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Effects of Carbon and Nitrogen Sources in the
Production of Cellulolytic Enzymes by Trametes trogii
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ABSTRACT: For the purpose of utilizingcellulosesresources by cellulolytic enzymes of Trametes
trogii, its cultural conditions for the production of cellulolytic enzymes in synthetic media were in-
vestigated. The optimum conditions for the production of cellulase by T. trogiiin synthetic media
were 30~35°C, pH 4.0~6.0, and 11~15 day's cultivation, Among the carbon sources, car-
boxymethyl cellulose was good for the production ofavicelase and B-glucosidase, but cellulose was
good for the production of CMCase. The optimum concentration of Na-CMC was 3% for the
production of all the three cellulolytic enzymes. As the nitrogen source, 0.03~0.04% N as am-
monium tartrate was effective for the production of the cellulases.
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+ cellulose®] B-1,4-glucosidic linkageZ 7}
#sl=  B-1.4-glucan-4-glucano-hydrolase(B-1.4-
glucanase, EC 3.2.1.4)24] cellulose chainel4]
B-D-glucose S AAlste= FA4E A=t Ha
9] cellulose= ZAAAe Wit 228 Asla
glo] B-1,4-glucanase®} zhgwutog= 7 ZHa7l
AR A2 35F o)Al vl Hdoz A
$ol 7oz Jeid lehLi 5, 1965). ol% &
AR
lobiohydrolase, Avicelase, Cr-enzyme, EC 3.2.

Cellulase= 2] &

exo-f-1,4-glucanase(B-1,4-glucan cel-
1.91), endo-B-1,4-glucanase(f-1,4-glucan glu-
canohydrolase, CMCase, Cx-enzyme, EC 3.2.1.

4) 9 B-glucosidase(cellobiase, salicinase, EC 3.
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2.1.7477} 9Jom 47k2] exo-B-1,4-glucan gluco-
hydrolase(EC 3.2.1.74)7} &A3}= 722 B3
=itk Wood, 1968). 3l & 2572 v|AE &
F24E 714 BolAde] AAI3}HA o}E isozymeo]
EAgcs % ¢)eier] Eriksson $(1969,
1978)3} Ayers S(1978)2 Sporotricum pul-
verulentumol] 213k cellulase AAkoll A3t odo]
4] exo-1,4-B-glucanase= 17, endo-1,4-B-glu-
canase= 57, 1,4-B-glucosidaset= 571¢] iso-
zymeo] EA|F= o2 ¥ wg v glch =FE
Reese(1975)= AH<A2] cellulose7} 84 ©@o g
A= =d)= C, Cx-cellulasedl] ¢]gt 2544 uk-g-
o2 FE=Er o]F F T o] cellobiaser}
At HEH = glucosed Attt Bt
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Cellulase= bacteria, fungi, 7 5A1 & Y
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F 5% 5 Aol g8 ¥xue on F2 oy
E 7199 cellulased] #3F AF7} F5 o] 21 4l
o, A9 cellulosed 7443 £3& 4 3l 7l
Ao} Belsh Sduele] )5k F5e] Aol B
wh] Alags]o} gheh,

