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FALEm X EHE Elucidation of morphogenetic defects caused by disruption of

the processing protease (kexB) gene in Aspergillus oryzae
FEFH vty 77 aT7—€ (KexB) KRIEHHBR
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moX N X EOE
i

8

B (Aspergillus oryzae) &, BWHEICBWTEHR X DIEBE. KB, EHl
ZORBEBOEBEICAAIN, ERFHNICS GRAS (generally regarded as
safe) & LTREMDLELLBHAEINTVEIRVBRVWEERENTHZ, 2D
BRICEZLITOBVWEEHICI»PDET BETEAEMEBERIERTN
THEHT, RELLZ2HENRBGENBITZRVWED, £, BRARUS
EFPERTHVEREORBIRETCH -2 b, BLFEN. Hl2FE
MIFEIZEALTONRNT Wl UL 1980 FREEIC, BEZY
—7 v M LEBEFIENFEDPEILIINTLUR., BEOZHKRREDMER
BAFLRIVTRANCEFT TN TNS, B THHEEKL ZOEEYD
REMDPBHTEN &, BERNCSEOBERY VNV ERSWEET 26
HhEFOZLREPL, BEBRBECEBRICRDZ2EES N VEEED
FODEELLTHBEIN, BELOWEIRINT WD, LR LRED,
BEICHITBIY NN ESWEE, 70wy U THEBICETA2HEXITE
ARSI N TR,

HKREMEOR TN, SV HR5, M, MEELREICRET 2
BEEME Y V87 B, BEER R RVEIERESY VB UTEERS M.
Golgi body ZET 70ty YV VBRICL> THRABICERI N, HiE2E
DB > TENDNE~NBETAZLIIRS, ZOBEIE. BREPSHI
BETLILK BEEINTVEEB T, XT7F RHFNLELPCHERTF FRED
EBEEATF P, MEY UV E, MREBERTFRELS S DFWSY VI8
JEDOBINRENT VWD, L DIFE. AIkES NNV BEXZNEETIRE
HiEGZ2REZT, filBR ooty Y L V22T CESEbLEI B b
5, 70t v YT DBREY VNV BEHUWDHIRS T SERREYHEED
RELAHICBNWT, FRLEERMEZ ED TR EEZI O S,

MEDZ s, 70ty U FEEOEIRIX. & 280 BH B OR®
B HICAEMBEORREAH BB TL2FHIOLRDZ, YF 7142 U
) 7oF7—+E kexin X, ZOMBATZTOEY >V THEEDFLEE
BERETEBRO—DLEISLSNT VA kexin IZ BEM 7 IV BHEA C
KGR CREVUH T2 707 7—ET, PSS U RONVVREECE—REAE
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ELTRETERS VISVETH 5. kexin iF. BRTZOEEMNAHDP
TLSR, WAEZ2RI LD T2ZL{DEMTRRI N, HESINh T3, %
CTC. AELHXMATIEIZIOMBOX—T70F /A > L LTEETZHEED
kexin IZ¥EH U7%o BE Kexin &, AFEEFEICL b /n—=V X h,
kexB L2 T H5NT WD, R TIX. KexB OEMEAICB T 2 HaE & £
IZ. KexB DPEBEOEMGEICES X 2 ERRHT 2 HHT, kexB ﬁfﬁ?
WEHEER L. ZOWBHROET 21T o o

(REBIZBVWT. B L DRWIED | kexB  KEX2 ;tﬁ{x%\ KexB %
Kex2p 3% NV B2B%KT 3,)

B 1E kexB BETHBEHKOER L REARFEN

AKETEH. kexB BETFOHE BT 2EEKABEEZTARD 2DIC. $E
K LED kexB Bl FEHUNDERFEEE 2 IZ L 2 EEFHEROERZ 1TV,
ZORBBEB ZITo =,

BIRT—A—2 LTEYF7IUVMEEGT (prA) 2HEHE L -HERY
723K (FiglA) 2AVWTRERBRET> . 85N EREERETE,
AR EIC 2 IE—0D N RgHBEEET C RGEEBRITFETIEL2ERLRT
PELDEILERD2H VWTHHHEEL RV (Fig.1B). WEEKA. K 400
Bk S5 30 =— PCR ZHWT kexB E-FHEBEGHREZAI V-2 TL
o RONTBEMEPO T/ LAZBBL. VY T0YvFT 40 JICKD kexB
B TFHIBOMRZITo/ (Fig. 10). BoN B FHIEHKE AkexB L5
FiF 7=,

