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Purification of Cellulase Produced from Cellulomonas sp. YE-5

Chey, Dong-Cheol, Nam-Youn Hur, Ju-Hyun Yu and Doo-Hwan Oh

Department of Food Engineering, Yonsei University,
- Seoul 120-749, Korea

An extracellular cellulase producing bacterium YE-5 was isolated from soil, and identified as a Cel-
lulomonas sp. by its taxonomical characteristics. The maximal activities of avicelase (0.35 units/ml),
CMCase (3.18 units/ml), FPase (0.315 units/ml) and g-glucosidase (0.882 units/m/) were obtained when
this strain was cultured for 48 hrs at 30°C in a medium containing 0.8% (w/v) Solka floe, 0.06% (w/v)
urea, 0.1% (w/v) KHPO,, 0.1% (w/v) MgS80,.7TH,0, 0.2% (w/v) bacto peptone, 0.2% (w/v) yeast extract
and pH 6.5. The cellulase was purified by ammonium sulfate fractionation, DEAE-Sepharose column
chromatography and Sephadex G-100 column chromatography from culture filtrate of Cellulomonas
sp. YE-5. The molecular weights of purified avicelase, CMCase I, and CMCase Il were estimated to be
about 95,000 ~ 105,000, 46,000~ 47,000 and 120,000 ~ 125,000, respectively.

%—'ﬂ ol tﬂﬁﬂ vl

A~ Y
R

0}04 SCP (Single

Cell Protein)v+ < ol-g =l w4

44k 5o A

o] o2\ 7x] we °d:rL7} Basw ot
Afas 2 F Qe Aldoles Cellulomonas
(1-9), 2 (10-12), Clostridium &
(13-16),  Cellovibrio % (17,18), Acetivibrio % (19,
20), Cylophaga < (21) &°| LA glem o]Ee]
BAFste  cellulase +  avicelase (exo-1,4-8-glucanase,
EC 3.2.1.91), CMCase{endo-1,4-g-glucanase, EC
32.1.4), pB-14-glucosidase{cellobiase, B-D-glucoside
glucohydrolase, EC 3.2.1.2) FoNA ZAA cellulose

Pseudomonas

Key words: Cellulomonas sp., avicelase, CMCase, §-gluc-
osidase
*Corresponding author

376

£ H3sle  avicelase (8-1,4-D-glucancellobiohydro-
lase) 7} chH-H-o]li  cellobiose v} short chain cello-
oligosaccharide% 2 5l= B-glucosidase 4 §17
v Fhbolof wlal wlekgt Adeg ¥y vy, et
A2 viokA|zke] g ofatake] How] gAa =
zto| Lolstoz Alfel & Faol Mate] HAl fe
b, wlebr] H& A9 avicelase 8 B-glucosidase
5 A = gl Alite] Aite] Mo g Fck,

B Aol okt B FolAM A4 RREE o
B3t o] #5 F cellulase AF4kso] 7}

2 948 5 Adstel AT, A wozds
ZAEZ F, o] HF7} MARHE avicelase, CMCase L
g]3 B-glucosidase & FH sk,
ME o 2y
AR xiatMZel 22l
AFas Astshe Ade 25 2458 WAL,
gu], Bl HESG B YukEek 5ol AEdA B
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TAE Ala o 1gH¥E FHslel T Ay AYG4s 5
mioll e T F 60Tl 1027 Helgk § A5
ImiE ®AflesgA oA#xE AR Helfux
(isolation medium) 5m/ ol &£l 30CoHA] o A
74 b3 FallE wizbx] Zebefokslglend, o] wljoko
+ swollen cellulose 7} §¢] 2+ AlHH#RA] (selective
medium)ell H3ufokste] clear zone & ¥Ash= col-
ony = F3l CMC gl sl =] (CMC -agar medium) ol A
e eFstel BEEGI (Table 1),

