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ABSTRACT: In order to screen interactor(s) of the Aspergillus nidulans o-COP of COPI vesicle, we performed
the yeast two hybrid screening by using the gene for A. nidulans o-COP as a bait and identified &COP of the
COPI vesicle as an interacting protein. The A. nidualns gene for the &COP was designated aned’ (4. nidulans epsi-
lone-COP), which encoded 296 amino acid residues with high level of identity with orthologs from other fungi.
Domain analyses with yeast two-hybrid system suggested that the interaction between o-COP and &COP relied
on the C-terminus of both proteins, and that the N-terminal WD domian of a~COP and the TPR region of &
COP were not essential but required for the enhancement of the interaction. These results indicate that the inter-
action mode between a-COP and &COP of COPI vesicle is evolutionarily well conserved in eukaryotes.
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Az o] EH|Thl A (secretory protein)> coat THY
Z(COPs)E o] Fo|7 %A (transport vesicle)oll 2|3}
EEEY, 549 clathrin-coated vesicleZ} non-
clathrin coated vesicle® W] ZItt. Endocytic transport
g % trans-Golgi network(TGN)®| L} A BRSO 2 HE
e Ele 542 clathrin-coated vesicleZ /=™,
endoplasmic reticulum(ER) Golgi Ate]e] ©had o4
< non-clathrin coated vesicle?! COPI¥} COPII®| <3}
o]FoJ%Itt. Coated vesicle®] & H3h= gl o3| &
+%)= 3k=(cargo)©lt} coat polymerization®} machinery
components®}2] & 280 P v]ZITh(Langer et al.,
2007).

COPI vesicleZ a, B, B 7 6, & ¢ 77/ subunit
(CoP)o]l M2z G-Ee] UF<Q ADP ribosylation
factor(ARF)2] =302 Golgi HPZEERAA] 550 kDa2
cytoplasmic complex?! coatomers FAJTO =4 THEo]
Zth(Serafini et al., 1991, Waters et al., 1991). E/-F2
coatomer= JLFE Ho] EAlsh= AdHlolA= B-9} F-
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subcomplex® E8E =], B-fractionS ¢, £, sCOPL
2 FAEY &g FA A vEEReR =EHH, 715
S 2% clathring} #H=F o] ATh(Eugster et al, 2000).
Yeast two-hybridE ©]-83} coatomer 7] 5282 &
Mgt A3k, BI6, YIS ale, ol f-COP Atolel|A] sz gte]
dojup, A F2EA A3} a-COP2| C-terminal domain
(CTD)®} &COPO| heterodimers ©]F+= A2 #3]%
v} $lth(Hsia and Hoelz, 2010).

A7 Saccharomyces cerevisiaeX|~] coatomerES -
Asls 7709 subunito] BF FAEL, AE U 71T 2
dATEA o]l AE vk e, COPS A2 BE
COP2 Aol A olt). a-COPL| N-Hihe] )51
COPI vesicle cargo(KKXX-tagged T3 5)3} 45
ZAgsle 202 Uzl WD40 motifl] Edwol7t A
71 sool-1/retl-1(G227D), retl-2(S226F), sec33-1(P147L,
S226F) Mol =S BTk 53] sool-1
EdAHolFE AEY B1,3 7 Aol 7AsHL(Lee
et al, 1999), B, eCOPz}2] Agto] o]Fo|x|x] ¢kor}
B-COPH= ZAfsle 2oz B oM (Kim et al,
2012), 25 v o] sl (glycosylation)h Al 3E
9] #H|Fl @ A Ao® ZAMEATHKIm

o o ] (]
et al., 2011). T3, C-U EAHO|FR rerl-3v= =7
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Aspergillus nidulans F8]2d 7422421 o-COP3 &COPS| A7 #9] 4 225

TAE Hol H|5&%0lA] o-COP2] E3l| 9} carboxy-
peptidase Y(CPY)®] =50l A3Hs Bt o83 &4
ol FAFL +COP| ol 3] 3|5=u, &COP
2 B8 S IFA AL ol AT o-COPS M
3o 2 coatomers FASHE 9ES $H}(Duden
et al., 1998).