AkexB PR FRBEIZ, RAOEXREEH (CD plate) HBEIZBWT. FEHKkE
EELUTHEFEREPELIET L. o/, BRI —Z2FERT
LERBEEZRLUE (Fig. 2A)e /2. EERETEMEZAVAEALER
D5, AkexB BROBEREIBERE IR L T, BOhDPESEEEICEREL.
HREMRITS DI REREZR L TW/= (Fig. 2D to G)o EIRIFEWNZ & 12, AkexB
BRORBEHIIEBELET C.ZORBAMDPERTIEDHEHL Pz -2 (Fig
3A) EBRETFHEMBEZAVWEZEED L D MexB HRIIBEKR L IZIZEHED
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DEFEH. BRFEZRLTNWDZILHBHESPICR > (Fig. 3C to F)o
X5, WMEBETICBWTY AkexB HRid. BAEBKLILEBR LT, S0
JHERR LU LD L. BREERHTORKERETE. BEKRLEKROR
REIZERLTWE (Fig. 4)o ShODRBFABD KLY kexB BRFHIREIC
HETEZHDRDODPEIER T 2720, AkexB #RIZ kexB B FEEALLE
Y23, RERMHSERLE. o7, LROERBE kexB KHEL TV
Z L BEEHE M (Fig. 5)o

¥ 2 B2 kexB BEEFWMEBEHROINS VXV T F—L@EW

HE D kexB B THIERIE, BEERRRBEOBMLZEZRLUE. A niger
A. nidulans D kexB EETHEHRS . FEFHREOETRESARV Y
DOERDEL, ZHOERRREZR T, TEEFE. ZEHED Candida
albicans BV T KEX2 BEEFHEBEGRIPEREZERTERVWEWVW SRR
BOBEFRINTWD. ZORKICTOEy > I 707 7 —€DRIRIE,
EMEE. FICERBERICERCBDL TWELEZIOLNS, LPLARDL,
Y KexB RIEH. COBFREELLEZSISEITHIPEESPITIA TN
B\ ZFITC. KIAETIIBE kexB B FHREHKRZAVWT, S0 X7
T LB ETOVEBRATEDL RELDPREETVEIDPEER L,

ROBEERRAMEZR U ARDEREHMBERIIBNT. MexB BRRUE
ERD 5 mRNA ZHUFF L. AkexB $hE BEKROREEDFE T FEET
TOERELFOEEDEKF%Z DNAXA 707V A 2HWTHEIFLE. 20D
R, BFRORBEET TR, kexB B FHIEROBRFRE. RRED
BAEE LB LUTHEBECSWILEZBELPICLE, LoT. BERBFTIES
WT. kexB BRTHER. KAFERRERFRRAZRT I LBTRINE,
—AT. BREEZRGT TR kexB B FHER. BEKREIC, EEFREHA
B, BRAEIPAZELRDILDBHELPIZR o/ (Table 1)o AkexB #RITEEE
RIEEREZTTIEDPS, 4707 LA F v TIlBHINTVWEEET
Bodmhrs, MEEARICEESTIEGFLERAEZYT. ZOEGTFRER
BRI LIz, ZOFER. kexB BEFHIBIE. ¥F U AHERTH S chsB,
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chsC % B IJNVHVEBBETHD gelB LV o HIEEAHRBRHEORE
REEGISHEITIEPHELPICR o= (Fig 6A) LI LERBERHET
TlE. INSDERIE. BEKRLASL ANICRDZEDBHLPICR> =,
(Fig. 6B)o ZOD XD RMBEESHBEOGRERT. RUERBEIC X b IH
INBEED S, KexB RIBIE cell integrity ¥ 7V F IV ERRICEFZ S
LTWBDTIERWDIERHRZILT =,