Mt AsMEe S8

Fele] AL “Bergey’s Manual of Systematic
Bacteriology” (22)oll wet 7 A8l

wj ke BA2 A wiokEs, A4 874, peptone
-veast extract ZHH¥|X|AtNAIL] colony FEf o A
selzte| ok HEINew, FF¢ Fe= scann-
ing electron micrograph & #3593, gram -
Hucker & ®lo 2 g)3lg

A Z¥ 2] amino acids 42 T4l 5mg$ sonica-
tion 3k & zba YAEEE 3l Alxy AR Ee
gled 6N HCl Imioll #EMA[Z 5 Hald Alg Il A
120C 2. 18417k &)k 7Fd, HAlEelstd A A
glan o] 5 4xs] AxA|Z g 4Lzke] 3aF FR
=0 amino acid analyzer % F-435110}(22),

Al el monosaccharides #4& A9 BAA8
S0mg -2 2N H,50, 1mieol sHerr|7 dalx 4¢3
A 100C=E 2417 FoF 7Fdska, 23 Ba(OH), &4
22 pHE 6.0 Ax=2 FT3X|7] F sample & A28}
HPLC & AHE-sto] S48kl (23),

ante] AeH 542 dubA]l A vl ael 24

shaivt(24),

Cellulase &4 £%

Avicelase &M : 295 (w/v) avicel @EFE 1ml ¢} 0.1
M acetate buffer(pH5.5) 1miel] EA4H 04mlE 7}
B3l 45CellA 60-+7F A EREEA1%] 3 100CelM BF
7F 7hdsled w5 AR AlA Aol kel of&
DNS ¥ (25)-2 ©]-$3lod 660nmolA §Hx 2 FA513
o},

Avicelase & lunit+ 15 &9 1 umole & glucose
£ A sl G4e] ko g skt

CMCase 84 : 29 (w/v) CMC £k Im/2t 0.1 M
acetate buffer (pH5.5) Im/ol] &4 02m/lE 713
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Table 1. Compositions of medium used in experiments.

WYEFPISMF v ks
————.

Medium Composition (per liter)

Isolating Filter paper (Whatman No. 1) 10g

medium (NH,), SO, 1g, Na(Cl é6¢g
K-,HPO, 0.5g, KH,PO, 0.5¢
MgS0,-7TH,0 0.1g, CaCl, 0.1g
Yeast extract (Bacto, Difco) 1g
pH 7.0 (adjusted with NaOH)

Selective Swollen cellulose 5g

medium NasHPO, 0.65g, KH,PO, 0.9¢g
NaNOj 1g, MgSO,-7H,0 0.5¢
Casamino acid (Difco) 0.5¢
Yeast extract (Bacto, Difco) 1g
Agar 18g

CMC-agar CMC-sodium salt (Sigma) 10g

medium Yeast extract (Bacto, Difco) 1g
Peptone (Bacto, Difco) 1g
Agar 18g
pH 7.0

Basal Avicel (Fluka) 10g, NaNO; 1g

medium Ko,PO, 0.3g, KH,PO, 1g

Mgs0,-TH,0 0.5g, KCI1 0.5¢
Yeast extract (Bacto, Difeo) 1g

I 45Tl A 30-7F vzl & 100CAA 5871 71
shod ubg—& Ax| A vk, et Ak wl g49] unit 4
A2 avicelase ol M2} 4314 st}

Filter paper activity(FPA) @ Whatman No.1 filter
paper strip(0.5X12.0cm)5 0.05M acetate buffer (pH
55) 2mle Wi &4 0.8miE 7Fsked 45CelA 60
b vbg-A17] & 100ColA 58 7 sl WS A

2 Ao, elgd Ak 2l 349 unit 2L gvicelase
off Ao} LA P35kt

2o ¥ o

A REtAIRe] 22

2,000 HAF2] Bk, B ol A8l Fuld sy
of ARANE 727 ol el A FF«)7|= 65 FF
E wEskdct, o] T AulR] AdolA A & clear
zone & WASH, Z|EwixlolA ekl &tol-g ] 7}
A %2 cellulase 4% Vel YE-58 &l&sle] 2
ARATE S

i

ol
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Table 2. Comparison of characteristics of strain YE-5
with those of Cellulomonas species,

