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COP I-coated vesicles are involved in vesicular trafficking in the early secretory path-
way. The COP I coat is composed of seven subunits, a-, P-, P'-, 7-, 8-, e-, and £-COPs. Evi-
dence suggests, however, that there may be isoforms of the COP I subunits. In the
present study, we identified homologs of 7-COP (72-COP; original 7-COP is referred to as
7I-COP in this paper) and of £-COP (£2-COP; original £-COP is referred to as £1-COP). 7I-
and 72-COPs, and £1- and £2-COPs share 80 and 75%, respectively, of amino acids.
mRNAs for 72-COP and £2-COP are expressed ubiquitously, suggesting their fundamen-
tal role in cellular function. Immunofluorescence analysis shows that 72-COP and £2-
COP are colocalized with P-COP in the paranuclear cis-Golgi region. Yeast two-hybrid
analysis indicates that 7I- and 72-COPs can directly, albeit promiscuously, interact with
£1- and £2-COPs. Like 7I-COP, 72-COP can form a complex with p-COP in vivo. The 7I-
COP-containing and 72-COP-containing complexes can similarly interact with the cyto-
plasmic domain of p23. These results indicate that 72-COP and £2-COP can form a COP
I-like complex in place of 7I-COP and £1-COP, respectively, and suggest that the COP I
complex and the COP I-like complex are functionally redundant.
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In eukaryotic cells, transport of proteins and lipids between
membrane-bound compartments is mediated predomi-
nantly by carrier vesicles that bud from a donor compart-
ment and fuse with an acceptor compartment to deliver
cargo molecules. The generation of carrier vesicles from a
donor compartment involves recruitment of cytosolic coat
proteins onto the membrane. COP I-coated vesicles are
thought to be responsible mainly for retrograde transport
of recycled proteins from the Golgi complex and pre-Golgi
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compartments to the endoplasmic reticulum (for review, see
Refs. 1-3). The coat of COP I-coated vesicles is composed of
seven subunits (a-, P-, fS'-, ~y-, 8-, E- and £-COPs) of a stable
cytosolic protein complex. Recruitment of COP I onto the
membrane requires a small GTPase, ADP-ribosylation fac-
tor (ARF), which cycles between a GDP-bound inactive and
a GTP-bound active form. The GTP-bound ARF triggers
assembly of COP I onto Golgi membranes. COP I is also
known to bind the dilysine motifs and the diphenylalanine
motifs in the cytoplasmic domain of transmembrane cargo
proteins, such as p24 family members (1-3). Studies using
a photocross-linking technique have shown that ARF binds
to £- and 7-COPs, and dilysine/diphenylalanine motifs bind
to 7-COP (4-6).

Although COP I-coated vesicles are involved predomi-
nantly in the early secretory pathway, more recent studies
suggested that they also play a role in the endocytic path-
way (7-10, reviewed in Ref. 1). It is of particular interest
that, in these studies, 7- and 8-COP were not found on
endosomes (8, 9). This suggests that the composition of the
endosomal COP I coat is simpler than that of the COP I
coat that functions in the early secretory pathway, or that
the endosomal homologs of 7- and 8-COPs have not been
identified. Upon searching an expressed sequence tag
(EST) database, we found cDNA fragments that potentially
code for a 7-COP homolog. We also found ESTs potentially
coding for a £-COP homolog. We therefore set out to charac-
terize the homologs of COP I subunits.

