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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 a-COP may play a crucial role in translocation of protein(s) of the A1,3-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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technique)S 712312 (Murai ef al., 1997; Shibasaki et
al., 2000), TF&F 2 ThAZ AR A E2E ARG
A A B =gl gk e JRIT Qs

A o7 J#Fol AlEHe 724 849l 7|8, 4
13 2 p1,6-2F3h, 283 pl14 2F300] Jon, o1 &
7He A= 7+ B 2= w2 2 H| 9] (mannoprotein),
ZHEE ke 299l (galactomannoprotein), FF =%
Wk 3 2 8 Q] (glucuronomannoprotein), 12|31 fFFIE
So] A HEr(Cabib et al, 1991). AEH FA 24
of thet A7t 7PE Bol olFofxl BAlE aRFS
Saccharomyces cerevisiae®] A|EH-L  A|xH
(CWPs), #1,3- 2 £1,6-F%7), 187 7j€lo g T4
o] AL, ol5L TGS Fde FRHEATFLE A= A4
%o} JTHCid et al., 1995; Kapteyn et al., 1996, 1997;
Klis, 1994) (Fig. 1). S. cerevisiae®] 735 p-=2537 A&
o] oF 60%%E o] Fi Jon W= 2E Il CWPs7t oF
40%E 12]aL 7]’lo] oF 2%E AA|shs Aoz 4 A
Ao, AP A= SB[ 2o 4 B Yo 7
€S 3H3-3taL 2Atk(Lipke and Ovalle, 1998).

CWPs= $HlA| A2]ol| ozl &5 = 7, glucanase*]
2ol oJaf FEHe A, 223 SDS Az o FEH
= A 5o= Ut o] T glucanasedl 23] FET =
CWPs= GPI(glycosylphosphatidylinositiol)-CWPs<} PIR
(protein internal repeat)-CWPsZ U5 =], GPI-CWPs&
N-Zeh 21549, ERYHFollA e y7}t GPl-anchor7} -

chitin B-1,3-glucan

membrane protein

Fig. 1. Schematic presentation of cell wall architecture. Chitin
(D) and f1,3-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 (mmsm), which are post-
translationally modified by N-glycosylation (©) at ER
and O-glycosylation (¢¥) at Golgi, are attached to the
plasmamembrane through the GPI anchor (Jj) and
thus GPI remnant (mm). The mechanism for addition
of (1,6-glucan (@) is not known. (The Figures from
Lipke and Ovalle (1998) and Bowman and Free
(2006) were adapted.
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A BE JAoH(Yin e al, 2005). 283, EEaR
Schizosaccharomyces pombe2] A|X¥ TNARAE F2
AREE FREATCRE d49 @i el7F sH =AY
t, °lE 4= GPlE "Wz d4% diZolx vis
dAe] A4S Hole Alxy dhildE S =tk (de
Groot et al., 2007).
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thesisoll 2]3to] FAFTHCabib et al, 1991). 3,
CWPs2 #H| P25 FdalHA 5ol E0]=H, d5-
L1,6-2F7 = ERF} Golgiold] $HAEE Aoz deA
ATHRoemer et al., 1994; Shahinian er al., 1998). %
o= olE AEEC] FEAgete] 7| 5A AxHos
%9 drh(Fig. 1 #2),

FHZ A7 MEY 21,3-FF7 AP Hosk=
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A7 8 AA STt Douglas ef al (1994b)y2 -1,3-
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shalal e Ak EARoll &gt Ao ® HUSIHNS
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H, o] EAH|FE o]8-3t FKSI(FK506 sensitive) -fr
A2E F2493% vk Ath(Douglas ef al., 1994a). 7L 5
2 2 ApzlEo] Douglas 5= TFE WEoE fHA
£ 2249 sidedl, SHSAE ¥ FKSI 548 &
A2 ¥ H tH(Castro ef al., 1995; El- Sherbeini et al.,

1995; Ram et al., 1995). ©l|®|ol%= 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) 51X FKSI2] FAF &
AL 22YEHIoY, ol FdA B fAA A=
AA W 715l et A= BEs] ghe] X ut glo] A
270 Ayt Basltl. Song ef al(1992)S TR S
cerevisiaeZ 5B (13-2F7F PAAT0] &= AEL
TS Bole A2 FHo 2=9Ed EdRlolFE
Az - Adsta, 314 #4 4 229 43S st
B1,3-2F3e] Aol Aofsts M= 7 7 fAt
ol SOOI3} BGS2E EF2Y3IAt(Lee et al., 1994,
1999; 7 &, 1995). °] ¥ SO0IL 2x9&% 7H4A4
’$H (complementation)& 5+ ol Bg1,3-2F3 ¢
TE IFAATFE S0 dedl, 2 A7INEE A
2 A3}, gvu]EA% ER(Endoplasmic Reticulum)l 73
sh= @Eo] GolgiolA] ERZE ool$Es Ao #ofs)
= COPI &ge 4 ©wd F 3Rl -COP(non-
clathrin-coat protein a)2] A (Letourneur et al., 1994)
o} TUs Aoz AFEAK(Lee er al., 1999). °l= =
529 13257 A Hofste ddo] At
o2 ol&EE o COPI &go] #ATS Al
Aoltt.
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Fig. 2. Intracellular protein trafficking mediated by vesicular
transport systems.