Characteristic Cellulomonas Strain YE-5
species

Cell morpholo
TPROEY 0.5-0.6x2.0-4.0 0.3-0.4x0.4-0.8

Size (pm)
irregular rods, irregular rods,
Shape
some coccus forms some coccus forms
Gram stain + +
Motility + +
Growth on
Fig. 1. Scanning electron micrograph of Cellulomonas peptone-yeast erate Hoderate
sp. YE-5. extract media
Colony shape opague, Convex opaque, convex
Me s x|l S5 Colony color yellow yellow
AYFE YEHS 272 0.3~04X04~08um<el  Oxygen require
7HFelm (Fig 1), Hefshd 4, siot54d o Ae]3 ment
54 Table2% 2ok AlZ¥ amino acids ol += Strictly aerobic - B
Cellulomonas %2) 5432 ornithine o] & stedl 2 Facultatively X .
aspartic acid & glycine o] £283F 8b lysine -2 &4 aerobic
sha) siatel. Strictly _ _
A3 monosaccharides 42 glucose 7} T8 ANaerobic ‘
Aaolgl e galactose & SR gk, Cel W,aﬂ ,Centams + +
o] Abal 2+o AHu e “Bergey’s Manual of Systematic Om?thme
| , | s L Liysine — -
Bacteriology” ol 48] Celinlomonas <21 E-A2 A2 Glycine - ~
o f‘l ?'5}"3.1“9_ o zp3RAde] QA A|Ele Fo] glleBmE E Aspartate ~ ~
A FE2 Collulomonas sp. YE-5 E FA3vE(22),
Glucose o +
gc_lxi HH:::!:’N,J'-I g_[ HE Galactose - B
oohesmeET A Mycellium
Initial pH 2} BHL2E2] P vjz|2] pHSE 4.0 production ) i
~10.0 ¢ =&l wlickdll-g o pl{65el4  avicel- Acid from
ase + FWMZA, CMCase &= 94% o AL e} glucose + +
wWolr, pH7.00l4 avicelase & 919% 2| Abch A, Catalase activity . N
CMCase & 2243 vehHolom g cellulase A4h Hydrolysis of
2 pHE 65& ZAs, wlod2x9 A3k Starch
Cellulomonas 52 | ABi2Z 30ColA A4+, Celatin +
avicelase % CMCase ZH4fo] 2o)g el 3t Nitrate reduced to
EtAQlo] A%k Solka floc(control), avicel, filter nitrite + +
paper, CM-cellulose, cellobiose, glucose, starch, xylan, Growth factor
lactose, cotton &2 BFAME 1% (w/v) = A zZH2 27} Biotin + +
slo] cellulase 2] 48 Z &3k 73, Solka floc 5 # Thiamine + +
7b-E o avicelase, CMCase % g-glucosidase ¢ 2 Optimum 20°C 20°C
Aol 7hab =9ki, avicel & A7FebdE v avicelase temperature

609%, CMCase 729%, B-glucosidase 819 & Al 2%
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vebHodch, =3 glucose 2F cellobiose & #H7}gF 7%
ol = avicelase 2F CMCase Aol vfehiz] ¢lgko
B-glucosidase 2] F4 % Solka floc A 7F4]ol #]3H 109
Welz ubA velwdeh, o= Cellulomonas uda & 73-%-
avicel & 2% H71eted & ol avicelase #F CMCase &4
o] Ztigth= Nakamura ¢} Kitamura(l), Choi 5 (6)
-‘5’4 Hagk= ztelzb Qldlent,  Cellulomonas uda 9%
Cellulomonas sp. 21 7% 1% @ glucose ++ cellobioge
5 H7isieds ol cellulase & #Ade] viehtz] ¢towd
0.1% 2l olucose #  cellobiose & #7139 S ol x
cellulase 2] 2H4de] 27 oAll%]1= catabolite repression
o] elefytri= Nakamura ®F Kitamura(l), Stewart 2}
Leatherwood (5) % Choi 5(6) B et dalslodch,
ghi, Solka floc @] HH4FEE 0~14%(w/v) ¥
oAl HEI AR, 2 7“-'—‘3%‘5—-% 0.8%(w/v),§ eRgto.
o, avicelase & o] wi¢ L oz izl

