(S6-B)

Penicillium verruculoéum&i—‘i‘—a Cellobiohydrolase] A ¥ &

2 ¢ L, A A, A e s, B 7] A

ISNARUY AL, 2addda
D A A

x 5

Penicillium verruculosum wjo}ejo S HEl AxthelN Exjato]
60, 000(cellobiohydrolase 1)}  66,000(cellobiohydrolase II) @
76, 000(cel lobiohydrolase I11)¢! cellobiohydrolased £2] HA sl 21 &
o] duty EBAH4E ZAESIUTL oE A4 HAEE EF <Y IEA
cellobiohydrolase I, II 2|3 Ill&= 247 8.6 %, 4.2 % 28]3 8.5 %9
guLE velien A T4 EF pH 4.5 - 5.0, E 50 - 60 ColA 3
HzZA& YElUCE Cellobiohydrolase I, II @ Il X5 Avicel,
cotton, 9% 528 AAAH U84 B7 oYz} carboxymethylcellulosed =
B8 E Lelyict, 3 AE cellobiohydrolase I, II 9 III8] Aviceld] tj
T uj¥E == 2t 0,07, 0.10, 28)3 0.07 unit per mg. of protein ©]
9o Avicel 23] BHEL A2 cellobiosegt}. E¥ p-Nitrophenyl-28
-D-cellobiosideE 7]1AE 319 & uw] o]l M H4A BRF Exddo o3 &
A7t A ER] 42 A cellobiosed] &3jME A=t
ofulAtzA, Eglale] 2 MEP|=EY £EUA 2 YAE o]
£ % Immunoblotting Z 32 HE| cellobiohydrolase 118} I11: S¢ &4
Zargol AU 1x PRI AY fARE wd=E A
Cellobiohydrolase IISXE Ea|§t 2 712 Melol=2] ofmiil MES
Trichoderma cellobichydrolase 12} XEXE Boom 3 o] F &4
o] oful:Atz4 L wl$ fAlstach

A &
Exoglucanase, cellobiohydrolase(CBH), L Avicelase® EIL:=

‘B -glucan cellobiohydrolase(E.C.3.2.1.91) Adf#4& HTo24EH
cellobiose T2 B(1-4)ZIAE AL JIEE8sts T4 A
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Mqf{L E3o] 9o]A endocellulase( B-glucan glucanohydrolase) 3 A
-glucosidases} 7] WLHoln == Trikch»oderma reesei(T.reesei)®] &
AA0] thsle] QP o] YrHCollmer and Wilson, 1983: Shoemarker et.
al., 1983). 22 Chung 5(1982)¢) 3} A AZEE Fe|H Penicillium
verruculosum { P. verruculosum)g MFAENAL o] glojA HAM
4 Filisgol o 44 gt ohzel 53] HRAEINUESE Zxgo
2 APA7I=Y YR B- glucosidased] VY E EF T}E FFof ul3)
Eol AR4Axd o] &o] Brl Ay FFE AU AdLon o] FFo oyt
F AP FEEAHL &3, wix| g g, FHh Bido] 2 WHolFY
AL 5 A4HA AFE AY=|o] PO} (Chung et. al., 1988) o] FFe|
AHLSaL A MEH o it £e B4 ° ZTLEQo 3
AFE olFoxx] ot & APFMAAME=  tade]l el P
verruculosum®] wjoro] T}E FF CBHIF BHES VA= nl
cellobiose octaacetate (COA)&} KC-flockS 24z} /I ujxlo]A P,
verruculosung wi¥3te] 1 wiRAtE Y Fol AE4H A F7 CBHE e
AL 15 guty A BAsIA

Az 9w Py
T A

SUR BlagdogA COA L KC-flockS ESIE= uwix|oA P
verruculosung Wit Wi EH 2 2HE]  (NHi)2804 FAYPE ©183tod
WS dogRE gL RghwAS  DEAE-sephadex ion  exchange
chromatography W HPLC-& DEAE-5PW column, Phenyl-5 PW column, gel
column chromatography& ©]&%le] A Aslaict.

