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MR BiAZe 22l W MaH sS4
HeE* - HdgA
Fdstn AEH3e
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N Be 35S sty 238 A, Cellulomonas sp. KL-62 8918t t}. KL-6 #FE
¢k 50A17bgtel] of #}R(whatman No. 1)& 8 78}93L congo red ¥+-$-2.2 X halo 9] 3732
11ecmPer] £3 CMCased] &4-€ 67 unit/ml, FPaset 70 unit/ml, B-glucosidaset= 0.68
wnit/m/2 ehgth QAL 71AR st uYgEe | vy Fo) f2lE glucosed

(o) =38 =1
aTTE

SIstgont 218 v ol YUtk KL6 39 FAZ4 A MFEAL suc-

rose 0.5%, yeast extract 0.1%, (NH),HPO, 0.1%, K.HPO, 0.1%, MgSO,:7H,0 0.01%, CaCl;
0.01%, NaCl 0.6%, CaCO; 0.1%, pH7.0 2@ &% 30T ¢rH1994d 59 23Y H<p, 1994
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A2d SdZAH RN PR FAe LTS
H3 A 54 £57) W23 Yol wof 2 43S
W gk Af dAEg ] Be g7, BEEA 59
o] vt AatdAle] glovt dia GAEuy
(single cell protein, SCP)& 7142 AfAau o8 3
F3he Edo] B840l EIPEEr}t =8 o] =
oA i gtk B3 & Jde AT Cellulo-
monas3""  Actinomycetes<;,5%
Clostridium <> Cellvibrios:, Cytophagas'® Fo] &
HA Qlth ol HAfd EHATEL FFolof vl3) cel-
lobiosel} short chain cellooligosaccharideE %-3)3}=
B-glucosidase &Ao] AV vleks Aoz Hu¥w
Atk ) Al wigAlzte] #i fARIRZ o
folgtnz Az oF Hf4 Eart 24 fa8iy
&L TVMTV) SlEME A4 2ege) A% #
F9] #a, Ao} 717 Fasittu Aztdch

2 dte FEET4A A9E 7148 SCPE A4k
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23| 2ol Y MY
Afk BAATS He UR, B HYE 59 2
AANN FPE 148%9] AR 1g¢ H)AP5) @

-

g3le 1miE ghges oA Eoldle w4
B)R(FP wi X))l HEdle JHR] BAHo R FHP3}e
Bostgrt. BEE I35 1.0%w/v)9 carboxyme-
thyl cellulose sodium salt(CMC)E 353 H2] & uA)
(CMC wj=))e) o] A=} HE3ke] 30T o4 50413
uiF F, 0.1% congo red &H& F4Iste] 30& F<+
WAE e 1M NaClg 3 158 ¥ 2 390
A E halo §2] F 7 o7 HE9E BH) 7158 A4
F5E 14 QSR 29y

v EsE Qs
T5F% % CMCase, filter paperase, B-glucosidase®)
o) 73 195 E FHF Hdde BES wAq B

#alEA B dHe AgdFE gtk #EE WAES
(NH,),SO, 1.0 g, NaCl 6.0 g, KH.PO, 0.5 g, K.HPO, 0.5
g, MgS0,-7H,0 0.1 g, CaCl, 0.1 g, yeast extract 1.0 g5
1 liter?] FHFl 3o pH7.22 23T T2, WA
10midl] e29o® 1X6cm9 filter paper(FP, what-
man No. )& ¥o] A1&3tgtt R&ER viA & cellulose
powder 10.0g, NaNOQO; 2.0g, MgSO,-7H.0 0.5g, KCl
0.5 g, FeSO,4-7H;0 0.01 g, KH,PO, 0.2 g, K-HPO, 1.0¢g,
57
%, cheese cloth® o¥}3}1L

yeast extract 0.2 g, agar 18 g2 potato 300 gol
500 IE H7FEte] A2

o oy
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Z242 1 liter7} HA 3 potato extractel) =<} pH7.2
2 z4se] Agadch