Na 1<3mur89]r Kitamura (1) Cellulomonas uda & A

A avicel FE 2%l visfAs AHA o 7 = e ghe
Hodret,

EHAaglo] A Avicel Al Solka floc & 0.8% (w/
v) A7HE 7188 A]el sodium nitrate (control), ammo-

mum sulfate, ammeonium citrate, ammonium oxalate,

ammonium chloride, ammonium nitrate, ammonium

acetate, sodium nitrate, peta%%ium nitrate, urea 54

elase, LMC’RSE ‘?’.] 8- gluaomdase E““Ol ?F*'L Eglo
Uﬂl ammonium acetate & W7y A% 709 o] Ake]
gHAlE ol

gl 0~0.12%(w/v) & ureas #Hrlsle] 7HES 4
o 0.069% (w/v) M’i avicelase, CMCase % g-glu-
cosidase ZHrh 2435 ehd| o]

ﬁﬁ%"%ij-l A&t Solka ﬂoc 0.8% (w/v)2} urea

6% (w/v)E Z7hgk 7] 2wl Zl o bactopeptone,
pmlvpﬁptom veast extracl, casamino acid % ©]&2]
TEAES 01% (w/v)ElAl AHrksked cellulase o #A4E
AEslgdh, 2 73 bacto peptone & veast extract
Z 1 1(by weighyy & M7}sled s o] #HolgA] S wg
om, hacto peptone ¥ yeast extract ¢ 1.1 £t
= 0~1.09%(w/v) el dristed I HEZ
2} 2 En s 049 (w/v)ol e,

BIlEel dsk: Solka floc 0.8%, urea 0.069%,
bacto peptone 3} vyeast extract 1.1 E35 0.49%
KH:PPO,, K,HPO,, KPO5 0.19% =1A -2 H7tsh A
EgF At Flvist Aol Mofzr] ¢istent K,HPO,7}

Y, ooy
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Fig. 2. Time course of the cellulase production under
the optimal culture condition.

® . Avicelase activity, & : CMCase activity,

®: /A -glucosidase activity, and ©: Dry cell weight.

7bA Fokovw], 0~0.35% AlolollA HEZ A3} =¥
v 01%el 3l v, MgSO,-7H,0, CaCl,, FeSO,,
ZnS0,, CoCl,, CuSO, 55 AHg3slod cellulase HAloll
gt 2% iono 3L Z1Ed A¥, Y[Eefx] A<l
MgSO, - 7H.O 5 Aj2|gt He{z] F7]94 7+ cellulase &
2433 Al skl o,

MgSO, 7H,0 8] 7% avicelase @ #HA %= 0.1%
(w/v), CMCase T 0.15% (w/v)elgiev} 271x] f4
5 0.19% ¢ 0.15% ol F Ale]dE Hojz] g}
MgSO,-7H, 0 &l #HAHF5E 5 01%(w/v)2 ZAAsiad
t,

HHQEA|ZHO) e HEE : Solka floc 0.89, urea 0.06%,
bacto peptone 0.295, yeast extract .29, MgSO,-
TH,0 0.19%, K,HPO, 0.19%, 30C, pH6eb 2 AAE
Hef R 5 ARE-Sled cellulase AJ4toll o dh wiekA)zie] o
S HESE A (Fig. 2), avicelase © 2 Yolj4] 23
s Vel Sl em 2 o] Abe] wi ool A o] FA 3
2baslelth, ol Stewart @ Leatherwood (5)7} 3.2
gL Celiulomonas sp. &l 73248} 7ro] cellulase 2 -l
AHE-9] cellobiose E‘-l ;ﬂoﬂ oiglk #sfzh-8- wi-Folz} A
ksl CMCase + dofl 4 el 445 Belom 8
Drka] Hel Al %l”‘ % A 3kE T, #-glucosidase
= 2~3 ol AAHBAHZ ePHG 2 {43 FHAs)
of 8ol 309% A= FrAasidct, o] 4] F-afjakEal
A& o] A E whe wFeojet Adzbs]olct,
ol e{ gl AN F & Cellulomonas uda 7% 8 4 31
CMCase & 48~80 2]7keliA 2 Z 43 viehlg] ov],
B-glucosidase & 30~80 At A H| AL Vel