EXPERIMENTAL PROCEDURES

cDNA Clones—All- IMAGE consortium cDNA clones were
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purchased from the UK-HGMP resource center (Cam-
bridge, UK). The IMAGE clone ID No. 34685 covered amino
acids 358-874 of human 7I-COP. A cDNA fragment cover-
ing the missing NHj-terminal region of 7I-COP was ob-
tained by polymerase chain reaction of a human liver
cDNA library (Life Technologies, Rockville, MD) using a
primer synthesized on the basis of the sequence of an EST
(accession No. AA853380) and a second primer synthesized
on the basis of the determined sequence of the above par-
tial cDNA. The IMAGE clone ID No. 858462 covered amino
acids 600-871 of human 72-COP. To obtain a cDNA clone
covering the missing NH^-terminal region of 72-COP, a hu-
man hepatoma HepG2 cell cDNA library (11) was screened
using a 32P-labeled synthetic oligonucleotide, 5-GGGAAG-
ACAGGAGCCATAGCAAGAGGAATTGATTTCATGTCAG-
3', which covered a 72-COP cDNA region significantly dif-
ferent from the corresponding 7I-COP cDNA region. One of
the obtained cDNA clones covered the entire coding se-
quence of human 72-COP. The IMAGE clones ID Nos.
487094 and 403024 covered the entire coding sequences of
human £1-COP and mouse £2-COP, respectively. The
IMAGE clone ID No. 205969 covered amino acids 55-210 of
human £2-COP. A cDNA clone covering the entire coding
sequence of human £2-COP was obtained by screening of
the HepG2 library using the above partial cDNA as a
probe. The IMAGE clone ID No. 649750 covered the entire
coding sequence of human (3-COP. The IMAGE clone ID
No. 937216 covered amino acids 319-511 of human 8-COP.
The missing 5'-terminal cDNA fragment of 8-COP was
obtained by polymerase chain reaction of the human liver
cDNA library using primers synthesized on the basis of the
published sequence (12).

Plasmid Construction—For expression in mammalian
cells as a fusion protein with an NHj-terminal hemaggluti-
nin (HA) tag, the 7I-, 72-, £1-, or £2-COP cDNA was sub-
cloned into the pcDNA3-HAN vector (23). For two-hybrid
analysis, the 7I-, 72-, £1-, £2-, (J-, or 8-COP cDNA was sub-
cloned into the pGBT9-BEN vector (14) or the pGADIO vec-
tor (Clontech Laboratories, Palo Alto, CA). Construction of
two-hybrid vectors for adaptor subunits was described pre-
viously (14). For expression in Escherichia coli as a fusion
protein with glutathione S-transferase (GST), a synthetic
double-stranded oligonucleotide for the cytoplasmic domain
of p23 (amino acid 204-219; Ref. 15) or for its mutant with
amino acid substitutions (FA, KA, or FA/KA) was subcloned
into the pGEX-4T-3 vector (Amersham Pharmacia Biotech
Buckinghamshire, UK).

Antibodies—Antibodies to 7I- or 72-COP were raised in
rabbits against a synthetic peptide for the COOH-terminal
19 amino acids of human 7I- or 72-COP conjugated with
keyhole limpet hemocyanin. Polyclonal rabbit anti-{3-COP
antibodies were purchased from Affinity Bioreagents
(Golden, CO). Monoclonal rat anti-HA antibody (3F10) was
from Roche Diagnostics (Indianapolis, IN). Monoclonal
mouse anti-HA antibody conjugated with agarose beads
(HA-probe) was from Santa Cruz Biotechnology (Santa
Cruz, CA). Horseradish peroxidase (HRP)-conjugated and
Cy3-conjugated anti-rat IgG and HRP-conjugated anti-
rabbit IgG were from Jackson ImmunoResearch Laborato-
ries (West Grove, PA) and Alexa488-conjugated anti-rabbit
IgG was from Molecular Probes (Eugene, OR).

Northern Blot Analysis—A human multiple tissue RNA
blot (Clontech Laboratories) was probed with a 32P-labeled

fragment for the 3'-noncoding region of human 72- or £2-
COP cDNA according to the manufacturer's instructions.

Cell Fractionation and Western Blot Analysis—hEK-293
cells grown at approximately 70% confluence on three 100-
mm dishes were transfected with the expression vector for
HA-7I-COP or HA-72-COP using a FuGene6 transfection
reagent (Roche Diagnostics) and incubated for two days.
The cells were then washed twice with ice-cold phosphate-
buffered saline (PBS), homogenized in 0.6 ml of ice-cold
homogenization buffer A (10 mM HEPES-KOH, pH 7.2,
0.25 M sucrose) containing a Complete™ protease inhibitor
mixture (Roche Diagnostics) by passage ten times through
a 22-gauge needle and centrifuged at 2,500 rpm for 10 min
at 4°C in a microcentrifuge to remove nuclei and unbroken
cells. The postnuclear supernatant was then centrifuged at
120,000 Xg for 60 min at 4°C to obtain cytosol and mem-
brane fractions. The pellet was rinsed with homogenization
buffer A, dissolved in lysis buffer (50 mM Tris-HCl, pH7.5,
1% Triton X-100, 2.5 mM EDTA, 0.25 M NaCl) containing
the Complete™ mixture, and centrifuged at 12,000 rpm for
10 min at 4°C in a microcentrifuge. The supernatant was
used as a membrane fraction. The postnuclear supernatant
and cytosol and membrane fractions containing 30 |xg of
protein were electrophoresed on a 7.5% SDS-polyacryla-
mide gel and electroblotted onto an Immobilon-P mem-
brane (Millipore, Bedford, MA). The blot was incubated
sequentially with monoclonal rat anti-HA antibody and
with HRP-conjugated anti-rat IgG, and detected using a
Renaissance Chemiluminescence reagent Plus (NEN Life
Science Products, Boston, MA) according to the manufac-
turer's instructions.

