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Effects of Mixed Carbon Sources on the Production of Cellulase
by Trichoderma reesei

Joo-Heon Nam, Yoon-Mo Koo and Hyun-Shik Yun*
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ABSTRACT: The feasibility of enzymatic hydrolysis of cellulosic materials is dependent on the
cost of cellulase, which is strongly influenced by the selection of proper carbon source in the cel-
lulase production medium. When solka floc was used as a carbon source for the production of
cellulase by Trichoderma reesei Rut C-30, a maximum of 53.2 U/m/ of CMCase activity (4.8 U/m!
of FPase activity) was obtained with a concentration of 1% of solka floc. The cellulase activity de-
creased to 50% in the presence of 0.5% of glucose in the medium. The production of cellulase
was considerably enhanced when solka floc and wheat bran were used together as a carbon
source. A medium which contained 1% of solka floc and 3% of wheat bran yielded highest cel-
lulase activity: CMCase activity of 76 U/m/ and FPase activity of 12.5 U/ml.
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olu] ol2lo|l % Aspergillus, Penicillium, Basi-
diomycetesZ 0]-&3F Al = g FAlo]
o}A) 1 ¢)th(Drauze} Waldmann, 1995). A-f-4
BT Akt vAE FollA] 3A1E 7=
A 2al®l T reeseidl] sl 71 @ A7) 218
o] gkon, Afa Faase] AYAE ¢35k WA
o} wofzie] A3}, u-g wWolFe sl of
3] A7t AEEol SchRyust Mandels,
1980; Andreotti %, 1981; Morikawa %, 1985).
sk, wioFle] sy, FEEAe] v
o)), 2H L) T H AR Sol Aelsl] &
25T ARaidles AR vlzsked 4
7} slet, T. reesei 258 S A-frd 23
Eae ARad ddRe ARl Al gl
A b ZaAel a4 oA glvH(Mandels,
1982; Montenecourt2} Eveleigh, 1977).
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H|$=3} isoenzyme o 2 EA)slw], B3] ZzF PAE
22] 71A el HgE BolAde] o Aolslr] wi
o e enakA Eelsle AuE olsin
(Ghosh2} Ghosh, 1992). dubd oz 44 B3
o B-1443S 7 3R] EA) Flold f=

= = fZholy Ergds) o] nlAlEe] {44
o]8& 4 sle 1A i o] dAMEE A
(catabolite repression)E ¥t 9jon, A4
HEEe A2 2xRe Frrl oIkt gt
4280 JAl=lE feedbackAs] FA s}
et

Trichoderma sp.24%€] A4H A4 Edl 84

+= silageZAY £52 Z5A 7= B} 9o
AA Fell HA7H AfA Eslase e 4%
A &k 2okl Al A At glck 1 84
H29) 235e 27D AT 464 249
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0|25 c}(Drauze} Waldmann, 1995). 2445
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Trichoderma reesei Rut C-30(ATCC 26922)°]
t}. = 2% potato dextrose agar(Difco Lab.)
wj Aol 53] - 30°ColjA] 57T vleksle] 4°Cel]

welel AHgelalch 27 9 2 A2 2
Hne) Aol AR WS 2HE i 2

a2 Ak FE2E 9% 244, 10gl; (NHy)
2504, 11.5 g/l; proteose peptone, 1.5 g/l; yeast
extract, 0.2 g/l; KH.PO,, 4.0 g/l; MgS0+7H,0,
0.3 g/l; CaCly2H,0, 0.4 g/l; Tween-80, 1.0 g/lo]
of s BelEs AibiRe] |49 oR car-
boxymethyl cellulose(Sigma Chemical Co.),
sigmacell(Sigma Chemical Co.), lactose
(Merck Co.), avicel (Fluka Co.), solka floc
(Fiber sales and Development Co.), wheat
bran(Eo}A| &), straws A28} ). Straw(60~
80 mesh)}e 2%(w/v) AR EFEHA] 244
7HEt A & F AA, Azxsle] dag R AR
}eich. Trichoderma reesei Rut C-30-2- Ab#nj
A ool $H4E o] AL dFds e F,
5 ml4 250 ml EetA=e F0]% wlx] 100 mio
HE3le], 2% 28°C, 27] pH 5.5, Hk:= 200
rpm .2 1047k soFslsict.

