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Previous studies have shown that �60% of the epider-
mal growth factor receptors (EGFRs) in quiescent fibro-
blasts are concentrated in the caveolae/raft fraction
from purified plasma membranes. This high degree of
localization suggests the EGFR contains targeting infor-
mation for lipid domains. We have used mutagenesis to
determine that the region of the receptor that controls
targeting to caveolae/rafts resides in the juxtamem-
brane, second cysteine-rich region. A 60-amino acid-long
sequence within this region that is continuous with the
transmembrane domain was sufficient to target the
transmembrane and cytoplasmic tails of both EGFR and
the low density lipoprotein receptor to caveolae/rafts.
Two N-linked sugars in this segment were not required
for proper targeting, although unglycosylated wild-type
receptors did not localize properly. We conclude that, in
contrast to signals for coated pit localization that are in
the cytoplasmic tail, the targeting information for
caveolae/rafts is on the extracellular side of the EGFR
very close to the membrane.

Epidermal growth factor receptors are type I receptor tyro-
sine kinases that contain an N-linked glycosylated extracellu-
lar ligand binding domain, a single transmembrane-spanning
domain, and an intrinsic cytoplasmic protein tyrosine kinase
(1). Members of this family include EGFR/ErbB1 (HER1),
ErbB2 (Neu or HER2), ErbB3 (HER3), and ErbB4 (HER4).
These receptors are highly conserved during evolution and
function in various cellular signaling processes that include cell
proliferation, adhesion, migration, differentiation, survival,
and apoptosis (1–4). Prior to ligand binding to EGFR1 in qui-
escent fibroblasts, a significant portion (65%) of the receptor is
in the low density plasma membrane fractions that contain

caveolae and non-caveolae rafts (5). After ligand binding, acti-
vated receptors rapidly move from this membrane fraction to
bulk plasma membrane where they are internalized by clath-
rin-coated pits (1, 6, 7). Movement to the non-raft fraction is
dependent on an active kinase domain in the receptor, the
presence of at least one tyrosine residue in the regulatory
region of the cytoplasmic region, and an unphosphorylated
threonine 654 (5).

Whereas the motifs for receptor internalization and degra-
dation appear to be located in the cytoplasmic portion of EGFR
(6), receptors lacking the entire cytoplasmic region still concen-
trate in the caveola/raft fraction (5). This suggests that either
the transmembrane domain or the extracellular region of
EGFR contains the targeting information for caveolae/rafts.
We have used genetic engineering to distinguish between these
two possibilities. Mutant EGF receptors were genetically engi-
neered (Fig. 1), inserted into mammalian expression vector,
and transiently expressed in B82 mouse fibroblasts that lack
endogenous EGFR. The distribution of the various constructs
on the plasma membrane was then quantified using cell frac-
tionation. We were able to localize the principle caveola/raft
targeting information in EGFR to a 60-amino acid-long (resi-
dues 581–641) juxtamembrane region in the extracellular por-
tion of the receptor. Attachment of this sequence to the trans-
membrane and cytoplasmic tail of either the EGFR or the
LDLR was sufficient to target the molecule to the caveola/raft
fraction.

EXPERIMENTAL PROCEDURES

Materials

Human EGFR cDNA and B82 cell lines were kindly provided by
Dr. Gordon Gill. High fidelity DNA polymerase (Pfu) was purchased
from Invitrogen. T4 DNA ligase and all restriction enzymes were pur-
chased from New England Biolabs (Beverly, MA). Mammalian expres-
sion vector pcDNA3.1 and pcDNA3.1�Myc-His were from CLONTECH.
Plasmid preparation kits and transfection reagents (Superfect) were
from Qiagen (Valencia, CA). Low glucose DMEM and Optiprep were
from Invitrogen. Fetal bovine serum was purchased from Atlanta Bio-
logicals (Atlanta, GA). Percoll was purchased from Amersham Bio-
sciences. A protease inhibitor mixture was from Roche Molecular Bio-
chemicals. �-EGFR pAb was from Santa Cruz Biotechnology (Santa
Cruz, CA). �-Caveolin-1 pAb was from BD PharMingen. �-Myc pAb was
from Upstate Biotechnology (Waltham, MA). �-LDLR pAb was kindly
provided by Dr. Joachim Herz. All reagents for SDS-PAGE and Western
blot analysis were from Bio-Rad. Polyvinylidene difluoride membrane
was from Millipore (Bedford, MA). Enhanced chemiluminescence (ECL)
reagent was from Amersham Biosciences. The FluorChem 8000 was
from Alpha Innotech Corp. (San Leandro, CA).

