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To understand the process of expression of tyrosinase, a key enzyme of melanogenesis, we
examined its maturation in the endoplasmic reticulum (ER) by using a heterogeneous
expression system. When human tyrosinase cDNA was introduced into COS 7 cells,
tyrosinase activity was minimally detected. Immunofluorescence study revealed that
tyrosinase was immunolocalized in the nuclear rim, the reticular network, and the
punctuated structures. Because a cytoplasmic tail of tyrosinase-gene family protein
functions as a lysosomal targeting signal in non-melanocytic cells, and immature and/or
misfolded molecules are selectively retained in the ER, the observed localization suggested
the inefficient maturation in the COS 7 cells. We thus examined if supplementation of
calnexin, a membrane-bound chaperone with affinity for oligosaccharide-processing
intermediates containing monoglucose, could improve the process. As expected, the
activity was enhanced ~2-fold by co-transfection of cDNA encoding calnexin. In contrast,
co-transfection of the cytosolic tail-free calnexin, which inhibits calnexin function by
allowing premature egress of its ligands from the ER, suppressed expression of this
enhanced tyrosinase activity. When a-glucosidase activity, which is required for calnexin
function, was inhibited by castanospermine (CST) treatment, expression of tyrosinase
activity was completely abolished. To confirm the direct involvement of calnexin in
tyrosinase maturation, the interaction of calnexin with tyrosinase was examined. Immuno-
precipitation of calnexin from extracts of [35S]methionine labeled cells with anti-calnexin
antibody revealed that the association is highest immediately after the pulse and that
nascent tyrosinase is gradually dissociated upon chase. The association was completely
inhibited when CST was included in the medium. Hence, we suggest that the proper folding
of tyrosinase is largely dependent on its direct interaction with calnexin for the determined
duration in the ER.
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Melanosomes are highly specialized organelles where Immuno- electron microscopy and histochemistry revealed
melanin is synthesized and deposited on their internal p90 to be localized primarily in the endoplasmic reticulum
matrix (1 -3). Several proteins are closely associated with (ER) and associated with the melanosomal membrane,
the melanosomal membrane or contained within melano- indicating its involvement in melanogenesis (17, 18).
somes: tyrosinase (4), tyrosinase-relatedprotein (TRP)-l/ Sequence analysis of p90 cDNA revealed 100% identity
gp75 (5), HMSA-5 (6), TRP-2 (7), silver locus/gplOO (8, with human calnexin (19). Calnexin, a type I membrane
9), pink eye protein (10, 11), HMSA-1/2 (12, 13), and protein, functions as a molecular chaperone which associ-
MART-1 (14). With the exception of MART-1, all proteins ates specifically with incompletely folded or unassembled
are involved in regulation of melanogenesis (15). glycoproteins and facilitates their acquisition of correct

We have previously cloned p90, Ca2+-binding phospho- three-dimensional protein structure (20).
protein, from human melanoma cDNA library using a Recently several groups have reported that calnexin
polyclonal antibody against human melanosomes (16). possesses affinity for Glu1Mane.)>GluNAc2, which is a sub-
1 Thk study was supported by grants from the Medical Research s t r a t e o f glucosidase I and E, and that it can be regenerated
Council of Canada (#MT-12866) and the Ministry of Education, fr°m deglucosylated ohgosacchandes by the action of
Science, Sports and Culture of Japan (#08407022). K.T. was from the UDP-glucose, namely, glycoprotein glucosyltransferase
Department of Dermatology, Faculty of Medicine, Kyushu Univer- (21-23). The dissociation and re-association cycles are
sity, Japan, as part of a graduate student program training. Technical essential for the chaperone function of calnexin (22).
help was obtained by Mr. Hua Chen. Tyrosinase is the key enzyme in melanin synthesis, having
To whom correspondence should be address^ at: Department of d ^ ^ ^ ^ fi^on m t h e MiM s t e o f me]min

