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Constitutive seerelory transport in euharyotes 1s hikely 1o be mediated by non-clathrin-codted vesieles, which have been isolated and characterized

[(1989) Cell 58, 329- 336; (1991) Nature 349, 215-220]. They contain a set of coal proteins (COPs) which are also likely to exist in a preformed

cytosolic complex named coatomer [(1991) Nature 349, 248-250]. From pepude sequence and cDINA siructure compunsons evidenee 15 presented

that one ol the subunits of coatomer, #-COP, 15 & true constituent of non-cluthrin-coated vesicles, and that ¥-COP is related 10 sec 21, a seeretory
mulani of the yeast Saccliaraniyces cervisiae,

Endoplusnic retieulun, Golgi, Vesicular transport, Coalomer; S¢c2l, Coat protein y-COP

1. INTRODUCTION

In eukaryotic cells, constitutive secretory protein
transport occurs [rom the endoplasmic reticulum (ER)
via the various stations of the Golgi apparatus to the
plasma membrane. Individual steps of this transport
have been reconstituted in vitro (see for example [4-6]),
and a variety of its biochemical parameters have been
elucidated (for a review see [7]). Newly synthesized pro-
teins appear to be transported through the Golgi stack
in non-clathrin-coated vesicles, which have been iso-
lated and characterized [2]. They contain a set of coat
proteins (COPs) (&-, -, p-, d-, &- and £-COP with mo-
lecular weights of 160, 107, 98, 61, 36, and 20 kDa,
respectively). These proteins show similarity in molecu-
lar weight but are immunologically unrelated to the
subunits of the clathrin coat involved in endocytotic
membrane wralfic, S-COP has been characterized at a
molecular level and shows some homology to f§-
adaptin, a protein involved in the clathrin system. By
peptide sequence comparison [2,8], 3-COP was proven
to represent a component of both the non-clathrin-
coated transport vesicles and a cytosolic complex, the
coatormer. Coalomer consists of subunits of molecular
weights identical to a-, 8-, ¥-, 6-, &- and £-COPs, indi-
cating that it is a preorganized assembly of the coat of
non-clathrin-coated vesicles. We have isolated the indi-
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vidual COPs from Golgi-derived non-clathrin-coated
vesicles, as well as their counter parts from coatomer.
Here we report that #-COP is a constituent of both the
coatomer and the vesicles, and that this Golgi vesicle-
derived coat subunit is related to Sec2lp, 4 protein
encoded by a gene required for vesicle budding in ER
to Golgi transport [9,10]. This finding provides strong
evidence that the coatomer is required for vesicular
transport in vivo, and in addition that COP-coated ves-
icles mediate transport both from the ER to the Golgi,
as well as within the Golgi stack.

2. MATERIALS AND METHODS

Preparation of non-clathnn-coated Golgi-derived Lransport vesi-
cles, of coalomer, 15olation of y-COP, preparation of tryplic peplides
and sequencing was as described [2,3]. For cloning of -COP ¢cDNAs
a depenerated oligonucleotide prabe was designed TG(T,C)TCI(C,T)-
TGAGAAT,GAAT(T.COTCT,CITGGCGGGTGGCAGC, cor-
responding to the ¥-COP-peplide, AATRQEIFQEQ. This probe was
used Lo sereen a Apt10 library fiom bovine brain (randem primed,
Clontech). Three independent clones were sequenced in the M13mpl8
system with Sequenase (USB).

For the production of anti-p-COP peptide anuibodies, the dode-
capepude, YAATRQEIFQEQ, according lo amino acid positions
254-265 of the parlial sequence was synthesized (kindly performed by
Dr. R. Frank, Hedelberg), and coupled 10 persuccinylaled bovine
serum albumin as a earrizr {11], which was acuivated with isobutyl
chloroformale. About 20 mel of peplide was covalently linked 1o | mol
of carrier. This product was injected into rabbits, and the antiserum
obtained was depleted of anlibodies direeied against Lhe earrier pro-
tein by affinity adsorption te persuecinylated bovine serum albumin
bound to nitrocellulose. The resulung supernitant was affinity puri-
ficd by adsorplion o pitrecellulose-bound antizen and subsequent
elution with 50 mM eitrate buffer, pH 2 3[12]. The eluant was quickly
neutralized by the addition of 1| M Tris, pH 8.3
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3. RESULTS AND DISCUSSION

