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Effect of Mutation in a-COP, A Subunit of the COPI Vesicle,
on Cell Wall Biogenesis in Fungi

Hwan-Hee Lee and Hee-Moon Park™

Department of Microbiology, School of Bioscience and Biotechnology, Chungnam National University, Dagjeon 305-764, Korea
(Received June 11, 2007)

ABSTRACT: The cell wall is essential for the survival and osmotic integrity of fungal cells. It is the framework
to which biologically active proteins such as cell adhesion molecules and hydrolytic enzymes are attached or within
which they act. Recently it was shown that mutations in a-COP, a subunit of COPI vesicle, is responsible for the
thermo-sensitive osmo-fragile phenotype of fungi, such as Saccharomyces cerevisiae and Aspergillus nidulans, and
suggested that &-COP may play a crucial role in translocation of protein(s) of the $-1,3-gulcan synthase complex
and cell wall proteins, thus may contribute to the maintenance of cell wall integrity. In this review, we summarized
the relationship between the intra-cellular protein translocation machinery, especially the a-COP of COPI vesicle,
and cell wall biogenesis in fungi. We also discussed potential use of secretory mutants in basic and applied research

of the fungal cell walls.
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25 Mz ge

ERE HETS IAFF g3Red 71d
(chitin) ¥ AFF7Hglucan), 282 TH=Z ZH U (man-
noprotein)?] FHHAZ T JATHCid et al., 1995;
Klis, 1994; Orlean, 1997). Aa-5 A TH] g7 A&
< ZHFoE o FFont BolFog &3k, AlX
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technique)Z 7N'&5FE ™ (Murai et al., 1997; Shibasaki et
al., 2000), T} 2 el P A3y g3 E e
A & ZHIAA i B YR Ea st

Ao g XFe] AEHL 7344 8491 7™, B
13 2 gl6-277, 28I f14 T3] oM, 2 5
7Me A$= 7HAA BAsE v 26 <) (mannoprotein),
ZZE ke T2 9 (galactomannoprotein), FRFE =
e 3 2 B¢l (glucuronomannoprotein), ¥ fFFIt
5ol @A dri(Cabib er al, 1991). AEH FPA3
o g A7t 7P Bol o]Fozl BAE AR
Saccharomyces cerevisiae®] MNETHE AETH T
(CWPs), £13- 2 f1,6-227), 287 7902 74
o] Y, o]EL TS WY FRATSE M2 9Z
o} ATHCid et al., 1995; Kapteyn et al., 1996, 1997;
Klis; 1994) (Fig. 1). S. cerevisiae®) 73-%- pFFI A&
°] ¢ 60%F Ol FL 3lom w=IZ =Yl CWPs7} oF
40%E 233 7]"lo] & 2%E AA S AR UTA
Ao, AVFFY A= EEF 2o A BE 49 7
8-S gha-3k2 Jok(Lipke and Ovalle, 1998).

CWPs= A gl 93] F&== 4, glucanaseX
2o s F&He A, 2L SDS A s F=5
= A 522 vt o] F glucanased] 23] FEHE
CWPs+= GPI(glycosylphosphatidylinositiol)-CWPs2} PIR
(protein internal repeat)-CWPsZ U =6, GPI-CWPs=
N-2& 254 <E, ERHFIA Ze 7t GPl-anchor7}
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Fig. 1. Schematic presentation of cell wall architecture. Chitin
() and (1,3-glucan (=) chain are synthesized at
the plasmamembrane and protruded into the outside of
the cell by the mechanism so-called “vectorial synthesis’.
The cell wall mannoproteins (mesm), which are post-
translationally modified by N-glycosylation (<) at ER
and O-glycosylation (£x) at Golgi, are attached to the
plasmamembrane through the GPI anchor (J]) and
thus GPI remnant (mm). The mechanism for addition
of p1,6-glucan (@) is not known. (The Figures from
Lipke and Ovalle (1998) and Bowman and Free
(2006) were adapted.

