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Aspergillus nidulans BLZAM SAXTHE ChsC 2| HE

upzt - gtes| - Bts|Bt
ST MU DIYSET

Saccharomyces cerevisiae2] class 1 7| FA] §. 44l Chsl19] 84 24 Y & 283} Aspergillus nidulans®) 3 ¥
T-Abo) A class I 71D A A A ChsC B2 L A =3t oL A3 A, nidulans®) class 1 7| AAFJAA R
AE A RF9) -9 ul3rbA 2 ERA A 2ol 93 #4315 A4 A B ¥ (zymogenic form) 2 £
S 4 4 UR S 28I A nidulans <FAA 3 S dass 1719 A A 42842 EJA A=lof 28] 6ul) 71
Z7+E 5k v, chsC §-A A7 B3 2 S99 o] F= EFRA Ao 93t EAYA o] F71EX] o35S
Bt o, AA2¥A e £EE EFJAS A A op3t ofA Y2 cass I /1A FA A28 A Y
T oot wElA, E]I A4S A stod 24 & A. nidulans °FA 3 9] cdass [ 7| A BAYA Lol M EF
A1 A=) 3R] ol B of A 3 2] class I 711 A 314 ARA) & A 9] &) 3hol A. nidulans oF4 3 9] ChsC B4 HA
4& At} o) B 2 AL EUE oA AAAA Fek ChsCe) HAHA S AT A3, chsC A A
¥ F A FALSHA YAl FAdel o) of S FAE FA RS Y53 A7 2 4R A 3 6] B4 $A o]
Z7stg o). o] 2] 8 A= o) n] BaE vle} Zo] chs AR} A. nidulans®) 4 FFA} Aol Tod & A AL

3 9leh.
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Al e FAEkL AR 2 AFEEENE A
XE BS3he 59 715S FUse 3ol AEee, i
= 2 8] 2l (mannoprotein), (1,3)/(1,6)-=FZHglucan) 1|31 7€
(chitin)2] A 7FX] AdEo| 28k ZH& EX}7-F(supramolecular
structure)® T3 E0] ATHE). AR AEBoA SFTho] 1A
F%9) 20-30%%, 71810] 1-3%Z 2X|3laL Qe vhE, APdE
ol AS AA F7Ze 30% ol 71'e] AATTKS, 15). 7
El2 N-acetyl-D-glucosamine®] B-142 94 H GUFIA=Z F
golo] At Fepdtlel] Bl 8o, 53] 383 F
oM gzetAle] 140 2 4 7] Wil 1 P9
g A7 Ss) sE Qi)

Wrol & ¥ 91 Saccharomyces cerevisiae®] 7} BAAT/L Chsl,
Chs2 2 Chs39] Al 7FA] Y& & (isozyme)ol] &3l o]Fo]Zt}
Chs12 RAZ2RE SAE7 Felse 3get 283k 7
EJu)|©) Z(chitinase)?] Fc}gh ZH-g-of] oJ3led SRl B LS A
FEHL FA(repair)dhs 7152, Chs2E BHE TAH|Z Alo]dj
PR 12 AYe] A4, 223 Chs3s ZA¥o] o 1
2ol AE¥(lateral wall), BHE} ZMFE Alele] 7]¥ e
(chitin ring)9} T HEHA | AW E shmood] FAo T
oStz Ao g WHATHIS). HIE S, cerevisiaed] AEHES FA
ke 7199 90% o)4te] Chs3ol 2lste] FAEATE in vitrool
A 8438 Chs2H Tl Holx 28], ChslET} &k 1008) 2 Ao
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2 WATKE, 17). ojok Zo] Al /9] FELe 4V &
715 544 5498 /HAER, o]3 ARE vlRog Zf7te]
THEARS I A48 SO SYEHUT gtz
IR Bae] E4ole oAl 7t dolS Fe R g
gH11). Chs19] E48AL M} M2 28 g e vt
Co*ll 2l3iM= HaE Btk 2t Chs2E Co? 371l 9
8 ZstA B3ty Mg Mool SJaixe eksiAl 8443t
Hh16). Chs32] 7%= Chs1F 22 E7HFQ EAS Ho,
Mg**%} Co?*ol] 2|3} HI=3t =70 & Z48lTth3, 19).
ARl Aspergillus nidulans= EEF9= 2] AAFTH]
40%E 716 o] AAEH (18), 719 AT THE FHAR chsa,
chsB, chsC, chsD9} esmAZ} 2814 Ath15). Tl 7l 7184
P &4 [FRAE AR B8y 5 47 HE V)E
S e Zes yaAEu(, 4, 5, 6, 7, 10, 15, 18), A=
9, chsBE A3HQ0 FARIR ] HAon (1), csmAE TAL
o} HekfAet Azdel 547 #dHo] Urke). A, chsA,
chsCok chsDE WAL A28 F-AE3l QoA FEEe 715S
S, chsAT chsCob TAMIRT BAZAAE WES(5), chsD
o= XA V) FH3H0). T3 chsDE chsBSHE L
1es FHSt AR E 9EE k). E, A
nidualsn®] ChsC=, TAMYE 5 A AMA7F AEHox 5738
I chsC FRA} g EddolAlA AE Jsd B E o)
VERA] gFob AR WellA ] sl ®Es] 7 EA L3t
(10). ©]233} o) A nidulans®) ¥-8134 B 1B HA
At} W (EH)WPFE FAA FFollA e vla 28] AE