CellulaseE At vlAEZE T. viride
(Berghem %, 1973, 1974, 1975, 1976; Herr,
1979), T. reesei(Frein %, 1982; Watson %,
1984; Duff %, 1985), T. koningiitWood &,
1972, 1982; /F E, 1964; =1, 1985), T.
1985) %o Tri-
choderma<:3} A. niger(c] =, 1976), A. terreus
(Garg %, 1982), A. aculeatus(Kanamoto =,
1979), A saitoifs 5, 1963), A. phoenicis
(Deschamps %, 1984) $2°| Aspergillus% 2
Penicillium funiculosum(Deshpande %, 1983),
Sporotricum thermophile(Margaritis %, 1983),
S. pulverulentum(Almin %, 1975; Eriksson
and pettersson, 1975) So] &2j#] gl o] Hlol
Clostridium sp.(Lee =, 1975), Cellulomonas
flavigena(Rajoka and Malik, 1984), C. uda
(Stoppok 5, 1982), Myriococcum albomyces(#,
1971), Myriothecium sp.(Kassim, 1982), Gano-
derma lucidum(3, 1986; Do} Kim, 1986),
Pleurotus ostreatus(Hiroi®} Ekriksson, 1970),
P. sagjor-cajuMadan3} Bisaria, 1983; & %,
1984; o], 1984), Irpex lacteus(Kanda %, 1976),
Thermomonospora curvata(Stutzenberger,
1972) So] 44 glow, N&(1973; 1973y
carboxymethyl cellulose(CMC)3 7|42 3}o]
Coprinus radians?] cellulolytic activityS FA}
3o cellulolytic enzyme 2] &2 AJ4&-g g¢ls}
3. @ Aphyllophoralese} Agaricales?] CMC-
ase activity-Z, Lampteromyces japonicus, For-
mitopsis cytisina 2 1. lacteus?] cellulolytic ac-
tivity S 2 w3lgir}t. Do £(1986)2 Ganoderma
lucidum ¢ 2 %8| F& activity?] CX-enzyme-$
halslgd o, b =(1984; 1988; 1975; 1978}
P. sgjor-caju, Lyophyllum decastes, P. ostre-

harzianum(Deschamps %,

atus Y Flammulina velutipes7} A= cel-
Tulolytic enzymesel| #3ted B waleic}.

B o oA AAA | 7}AF FReA EAshs
Hedo| cellulosed Frpd oz Hiff, o] &3l7] ¢
#4] cellulose ¥-3]3o] 93 group 2.2 &{A
9]= wood rotting fungi®] s}uial T. trogiiol 2
g cellulase AJ4tell glo} gAdwlAtell A 'Rt
ArYe FA o2 ok HA 2734 AR
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#5) A A Sty s e Al EFE v
e Aol Bl AR, Coriolus ver-
sicolor, Lenzites betulina, L. decastes, F. velu-
tipes, Auricularia auricula Judae, Hericium
erinaceum, T. trogii, G. lucidum2 A} 2 W
AR el o] FASA =2} cellulase BAS 23]
3 Az FASAE 4 cellulase AAlo] oh& F5
Hr} ofsslod 2 A3 cellulase A 752 T.

trogii & A1 4steict.

AF2HRX)

B8 ulx2E 2.5% malt extract(Difco), 2%
agar(Difco)Z -3+ mlA2 pH 5.02.3 335}
ALg3lel o, Euliolg wix|= 1% malt extract
5 pHb5.00% Z2A3le] AREslsich. A Auloks
71282 = cellulose powder 10g, Bacto pep-
tone 2g, KH,PO, 2g, MgSO. 7TH,O 0.5g, thi-
amin-HCl 50 ug, distilled water 1000 m!, pH
5.00 2 FxA) sl Algsheich,

HHQt Ehey

BAFSFE Tujeks wfx] 50mlo] &7 0.5
em AEe] AL GFale] 30°Cox 7U7E Fol
oFgt %, 0|2 Omni mixer 2 2%-7} F-3#2 02 v}
sl o] F=ted 3 mlE 250 ml A7t Sep =l
wioFel 50 mi4 P35 1.2 kglem?® sHoll4] 16%:2F
AFsh iAol AF el s} vy wlmA
318 A elaharts 30°CellA] 1197k viokalsir).

SEAEMT £H
T. trogiis FAdelA]ellA] 1147F A x)ufeket
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Avicelase(Berghem et al., 1973)&= 1% Avicel
Fetol-g- 383t 0.2 M sodium acetate buffer
(pH5.0) 0.5mld) ZFAN 0.5mlS 7))o
50°C water bathol|4] 6027} k24|17 & =)=
= #4923 DNSH Miller, 1959)4]] 2jslo u] 4
AeFstslrt. Glucose TFF-& AHEsle] e why
© 2 standard curveE 2 sy, 3R
= 15% 1 M9 glucoseE WA= 43S 1
unit2 3o} 419 v] 92 st