In our attempt to characterize the individual non-
clathrin-coated vesicle coat subunils, we isolated p-COP
from nen-clathrin-coated Golgi-derived vesicles [2], as
well as from coatomer [3]. by SDS-gel electrophoresis.
The protein was submitted to tryptic digestion and the
resulting peptides were purified by reverse-phase HPLC
on RP 18 columns, and sequenced. A Jdegeneraied ol-
igonucleotide probe was synthesized corresponding 1o
one of the peptides (see Materials and Methods) and
used to screen a random-primed bovine brain eDNA
library (Clontech). The largest insert found was ¢loned
into M13 mpl8 and sequenced. This cDNA comprises
an open reading frame of 1,569 bp, with a stop codon
at position 1,570 (Fig. 1). Four peptides known from

1  acgegeagegayggesgoategacegectcatgaagcagatetootant tocatgtecgay
ThrGlySersluGlySerIleAnpArgLeutiat LyaclinllederSex Fhedatseralu

€1 atcteggasgagtisaagategtggtagegeagges atcagegegetgtgteagaagtat
21 IleRarAspGluPherysyalvValvValvalGluAlalleserAlaLeuCysSlnLysaTys

121 ceocgcangcacgecgtgetcatgaaattdstgbe tecatgetgagpanagaggscyye
41 ProArgLysHisAlaValleuHetAsnpheleuPhaisrMetleuArgGiluGluGlyaly

181 ticgaglacasgogggecntogtggactgeateataageatoategagdagaacgaugay
61 PhaGiuTyrLysArghlalleValpepcysIleIleserllallacluGluAsnAlagly

241 agoaaggagacgggdorgteeacetgrgogagttcatagagjactgagagttoaocgtyg
81 SerLysGluThzGlyLeusserHislaucyscluPhalleluAspCysGlurhaTheval

301 ctggecacgogcatogtgracoigetygggecaggagyygccaggaqcageaadecticaa
101 LeuhlaThrArgIleleulieleuleuGlyGlnGluGlyPFroGlypreAlaThrLeuprs

361 agtaeatsegs tteatotacaacsgsgtgatgotggagacegecgagdtegegoagycet
421 SerThriferAlagerserThrThrAlaTrpCysTreArgRroProATgSerArgATSRES

LYTN s;ugnqtgctctqgceungt::gqﬂgcgeaﬂueguqaqutgchnc:cﬂgu:cacgg:a
141 valSerAlaLsuAlalysPhoGlyAlaGinAsnGlucluMetLeubraSerIleLeuval

481 cotgetgaagagutgbgtyatggatgacgacaangaggtoagggacedduscacctictas
161 LeuLOULYysArgCysvalMetAspAspAspAsnGluvalArgAspArghlathrRheTyr

Ed1 etCaasgtgetggageagaagdcaganggogetcaatgoaggotacatectgaatggtetd
161 L[ewAAnYalLeuGluGloiysslnlyasAlaLewAsnAlaGlyTyTIlalenAsnalyLod

€01 q==gtguceacaaeaﬁﬂtctagnﬂagqgegctqengcaguaeactacggngeeulcgqng
301 AlavalderllefroGlyleauGluArgAlaLeuGln@lnTyrFhrLoudlubrobercin

661 aagccettoyadcteaagtedjigoesctggecaceacyocactygodyagihgaggaca

221 LySFroPheAspleuiysienVa)BXoLeuhlalh alakRekauAladiualoArgThe

721 gnnngcac:ucgghQaeEgaunccqucnqcccgngnaggtggcaueenecaggcnggan
241 GluSerThrroValThrAlaAlalyRQlnProGlulys¥alAlaAlaThrArgclncin

781 atettecaggageage tggoggetgtgacegagttocaggggetgggdcacctcttcaay
261 IleFheQlnoluZlnheurladlavalbroGlubheGlnolylay0lyPreLuuPhelys