ZEAM ZEH

CMC A9 KL-6 #FZ seed culture 1%(v/v)7}
HA BE3t 30T oA 3UT ekt &, wjkdS
10,000X goll A 2087t A2 diwels 45L& CM-
Cace$} filter paperase FA4&4E 93 xgadog
392l A= 0.1M phosphate buffer(pH 7.0)Z2 23]
A& & 2 buffer2 HEFAZ] th2 sonicatorE 48
watt(l min/ml)ollA] 108 Helsled A48 HAHsia
A PAEEE A& F59-& B-glucosidase EASA
< 9% zEAGO= IR

40 gdEH

1) CMCase

CMCased] &4-2 1% CMC(pH 8.0)8% 1 m/¢} 0.2 M
phosphate buffer(pH 8.0) 1 m/o] Z&E 4N 05mlE 2
40C oA 1A)7F ¥vkg-A171 3. = A] dinitrosalicylic acid
(DNS) AloF 3miE #H7hste] 1583 /e o Wz
Al#A 550 nmoll A FHEE SAFEY. BagA 1
unite 1% ¢ 1umole? glucoseE A= 49
doz shatsigch

2) FPase

FPase o) @22 filter paper strip(whatman No. 1, 1X
6 cm)2 1m/¢] 0.2M phosphate buffer(pH 7.0)o ¥ 31
7)o &AL 05 m/E 7hate] 30T o A 142 F g
&, 4719} o] DNSHoz #4DHS T3l &
2849 1unitE CMCase9t Zo] ¥A|3Hdch

3) B-Glucosidase

B-Glucosidase2] /4L 0.005M p-nitrophenyl-B-D-
glucoside(pNPG, pH80) 05m/o] a4 1miE 7}
3ted 30T A 30423t ¥HEA1 thy 1mi9] 1M Na,COs
H7lstd Eawksg AAAFL w8dE WA
% 3000X g A 1587 dddRelste) A5 Fo A
2]¥ p-nitrophenol®] & 420 nmoAlA FTFEE
BFty. EABAALE 1F F9F 1umole?] p-nitrophenol
(pPNP)E A AMste E428A4S 1unitz2 skgch

oh [
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B HFE REL HAZRREH 1¥Fe] mA CMC
)Xo} HE3 30T oA 50417 AL 3 o] RS
seed culture® A}2-3ta] FP HjA|2} CMCH] Ao seed
culture 0.1 ml(107~10° cells/mN) S AZE3dtd 747 vk
g 3 | FASE A

skl Zo| falg &4
FP Ao A §&¥ glucoseS 41317 $13ta] FP
H o) EelFEE @Esle 30T oA 50417 Feh
oFg the wglg oz}, 10,000X golA Al wel st
A=de Amberlite TR-1207} IRA-4009] o] 2n &4
o Aulz FANA $28 AL BEAA HFEN 10
high performace liquid chromatography(HPLC)=Z
BAslgch, HPLCO #4242 model, Water Asso-
ciate Inc. ALC-244; column, carbohydrate analysis(3.9

=
=
=

mm X 30 cm); column temperature, 40T ; mobil phase,
75% acetonitrile; flow rate, 1.8 m//min; detector, refra-
ctive index(16 X); injector, water UBK; chart speed,
0.5 cm/min$ich

THSA = egd=

7129 AE CMC wix2 so of7]e] e@aU(1%),
A2901%), B8AH01%), VA 0.05%), TS5l
0.01%), NaCl(0~4%)7} pH@.0~11.0) 2 £(20~50
) & g8t 30T oA 504 JReigEte] o
AZ2d e T wtzag JESFEY
FHZ2L 660 nmol A FFEE SAHEAL, HREF
Ao wjkzAe o24gd Fasgom WY F
AAE ARedL F3kst7]) 938 CaCOx(0~2%)E 3
7bete] 1 AR R AHHYTL

e e

A BeAlTe ®e, AEd A3t Table 13
2tk RQEdgA &3 KL6 o571 50413, KL-41
FF7F 0/, AL oA Eeld KW-418 w57}
72Xk oA BHsle] o] F2 AoR
vebdth Aa Aol B3t Cellulomonas flavigena
FFE 3dve] J#HAE ¥ A3k Congo red w8
02 NE9FE EHEE cellulase 4L halo &9 F
Aow zAE AT, KL-6, KL-41 #5F L KW-418 F
Z7} A4 95~11.0 mme] halo3he AAZIL 1 F
KL-6 37} CMCase &4Jo] 67 unit/ml, FPase &4Jo]
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Table 1. Isolation and screening of cellulase producing bacteria