Establishment of Cell Lines Stably Expressing HA-
Tagged COP—Rat Clone 9 hepatocytes grown at approxi-
mately 70% confluence were transfected with the expres-
sion vector for NHj-terminally HA-tagged 7I-, 72-, £1-, or
£2-COP using the FuGene6 transfection reagent, and sta-
ble clones were selected in the presence of 0.8 mg/ml Gene-
ticin (Life Technologies). The clones thus isolated were ex-
amined by imrnunofluorescence analysis, and those with
moderate protein expression levels (Clone 9/HA-7I-COP,
Clone 9/HA-72-COP, Clone 9/HA-£l-COP, and Clone 9/HA-
£2-COP) were used in the following experiments.

Indirect Imrnunofluorescence Analysis—The above cell
lines grown in wells of 8-well Lab-Tek-II chamber slides
(Nunc A/S, Roskilde, Denmark) were processed for indirect
immunofluorescence analysis as described previously (16).
Briefly, cells were fixed with 4% paraformaldehyde and per-
meabilized with 0.1% Triton X-100. When indicated, the
cells were incubated in the presence of 5 |xg/ml brefeldin A
(BFA) for 15 min or in the presence of 5 jig/ml nocodazole
for 20 min or 2 h prior to fixation. The fixed and permeabi-
lized cells were incubated sequentially with a combination
of monoclonal rat anti-HA antibody and polyclonal rabbit
anti-fJ-COP antibody and with a combination of Cy3-conju-
gated anti—rat IgG and Alexa488-conjugated anti-rabbit
IgG. The stained cells were observed with a confocal laser-
scanning microscope (TCS-NT; Leica Mikrosysteme Ver-
trieb GmbH, Bensheim, Germany).

Two-Hybrid Analysis—Yeast two-hybrid analysis was
performed as described previously (14). Briefly, yeast Y190
cells harboring a pGBT9-based bait vector was transformed
with a pGADlO-based prey vector, grown for 8 h in syn-
thetic medium lacking tryptophan, leucine and histidine,
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and plated on synthetic medium lacking tryptophan, leu-
cine and histidine and containing 25-50 mM 3-aminotriaz-
ole. After 9-10 days of incubation, colonies were picked up
and subjected to a liquid culture assay using o-nitrophenyl-
galactopyranoside as a substrate to determine (3-galactosi-
dase activity (17).

Coimmunoprecipitation Analysis—hEK-293 cells grown
at approximately 70% confluence on a 100-mm dish were
transfected with the expression vector for HA-7I-COP or
HA-72-COP using the FuGene6 transfection reagent and
incubated for two days. The cells were washed twice with
wash buffer (20 mM Tris-HCl, pH 7.5, 0.15M NaCl, 2 mM
EDTA) and lysed in 0.5 ml of immunoprecipitation buffer
(wash buffer containing 0.5% Triton X-100 and the Com-
plete™ mixture) for 15 min on ice. The lysates were centri-
fuged at 15,000 rpm for 15 min at 4°C in a microcentrifuge.
The supernatant containing 0.4 mg of protein was mixed
with 30 |il of HA-probe and incubated overnight at 4°C on a
rotating wheel. The beads were pelleted by centrifugation
at 2,500 rpm for 5 min in a microcentrifuge and washed
five times with immunoprecipitation buffer, then once with
PBS. Proteins eluted from the beads by boiling in SDS-
PAGE sample buffer were subjected to 6% SDS-PAGE and
blotted onto an Immobilon-P membrane. The blot was incu-
bated with either monoclonal rat anti-HA antibody or poly-
clonal rabbit anti-p-COP antibodies, then with HRP-con-
jugated secondary antibodies, and detected using the Re-
naissance Chemiluminescence reagent Plus.