o
o=
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RO, S, cerevisiae® = D] A. nidulans 1A B4
A-0] B4E AR Y 5 e o] SAYEHHA of
slo] Ealaby B9t ZF Folake] a4y WEE xAEHA
U, A 55 o8 ahmid 3 ol ¥g T8 2%
o7} gk,

wela] B AN XM= S, cerevisiae] A 7FA SYEA F A
F Wl 24 Bgo] 71 wA AEHTE ChslF 2L class 12
2 BERHH(18), 71E9 Rushs 28] HAR (transcripne] 2
F4& AR A, A nidulans®] E33g 53] A8
FEAAAGAAN 5B 7)15S FHL 7He0) =2 RS
ZAHE chsC FA2K9, 13, 14) FEIEQ] ChsC TAEA
BEAE A} 3T olE At A R 5Ade] 55
1 golgt AR o)A JFaALE vigt & oAzt EE
FEBA, chsC HAMAS] k& EASME A, S. cerevisiae]
Chsi fid BASHYHE $-8319 A nidulans ChsCS EAEA

=42 N=stt.
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A ALRH TFFE Aspergillus nidulans FGSC A610
(VA2 pabaAl veAl), FGSC A26(biAl, veAl)T} RDCI13(yA2
pabaAl chsC::argB argB::trpCB trpC801 veAl)(14)°]™, HAn)
A[complete medium(CM) 0.15% casamino acid, 0.15% yeast
extract, 1% glucose, 1X vitamin solution, 1X mineral salt solution)
AX 16A177hA] Fgaf st Az B2 FSTARE ATk

50 mineral salt stock solution®] 32 152 g/l NaNO,, 26 g/l
MgSO, 7H,0, 152 g1 KH,PO,, 26 g/l KCl, 4g/1 (NH,)Mo,0,,
0.4 g1 ZnCl,, 0.008 g MnCl,, 0.032 g CuSO, L)L 0.127 g/l
FeCLo]™, 100X vitamin solution> 250 mg/l p-aminobenzoic
acid, 250 mg/l pyridoxine, 250 mg/l thiamin-HCl, 1 mg/l biotin,
50mg/1 nicotinic acid, 250 mg/l ascorbic acid ZZ|3L 250 mg/
folic acido|t}.