membrane protein

e C-EHE 58 Ze= EAo] glow, EuHRE
Bl A ExHe Test & F¥33 FRAges dF
€t} ¢, PIR-CWPse N-ZH 23X 4E, Kex2p 22
9 2 A 3t o) W wHEAYE 58 2 e
- C-2o GPl-anchor 23HF-9& & >,
ml% o] wlae] O-linked side chaing S8 THE AX
W RS 2dE ZeE FPHA Yi(Kapteyn ef al.,
1996, 1997). S. cerevisiae®] A A 5A7}, oF 5359
e Fo] GPI-CWPs?l 202 BAERo) o] F AY
< E3 ¥SE AL o 4% EF3SItH(Hamada,
1998). 2, FA Mo st FEH= @RS o
i 7% Sol #EEHA o1 FFERE B4 @Rl
A o] iz B} (Edwards et al., 1999), 4%
PIR-CWPsw $HgA] Azl &3l FEHATR=E Ry}
e (Moukadiri and Zueco, 2001), = 8. cerevisiae
Az el FFTHglycan)| FHEATLE Add wid
Al(proteome)E T4 A F 19H7F FHEHA=H ©]
% 1270e GPUF 238 Alxd wido|y, 4= PIR
9id AE 28 A e gEE B (alkali-
sensitive) 2F22 FEZH AZE PIR-FAF TE =2
wazl vl JEK(Yin er al, 2005). 2@, EEERQ)
Schizosaccharomyces pombe2] ME¥ THYHAES T3
ARZ2e FHEAYTCE d49 9id elrF sHEHA=
o], o]% 4l GPIE "IZi=2 dZ" d@¥ide|x Ve
gl e Bole Alxd dudz FAEATHde
Groot et al., 2007).
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Saccharomyces cerevisiaed| Xl MEH JEo] A
F AR oFFta & ¢ de=dl, A 79
1,3-257ke 4379 EAshs TR A A o
of gA" "ol B13-FF7 AlEe] 98- e v
zog WPUrie 49, &9 W= ‘vectorial syn-
thesis’ol] 2]8te] FAHHTHCabib et al., 1991). THHA,
CWPs2 HH|HZE B8t HA 5 Er=m, dF
B1,6-FF0% BRI GolgiolAd] 45 Ao=E g8A
Atk Roemer et al., 1994; Shahinian et al., 1998). H=
Z o olE HEEC] AE5AE3tA 7TH AEHeR
=9 "ckFig. 1 F=x).

Ao AFFY A2 p1,3-2F0 AT ddste
Frze] tigk EAATE o] ol FolA v
AR B AIA HU T Douglas ef al(1994b)y2 5-1,3-
227 82 AHERDZ 482 echinocandindl] W
AL Holg EAHOIFE S cerevisiaed A Lo,
echinocandin®l] ™3+ W/d <] insoluble membrane fraction
% 53] p13-FF7 ALY catalytic subunitS $HE
sketal e FAre] Bl o3t Aoz Hyslge

%% Mo
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o, o] EAH|FE o]&3le] FKSI(FKS06 sensitive)
AAE 2293 vt AcHDouglas er al., 1994a). T F
2 @ AEREo| Douglas 7= UE WO R HHR:
£ 2249 3i¥ed, TvEAE 25 FKSIF 598
A2 U3 A (Castro et al., 1995; El- Sherbeini ef al.,

1995; Ram et al., 1995). o= Candida albicans
Mio et al., 1997), Aspergillus nidulans(Kelly et al.,

1996), S. pombe(Cortes et al., 2002), Cryptococcus
neoformans(Thompson et al., 1999) 2 Paracoccidioides
brasiliensis(Pereira et al., 2000) 514 FKSI®] frAF
AA7E g29HRoU, ol 44X ¥ f47 e
AR W 7)ol gk de HEs] g 7 oHE glo] A
2ol A7} dasit). Song et al(1992) £521 S
cerevisiae2FE f13-2F7 T Tl EFFH HER
FRE Holg N2¢ FeHo & EdRoFE
Az - AEslaL, 44 B4 2 229 A4ES FYsko
B13-2F7] AP Hshs MEL F 7 F37
¢l SO0IZ BGS2E =Y tH(lee et al, 1994,
1999; 21 &, 1995). ©] & S00I1& 2=&E8 45dE
¢ H (complementation) ¥uF ollE} £1,3-FF T4
T JEAAFE B4 Jded, 2 F7IHEE EAE
B A3 Zv]§A% ER(Endoplasmic Reticulum)oll 45
3= @allZo] Golgidlr] ERE Hol&sE #gel #odst
= COPI &g #4 @id ZF sl o-COP(non-
clathrin-coat protein @)2] F-FAF(Letourneur et al., 1994)
o FYe AoE AHEHATHLee ef al,, 1999). °l& &
2] f13-2F7 AP #oiste dido] g
o7 o]&EE FHAo| COPI Aol HATS AAlsh=
Zlojtt.