Halo formation® Cellulase activity (units/ml)®

Strains® Periods”
diameter (mm) CMCase FPase B-glucosidase
KL-2 40 6.0 62 70 0.62
KL-6 2.5 11.0 67 70 0.68
KL-41 30 11.0 56 66 048
KD-118 4.0 6.2 46 62 0.38
KD-200 4.0 6.1 41 64 042
KW-418 30 9.5 32 53 0.30
KW-501 6.5 9.0 52 50 0.28
9 Isolated from, KL; leaf mold, KD; decomposed wood and KW, waste water.
Y Days required to degrade filter paper thoroughly.
<@ Cells were grown for 50 hrs at 30C by using CMC medium.
Table 2. Identification characteristics of the isolated KL-6 strain
Characteristics KL-6 Characteristics KL-6
Shape Rod H,S -
Size 0.4~0.6X1.0~15um IMVIC test
Motility + Indol -
Gram Shape +(-) Voges-Poskauer -
Colony Shape Moderate Voges-Proskauer -
Circular, Convex Citrate -
Entire, Transparent Acid production from
Color Yellow Glucoe +
Growth on Uniformly tubid Xylose +
broth Arabinose -
Filter paper Digradation Rhmnose -
in pepton- Mannose +
yeast extract Fructose +
medium Sucrose +
Optimum temperture 30T Galactose +
pH 7.0~7.2 Lactose -
Hydrolysis of Maltose +
Starch + Cellobiose +
Gelatin - Raffinose -
Nitrate reduced + Manitol -
to nitrite Inositol -
Caltalase + Sorbitol -
Urease -

+, 90% or more of strains are positive;

—, 90% or more of strains are negative; +(—), 50~89% of strains

are positive.

70 unit/m/°] Y31 B-glucosidase B4 0.68 unit/m/ =4
cellulase &4Jo] 714 o} KL-6 F7E B A7 A}
|52 HFT Adsigoh

F%E Ad® KL6 o579 a3, ejgd 2 AeA
EAL Table 29 2t} KL6 #3% gram %4, B4
B2 Hre Hits AFujAA 254l AN
on ujkrIzte] ZAojAel ulzt HA Yo FAxo]

5o 3 gram &3 =Hed, #52 FHE 2o ¢ FL
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Fig. 1. Changes of cell growth of Cellulomonas sp.
KL-6.

®— 0, CMC medium; A—a, FP medium.

Ao 2 vggth B fFe Wik HAL2xE 30T,
A pHE 7.0~72%93 CMC wi=)o] H=3te] 30T of
Al viFslE 36A1ZETH T WRE T 50417 o)
FoE @Y JFS Jehlch 13, KL-6 #5=
TA L2 cellulased Eu3lgn FP wjR| A o345
BAsA o gelatin A3t} H,S WA5Ho f19
Bergey's manual’d'®2] Cellulomonas fimi®) EA3 &
AFEE o1} indol® methyl red ¥H3-0] £4Jo|1l arabi-
nose, lactose 2 sorbitol & ¥-33}A] FE3h= 52 M3
B0 ta g8t B ARFFE Cellulomonas sp.2

