106

sites/cell for the wild-type and the nonglycosylated receptors,

respectively. The mean values ofthese parameters calculated

from three independent experiments were a KD value of2.5 ±

0.3 and 2.6 ± 0.3 and a Bm,,� value of 4.9 ± 1.4 and 4.5 ±

1.7 x 106 sites/cell for the wild-type and nonglycosylated
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Fig. 3. Saturation binding of [�HJAVP to COS.M6 cells. Top, rHIAVP
saturation binding assays were carried out at 0#{176}with cells transfected
either with wild-type or N22Q V2R cDNA. Nonspecific binding was
determined in the presence of 1 0 �tM AVP. fl And �, total and nonspe-
cific binding, respectively, in cells transfected with wild-type V2R
cONA; � and A, total and nonspecific binding in cells transfected with
N22Q V2R cDNA. Bottom, Scatchard analysis of the binding data
shown on the top. Bm� values were 355 and 348 fmol/well for the
wild-type (Wi) and the N22Q mutant receptor, respectively.
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receptors, respectively. Thus, we concluded that these pa-

rameters were not affected by the absence of sugar.

Fig. 4 illustrates a representative experiment in which the

ability of the nonglycosylated receptor protein to mediate

ASP-dependent stimulation of adenylyl cyclase activity was

examined and found to be very similar to the activity of the

wild-type receptor. The EC50 for stimulation of adenylyl cy-

clase activity was 0.2 ± 0.07 and 0.4 ± 0.14 nivi for the

wild-type and N22Q mutant receptor, respectively.

Desensitization of the nonglycosylated V2R. We pre-

viously showed that the human V2R is subject to ligand-

induced sequestration and desensitization (22). After expos-

ing cells expressing the wild-type or the N22Q mutant
receptor to 100 flM AVP for 10 mm at 37#{176}in growth medium,

we examined whether the absence of glycosylation affected

the extent of receptor desensitization or internalization. As

assessed by binding of [3H]AVP to intact cells, the AVP-

induced reduction in receptor sites was 50% for the wild-type

and the mutant receptor (data not shown). As illustrated in

Fig. 5, this was accompanied by a reduction in the maximal

stimulation ofadenylyl cyclase activity that was virtually the

same for both receptors. In addition, the EC50 values for

adenylyl cyclase activity stimulation for both receptors were

right-shifted to the same extent. The EC50 values for AVP

stimulation of adenylyl cyclase activity after desensitization

were 2.8 ± 1.3 and 4.4 ± 1.7 nM for the wild-type and the

nonglycosylated receptors, respectively. The EC50 values ob-

tamed in three independent experiments were used to calcu-

late this value.

20 OWT

16

.5

�:t 1: 1� 1� � � ;

AVP (-P0gM)

Fig. 4. AVP stimulation of adenylyl cyclase activity mediated by the
N22Q mutant receptor HEK 293 cells expressing the wild-type (Wi) or
the N22Q mutant receptor were tested for AVP-stimulated adenylyl
cyclase activity as described in Experimental Procedures; a represen-
tative experiment is shown. Adenylyl cyclase activities expressed as
pmol of cAMP formed/mm/mg of protein were 6.2 and 4.8 at base-line,
1 6 and 1 8 for 1 0 �.tM VIP, and 62 and 67 for 1 0 �.tM forskolin for the

homogenate of cells expressing the wild-type and N22Q mutant cDNA,
respectively. The VIP receptor is present in all HEK cells.
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74-kDa bands. Because this enzyme does not cleave glyco-

