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Isolation and Characterization of Regulatory Mutant for
Cellulase Production from Trichoderma reesei QM 9414

Kun-Ho Choi, Youn-Mo Koo and Jae-Seong So*
Department of Biological Engineering, Inha University, Inchon 402-751, Korea

ABSTRACT: Two regulatory mutants of Trichoderma reesei QM 9414 were isolated by treat-
ment with N-methyl-N'-nitro-N-nitrosoguanidine, and the effects of various inducers on the car-
boxymethylcellulose (CMC) and filter paper (FP) production were investigated. Induction of
CMCase and FPase production of mutants was shown higher level than wild type strain in 1%
lactose minimal broth. When induced by glucose, wild type showed glucose-repression for
CMCase and FPase production and mutants showed glucose-derepression. Mutant 1 showed 8.38
fold higher CMCase activity and 5.68 fold higher FPase activity than wild type stain, Mutant 2
showed about 8.42 fold higher CMCase activity and 5.41 fold higher FPase activity than wild
type strain. Enzyme activities from the mutants and wild type had the same optimum pH of 4.8

and optimum temperature of 60°C.
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Folm B1,4-glucosidic Aoz 4% glucose
Z3gHA o]}, Cellulasex endoglucanases($-1,4-
glucanglucanohydrolase), B-glucosidase(cello-
biase), exoglucanase(f-1,4-glucancellobio-
hydrolase)® FAI=Ee] glon 7 4+ A2 o}
g e anksl AR AL HfiiNE
7154 71l B3 74 (Winkelmann, 1992; 3
= 1996)2 de3zch w3l cellulase A3
induction¥} catabolite repressionel] ]3] 4%
o] vtajx] gJrHStewarte} Leatherwood, 1976;
El-Gogary %, 1989).

Cellulase:= fungi®] theFsl AAFZ7 A
=iz cellulase A4S 18 AR w4
o= Trichoderma species7} 7} 33 917
A8-5]o] zch(Penttila 5, 1986; Winkelmann,
1992; Kurzatkowski %, 1996; Kleman-Leyer
% 1997; llmen =, 1997). Trichoderma reesei
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A7] del AE Y ALgAgldl de] AHgE A 3
Zoll= texile, pulp, paper industriesel|4]2] &
Lot o)&=lw ¢lth(Rouvinen, 1990; Gam-
erith 5, 1992; Burchert %, 1994; Sanchez-
Torres 5, 1994; Nevalainen %, 1995; Nakari-
Setala2} Penttila, 1995). Trichoderma reesei®
4] endoglucanases?} cellobiohydrolasest tlo}
3 ele] AR, n| AR YA Fao o) Fesd
AfrAael FHEAE glucoseol| &3] 1 A4
o] A=}, o]23t carbon catabolite repres-
sionS T3} cellulase AJ4HAd-S AFA17)7) )
3 EdHlAE A7)19T BE o] o] R
o (o], 1979; Stewart?} Leatherwood, 1976;
Wiley, 1982; Durand 5%, 1988; Ponce-Noyola2}
Torre, 1995), &7} heterogous host expression
(Arsdell %, 1987, Wong %, 1988; Sanchez-
Torres %-, 1994; Aho %, 1996), gene cloning
(Shoemaker 3, 1983), protoplast fusion
(Ogawa 5, 1987)% 0|43 F-3Fr|&S o] &
e A% w3k Baud v ik

B AFox]i= N-methyl-N'-nitro-N-nitro-
soguanidine(NTG)E A}&3}o] catabolitedere-
pressionid AL Z+= T reesei SolWo]FE AW
skl 2 B4E ZAac.

