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Z& : Celulomonas sp. KL-6 TF7} 231 cellulase 3 CMCasett FPaser A ¥9l2 chgk Eu|gy} B-
glucosidase= cell bound form®. 2 &Aj&te] vjgAojrie] WAL 23] nekdldr). CMCase®} FPasex Hl %
5dAll, B-glucosidase= B} 4o 247 A4S JeRNATE CaCOx01%)7F H7HE 4484 #F
ZZ1914 CMCase® 82 unit/mE, FPasex= 80 unit/mE 183 B-glucosidase™ 12 unit/mlE 74zt Bo3ehin
ol 7] AN A K} 60~70%2] Ba+E7HE 7hAstth KL-6 5+ lignase} laccase®] 2 IATHI995

9 7€ 159 AHE 199549 119 6 Sa).

M B

A HAARARY S cellulose, hemicellulose, lignin
o of 714 o]&& E3I7 YsME oE

=y
. oX,
Nt

ol MSEEE w31 Lol I3
won fawst] glo] AT} RS B[S0
Fol AfFaAtd o] g 714 & Asllaglo] Hu Yoy
a8 BEEH UYL 3183 W HlEke] A8
AU FAHA B FHL /I e v FE3
7HEEE mae Aol M43 8 3% 3 ok Cellul
asev= jF-E9 7A$  CMCase(endo-p-14-glucanase),
avicelase (exo-f-14-glucanase) L B-14-glucosidased] &
FAR Hol glojr Mt SAT JIFEHE Y3
Me olF 549 A357go] Hasi)?® w3 cellul-
ase?] &S F7HAF7] Etde a4 2493
B4 54 9 A3A9 BAROL HEE o]
F 83tk HZo olo] #F A7) A YT
Yout cellulases) Sold 2 G4l dhetole ok
=39 tide] Hu o

olE g BHANA B AFe Hei L EIHL
FAAA M A EIHE Asingle cell protein, SCP))
FEE PN LA Hha BAMT Cellulomonas
sp. KL-67} #4¥]3h= dAW-9 cellulaseo] HFH At
Z21E 2AEY

ME R WY

Cellulase AdALRSE
HHEYNA Eald AHAfa BTFQ Cellulomonas sp.

2k =k : Cellulomonas sp. KL-6, cellulase, SCP
*A A2
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KL-65 AH&-3t3iTh

a2 =x|

Carboxymethyl cellulose sodium salt(CMC) =] 9]
KL-6 55 HE38led 30T A 5047t w43t seed cul-
tured) & M 2F CMC iR o] 1.0%v/v)E AZF389 30
CollA 3zt Feujdat &, ujokd-g 10,000X goll A
2087 Ne dAEYT A5HYE crude extracellular
enzyme2. 2 ¥}l # A= 0.1M phosphate buffer (pH
7002 23] A% % 59 buffer® @7 Th& sonicat-
orZ 48 watt (1min/m)olA 103t Aejsted FAE
g 3taL A YAEedte] D& 4459 crude intracell-
ular enzyme® 2 3fHl. CMC A+ CMC 100g,
yeast extract 1.0g, (NH,).SO, 1.0g NaCl 6.0g KH,PO,
05 g, K.HPO, 0.5g, MgSO,-7H;0 0.1g, CaCl; 0.1g& 1!
o] Z2F59 =o pH 722 ZAstY AM&319th

40| A= MAEAH

KL-6 #59] 2484 JFHZ2AE 37 98 7126
2]l CMC =)ol er29(10%), A2Y0.1%), FSA=}
0.1%), A2 (0.05%), F40]-2(0.01%), NaCl(0~4.0%)+
pH(A.0~110) 2 £%(0~50C) ¢ 2ty oE
L47F AN nX= FIFE AR CaCos
01%) A7FEAE zA 3t

g4 $HEH

1) Carboxymethyl cellulase(CMCase)