CMCase(Kanda et al., 1976)+= 1% CMC &4
& 7% 0.2 M sodium acetate buffer(pH 5.0)
0.5 mlo] 2F 2N 0.5mlE 7}8}¢] 50°C water
bathell4] 307k uk-A17] ¥ frel=e dg-e
Avicelase 9} 7+-& uhl o 2 =213},

B-Glucosidase(Tokao et al., 1985)= 17 mM
salicin £ 3-§3l= 0.2M sodium acetate
buffer(pH 4.6) 0.5 ml-& 7}3l7 50°C water
batholl4] 3027} vkGAIZ ¥ fe|=s A

avicelase9} 7H-2- mi o 7 =A13lgdc)

EEErol &5

A FE= Lowry 59 WLowry 5,
1951)& ~14-3}19% ¢ bovine serum albumin&
EFEAZE AN SAskdch

da} ¥ nE

C. versicolor, L. betulina, L. decastes, F.
velutipes, A. auricula Judae, H. erinaceum, T.
trogii, G. lucidum-& “A e} 4] 11Q wie) 3
TS SA% A 42 90, 74, 82, 79,
71, 80, 95, 88 mm = T. trogii7} t}2 F3ol| 1)
sto] k33l w wik CMCased] AL 247t
15.01, 14.26, 14.92, 13.87, 12.53, 11.69, 15.23,
15.01 unit/ml 24 A T. trogii7} $30] gl
FHalct uebd FASo] wE cellulase AJAbo]
53t T. trogiis cellulase A4S FF-2 Al
3to] cellulaseo] AJAHE- #17F wiok 24 =7 2
25 doke) vel AZ whlde Sl
w3 7 Eshech,

HH2E7 (2t A&t

HA wz] AbellA] wiof7] kel wE cellulase A
e 7 &7 A= Fig. 104 Be vle} o] wj
o}7|7ko] Aol whe} cellulase ALE HR1A 0
2 Z7}sle] Avicelase, CMCasex ujjoF 114
#HE ¥9)3, B-glucosidase= vk 13Y4] 11
£ R4} B-glucosidaser Avicelase @ CMC-
asesh= el AL AN o} F Aok T A}
o) e §AsgEY ol Avicelase(exo--
glucosidase, C1)2} CMCase(endo-B-glucosidase,
Cx)7} celluloseol] =i#] zhg&3sle] AAIE cello-
biose, cellotriose == short cellulose chain2-
B-glucosidaser} Al&s)4] £3]3}7] wlfel 7oz
A7E 5, (1986} §HAulA|l4 Ganoderma
lucidum] cellulase A4+ £k w72 <
gFol| 4], B-glucosidase”} Avicelase2} CMCaseo]|
Blalod wlopizto] Ao ol Foll BAo] Ekrhy
B v} gl MES DL ol F Hae] A
ol Vel wet M3k Zrlsib} Hwad o) F -
B Zhasle] fa A Al

MR Eo| st
e e s 20~40°C2 walsle] wlef 1590
cellulase A4S 2R3 Ax= Fig 294 HE
ukel Zho] wijek2 =7t Abggtell Wt cellulase A
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Fig. 1. Influence of period on the production of
cellulolytic enzymes by 7. trogii in syn-
thetic mediu.
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Fig. 2. Influence of cultural temperature on the
production of cellulolytic enzymes by T.
trogit in synthetic medium.
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At Z7)slo] Avicelaser 35°Cell{ CMCases}
B-glucosidase+ 30°CollA] 71} ef3 381l 1 o]
Aol EEolAe AN Hag ek Azl
Se) gt Lo Zbel wet 2 Aols} 3l
xt. Phanerochaete chrysosporium(7), 1987)2]
73 CMCase¢l B-glucosidase:= 30°C, Av-
icelaser 35°Cel|A 7}1&} Egtt}i= v w19} §-4}3)
gdou, G lucidum(3, 1986)2] A= Av-
icelase®} CMCasex 30°Coll4], B-glucosidase:
25°CellA] 74 Fhehe Afelgt Bt sl