Dermatology, Sapporo Medical University School of Medicine, S-l, ,, . . , . . . . . . • , , ,,
W-16, Chuo-ku, Sapporo 060-8543. E-mail: jimbow@sapmed.ac.jp synthesis, i.e., hydroxylation of tyrosine to dopa (tyrosine

hydroxylase activity), and subsequent oxidation of dopa to
© 1999 by The Japanese Biochemical Society. dopa-quinone (dopa oxidase activity), and also an indole-
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conversion function in the late step of melanin synthesis
(24-26). Tyrosinase is iV-glycosylated in the ER and
modified further in the Golgi apparatus. Because glycosyla-
tion inhibitors induce loss of pigmentation in melanocytic
cells, glycosylation is believed to be essential for tyrosinase
to be translocated into melanosomes and to induce melano-
genesis within the melanosomal compartment (27). How-
ever, the folding process, which is an essential step in
acquisition of enzyme activity, is unknown. In this study,
we employed a heterologous expression system using COS7
cells and examined the role of calnexin in tyrosinase
maturation.

MATERIALS AND METHODS

Cell Line—COS7 cells (African green monkey kidney
cells, CRL 1650, American Type Culture Collection) were
cultured in Dulbecco's modified Eagle medium (D-MEM)
containing 10% fetal calf serum and penicillin-streptomy-
cin (100/ig/ml).

Antibodies—Anti-calnexin monoclonal and polyclonal
antibodies were purchased from StressGen (Victoria,
Canada). Rabbit polyclonal anti-tyrosinase antibody
(aPEP-7) was a gift from Dr. Vincent J. Hearing, National
Institute of Health, Bethesda, USA (28). Mouse mono-
clonal anti-human tyrosinase (NCL-TYROS) was pur-
chased from Novocastra Laboratories (Newcastle, UK).
Antibodies against a luminal domain and rat Igp96 were
raised in rabbit. Alexa 595-labeled goat anti-mouse IgG
[F(ab)2] and Alexa 488-labeled goat anti-rabbit IgG
[F(ab)2] were purchased from Molecular Probe (Eugene,
OR).

Expression Vector—Wild-type (wt) calnexin and cyto-
plasmic tail (CYT; 89 amino acids)-deleted calnexin cloned
into the expression vector AP7M8 were the gift of Dr.
Michael Brenner, Harvard Medical School, Boston, USA

(29). Human tyrosinase expression vector was constructed
as follows: the plasmid pBBTY-1 encoding the full length
human tyrosinase cDNA was excised by .EcoRI restriction
enzyme, and the £coRI-digested cDNA fragment was
subcloned into .EcoRI site of pcDNA3 expression vector
(Invitrogen, San Diego, CA) containing the CMV promoter.
Transient cDNA expression in C0S7 cells was performed
following transfection by the calcium phosphate method
(30). Briefly, cells grown to 50-60% confluence in 100-mm
dishes were incubated with expression vector in a mixture
containing CaCl2 and BBS buffer (50 mM BES; N,N-b\B-2-
aminoethanesulfonic acid, 280 mM NaCl, 1.5 mM Na2-
HPC\, pH 6.9) in an atmosphere of 3.0% CO2 for 24 h. They
were then washed three times with phosphate-buffered
saline (PBS) (pH 6.9), incubated in fresh D-MEM contain-
ing 10% fetal calf serum at 5.0% CO2, and harvested.

Metabolic Labeling and Immunoprecipitation—Meta-
bolic labeling and immunoprecipitation followed our previ-
ous method with some modification (6). Briefly, cells were
cultured in methionine-depleted D-MEM, then labeled at
37°C with [36S] methionine (Life Science Amersham,
Ontario, Canada). For pulse-chase experiments, cells were
labeled for 15 min, then chases were performed for specific
periods in D-MEM supplemented with 1 mM L-methionine.
Harvested cells were washed twice with ice-cold PBS and
solubilized in cold RIPA buffer (150 mM NaCl, 0.5%
deoxycholic acid, 1% NP40, 0.1% SDS, 50 mM Tris-HCl,
pH7.5), containing protease inhibitors (4-amidinophenyl
methanesulfonyl fluoride, pepstatin, and leupeptin) for 1 h
on ice. For precipitation, the clarified supernatant was
incubated with rabbit serum-agarose (Sigma Tmmuno
Chemical, St. Louis, MO, USA) and Protein A-Sepharose
for 1 h at 4°C. Protein A-Sepharose was collected by
centrifugation at 4'C, and samples of supernatant were
incubated with anti-tyrosinase (aPEP-7) or anti-calnexin
antibody at 4°C overnight with end-over-end rotation.