Methods

Construction of Mutant EGF Receptors—A novel technique was de-
veloped to produce the EGFR constructs needed for this study. Instead
of using restriction sites to cut and join DNA in the EGFR cDNA,
compatible cohesive ends at the desired ligation sites were generated
using PCR. For each site, two sets of oligonucleotides were designed for
generating sticky ends at the site where the mutation was to be intro-
duced. Two pieces of DNA were amplified from these two sets of oligo-
nucleotides and from the primers at either the 5�-end (containing KpnI
sites) or the 3�-end (containing XbaI sites) of EGFR cDNA. The DNA
products were mixed together, denatured, and reannealed. One-quarter
of the reannealed products corresponded to cDNA inserts with the
correct compatible ends. DNA products were then cut with KpnI and
XbaI and ligated together with linearized pcDNA3.1� expression vector
using standard ligation methods. To generate Myc-tagged con-
structs, the cDNAs were cloned into KpnI and XbaI sites of a
pcDNA3.1�Myc-His expression vector. Automated DNA sequencing
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analysis was used to confirm that each construct was correct. We used
this method to generate 11 different cDNAs (Fig. 1).

Cell Culture—Normal human fibroblasts and transformed mouse
fibroblasts that lack endogenous EGFR (B82 cell lines) were used in this
study. Normal human fibroblasts were obtained by skin biopsy, cul-
tured in a monolayer, and set up according to a standard format. On day
0, 2.5 � 105 cells were seeded into 100-mm dishes with 5 ml of minimum
Eagle’s medium supplemented with 10% fetal calf serum. The medium
was changed on day 3 and day 5. All experiments were carried out on
day 8. For detection of LDLR, the cells were grown overnight in DMEM
on day 7. B82 cell lines were grown in low glucose DMEM plus 10% fetal
bovine serum in a 37 °C incubator containing 5% CO2. One day prior to
transfection, 1 � 106 cells were seeded into 100-mm dishes. Thirty-six
hours after transfection, cells were �90% confluent.

Transfection—DNA was prepared using an endotoxin-free plasmid
preparation kit (EndoFree Maxi kit) from Qiagen and transfected into
B82 cell lines using Superfect transfection reagent according to the
manufacturer’s protocol. A ratio of DNA to transfection reagent at 1:10
was used in all experiments. We typically achieved 75–80% transfec-
tion efficiency with very little cell death. All experiments were done 36 h
after transfection.

Isolation of Caveolae/Rafts—Caveolae/rafts were prepared using the
detergent-free method of Smart et al. (8) with the following modifica-
tions for B82 cells. A plasma membrane fraction was prepared from five
100-mm dishes after 36 h of transfection. A glass tissue grinder
(Wheaton, catalog no. 357538) was used instead of a Teflon homoge-
nizer. The isolated plasma membrane was sonicated three successive
times at a power setting of 50 J/watt�s.

Quantification of EGFR in Plasma Membrane—EGFR was detected
by immunoblotting using an �-EGFR pAb as the primary antibody,
horseradish peroxidase-conjugated �-rabbit IgG as a secondary anti-
body, and ECL to visualize the protein. The ECL image was recorded
using the FluorChem 8000, and the optical density of an equal surface
area for each band was determined using NIH image version 1.6 soft-
ware. The total optical density value of the bands in 13 fractions
equaled 100%. The percentage of signal from fractions 1 to 7 was
calculated as the amount of EGFR in the caveola/raft fractions.