HiXl pHO| HEF

Ao} pHE 3.0~6.002 Dalsle] cel-
lulase AJabel] vixl= F8ke eI} Ade
Table 13} 7te] Avicelase?} CMCase: pH
5.004, B-glucosidase pH 4.5 4] 713} k3 5}9)
=], Avicelase®} CMCase= pH 4.52} 5.5¢{4]
= #HA ik pHeE 2 Ho] gl Ak vebi
2 ol&ke] pHellA= 7Haslglond pH 3.5 o]3}
Az ol Al AAEE QI o) E F Eaehs de
B-glucosidase= pH 4.03} 3.5¢)A] % ok53F AL
< Hgirt o|Ake] Aol T. trogiiel] 23 cel-
lulase®] AJAkA] ¢HA pH W= 4.0~6.0 Alo| 2
g oler, dAe whzle] QAT o)9} k2
sHA pH Wuelx] <k3algdct. S, pulverul-

Table 1. Influence of pH on the production of cel-
lulolytic enzymes by T. trogii in syn-
thetic media

Enzyme activity (unit/ml) Extracel-
Initial Final Yo Y lular

PH  pH Avicelase CMCase - ,Gluw' protein
sidase (mg/ml)

3.0 3.06 0.09 0.12 1.01 0.48
3.5 3.58 0.18 3.26 5.17 0.50
40 3.82 1.23 6.85 5.25 0.55
45 430 1.74 7.08 5.31 0.57
50 4.53 2.06 7.12 5.05 0.59
55 4.68 1.95 6.84 4.92 0.59
6.0 498 1.17 6.29 4.18 0.56

Table 2. Effect of various carbon sources on the
production of cellulolytic enzymes by T.
trogii in synthetic media

Carbon  Enzyme activity (unit/ml) Extrlacel-
sources Avice- CMC- B-Gluco- pr‘;ti‘{n
(1%) lase ase sidase (mg/ml)
Glucose 1.83 6.10 397 0.53
Mannitol 1.75 596 395 0.50
Lactose 2.09 6.94 4.87 0.56
Cellobiose 1.88 6.97 4.83 0.58
Cellulose 2.05 7.15 5.06 0.59
Na-CMC 2.11 7.10 5.10 0.59
Avicel 2.02 7.09 5.01 0.57
Filter paper 1.93 7.05 4.95 0.54
powder

Soluble starch ~ 2.06 7.02 4.92 0.52

entum(Eriksson and Hamp, 1978)2] cellulase
AxE A pH7E 4.70193, M. albomyces(A,
1971)2] CMCase ©3}34lo] pH 4.504 71”3} &
gkow] T. koningi(h\=F, 1964)2] B2 of 3}2)2]
33} gdo] pH 4.0~5.002h= Hol & Ux|H
93, G. lucidum(F, 1986)2] cellulase AAFx7A
ol 4= Avicelase$} B-glucosidase= pH 5.0, B-
glucosidase+= pH 5.00]4], CMCase+ pH 5.5
Al 7VAF ks Elglon, P sgjor-cqju(Z-, 1984)2]
HaAF #A pH2] 79 CMCasetx pH 5.0, B-
glucosidasex= pH 6.5013ivh 3. W 118}o] F-F-7}o]
Apo) 7} ol Ao Azbc). 3, wljoF 5 wlj 2|9
#% pHE &3 A3 27] pH4.0 o8ty &
7o) wsbrt glda, pH7F F7kdel wet 7]
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pHell vj3le] 234 Jolzlon] a4 AQAke] A
pH 9]l 27) pH 4.0~6.00]11 #le] % pH
3.8~4.62% Jolzc}.