rfI:[:[

| CHEE =&7|72 COoPIel M

A ] FRARE T8l dHdo] 2FHe 9 W
el e ek AW 245 (vectorial vesicular transport)
olt}. A (transport vesicley TF8l Tl A A 2]y
(coat)el] <J3)] THEX=t|, XA (cargo protein) Al
W A A 28] ¥4 W(target membrane)S Z A
Agolx AFAQ AES st Sl o ¢
3l FREoAle EAadS -9y AW(clathrin-
coated vesicle)?} H|Eelid-9l¥  Ad(non-clathrin-
coated vesicle)Z UPEITH, FEEW-9H &g
network(TGN)A|A]  A|ZHtoL} 2o A
(lysosome) 529 3 4% (anterograde transport)
olvf Maete 2 HE] M3EER9] endocytic transport I
A F2 #AASIL, ERFY Golgi Atele] @z 242
COPIZ COPII Aol ¢Jate] o]Fo]RthRothman and
Wicland, 1996; Schekman and Orci, 1996). COPII= &
WAo] ERZHE GolgiE2 %%+ 74 (anterograde

trans-Golgi

ER

cis

7 COPII

/
@

COPI

Fig. 2. Intracellular protein trafficking mediated by vesicular
transport systems.

transport)°ll Zoddl=tl] wketed, COPI: @élde] Golgi
232E ERE 944HE I (retrograde transport)©ll
A Aoz gEA Uth(Bethune et al., 2006;
Letourneur ef al., 1994; Sato and Nakano, 2007) (Fig. 2).

COPI2 AA| Golgi cisternae WollA Ev|chede] A
wpek o] BEPH(Orci et al., 1997; Rothman and
Wieland, 1996), 5 ERSIM Golgie] 4 =3], GPL-
anchored T2 ] Z=%of T3 (Sutterlin er al., 1997),
A dilysine motif KKXX-motif)S 2+ @28 Golgi
2XE ERE ¥4 (retrograde transport)shs 4o 2
FH QgL 3= Aoz geEHA Uk(Cosson and
Letourneur, 1994, 1997; Gaynor et al., 1994; Letourner
et al., 1994; Lewis and Pelham, 1996; Orci et al., 1997).
ZZol& COPI®] endosomal trafficking®] = Fidh= A
o7 AEE dvk(Daro et al., 1997, Whitney et al.,
1995). AF7HA] AAE SAEC] olshd, COPI 19
(coatomer)= a-, f-, B-, 3, &, &, (COP 77 subunit
¢} small ras-like GTPase?] ARF10 & FAEo| 9, I
294 a-COPS Fgst #ofdh= &COPS Al93 &
E subunite £29 AEY ZgFHo|H(Duden et al.,
1998). COPIS GolgidlA] ERZ G545 whilldd] &
EZH oz EAske dilysine motifE <23ty A5E3si=
H|(Cosson and Letourneur, 1994), 7 7}4] subunit 5 o,
B-, »=COPdl| B/t AT retl-1, sec27-1 2 sec2l-1
EdHelE dilysine motifs Q128K E3le] wwAS
SR E3TH(Cosson ef al., 1998; Letourneur et
al., 1994).