Fig. 1. Localization of tyro-
sinase expressed in Cos7
cells. Cos7 cells expressing
tyrosinase was immuno- stained
with anti-tyrosinase antibody
and Alexa 595 labeled goat-anti-
mouse IgG[F(ab)2] (Panels- A
and C). The cell were sequential-
ly stained with anti-calnexin
polyclonal antibody (Panel B),
or anti lgp 96 polyclonal anti-
body (Panel D) and Alexa 488
labeled goat-anti-rabbit IgG
[F(ab),]. The same views (Panel
A and C or Panel D) under Laser
Scanning Confocal Microscopy
with a filter set for Texas Red
(Panel A and C) and FTTC (Panel
B and D) were shown, x 2,400.
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Protein A-Sepharose was added to the samples, which were
then incubated at 4°C with end-over-end rotation for 1 h.
Protein A-Sepharose was pelleted as immune complex and
washed with 1% NP40 in washing buffer (250 mM NaCl, 5
mM EDTA, 50 mM Tris-HCl, pH 7.5). The final pellet was
resuspended in sample buffer, heated at 95"C for 5 min, and
centrifuged to remove Protein A-Sepharose. Samples were
reheated at 95°C for 5 min prior to analysis by SDS-PAGE
(10%) and fluorography. Kodak X-omat AR X-ray film
(Eastman Kodak, Rochester, NY, USA) was used to
visualize the labeled protein.

Tyrosinase (Dopa Oxidase) Assay—Tyrosinase was
assayed as described previously (31). Cell lysate was
prepared with 100 //I of phosphate buffer (0.1 M, pH 6.8)
containing 1% (v/v) Triton X 100. Supernatant was col-
lected by centrifugation, and 10 /ug of protein was incubat-
ed with phosphate buffer with 0.15% of dopa (w/v).
Samples were incubated at 37°C for 30 min and optical
density was measured spectrophotometrically at 475 run.

Dopa Staining, Indirect Immunofluorescence, and Con-
focal Microscopy—Dopa staining was done according to the
method described previously with some modification (32).
Cells were fixed with acetone/methanol fixation solution
(ratio, 1:1) for 30 s, washed with PBS, then incubated with
dopa solution [0.15% (w/v) L-dopa in 0.1 M phosphate
buffer, pH 6.8], at 37*C for 20 min. After washing with
PBS, cells were examined under a light microscope (Model
TMS-F, Nikon, Tokyo) and photographed. To further
examine the biodistribution of tyrosinase, the transfected
cells were immunostained with anti-tyrosinase monoclonal
antibody (NCL-TYEOS) and observed with an Olympus
Laser Scanning Confocal Imaging System (Fluoview,
Olympus, Tokyo) after counterstaining of nuclei with
propidium iodide. The tissue preparation and indirect
immunofluorescence followed our previous report (16).

Melanin Content—Melanin within cells including trans-
fected cells (at least 1X106 cells) was solubilized in 1 ml of
0.2 N NaOH, and measured spectrophotometrically at an
optical density of 475 run, as described by Lee et al. (33).

Statistical Analysis—The statistical significance of
differences between mean values was determined using
Student's i-test.

RESULTS

Expression of tyrosinase activity by COS7 cells transfected
with human tyrosinase cDNA.

We initially examined the feasibility of studying tyro-
sinase function in non-pigmental cells such as COS7 cells.
To this end, we transfected COS7 cells with human tyrosin-
ase cDNA and examined the expression of tyrosinase
activity by in situ staining using the dopa reaction, tyrosin-
ase protein expression by indirect immunofluorescence
confocal microscopy, and in vitro melanin formation. At 48
h post-transfection, tyrosinase protein was expressed in
COS7 cells (Fig. 1, A and C). The expressed enzyme, as
measured by dopa reaction, showed the ability to synthe-
size melanin by light microscopy, respectively (Fig. 2A).
The immunoreactivity (Fig. 1) indicative of tyrosinase
protein expression was seen under confocal microscopy as
granular and scattered over the entire perikaryon, with a
similar distribution to that of lysosomes, and membranous
around the perinuclear rim and reticular with a similar