cell integrity > 7 FIVEERRIZ, BETLISHEINTB ., KREE.
=R, MREEEREDX ML XX bEMHIE L. Rhol, Pkel ZFEHL T
MAPK A X7 — RFZ@EMHMAE L, Riml REDEERFZIEECT 2B T
# 5 (Fig. 7)o COBBICEHBINTVWIEETFITE. TORED MAPK
(mitogen-activated protein kinase) Ta % MPKI 7 )V > HEEERD FKS2,
FFUOMBER CHS3 REDBREDH 5. CORBORED AkexB FRD
chsB, chsC, gelB DRBEBEEZF|SHEILTVWADTRERVWAILEZ., Th
5DRIEFLIOREBED MAPK TH 2 mpkA ORBMEIT%#1To7% (Fig
8B)o % DFER. kexB B THIBEMRIZBIT S chsB, chsC, gelB IZHAERR L T
BLTEORERICBVWTHIERRALTVWE I LBHELIPIIR ST 5 I,
mpkA HHEMREEBUTEARCERBA LTz, 2. BRIZBWT cell
integrity pathway XER BRI X > TN 2 EPHSNTWD, €I T,
mpkA DEBEERED, BEEE2RBRA T2 I L TRERROER L HIZ. BE
BRLNIVETKRERERDPBLTI20E2ERLE. ZOHR, ARICEEED
WADT B DAL DICRo (Fig. 8C) TNOSDRERD S, kexB BIGTF
BEIEIE cell integrity Y VPNV ERBICREZ /25T 2 & BHENICR
XNz

KexB RIED cell integrity pathway ZEBKIICEEILL TWEHhE S D%
EENICEHET-HIC, TOKBED MAPK TH3 MpkA OV v B1L%
phoshpo-p44/42 MAP kinase JifkZ FHWTHHT 22 2R & 7= (Fig. 9. &
DFER. AkexB HRIZBDVDERERIIBWVWT. EEIZ MpkA OV YV EREDHE
I N7z (Fig. 9Alanes 1 and 2)o — /. ERBERET TIEX. AkexB HRIZFE
BREOER L HIZ MpkA O V) VERLIZIEIST LTV /= (Fig. 9A lanes 5 and
6)e BEKRTIEZ. BEEDERICEDLS T, MpkA O U VELIZHER I N2
» o /= (Fig. 9Alanes 3,4, 7and8) L L. BHEMKOEKBBETICEINS
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¥ MpkA D) VER{LDHER XN /= (Fig. 9A lanes 9 and 10)e 512, 50, 70,
105 DBRFEICBNWT, AkexB B L BEHE D MpkA D) VBRI EFANT
EZA, BEHELEBLUT AkexB BRIZERICEDRBFICBWVWTS MpkA
DY VBEEINTWE (Fig. 9B)e THOHDERD» S, KexB RIBIE cell
integrity ¥ 7 FIVRERBROBEKESLLZEISEITIEPALIIIRS
7o

% 3 E  kexB E{= TRk DM BB

LEETCOHERD»S. MexB BRDP R THEBEHFORERED —DIT cell
integrity > 7' FIVRERBEOBBRREEALDIEZONE. . COERBIEX
MREEOHRAMICES T3 TH D, €I T, KexB REDPEE OHIRE
BRICEDEIIREEZSZTVWEDEFARD DI, AkexB PROMIRAEE
Ak, LEBEBRTZA A, RKREOMIEEIZ. glucose DR T —TH
% B-1,3-glucan ZEFEHL L, FDEEHEIZ B-1,6- & T B-1,3-glucan DAISH
DFEAELTWVWE, 2. ZOIFEIC N - acetylglucosamine DEYT—TH
% chitin, mannose & galactofuranose THERL I N % galactomannan & 512 B
1-3/1-4 glucan S HES L. MED 3 RTHERERLTVWILEZ LN
TWd,

9. AkexB hOMRBERBHEMEOEELZTTo>k. BEEFFEET. &L
TTHER U AkexB REVEFEHRD S MBEZAE L. BIKSHEITLD
MREERETCHL I/ NVI—R, JVayIy, vV /=R H37 735
J—RBRERBLE. ZORR. BERMHTT. AkexB PRIZEFEM L LR
LT B-glucan ZEPHFIHFITHA U chitin S EDHK 1.5 ML TH
5T EHELDICRD T (Table 2)o BIBERE T TIX. AkexB #RILEFE#E
LHBLUT, EORBAED ZEAEDETH LI LD L, AkexB HRDE
ZEERECLDRFABERIMEEL RV TIRI>TWVWBILIPRBRINE,