E2EEE FF

CBHY] Avicel EIHBA T L Avicel & 2 % ¥RFH 0.1 M X2ANWIEF &2
£ (pH 5.0)0] dF o] HANE Jsto] 30 £3F 50 “CollA] HEREZAIN
oS BAE VYIS dinitrosalicylic acid ¥ioE FFslgden 1 £
Seto] TEgtog AR BAY 1 umole B AAHE 1 unitel
&tgdc}. Carboxymethylcellulose (CMC, 1 %), ©}*](Whatman No.1,10 %), &
£ cotton(2.5 %)ofl iyt Eef¥E =L ZtZ ALY JABEE A3
L Avicel 2YAHE 233 SU oz Fysidch

p-Ni trophenyl - 3 -D-cellobiose(PNPC)ol] th¥t ¥ == 10 mM2] PNPCE
EsH= 0.1 M XARS L (pH 5.0)0] HALYG 713le] 30 £ 50 Col

188



A vt Al F MY p-nitrophenol (PNP)2]
ZRsidon 1 EE0 1 umoleJ PNPE B4
sl

BE 400 ol M 2] FRER

6}%—:- d:ac}% 1 unit2} 3}

7et £4hy

FAachize] oh§lake pubois 5(1956)9 ‘”‘ o8 Xr-vrS FEEA
2 A1gslel HFslgon Y SEARE Lowry WH(1951)S °0]-&-3191
th. ©HAXNEE Laemnli (1970)¢] WHO 2 sodium dodecyl sulfate
(SDS)& EHR 10 % acrylamide gelold Ar|FFstadct. ZHAutg M4
L Silica Gel W3 AZnjEIzyE HFAsidrl. A/MLuiENE
n-butanol : ethanol : water (5:3:2) Zl(Kennedy et. al, 1979)& o]|£3}
Qo WA O R silver nitrate-sodium hydroxide® o] &3}gict.

2 3
CBH o] A

HAEPRREED B HUY D2YUoTA CAS R wj=zjof A P
verruculosum& wjY¥ wjotAalEol o g Mg SDS-polyacrylamide gel
electrophoresis (SDS-PAGE)AtollA} &=x}3}o] 60,000(CBH 1)} 66, 000(CBH
11)Ql & Z59] CBHY EIAIO T A KC-flockS 7HRF wix| o] mjotrts el
O ZHE] SDS-PAGEAJOlA E=x}aro| 76,000(CBH I11)Q1 IE st e] CBHE
BAztYct. olF A ZAEL C0A %2 KC-flock& 7}¥t wix] ] w4t
g Fo FH YU Eo|ArHFig. 1). BAH A wyAES BE by

A2 3tk CBH 19] 729 8.6 %, CBH II¢] A 4.2 % 18|53 CBH
1118} 7¢ 8.5 % k.

CBHE 2] Qutal 43

CBH I, II W III8] Avicel B384 E= M HL RF pH4 - 5, &%
50 - 60 'C HelAM HARYEE Uellon E3 o]E 4 BAEL BF
pH 2004 pH 10712]2] W& B30l 24 A7k o] A oA steith. pH 5.00]A]
250 iyt ABPE ZARIEE ul 60 CollA 10 A E¢ =&4] ¢ 30
% AE Yol 2AEUeH 50 ColldE 48 AT FoE o) BHEE
S8ttt o]& BT Avicel 4 ol g} cotton W Axlof A E ¥
’3& UelyicH(Table 1). CBH 18] 7-$ Avicelo] tigt BH =29} ofxjof tf
s %*457} H] 5=} ubHoll CBH 119} 1112] -9 Avicelo] tidt YA =R}
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= Ao iyt BHEI} 2 v] o] &%om cottono] thyt VA X CBH
I, 11 9 III 2% Avicelo] ujste] ytgit, agut o]& A TAEL 714
B R4 oco] tiBiNE BaBd e Ryon Avicelo] H|dted 2 - 5 u)
9 ¥3=E uelylch PNPC B4 = CBH 1] ¢ Avicelol u]3lo
sioko L} 118} I11E Avicel E3¥A o} v)=3talc}. Avicelo] tiit CBH
I, II 9 II1Y ®¥8=E Z4z} 0.07, 0.10 2| 0.07 unit per
ng.protein ©24 Tl$ Wolth oldy ZIEES YN CBHES FA
2} z B3El= 20 2 (Fargestam and Pettersson, 1980: Kanda et. al.,
1978: Nisizawa et. al., 1972; Shoemarker et. al., 1983) &3]
Trichoderma?] CBHES] 7% Avicel 7]&o] tidt &4 u|¥HEEE= 0.05 -
0.2 unit per mg. of proteiro|m Axtela)] Exjer2 ¢F 60,000 X2 A
Mgl Fol Existe 3 VAUBL 60 % o4 Axrin 2ud
(Shoemarker et. al., 1983) A2} n-$ |-A}3tgict.