ZH5Fo A, 4 2YH coatomers half-lifer} F
28A174H| o] 2= SPd3t BEA R, subunite] 2T dof
A &=t Lowe and Kreis, 1998). Two-hybrid system
S o3t ¥4 A, fECOPs, {-COPs, a/e-COPs L
23 o/ f-COPs7Hll Aol dojube Ao RIS
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(Faulstich et al., 1996). T3}, in vitrodlX ZE=e] &
(salts)o] &3 coatomers o/ f/eCOP subcomplex2}
[y 8&COP  subcomplex®  WHOIXH,  Ay/8/-COP
subcomplex® THA| /6 COPH y/¢ COPLE HB]H7|%
3h=H|, a/f7e-COP subcomplex= 1743] KKXX-motif
o} AT 4 doH, A6 COPS ARFS GTP-389] &
A 3l GolgiHel A¥shs s8-& EItH(Cosson and
Letourneur, 1994; Fielder ef al., 1996; Lowe and Kreis,
1998; Pavel et al., 1998). Two-hybrid systeme ©]-8-3}
COPI subunitZ+e] 452M8-(A%) FHE A8l AV
Eugester ef al.(2000)%] Aol ¢Jstd, f/eCOP, o/f-
COP, B/B-COP, f/-COP, 28X yeCOP Alojol|= &
o] dojutl, 3], o-COPS 3% C-LHE9= TE
subunitehe] g 2 coatomer? SHEA #Ao TQS
Bojoln, N-Z¢ke] WD40 59|91 KKXX-motifs ¢
£ el Qaa Qpfoyt 95 FH=E o] ¥
A7t AAHE 30°CAM ] AR BRlE oFFd IF
o girt.

a-COP E0i80|e} #fF UH

a-COPS] N-ZHR Qo) vhilla fdof Fshe Z
2 sl Js Feete ZA0R ¢EA e WD4O
motif(Harrison-Lavoie ef al, 1993)7} 67 EAI3k=H,
WD40 motife 713 37 (Bstrands and turns)S =
TR A9 el pzad(Lpropeller) FEE 4
31 (Neer and Smith, 2000), &2 Fdof AAste E
2 gl oA WA E tetratricopeptide repeats®t &
2AL3= Ao A Yo (Harrison-Lavoie et al.,
1993), a-COPell EAI3HE WD40 motife] 7]52 o}4]
2 A 9A gk e, 2o ArAadd s,
a-COP/SO01E] N-ZeHE-¢le] 6719] WD40 motif’t &
Aol JdE WD40 THIQL 30°CoA] TR AEolut
Qdukz el COPIS 715 F3o] B2 olx] FAW, COPI
o] Zg3hs vl JprRte sl KKXX-9jE4
(KKXX-dependent) 57|30l B4 FH= &<l
= S tH(Eugester ef al., 2000).

RETIS) E499Ho] tigdx}t Z sHA WD40 domain®]]
o)zt A7) rerl-1(G? to D)} retl-2(G™ to F)TH
B8 E-2%9] 37°ColA Aol E7Fss 548 HolH
(Schréder-Kohne et al., 1998), a-COP®] TR 5]
a-COPE] N-Ttol| &= 671¢] WD40 domain 257} A
AD ret1Al-285 FAAE FEAIH HE2ES] 30°C
qxE AFo] 7FsER g, ¥ E2ES] 37°CoM T A
Zo| Brlsslthal sl th(Eugester ef al., 2000). LT,
sool-1 BRIl E SOOI/RETIY) 6811 47131 G7F A
2 X@5°] Soolp/a-COPY N-Ze| EAske 6719
WD40 TH¢l & oAl HA WD40 =<l o] $ix]et=

A
GlyZZ‘? _) Aspzz'!
B
WT
MT
28°C 7 37C

sorbitol

Fig. 3. Location of the sool-1/retl-1 mutation in Saccharo-
myces cerevisiae a-COP (A). The the sool-I mutant
showed the temperature-dependent osmosensitive growth
at nonpermissive temperature (37°C) (B).

Gly”’o] AspE XA retl-1 TR 5L A2 H

Sohd 37°ColME PRI T fled AEo] Bk
3t sool-liret]l-1 EQAHOFE UL 37°ColA AF
A FRAGRE ZAE AF, Soolp/a-COPY| 5
A S} eHR ] WD40 =r9lo] 25 ¥3E DNA ¢
AME AT FEEHIJOY, 6¥A WD40 =H|Ql
Tk 2= constructd] 2JElA= ARl FEEA o
Y3kl &, 2001). W2hAl, o-COP/Sool$] N-Zto]
AR5k 719 WD40 =H2l & 535 WD40 =H Qo]
AZEge] FAolu F2FA N Fos AL FIdte
Aoz 3% = AHFig. 3).