RESULTS

A standard cell fraction assay has been developed that can
distinguish whether a protein of interest is in caveolae/rafts (8).
The light buoyant density of caveolae/rafts allows one to sepa-
rate them from bulk membrane once the plasma membrane has
been fragmented by sonication. Equal volume loads of each
fraction were separated on SDS-PAGE gels and immunoblotted
to detect the indicated protein (Fig. 2). Protein determinations
(data not shown) and Coomassie Blue staining (Fig. 2, Protein)
of the transferred gels both showed that most of the membrane

protein was in the dense fractions 8–13. The relative amount of
the immunoblotted protein in the caveola/raft fraction (the sum
of fractions 1–7) was then quantified by gel densitometry. Us-
ing caveolin-1 as a standard marker for caveolae/rafts, on av-
erage �74% of this protein was in this fraction (Fig. 2, Caveo-
lin-1). By contrast, we found that the receptor for activated C
kinase was excluded from the caveolin-rich fraction (Fig. 2,
RACK-1). Only 27% of the LDLR was in fractions 1–7, but these
fractions contained 63% of the EGFR. Importantly the LDLR
was confined to a region in the middle of the gradient that
overlapped with the densest population of caveolin-rich mem-
branes (fractions 5–7), while the EGFR was enriched through-
out fractions 1–7 just like caveolin-1.

Previously we showed that a truncated EGFR containing
only a 20-amino acid cytoplasmic segment was enriched in the
caveolae/raft fraction (5). We confirmed that the cytoplasmic
region is not involved by constructing an EGFR with a Myc tag
in place of the normal cytoplasmic tail (Fig. 1, construct 9). The
fractionation pattern of this EGFR expressed in B82 cells was

FIG. 1. Diagrammatic representa-
tion of the constructs used in this
study. The various parts of the receptor
are indicated by the color code. Construct
1, the wild-type EGFR (WT); construct 2,
LDL receptor transmembrane domain in
place of EGFR transmembrane domain
(TMS); construct 3, EGFR de2-7; con-
struct 4, no extracellular region (NoX);
construct 5, extracellular domain of LDL
receptor (L/E Hybrid); construct 6, no sec-
ond cysteine-rich region (NoCr2); con-
struct 7, no vX region (�xV); construct 8,
vX region alone; construct 9, Myc tag in
place of the cytoplasmic tail (NoCy);
construct 10, transmembrane and vX re-
gion alone (vXmCy-myc); construct 11, vX
region attached to transmembrane do-
main and cytoplasmic tail of LDLR
(vXLDLR-myc).

FIG. 2. Detergent-free separation of caveolae/rafts from bulk
plasma membrane. Normal human fibroblasts were cultured as de-
scribed. A plasma membrane fraction was isolated from these cells,
sonicated, and separated on an Optiprep gradient (8). Equal volumes of
each fraction were separated by gel electrophoresis (4–20%) and immu-
noblotted with an antibody directed against the indicated protein. The
density of the immunoblotted band was used to calculate the relative
amount of each protein in the caveolae/raft fraction (indicated by brack-
ets). After the gel had been transferred, the gel was stained to show the
relative amounts of protein in each lane. Much more protein is at the
bottom of the gradient. cav, caveolae; RACK, receptor for activated C
kinase.
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identical to the wild-type protein (Fig. 3A, compare WT and
NoCy). Therefore, targeting information for caveolae/rafts is
either in the transmembrane or the extracellular region of the
molecule. To distinguish between these possibilities, we ex-
pressed an EGFR that had the transmembrane segment re-
placed with the one from the LDL receptor (Fig. 1, construct 1
versus construct 2). Fractionation of the plasma membrane
from these cells showed that swapping the transmembrane
region had no effect on targeting the receptor to the caveolae/
raft fractions (Fig. 3A, compare WT with TMS). By contrast,
swapping the EGFR and LDLR extracellular regions (Fig. 1,
construct 5) shifted the EGFR hybrid molecule to the bulk
membrane fractions (Fig. 3A, L/E). We conclude that targeting
of the EGFR to caveolae/rafts depends on information in the
615-amino acid-long extracellular domain of the receptor.