AP Aspergillus nidulans®] o-COP & 5.3}8}3L
Je FAA] Agto] LA sod"'Cl(stabilization of
disomy) EWolE Gx LA} FAMIAGl oS =
Hale Aoz WA o (Whittaker er al., 1999), &2 <1
TR AFAn AlxH A Tl FH|EPg %
&S vXH A nidulans®] o-COPO| S. cerevisiae o-
COP =d®o|=2] TOS RFF S 3 EAIZE & oS ¥
Ao BN AP RO EH G A R 75| fA
S W3k BF AUh(Lee er al., 2002). ZAH|, 2+ A
G40 A FER T3] AMSEE Aspergillus & TdF
S APSFE] 73 EHITh A AR TF g49] 7
! A FA YIS vRol= Estar EHjade]
2 7)ol e ATE S cerevisiae S0l B]Eke] )
o2 JFR% Aol
B AFANME= A nidulans a-COPS] 7159 G3S vl
A= AeAgshe TS gst7] f18ke] yeast two
hybrid screenings T3 A3}, &#COPE F52g Tl
Az Addstal sid fzke] S48 £45L o-CoPH
&COPZH] B354 H-9] 415 A =sk3ith

2 oox WE Ml ofo

oF W Y =2

S. cerevisiane T L40(MATa his3D200 trpl-901
leu2-3112 ade2 LYS2::(4lexAop-HIS3) URA3::8lexAop-
lacZ)GALHE AH&3iith. vldiAlZ2=  YEPD(1.0%
yeast extract, 2.0% bacto-peptone, 2.0% glucose)2} T3
229141 (0.67% yeast nitrogen base without amino acid,
2.0% glucose, 0.2% drop-out amino acid mixture)s A}
43199}, Yeast-two hybrid 2=32]'dS $3t 7HHmX| 2=
SC iAo X-gal(20 mg/mL)# BU-salt(0.5M Na,HPO,,
02M NaH,PO,)S #H7tete] ARSIttt Fehiu|==
Escherichia coli DH5 a5 AH8-3to] SAAIZH o, P44
28-S ampicillin(100 ug/mL)4}  zeocin(50 ug/mL)©]
£ LB Hi#](1.0% yeast extract, 0.5% sodium chloride,
1.0% bacto-tryptone)S AHE-3tod =331

o =
E. coli®] 3AxH 100 uLe] FFAA| Ao F

ze)
sulEg Egel] 40N 308, 42°CIA 0% S
staz, LB #iA] 1 mLE H7Fste] 37°ColA] 1AZF &<t vl
% 5 ampicillin®] £ LB iAo =2alict. axe] 2

Z13ke Chen 5(1997)2] one-step transformation method
= o]gsldEtl, 5x 10709 AESH 100 ngoliHe] DNA
£ one step buffer[90 uL2] 50 Y%(w/v) PEG4000, 5 uL<]
2.0 M DTT, 5uL®] 2.0 M lithium acetate(pH 6), 2.5 uL
single strand carrier DNA(10 ug/uL)]ell &3t &, 39°C
v Fzeoll A 1A wlj&Fstar AeiufA]of] Edaste] 30°Cell
A 3~4 S & FAASAE AU

AN@-COP/Sod"'C interactor X Z&HEe| My
gt E2tA0|E M=

Yeast two hybrid& bait 2P| =8 A Z317] 251
pGEM T-easy vector(Invitrogen, USA)°ll 24 o] 3
£ A. nidulans a-COPL] 5822 sod"'CZ Apals} Pstl
o=z #ehlo] pHybLex/zeo® B (Invitrogen, USA)ol &
24 3Nt} Prey @0 =2 pAD-GAL4-2.1 HE
9] EcoRI¥} Xhol AStE A A2l 4. nidulans cDNA
HAEC] 249 Hol e golByg @ Edga 4
B AF AF)E o] 83te] a-COP2| interactors A1
shaatt.