distribution to that of the ER (16). Most of the former
punctuated structure was co-stained with antibody against
Igp96, one of the major lysosomal glycoproteins. The
reticular structure was also revealed by irnmunostaining
with anti-calnexin antibody (Fig. IB). The intensity of dopa
staining was not significantly increased 78 h post-transfec-
tion (compare Fig. 2A with Fig. 2C). When the activity was
quantitated by the in vitro assay using the cell lysates,
COS7 cells transfected with human tyrosinase cDNA
showed a 5.8-fold higher tyrosinase activity (0.187±0.031
Z/E475/20 min/10 mg protein) than COS7 cells transfect-
ed with control plasmid +pcDNA3 (0.032±0.005 Z/E475/

i. V.
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Fig. 2. Expression of tyrosinase (dopa oxidase antibody) In
COS7 cells. Transfected cells were incubated with dopa to visualize
tyrosinase activity in situ as described under "MATERIALS AND
METHODS." Micrographs were taken without (1: left) or with (2:
right) the slit which reduces the enhancement of light contrast.
(Magnification: X200). (A) COS7 cells transfected with tyrosinase
cDNA and pcDNA3,48 h after transfection. (B) COS7 cells transfect-
ed with tyrosinase and calnexin cDNAs, 48 h after transfection. (C)
COS7 cells transfected with tyrosinase cDNA and pcDNA3, 72 h after
transfection. (D) COS7 cells transfected with tyrosinase and calnexin
cDNAs, 72 h after transfection.
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20min/10mg protein) (Fig. 3A). Lysates of COS7 cells
transfected with human tyrosinase cDNA contained 1.56±
0.15 pg of melanin/106 cells, while the COS7 cells trans-
fected with pcDNA3 contained virtually no melanin (0.01 ±
0.00 pg/106 cells) (Fig. 3B).

A portion of the expressed tyrosinase was apparently
targetted to the lysosome-like structures, to which a
cytoplasmic tail of tyrosinase-gene family protein is
reportedly directed. However, a significant population of
the expressed tyrosinase was observed in the ER, suggest-
ing that the maturation process may be inefficient in this
system. We reasoned that this may be due to insufficiency
of certain molecular chaperones in COS 7 cells. We thus
examined if supplementation of calnexin would improve

the tyrosinase maturation. When calnexin cDNA was co-
transfected with tyrosinase cDNA into COS7 cells, forma-
tion of brown-black granules increased over that of COS7
cells transfected with tyrosinase cDNA and pcDNA3 (com-
pare Fig. 2A with Fig. 2B). The lysates prepared from co-
transfected cells showed a 2.4-fold enhancement of tyrosin-
ase activity (0.451 ±0.118 Z/E475/20 min/10 mg protein).
Melanin contents in the cells were also increased by 1.8-
fold (2.8±0.32 pg/108 cells). Interestingly, expression of
tyrosinase activity continued to rise up to 96 h post-trans-
fection by calnexin expression (Fig. 3C). At 72 h of post-
transfection, COS7 cell co-transfected with tyrosinase and
calnexin cDNAs were also stained more intensely by the
dopa reaction than those cells 48 h after transfection

pcONA3 tyrosinase tyrosinase tyrosinase
+ + +

pcDNA3 wt-calneidn CYT-cainexIn

transfected genes

pcDNA3 tyrosinase tyrosinase tyrosinase

pcONA3 wt-calnexln CYT-calnexin

transfected genes

-tyroarase
+calr«on

-tyroarase

24 48 72 96

time after transfection (h)
Fig. 3. Tyrosinase activity and melanin content of the transfected COS7 cell
lysates. COS7 cells were transfected with pcDNA3 alone, tyrosinase cDNA and
pcDNA3, tyrosinase and wild-type (wt) calnexin cDNAs, or tyrosinase and cytoplas-
mic tail (CYT) -deleted calnexin. Tyrosinase activity (dopa activity) and melanin
content were measured as described under "MATERIALS AND METHODS." (A)
Tyrosinase activity of transfected COS7 cells 48 h after transfection. "p<0.05:
tyrosinase activity of COS7 cells transfected with pcDNA3 alone, "p <0.05:
tyrosinase activity of COS7 cells transfected with tyrosinase cDNA and pcDNA3. (B)
Melanin content of the transfected COS7 cells at 48 h post-transfection. (C) Continu-
ous measurement of tyrosinase activity of the transfected COS7 cells with tyrosinase
and calnexin cDNAs (•) or tyrosinase cDNA and pcDNA3 (•) up to 96 h. Data are
expressed as means±SD.