Etaglo) Het
729 ehado] T. trogii®] cellulase A4ko]

176

v X J3FS- 7 E3F A= Table 29 7}, Av-
icelase2} B-glucosidase= Na-CMCo+], CMC-
aset cellulosedl|x] ®r} ok3 3 WARS W) on],
Avicelase 44| filter paper powderE A& 3}
= A 9] gk ®al ol lactosest
2 23FME 33l cellulase AARS e}

e oMl R

¥

P. chrysosporium(7), 1987)e) 23t cellulase
Akl A Avicelaser= CMCr}, CMCases} B-
glucosidase+= celluloser} AU E3-o]|9d 3, G.
lucidum(3], 1986)2] 7% Avicelase2} CMCase
+ CMColl4], B-glucosidase+= cellobiosesl|x] 7}
A ofz3lelen], Chaetomium cellulolyticum
(Margaritis and Merchant, 1983)d4]& cel-
lobiose?] f7lullokollA] filter paper activityz}
Z7}8l9157, Eriksson(1978)&
fungus<el S. pulverulentum 2 Z4H¢] cellulose &
7}=8-3] 8= enzyme mechanism-& <173},
1 mg/l9] cellulose’} endo-1,4-B-glucanase
(CMCase)2] WAS f=dtdrhe Bus) s4e
2] A7} R A 3RS Vebiglo

g8, PdtFel 71§42 glucoses} man-
nitol-& Bt o2 AMLIS
o] WAEA IFored|, Myriothecium sp.
(Kassim, 1982)2] cellulase AJ4kA] CMC7} cel-
lulosev} filter paperel] B]3}ed cellulase AJ4to)
ko, glucosee} cellobiose, lactose, solu-
ble starch =& 3] v]efsls]y, Mandels ¥
Reese(1960)= cellulolytic fungi(total 16 or-
ganisms)e]| 2|&} cellulase AJ4ko] gl 3T el 4]
glycerol, mannitol ¥ glucoseZ B2go 2 g
£ de F2 AEE 595 E B33 cellu-
lase(Cx-enzyme)] A4HE ¥ 4 glolrhn X wh
ul glck. wjoel o] AEsl Wale] gare 2
24 E Afolol 2 Ao} §li Ho® vehyet.

wood-rotting
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Fig. 3. Effect of Na-CMC concentration on the
production of cellulolytic enzymes by T.
trogii in synthetic media.
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L] ZellA] cellulase AJ4le] 713 ok 819
© CMCE 0~4%9] =2 A3t &4 F
%7} cellulase A4ke]] mlx]= 33k &3 Ax)
+ Fig. 33} o] Avicelase, CMCase, B-glu-
cosidase A| A4 25 3% T4 71 Eghow
2 ol FEolAe ke A dehlct.
(1986)= G. lucidum® CMC %o wZ cel-
lulase A4t g3}o|A] CMCase2} Avicelase= 1%
ol4], B-glucosidaser= 2%l 714 &35,
Z (1975} P. ostreatus7} AAFH= crude
cellulased] B3 d-Folfl4] CMC 5%9] w=t Al
Hog Zrlsle] 0.8%lA4 AYd ko, vt 5
(1986)2 =x}g<l L. betulinac] <3 cellu-
lolytic enzyme?] CMCel| dlgF Eajx8 Aol
A CMC %9 Z7lo| ujz} nj#doR cel-
lulase AAte] Zrlste] 1%l 714 ks 3lsick
31 B g ul 9ok ubHel 71(1987)2] P. chrysos-
porium® 7% & CMC 5449 cellulase
A B e 4%l A AL Fol Ik b
ol& glon} BAREFFE BE L 7|25
A= Qo] 7Fa3he vehligic). Al 2] izl
A 1%7Ae AR-ez Zrlslebrl o o4
LI R el e S F A

24fo| HE



Effects of Carbon

Table 3. Effect of nitrogen sources on the pro-
duction of cellulolytic enzymes by T. tro-
git in synthetic media

Nitrogen Enzyme activity (unit/ml) Extracel-

sources lular
(0.028% N, Avice- CMC- B-Gluco- protein

w/v) lase ase sidase (mg/ml)
None 1.87 6.51 424 0.63
(NH,),HPO, 2.17 6.97 4.32 0.64
(NH),S0, 2.32 7.41 5.59 0.66
Urea 2.20 6.98 4.48 0.65
NaNO, 1.85 6.47 4.37 0.63
NaNO, 2.19 6.50 4.40 0.64