ANa-COPF AN&COP 7Fe] AFH91E E45H7] €
gk two-hybrid assay& HohW|=E pHybLex/zeool
AN@-COP 4822 pAD-GAL4-2.191 AN&COP2] 3
g 747y Z R ste] Alzsh

fijo

2

Two-hybrid assay

A. nidulans a-COPFAX7} E2YE bait SBP|=
& ZH= L40 A5 UGS prey§ ST E golH
N2]E 788 FEA3KGietz and Schiestl, 1991)A]
71 3, ImM 3-AT(3-aminotrizole)°] H71E wjR|oA =}
2}al, X-galo] Z3HE wiR|olA LacZ Y9WH-8-5 el
= F2Y=E A, AEE F2EUZRRYH plasmids
w257 918 3 mL YEPD AR eflA] v datar, vk
# AIEE 12,000 rpmOE 5EZF AEeste] AHAE
TFES &, 200ule] METHE H5-8H(2.0% Triton
X-100, 1.0% SDS, 100 mM NaCl, 10 mM Tris-HCI(pH
8.0), 1.0mM EDTA)l| =g & 03g glass beadt
200 uL PCI(Phenol: Chloroform: Isoamylalcohol =25:24:1)
< F7tste] 287 vortexingstith. THA] 12,000 rpm S
Z 1087 AR s Attt el & E coli
DH5 a9 @& 83te] ampicilline] F7Fe LBEIAZ A
W3l th(Hoffman and Winston, 1987). #-2]® FAHZFE
o EHgpavmd F2YHE fHAe] d@VIMEE B
ALl pAD-GAL4-2.19] 4R G7IMES o83t
sequencing primerS A| 233t} A 2% primerZ A=
(Genotech Inc., Korea)oll ol&|sl] A7IMES AA st
A2, 4" 97| <ES NCBI(National Center for
Biotechnology Information) GenBank®] DBE ©|-&3}¢]
OE #79 AR Bl skl
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In vitro mutagenesis

PCRE ©] &3} site-directed mutations F=3}17] <30
54 91X d714E8E vHte] primers A x5
QMO =YE #COP FAAE F3s7] S8l &
Awo] A1 H-Lle] 4715 X8kSt reverse primer-1(AG
CAGCAGCAGTAGCGAA)$} forward primer(GAATCC
ATGGATCCATTCTCTGCAG)Z AHE-3le] PCRS 43
sttt dojzl PCRAMES FH S = reverse primer-2(G
GCGGAGTATTTAGCAGCAGCAGTAGCGAA)S} forward
primerZ PCRE 33l AHES A, THA] o] & O
2 reverse primer-3(CTATGAAGAAACCTTGGCGGA
GTATTTAGCAGC)$} forward primer2 PCRE 473§ 3lo]
71X go] v &COP EAHO] FHAE HTHo=E
F &8l

27 9 T
A. nidulans o-COP/Sod"'Cp2t MSEE5H= HHiR
32|
sod"'Cl Exolo] <3t Alxs Agte] 21S 33}

7] At H9] 3FU=Z A. nidulans a-COP(ANa-COP)}
Al INAES MYHSIIAL, prey® A nidulans
cDNA libraryE ©]-8-3} yeast two-hybrid 23 2]d<S
Fesith. 2 A3 2ol FEEFES A Eklsta
(Fig. 1A), YHZFE W9 ANa-COPH 5 2kgsl=
WA fAe] A7 s A S cerevisiae®] &
COP Az}t H7IMdoe] Ak xR g = o
aneA (A. nidulans epsilon-COP, AN¢e -COP)°. 2 ™3}

3, 293 9714 <¥E-e NCBI® GenBankdll 541353t}
(AY885258). aned" 7 Fe= 370e] AEEF 4] o
o AN F 296709 oleits tEsislw

o, the #R9) olvwAge MaEAF A
Neurospora crassa, Schizosaccahromyces pombe 2 S
cerevisiae®] &COP orthologE3} 712} 58%, 31%, 24%
o] AEAS HATHFig. 1B).