Pull Down Assay—The cytoplasmic domain of p23 or its
FA, KA, or FA/KA mutant fused to the COOH-terminus of
GST was expressed in E. coli BL21(DE3) cells and purified
using glutathione-Sepharose 4B (Amersham Pharmacia
Biotech). Clone 9/HA-7I-COP or Clone 9/HA-72-COP cells
grown at approximately 90% confluence on four 150-mm
dishes were incubated in the presence of 20 mM sodium
butyrate for 8 h, then washed twice with PBS. The cells
were then homogenized in 0.7 ml of homogenization buffer
B (50 mM HEPES-KOH, pH 7.3, 90 mM KC1, 0.3 M NaCl)
containing the Complete™ mixture by passage 15 times
through a 22-gauge needle and centrifuged at 2,500 rpm for
10 min at 4°C in a microcentrifuge to remove nuclei and
unbroken cells. The postnuclear supernatant was then cen-
trifuged at 120,000 Xg for 60 min at 4°C, and the pellet was
rinsed with homogenization buffer B and lysed in 0.7 ml of
homogenization buffer B containing 0.5% Nonidet P-40 for
45 min on ice. The lysates were centrifuged at 12,000 rpm
for 20 min at 4°C in a microcentrifuge. The supernatant
containing 0.8 mg of protein was then incubated overnight
at 4°C with 10 (xg of the GST-fusion protein prebound to
glutathione-Sepharose beads and centrifuged at 2,500 rpm
for 1 min. The pellet was washed three times with homoge-
nization buffer B containing 0.5% Nonidet P-40, then twice
with homogenization buffer B. Proteins eluted from the
beads by boiling in SDS-PAGE sample buffer were sub-
jected to 10% SDS-PAGE and blotted onto an Immobilon-P
membrane. The blot was incubated with monoclonal rat
anti-HA antibody, then with HRP-conjugated anti-rat IgG,
and detected using the Renaissance Chemiluminescence
reagent Plus.

RESULTS AND DISCUSSION

Identification of y- and (-COP Homologs—Although it is

well known that the COP I complex functions in the early
secretory pathway, several of evidence suggest that it is
also present on endosomal compartments. However, 7- and
8-COP are not found in the endosomal COP I coat (8, 9),
suggesting that the endosomal COP I coat lacks these sub-
units or that the endosomal homologs of 7- and 8-COPs
have not been identified. To identify the potential isoforms
of the COP I subunits, we exploited the availability of large
databases of ESTs. By searching the databases with the 7-
and 8-COP sequences as queries, we found that several
human ESTs potentially code for a part of a protein homol-
ogous but not identical to 7-COP. Sequence analysis of one
of the EST clones (IMAGE ID No. 858462) and a cDNA
cloned from human HepG2 cell library revealed that the
deduced sequence of the 7-COP homolog is composed of 871
amino acids. We also cloned a cDNA for human 7-COP,
which is composed of 874 amino acids. We hereafter refer to
the 7-COP homolog as 72-COP and original 7-COP as 7I-
COP. Figure 1A shows an alignment of the human 7I- and
72-COP sequences. They share approximately 80% overall
amino acid identity. The 72-COP sequence is completely
identical to that reported while this study was in progress;
the latter was identified in the course of a search of im-
printed genes on chromosome 7 (18).

While this study was in progress, we also found mouse
and human ESTs that potentially code for a £-COP homo-
log. We hereafter refer to the £-COP homolog as £2-COP
and original £-COP as £1-COP. Figure IB shows the amino
acid sequences of human and mouse £2-COP along with
that of human £1-COP deduced from the nucleotide se-
quences of the EST clones and cDNAs we cloned. Human
and mouse £2-COP show approximately 75% overall amino
acid identity with human £1-COP, and human and mouse
£2-COP share approximately 89% of amino acids. A signifi-
cant difference between £1- and £2-COPs is that the latter
has an extra sequence of approximately 30 amino acids at
the NH^-terminus.