M=z 3 d

AlETE A HjQHHY

B Aol 285 751 Trichoderma reesei
QM 9414+= A gt T4 AR S3ellA Al
ulot o oy Potato Dextrose agar(Difco) A ni=]
ol HFslod 28°CellA <F 4U7t vzt ¥, 4°C
o RRSAA A4S Aol WEE R
10 ml 5 713 &, frel 802 wiX)gds =AY
A F2 2 g3 F, 97X (Whatman No.1)
2 o3 3le] AP ErA-S tEo] Sdwe] Ay}
N AR Aol A3t S| A wix| =
+ Deoxycholate agar mediumg A1£-3}9] 0
44L& g7 3} 119 NaCl 5g, K.HPO, 2g,
Ferric citrate 1g, Sodium citrate 1g, Carboxy-
methylcellulose 10g, (NH,);SO, 1.4g, agar 20g,

a8l3 colonyE FAAF|AL 1 sized AP
9)3}ed sodium deoxycholateE 0.15% 7))
o F23 clear zone-d HA3}r] H3l sa-
poning 0.1% #Hr}sldcth. Afra ElEL A4t
< %13 wieke lactoseE #7}3t Berkery medi-
umS AHEsged AL ofg3 gk 109
(NH4):S04 11.5g, KH;PO4 3.5g, MgSO«7H:0
0.3g, CaCly2H,O 0.75g, Proteose peptone
2.9g, Tween-80 0.2g, Lactose 10g. < Aujx]<
7% 250ml Azt Felaae] 50mi¥ gor
121°C, 1557t 718F B3t F A€ d S 1 ml
HEsho] 28°CollA] 94 A vjdaltch.

ECIB0| Rt MY U 20l

50 mM Tris maleic acid buffer(pH 6.0)Z =
AR FAREY 900 ulF) 32 gh3del] gt
0.1% NTG 49 100 ul-& 4le] #EFx7} 100
ug/mi =)A| g 3, 28°CollA] 30#-7F4 2] (50% Y&
VA o AR s 28 2445 0.1
M phosphate buffer(pH 7.0)2 2 A3}l
1.5% 2-deoxy-D-glucose(Fennington %, 1984;
Ghosh &, 1991)2 2447} A=) 3, glucose”} 2%
A7HE Fodwe] AldulA]o] =, 28°CellA <f
157k wijokgt 2 colony”} 3AIE" 0.1% congo
red2 1X)7} stainingdt$- 1% NaCl2 205 des-
tainings}ed 3A1¥ clear zone$- &<l (Teathers}
wood, 1982; Beguin, 1983; Wood 5, 1988)3}]
cellulase 48 AAIA o 7 ZA3)9c)

EANY &Y

27dFE T. reesei QM 94149} EdWo| 53
cellulase 41712 2 lactose, glucoseE- AR$-3}¢]
Berkery mediumelx] 28°Coljx] 200 rpm o2
3, 54, 7, 947k 48 zE wloFalych. 284
S A7) s A= et wiekdE 0.45 um
cellulose acetate filter 2 o 3}3}¢]c}.

Carboxymethylcellulase(CMCase) &4l2] =
Z-& 0.1 M sodium acetate buffer(pH 4.8)ol] &
A7l 1% CMCEY 0.5 miol] 284 &8 05
miE 7}ste] 50°CellA] 1087 wh3-A17] ¥, din-
itrosalicylic acid(DNS)}&-<} 3 ml 7}3}3 95°Cel)
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A 5¥-2F whg-A17] § S48 2ml 71’ ¥, 535
nmel A2 FHEE SAst fe BdGE =
Absldct. o] EA4e FAE 1 unitE 18 Fot 3
Z 23 A5 glucose 1 mgs WA= 549
ko= Aeolslgirt. Filter Paper degradation
activity(FPase)?] &4 A4S 7|z 24 filter
paper 50 mg, 0.1M sodium acetate buffer(pH
4.8) 1ml, 2845 49 0.5 mlg 7}5le] 50°Col|x]
307} ukg-Al7) &, DNS&-4-8 7lslo] 99} z+-&
How FAEE 24 4209 DAL 2A)e
t}.