AkexB BRDBEZRHBFTICBIT 2 B-glucan Z&E. chitin ZBDOE(LHZD
BEHEETREZRIELTVEDEZARDZEDIC. AkexB HRERUTHLERD
JRE 2 ZEUS LEL DIEEBRIEZIT o /20 ZDFER. chitin BRERIL AkexB
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BKRTERIIBEWEMEZR LTV (Fig. 10). £7z. B-glucan AKEER T,
BENHDOERBEIZIBNT AkexB #RiE. BEKRLEB L TRVWEEZRLT
Wi (Fig. 11)0

AkexB ¥R DMl EMET 21T D IC0IC, MEEO 7 VA ) 21T
Do AkexB PR R B E/ROEKZ SKMEE. PNVAVHBIZID 7V
A EBEESE TIVA)FRBEDEIZH T 2. TORER. AkexB B DAL
Bld. PVAVCHBRESPHEK LB LU TERCDORN LHBHESL D
C7%& 27 (Fig. 12)e ¥, PVANVFABEF S ENE2FFUEEZHE
Lzl A, MexB RIEBBEEEORERLARIC. BEKRLIDFFUF
ENEVI DL RIS, 51T, TIVA Y FBEESICH LT AkexB
PRMBREEE D E8H B-1,3-glucan IZX L T DMEHDEIGZANRS DT, A F)V
LM EIT>7Z0 ZTDHER. AkexB HRIE. BFEKRLD B-1,6- HEDEGH
DignZ L PRE I L7z (Table 3)o |

BEER
(1) kexB B FHBHROER L XRBENR

HE (A oryzae) D kexB Bn FHIBMHIE DL FRKEEDET RUHEHZE R
FREFERREE %2R Uo A niger % A. nidulans @D kexB Bz FHIEHRD R
R HERT 2 EBEOWEBMKOABIVERRKREE 2RI, &
B KexB OHEEIIFERBERCLHLICLVEERETH LI LBTRBIND. L
PL. & KexB OEBREMITZFEFICMUTNEENPS, KexB OHEEDE
WTIER <, KexB DEBEDEVWHRBRBOEMIZERLTWSEZ SN
0. £l BEEFCIARBABOERIE. MOEE (S. cerevisiae, C.
albicans ) TRHMED R, BREVHARTH S, ZORRHOMRICEL
Ty ZOORBZUTIECRT. —2BE LT, 8RBEREAM VR LSTEHE
BXN2V9 7L vH—0FF,. ZD2H& LT &BEBE T T, cell integrity
ST FNVEEREDTEEL L. BRERECL > TEHEINE Y 7T F IR
EFBORERFORREHOERICESG LT\ 2 A REENEIT S h % R,
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HEFEE L HICRBRERAFIIODWTIHERZED TV S,
(2) kexB BEFHBHRDO IS VX2V 7 b— L@

kexB ExFHWEIL. cell integrity ¥ 7 F IV ERBOERBTEMEL %5
SR TIELEHBELIPIIR ., TORBOEBRNGEEALEKORERER
Asepergillus BT, WA THDTDOIDTH S, TIT. 2HE KexB DR
B ORBOBBENEIELESISRI LEOPIIN LT, UTORHZE
B3 %, () KexB HAHIMEARICLERBRED 70Xy YL T RIT>TH
b, THICL D BBERIIERERMEEEZELZ L HAHERV, ZOMBEED
BERPEVY—FONIEBIMLV AR, cell integrity pathway % iE1E
L. MIREEEOMEBCLERHEEREECFHOBEENBINT S
(Fig. 13)e BRIZBWVWT, ZORBOL Y —& 37 BiX. MigEEOREEL
ZERRA LT G protein RIGZERZER L TEBOEE(LEZEISEILTWS
ZEeBHLNTWVWS, 2, 2O Y—S U IVBOAD V& —)S— B
BEYT / LAKIEETSHILEZER L TWVWS, (ii) KexB 7 cell integrity
pathway D> H—F o NIV BO 70t v S Y T FoTHED. .;F?E’Efb’_ft”
DY —% )7 ED negative regulator ¥ U TEIE. Z ORIEOHERH
EMLZ5I &R 9 (Fig 13)o C. albicans DT/ LMEHRZ VW= Kex2p &
BFE» 5, cell integrity pathway D > P —% N7 ET&H B Wsc2p
TEOTPBERICEDN >TWVD, O L5 A KexB P —% >
NIBEEERBIILTWAHAEBEEIEZI O NS, LEDRFEOMIZ, D> 7
FNVEERBOREREPHEEARBRLE VY- U VEOE A %
KexB BPEBIZLTWAOEEMEIEZ SN D,