There are 11 N-linked glycosylation sites in the extracellular
region of EGFR (Fig. 1, WT) that collectively or individually
could be involved in EGFR targeting to caveolae/rafts. We used
tunicamycin to block glycosylation and then determine the
distribution of the unglycosylated receptor in light and heavy
membrane fractionations (Fig. 3B). Cells were incubated in the
presence (Tunica) or absence (Control) of tunicamycin (4 �g/ml)
for 18 h, fractionated, and immunoblotted for EGFR. The
EGFR from control cells had a normal fractionation pattern.
Tunicamycin-treated cells, by contrast, had an EGFR band
with the molecular weight of EGFR (Fig. 3B, upper arrow) and
a lower band that was the right size for unglycosylated EGFR
(Fig. 3B, lower arrow). The lower band was clearly shifted
toward the dense membrane fraction relative to the upper band
(compare upper and lower arrows). The turnover of the receptor
apparently is too slow to replace completely the glycosylated
species during the time course of this experiment. To circum-
vent this problem, we incubated cells in the presence of EGF to
stimulate EGFR degradation before exposing the cells to tuni-
camycin. Nearly all of the receptors were unglycosylated and
shifted toward the more dense, bulk membrane fractions (Fig.
3B, EGF � Tunica). These results confirm that the extracellu-
lar domain directs EGFR to caveolae/rafts and suggests that
glycosylation plays a role in the targeting process.

Most likely EGFR clustering in caveolae/rafts depends on a
specific amino acid sequence in the extracellular region. To find

the location of this sequence, we constructed EGF receptors
that were missing specific segments of the molecule (Fig. 1).
Previously we showed that an oncogenic form of EGFR (de7-2)
that lacks the first 267 amino acids (Fig. 1, construct 3) was
enriched in caveolae/rafts (5). Fig. 4 shows that B82 cells trans-
fected with cDNA coding for either the wild-type or the de7-2
receptor had the same proportion of receptors in the caveolae/
raft fraction (�64%). By contrast, when we removed the 174-
amino acid, cysteine-rich region between residues 639 and 465
just above the membrane-spanning region (Fig. 1, construct 6),
nearly all of the receptors were shifted to the dense membrane
fractions (Fig. 4A, NoCr2). Likewise, removal of the entire
extracellular region (Fig. 1, construct 4) shifted the truncated
receptor into the dense membrane fraction (Fig. 4A, NoX).

An oncogenic form of the EGFR, v-ErB, is missing the first
580 amino acids (9–11). The remaining 60 extracellular amino
acids (residues 581–641) have been designated the vX region.
When we expressed the vX EGFR in B82 cells and prepared
membrane fractions, its distribution was exactly like the wild-
type receptor (Fig. 4A, compare WT with vX). A comparison
with the distribution of the truncated (NoX) EGFR suggests the
vX region is sufficient to target a membrane protein to caveo-
lae/rafts. To determine whether this was correct, we con-
structed a cDNA coding for a protein that has the vX region
attached to the transmembrane and cytoplasmic portions of the
LDLR and expressed it in B82 cells (Fig. 1, construct 11).
Fractionation of the plasma membrane showed that �75% of
the protein was in the caveolae/raft fraction (Fig. 4A, vXLDLR-
myc). The same result was obtained when vX was attached to
the transmembrane domain of EGFR (Fig. 4A, vXTmCy-myc).
Curiously, when we constructed a receptor with the vX region
deleted (Fig. 1, construct 7), the mutant EGFR was equally
distributed between heavy and light membrane fractions (Fig.
4A, �vX). We conclude that although the vX region is sufficient
for moving the transmembrane and cytoplasmic region of both
EGFR and LDLR to caveolae/rafts, additional parts of the
second cysteine-rich region may be needed to target the whole
receptor.