Gokhale®} Deobagkare] WHYo| &3t 1.0% CMC
(pH 8.0) £ 1.0mi2} 02M phosphate buffer(pH 8.0)
L0m/o] &4 05m/E Fo] 40TANA 117 ¥hg A7
% Z4] dinitrosalicylic acid(DNS) Al¢F 3.0 mlE 3 7}3f
o 1587 BIds YZAAIA 550nmolA] FFEER
CMCased) 844 =439tk CMCased] 1units 1&
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< 1umole?] glucoseE Ak A9 <oz 3
Atk DNSAJek-e 35-dinitrosalicylic acid 40 g, phenol 8 g,
sodium sulfite 2 g, Rochelle salt 800 g2 2% sodium hy-
droxide 2/ &3 ¥, FHFTZ 47} HA 325
AHgsh e,

2) Filter paperase(FPase)

FPased] 84L& 3 FWeo WwhH o 2 filter paper strip
(Whatman No. 1, 1X6cm)& 1.0m/¢] 02M phosphate
buffer(pH 7.0)ol 273 7)o AN 05mE 78l
30C A 1A BA¥ ¥ DNSHoz #dgae 7
stk 49 A4 CMCasedt Ze unit2 ¥ A8
At

3) B-Glucosidase

Han#} Srinivasan'?2] ¥ © 2 0.005M p-nitrophenyl-
B-D-glucoside(pNPG, pH 80) 05mid] &AM 10miS
7Vated 30CoN A 3087 w17 TS 1.0 m/2] 1M Na,
COE Hol a4W3g AAANAY olAL WAzl
F 3000Xgell A 1587 AR A5A Z
2]¥ p-nitrophenol®] %< 420 nmoA] A 3}Qch
2842 1¥ 529 1umole?] pnitrophenol(pNP)S
A %S 1unit® g

4) Laccase®} lignase

Laccase®} &3 Leonowicz®} Grzywnowicz®2] HIH
of Wt &AW 19mi9t 002M citrate buffer(pH 6.45)
L7m/E 41°] 5mM2] p-phenylen-diamine 03 miE I
7FE FA 525 nmol A FREE wjEuich 234t
G4A8ALe thedd o3td ALtslaul. A=10°AE/
EAt, A; 9] A%, E; A44(65000), AE; OD9) w3},
At; ¥Hg-AlZHsec). Lignase E4-& Ball SWe] wh o
ozt 544 05ml, 10mM veratyl aldehyde 1.0 ml, 0.5
M Na-tartarate(pH 25) 1.0m/, 8mM H;0;, 025 m/ 2
FHT 225mE EFEY 30nmelA FREE 23
stgoern ZA8AY 1uniteE CMCases} 2o] st}

Ao 9 o

=
249 HELH- -2 BE
Table 109} o] B-glucosidaser FZ cell bound

o tor do

Table 1. Distribution of cellulolytic enzymes of Cellulomonas sp.
KL-6 -

Extracellular Cell-bound
activity (unit/mJ) activity (unit/mf)

With centrifugation (10,000Xg)

Enzymes

CMCase 54 6.40

FPase 58 5.70

B-Glucosidase 0 067
Without centrifugation

CMCase 50

FPase 53

B-Glucosidase 0.09

CMC medium was used for the experiment.

formoll Al AAFSIH 0.1 cellfree supernatantolls A<
Aako] glo] KL-6 w59 Ay @A ujde =
o2 28 glucoseds EAsHA| K Hu%9 U3}
gt} CMCases} FPase A2re 19} w2 thREo)
extracellular formoj| 4] A At=]o] Gokhale®} Deobagkar,'®
27 o] Yl o] F¥o] HII9 FASIH. o] A
e AYERE FiEe aihv AXE=E ALY
gz EFS BEafstes a4 A9 cell bound
formo 2 Z&A|5ted A X elZ AJAko] meksted cellulose
B AR ] )i Fo] cellobiose® =2 & o] feed back
inhibitiong 7FHE &, £ #% HAMNRAE V|d=
SCP A4S 93l MEZ B-glucosidaseE vheF
AR 4 e TFY Wl oo &g 717 B
aE] ot & Aoz AZHT) oo gt
4L CMCase®} FPasew A9 422, B-glucosi-
dase= AW o=z 3Yu)