HAFNNE W B8] AT Asja}

AAE CBH I, IT W II1¢] Avicel, cotton W X 5 HARBAHM KL
tht JheRElAES cellobioseglon X=Tre Aol HAUA=X] ¢fotrt
(Fig. 2). o]& A ZAE2 PNPC 7| ™o thdt Esj¥AEL cellobioseo]
o)t A3IxgiE=n] CBH 18] S 10 M2} cellobiosedA 50 % FE A
¥|ol3 CBH 11¢} 111¢] 9= 20 oM oA 50 ¥ A= A=A|Ejglen 50 mMe)
cellobiose HXToA &= 25 - 30 ¥ A=Y FAH =gt Vepct v} X
2o -2 100 Ml E A&7 Qo) ol ARES FAH A 2L
5ol HR4AUct/|E25E cellobiose TS E w3lidt= ¢it3E < CBHEY
542 & Fg=dct. ey oMCE AR R FE USAE F
cellobjosei®qt ojl]el XE} ol Se|a1dFE B ATHFig. 2).
metd ol FAE M EAEe] JHEAEER4AYU MCol TisiA &
endoglucanase?] 84E Uehj= Zlog "]

@30l ulgl CBHE©] uf-¢ tifyt B4 & Uehls Zlo] X3ad uf P
verruculosunC. 8] AA™ CBH I, II % II1& Avicel, cottonol cjsj
cellobiosed AIA3ln] CMColl thsfire F29E 2L3}l= Nisiazawa %

(1972) 2] ZAz}et fAFsIATh
CBH I, II Q@ III & Atx&=}
P. verruculosum©.EXel AAZ CBH I, II W IIIE MHNE Z2¥sIH

Avicel B3]¥4 & RAI5IAE nf o] 5 Asa}E= BAFHA] ool
CBH 1118} S¢ F3=He| A3 CMCase 11(MVW, 58,000)(Z2¢1%], 1990)
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9} B-glucosidase (MW,120,000)(Z &2, 1990)& Z 318} cottonE3jo] Tl
¥ BSATNE ZABRE © CBHEH B-glucosidased WA 7MY B¢ kg
2710]& CBH 7he 71%t Z 92} @ xjolst Qlglont 6 AJZtolf ofzte] 4
£H 37 BAE] QY1 CBHE} CMCase 18|31 B-glucosidased FAlo] 7i%t A
£ CBHYHS 7}%t Z3$-of uls) wrg 2718e o 2.5 i} A5ANE e}
yith a8y B-glucosidaseRt-E WHSAIZAE uf 2047 Fol= BUTGlF
Ax]=] ¢loton] MCasethe 71 wlgdoA = njake o] B
t}. Hbg o] (MCased} B-glucosidased 7| 71%F B4 4zhe] Aol U
Elxten ol CBH 4t 713t 794 Al ¢=&olrh. Avicel E3jo] tf
g OB MAEEY A5HE8S VUV 1l 71V cotton2 Y B9} §
AR ARG Boon ol MAES ot Zystade of CBH dh5og g
Y w 2r} of 3,581 F5EAE YelWlcH(Fig. 3).

oln| x4t 24 ul HElol= g4t

AAE CBH I, II @ II12] oln|iit AL Table 28} Pt M ZA
BX pethionineZ} histidined] ¥&r2 pf¢ uiglth omiil RAESAME
v 2 35telS w] CBH 119} 111 Aol gkrh. Zaub CBH I CBH II g III
o] 3l 4Py AolE Roirh olF AHuAEY olmxitxgE T.
reesei®} CBH I, II(Fagerstam & Petterson, 1980)2} vja13}¢l& = CBH II
o} 1118} ofujiit /32 T. reesei?] CBH 18] otm|iit 24z} uff fAL
et :