E
in

Q
O

B

pcONA3 tyrosinase tyrosinase
+ +

pcDNA3 wt-calnexln

transfected genes

Fig. 4. Ca8tanospennine treatment abolished expression of
tyrosinase activity. COS7 cells were transfected with pcDNA3
alone, tyrosinase cDNA and pcDNA3, or tyrosinase and calnexin.
Transfected cells were incubated in the absence or presence of 200 n M
castanospermine (CST). Tyrosinase activity (dopa activity) and
melanin content were measured as described under "MATERIALS

i1
tyrosinase

I

tyrosinase

• CST-

OCST +

DC0NA3
+ +

pcDNA3 wt-caln«xin

transfected genes
AND METHODS." (A) Tyrosinase activity of transfected COS7 cells
48 h after transfection. *p<0.05: tyrosinase activity of COS7 cells
transfected with pcDNA3 alone. **p<0.05: tyrosinase activity of
COS7 cells transfected with tyrosinase cDNA and pcDNA3. (B)
Melanin content of transfected COS7 cells 48 h after transfection.
Data are expressed as means ±SD.
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(compare Fig. 2B with Fig. 2D). This is in contrast to the
cells without calnexin co-expression, where the activity
reached plateau 48 h after transfection (Fig. 3C).

It was previously reported that the cytosolic tail of
calnexin is needed for the ER localization, and the lack of
this domain causes plasmalemmal localization of calnexin
in COS7 cells (29). If maturation of tyrosinase requires
interaction with calnexin for the determined duration in the
ER, then over-expression of cytoplasmic tail (CYT)-delet-
ed calnexin should competitively inhibit tyrosinase folding.
When co-transfected with CYT-deleted calnexin cDNA and
tyrosinase cDNA, COS7 cells showed 55% lower tyrosinase
activity (0.085±0.014: /7E475/20 min/10 mg protein)
than those cells transfected with tyrosinase and wild type
(wt) calnexin cDNAs (0.187±0.03 JE475/20 min/10 mg
protein) (Fig. 3A).

Effect of Modification of Glycosylation on Tyrosinase
Activity—Calnexin shows affinity for monoglucosylated
asparagine-like oligosaccharides (GluiMan9.eGlucNAc2),
which are formed by removal of the first and second
glucoses from the original triglucosylated core oligosac-

t c t c t c t c t c
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Fig. 5. SDS-PAGE analysis of the lmmunoprecipltates. (A) The
lysates from cells were immune-precipitated with anti-tyrosinase
antibody (t) or anti-calnexin antibody (c), then immune complexes
were analyzed by SDS-PAGE using 10% gel. COS7 cells were
transfected with pcDNA3 alone (a), tyrosinase cDNA and pcDNA3
(b), wt-calnexin cDNA and pcDNA3 (c), or tyrosinase and calnexin
cDNAs (d and e). COS7 cells transfected with tyrosinase and calnexin
cDNAs were incubated at the presence of 200 ^M castanospermine
(CST) (d) or in the absence of CST (e) throughout the transfection. (B)
The lysates from cells were immunoprecipitated with anti-tyrosinase
antibody. COS7 cells were transfected with tyrosinase cDNA and
pcDNA3 (a), tyrosinase and wt- calnexin cDNAs (b), or tyrosinase and
CYT-deleted calnexin cDNAs (c).

charide (Glu3Man9GlucNAc2) by the sequential action of
glucosidase I and II {22, 23, 35). The monoglucosylated
oligosaccharides are also formed by post-translational
glucosylation of non-glucosylated oligosaccharides. If
chaperone function of calnexin is critical for proper folding
of tyrosinase, inhibition of glucosidases should abolish the
expression of tyrosinase activity. Hence, we studied the
effect of an inhibitor, castanospermine (CST), on expres-
sion of tyrosinase activity in COS7 cells. COS7 cells
transfected with pcDNA3 alone, with tyrosinase cDNA and
pcDNA3, or with tyrosinase and wt-calnexin cDNAs were
incubated with or without 200 //M CST after transfection,
and then tyrosinase activity was measured 48 h post-
transfection (Fig. 4A). When COS7 cells transfected with
tyrosinase cDNA and pcDNA3 or with tyrosinase and
calnexin cDNAs were treated with CST, the expression of
tyrosinase activity was completely abolished (from 0.209 ±
0.032 to 0.053±0.007, or from 0.434±0.028 to 0.062 +
0.008 JE475/20 min/10 mg protein, respectively). As a
result, melanin was not detected in any of the CST-treated
cells, while they were capable of synthesizing melanin
without CST treatment (2.1±0.27 and 3.2±0.33 pg/106