BAl teotogackgagrecgiggoectcactgagteggagacggagtacgtcataogatgeacn
28l AarserfroflufrovalalaleuThrSluZexGluThroluTyrval.llahrgoyarThy
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microsequencing were found in the derived amino acid
sequence (underlined in Fig. 1.). The dodecapeptide cor-
responding to the segment from amino acid 254-265 in
the derived protein sequence was synthesized, linked to
acarrier, and used to raise antibodies in a rabbit. Immu-
nological analysis of isolated coatomer with this antise-
rum is shown in Fig. 2. In the gel system used the
migration of #- and y-COP is reversed as compared to
the system used in [2]. In lane 2, coatomer was stained
with Coomassie brilliant blue after separation. The po-
sitions of the COPs are indicated. As a control, Western
blotting was performed with the monoclonal antibody,
M3A3, direcied against §~COP (and kindly provided by
Thomas Kreis) (lane 3 in Fig. 2). The antiserum against
the dodecapeptide, VAATRQEIFQEQ, reacted clearly
and specifically with ¥-COP, as shown in lane 4 in Fig,

301 nﬂncaancuhte:utqnccn:n:gital.\;ccnacl:tgae:qcneilnnelwl:c:lchﬂc
301 IysHiaThrPheThrAspHisMstValRhedloPhehaplys ThrAsnThrZeuAsniep

461 cagnccotggogucg:cn:gg:gunganqgugcectcﬂqegncunnegniu:gctql:g:
321 GlnThrLeudluhsnValTheValdlnMetOluProssroluAlaTyealuvalheutys

1021 tacgrgeecgeceggageatdecctacaaccagcccggaacstgoetacasgatgutgges
LY TycValProAlaArgSerieuproTy TARGALNProGLly ThrCyaTynThrLeuvalala

108} otgecczaaggaagaccccasjgogitgyactgoacgttéagetgogtgatrangttcace
261 LeuProlLysUluAspProThralavalalacya¥hrFhueserCysvalletLyePheThs

1143 gtraaggactgogaccocasgasaggagaggedgacgadgaggattacgadygacgagat
381 YalLysAspCysAspRroThrTUrGlyGluAlehopAsPGluGly Ty rGluAspGluTY S

1201 gtgotggaggatctggaamtonogatageggatcacatecagaaggboatgaagotgaad
401 ValLouGluAapLeuGluvalThrlloAlaAapHiaIleGlnlysvalketLlysheuhsn

1261 ttogaggeagectgggacgasptigadgatgayttceagaaggaggagacgtecacotiyg
421 PhedluAlarlalrprApGluValGlyAzpGluPheglnlysGluGluTherneThriau

1321 tocaceatCaagacactegaggagyctgtgggeaatategtoaagetettaggaatgoaa
441  BerThrileLysThrleucluGludlavalalvAsnllevalLysPheLeuGlyNetiin

1381 cottytdageggrctgacanagtgcoggacaacaagaacacgeagacyotgacboatggen
461  ProCysCludrgSerAsplysValProAspAsalysAsnThoiisthrieuLeuleuAla

144l ggeglgltecgugunggacatgacatectggtgegatcdegyotgetgetitbggacaca
4581 GLyValFheArgOlySlyHisAsplleLeuValArgiezargleulauleuLelAApThr

1501 gteactatgcaggtgacagecagaagiteggaggagetyceggtggacatagbettggey
501 valThrMetGlnvalThrAlaArgSerfersluGlubeyproyaipspllevailenrin

1561 ketgrtggy
G521 Sex¥aloly

Fig. 1. Partial cDNA sequence af y-COP, A random-primed AgL10 cDNA Library from bovine brain (Clontech) was screened with an oligonucteatide

probe as deseribed in Materials and Methods, und three indepenident clones were sequenced. Tryptic peptides from 7- COP, isolated as deseribed