MRA Bollsa &4 S3 4y

CMCase @42 endo-B-1,4-glucanase?] F%
Z eldich 0.1 M sodium acetate 2+ (pH
5.0)9) Eoji] wbE 1% CMCE- 0.5 mlel filt-
ering-& A3 wijokal] 0.5 mlE 7}slgic}. 50°CollA
1087} vl2A)7] %, DNS(dinitrosalicylic acid)
gk2-o 3 miE rlelal B Sellx 584 7y
o} 255 2milE W Y27 F B3stsA
(Shimazu UV-1601)Z A}-§-3}¢] 540 nmellA] &
B2 Z2xsle] PYAE UG ool o8 T A
o] B8A-& 243519t} (Wood2} Bhat, 1988).

FPase &41-2 exo-p-1,4-glucanase?] F=& 1}
i) 0.1 M sodium acetate &+=A(pH 5.0) 1
ml¢] Whatman paper No. 1X]E 0.7 mm)&
0.5 mge 9 &, filteringS A3 0.5 mlo] a<f
Ae slaled 50°Cellx] 1A71EQr whg-AlZL).
DNS ukred) 3 mlE 75le By B4 587 7}
43 F S77 2mlE Y YA F, e
AE AHEEte] AR L) oo 93 x9)
A8 =459 (Wood <} Bhat, 1988).

B-Glucosidase &4-2- 0.1 M sodium acetate
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Eodl(pH 5.0) 2.2 uHE 1.25% cellobiose-2} 1
mle filtering2- X wiekR 0.5 mle 7)she
50°Coll4] 108-7F ¥F2A)7] 3., glucose oxidase-
peroxidase assayel] ¢}s] 15% S<F AAdE= =
Eee) gremie mael BT 4skn
{(Wood ¢} Bhat, 1988).

A Bl aae] 442 18 Skl 1 pmold]
Erds AAshe 49 oS 1 Unitog A e)s}
et

5)

& AR el EA Aakel slelx] 7 &9
Al gh4el solka flocg =52 E A43)5
t}(Hendy %-, 1984; Nam, 1998). n=] W]¢] sol-
ka floce] #FAErE AAsl7] Y3lo] 0.5, 1.0,
3.0, 5.0, 7.0%(w/v)E wiz]el] H7}gF = Tri-
choderma reesei Rut C-302- wjefsiart. A%
FlEae] A A4S 98]l CMCase 24,
FPase &4, B-glucosidase &4J-8- &4 3}¢] o}
F3E 2= A3 oA B-glucosidase &AL A2
o] =7 & Ax= gk} Solka floce] 5
X7} 1% uj CMCases} FPase &4lo] 2% 7}
Zb %8 3 Jehlodek(Fig. 19 Fig. 2).

Solka floc®] 5%} 3% 74-$- CMCased-A] 3}
FPase3A]2 solka floc®] %7} 1% duje) 34
9] 247}y 25%(12.5 U/mb)¢} 10%(0.4 U/ml)e)glvt.
Solka floc®] FE7} 1% R} =8 73 wjx]e] Y
< pH7F Afidr Wal 2e] EAdof Ads] & 33
€ 55 222 A% ci(Table 1. T. viride QM
9414°] 7% pH 2504 A& 4A]7kg<t A4kl
Afra Bl ase] 249 30%F A 2447 ¥
o= T0%E ¢levhy s grHSy, 1976).
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Fig. 1. Cellulase production of 7. reesei Rut C-30
on various concentrations of solka floc
(CMCase activity).