Distribution of y2- and tp-COP mRNAs in Human Tis-
sues—Northern blot analyses of a human multiple tissue
RNA blot revealed that an approximately 3.0-kb transcript
of 72-COP is expressed in all tissues examined, although
the expression level is relatively low in liver and lung (Fig.
2A), and that an approximately 1.0-kb transcript of £2-COP
is expressed in all tissues examined, with relatively low
expression levels in brain and lung (Fig. 2B). The ubiqui-
tous distributions of the 72-COP and £2-COP transcripts
accord with the fact that there are many ESTs for them
derived from a variety of tissues and cell lines in the data-
bases. It is therefore likely that both 72-COP and £2-COP
play fundamental roles in cellular function like the conven-
tional COP I subunits.

Western Blot Analysis—To characterize the 7I- and 72-
COP proteins, we attempted to raise antibodies that specifi-
cally recognize each protein. However, unfortunately, the
antibodies raised against the COOH-terminal 19-amino
acid peptide of 7I-COP recognized both endogenous 7I- and
72-COPs, and those against the COOH-terminal 19-amino
acid peptide of 72-COP detected endogenous 7I-COP but
not 72-COP upon Western blot analysis (data not shown).
Therefore, we transiently transfected hEK-293 cells with
an expression vector for HA-tagged 7I- or 72-COP. As
shown in Fig. 3A, Western blot analysis of postnuclear
supernatants from cells expressing HA-7I-COP and from
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Fig. 1. Primary sequences of
7- and £-COPs. (A) Alignment
of the deduced amino acid se-
quences of human -yl-COP (h-yl-
COP) and 72-COP (hy2-COP).
The alignment was prepared us-
ing the GENETYX-MAC Multi-
sequences Program Ver. 10.1.1
(Software Development, Co.,
Ltd., Tokyo). Amino acid resi-
dues conserved between them
are shown with black boxes.
Gaps introduced into the align-
ment are indicated by hyphens.
(B) Alignment of the deduced
amino acid sequences of human
£1-COP (ha-COP) and £2-COP
(h£2-COP) and mouse £2-COP
(m£2-C0P). The alignment was
prepared using the GENETYX-
MAC Multi-sequences Program
Ver. 10.1.1. Amino acid residues
conserved among all of them are
shown with black boxes and
those conserved between two of
them are shaded. Gaps intro-
duced into the alignment are in-
dicated by hyphens.

hi; i -COP
hp-COP
mC2-COP

those expressing HA-72-COP with anti-HA antibody de-
tected proteins of approximately 100 kDa (lane 2) and 97
kDa (lane 3), respectively, which approximate the calcu-
lated molecular weights of 7I-COP (Mr = 97,717) and ^2-
COP (Mr = 97,621), respectively. When the postnuclear
supematants were fractionated into cytosol and membrane
fractions (Fig. 3B), HA-7I-COP and HA-72-COP were de-
tected in both fractions (lanes 2 and 3, and 5 and 6, respec-
tively), like endogenous P-COP (lanes 8 and 9). These
results indicate that 72-COP, like conventional COP I sub-
units, cycles between cytosolic and membrane-bound pools.

Immunofluorescence Analysis of y2- and Ql-COP Local-
ization—To compare the subcellular localization of 72-COP
with that of 7I-COP, we first examined Clone 9 cells tran-
siently transfected with a vector for HA-tagged 7I-COP or
72-COP. However, when stained with anti-HA antibody, not
only cells expressing HA-72-COP but also those expressing
HA-7I-COP showed intense cytoplasmic signals and often
had cytoplasmic aggregates. These aberrant signals ap-

peared to be generated by overexpression of the protein. We
therefore established a cell line stably expressing HA-7I-
COP (Clone 9/HA-7I-COP) or HA-72-COP (Clone 9/HA--y2-
COP) at a moderate level. The cells were then subjected to
double staining with anti-HA and anti-(3-COP antibodies
(Fig. 4). Clone 9/HA-72-COP cells showed a typical Golgi-
like paranuclear staining pattern for HA-72-COP (E), like
that for HA-7I-COP in Clone 9/HA-7I-COP cells (A). Fur-
thermore, the paranuclear staining for HA-72-COP was
completely superimposed on that for endogenous p-COP
(compare E and E'). We also established Clone 9 cells stably
expressing HA-tagged ?1-COP or £2-COP, and found that
both were colocalized with p-COP in the paranuclear region
(Fig. 5, compare A and A', and B and B', respectively).