HYQEA|Zt0) M2 S AAH4E

CMC uiA)ol KL-6 w55 HFshe] widazidz
FARNS 2AE AFE Fig 13 2tk CMCases)
FPaset i<k 59 A, B-glucosidase= ¥ % 44 Aol 2+t
Hh S JERAASL 25 CMCase®} FPaseo] A3
Abe 4~7%E T, FA}YLY B-glucosidased] A
2He 111%70A] A ol st AR EaAbE<l
glucose’}t EZHEo] AFE e Aog ALY I
SI0% Cellulomonas sp. YE-59] B-glucosidase] A§4ko]
v F 39 Fo] F438 FAgtial Bt

B0 HF Yax
D) &a9d 9F

—

7k Aol AL b X = ol o] ZAVS
A= Table 29 2t} CMCasee) A2+e CMCS} raffi-
noseol| A, FPase2] A4He CMCH|A, B-glucosidase<]
AAe. CMC9 cellulosedl| A 232t ZEqton ElAg =2
A7l A= CMCase9} FPased] AJ4He- gilon} p-

80 1

CMCase & FPase activity(unit/mv)
B8 -Glucosidase activity(unit/n/)

Culttivation time(days)

Fig. 1. Changes on the cellulase activity of Cellulomonasa sp.
KL-6 according to cultivation periods. @—@®, CMCase; a—a,
FPase; m—m, B-Glucosidase.
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Table 2. Effect of various nutritional sources on the cellulase production by Cellulomonas sp. KL-6

Cellulase activity (%)

Cellulase activity (%)

Source Source
CMCase FPase B-Glucosidase CMCase FPase B-Glucosidase

Carbon (1.0%, w/v) Phosphate (0.05%, w/v)

- - - & - 21 23 16
Glucose — — 12 (NH,),HPO4«A) 68 84 55
Xylose 47 42 — NaH,PO, (B) - - -
Arabinose 20 - 58 Na,HPO, (C) 56 51 45
Rhamnose 59 19 82 K.HPO, (D) 54 72 59
Fructose - 24 33 KH,PO, (E) 10 22 -
Galactose 14 - 17 A+BY 85 66
Mannose - — - A+C 9 98 96
Sucrose - — - A+D 100 100 89
Lactose - — 19 A+E 81 85 78
Cellobiose — 16 29 B+C 75 97 72
Raffinose 76 — 72 B+D 59 75 60
CMC? 100 100 100 B+E - - -
Cellulose 54 5 95 C+D 94 94 100
Nitrogen (0.1%, w/v) C+E 67 81 74
- 59 33 65 D+E .- 35 41 48
Urea 82 81 98 Metal ion (0.01%, w/v)

NH,Cl 96 94 100 — 26 28 26
NH,NO; 73 98 72 Ba** (BaCly) - - -
(NH,).SO, 100 100 91 Fe**(FeSOy) - - -
Glycine 70 85 88 K* (KCD - - -
NaNO; 80 88 73 Hg?" (HgCly — - -
KNO; 35 38 50 Zn?t (ZnSO,) - - -
Ca(NO;). 28 52 20 Na*(Na,SOy) - 10 -
Growth factor (0.1%, w/v) Cu** (CuS0O% - - =
- 59 RY] 42 AP*(AICL) - - -
Bacto soytone 83 . 85 83 Mg?*(MgSO,) 83 88 80 -
Beef extract 42 49 20 Ca**(CaCly) 24 23 23
Casein 28 32 10 Mgt +Ca?t 9 100 100 100
Polypeptone 55 66 38 Mineral sol.?® 20 12 16
Yeast extract 100 100 100

o CMC, carboxymethyl cellulose sodium salt. ® Mixtures were prepared by mixing same weight of each phosphate source, respectably. © Same
weight of MgS0,-7H,0 and CaCl, was used in the experiment. ¥ Mineral solution contains CaCl, 0.05%, FeCl;-6H;0 167%, ZnSO47H,0

0.018%, CuSO,*5H,0 0.016%, CoCl-6H,0 0018, EDTA 2.01%.