transport)ol] FoJsk=dl ¥Hle], COPRE @& o] Golgi
2HE ERE gFEE= I (retrograde  transport)Ol]
#oste Aoz dEA  AthkBethune er al, 2006;
Letourneur ef al., 1994; Sato and Nakano, 2007) (Fig. 2).

COPI2 AA| Golgi cisternae WollA] Er|chal o] =
WeE fgof] #Hd3H (Orci ef al,, 1997; Rothman and
Wieland, 1996), £41 ERSIH Golgiz o] 44 £3], GPI-
anchored TH & 9] 5ol Fod 31 (Sutterlin et al., 1997),
AA dilysine motif KKXX-motif)s zl= @28 Golgi
ZRE ERE 945 (retrograde transport)sh= Aol 2
F29 g e Zoz d#EA AUrH(Cosson and
Letourneur, 1994, 1997; Gaynor et al., 1994; Letourner
et al., 1994; Lewis and Pelham, 1996; Orci et al., 1997).
#oll= COPI®] endosomal trafficking®| %= ¥ 3l= A
o2 A dvk(Daro ef al., 1997; Whitney ef al.,
1995). A7 AAE FAE] 9shH, COPI <y
(coatomer)= o, B, B-, - &, &, (COPL] 771l subunit
9} small ras-like GTPase?] ARF12.2 7Aoo 77, 32
24 a-COPL| A 3lof| Fddl= &COPE A|Ls &
£ subunite= §29] AL FFHolti(Duden ef al.,
1998). COPIZ GolgilA] ERZ 9455 e ¥
=207 ZA3HE dilysine motifs 12 sle] Jddl=
Hl(Cosson and Letourneur, 1994), 7 7FA] subunit % o-,
B-, -COPl =AM 7} A7 retl-1, sec27-1 2 sec2l-1
EAWolE dilysine motifE U23HA] HEsle] ThlA S
A5%3lA] F3H(Cosson et al., 1998; Letourneur et
al., 1994).

FEFFo AS, 9 ZHE coatomer= half-life7} <F
28X 7| o] 2= gt B2, subunite] wEE o
A ¢t=th(Lowe and Kreis, 1998). Two-hybrid system
S o] g3 B4 Ax, fSCOPs, y/COPs, a/sCOPs L
23 o/B-COPsthell Aol dojuhz o2 gR1x Ut
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(Faulstich et al., 1996). 3t in viroolX AEs=e] 4
(salts)e] A3 coatomer= o/f/&-COP subcomplex2}
Bly8I&COP  subcomplex® WA, [y COP
subcomplex= THA] A6 COP3 y/¢ COPLE H2]%7] %=
=, o/f7e-COP subcomplexe 73] KKXX-motif
o} A3 4= glon, A6 COPL ARFS} GTP-;-82 &
A 3lell Golgi®ell A3tsle 53-8 HAtH(Cosson and
Letourneur, 1994; Fielder et al., 1996; Lowe and Kreis,
1998; Pavel et al., 1998). Two-hybrid system2 ©]-8-3}¢]
COPI subunit7te] A5 2-8-(AF) F-95 AAE| 2
Eugester er al.(2000)%] Azto] o]etH, f&COP, o/f-
COP, B/B-COP, B/-COP, 18] #/&COP Abolo= 2
o] dojytar, 53], a-COPE] 79 C-HHH-9= v
subunit?}e] 28 2 coatomer?] YA Al Zagh
F-9lolm, N-Ze] WD40 =m|Ql2 KKXX-motifs 2+
© e Q1A ApFovt Dot K97 o] 7
A7F AAHE 30°CAA 2] AR AYgell= ol T
o] glct.