We then set out to examine whether 72-COP has similar
properties to 7I-COP. To this end, we first treated Clone 9/
HA-7I-COP and Clone 9/HA-72-COP cells with BFA, which
inhibits membrane association of COP I by inhibiting gua-
nine nucleotide exchange on ARF (29). Consistent with this
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fact, (3-COP and HA-7I-COP were redistributed from Golgi
membranes into the cytoplasm when Clone 9/HA-7I-COP
cells were treated with BFA (Fig. 4, B and B'). Similarly,
HA-72-COP was redistributed into the cytoplasm upon the
BFA treatment (F). Thus, like the conventional COP I sub-
units, association of 72-COP with Golgi membranes ap-
pears to be regulated in an ARF-dependent manner.

We then treated Clone 9/HA-7I-COP and Clone 9/HA-72-
COP cells with nocodazole, a microtubule-disrupting re-
agent. Previous studies have shown that short-term (10-30
min) treatment of cells with nocodazole causes proteins
recycling between the cts-Golgi and the endoplasmic reticu-
lum to accumulate at peripheral endoplasmic reticulum
exit sites but has a marginal effect on the distribution of
Golgi-resident proteins. In contrast, long-term (1-2 h)
treatment gives rise to redistribution of both the recycling
and resident proteins into the peripheral sites (20, 21). In
addition, we have recently found that P-COP shows a
behavior similar to that of recycling proteins upon nocoda-
zole treatment (Kawamoto, K, Yoshida, Y, Shinotsuka, C,
and Nakayama, K, manuscript in preparation; see also
Fig. 4, C, D', G', and H'). As shown in Fig. 4, treatment of
Clone 9/HA-72-COP cells with nocodazole for 20 min

was prooea tor 7Z-uu±' (A) ana ̂ z-uur (a) as aescriDea unaer "HA-
PERIMENTAL PROCEDURES."

caused accumulation of not only (3-COP (G') but also HA-
72-COP (G) at the peripheral punctate structures. Further-
more, the scattered labeling for HA-72-COP was completely
superimposed on that for p-COP. In contrast, a Golgi-resi-
dent protein, mannosidase II, remained in the Golgi-like
paranuclear region under these conditions, and was redis-
tributed into the peripheral sites by 2-h nocodazole treat-
ment (data not shown). Thus, contrary to our initial ex-
pectation that 72-COP may function on endosomal com-
partments in place of 7I-COP, these observations indicate
that it functions mainly on the cis-Golgi like the conven-
tional COP I subunits and suggest that it may form a com-
plex with p-COP and other COP I subunits. However, these
observations do not exclude the possibility that 72-COP
could also function on endosomal compartments.

Interaction between y- and £-COPs Revealed by Yeast
Two-Hybrid Analysis—We next examined interactions of
72- and £2-COPs with the known COP I subunits. To this
end, we made use of the yeast two-hybrid system, because
a previous study using this approach showed interactions
between COP I subunits in various combinations: 7- and £,-
COPs, p- and 8-COPs, a- and p'-COPs, and a- and E-COPS
(22). Furthermore, the COP I complex can be disintegrated
in high salt buffer into two subcomplexes: the F subcom-

1 ic composed of P-, 7-, &-, and £-COPs, and the B subcom-
s composed of a-, p'-, and E-COPS (23, 24; reviewed in
'. 1). We therefore examined interactions of 72- and £2-
Ps with the components of the F subcomplex. As shown
Fig. 6, when a bait vector for 7I- or 72-COP was trans-
ned into reporter yeast cells, the cells showed a high
2I of p-galactosidase activity when cotransformed with a
y vector not only for £1-COP but also for £2-COP, indi-
ing that both 7-COPs can interact with both £-COPs. In
trast, neither 7I- nor 72-COP interacted with the ol
iunit of the AP-1 clathrin adaptor complex, which has a
unon ancestral origin with £-COPs (25). Furthermore, in
eement with the previous report (22), neither 7I- nor
COP showed a significant interaction with p- or 5-COP.
ien £2-COP was used as a bait, it showed significant
jractions with both 7I- and 72-COPs, and not with p- or
OP, nor with the 71-adaptin subunit of the AP-1 clath-
adaptor complex, which has a common ancestral origin
h 7-COPs (25). However, our attempt to obtain two-
)rid data using £1-COP as a bait was unsuccessful, be-