Z|EIME Saflof Hi=

RAA YR A 10, 12, 14 BT 16A]7F B ek oks)
o A48 TAMS Miracloth (Calbiochem, UK)E o 3k}ar, 2}t
+ SFFY ™ 9589 0mM Tis-CL pH 7.5, 25mM
MgCL)E AlH3IATH TM S8 HE AASH 5, IADLE F
Walod dAnlster. dvlsl AEE 5mlge TM 880 &
&3l homogenizerZ 4101 FRh. AME £ E 3,000xg,
4ColM 1057 AAEEE F AE5AE H3A 60,000x g, 4°C
off A 4587 2AANETSIA) daiE F AHNES 2R
TE &3589% (50mM Tris-Cl, pH 7.5, 1 mM EDTA)E HeH3h
%, homogenization 3F 40,000 X g, 4°CllX] 3087 24 &
sttt AR s dojR JARL A7HE- TG 989
(SOmM Tris-Cl, pH 7.5, 33% Glycerol) 0.5 mioll HEsta] ZA]
AREBF AV 270 °CollA BAstYth ©rEe] T BCA
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(Sigma, USAYH.o. 8 Z3319c).

FIEl et SA8M £N

F1AFA FAL 0 BAL Bulawa(2)2] WHE HEFd =
Y. ol Eel FGSC A6105} chsCrt THHE EAWHO|F
RDCI3E UAog 7i€log HEE Ad UDP-N-acetyl-D-
glucosamine®] ¥& Z4sI5Act. ZHzte] AA84Le 2] Al ¥
HEE3lo] 2431t Hak vk 50 plofl= 30~-80 ugel A,
5ul  [“CJUDP-N-acetyl-D-glucosamine (NEN™ Life Science,
USA; specific activity 200 mCi/mmol), 20 mM UDP-N-acetyl-D-
glucosamine (Sigma, USA), 1,600 mM N-acetyl-D-glucosamine
(Sigma, USA), 200mM Tris-Cl (pH 7.4)3} 100 mM MgCL0]
F3rgo] ok WSS 30°ColA 1217 308 whSAI7) F,
10% Trichloroacetic acid 4 ml 78} ¥H8-S ZJ{AF|L 25
mm glass microfiber filters (type GF/C, Whatman, USA)S A[&
Sl At AFAAZ 100% Ages F H AHF 5 A
A 433A =7 (Microbeta Trilux, LKB Wallac, USAYS A}8-3}od Al
39 7o) Z3HE WAL S g8kt

BAEA B dojA EFAl(aypsinge] HAE]o)] o3 G4
g9 FUHR-E ZARBIaAL, e FH] A el R E
HAl & (300ug/ml typsin type MM from bovine pancrease;
Sigma, USA)S 30~80 ug o W&ol Hr}sle] 3737} 40 pl
o] BA sfa, o WAL 30°Col A 158 WHEAIZ) F soybean
(Sigma, USA) frelle] EFAl Adf|A] 450 ug/mhe 2l H71514
EfAle] AR5 AR A17] £ 7R aA8ds S98Ht

1o ox

TALH 2] 2

A. nidulans®] TAAE AQAAZ FeAIZ] o2 FA A0t
3kal 02 gmio] I=E GT 4588 4M guanidium thiocyanate,
25mM sodium acetate, pH 6.0), 0.5% N-lauryl sarcosyl, 0.84%
-mercaptoethanol)el] =Q1 & FAZAIFIL sl AR
& AA3 2ml2] 57M CsCl solution (5.7M CsCl, 25 mM
sodium acetate, pH 60y Yol FAl=HA YUk SWSST
(Beckman, USA) swing rotor=(125,000X g)Z 18A]ZF 591 A4
e AL pelletS 6002l 0.1% DEPC/F XEl® TES £
LN (10mM Tris-Cl, pH 8.0, 1 mM EDTA, 0.1% SDS)°ll Zo]it
@2 PCI (phenol/chloroform, chloroform=25:24:1, pH 4.5)*] 2]
3 AEdvre FHaldt o] HFL F A wES § Asd F
2] ollehe H7IAIA -70°Col A BpkstTt