sidic bonds of complex carbohydrates, this result demon-

strated that most ofthe receptor extracted from COS.M6 and

HEK 293 cells expressing the protein transiently was map-

propriately processed. The faster migration observed is pre-

sumably the result of a combination of inappropriate folding

of the protein and incomplete maturation of the sugar moi-

ety, which may alter the attachment of sodium dodecyl sul-

fate and interfere with complete unfolding of the peptide

backbone. The immature proteins also show a marked ten-

dency to aggregate, probably via interaction of their hydro-

phobic regions, and form the apparent dimers seen some-

times when the extracts from cells labeled in transient

expression experiments are analyzed (Fig. 1A). These anom-

alies are probably a consequence of the high rate of protein

synthesis from the transfected plasmid that prevails in these

cells; we observed a different pattern of labeled proteins in

, � , I � I I stably transfected HEK 293 cells. The existence of dimers for

other G protein-coupled receptors expressed in COS cells has

been hypothesized because of their migration in gel electro-

phoresis. In view of our results, it seems necessary to verify

the extent of maturation of those proteins before attempting

to attach a functional correlate to their appearance. The

ligand binding and coupling properties of the receptors ana-

lyzed in transient expression experiments point to the exis-

tence of a significant pool of mature protein, that migrating

at 45-55 kDa, that is present on the cell surface and medi-

ates those effects. As seen from our results, detection of the

mature receptor in transient expression systems is impaired

4.4 nM by the accumulation of immature protein.
The HA-tagged V2R labeled and extracted from a stable

cell clone derived from HEK 293 cells was predominantly

composed of mature protein, and as illustrated in Fig. 2,
when this mature receptor protein predominated, the

I � � � I #{234} I “dimeric” aggregates were not apparent. The carbohydrate of
this mature protein had the resistance to endoglycosidase H

expected of complexes that have completed their processing

through the Golgi network. The high rate of protein accumu-

lation in transient expression experiments is unlikely to be a

consequence of the promoters that were used because the
plasmid construct was the same; rather, it may reflect the

different rates of mRNA synthesis from episomal opposite to

integrated DNA templates.

Because of the preponderance of fully processed receptor
observed in the stably transfected cell after the 2-hr label!

2-hr chase period, the impact of the chase period on the

nature of the predominant receptor bands deserves close

examination. As shown in Fig. 2, the labeled receptor immu-

noprecipitated from stably transfected cells after a 2-hr

pulse/no chase period has both a prominent 37-kDa band and

a diffuse band in the 45-55-kDa region. After the 2-hr chase,

the 37-kDa band practically disappeared, and the mature

receptor predominated. In experiments presented elsewhere,

we determined that the mature receptor has a t112 of 5 hr in

transient and stably transfected cells, whereas the 37-kDa

form has a t112 of 8 hr and of 20 mm in transient and stably

transfected cells, respectively (23). We ascribe the prolonged

apparent half-life to the accumulation of the immature form

in the transient expression experiments. In addition to the

increasing complexity of the sugar moiety, transit of the
receptor protein through the endopiasmic reticulum and the

Goigi network may be necessary to achieve appropriate fold-

Discussion

The cDNA encoding the human V2R predicts a protein of

371 amino acids with an expected molecular mass of 41,000
Da. The predominant form of 35S-labeled V2R expressed

transiently in COS.M6 or HEK 293 cells migrated as a 37-

kDa protein, significantly smaller than expected. Of the two
additional bands observed, the weak broad band at 45-55
kDa could have represented the glycosylated receptor,
whereas the 74-kDa band could have represented a receptor

aggregate or dimer. The intensity of both bands was variable
in COS.M6 cells, and we believe that the 74-kDa band is an
artifact created during processing of the cell extracts. Treat-
ment with endoglycosidase H reduced the size of the 37- and
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Fig. 5. Desensitization (des.) of nonglycosylated V2R. Cells expressing
the wild-type (Wi) and N22Q mutant receptors were exposed to 1 00 nM
AVP for 1 0 mm at 37#{176}in growth medium. The cells were rinsed twice
with D-PBS, scraped from the dish, and homogenized. AVP-stimulated
adenylyl cyclase activity was determined as described in Experimental
Procedures. The stimulation of adenylyl cyclase activities mediated by
each receptor protein is expressed as percentage of the maximal AVP
response obtained with the nondesensitized transfected cells. � And
L�, activity of control and desensitized cells expressing the wild-type
V2R cDNA; #{149}and A, activity of control and desensitized cells express-
ing the N22Q mutant V2R cDNA.
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ing ofthe peptide backbone. Even in the absence of a require-

ment for processing of the high mannose sugar, appropriate

refolding may be required to translocate to the cell surface a

protein that is fully functional. We concluded that the V2R

undergoes this maturation from our observation that expres-
sion of the N22Q mutant receptor in COS.M6 cells produced

two bands: the larger one at 40 kDa that migrates like the

deglycosylated mature receptor, and the smaller one at 33

kDa that migrates like the deglycosylated immature receptor

(Fig. 1, A and B).