o
o
il

i

CHYE Nak

izl o] xJuko Bovine serum albuming A}
£3lo] TFZAE whEo] Aeksledch(Bradford,
1976).

gt ¥ oH

Glucose-derepression SO0 FEO| My

2. o\ X Trichoderma reesei QM 9414%
B4R slo] Holg -5 27102 NTGS 30%
7t A2jsto] BE3 M EE glucoser} 2% F-H-2
B Aol =74, ufefglt 3 Congo red staining® 2

Mutant

Mutant 15

Fig. 1. Cellulase activity of wild-type (QM 9414)
and several selected mutant strains of Tri-
choderma reesei in the presence of 2% glu-
cose.

glucose derepression A4S zHe= 2719 Eedid
o]F-Z AW < 9l Fig. 1ol £ & 9l%o]
2 FF T. reesei QM 9414 glucose”} re-
pressor 2 2hg-3le] A-faalas: Aol JA=
9o} Zodwlo|FEL glucosed] repressiong
ukz) oty Af-AEHEALE Y2 glucose
derepression E¢Wo]FY-& &ld 4= 9ldct.

PHFeL FoH0|F MRARE| MY

T. reesei QM 94149} ST 28 YA€
e NS wla, AP fE dader
lactoseE A7}5t Berkery mediacllA] #5-3 uj
ofsto] 6, 9UAxe] CMCase?} FPase 24
2 nw3 A3 Fig. 104 RHotd Elwlo]F5L
gojo] djy-re] EaiuolFTo] BUL Yoin]
2] vl Fig. 2, 304 2 4 910 2749 &
Aol (Mutant 18, 19)ollA ALEA o] F7}s
AL BEF 5 et o]FA B2 209 A
0] mutant 18, 193 EdwoelF 1, 28 wiwl
ol ok 3ol ket

¢

LB o
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PrFEet ECH0IFS MRLEMEL Yhiol

M =3

CMCase activity(Ulg dry cell weight)

0o

T. reesei QM 8414  Matant 18 Mutamt 19

Fig. 2. Production of CMCase activity from Tri-
choderma reeset QM 9414 and mutants
during 6 (0) and 9 (g)-day incubations in
the Berkery medium of 1% lactose.
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Fig. 3. Production of FPase from Trichoderma
reesei QM 9414 and mutants during 6 (o)
and 9 (g)-day incubations in the Berkery
medium of 1% lactose.

4] catabolite-derepression A&-g A o2 F
Atel7] 13 repressor® 3l glucoseE EtL:
o2 3718} Berkery mediasr] #5& w3}
o] activity® 233 Z3E Fig. 4, 50 el
t}. Cellulase?] AJ3tAlo] glucosed] #3& wk=
ke B 3(El-Gogary 5, 1989049} zFo] =
F4]l T. reesei= glucose’} 1% H71E ul= ol 4
cellulasedA o] A S ubgll, 7 ubHe Eody
o]FE-2 CMCase activity 75 vloF 9d A 2}z
50.76 U/mg protein, 51.04 U/mg protein 2 24)
H3 S Jegen 2EFel vin 8.38,
8.42v) Zr}3h= Ao=E Jelygrl. FPase ac-
tivitye] 7-9- SdHe|F 19] 7% viok 3dA A
Tl ase] AAde] =gl o 1 ojf= 7
A3t oAl Z7) wiek 99 22.55 U/mg pro-
tein® 2 HuEA-E vehlle AR Vet o
Eulo]lF 29] A9 wief 995 21.46 U/mg pro-
teinc2 Hw&AQE vehiglor] ngFe} vl
717}k 5.68, 5418 F7)sh= AR vehygrl. o
2] A FAH|FEL cellulase A4
glucoseol| 2]3l catabilite repression-g Hkx| -
AA(&, glucose-derepression)g Z+e= Ao 1}
et} :

ARaEfangided glo] fEAZ d=x
lactose(Ilmen %, 1997; Morikawa 5, 1995)2
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Fig. 4. Production of CMCase from Trichoderma
reesei QM 9414 (®) and mutant 1 (w) and
mutant 2 (a) in the Berkery medium of
1% glucose.
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Fig. 5. Production of FPase from Trichoderma
reesei QM 9414 (@) and mutant 1 (w) and
mutant 2 (a) in the Berkery medium of
1% glucose.