(3) kexB BT HBRkOMITEBAT
KexB DRIBIE cell integrity pathway DERKHEEZBISR I T,
5. AkexB BROMIFZEEMEMTIX., KexB DES T 2MEAHBEZOT Al &

HiZ., COBBROGERGZMEEL )V TEBETAZLDNHKELEZ S
Ndo AkexB HROMIMEMEMEL. BEKRLLEBELT B VA VEEDE
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SREZFTHALTVWE, RREZBSCEREOSE. B VA yeE
BERBEREL UTHBEERZBEL TS, £/, Aspergillus BiZ. p 7V
h Y EBHER (FksA) Z—DULDEFET., ZOEGCFHEIBIEEZRT. 2
DI L5, AkexB HHMKEEDE FVH 0D, MigERE 2IEE
BOINHDIILTWELEZOND, ZOWPDORREL LT, AkexB ¥ D
EEYH (50 h) IZ FksA OFBEIEN. &, &7 BFDRNT L
EHHEOERPS. TBRINE, B VA VERICE., BT T2y
MEEREIY T2y PR GTP OGP DVETH 5. AkexB BROLEEH]
HIZIZINEDN T VAP L HMELTOVRVWATEREDSEZ SN S,
MREEDZ VA VB OREED S, AkexB HRIZMLERE K U455 Tk
DB ITNVAYHDBRNZEBRBINE. £ PIVAVRBEHSIISE
N33 F U EEPFEKRLERLTZWI LS, F#HEARS B-1,3-glucan
IHELDFFUDRBALTVWAARRE SRR I Nz, 5T A F LT
DIER KD AkexB BROMBEEETEHTH % B-1,3-glucan D IEE D EF L X
bW DR ENz. UEDOERED. AkexB HRMifaZ SR, TE
B p-1,3-glucan DAIEH DL, FELWOENRIBE VA I, Z20D%E
MEEDELIRET. ZLOFFUBKEELTNS ] EnoEEEEFT)I
ZIZIB L = (Fig. 14)

1) & kexB B FHRBHRORRBE. KEBEKEFZRL. TOXRRE
SEREETCERTAILZRE L,

2) kexB B FHWIEROREREREEDORED—D2IZ. cell integrity > 7 FIVIR
ﬁ?%@%ﬁkmﬁﬁfbb mEINZ. £ SREECBITIRHAMOER

. CORBOMBIE NS VIVRREL L TEI > TWAEBEL IR
f:o

3) kexB BE=FHEERRIZ. B VIV AV EROEWAIC X 5 Ml 0 MEKHE
DETZ.XFFUVARRZETILTZOREZM O TWVWE I EDNREBINE,
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kexB probe . ﬁth probe

Figure 1. Generation of the kexB gene disruptant.
(A) Construction of the plasmid for kexB gene
disruption. The plasmid contains a truncated kexB gene
and prr4, which encodes a thiazole biosynthetic
enzyme. The open box indicates a stop codon linker
inserted in the kexB ORF. (B) Strategy for homologous
recombination of A. oryzae for kexB gene disruption.
The closed box indicates the kexB ORF with the stop
codon linker. The gray bars indicate the hybndization
positions of the probes to confirm gene disruption by
Southern blot analysis. The upper bars indicate the kexB
probe. The lower bar indicates the prr4 probe. (C)
Southern blot analyses of the genomic DNA from
transformant. Each lane contained 20 ug of restriction
enzyme-digested genomic DNA of the AkexB disruptant
(lanes 1, 2, 5 and 6) and wild-type (lanes 3, 4, 7 and 8).
The enzymes used were PstI and Sp/l (lanes 1 and 3),
ApaLl and NspV (lanes 2 and 4), Spel (lanes 5 and 7),
and Pst] (lanes 6 and 8). Hybridization was performed
with the kexB probe (see Materials and Methods; left)
and the p1r4 probe (right).

Figure 2. The morphological
phenotypes of the AkexB strain
on CD agar plates.