FIG. 3. The extracellular region of the EGFR contains the tar-
geting information for caveolae/rafts. A, B82 cells were transfected
with a cDNA coding for the indicated protein. Cells were grown for 36 h
before fractionation of the plasma membrane on Optiprep gradients. B,
normal human fibroblasts were grown in the presence (Tunica) or
absence (Control) of tunicamycin for 18 h. Alternatively they were first
incubated in the presence of 100 ng of EGF for 2 h before being
incubated further in the presence of tunicamycin (EGF � Tunica). The
plasma membrane was fractionated on Optiprep gradients as described.
The relative amounts of each protein in the caveolae/rafts are shown on
the right. Constructs in A have been described in Fig. 1. cav, caveolae.

FIG. 4. The second cysteine-rich region of EGFR contains the
sorting information for caveolae/rafts. B82 cells were transfected
with a cDNA coding for the indicated protein and grown for 36 h. A, the
plasma membrane was fractionated on Optiprep gradients, and the
fractions were separated by gel electrophoresis and immunoblotted
with antibodies against the indicated protein. B, B82 cells were stably
transfected with either vX EGFR (Control and Tunica) or transiently
transfected with a vX EGFR that had Asn-603 and Asn-623 changed to
glutamine (N to Q). One set of cells was incubated an additional 18 h in
the presence of tunicamycin (Tunica). At the end of the incubations, the
plasma membrane was fractionated and immunoblotted as described in
Fig. 3. The relative amounts of each protein in the caveolae/rafts are
shown on the right. Constructs in A have been described in Fig. 1. cav,
caveolae.
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The vX region contains N-linked glycosylation sites at posi-
tions 603 and 623. We did two experiments to see whether
these positions were part of the targeting machinery. We grew
cells stably expressing vX EGFR in the presence (Fig. 4B,
Tunica) or absence (Control) of tunicamycin. Unlike the whole
receptor (Fig. 3), the lower molecular weight unglycosylated vX
EGFR (Fig. 4B, lower arrow) was concentrated in caveolae/
rafts to the same extent as both the glycosylated vX EGFR (Fig.
4B, Tunica, upper arrow) and the vX EGFR from untreated
cells (Fig. 4B, Control). Likewise, changing the two asparagines
to glutamine had little effect on the localization of vX EGFR to
the caveolae/raft fraction (Fig. 4B, N to Q).

DISCUSSION

The goal of this study was to identify the region within the
EGFR that controls traffic of the receptor to caveolae/rafts in
quiescent cells. Just as the cytoplasmic tail of occupied EGFR
contains targeting information for coated pits (1), we thought
the unoccupied receptor should contain information for target-
ing to caveolae/rafts. We systematically deleted different re-
gions of EGFR and analyzed the distribution of each mutant
protein. In agreement with our previous observations (5), we
could not find any requirement for the cytoplasmic tail (Fig.
3A). By contrast, removal of the second cysteine-rich region
quantitatively shifted EGFR to the bulk membrane fraction,
and a 60-amino acid-long sequence within this region, desig-
nated vX, was sufficient to shift the transmembrane and cyto-
plasmic parts of EGFR from the bulk membrane to the caveo-
lae/raft fraction. The vX region was also able to target the
LDLR transmembrane and cytoplasmic tail to caveolae/rafts.
We conclude that the vX region contains a molecular address
for caveolae/rafts.