A. nidulans a-COPZ} &COP2| ZEHFS

IRF 52 e FaE ol Aol oshd, o
COPe| C-Zete] $iAIeh= oF 17070¢] opv]=ito] &
copPze] Aol #o] Fh(Eugster er al, 2000). W&k
ANa-COP3} ANgCOPS] AZHE-S A5l 7A} yeast
two-hybrid systeme ©]&3F EA4S AlTslth WA
AN@-COP2] N-Ethe)] 2x5l= 6709] WD motif, middle
region, COOH domain®] A FES 2 70} AN&COP
Feo] Al FE SRISHITHFig. 2). 2 A C-2d
o] AAE ANa-COP(|: A781-1206, A1029-1206, Al-
1026, A1-1027, A1-1028YS ANeCOP¥ AgtalA] %
3lLt, COOH Z=H| IR ZH= ANa-COP(A1-780)2 AN&

U RT

=]
24

o

=
[}
A. Bait
SodVICp
Positive C
Prey Negative
interactor
B A. nidulans 1 - f*”\lD SAE I E\ALP
. N. crassa 1 = e}
S. pombe 1 e S EA SLS\ F %%%@ ﬁz &
S. cerevisiae 1 “QRLQWDkDILFLIu&\IL C LQFISQ)] IRTDLEEL

nidulans

. crassa
pombe

. cerevisiae

[P

TV DUEGE TEESS] SINKBINFAAGNAEAAT -
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Fig. 1. Screening and identification of A. nidulans o-COP
interactor. (A) Protein-protein interaction between o-
COP"'Cp/a-COP and a putative interactor was con-
firmed by the X-gal activity with yeast two-hybrid
system. The pAD-GAL4-2.1 plasmids with no gene
and with the gene for S. cerevisiae o-COP were used
as a negative control and a positive control, respec-
tively. (B) Multiple alignment of the deduced amino
acid sequence of interactor (&COP) was performed
with that of orthologs in other fungi. A. nidulans:
Aspergillus nidulans, N. crassa: Neurospora crassa, S.
pombe: Schizosaccharomyces pombe: S. cerevisiae:
Saccharomyces cerevisiae

COP=} 733t A5 HYOHW, S cerevisiae retl-3 &
Awiole] Z-9-f wA}o}ﬂl Sod"'Ce] C-2erel 104294

1soleucme°] aspartic acidZ2 X|3¥ EdHo] w
2] Sod"'Clp(Lee et al., 2002)% AN&COP¥ ZAga1A]
?—é?):‘il- O|ZM S. cerevisiae2] 7399 PIEIAZ 4.
nidulans a-COP2] C-Etto] 5—COPJ+9] Aol "E Y
% & & AU FHH, ANe-COPL| N-Tetel] 9]x]5h=
TH91(A282-1206)2 &COPHe] ZAgsEo] gl
ANg-COPJJr«] Agtel D52 QA% oL (AWI-6,
A1-780), 6712] WD motifz shet=s &35 H--(4AW1
~AW1-5)5= ANe-COPZF AH 3] ottt olgf gt
L S cerevisiaeo| X ZAFGE A9-(Kim et al., 2012)2} &
A3t 7107, -COPE COOH E=HQle «COP#e 2

L

o=

ol "4 @40, ¢-COP N-Z& WD EH2l9)]
F22<l H3ks o-COP3} &COPe] Ajtel] FAH
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780 1206

1 281
a-COP [T TTF ] Midderegon | COOHdomain
WD40
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Ane-COP
1
positive —— A781-1206
negative | 41029-1206
AW I“ i 41-780
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AW1-5 | p————g 4282-1206
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AW16 | p————f @ Sod“iC1