-0— solka floc 0.5, —~o— solka floc 1%,
-~ golka floc 3%, —¢— solka floc 5%,
—O— solka floc 7%
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Fig. 2. Cellulase production of T. reeset Rut C-30
on various concentrations of solka floc
(FPase activity).
~0— solka floc 0.5%, -0— solka floc 1%,
- golka floc 3%, —-0— solka floc 5%,
—O— solka floc 7%

A AS GA anlEe dAe] FAle] kA
dojutu g Wi 7] Fede] Fed A3
ZA3= o] Sas)ct. Solka floc 1% w#| o] %
=58 0.05, 0.1, 0.5, 1.0%2 mx|H el A7kt
aoFald g W AR Eelase 248 ST
A WA 2] 57} 0.5% o)Akl A% %
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Table 1. Variations of final pH of culture broth ob-
tained from the cultivation of Tricho-
derma reesei Rut C-30 on various con-
centrations of solka floc

Solka floc concentration (%) Final pH
0.5 4.8
1.0 2.9
3.0 2.5
5.0 2.3
7.0 2.3

& o) ol AR Sske dsl w)zsel
CMCase &4 3} FPase &4)o] 5% 50% oA+ 7+
A3leicH(Fig. 33 Fig. 4). Trichodérma reesei
Rut C-30& t}h& Trichoderma sp.ol| B]3le] o3}
ARl gt JANE-S o vhe dFE B
o] gJor}(Persson 5, 1991) wix|u] Fxev}o]
FE7} 0.5% o)A ddle el o3 Afa
EallFne] Aate] A3 AEe & 4 AUsich

EsEA|lo] sl

ARt Feiaibee] Az 1 S Ak
2] Fx24 EAo| &3] g wherh Afa
A AN Z PrelAs o] F 2
A¥-sie vAA F9ro 2871 o g€ Ryu
¢} Mandels, 1980). ¥ A3 |1 Trichoderma
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g. 3. Effect of glucose concentration on the pro-
duction of cellulase (CMCase activity).
—O— glucose 0%, —o- glucose 0.05%, —-
glucose 0.1%, —<¢- glucose 0.5%, —O—
glucose 1%

FPase activity (U/ml)
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Time (hrs)

Fig. 4. Effect of glucose concentration on the pro-
duction of cellulase (FPase activity).
-0O- glucose 0%, -0O- glucose 0.05%, —~—
glucose 0.1%, —<O— glucose 0.5%, -O-—
glucose 1%

ojzf-g- kel AAA Af4E wol Es=
solka floc, avicel, sigmacell®} w23 wl2A 4
v|E 224849l straw, wheat brang- 7
wlosigdeh. S-S 47 1%4 1: 1GEFHH)D=
3lo] AEst A7} solka flocs}t wheat brang &
el Bt o A3 Aol /M & AR

4 Bl g4 348 el dc(Fig. 59} Fig. 6).
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Fig. 5. Cellulase production of T. reesei Rut C-30

on various carbon source combinations
(CMCase activity).
—0— solka floc+wheat bran ~0— solka
floc+straw, —0O— avicel+wheat bran, -m=—
avicel+straw, —~— sigmacell+wheat bran,
—A— sigmacell+straw
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g. 6. Cellulase production of 7. reesei Rut C-30

on various carbon source combinations
(FPase activity).
—0O— solka floc+wheat bran, -e— solka
floc+straw, —o0— avicel+wheat bran, -m—
avicel+straw, -4 sigmacell+wheat bran,
—A— sigmacell+straw

CMCase 43} FPase #4-& 61 Umiz} 7.2
U/mlZ solka floco]v} wheat brang- 27+ el
Ao AMES W Bt v & A& Hyoh
(Table 2). £3] FPase &49] 7% solka flocqt
< "o ® AMg3S o9} vl 50%7) 3
7Rt AR RS Afa Balas A4t gl
A FE=EA R AR 75 pHIF A4 AXbe) v
%)= o o] avicelo]r} solka flocol| B]3&) 22 A
L2 Jdeiz] 9ok Knapps} Legg 1986).