6% TELHS| =7} 3 1%2] WA ol7F2= A (denatura-
tion agarose ge)oll BT F 20~40puge] RNAE 33k &
MOPS $+5-8-90-& A-8-3te] A7]9QE3}aL 0.1% DEPC7} A€
FHFE XEUUBEE A AT ZAT H o] (capillary
blotting) 2% Hybond-N membrane (Amersham Pharmacia)®] RNA
£ AolAF)ar, A HA7E AAT TS UV cross-linker (Hoefer,
UsAel A 1200 Wiem?Z 287 RNAS T34 A g3A4&
AHE-EF DNAMTE chsC ol il 5olZQl Zejoln] 4-& o]
&8l PCRZ SFH3tPL(12), 729 HHA DNA EAY
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(tandom primed DNA labeling)©. 2 A3} Th RNAZF 53¢
ue 5-31ok2-8-N(hybridization buffer: 5X Denhardt's solution,
0.1% SDS, 5%XSSC, 50% deionized formamide, carrier DNA 100
pg/mhol| A 2A17E F3F 42°Cell A A wRSAIZl & WAAZ] o
Ppl-dCTP-BA-F3AE 718l 16A17F 53 ¥h-A171aL 12k
AHH 2x SSC, 0.1% SDS)OZ 42°CollA 58, 158-7F 23] AlH
B)aL, 23} AJA N (0.2x SSC, 0.1% SDS)CE 42ToA 1587t 2
3] AHetgon, 331 A& (0.1x SSC, 0.1% SDS)CE 68°C0)
A 3087F 23] AlFstTh 2x SSCE A1H 3 Blor2 F7) FollA
T & Xray BE (Kodak BIOMAX film)0 2 ZFEAIZ T, =5
o] i I A, &, ngd ] ¢AME sl RIS

an ¢ 0F

ChsCe| 7|EI e s2 8 HE
B AL XME A nidulans®] 71T EYPELS = S
cerevisige®] Chs13} FL3 class I 1A a4 &3l A
fHo g AFH W aLggo] 7t B8 ZeR dEY, &
FAAZ} stE FF7F GRE] Qo] BE FHELIE O
g op g el nwa§o] 715 ChsCo BAEEE 573
3 Bz} AT ChsCY BAEA] S0l Last A4U0R
£ 58T 23S oA oS B FTTAS
WOz 383 Vg + A P2 Felg ey
2298 AT B aeC FAAE AIHoT Easte
P E < FGSC A6109} chsC -F--AT Fr =51 1 A] #3074
Hj7do] FUg RDCI3 (chsC TF) #F5 JAufdstd 2
FAERE ool Rag 2eisje] i) AR &
AL ST ChsCel 549HS 2 843A 0L S
cerevisiae®] Chs1®] B4578 =08 71ROE o]F HIsto
s
34 QB Bl ZALE thREe) ARG ET
de-?ﬂ] (zymogen) FE & EAjsle] E-A Fof i 74
wolEsz AHE oot v} BURHE Ao Yol
UYL B E (1), A. nidulans®] ChsCE EAATAHoZ &A=
A SRIBkA} obAES) AG109) SHehIAR AL T S
Egios AP ¥, 2 4L s R0, 1 29 Fig
1ol el RAE, E%” S HE|eHA] 2 Holl= 52484
o) wgtort, £G4 Ael B57t Z7he met BABo] 2
S, e, ERA SRt ol Be A9l Bhe B
19| Z71%o) Q3le] Baehe AL YeRhEE ELUTA
o] ChsCE B4381A717] 913 ERAlY] AEEE 120 pg/ml
= Atk

3, 719430 E48499] & ¢t FHEH 2
o] A. nidulanso| ¥ HEE= o] 718ATA FHELE S
Chscel B¢ HUHO T ZYshe AR B A3k

A

o E QN A610} chsC EACIFLI RDC139] F|EAEA] &
g4e ZH3e vl Bkt 1 A, Fig 2014 Bzl
AXNE, EYNE H2]ehA] ke 7ol o ¥ n Edoly

Kor. J. Microbiol

120
= 100 4 °
-
=
2
2 80
>
= ®
[%3
s
@ 60
%)
]
=
<
g
> 404
g ¢
=
£
O 20
0 . . . . . ;
0 2 4 6 8 10 12 14

Amounts of trypsin (l.g)

Fig. 1. Effect of trypsin concentration on activation of zymogenic
class I chitin synthase activity in vegetative hyphae of the Aspergillus
nidulans FGSC A610. Each reaction was carried out in triplicate.
Incorporation of UDP-GIcNAc into an insoluble product was
measured and converted to specific activity (unit). One unit means 1
nmole of UDP-GlcNAc incorporated per 1 hour and 1 mg protein.