Fig. 2. Domain analysis of A. nidulans o-COP responsible
for the interaction with &COP by using yeast two-
hybrid system. Domain structure of the A. nidulans
a-COP (AN@-COP) was depicted (upper panel); Wild
type ANo~COP has 1,206 amino acids and six WD40
motif in N-terminal WD40 domain are indicated by
dotted-boxes. Serially deleted ANo-COP was repre-
sented schematically (lower panel); The thin line indi-
cates the deleted region of a-COP. AW1, deletion of
the first WD40 motif; AW1-2, deletion of the first to
the second; AW1-3, deletion of the first to the third so
on; A781-1206, deletion of amino acids from 781 to
1206 so on. An arrow head at C-terminus of the
Sod"'C1/a-COP indicates replacement of isoleucine
1042 by glutamic acid (I to D). In order to map the
interacting domain on the o~COP, genes for the
serially deleted ANa~COPs were expressed in the bait
plasmid and tested for the interaction against AN&
COP.
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AN&COP2| ANa-COPZe| ZEtF¢

ANgCOP2] olv|i:=Aibyd B4 A3} TPR(Tetratrico
Peptide Repeat; W,G,Y,,G5Y7A50Y2,A,,P5,) F-3-0] 205
of| Al 238W o}uiAb Afolol] EA|SIATHFig. 3). YWH
22 TPR 9YL right-handed helical T+Z& ¥4dshH
o] Agte] F&A TS Fo=H whz chul g
A 18, 53] aRre] H§ &COP2 TPR
FHO] o-COPL C Ueh(U-FH 7+2) Adshkes 2o
2 4#HA thHsia and Hoelz, 2010). w24, ANe-
COPS] TRP H-o] ANa-COPZe] Ao #Hofsh= A
o2 2A}sl7] 9JEke] ANeCOPS TPRo] E3HH H
F(A1~200, A239~296)2 EFEA] = F(A4201~296,
A1~238)0.2 o] A48 A3, ANe-COP2| TPRO]
a-COP2] Aol & Q3hh(A201~296), TPRF-$] ©=
S2= AUE 2R R (4239-296), TRPES
o] C-EeH7}E 4 (A1~200) o-COPHe] A+ 2Hg-o
HoJshs oz FAHAL. 3, TRPYY FHZEe C-

1 205 238 296
€-COP| R |

289 \
\

/,/’ - 284
|—--sw|i§w -—

Bait
Ana-COP
1 296 [
Ane-COP ] -
288
negative Q 11 4289~296
200 282
4201~296  —--1 | | 4283-296
Prey 201 283
DR J R— — “ ———r}| 4284-296
238 284
4239-296 | | = || 0 | p———]| 4285-296
239 _—
£1:238 ] | [ & %%, D284A

Fig. 3. Domain analysis of A. nidulans sCOP responsible
for the interaction with a-COP by using yeast two-
hybrid system. Domain structure of the A. nidulans &
COP (AN&COP) was depicted(upper panel); Wild
type ANeCOP has 296 amino acids and TPR
(Tetratrico Peptide Repeat) from 205th to 238th amino
acid residue is indicated by grey box. Serially deleted
AN&COP was represented schematically (lower
panel); The dotted line indicates the deleted region of
&COP. The numbers following the symbol "A" indi-
cates the amino acid residues deleted; A4201-296, dele-
tion of amino acids from 201 to 296. The D284A
stands for the mutant &COP, in which replacement of
glutamic acid 284 by alanine (D to A) was introduced
by in vitro mutagenesis. In order to map the inter-
acting domain on the &COP, genes for the serially
deleted AN&COPs were expressed in the bait plasmid
and tested for the interaction against ANa-COP.

deHtE @EoE o-COPHe| Afe] 7hedh el
(A1-238)2 o] F-9|7} A A= o-COPHe] ATs2 A
2421 (4238-296), TPR 917} 3 A8 o] A%
o] S U= ATHA1~200).