AAE ztzte] vhiA g EUrOT JIEBa)slo] BAH HElo|=e &
294 vjasiglrt. hYAXNEE EYPAOR Az’ ¥ Cjs columng 9]
£3to] Ee3ldS ul 210 nmoll A Helol=e] £& PAFE CBH 119} 111
A% u]$ FABIE oY CBH 18] ZF$& ol&x AstA €ilrh oinxit
Z23o) glojA CBH 118} 1117} AL A uvehd Az} obgel uf-¢ f4}
@ HElol= A xe] AUZEE CBH 119} 111 & FUY FAAAIEo] u)
sfo] CBH I X ATHEAL ool ol FAAAIEY S F+3Y + U eH
3E59] SDS-PAGEA‘o A 8] Exjsrel xjoje w¥afe] CBH Ilof wjsdled CBH
IHI7} 9 &7] w&e Heg Alg¥c), uwlgtr] P. verruculosumoil= CBHoll
i3t A F FFY A AU FHYE 4 Ak

selo]j=o] oln|rAtrQd
CBH I3} 11 @A g =0 742 + FHT Weto|=9 ofnl

LA AS Fig. 49} 2ot} o] & HElo|=EQ] ojujAtME S BIH t}
2 MeaRELES v2slelS o CBH IIZ ¥ AR sjelo|=7} T,

191 .



reesei®] CBH 12} O}D]hﬂkiﬁ(l?agerstam et al., 1984) A548& B4
ch 22y CBH 1o 25 E FA% weto|=e] Ndzt Aol A w3
2 g 4+ gddch ' '

CBHE}E Mo 2]} Immunoblot

E7Z28e €2 CBH 13 11¢f cidt YEAHS o] &3} CBH I, II W III
of o3 immunoblottingd}ol-Z uf CBH Iof cth3t 3P H-2 CBH I iAo
Mb-g-ShaL CBH 119} I116) chsiAi uhgAdol oh$ yiokrh CBH IIo] ciyt
YA CBH 113} 1110 ¥rg& Uehdon] CBH 1o thside nje e
2re4 & RYrHFig. 5).

T

31

2

P. verruculosun® ZHE] FAH o|E M FH CBHE= AFEH /LY
cotton} Avicel & 7hE3lshy 1 vr-gAbEo] cellobioseo] g3l EE o]
U S agie AY ASHA durh I olg A HAELS XxEH
3 BT gAE|R] 92 3tH cellobiosed] &3frs gAEH g oH Av
icelE 71AZE 3¢S ul A4 w¥E =7} 0.07 - 0.1 unit per mg. of prot
ein® 2 ol yoict o]yt AAEL dutAQ CBHES] B4} & Rt
= RO % 53| Trichoderma?] CBHE 2] 7% Avicel 7}Ho] vyt &4 v
%= 0.05 - 0.2 unit per mg. of proteinolm A%ty Ex}ake ¢ 60,
000 F=2A wjQPFTY Fol| ESAshe F YA} 60 % o] S x|
Tl ShoemarkerS-(1983)2] X 118t v]9 §x}3ict. &3] P. verruculosum
o] AAH CBH 11 Ex= 11128] olujx=AtZx o] T. reesei?] CBH I(Fagerst
am & Petterson, 1980)3} uf-¢ fAl3ior #Elo]=2] ofn|i=Aitxdo] 9lo]
E 52 453& RocHFagerstan et al., 1984). uwlzly o2t HES
Hu P. verruculosumQ ZHE| A3 CBH 117} T. reesei] CBH 12} uj-¢
FARY gty RAow FAFH™Uc Tyt Penicillium Z2HE A o]
E M ZAES 7HE8AER4A oveel tisle 2 ¥4& vehd #4l o}
el 2 9tgal8o] £ & cellobiosegd oL}t Xxtz} o} Ak &3
TR Y BEdUrieE L 23R8 AFATE et 9t CBH
H= o]zt Qlglcl.