In [2,3], were microsequenced und compared with the y-DMNA-derived protein sequence. The four peptides Tound in the derived Sequence Are
underlined, Amino acids are given in the three letier code.
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Fip. 2. Antibodies against a ¢cDMNA-derived syntheue peplde react
with y-COP. Antibodies against the peptide, VAATRQEIFQEQ,
were prepared as described in Materials and Methods. Coalomer
solated according 1o [3] was separated by SDS-gel electrophoresis on
a 6% acrylarmde gel with a ratio of monomer 10 A N'-methylene-
buacrylamide of 100.1, with 6 M urea in Lhe separating gel. Lane 1,
molecular weight standard proteins; lane 2, coalomer; lang 3, im-
munostaining after electrotransfer to Immobilon support of codlomer
witl the monoclonal antibody, M3A35, directed apainst §-COP (kindly
provided by Thomas Rreis), lane 4, sample as in lane 3 1immunostained
with affinity-purified (se¢ Matenals and Methods) antibodies directed
agdinst the cDNA-derived dodecapeptide.

2. We take this as confirmation that the cDNA shown
in Fig. 1 encodes a 524 amino acid region comprising
part of this coat protein. The missing portion of the
full-length ¢cDNA is not present in the cDNA library
used, as re-screening of a Agtll ¢DNA library made
from denatured RNA, random plus oligo-dT-primed
(Clontech), did not yield inserts that would have com-
pleted the full cDNA of y-COP. Nor did application of
the RACE procedure (13] with bovine mamarian gland
epithelial cell RNA lead to additional cDMNA informa-
tion.

Computer-assisted structure comparison revealed a
striking homology to Sec2lp, as shown in Fig. 3. The
Bestfit program was used thal introduces gaps lor the
optimal alignment of the sequences. In a stretch of 569
positions 28.3% of the amino acids are identical, and a
similarity of 52.3% is obtained if conserved amino acids
are considered. Individual peptide streiches of between
40 and 60 amino acids are found with identities of more
than 509% at either side of the two major gaps.

In the Blast P program for protein comparison [14]
a high score for the relation of -COP to Sec2lp of 204
is obtained, with a smallest Poisson probability of
2.5 % 107%, For comparison, the next best score was 56
for a hypothetical 119.5 kDa protein [15] with a smallest
Poisson probability of 2.7 % 1875 These results, to-
gether with the identities and similarities shown in Fig.
3, provide a statistically firm evidence that Sec21p and
y-COP are related proteins.
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Sec2lp [16] is a protein of 935 amino acids with a
molecular weight of about 103 kDa. This is in close
agreement to the apparent molecular weight of about
100 kDa for ¢-COP, as estimated by SDS-gel eleciro-
phoresis. The alignment of our partial protein sequence
with Sec2lp is optimal in the C-terminal part of Sec21p.
This is in good agreement with a stop codon found at
position 1,570 of the cDNA sequence, and indicates that
our cDNA codes for a C-terminal part of y-COP, com-
prising almost two thirds of the entire protein.

What implications do our findings have on our
knowledge on the mechanism of vesicular biosynthetic
protein transport? First, ¥-COP is the second subunit
of the cytosolic coatomer complex that is now shown to
be present in transport vesicles as well. Thus, the re-
maining subumits of coatomer are also highly likely to
represent the coat of non-clathrin-coated transport ves-
icles. Second, and more importantly, the similarity of a
coatomer subunit from animal transport vesicles to a
yeast secretory mutant protein offers strong confirma-
tion that coatomer plays a functional role in vesicular

pecop 1 TGSEG‘SIDRLMKQISSFMSEISDEFKWWQAISALCQK\‘PRK]MVLHIF 50
I [ o1 1 b ozenl: Il
sec2l 369 TGI'SKNISSLISTITHFIHDVSDDFK[IIIDAVRTLSLHFPQE!’KSILHF 418

y-cop 51 LFSMLRE EGGFETKRAIVDCIISIIEENAESKETGLSHLCEFIED‘EEFT 92
beg 1L 2 HIEE YT IR
58021 419 LIDVLKNSEGGFI‘-FKNSIVEALIDIVSFVPQSKELALENLCDFIED'EEFN AGE

y-cop 10 VLATRILHLLGQEGPGPATLPSTSASSTTAHCHRPPRSER FYSALAKFG 143
o LHLELD Tldes 121l Ll
secZl 469 EIL‘IRILHLLGKEGPEAPNPSLTVRHITNRVVLENSII.RSNWVALSKFA 518