The membrane fractionation protocol we used in these stud-
ies does not use detergents and can only determine whether
EGF receptors are in plasma membrane caveolae/rafts. A pop-
ular method for isolating caveolae/rafts relies on the intrinsic
insolubility of these domains in Triton X-100 at 4 °C (12, 13),
but we could not use this method because Triton X-100 extracts
EGFR from caveolae/rafts. Detergent insolubility, however,
has been used to identify two motifs that appear to be involved
in the association of integral membrane proteins with caveolae/
rafts during apical sorting from the Golgi apparatus of polar-
ized cells. These are the transmembrane domains of influenza
virus hemagglutinin (14) and neuraminidase (15) and the O-
glycosylation stalk of neurotrophin (16, 17) and sucrase isoma-
ltase (18). These motifs seem not to be involved in the sorting of
EGFR to plasma membrane caveolae/rafts because the trans-
membrane domain of the LDLR could substitute for the EGFR
(Fig. 3A), and EGFR does not have an O-glycosylation stalk.
Importantly there is an O-glycosylation stalk in the juxtamem-
brane region of the LDLR extracellular domain, but apparently
it cannot substitute for the EGFR extracellular domain
(Fig. 3A).

N-Glycosylation has also been implicated in raft-dependent
apical sorting (19). We found a significant shift of unglycosyl-
ated EGFR from caveolae/rafts to the bulk membrane fraction
when cells were incubated in the presence of tunicamycin,
suggesting that glycosylation is important (Fig. 3B). Tunica-
mycin, however, had no effect on the ability of the vX EGFR
construct to collect in caveolae/rafts. Moreover, mutating as-

paragine 603 and 623 to glutamine had no effect on vX EGFR
targeting. The unglycosylated EGF receptors produced in the
presence of tunicamycin may be misfolded (20) and, as a result,
not targeted properly to caveolae/rafts.

The common theme emerging from these studies is that the
information for sorting to caveolae/rafts is not in the cytoplas-
mic tail of transmembrane receptors like EGFR but instead
resides close to the extracellular side of the membrane. Both
the vX region in EGFR and the O-glycosylation stalk in neuro-
trophin and sucrase isomaltase are continuous with the extra-
cellular end of the transmembrane domain. Furthermore, the
sorting information in the transmembrane domain of hemag-
glutinin has been localized to that portion in the extracellular
half of the membrane (14). The location of this sorting infor-
mation raises the possibility that the mechanism of molecular
capture by caveolae/rafts depends on an interaction between
the sorting region of the protein and lipids enriched in the lipid
domain. One class of lipids that is enriched is the sphingolipids.
A combinatorial extension analysis of a 3-D structural data
base has revealed a motif common to �-amyloid and prion, two
proteins that are frequently found in caveolae/rafts (21). This
motif binds sphingolipids and is located near the membrane
insertion site for these proteins. The same motif is also found in
the V3 loop of human immunodeficiency virus gp120 where it
mediates viral attachment to lipid domains. Although this mo-
tif has a similar 3-D structure in these three proteins, the
primary sequences are not homologous. Further work will be
required to determine whether the vX region binds sphingo-
lipids and has a similar 3-D structure.

Acknowledgments—We thank Deborah Latza for valuable help and
Brenda Pallares for administrative assistance.

REFERENCES

1. Carpenter, G. (2000) Bioessays 22, 697–707
2. Di Fiore, P. P., Segatto, O., Taylor, W. G., Aaronson, S. A., and Pierce, J. H.

(1990) Science 248, 79–83
3. Duchek, P., and Rorth, P. (2001) Science 291, 131–133
4. Sibilia, M., Fleischmann, A., Behrens, A., Stingl, L., Carroll, J., Watt, F. M.,

Schlessinger, J., and Wagner, E. F. (2000) Cell 102, 211–220
5. Mineo, C., Gill, G. N., and Anderson, R. G. (1999) J. Biol. Chem. 274,

30636–30643
6. Sorkin, A., and Waters, C. M. (1993) Bioessays 15, 375–382
7. Alexander, S. (1998) Front. Biosci. 3, D729–D738
8. Smart, E. J., Ying, Y.-S., Mineo, C., and Anderson, R. G. W. (1995) Proc. Natl.