cells, respectively) (Fig. 4B). On the other hands, treat-
ment with 200 /xM CST did not influence the cell growth
(data not shown).

Pulse-Chase Experiment—To demonstrate the physical
interaction of nascent tyrosinase with calnexin, we pulse-
labeled the transfected cells and analyzed it by using
immunoprecipitation (Fig. 5A). The endogenous calnexin
was detected as a 90-kDa protein by anti-calnexin antibody
on SDS-PAGE gel (Fig. 5A, lane a, c), whereas no tyro-
sinase bands were detected by anti-tyrosinase antibody in
COS7 cells transfected with pcDNA3 (Fig. 5A, lane a, t).
When COS7 cells were transfected with tyrosinase cDNA
and pcDNA3, a triplet (one major band and two minor
bands) of tyrosinase bands was detected at 69-75 kDa by
anti-tyrosinase antibody (Fig. 5A, lane b, t). A set of triplet
was co-immunoprecipitated by anti-calnexin antibody (Fig.
5A, c of lane b). When COS7 cells were transfected with
wt-calnexin cDNA and pcDNA3, calnexin (Fig. 5A, lane c,
c) but no tyrosinase (Fig. 5A, lane c, t) was precipitated. In
COS7 cells transfected with tyrosinase and wt-calnexin

A) Immunoprecipitation with antl-calnexln antibody

2 4 8pulse-chase 0 0.5 1
<h)

r calnexin

tyrosinaM

B) immunoprecipitation with antl-tyroslnase antfcody

pulse-chase 0 0.5 1 2 4 8

Fig. 6. Transient interaction of tyrosinase with calnexin.
COS7 cells were transfected with tyrosinase and calnexin cDNAs.
Transfectante were labeled and chased (up to 8 h ) . Calnexin or
tyrosinase were recovered by use of anti-calnexin (A) or anti-tyro-
sinase (B) antibody and analyzed by SDS-PAGE using 10% gel.
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cDNAs, anti-calnexin antibody precipitated calnexin and
enhanced the amount of a triplet which co-migrated with
tyrosinase precipitated by anti-tyrosinase antibody (Fig.
5 A, lane d, c). When COS7 cells transfected with tyrosinase
and wt-calnexin cDNAs were incubated with CST, the
binding of tyrosinase to calnexin was completely inhibited
(Fig. 5A, lane e, c) despite high tyrosinase expression (Fig.
5A, lane e, t). Tyrosinase synthesized in the presence of
CST (Fig. 5A, lane d, t) migrated more slowly than that in
untreated cells (Fig. 5 A, lane e, t), consistent with the effect
of a--glucosidase inhibition. To confirm that the expression
of tyrosinase is not affected by co-transfected cDNA,
tyrosinase was immunoprecipitated with anti-tyrosinase
antibody in COS7 cells transfected with tyrosinase cDNA
and either pcDNA3, wt-calnexin cDNA, or CYT-deleted
calnexin cDNA (Fig. 5B). Expression levels of each trans -
fectant were comparable.

We finally performed a pulse-chase experiment to
determine kinetics of the interaction (Fig. 6). COS7 cells
were labeled for 15 min with [35S] methionin, then chased
for 0, 0.5, 1, 2, 4, and 8 h. Recovery of tyrosinase in the
calnexin complex was the highest immediately after the
chase and gradually decreased with chase time. At 8 h, no
tyrosinase was found in association with calnexin.