AZ7HA AFE a-COP FHANRETHS Eddold]
ek EAL AuEd, Su)EAE N Sdw]
7} Lol AS-, sec33-1& AYF ZE EAWHo7L
KKXX-tagged Tide]l ek oo AFL HolH,
N-Zehe] WD40 Zrldl o] Edre)rt doid 3%
= BE L5727 (ts: temperature sensitivity)S R
a8, FnEAE ERY AY SEHFAEE Hole
WD40 EH21e] EdHols F53oE o COPY N-Z
R EAsh= 6719 WD40 motif 5 SHA] motifol
AR E AYS AT F YK(Table 1). T, AKHA
AFFA Aspergillus nidulans¥E o-COP &H&A {72k
2 50d"C ©) AEQ I (Whittaker ef al., 1999), sod'C
E ARE 9E3 & AEAY «-COPH =2 FAM
< Bole RAo=E IRIHUTH(Lee et al., 2000) (Fig. 4).

Eo)gt AL APV AFFQ A nidulansd o-COP &
Aol F(s0d 'CI) FA & EF FELFAEE Bl
o, W &L EoA AFEAFAE EAte FFME
A FAMIARES Hold, XY FHE
A7 AZE TGRS T Ao Aol de AL
22X, a-COP® 4. nidulans 5 APdde] A2
ARG T 715TS ERASATH(Lee et al., 2002D).
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Table 1. The location of @-COP point mutations and the corresponding phenotypes of mutant a-COP strains*

Alleles Changes Defects in vivo References
retl-1 (sool-1) G227D retrograde KKXX transport; ts; Letourneur et al., 1994;
inability to bind to KKXX; Schoder-Kohne et al., 1998;
anterograde GPI-anchored protein transport Sutterlin et al., 1997;
cell wall integrity; ts protein glycosylation Lee et al., 1999, 2001; This study
retl-2 S226F retrograde KKXX transport; ts Schoder-Kohne et al., 1998
sec33-1 P147L, S226F slow growth even at low temp.; Eugester et al., 2000,
ts; anterograde CPY transport Wuestehube et al., 1996
retl-4 G311D retrograde KKXX transport; Non-ts Schoder-Kohne et al., 1998
ret]-5 G3178 retrograde KKXX transport; Non-ts Schoder-Kohne et al., 1998
retl-3 S1188F o and &COP instability; ts; Eugester er al., 2000,
anterograde CPY transport Duden et al., 1998
sod’'Cl 11042D and others cell wall integrity and protein secretion; ts Lee et al., 2002, this study

*The Data reported by Eugester et al. (2000) were updated.

9 A ndilans o-COPY EAWol 447} s0d'CI2) 4
N\ EE 243 A3, o-COP F-4A42] intron? o~COP
cgae] 971 A% T G AR X18EY] 9]
1902 #A13IATHLee ef al., 2006). T3, S. cerevisiae
OP(SOOI/RETI) EQH|F9 2xo&F 45
A. nidulans®] o~COP A} sl ZFEF
ghol3Fo M (Lee ef al., 2002b), M52 @ajd B
H7)#7) AR V)5S Fsle AoE FAEIA.
e, H2 AFAHe e o-CoPol IAHE S
cerevisiae®] EAMO|FNME 4 ndilans a-COPO| 715
T 5 gle Ao ZAEGeH, &5 A4S Hols
S. cerevisine®] &COPHIFFo= EE| 4. nidulans
&COP HIYFFTE LEAFAE HRs AE 768
FEFo) VA &= Ao =E HolSong ef al., 2005),
a-COPZ &COPS| A3 4%E vlES COPI &9 T+
4 & 7154 Aol A& 7HEES AAEE

~

>
H

Q

o~
A

t -D4
[o=")
9,

o d¥ Lo rfr
S

a-COP E01H0[2} M|ZH CHHA

AF7HA] A WD40 motifS H1E3 6719] WD40
motif Ztzto] retl-1 EAHC] FAZ B FAAAI} A
A BAFe AHA] A7 AAE b glg #t of
Yz}, 53] o-COPYl WD40 T2l Ay 22 &
ste] FA 9A € vk vk, 234, rerl-1 B
o tist o] AT AIE o-COP 53] WD40 =r9)=
A 2 R 9k FIBAAE BT & e F )
Al @A E AF[AL ATk