glucosidase= AF3}FJ ). Lactosedl| 4] B-glucosidase <]
At eld A Hand Srinivasan'® 2 Gokhale 9}
Deobagkar'®7} lactosex= B-glucosidase$] inducer® 2}
ghohe Bt AT FAIE Ao M 294 sucr-
oseol =P CMCase, FPase % B-glucosidased] A+
93] Ao catabolite repressiong WS AoZ
AzZtE). olet 2o Ad= o] S99 Cellulomonas sp.
CSHNME et Aoz Kol KL6 732 cellulase
FAA% inducere] & FEEL & 4 g CMC
oM EAaALE HAHFEE Table 33 o] CMCasest
FPase’} 2.0%, B-glucosidase”} 1.0%= JEbGt)

2) AAe 4%

2o cellulase Aol vlXE JFS A 2
7= Table 29} 2t} CMCase 9} FPasex= (NH,),SO,0l A,
B-glucosidase= NH,Clo|A] HojA4H-S Jehlge A
29 BV gz vl CMCase:  69%,

FPasex= 203% % B-glucosidase= 54%<] a4AAYL F
7ta37b 9gdch. Ureasl A B-glucosidase A4to] =4
YepdAe H 503 o] o] Rug Cellulomonas
sp.9] cellulase AAFAA 2} e EAF A2 Rt
ArYAxe] HAMA FE= CMCases} FPase: 05
%ol A, B-glucosidases= 0.3% {1 22}t 2.0% A7+
23]3 cellulase A%Fo] A 3}E QItHTable 3). .
3) ASAAY AT
B5AAE] cellulase Ybol A= FFE 49 2
A3}, CMCase, FPase 2 B-glucosidase 44+ Bacto soy-
tone@} yeast extractol]l A} £9tk1 FPased] A4S yeast
extracto] A} Egow ol dlRTo) HE 194%2 &
244 ZI717F AATE 199 ASAAEL G424
FoE GFS AR RAQL Bl 938 A4
o) Folzleh AKAAT F TaAN JHE 299
yeast extract®] HFAEEE 1.0%E el tHTable 2, 3).
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Table 3. Effect of various component concentration on the on the cellulase production by Ceflulomonas sp. KL-6

Cellulase activity (%) Cellulase activity (%)
Source Conc. (%) Source Conc.(%)
CMCase  FPase  B-Glucosidase CMCase  FPase B-Glucosidase
CMC 05 82 58 70 (NH,).HPO,+K,HPO, 005 58 67
1.0 93 80 100 0.1 100 100
15 97 85 95 0.5 92 95
20 100 100 90 1.0 85 92
(NH,,S0, 0.1 80 78 Na,HPO, + K,HPO, 0.05 100
0.3 92 88 0.1 60
05 100 100 05 13
10 83 93 1.0 , -
20 28 40 Mg +Ca*" 0.005 70 33 60
NHCI 0.1 90 001 82 72 80
0.3 100 0.05 100 90 100
0.5 83 0.1 92 100 95
1.0 75 05 73 38 43
20 38 NaCl 0.0 52 58 62
Yeast 001 68 25 68 05 95 9 95
extract 0.05 80 42 78 038 100 100 100
01 92 85 90 1.0 80 82 80
05 95 93 95 20 50 53 60
10 100 100 100 30 30 30 40
40 - - -

v 2 dF A o] 8% o2 A o Ay
AN cellulase 4ol tha: AU HRE AFe
o] &S AMgstE Aol Rt A7EH 01%E
HAAYY T2 3P} ol g 3= Hand} Sriniva-
san'?¢] H.119} |53t}

4) Q1AM 4T

712 A AEES dE FE o5 1:Uw/w)
EFES H7H5t cellulase A4S AT Table
29} #o] NaH,PO,= @5 2 NaH,PO.2t KH.PO,¢)
Egell M= cellulase Aato] glAth dubA oz <t
e @5 HtRde £33t H gl cellulase
Aol £9kal ©E HUkAlel= (NHy),HPO,9 K.HPO,
7t &3 H7HAoll= (NHY.HPO,, Na,HPO, ¥ K,HPO, &
T4 w7t Eodrh A Y= CMCasesl FPaser}
(NH,).HPO, 9} K HPO,ol| A, B-glucosidaser= Na,HPO,%}
KHPO, 0191 # S0 Bux B A3 Axlel &
A}l el CMCase, FPase @ B-glucosidases] A AYA+
X Table 37 Zo] CMCase®t FPase:= 0.1%, B-glu-
cosidase= 0.05%°]g o™ A FEH7lEel T
v 27} 316%, 244% L 354%2) A4S ek of
Aide] EAANE A ZTMATIE RS ¢ 5 Y
At} B-Glucosidased] AArE 1.0%9] TFZANHE &
B R ST S el=