AkexB (A, D, and F) and wild-type
(B, C, E, and G) cells were culti -
vated on CD agar plates at 30°C
for 4 days. A and B show the colo -
ny growth of AkexB and wild-type,
respectively. C through G are
scanning electron micrographs.
Conidiophores and conidia of
wild-type are shown (C and E,
respectively); the AkexB strain did
not form conidiophores or conidia.
D and G show hyphae of the
AkexB and wild-type strains,
respectively. F shows the hyphal
tips of the AkexB strain,

CD+ 0.8M NaCl

() AkexB ® ™

Figure 3. Restoration of the AkexB phenotypes on CD agar plates
with high osmotic pressure,

AkexB (A) and wild-type (B) strains were cultivated on CD agar con -
taining 0.8 M NaCl at 30°C for 4 days. Conidiophores of AkexB and

wild-type are shown in C and E, respectively. Conidia of AkexB and

" wild-type are shown in D and F, respectively.

YPD liquid medium
AkexB wt

YPD liquid medium + 0.8M NaCl

Figure 4. Phenotypes of A. oryzae AkexB in liquid culture medium.
AkexB (A and C, respectively) and wild-type (B and D, respectively)
strains were cultivated in YPD liquid medium (A and B, respectively)
and plus 0.8 M NaCl (C and D, respectively) at 30°C for 22 h. Scale bar

50pm.
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Teble1l, The pumber of the genes whoze expression levels were
eltered by deletion of kexB in A, oryzee.

(o) CD +0.8 M NaCl
nh(::B 1 wild _:;:;m gepe number® gene number®
> 4.9 fold - 68 0
Figure 5. The morphological phenotypes of the 4kexB 2.0 fold - 4.0 fold 201 25
strain transformed with the wild type kexB gene on
CD agar plates. 0.5 fold - 2.0 fold 1087 1736
The AkexBniaD" strains transformed with the wild type 0.25 fold - 0.5 fold 48 1
kexB gene (A) and with pPNGA142 vector (B) were culti -
vated on CD agar plates at 30°C for 4 days. <0.25 fold 27 0

8 After three independent annlyses, 1521 gpoty on the cDNA micronrrays for CD
plates end 1762 spots on the cDNA. microarreys for CD plates with 8.8 M NaCl
were statistically verified by nstog the Genomic profiler program.

High Temperature, Low Osmolarity, Cell Wall Perturbation

Figure 6. Expression levels of genes involved in cell wall
biogenesis. :

The bar graphs indicate the expression levels of the genes
encoding cell wall synthesis-related proteins from wild-type
and AkexB grown on CD agar plates (A) and CD agar plates
containing 0.8 M NaCl (B). The gray and white bars indi -
cate the relative intensities of transcription of the genes in
the wild-type and AkexB strains, respectively, according to
¢DNA microarray analyses. The relative intensities for the
examined genes were calculated using the intensity of his -
tone H2B as an internal standard (1.0). The genes were: 1,
chsC (chitin synthase C); 2, chsA (chitin synthase A), 3,
chsB (chitin synthase B); 4, chsY (chitin synthase Y); 5,
chsZ (chitin synthase 2); 6, geld
(glycosylphosphatidylinositol-anchored
glucanosyltransferase); 7, gelB
(glycosylphosphatidylinositol-anchored
glucanosyltransferases); 8, fks4 (B-1,3-glucan synthesis).

Figure 7. Outline of the cell integrity pathway of S.
cerevisiae.
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(4)

105h

70h _105h

(©) +0.8 MNaCl

Figure 8. Gene expression analysis of chsC, chsB, gelA, gelB, and
mpkA by Northern blotting.

v«”& # s

Figure 9. The cell integrity pathway MAP kinase MpKA is con -
stitutively phosphorylated in the A. oryzae AkexB strain on the
CD plate.

Upper panels show immunoblotting with anti-phospho-p44/42 Map
kinase antibodies (Anti-p44/42). Lower panels show immunoblot -
ting with anti-Myc antibodies (Anti-myc). (A) AkexB (lane 1 and
5), AkexB with mpkAmh (AkexB-mpkAmh, lane 2 and 6), wild-type
(wt, lane 3 and 7) and wild-type with mpkAmh (wt-mpkAmh, lane 4
and 8) strains were grown for 105 h at 30°C on the CD plate (CD)
and CD plate with an osmolite (+NaCl) before preparation of cell
extracts (see Materials and Methods). As controls, wild-type (lane
9) and wt-mpkdmh (lane 10) cells were exposed for 1 h to a hypo -
tonic condition (Hypo) by addition of water after cultivation for 50
h on the CD plate. (B) The AkexB-mpkd4mh (lane 1, 2 and 3) and
wt-mpkAmh (lane 4, 5 and 6) strains were grown at 30°C on the CD
plate for 50, 70, and 105 h, respectively, before preparation of cell
exiracts.