A& EW, ERYTHNEZ BEujdwdo] N.glycosyla-
tion®] ¥d3= oligosaccharyltransferase(OST) &34 o)
olde] A7l ost EAWOIAESY EAC] A (Knauer
and Lehle, 1999) =&, O-glyccosylationo] i3l
protein mannosyltransferase(PMT) £33l o]Ao] 471
pmt EAMOIAEY] FH& AHEY, 7 E<10] 32
o] B dFFo] Rl sool-1 EFH] FFI AT

hil

oo

retl-1 EAHOlE OST EAS 744 EIH KKXX-
motifE Z+= Wbplps ERE 94% a1 it ARl
o] Z &&A ch(Letourneur et al., 1994; Schroder-
Kohne ef al., 1998).

wghA], Eujeh Aol olycosylationdgo] B4ASH &
AdolAE Alxd #d g F2S JYeille ZoR
3% = 91T, ol Wbplp 53 22 glycosylations}
#EHY de ERAGT SHEEY 95% ZEo] 24
Aog Alxd dYIge S 2Hshe Ao 4
g ok A, AlEHY 8 FEAEES FHETS
2 750} & Cwplp(Shimoi er al., 1995)%} Sedlp
(Shimoi et al., 1998y HE3gt thge] A ¥y Tz o]
retl-1 EAHC|NAME FLATCE AFH UL
oz, p1,3-2%7, £1,6-2F7 2 Bz B
Aol A8 A4aH el =, hypoglycosylation® el
2 EAgs A Lee ef al, 2002a). WA,
Whoplp 53 22 ERAF @Hd dedaygo Zgo
Az FaAgo] AgE 2T ZoE FHE ¢
o, dide cgwel] gedel] ek Alads
4ol GolgiZHE ERZS d5Ed Aol oAty
w1 2 EROIA ] N-glycosylations B8k v
2] 7AAES Whpl(te Heesen et al., 1992) =
glycosylationg B3l Teld B3kA o] FAHER
&bl Pmt2(Lussier et al, 1995)8 HA¥F
(RFP: Red fluorescence protein)@ ¥A|5lo] 23 A3}
retl-1 EAHC) 2 7§ W82 2l ERES] o
Aoz} olghg WAoo 2N ol FHo] LS
gl tH(Kim, 2005).

ol9jol= Al GPI(glycosylphosphatidylinositol)
Z7] H3 o #Fse GPI transamidased] AR =
A+ (Gaalp, Gpilép)= ERZS] b 23FE zkw gl

o

(o4
=
=

& &

=

o

N W
rﬁtﬁr

o, oo rr
W off O

¢
=

&

_
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Domain of Sc 4-GOP

Residues 285 1034 1201

T L ID RYEE HD &5 7R

T LLABTEL HE P R :
1L ID¥FDE R GR SR QQF LFY T TR LETLLGHLDY
L IDKFTE HOGF VR QOF LT T VE ¥ LPTLLGHLI'

3T LLEXTUE HO | Z TV 1w

WD40
domain
(284 L‘I‘ﬁ I‘I-'BI TL
IRTLOLE INWTE,
IRTLOLP IVUTH
ERUT LYES ':m::
k7 By a) SATR) 1T
II§TLUHK
L18L kR
1
L ALT DPD!
SF ALDDEDC
W T&ATHELDEE & ‘.E"LEET
(30 1T GHY DELAIPRIE 12 3 YN AL YL & DY o ‘, ATHGLDEE AESLIAET
a@: $HE L 2K 1
PRES
Carboxy
terminal

Fig. 4. Multiple alignment of amino acid sequences form the a-COP proteins of various organisms. Abbreviations: An, Aspergillus
nidulans; Sc Saccharomyces cerevisiae; Hs, Homo sapiens; Bp, Bos primigenius; Dm, Drosophila melanogaster; At,

Arabidopsis thaliana.

2o} W3, AlEH %L*é AR = goads N g2 B 34e deElsked(Sutterlin e al., 1997), Gaslps
1,6-227F AJol9] Z-4AT o] #Iss GPLl-anchord] & GPIO| 2jsle] AlZ 9JF] ZZHo] e HHZE &

NARE rerl-1/s00l-1 EAHlO] o) L B& 7b RO AZH XY z—&f‘a a8g @9 FhFig 3).
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