F @} B240) A9 Aol PE ALY BAT 5
2 o} Wi AZURCH, ERAE Aeleo] BLATA B
Ao BEZQ] E3E FT8lHS W, chsC 752 HEAEAHL
FAE 59 F71E B A, okE-2 oF el 7 Fo)s)
Aoz 2} Gk oldel ABE B W, =RUE el
ohIe 2AelA] BEHE oYBD SelvolRe] FA
ChsCrt obdl The: A ELe] BAaol SRS AoE E8)
A Aol F-BEHA 9T rEoE HEEE ¢ 4 Ik

w2}A, Fig. 13 Fig. 29 A& F83) B, S. cerevisae
Chs1o] &5 AHEHE F4u8-270) %oé?ﬂ' class 1 ol
&3l 7188 §4 B3] A nidulans ChsCe] E48A] 2
4o Mg 4 YO0, EYAL Al F TP AL

Jr, lo

23 rlo 2 r\r

i\‘ JlN
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Fig. 2. Class I chitin synthase activity of wild type (A610) and chsC
strain (RDC13). Reactions were carried out with trypsin or without
trypsin. Incorporation of UDP-GlcNAc into an insoluble product was
measured and converted to specific activity (unit). One unit means 1
nmole of UDP-GlcNAc incorporated per 1 hour and 1 mg protein.
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S EHE 2o dPs= ER
HAEHE niEold G484 S AFPA ChsColl 93+ 71614
T ELRNS MUK ZHY ¢ 2SS B & Utk T
A. nidulans ChsC7} titke] HF3o] 58
IE AT U AN BB,

HoFRAl MAEBEO| chsC WHI ChsC S2%EMo| HO|
4t

71E9] Aol A A B chsC A7 AEHA
T Bk, chsC AL slajell mE FolAl HHH W
3t #FE A opgthal sHTh(10). vt & ARl A
Aol &IV, chsC FAAE chsa F-RAAR} A AEEEF
719) G17) v HiE TR, AAEQ FARGA & HEH
o] AN} B 1 M3y Ay fAo Fag 7] 4%
Aoll FAT 7hsgol FAHF e (12), TG Bt &
stz AR AbaAcl] &ste] MAMA Y] o] FHEHUT
(18). EolSAE AR Aol|A] BRSSP} F=57] e o
FAL A AR O] Fo] HAH o7 Frlsitrt FAd A A
Bt o017 e £FEo R AAFHIUOH, A4 AA ] =
HRgo) Al e] o] AAHoE FA3] ST ARA
= A0E ZAEATH0). THE, AR Aozl FLTAL
Stz 14E v FepdslE ek B3t EE A
gkont, tigk 12417 Ao wljokA)zho] ZAabetE LA A] Aol
A FEEe TS 55 o 4eA Ucku4).

maba], o Ao s FHHE ChsC EAEANS ZAZ A
niduinas®) chsC TAWFEARA Q] oF H3hat ChsC EATAIT
o] HHBAE ZAIB7] Ag o T AAM AlVHE ek
TAL 5538t o2 AR o] Wk wisle) a4gdel ¥
g A3l Byt 753 IYTAETE F mRNAS
& T chsColl Bo)H2l DNA BRHAE o83ty Lafd
b B Aw, Fig 3A0AM EEo| chsC HARAQ] L A
A7go] g mE} A& FrtekAT olEs SVt FAle F
AR A7 AgEe Aod dHA Ark10). THH Jdt
A} AR Zoko] ChsC BATAS 233 B A (Fig. 3B), A
AR o} Wt} AR, dAMEAo] TS Wl ChsCé)
gAeol ZrstR o wlek 16MRe] ozt FHAshe S B
Act. o8 g WL vl 1A7AA chsC AR S o]
A&HoZ F71E gslgolos o] Alolg Kole AL,
olggt Aol AAMA BAa EATA EAo) AR Zztel
ok TF<l FGSC A26 (biAl, veAl)T FGGSC A610 (yA2
pabaAl veADS] 77 w7 9] ztoldl] og AAE] zlo] Fol
A HIRE RAo= FA At