a-COP =¢iHo|2} 77/ A&

0-COP®| N-ZEHi-9lol= ol ol #Hofshe R
2 oy Fs AEste FoRE dEA U= WD40
motif(Harrison-Lavoie et al., 1993)7} 67 EA)sl=H,
WD40 motife p7F3} 3% (Bstrands and turns)O-2
TAE 29 Dl pZEd 8 (Spropeller) 122 A
3l (Neer and Smith, 2000), Tl o) FoAst= 2
9 Tl oA WA= tetratricopeptide repeatse} 3%
Z8ske Zlog dEA 9o (Harrison-Lavoie e al.,
1993), a-COPoll EA15H= WD40 motife] 7|5 ©}2]
zH A JA] ek ey, H 2] A4l ofsh,
a~COP/SO012] N-ZEHE-2lo] 6712] WD40 motif’} 2
o] Y= WD40 Z=|Ql 30°CollA] &9 AFEol}
AURHAQl COPIC] 755 Fa)ol] F2o]#] eA|xk, COPI
o] Z-gsh= Tl AE7]2ke] il KKXX-2E4]
(KKXX-dependent) €%7]%oll= 422l H9&2 3l
=t (Eugester et al., 2000).

RETI2] Ed¥o] tiglAl 5 5HAl WD40 domain®l]
Sl 7t A7 retl-1(G™ to D)2} retl-2(G™° to F)RF
H|E] 82581 37°CollA] o] E7bseh 548 Kol
(Schroder-Kohne er al., 1998), a-COP®] 3| E o]
a-COPE] N-Ztol| 9l= 67119 WD40 domain EF7} A
AE ret1Al-285 FRAAE FAATIE 2% 30°C
M= AFo] 7hsalA R, HIE§=5%] 37°ColA= A
Fo] B7Fs3lthal s th(Eugester et al., 2000). ZZH ],
sool-1 W0l SOOI/RETIS] 681 947191 G7F A
2 A3kHo] Soolp/a-COP2] N-©ehol] ZA)3tE 6712
WD40 =rl 5 ol WAl WD40 w9l wiol] $1x]5k=

A

N

[ wp40

GlyZZ'? > Asp227

B

wT

MT

28T 37T 37T

sorbitol

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

Gly™"o] Asp= XBE rerl-1 G4} BYsE Aoz 3
HEokel &, 2001). Z#d] 34, 30°ColME A= 7}
T 37°CAlM = ARRERPEAIZE glod AlEo] Evbs
gt sool-1lret]-] EARCIFE FOE 37°ColA AHF
A3l AERARE AR A3, Soolp/a-COPe| 5
HAj o} oA o] WD40 Er¢lo] 5% ¥E3HE DNAC] <]
A= Lol FEEAOY, 6HAl WD40 =H [l
Wk Zh= constructel] ojal|A = AEAEA O] FHEA o
Yakathel &, 2001). WekA], a-COP/Sool®] N-Zite]
$Xsk= 6711e] WD40 =99l 5 SR WD40 =HQl10]
AxzEe] ol A Fog TS "Heete
Aoz FAY 4 Urh(Fig. 3).

AF7HA AFE -COP F+HAHRETIS &l
gk 548 AHEY, SHEAE N-gwhto] w0l
7F Aot A, sec33-12 A BE EAWHo|7b
KKXX-tagged Thjde] olaf 5o Aghs Hold,
N-ZehRo] WD40 =9l Yol EdAHol7F Lot 7§
£ 2% 2574 (ts: temperature sensitivity)S 11T},
a9y, SHEAE 2R AY 2EUFAE Hole
WD40 E=H|Qle] Aol = F3F23 22 o-COPS N-Z
GHEL9lo] EZA13HE 67019] WD40 motif 5 5SHA motifol]
A AYS BAT 4 UTH(Table 1). $HH, APIA
57+ Aspergillus nidulanso| = o-COP #&H §-AR;
2 s0d”C ©] FA 3 (Whittaker ez al., 1999), sod 'C
E ARE ¥E U2 BEA «COPH E& FAM
< Hol= Zlo® IRIHATH(Lee e al., 2000) (Fig. 4).

Eolgt Zle AP Ad7F2A A nidulans® o-COP &
AWM F(sod 'Cl) FA 2= FH AELFAS Hol
), HEE&2molA AEREAIV EAlshe A8l =
HG4A ) FAEGES Holn, Alxy s aie]
ST} M 3R] Fll o] AFel U= AL
2 ZAMEY], a-COPO| A. nidulans 5 AP3te] Al ¥EH
A A= 758 st th(Lee ef al., 2002b).
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Table 1. The location of a~COP point mutations and the corresponding phenotypes of mutant o-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 Wauestehube et al., 1996
retl-4 G311D retrograde KKXX transport; Non-ts Schoder-Kohne et al., 1998
retl-5 G317S retrograde KKXX transport; Non-ts Schoder-Kohne et al., 1998
retl-3 S1188F a and &COP instability; ts; Eugester er al., 2000;
anterograde CPY transport Duden et al., 1998
sod"'CI 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.