Acad. Sci. U. S. A. 92, 10104–10108
9. Yamamoto, T., Nishida, T., Miyajima, N., Kawai, S., Ooi, T., and Toyoshima,

K. (1983) Cell 35, 71–78
10. Downward, J., Yarden, Y., Mayes, E., Scrace, G., Totty, N., Stockwell, P.,

Ullrich, A., Schlessinger, J., and Waterfield, M. D. (1984) Nature 307,
521–527

11. Nilsen, T. W., Maroney, P. A., Goodwin, R. G., Rottman, F. M., Crittenden,
L. B., Raines, M. A., and Kung, H. J. (1985) Cell 41, 719–726

12. Sargiacomo, M., Sudol, M., Tang, Z., and Lisanti, M. P. (1993) J. Cell Biol. 122,
789–808

13. Brown, D. A., and Rose, J. K. (1992) Cell 68, 533–544
14. Scheiffele, P., Roth, M. G., and Simons, K. (1997) EMBO J. 16, 5501–5508
15. Barman, S., and Nayak, D. P. (2000) J. Virol. 74, 6538–6545
16. Monlauzeur, L., Breuza, L., and Le Bivic, A. (1998) J. Biol. Chem. 273,

30263–30270
17. Yeaman, C., Le Gall, A. H., Baldwin, A. N., Monlauzeur, L., Le Bivic, A., and

Rodriguez-Boulan, E. (1997) J. Cell Biol. 139, 929–940
18. Jacob, R., Alfalah, M., Grunberg, J., Obendorf, M., and Naim, H. Y. (2000)

J. Biol. Chem. 275, 6566–6572
19. Scheiffele, P., Peranen, J., and Simons, K. (1995) Nature 378, 96–98
20. Fernandes, H., Cohen, S., and Bishayee, S. (2001) J. Biol. Chem. 276,

5375–5383
21. Mahfoud, R., Garmy, N., Maresca, M., Yahi, N., Puigserver, A., and Fantini, J.

(2002) J. Biol. Chem. 277, 11292–11296

Targeting of EGFR to Caveolae24846

 by guest on O
ctober 29, 2015

http://w
w

w
.jbc.org/

D
ow

nloaded from
 

http://www.jbc.org/


Anderson
Montarop Yamabhai and Richard G. W.
  
Targeting Information for Caveolae/Rafts
Growth Factor Receptor Contains 
Second Cysteine-rich Region of Epidermal
ACCELERATED PUBLICATION:

doi: 10.1074/jbc.C200277200 originally published online May 21, 2002
2002, 277:24843-24846.J. Biol. Chem. 

  
 10.1074/jbc.C200277200Access the most updated version of this article at doi: 

  
.JBC Affinity SitesFind articles, minireviews, Reflections and Classics on similar topics on the 

 Alerts: 

  
 When a correction for this article is posted•  

 When this article is cited•  

 to choose from all of JBC's e-mail alertsClick here

  
 http://www.jbc.org/content/277/28/24843.full.html#ref-list-1

This article cites 21 references, 12 of which can be accessed free at

 by guest on O
ctober 29, 2015

http://w
w

w
.jbc.org/

D
ow

nloaded from
 

View publication statsView publication stats

http://affinity.jbc.org/
http://www.jbc.org/lookup/doi/10.1074/jbc.C200277200
http://affinity.jbc.org
http://www.jbc.org/cgi/alerts?alertType=citedby&addAlert=cited_by&cited_by_criteria_resid=jbc;277/28/24843&saveAlert=no&return-type=article&return_url=http://www.jbc.org/content/277/28/24843
http://www.jbc.org/cgi/alerts?alertType=correction&addAlert=correction&correction_criteria_value=277/28/24843&saveAlert=no&return-type=article&return_url=http://www.jbc.org/content/277/28/24843
http://www.jbc.org/cgi/alerts/etoc
http://www.jbc.org/content/277/28/24843.full.html#ref-list-1
http://www.jbc.org/
https://www.researchgate.net/publication/11349294