T8

HHertol Mol FAIS Wt

KL-6 #5& FP vz ¢} CMC vl xjol] HF3s}o] T
¥W3ls B3t A= Fig 13 2ok F445E ook 3
YA F7hset A% Faste A% Uehila
FP Wl <30} CMC s Aol A 7+4Zo] e At 2eu}
3 9] ufokol-g millipore filter(0.45 um)= o3} & 95
TolA o]l & wWx FEdte] FARE 2AME
A%, 045g/10.2 Vit 1 %Fo] T3] Ak ol
A= KL6 @52 4% SCPS) 44N #AZHE
Fol7] A% de] xdEe] HEH A} Ftin A
29,

sk Zo| Ralg 24

FP wjAjelx KL-6 755 wigasld vlgd Fo) &
2|8 glucoseE HPLCZ £l wig 7dA7H=)
glucose”} Fr2 =] A YT ol 2l AAE KL-6 #5457}

AFAaZE BT 4+ U= cellulase = cellobioseE 7}
FB3 5] glucose T7HR #o)F= B-glucosidaseS
DAY 2= 2ot GA, wldkste] fEld A9
glucose7} & ol 2J3] Luislol FHE £ YA A
o2 MZ4E}. Gokhale$} Deobagkar’s Cellulomonas
sp.old, A3} o]2 o] BB Cellulomonas fimi%)A
A9 B-glucosidase FAdo] gkl Hustg o {3
A% glucoseS HRIEHA £g o2 R v givh

THBA AF jU=AH

1) 4ol 4

718 AE CMC ¥ A= 8td 7% &ato] dAF
Ao "X FEFS 2AME At Table 3904 el
A}k Ba o] Eo] A ¥ gz ujuiA
sucrose, lactose, CMC7} A= 210 £k T xylose, fru-
ctose, galactose, raffinoset= #H7}A] 2.3l8] AAZFAS
AAsHE Aoz vehdth 5839 xyloseo|A] T %
Aol A & AL A7 Bo] FHE xylans 0] £
F gtk A% AFALY o] 92 glucosed A
AZAo] Fohn Byt AAZA A EFUA
sucrose?] ¥ L& 0~20%\ 4 HEF A3} Table 434
ol 7t FxoA zole AY A2 05% H7FA
v Esich

2) A2 JF

AAadEo] TAZHY vAe FFE A AT
(Table 3), ZE HAUEL Ahdo] Bo7/HA &2
WzrE uslgS o #ASHE AT Aoz
Rt § 0] (NH.),S0, 717t 452 itk
BugAz o Aolsiycl. Aafle] HrbEA g
2TolA FAZA o] FLAL APR F9 yeast
extract7} 2490 ol&HdE AL AFAY +
Aok

3) A5A=e] F3F

RE ASAAELE AAFA FRon 1 FAMR
yeast extract 0.5% H7}A7} 718 ZEktHTable 3, 4).
12} yeast extractE 0.1% A7 AE EEdFe
TR Z2 o ALY zbol7t Qlo] yeast extract 0.1%Z F
Axrz 39}l Thatherst WoodPe FxZ2o] &
838 HAo] yeast extracty CMCe] o]&d &85
Z1, 3 FF32 thek wjA] yeast extracte] gol
&P E #FY A7t4sE wol ASRIARE At
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Table 3. Effect of various nutritional sources on the growth of Cellulomonas sp. KL-6

Source Component Cell growth Source Component Cell growth
(OD 660 nm) (OD 660 nm)
Carbon - 0.25 Phosphate - 040
(1.0%, w/v) Glucose 0.30 (0.05%, w/v) (NH,),HPO,(A) 0.64
Xylose 0.24 NaH,PO.(B) 0.38
Arabinose 0.28 Na,HPO,(C) 0.83
Rhamnose 0.29 K.HPO,(D) 0.75
Fructose 0.24 KH,PO, (E) 0.38
Galactose 0.24 A+B 0.67
Mannose 0.40 A+C 0.79
Sucrose 0.70 A+D 0.88
Lactose 0.48 A+E 0.67
Maltose 0.42 B+C 0.64
Cellobiose 0.28 B+D 0.73
Raffinose 0.22 B+E 0.19
CMC 0.49 C+D 0.82
Nitrogen — 0.79 C+E 0.73
0.1%, w/v) NH,CI 0.75 D+E 0.74
NH,NO; 0.64 Metal ion - -
(NH(),SO0, 0.72 0.01%, w/v)  Fe**(FeSQ,) -
Urea 0.70 K*(KCD -
NaNOQ; 0.67 Hg?* (HgCl) -
KNO; 0.64 Zn**(ZnSO,) -
Glycine 049 Na*(NaxS0,) -
Growth factor - 0.46 Cu?*(CuS0,) -
0.1%, w/v) Bacto soytone 0.57 AB*(AICL) -
Casamino acid 0.58 Ba?*(BaCly) -
Polypeptone 0.63 Mg?* (MgSO,) 0.38
Casein 0.65 Ca**(CaCly) 0.04
Yeast extract 0.74 Mg?* +Ca** 0.99
Beef extract 0.62 Mineral solution -