>.uuSe yeast cells transformed with its bait vector showed
an extremely high level of p-galactosidase activity in a

i

1 2 3
iransfecUon: HA-Yl-COP

WB: anti-HA

4 5 6
HA-72-COP

7 8 9
HA-yl-COP

. Western blot analysis. (A) Postnuclear su-
tant prepared from hEK-293 cells transfected
;he expression vector for HA-7I-COP (lane 2) or
\-72-COP (lane 3) or without transfection (lane
s subjected to Western blot analysis with anti-
ntibody as described under "EXPERIMENTAL
IEDURES." (B) Postnuclear supernatant (PNS)
i 1, 4 and 7), cytosol fraction (lanes 2, 5 and 8)
lembrane fraction (lanes 3, 6 and 9) prepared
hEK-293 cells transfected with the expression
• for HA-7I-COP (lanes 1-3 and 7-9) or for HA-
)P (lanes 4-6) were subjected to Western blot
sis with anti-HA antibody (lanes 1-6) or with
i-COP antibody (lanes 7-9) as described under
ERIMENTAL PROCEDURES."

anti-HA anti-p-COP
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control BFA, 151 nocodazole, 20* nocodazole, 2h

3lls
(E-H) were untreated (A and E) or treated with 5 M-g/ml BFA for 15 min (B and F) or with 5 ji-g/ml nocodazole for 20 min (C and G) or 2 h (D
and H) prior to fixation. The cells were double stained with anti-HA antibody (A-H) and anti-@-COP antibody (A'-H') as described under "EX-
PERIMENTAL PROCEDURES."

prey-independent manner (data not shown). These data
indicate that yl- and -y2-COPs can interact directly, albeit
promiscuously, with £1- and £2-COPs, and do not interact
directly with 0- or 5-COP.

Both yl- and y2-COPs Form a Complex Containing p-
COP In Vivo—Although the above two-hybrid analysis un-
covered direct interactions between 7I- or -y2-COP and £1-
or £2-COP in every combination, it remained unclear
whether 72- and £2-COP form a complex with other known
COP I subunits or with unidentified counterparts. To
address this issue, lysates prepared from cells transiently
transfected with HA-7I-COP or HA-72-COP were immuno-

precipitated with anti-HA antibody and then subjected to
SDS-PAGE and Western blot analysis with anti-fi-COP
antibody. As shown in Fig. 7, lower panel, the anti-HA anti-
body coimmunoprecipitated (3-COP not only from lysates
prepared from HA-^l-COP-transfected cells (lane 1) but
also from those prepared from HA-72-COP-transfected
cells (lane 2). Taken together with the above two-hybrid
data, these results indicate that 72-COP is a component of
a COP I-like complex in place of 7I-COP.

Binding of yl-COP-and y2-COP-Containing Complexes
to the p23 Cytoplasmic Domain—To further address
whether complexes containing 7I-COP and -y2-C0P have
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localization. Clone 9/HA-^l-COP cells (A) or Clone 9/HA-£2-COP
cells (B) were fixed and double stained with anti-HA antibody (A
and B) and anti-fJ-COP antibody (A' and B') as described under "EX-
PERIMENTAL PROCEDURES."

tra
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anti-HA
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—Y2-COP
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anti-P-COP — p-COP

.7. Coi: 1 2 3 4
£-293 ceils transieciea wnn me expression vector lor rLf\̂ yj.-owr
les 1 and 3) or for HA--y2-COP (lanes 2 and 4) were immunopre-
tated with anti-HA-conjugated agarose. The total lysates (lanes

3 and 4) and immunoprecipitates (lanes 1 and 2) were subjected to
Western blot analysis with anti-HA antibody (upper panel) or with
anti-p-COP antibody (lower panel) as described under "EXPERI-
MENTAL PROCEDURES." Positions of HA-7I-COP, HA--y2-COP,
and P-COP are indicated.

bait/prey
yl-COP/p-COP
yl-COP/5-COP
yl-COP/^l-COP
Yl-COP/p-COP
yl-COP/oiA-Ada
7I-COP/ -
y2-COP/ (3-COP
72-COP/6-COP
Y2-COP/£l-COP
72-COP/y-COP
72-COP/alA-Ada
Y2-COP/ -
p-COP/p-COP
p-COP/6-COP
P-COP/7I-COP
p-COP/72-COP
C2-COP/yl-Ada
^2-COP/ -