ZAY olF CBHEAEL A faRaLEA T} HEE visly
BA HBEEIL ol g WA et Ed Fo F whyAste] At ol
Az e FH HAESA JH-EET) olale AFYMRL 2o 2

71HEo Fa J1sS ¥ Jes F3HcL
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Table 1, Specific activities of CBH I, II and II1 of P. verruculosum
on various substrates. ' '

Substrate . ' ~ CBH
1 11 III
Avicel 0.070 0.100 0.070
Cotton 0.014 0.080 0.040
Filter paper 0. 060 0.230 0.140
CMC - 0. 350 0.330 0.390
PNPC 0.013 0. 060 0.100

Table 2. Amino acid composition of cellobichydrolase I, II and III
of P. verruculosum,

Molar Ratio (%)

Amino acid Cellobiohydrolase

I II , 111
Asp ' 10.6 12.4 12.3
Glu 6.9 6.2 6.1
Ser 9.0 11.8 11.7
Gly 11.0 16.7 16.7
His
Arg 1.6 3.0 2.9
Thr 10.2 13.0 13.0
Ala 16.1 7.2 7.1
Pro 6.5 4.4 4.4
Tyr 6.6 4.8 5.5
Val 5.6 6.2 6.1
Met
Cys
Ile 4.5 3.5 3.8
Leu 6.9 5.4 5.4
Phe - 2.1 3.3 3.3
Lys 2.4 2.1 2.1
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Fig. 1. SDS-PAGE of cellobiohydrolase(CBH) from culture broth of P.
verruculosum, Purified enzymes were separaetd by 10 % SDS-PAGE. The
gel was stained with Coomassie blue. Lanes: 1, CBH I(40 ug): 2, CBH
I11(40 pg): 3, crude extract from COA media: 4, CBH III(40 ug): 5,
crude extract from KC-flock media: S, molecular weight standard.
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Fig. 2. Thin-layer chromatogram of the hydrolysis products of Avicel
and CMC by purified cellobiohydrolases(CBH) from culture broth of P.
verruculosum, Reaction mixture containing 50 mM sodium acetate buffer,
pH 5.0, 2 % Avicel or 1 % CMC and purified CBH I or II or III. The
supernatant of the reaction mixture was separated using butanol:
ethanol: water(5: 3: 2) as a developing solvent system on precoated
siiilica gel plate and rrreducing sugars were detected by silver
nitrate-sodium hydroxide reagent. A: Avicel. B: CMC, Lanes: 1, CBH I:
2, CBH II: 3, CBH III: 4, cellobiose: 5, D-glucose
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umoles of D-glucose /ml

2 4 6 10 20
REACTION TIME , hrs

Fig. 3. Hydrolysis of cotton by P. verruculosum
cellobichydrolase(CBH), CMCase and B-glucosidase, alone and in

“combination. CBH III only(A), C(MCase only(4) and JB-glucosidase
" only(%), CBH + CMCase(O), CBH + B -glucosidase( &), CMCase + B

-glucosidase(I), CBH + CMCase + B -glucosidase( @)
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P. verruculosum
(Cellobiohydr~
olase II-a)
T. reesei
(Cellobiohydr—

olase I)

P. verruculosum

(Cellobiohydr-

olase II-b)
T. reesei
(Cellobiohydr-

olase I)

P. verruculosum
(Cellobiohydr-

olase I-a)

“Met Leu Trp Leu Asp Thr Thr Tyr Pro Pro Ala Ile Thr Leu

Met Leu Trp Leu Asp Ser Thr Tyr Pro Thr Asn Glu Thr Ser

369 382

Ser Gly Gly Ser X Ser X Asn Ser Gly Ala

Ser Gly Gly Thr Cys Thr Gln Gln Thr Gly Ser

21 31

Ala Ala Glu Ile Pro Ser Phe Val Trp Leu Asp Thr Ala Ala

Fig. 4. Sequence of tryptic peptides from cellob}ohydrolase(CBH) I and
II of P. verruculosum. The same annmino acid to that at the egivalent

position of P,

different from but same type,
marked as (.,

verruculosum CBH 11 is marked by as(—) and amino acid

i.e. nonpolar uncharged, or charged, is
). The number under amino acid of T, reesei CBH I

Aipdicates No. of residue from terminal of polypeptide,
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Mw . 1 2 3 1 2 3 1 2 3
92.5K»
66.2K> | | .

42.7K»
31.0K»

21.5K»

14.4K»

Fig. 5. Immunoblots of cellobiohydrolase(CBH) I, Il and III of P.
verruculosum. One ug of purified CBH I(lane 1), II(lane 2), or
IiI(lane 3) of P. verruculosum were separated by SDS-polyacrylamide
gel and probed with antibodies against the CBH(left) or II(center) or
with control serum(right). '
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