ANgCOP C-ZHH9] F o-COPe] A Fast
AS she o eAbe TGS flske] OE 479 &
COP} oAt MEREA Ads HES 23, &COP
TPRF-9] FZ2] C-ehiel] oA o= ofn| it A e
}b}__\_g:_/\é O] %—;‘% ‘1_?__?’] 3 _—,}—\v_(E278K279’ F283D284, K289Y290)_%
As 3 (Fig. 39 9 #), o] F4HLE &COPY C-
Zdeto] o-COPHe] At wX= JFS B} AlEs]
AV 1 A3 KYYP e A e AA7) Al
A 79-(A289-296, A285-296)°)] BIal K*Y* ¢} F¥D*™
Mol BT AAE 739(4283-296)9F K'Y w9}
F*D*M g A3 A AR 7$-(4284-296)%] ANa-COP
o] Aol dA 3] 7HAste], ANa-COPZ Aol ANe
COPe] F¥D™M o] 23 7152 99d o= 33
o), FUD™Po] 3 2849 o)Akl aspartic

¥



228 %
acidS in vitro mutagenesisE 53l alanine® 2 X5}
S(FPA™) AN&COP3 ANe-COPE] Aol W 4
0] JERIA] 9= Ao g Hol §HH ARS =&
F Atk

2 AFE Folo] g A3E e, 3% A=
e NS T8 g3t 457 592 Ao, 4
nidulans®] a-COP3} s-COPL] whiz chalzl A} & z2ra.o
a-COP2] COOH Z=v|Ql3} &COPS| C-HEHF-$7} H4=
Zo|m, o-COP N-¥&te] WD EH|¢la} &COPS TPRY-

T e 7] A4S FXlshs 2AF9E W
ATk B3t 4. nidulans®t ERF2 S, cerevisiaedl X o
COP#} &COPZF 28 EAAATT fARE Zoz2 Hol,
COPI 4&%e] #4849 o~COP &COP 7] A5z}t
L 7|de ;(]zsﬂ A E LHoﬂ/q X]§]_?<4 oz = E—*‘Eloi J=
AT 7 ok weEbA, 1A 2] Al EEE,
-‘1} 2 childl Bujel COPI #H|&dae] #AE EA5)
BEAA A EE Aol AV A, nidulans Y &

2l S olgd & Q&S Tl

p =, T
.

A=

74Oi

l-ﬂ Fl

7 S, cerevisiae7} &

s

¥ g

=Rt PARCIR-C!

L =2= ©

3}7]
bait= yeast two-
E ghllst

A. nidulans a-COP3} & 2H-8-31+=
5t a-COPS ¥&Este FAAE
hybrid 2=2321'd-& A. nidulans cDNA 2| B2 E B4
A3}, COPI Ao A LA = el «COPE &&3}st
ANE FAAE FHSISL aned (dspergillus nidulans
epsilon-COP, AN&-COP)C.2 HH3IATE aned FAA
= F 296709 o ieike dsslsla glom, ohE 4R
9] &COPH =2 F54S EAt}. Yeast two hybrid Al
202 T ouhly 7ol 4o zkg R9jE #AS A,
a-COP®] COOH E=H|Q1%} &COPY| C-EHH77F 4
RS, o-COP N-Ze] WD =m13%} &COPS| TPR
o= 7 omd 7ke] A Exlshke 2AH9I=E WY
Ao}, B3k APPSR A nidulans®t ERFC S, cerevisiae
oA a-COP3} &COP 7+ 24 do] AR Ao 2 Hol,

al

COPI 2¢9] #4842 o-COPH &COP 7+ 5zt
£ 71A4L AAMAME oA 2FZFom 2 HELE ] =

Aoz 4.

Al =2
o] A= 20109 % ZYdshw o) s A
HE A @FAAE S 2010-1631).
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o
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