Table 2 Sugar contents of cell wall fractions.

Cb
+ 0.8M NaCl

AkexB RIB40

plate CD

Hesxose

(ug/mgCW) strain AkexB RIB40
-

Glucose 815+ 899 202 £849 273 + 37.0 270 + 442

N-acetyl 175 + 14.0 110 + 611 605 + 5.81 68.1 +£7.76
glucosamine

Mannose 123 + 123 129 + 0.72 5.05 £ 0,53 7.75 £ 0.51

Galactose 2634+130 9.68:1.65 26971243 24731752
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(A) Time course of phenotypic change of the AkexB and wild-type strains
on CD agar plates. The left, middle, and right panels show colonies culti -
vated for 50, 70, and 105 h, respectively. (B) Gene expression analysis of
chsC, chsB, chsA, chsY, chsZ, gelA, gelB, fksA and mpkA over time (50,
70, and 105 h ) by Northern blotting. A histone gene was used as a control.
(C) Gene expression analysis of mpk4 on CD agar plates containing 0.8 M
NaCl for 105 h by Northem blotting. A histone gene was used as a control.
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Figure 10. Comparison of chitin synthase activities in
AkexB and wild-type strains cultivated on CD plate at
30°C for 105 h.

Membrane proteins were used for chitin synthase assay
without trypsin digestion and with trypsin digestion. Minus
signals indicate the membrane proteins are not treated by
trypsin. Plus signals indicate the membran proteins are treat -
ed by trypsin. Error bars indicate the standard deviation (n =
3).
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Figure 12. Ratio of Alkali-soluble to Alkali-insoluble in
AkexB and wild type cells cultivated on CD plate at 30°C
for 105 h.

The gray bars indicate N-acetylglucosamine content in alka -
li-insoluble fractions micrograms per milligram (dry weight)
of cells. Error bars indicate the standard deviation (n = 3).
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Fig.ure 11. Comparison of p-1,3-glucan synthase activi-
ties in AkexB and wild-type strains on CD agar plates.
Membrane proteins were used for glucan synthase. 50 h,
70 h and 105 h indicated cultivated time of AkexB and
wild-type strains on CD agar plates. Error bars indicate the
standard deviation (n = 3).

Table 3 Rations of methy! ethers obtained after methanolysis of
permethylated fractions from the most complex polysaccharide
structure of the alkali-insoluble fraction of A. oryzae AkexB.

Molar ratios

Alfitol acetutess Linkagrs AkexB wild-type
23,46 Tetra-Mo-Glc G, 1.9 L7
246-Tri-MoGle ey 19.6 16.6
24D4-Me-Gix G 1.0 1.0

n 2,3,4,6,-Tetra-Me-Glc = 2,3,4,6-Totra-O-methyl-D-gluacose, and so on.

AkexB : the B-1,3-glucan is a branched polymer with 5.1% of
B-1,6 branch points.

wild-type : the -1,3-glucan is a branched polymer with 6.0% of
B-1,6 branch points.
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Figure 13. Schematic model for implication of the cell integrity pathway in the AkexB (A) and wild-type (B) strains.

The cell integrity MAP kinase pathway is shown by the dotted box. pkcA, mpkA, and rimA were isolated from Aspegillus fungi.
The yeast BCK1 and MKK1 orthologs have not yet been isolated from Aspergillus species, however putative ORFs ( bckA,
mkkA) homologous to the two genes are found in A. oryzae genome sequences. The cell integrity pathway in the AkexB strain is
constitutively activated (A), although the pathway is not activated (resting) unless the wild-type strain senses some stress like
hypoosmolarity (B). A. oryzae KexB is predicted to be required for precise proteolytic processing of sensor proteins in the cell
integrity pathway and/or of cell wall-related enzymes whose genes are under transcriptional control by the pathway.
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Figure 14. Tentative representation of the polysaccharide organization in the structural alkali-
insoluble core of the A. oryzae AkexB cell wall.
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