Mixtures were prepared by mixing same weight of each sources.
Mineral solution contains CaCl,, 0.05%; FeCls-6H:0, 1.67%, ZnSO,- 7H,0, 0.018%; CuSO,-5H,0, 0.016%; CoCl;-6H,

0, 0.018%; EDTA, 2.01%.

The bacteria were cultivated in test tubes on a reciprocating shaker at 30T for 50 hrs.

—, No growth.

)zl 9S FAME Z3KTable 3), (NH,):HPO, 2} K,
HPO,®) E3EANAN 718 F%on, 3 o] EFE
Mz AL2AT AAE S FAY TFE & oA Feld
FEdez AAHAT. FAFH M & (NHo),
HPO,9} K;HPO,8 EFEdA Y FAReEE AHE 2
= Table 49} #o] 0.1%= vtehdt)

5) S&olee] 9%

FEolZo] dAFA A= FFqE AES Ade
Table 37} o] Mg} Ca¥t o]&-& A3 ez
FEO|2ES AAZAE AMSHL M

& gt HrhElA g wrt #AF 2 7 4
B Ao 7128 A 9] mineral solutions #H7}3H
@J% TAZAE AAA B 739 FHd= Mgt 9}

a?t ol olfl9l E Fole9 e ¥
Zigi vrebstct. §898 Cellulomonas flavigena®) X mi-
neral solutione] wAZ2d) &7} Ui Kusdct
Mg? 9} Ca?* o) &3HE9 Hvtaxg AsE A,
AR ELEE 001%2 UERGTHTable 4).

6) NaCle] 43

NaCle] @#|Z4ol A= TS ZALE

i)
B
i
-—
®
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Table 4. Effect of various component on the growth of Cel/lulomonas sp. KL-6

Component Concentration Cell growth Component Concentration Cell growth
'(%) (OD 660 nm) (%) (OD 660 nm)
Sucrose 0.5 0.73 Mg** + Ca2* 0.005 0.82
1.0 0.68 0.01 098
15 0.65 0.05 0.87
2.0 0.64 0.1 0.78
Yeast extract 0.01 0.51 NaCl 0.1 0.72
0.05 0.60 0.3 0.77
0.1 0.74 0.6 0.81
0.3 0.79 0.8 1.00
0.5 0.84 1.0 0.90
1.0 0.74 2.0 0.79
(NH,).HPO, 0.01 0.42 3.0 0.35
+K.HPO, 0.05 091
0.1 1.04
0.5 0.40
L5k 8.0
§ 1.0
s 10 = 50+
2
g o5k 5.0
= L0+
0 I § |
0 50 6.0 7.0 80 9.0 100 10°
| Hediun pH | =
0.0 | | 1 i 1 "?‘g
I P
Cultivation Temp.(TC) =
Fig. 2. Effect of pH and temperature on the cell gro- 1008

wth of Cellulomonas sp. KL-6.

®—@, pH; O—0O, Temperatuare.