Table 20l v}e}xt ule} 7o) wheat brano|u}
straws BRA-d e AHed 749 pH7} 27] pH

Table 2. Cellulase activities and final pH of cul-
ture broth obtained from the cultivation
of Trichoderma reesei Rut C-30 on vari-
ous carbon sources

Carbon CMCase FPase activity final
source activity (U/ml) (U/ml) pH
CMC 3.0 0.3 6.5
lactose 21.0 2.5 3.0
sigmacell 55.1 3.6 2.9
solka floc 53.2 4.8 2.9
avicel 51.3 4.7 2.9
wheat bran 17.0 1.3 6.4
straw 15.9 1.3 6.3

558t} o}zl Z71sh=ul (pH 6.3~6.4) o]+ A A]
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Wheat bran?- 71 2437} i1 starchel &
ol ol - od3k-g Hlol wheat branit2 2
= s BEaEs Ao olE A" e
of uls] =A| ¢rh(Toyama, 1976; Chahal,
1991). A ¥l as A fresdle A
AAE A2 solka floco] F=7t 3% oAU
At 28le) Afd FHER ALl At 2E
ok A3 (Fig. 13} Fig. 2)old & 5= slsdeh. Tri-
choderma reesei Rut C-300] 2J&F Af4 Hafla
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Fig. 7. Cellulase production of T. reesei Rut C-30
on solka floc and various concentrations of
wheat bran (CMCase activity).
~-0— solka floc 1%+wheat bran 0.5, —0-
solka floc 1%+wheat bran 1%, -2~ solka
floc 1%+wheat bran 3%, —O— solka floc
1%+wheat bran 5%
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Fig. 8. Cellulase production of T. reesei Rut C-30

on solka floc and various concentrations of
wheat bran (FPase activity).
— O — solka floc 1%+wheat bran 0.5, — 0 —
solka floc 1%+wheat bran 1%, — A — solka
floc 1%+wheat bran 3%, — < - solka floc
1%+wheat bran 5%

20 40 60

2 AR 23% solka flocd] FE: 1%
2AAZ) ¥ wheat bran®] ¥:F 0.5, 1.0, 3.0,
5.0%= WH3AA Afa Eeis Yibs % A
A Ehles 7] 98k AgS sYsig]on
21 77} solka floc 1%l wheat bran 3%3 &3}
3t} ooz ARESlS wl CMCase 342
76 U/ml, FPase 342 12.5 Umig 714 &
& Jehiglch(Fig. 73 Fig. 8).

H e

ARFag Eallste] o] 83l Halde Afa £
HALE oz Aiksle Aol F831H ol&
A= AT B E ol g3sle] Afh BHlE
20| S fredhe Aol Tasi). 2 Ad
| x& Trichoderma reesei Rut C-30-8- A4-$4
Haliie] Al 752 solka flocd stigdoz
ARgEt] AR BalEAe] 848 7147171 ¢
gAY HA =0t 1%0]aL 2=5e] 0.5% o)
A alRlell HrE € S A Eelaae] A4le)
AeEe & 5 gt AAR AH{422 solka
floco] 524442 wheat bran¥} 37 gk o
2 AMEHAS o A4S Aia EelEa Ak

fr= £ R o] 83l Wrr} v £& CMCase &
413} FPase &A$ ®4ltl. Solka floc 1%%}
wheat bran 3%% 4oz x83l wz|9
CMCase #4Jo] 76 U/ml, FPase &Alo] 12.5 U/
mlZ 7P =& 3 vehdisic.

ZAle 2
B ATE SAY S YES AU T B4
A BY71% A AL Asjepstael) A=Y
Ysk.
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