T-cop 149 AQNEE..MLPSILVLLKRCVMJDDN[VRDRATFTLNVLE QKQKALHA 191
e 1 [ IR R S E O B I:
seczl 519 LTKNDPTLYESIISLLKRIANDKDDEVRDRATIALEFIDSARNKDDVIAQ 568

y~cop 194 GYILNGLAVSTPGLERALQQYT.. ....ovvunna.. LEPSEKPFD 224
(RS NN I 1 [
sec2l 569 NLIESK'I‘F'YDIPSLESKLSSYISSNTDSFATAFDVNQVHKFTEDEM&AIN 618

y-cop 225 LKSVPLATAFLAEQR'I ESTPYTARKQPEKVAATR. ....oovnn wuns Q 252
i [ 1 AR
sac2] €19 LKRKQEQIFNQKSETTLDTTPEAESVPEKRADANSFAGPNLDDHQEDLLA 68

y-cop 260 EIFQEQLMVPEFQGLGPLFKSSPEPVALTESETETVIRCTKHTFTDIM 30
P R A NN S FU I Y B RS |
sac2l 669 TKTAD[LLSIEQIKPFGQLVNSSR AISLTEPCAEFYYRGYKHLFKDNYY 717

y-cop 318 FQFDCINTLNDQTLENVTY, Q'-1EPSEA‘I’EVLCYVPARSLPTHQ-PGTC‘IT 357
e i ey I
sec2l 718 LQT?JITNTLTDIALDNVS‘WETPEISDEAELEELFTLQVDRLLPSEEMC et

r-cop 358 LVALPKEDPTAVACTFSCYMKFTYRDCOPTTGEA. DDEGYEDEYYLEDL 405
e 1} i t IR N I e L
sec2l 768 YV:\FKKLDEIVMEGI’LN NLTFTTKEINPDTNEPFDGDEGI’QDET[IDSI 816

w-cop 486 EVTIADH]QKVMKLNFEAAHDEVGDEFQKEETFTLSTIKTLEEM‘GNIVK 485
H I A N 1L
sec2l 317 FLNAGD‘!"JKSSFTGNFSALFD[LP(E EVnVFHIQEDLSIQEVVDKIIL 864

y-cop 456 FLGMHPCERSDKVPDNKNTHTLLLAG, .VFRGGHDILVRSRLLLLDT‘.’TM 503
I T - A F | HE
sec2l 865 NSSCLPVESTQ APSDSNSHTI.KLFGKSALTGSKVALQIKMIKSSKGLAL 14

v-cop 594 QVTARSSEELPVDIVLASY 522

| oere ¢ i

sec2l 915 K"“"KrEDSLLCQDLVHGL 933

Fig. 3. Comparison of the partial cDNA-derived amino aed sequence
of 7-COP with Sec2lp. Idenlical amino acids are indicated by a verti-
cal dash; conserved amino acids are indicated by a colon.
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transport in vivo. Sec21p has been characterized as one
cf several temperature-sensitive yeast mutants defective
in protein transport, and results from synthetic lethality
studies indicate a role for Sec2lp in budding of trans-
port vesicles from the ER [L0}. The close homology of
a coat subunit isolated from Golgi-derived transport
vesicles, and a protein required for ER-to-Golgi trans-
port would certainly be consistent with the simple idea
that transport vesicles from both the ER and the Golgi
apparatus recruit their coats from a common pool of
cytosolic precursor, the coatomer, and that the coat is
required for vesicle budding. We would predict that
Sec21p, like y-COP will exist in a similar coatomer ¢om-
plex in yeast. In summary, the mechanisms underlying
vesicle budding from the ER and from the Golgi are
likely to be very similar, if not identical, in animals and
in yeast, as has been found earlier for the process of
membrane fusion [17]. Results from yeast cell-free ER-
to-Golgi transport assays have revealed evidence for a
vesicular carrier but no coat has been deseribed (o date
[18,19]. In light of our findings, it appears likely that a
transient COP-¢oated wvesicle intermediate has been
missed.
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