Medium, sucrose; 0.5%, yeast extract; 0.1% (NH,),HPO,,
0.1%; K.,HPO,, 0.1%; MgSO,-7H,0, 0.01%; CaCl,,
0.01%; NaCl, 0.8% and cultivation time; 50 hrs.

ble 49} 2t} 0.6%2} 0.8%2] NaCl H7}Alo) 9k H7}a}A]
etz vlwste] 4zt 5%sh 13%9] FA ol
Z7HE A 29)9f FEANAM e TAFA ] AAH A
7) pH 2 259 4%
A Z2 HAA w)A(sucrose 0.5%, yeast extract 0.1%,
(NH).HPO,, 0.1%, K;HPO,, 0.1%, MgS0O,-7H,0 0.01%,
CaCl; 0.01%, NaCl 0.8%)E AF&-3le] TS o) v x|

Cultivation tine(days)

Fig. 3. Effect of calcium carbonate addition on the
pH stability and cell growth during cultivation of Ce/-
lulomonas sp. KL-6.

-0, 0% O—0, 01%; A—na, 05%; O0—0, 1.0%.
Medium, sucrose; 0.5%, yeast extract; 0.1%, (NH,)HPOy;
0.1%, K,HPO,; 0.1%, MgSO,-7H,0; 0.01%, CaCly;
0.01%, NaCl; 0.8%, pH; 7.0 and cultivation tempera-
ture; 30C.

pH 2 259} 43S 43 & 4= Fig 29 20 KL-
£ pH6.0~9.074A2) wmwd W Mo
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ZF4E oY, pH 7.0~7.2904 7} £93 pH 4.0 ©]3},
pH10.0 o]@dAe FF7t AR Eddch 2Ee
30~35T oA FATHol 7P Fhem 1 ojdd &
T Ae AFe] 50T ojddlNE FFI A=A E
3t AR Q) Cellulomonas sp.©] pH @ &%) EA3}
4A 3o

8) CaCO; #7}a 3}

TAZF 4 JF v Al(sucrose 0.5%, yeast extract 0.1%,
(NH,).HPO, 0.1%, K;HPO, 0.1%, MgSQ,-7H:0 0.01%,
CaCl, 0.01%, NaCl 0.8%, pH 7.0)9] CaCO; #7}7} pH
Zgas ¢ 1o w=v FAFAY HiE AHE
AR Fig 3% 2o CaCO, B7b= wjokale] pHE
FA/MEG w2 vldEle 4, #AXA pH 3
stazyt dAHJen FALe wWE 2d9A7AE
CaCOy7t 9 MAA @R 1 o]F o T3l
A AT A8 Zasg ot CaCO; HrtAlde
FAFE FARAS. A2t CaCO; H7bsmst A
Z2e B3R Yol ozl SCP Aatel pH £33
AZ 01%2) CaCO:; 77t fKelde & F 3t ofe
w) &} 1197} Cellulomonas flavigena KIST 3219] v %A
pH $3A1Z 01%9 CaCO:& A7I AR AR89
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Isolation and physiological characteristics of cellulolytic bacteria
Oh-Jin Kwon* and Yung-Gun Chung (Department of Food Science and Technology, Yeung-
nam University, Gyongsan 712-749, Korea)

Abstract . Three hundred and one cellulolytic bacterial were isolated from the 148 scree-
ning sources such as decomposed wood, soil, compost and leaf mold. Among them, strain
KL-6 was found to have the highest of cellulase activity, and identified as species belonged
to the genus Cellulomonas. Strain KL-6 was decompose up to 90% of the filter paper
(whatman No. 1) substrate within 50 hours, and showed the colony halo formation (11 cm).
The activities of CMCase (67 unit/mf), FPase (70 unit/m/) and B-glucosidase (0.68 unit/m/)
were obtained when this strain was cultured for 50 hrs at 30C. Glucose was not found
in detectable amounts at the FP medium. The optimum composition of nutrient medium
for the cell growth by strain KL-6 was sucrose 0.5%, yeast extract 0.1%, (NH,),HPO, 0.1%,
K,HPO, 0.1%, MgS0,-7H,0 0.01%, CaCl, 0.01%, NaCl 0.6%, CaCO; 0.1% and the optimum
pH and temperature were 7.0 and 30C, respectively.