1000

P-galactosidase activity (units)
Fig. 6. Two-hybrid analysis. Reporter yeast cells were cotrans-
formed with a pGBT9-based bait vector and a pGADlO-based prey
vector as indicated and were subjected to liquid P-galactosidase as-
say as described under "EXPERIMENTAL PROCEDURES." alA-
Ada, o-lA subunit of the AP-1 clathrin adaptor complex; 71-Ada, 7I-
adaptin subunit of the AP-1 complex.

functional differences, we examined binding of these com-
plexes to the cytoplasmic domain of p23. p23 is a member
of the p24 family, which consists of putative receptors for

A P23 QVFYLRRFFKAKKLIE
p23(FA) QVFYLRRAAKAKKLIE
p23(KA) QVFYLRRFFKAAALIE
p23(FA/KA) QVFYLRRAAKAAALIE

~. ^ ^ ^
f) fn " fi
<s M N rja. o. a o.

H fr< ti ^ ^
t/5 IZ> 1/3 W C/5

o o o o o

B

HA-yl-COP

HA -Y2-COP

Fig. 8. Pull down assay. (A) Sequences of the cytoplasmic domain
of p23 and its FA, KA, and FA/KA mutants fused to GST. Substi-
tuted residues are underlined. (B) Lysates prepared from Clone 9/
HA-7I-COP cells (upper panel) or Clone 9/HA-72-COP cells (lower
panel) were incubated with GST (lane 1), GST-p23 (lane 2), GST-
p23(FA) (lane 3), GST-p23(KA) (lane 4), or GST-p23(FA/KA) (lane 5)
prebound to glutathione-Sepharose beads and centrifiiged. The pel-
lets and total cell lysates (lane 6) were subjected to Western blot
analysis with anti-HA antibody as described under "EXPERIMEN-
TAL PROCEDURES."

cargo proteins transported between the endoplasmic reticu-
lum and the Golgi complex, and is enriched in COP -I—
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coated vesicles (26). COP I is known to bind to the p23 cyto-
plasmic domain by recognizing the dilysine and diphenyla-
lanine motifs (26-28). It is currently believed that 7I-COP
is the major COP I component responsible for the recogni-
tion of the dilysine motif, although there have been contra-
dicting observations with regard to the motif recognition (4,
24, 27, 28). At first, we therefore set out to reproduce the
data on the involvement of 7I-COP in interaction with the
dilysine and diphenylalanine motifs by examining whether
7I-COP was pulled down with a GST fusion protein having
the p23 cytoplasmic domain or its mutant at the dilysine or
diphenylalanine motif or at both (Fig. 8A). As shown in Fig.
8B, upper panel, substitution of the dilysine residues with
alanine residues (KA mutation) resulted in significant
reduction in the binding of HA-7I-COP to the GST fusion
protein (lane 4). In contrast, apparently no decrease of HA-
•yl-COP binding was observed when the double phenylala-
nine was mutated to double alanine (FA mutation, lane 3).
However, the HA-7I-COP binding was completely abol-
ished when both motifs were mutated (FA/KA mutation,
lane 5). These results were in good agreement with those
reported by Dominguez et al. (27). When binding of HA--y2-
COP to the GST-p23 fusion proteins was examined under
the same conditions, essentially the same results were
obtained (Fig. 8B, lower panel); the FA mutation resulted
in only a slight, if any, decrease of HA--y2-COP binding
(lane 3), the KA mutation resulted in greater decrease
(lane 4), and the FA/KA mutation completely abolished the
binding (lane 5). Thus, we could not observe any significant
difference between ^l-COP-containing and -v2-COP-con-
taining complexes in binding to the p23 cytoplasmic do-
main, suggesting their functional redundancy.

Concluding Remarks—In the present study, we identified
homologs of COP I subunits, -/2-COP and £2-COP. Contrary
to our expectation, however, we could find no significant dif-
ference between the homologs and the conventional COP I
counterparts in tissue distribution, subcellular distribution,
complex formation or function. Therefore, it seems likely
that 7I-COP and -Y2-COP, and £1-COP and £2-COP are
functionally redundant, although a further study will be
required to address this issue.
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