Ammonium 2.50 7.58 5.57 0.69
citrate

Ammonium 2.55 7.63 5.65 0.70
tartrate

Bacto peptone  2.49 7.57 5.56 0.74

Tryptone 2.46 7.46 5.69 0.72

Casamino acid 2.42 5.53 5.67 0.73
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Table 33} 2t} 5716 A4+ 76 Aol =
ol A ok5 8k cellulase A4S B giEd], 7)€
A4 2 ammoniad] AWl ammonium tar-
trate’} 7Y &E3Aelglw t}E&- o2 = ammo-
nium citrate, (NH4):SO} A &4 259 A4k
of] o¥&3}glom, w3l Bacto peptone, tryptone,
casamino acid®] f71e] Axe] Aubg o2 cel-
lulase AJAkel] k3 3tedct F718) A4 = am-
monium tartrate= @xFF7F & o]43l= AL
Z 49 qgled], 3 F(1982)2 wme] MAle] A
2 FF 2 L 5ol whE WAl ARk vl wAl g
ol4] ammonium tartrate, aspargine, NaNOs,
ureas 0.6% =52 7L o 104 Fof 44
AlAbzko] zhzh 438, 382, 273, 222 mg/50 mlE
ammonium tartrate’} 7}3F =9icly B wale]
2 A 413191 o, Eriksson(1978)»2 wood-
rotting fungusel S. pulverulentum B A4
2 647k wljokale- o), CMCase?| AJ4te] ureacl
A= oksaly] o) NaNOs9t (NHY):SOs= E3ks}
Avkes Byels o7k zeolz) Qgdvl. 3, A
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Fig. 4. Effect of ammonium tartrate on the pro-
duction of cellulolytic enzymes by T. trogii
in synthetic media
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(1971)¢] M. albomycesdl| 2]3F CMCase2} P4t
£ polypeptone, urea, (NH):80, -2 2 A
0|9, Z1(1987)& P. chrysosporium®| 73-%- §
7€) B} §7] Aido] cellulase Aol R} v
ok 35}, proteose peptonee] 713k EabH o]
(NH,):HPOs ¥ NaNOz= AAsR| g5 21
shoich. Al xe) wha frle] AidoA kst
NS wolon, $r)d ARYE el AE
w7 Akl 2 o]} glek.

A9l Z cellulase A4kl 71 ekF sl
ammonium tartrate®] E5E ALEoZ 0~
0.05% =7 2] 24359 cellulase AJAkell 7]
= 9% A EY ZAA: Fig 49 32o] Avicelase
9} B-glucosidasetr 0.03%¢14], CMCase+= 0.04%
oA Aake] At ofEatelan L ojake] FimellA
ok7}t Zhaslolet. Al Ee] whilzle] Ak 0.03%
e ket o1 o] FRelMe A
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Al A el A T. trogiiel 2]gh cellulase ABAFE



74 THE KOREAN JOURNAL OF MYCOLOGY, 25(1), 1997

30~35°C, pH 4.0~6.0, 11~15% slokA] 713 =9k
t}. B2 Avicelase®} B-glucosidase®] 745
CMCE, CMCase+= celluloseE €491 2 38
o #31e] AL Hdoen, CMCY 34 Fr=
Al B4 % 3%0]9rt. 4L ammonium
tartrate 37}A] cellulase AJ4ko] H9kon], 71 F
A FE & Avicelase?} B-glucosidase: 0.03 N,
CMCasex= 0.04 No|glc}.

HEs

it

4 ¥ %;. 1987. Phanerochaete chrysosporiumel| 2]
g cellulases:pe 2 FllE BIgH 3. 24tk K
B 1B CE p. 1-87.

g7, vy Al A9, 1982, SR RS o] 4%
b g abel] #3F A3 Fr) R p. 512-514.

w§<1z. 1985. Trichoderma koningiiol|4 ¥z B-
glucosidase {&k4rF%& B-1,4-glucan glu-
canohydrolase®] F¢if: 2 fEFEHE BIsld, A&
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