Berkery mediadl] ¥7} 442l ELE G54
A A3-E Fig. 6, 7ol vehllglch. Fig. 614 &
CMCase activityZd 3} 275 cellulaseo] A4t
o] 57HA) 27K F A9 ASHe AE ¥ 4
glgich. o] lactosed] Eaflol] o3 AAE glu-
cose7} v A] Wjel] &3 = o] cellulase JAke] *]5)
He Aoz A% Eddo]F 12 cellulase
AAro) A A3 7} il 5Y o] F 3] Fhadl=
A& BPov Fauols 2+ wiok 3UA Hug
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Fig. 6. Production of CMCase from Trichoderma
reeset QM 9414 (@) and mutant 1 (®) and
mutant 2 (a) in the Berkery medium of
1% lactose and 1% glucose.

A B F FA43% 74A4E 29t Fig 7oA o
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Fig. 7. Production of FPase from Trichoderma
reesei QM 9414 (@) and mutant 1 (m) and
mutant 2 (a) in the Berkery medium of
1% lactose and 1% glucose.

ol doM 177} F7he AE 2l en cel-
lulase i 2tol| gloiA] FAZE 7H4x glo] <= A4k
HehE mglrt. olol uks] EAMo)lF 2= cel-
lulase Q49| froll QloiA] RFRE o] Ho
A& @PF‘— Holoh o] A= FAolF 10]
U] o3l EowelRz 2AHc) uwlebd cel-
lulase Y Atol| 4] F 1] inducer® 4wi#l sopho-
rose(El-Gogary %, 1989; Morikawa %, 1995;
Ilmen 5, 1997l 2J3} f-EA13]0] o] Foixjo} &
Ao R Al E)
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EREPE < A%E Fig 99 ehig
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Fig. 8. Effect of temperature (°C) on the CMCase
activities of the enzyme from Trichoderma
reesei QM 9414 (@) and mutant 1 (w) and
mutant 2 (a).
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Fig. 9. Effect of pH on the FPase activities of the
enzyme from Trichoderma reesei QM 9414
(®) and mutant 1 () and mutant 2 (a).
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Trichoderma reesei QM 94145 N-methyl-N'-
nitro-N-nitrosoguanidine ©. 2. x2]3le] & &
AW FE5S o3 ®aYold gL o
carboxymethylcellulose(CMC), filter paper %
2] 71-dl dgk 8454 L3 2 ARE
4t} 2 FF7} catabolite repression-g- Hk= ul
Wl FdHolFE2] cellulase 4L glucose:
o ARG wiAelA  mFFl |3
CMCase 8.44, FPase7} 5.4~5.70f Z7}52 24
glucose-derepression’ 2§ zZt= W0 |FES
delor glucoseS gL o2 AR5l 7 lactose
2 x| Aie FEAIAR A3 2dFe v)§)
ase] kel S Zhe Ao E epton
BeidolF 1o] AH o2 o S5 SalolF
2 Uehdeh, EAwolFE o8 ANY BaE
237} vhIA2 pH 48, 60°Cal4 HHL
& verigich.

ZAe =

o] =L 19735 Q3uist e -] e
ofs) Sa=]glo0] o]ol) ZHALERILIE.

o]4g. 1979. AfL E3 B Ak A =4
olze] A B Sqo] ik A7 2o Aabers)
=¥

En)7, 3taed, A3, 9143, 1996. 74 Wl
% Talaromyces luteus 20042] ¥2]9} Car-
boxymethylcellulase®] A4 =4 = F49] 5
A, gra-F3hE] A] 24(3): 206-213.
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