S 4. ndilans a-COPL] EAWHO] §2A4} sod'C19] 4
71MEE BA3% A3, o-COP 54219 intron®t o-COP
C_E,?]:g_sq 0‘37] A3473gl— T34747]_ G3473gl— A3474i 7‘{]%1'1:401 9}]\
= AU Bl tH(Lee et al., 2006). =3t S. cerevisiae

a-COP(SOOI/RET]) EAHo|F2] 2xo&% A%
Aol A nidulans®] a-COP -7k olsle] &3
golgto &M (Lee et al., 2002b), 7<) thig B2
7|7 AR 715 S Fdcske BleRE FAHJUC.
ey, H AFddel fsii o-Copel #HE S
cerevisiae2] EAH|FN= 4. ndilans a-COP°| 7|5
g F gle ZoE 2AEGOH, 25 S Hole
S. cerevisiae®] eCOPIIAF= B2 A nidulans®)
&COP FAHFE= 254748 vEsty A& 7Fegt
FHFo] LA gk= o= Bok(Song ef al., 2005),
a-COPZt &COPe| F5 43S ¥IZ3 COPI 2'd9] +
A B 71504 ZFol7t g 7SS AIARSEAL it

¢

O

N

I o o

a-COP EQ{H0[2} M| CHHE

A1F7HA SHAl WD40 motifs %3 6712] WD40
motif ZZ}+0] rerl-1 Aol A ofd FAAA T} )
A Bl ARPAR] A7 AXE v gls ¥k o}
Yz, £3] «-COP2] WD40 W93} N2 732 4]
ofe] Al A +EE vt glvk. 2, rerl-1 SO
o thgk A o] AFAIE o-COP 53] WD40 Z=r| Q1+
Aaxd 2 fA9ke] JAEAE AR F Jde E Ut
Al A E AFstal Aok

oS 59, ERYFHH AR Erchil A o] Noglycosyla-
tion®ll #+3l= oligosaccharyltransferase(OST) &3] ol
ool A7l ost EAWOIAESY =AWl FZ (Knauer
and Lehle, 1999) T&, O-glyccosylationo] #oJsle
protein mannosyltransferase(PMT) &3]l o] o] 471
pmt EAHOIAES] FHS AWEYH, 1 W] 4
o] B Agzlo] IS sool-1 EAWo] FA} JIs

Ak 540 St o] HeA @A F A7 ER
2O A4Fe] Fa
d] ERE q% 2 7FsAol IS AAF shatl, AR,
retl-1 =AW= OST EA| ¢ /4474 Eol™ KKXX-
motifE Z2H= WbplpE ERZE 9% 31#] E3ith= AR
o] & <A Utk(Letourneur er al., 1994; Schroder-
Kohne et al., 1998).

uptA], gl E o] glycosylationZg o] EHHSH &=
AuolAlE AlEd A Aol §4E Yehlle Aoz
F4 & A=t ol= Wbplp 53 2 glycosylation}
#AAE ] Y= ERAT @A S 95F A o] A
Aoz AxY A Ags xfske soE 4

o

2 dA45o] Y= Cwplp(Shimoi er al., 1995)2} Sedlp
(Shimoi et al., 1998)5 H|&ESH thaFe] Al whulzo]
retl-1 Aol FLRAFLRE AAH] S Wyl
oz}, p13-2F7h f1,6-F5F7 2 ez 5o IR
Ajto] A3 7HA® A =, hypoglycosylation¥®l 2
2 EAgS HAsUHLee et al., 2002a). WEHA,
Wbplp &3 22 ERZGF @l oafapge] Ao
AEY FHFol AT gk Aos FHT
o], ehde] Cgvte] Aol Fask Al
o] GolgiZ2HEl ERZQ| d4%9 7ol o
WA = ERoIA ] N-glycosylations B3sl= &
gHae] A2l Wbpl(te Heesen et al., 1992) 2} O-
glycosylations H3d3t= Th A H&A o] 4448831
ShQl Pmt2(Lussier et al, 19955 HA3gct
(RFP: Red fluorescence protein)& A3} 23t 4
retl-1 EAW012] 75 H|5] &2 504 ERZ Q| 450
oA ofghE WAoo =M oyt FHo] &S
3ol 3k th(Kim, 2005).

olelol = whA o] GPI(glycosylphosphatidylinositol)
Z7] B2l #FoJsl= GPI transamidase?] FAAE =
A (Gaalp, Gpil6p)= ERZS] % 2TE 2k 9l
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Domain of Sc a-COP

| COOH

Residues 285

T LEQR FEDHE GF U
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3T LEEKFDE HE
TL IDRFDEHEGP
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13 &0 QNLLDGSL - -l d = B TLE
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