aeh), FxA o] H Y MR 248490 7 el
Sk7ke] zfol7t AFol® Bkl AAHOE 1443 A 164]
2k oo HxAle] wEE 2 48] U FEeAE
Qg2 A Aol A 2] AR 12417 BT 5 Fofl = FAAR
71} 745314 Sk H-3l5(developmental competency)yS &538}
A Doks 1149 FAR3I2E121Q] AbaAd] 25l chsC

i

to R

-

A. nidulans ChsC2/d HE 181

chsC

Actin

10h  12h 14h 16h

60

Activity of ChsC (Units)

10h 12h 14h 16h

Fig. 3. Northern analysis of chsC expression (A) and ChsC chitin
synthase activity (B) in vegetative hyphae. Vegetative hyphae were
collected from liquid cultures at 10, 12, 14 and 16 h after media had
been inoculated with conidia of the wild type strain FGSC A26 (biAl,
veAl). Northern blot analysis was performed with the probe specific
to the chsC gene (A). Chitin synthase activity was measured by using
the membrane preparations from the vegetative hyphae of the wild
type strain FGSC A610 as crude enzyme sources. In each measure-
ment, enzyme activity without the trypsin-pretreatment was accounted
as a negative control. One unit means 1 nmole of UDP-GIcNAc
incorporated per 1 hour and 1 mg protein (B).

o] o] dEthE 718 Bano, 13, 149 3, chsC
ZA 9 11 ARZo] AokarALY] AAAHR1 AR A w FARE]
HHol = I Fi T3 eg Arbske Aeolth,

oo AMZVE A nidulans®] class 1 71EIATA] G491
ChsC9] A8 [MCJUDP-N-acetyl-D-glucosamine 522
AE 713 54920 gehide] £3E vhgol 120 pg/mie]
TEZ ERAS 7R H 30°ColA 158 ¥HEAI7IE, ERA
AHA] (450 pg/mlyS 2 Wl FrKste] EHLle) 285 AA Al
2, 1AIZE 308 B9k HRSAI7IE EFo] 7S BoE By
Ak Wb, oz B =B glE ChsCel T4 &
Ao s FARs 3 9 fAARES A 5] ChsC EAE
3 s 718 2AME chsCo] A B g wlagivh
W o} FHEZA] ohg A nidulans®] A7F Z 2319} ddE
chsCo] AE W 7% T3 & e M2 ALE 45
Aeejet wetEnh

al
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ABSTRACT : Detection of Zymogenic ChsC Activity in Vegetative Hyphae of Aspergillus nidulans.
Bum-Chan Park, Yun-Hee Park, and Hee-Moon Park (Department of Microbiology, School
of Bioscience and Biotechnology, Chungnam National University, Daejeon 305-764, Korea)

In the vegetative hyphae of Aspergillus nidulans, a zymogenic form of the class I chitin synthase activity was
successfully measured by the assay condition for Saccharomyces cerevisiae class I chitin synthase, Chs1. The
class I chitin synthase activity of the A. nidulans chsC wild type strain was increased about six-fold by trypsin-
pretreatment, but that of the chsC disruption strain revealed no increase. Interestingly enough, level of the class
I chitin synthase activity of the chsC disruption strain was almost the same as that of the chsC wild type without
trypsin-pretreatment. These results indicated that the A. nidulans ChsC activity could be measured by account-
ing the class I chitin synthase activity without the trypsin-pretreatment as an internal control. Consistence to the
expression pattern of the chAsC revealed by northern blot analysis, the activity of ChsC was increased upon
reaching the culture time for acquiring developmental competence. Our results shown here also supported the
previous report suggesting the possible involvement of ChsC in vegetative hyphal growth of A. nidulans.