5) g&o|2e JTF

50| T iz vt 2w CMCO
ase, FPase ¥ P-glucosidase A2He ©= H7A o &
Mgt ©1&-& A T F&ol2EolME Aito|
A tHTable 2). & %ol Cellulomonas sp. YE-59] cel-

lulase AAto] Mg?t o] &5 A 23t TS50 252 A
A 3}aL o] E90] Cellulomonas sp. CS1-12] B-glucosid-
ase QAL 5mMe] Mgt o] FEoA =A 713
vl By Ay B A A fAERTE 7R A
AJHE9 Mg?* 9} Ca®t o] 8 1: 1(w/w)E 33t Mgt
ol W& H A9 vz A3 CMCase, FPase 2
B-glucosidase A§4to] 14~25%7} F71Eo] hzFLRT:
357~385%<] “dtfAAHE YERSITE Ngotb Zeikvs=
Clostridium thermocellum LQRIONA FH&H0|2E58 &3
o Mg* 9} Ca®t o] THES AT o259 &
SR A= cellulase AAHS A& 3ttt B arshgc) Mg
2t} Ca?t o]2o] EFEFoAM e AAHHA Fre Table
33} o] CMCases} B-glucosidase= 0.05% 1L FPaset+
0.1% %t}

6) NaCle] o3k

Cellulase AAte)] w)X]:= NaCle] 93-S HESIY &
A= Table 33 Zoh KL-6 #F9 24 £499
0.6%%+ 08%2] NaCle] w%ZoA] cellulase AT =9
o} AAAAEE NaCl 0.8%E H71E uf o]9.e NaCle
20% o] H7MA = cellulase AAro] thZRTH A
o] 4.0% HI7MA e A4ke] glddth

7y 2% pH ¥ W= A8

718w A ¢ pHE @elate] wjUL W Fig 2049}
7o) cellulase AH2F3 2 pHE 9.0 o] pH 8094+
CMCase’} 95%, FPase’} 93%, B-glucosidase’} 90%2)
A AEE el ol H TV g 71¥o)
H3g HjA4E pHel 658 Aot widtkens
20~50C 2 3] cellulase JAHS ZAMSE A= Fig 33
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Fig. 2. Effect of pH on the callylase production by Cellulomonas
sp. KL-6. CMC medium was used for the experiment. @ — @, CMC-
ase; ao—aA, FPase; m—#, B-Glucosidase.
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Fig. 3. Effect of temperature on the callylase production by Ce/-
Julomonas sp. KL-6. Medium was the same as in Fig. 2. @—e@,
CMCase; a—a, FPase; m—m, B-Glucosidase.

21t} CMCase9} FPaset= 30~35Col| A, B-glucosidaser=
20~30Col A 74zt wiFstAS A9UE EahAAe] =
Rt ojEe Ade FH FPF Handt KimPx £
A%e fAEAT. ol Bz HH AzAe
CMCase= CMC 2.0%, (NH,):SO, 0.5%, yeast extract 0.1
%, (NH»).HPO, 0.1%, K:HPO, 0.1%, MgS0O,-7H;0 0.05%,
CaCl, 0.05%, NaCl 0.8%, pH 9.0 ¥ 2% 30CE Jjelytn
FPase= CMC 2.0%, (NH,).S0, 0.5%, yeast extract 0.1%,
(NHy).HPO, 0.1%, K,HPO, 0.1%, MgSO.-7H.,O 0.1%,
CaCl; 0.1%, NaCl 0.8%, pH 90 2 &% 30C ojgor
B-glucosidasex= CMC 1.0%, NH,Cl 0.3%, yeast extract
01%, NazHPO4 005%, KzHPO4 005%, MgSO4°7H20 0.05
%, CaCl, 0.05%, NaCl 0.8%, pH 90 2 2% 25Co|H
.