An earlier report describing the impact of single amino acid

changes on the level of expression of the human V2R con-

tamed immunoblots of HEK cell membranes expressing V2R

tagged with a polyoma virus epitope (24). It was stated that

the predominant band detected at 60 kDa corresponded to

the AVP receptor protein, analogous to the value reported by
Kojro et al. (25) for the photoaffinity labeled bovine AVP

receptor. The receptor analyzed by Pan et al. (24) was ex-

pressed transiently, and the size of the bands shown differs

significantly from our results. We have performed similar

experiments with receptor tagged with the c-myc epitope and

found by immunoblotting a weak poorly defined band of the

same size as we obtained for the mature immunoprecipitated

receptor (not shown). Thus, we propose that the mature

human V2R has an apparent molecular mass of 45-55 kDa,

which is similar to the size reported for rhodopsin, either

purified from rod outer segments or from cells expressing the

protein (26).

As expected, treatment with PN-glycosidase F, which

cleaves the linkage between asparagine and the first at-

tached sugar regardless of its composition, altered the size of
all ofthe detected glycosylated bands. The immature forms of

the receptor were reduced in size, and the mature form

generated a much better focused protein band at 40 kDa. The

presence of the N-linked sugar at the amino terminus was

not required for efficient transport of the V2R to the cell

surface or for receptor function. Similarly, the presence of the

epitope at the amino-terminal end of the receptor protein did

not alter expression levels, ligand binding affinity, or cou-

pling to G8, suggesting that this region does not contribute

significantly to the formation of the binding pocket or the

coupling structure. The lack of effect of the sugar moiety on

V2R function that we report contradicts the report by Jans et

al. (11), which described significant changes in expression,
ligand binding activity, and internalization for the LVPR

expressed in the LLCPK1 cells when the cells were treated

with drugs that interfere with normal N-glycosylation. It is

possible that the results they observed were the result of

alteration by the glycosylation inhibitors of other cell func-

tions. These effects could be the results of previously un-

known effects of the substances used to inhibit glycosylation.

For example, recent reports describe the inhibitory effect of
tunicamycin on the palmitoylation of proteins.

The role of glycosylation in expression and function of G

protein-coupled receptors is variable. Both rhodopsin and the

f32-adrenergic receptor have two consensus sites for N-linked

glycosyiation, and although rhodopsin requires glycosylation

of one of the sites for proper transport to the cell surface and

coupling to transducin, only subtle changes in activity have

been described for the nonglycosylated f32-adrenergic recep-

tor (12, 27). Other receptors of this superfamily (e.g., the

human a2�-adrenergic receptor and the adenosine A2 recep-

tor) lack consensus sites for glycosylation (28, 29) and there-

fore are fully active in the absence of glycosylation. The V2R,

even though it is glycosylated, seems to belong to the class of
receptors for which glycosylation does not play a role in

function, although we reported that the half-life of the ma-

ture nonglycosylated receptor was 3.5 hr compared with 5 hr

for the wild-type V2R (23). The observation that the mature

nonglycosylated V2R protein is easier to detect in gel elec-

trophoresis has practical implications because expression of

this mutant receptor will facilitate the study of biochemical

modifications. Finally, our results illustrate that the assump-

tion that the most abundant protein form detected in tran-

sient expression experiments is the one responsible for the

measured biological effects is not correct for the V2R, and the

same may apply to other receptor proteins. Because transient

expression is commonly used to produce proteins for charac-
terization of antibodies or to examine the possible existence
ofreceptor dimers, scrutiny ofthe extent ofmaturation of the

proteins synthesized should play an important role in the

interpretation of the data.
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