DISCUSSION

Tyrosinase is a critical and rate-limiting enzyme in melano-
genesis (1-3). To elucidate its maturation process, which is
largely unknown, COS7 cells, which do not express any
tyrosinase, were transfected with tyrosinase cDNA in this
study. Unlike in melanocytic cells, where tyrosinase is
normally transported to melanosomes (34), tyrosinase is
sorted to lysosomes and expresses enough enzymatic
activity to produce pigmentation in non-pigmented cells
including COS7 cells (35). In the present study, we focused
on the role of calnexin during tyrosinase maturation,
because it was previously shown that inhibition of iV-glyco-
sylation abolishes melanin synthesis (27). We report here
that the chaperone function of calnexin is indispensable for
the expression of tyrosinase activity in COS7 cells. This
conclusion is based on three lines of evidence: (a) the
amount and duration of expression of tyrosinase activity in
COS7 cells were enhanced by co-transfection of calnexin
cDNA, (b) the promotive effect was not observed when the
mutant calnexin lacking a cytosolic tail was co-expressed,
(c) <?-glucosidase activity was required for the expression
of tyrosinase activity. Although calnexin is involved in the
folding and assembly of some proteins including major
histocompatibility complex (MHC) class I, influenza
hemagglutinin, nicotinic acetylcholine receptor, and vesicu-
lar stomatitis virus (VSV) glycoprotein (G protein) (35,
37-41), the present finding is surprising because calnexin is
not essential for expression of most glycoproteins. For
example mutant cells lacking glucosidase I or II are able to
synthesize glycoproteins so that the cells grow normally in
culture (42). It was suggested that BiP may substitute for
calnexin/cah-eticulin in the assembly of MHC class I
molecules in a glucosidase Il-deficient cell line (43). Chen et
al. has also found that CST merely induced a temporary
folding defect during co-translational disulfide bond forma-
tion in the folding of HA (44). Indeed, CST treatment did
not inhibit the growth of COS7 cells. Although it is gener-

ally thought that chaperone functions in the ER are rather
redundant and we have obtained no clear evidence that
calnexin is uniquely important, we think that BiP or other
heat-shock proteins may not substitute for calnexin in the
current system, because CST treatment is known to elevate
levels of heat-shock proteins (44, 45). This study, however,
has for first time demonstrated the importance of calnexin
function in melanogenesis.

We used CYT-free calnexin to examine the role of
endogenous calnexin on tyrosinase maturation. Without the
cytoplasmic tail, the mutant molecules are transported by
default to the cell surface (29). However, as the luminal
domain is sufficient for binding of the nascent molecules via
AT-linked oligosaccharides, overexpression of the CYT-free
calnexin should disturb the normal chaperone cycles of the
endogenous calnexin by releasing the premature calnexin
substrates from the ER to the later secretory pathway. In
the COS7 cells expressing tyrosinase, co-expression of
CYT-free calnexin reduced the activity to nearly a half
(Fig. 3A). Since overexpression of intact calnexin increased
tyrosinase activity, this reduction in the tyrosinase activity
indicates that correct maturation process of tyrosinase
should involve the post-translational cyclic interaction of
calnexin. Interestingly, the inhibition was less prominent,
than that caused by treatment with CST, which nearly
abolished the activity (Fig. 4A). The difference may reflect
the complete loss of the interaction by the CST treatment,
whereas overexpression of CYT-free calnexin alters only
the kinetics of the interaction. It is also conceivable that
calreticulin, a luminal homologue of calnexin, may also be
involved in the process, so that CYT-free calnexin did not
abolish the tyrosinase maturation, while CST did. How-
ever, this possibility appears unlikely, because Little tyro-
sinase was coimmunoprecipitated by the calreticulin anti-
body (data not shown).

Melanosomes are considered to be specialized lysosomes
(1-3). Some of the earliest evidence for the concept was
provided by the studies of such genetic diseases as Chediak-
Higashi syndrome (46, 47), Hermansky-Pudlak syndrome
(48), and infantile sialic acid storage disease (49, 50).
Furthermore, by analyzing the intracellular transport of
genetically engineered chimeric molecules of CD8 and
gp75, Vijiyasaradhi and co-workers suggested that target-
ting signals for melanosomes and lysosomes are exchange-
able and functionally equivalent (51). Thus, it is reasonable
to assume that biogenesis of exogenous tyrosinase trans-
fected into non-melanotic cells should be comparable to
that in melanocytic cells, and we suggest that this experi-
mental system should be useful for studying the molecular
mechanism of melanogenesis.
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