CaCO; H7tx =}

Hezl .

)

43

0.8

B-Glucosidase activity(unit/n/)

ro.4

CMCase & FPase activity(unit/mv)

1 2 3 4 [ 8 7
Cultivation time(days)

Fig. 4. Effect of calcium carbonate to optimal producing condi-
tions of the cellulase. Control: O—0O, CMCase; A—n, FPase;
0O—0, B-Glucosidase. 0.1% CaCOy: @—®, CMCase; a— 4, FPase;
m— 8, B-Glucosidase.

01% ©]49) CaCO; F7/le= viAFY WMHERSE F
ket FAFAE PPN BIVE v 3lo] &
Ao %= CMCase, FPase ¥ B-glucosidase®] A
A A o) 0.1%2] CaCO:E FH713le] cellulase AY4tHol
n X & 9GS 2AEI T Fig 4049k Zo] CMCasest
FPaseo] A32re viok 54A o) 82 unit/ mi<} 80 unit/
mlZ, B-glucosidase2] Y4+ v 44 Al 1.2 unit/ m/E
z+zt Aopgake Jelln FH7tEgE CMCases
14%, FPase= 4% 2 P-glucosidase= 22%2] &AL
z712 714 gon ek 7IdR7A EAAE FA
steRez veh} Hztaart dAH A |24 KL-
6 T59 cellulase S F7HA717] H8iME pHE
ZA A o AP E FAANA FE Ao TS &
& Utk E=3 olgid A= 71EuR Y CMCase,
FPase ¥ B-glucosidase®] 54, 58 = 0.67 unit/ m/ Et}

ok 60~70% A= JAAMLbo] FrtsEle] A% KL-6
TFE AR/AE B4 {8 2] =z Az
=8

Laccase®} lignase2| #A

gutA o 2 ligno-celluloseE 7|22 ARE3I}S W=
o) Zof o3 B} g4 o3l EHE A §A
gdomz Hfi BEHE EFIAY AEAE V2=
SCPE A o 7] Ho]8& #3]7] MM < ligning
AAsE Aol Fa3th ool ligning E3H3h= lac-
caset} lignase?] A4S CMC wi=]e] CMC th4l filter
paper(whatman No. 1, 1X6cm/10m)E H7}gH iAol
KL-6 355 AF3sle 743 wigatar A 2,
B FF+= laccaseE AAF8EA] £3HH o lignase HAHe
A wjF7IzbEe Wt gllth o|2 mFo] KL6 &
FE Adae 23 ligning 7HeEEHA] £ ol&
AAsH7] 3 A AAT ol H¥ EHojFok
ds ¢ F Ak
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Production of Cellulase from Cellulomonas sp. KL-6 ‘
Oh-Jin Kwon™* and Yung-Gun Chung® (‘Department of Food Irradiation, Korea Atomic Energy Research Institute, PO
Box 105, Yusung, Taejon 305-353, Korea; *Department of Food Science and Technology, Yeungnam University, Gyongsan

712-749, Korea)

Abstract : Among the cellulases by Cellulomonas sp. KL-6, CMCase and filter paperase, which were produced as
the out enzymes of cell, had been much produced, but very small amounts of B-glucosidase, the enzyme of which
is cell bound form, was produced by this organism. The optimal culture times for CMCase and filter paperase produc-
tions were 5 days, while that of B-glucosidase was 4 days. When this strain was cultured under the optimal medium
for enzyme production, CMCase, FPase and B-glucosidase were 82 units/ m/, 80 units/ m/ and 1.2 units/ m/, respectively.
Thus these results were showed to increase enzyme productivities as about 60~70% than those produced in basal
medium. CaCO; injected to the medium as the ratio of 0.1% was not only enhanced cellulase- activities but also
effective as acid neutralizing agent. The production effects of lignase and laccase by this bacterium in filter paper

medium was not appeared.
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