glucose 7} 2
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Table 3. Optimal culture conditions for the cellulase . 0‘
production by Cellulomonas sp. YE-5, - 6'5 "
=, O . . - -t
6.0
Medium compositoin ~ Solka floc; 0.8%, urea; 0.06%, o~ 3
K,HPO,; 0.1%, MgSO-7TH,0; & {70
0.1%, Bacto peptone; 0.2%, % 6 E 10.8 %
Yeast extract; 0.2% E =
S 4} &0 so
= 2
Temperature 30°C .= 9 % 5
= .
Culture time 48 hours o > g
0 o ~Jo

1 2 3 4 5 6

= Nakamura @} Kitamura(l), Choi 5(6) 2|1 Culture time (days)

oo .74 12 e P, Frmstton ol of Gl . 4
ol el ek A HH:Z] (Table 3)& AH&-5ted wijef o Dry cell weight, and m: pH.

AlZbefl g vz e] e cellulose & o, ‘#7"45’”] 34

@&, pH %W &2k #Al= Solka floc & wiF 1% # eiokeh (Fig. 3).

Bl 5748 Txr} 44E7] Alaste] 4 45 A

= TABFen], /B2 Solka floc F52] FhL 2o 22| A HA|
SHA| -“7F'5P?«i-‘3~‘:’4 4% o|FHE= LA 35075 Column chromatography : Cellulase A4 2= =713}

g/l)e %G, o i eEA 7wl o] wHskE H oA Cellulomonas sp. YE-55 vloFsto] uferel-2- 9

Table 4. Summary of purification of avicelase, CMCase and S -glucosidase,

— — — w— - —— — i
— o rrm—— it — — — i —

Purification Step TP TA SA Y PF
Avicelase 6,160 501.9 0.0815 100.0 1.0
Culture
CMCase 6,160 4,995.6 0.811 100.0 1.0
supernatant ,
B -glucosidase 6.160 1,209.6 0.196 100.0 1.0
Avicel 1 27.4 0.2261 85.2 2.8
60% (NH,), SO, vicelase 390 4 5
_ _ CMC(Case 1,890 4 .079.7 2.159 81.7 2.7
fractionation .
g-glucosidase 1,890 3999.6 0.5629 82.6 2.7
Avicelase 121 81.3 0.6719 16.2 8.2
DEAE-Sephar- CMCase 226 1503.7 13.671 30.1
ose chromat- (CMCase I) (121) (679.5) (4.789) (11.6) (5.9)
ography (CMCase II) (105) (924.2) (8.802) (18.5) (10.9)
B -glucosidase 105 191.4 1.823 15.8 9.3
Avicelase 53 43.2 0.8115 8.6 10.0
Sephadex G- CMCase 50 489.6 19.087 9.8
100 gel fil- (CMCase I) (21) (168.3) (8.012) (3.4) (9.9)
tration (CMCase II) (29) (321.3) (11.075) (6.4) (13.7)
B -glucosidase 24 109.2 4.550 9.0 23.2

a) TP: Total protein (mg), b) TA: Total activity (units), ¢) SA: Specific activity (units/mg), d) Y: Yield (%), e) PF: Purifi-
cation fold
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Fig. 4. Patterns of purxfwd cellulase on SDS-
polyacrylamide gel electrophoresis.

Lane 1; Avicelase, Lane 2: CMCase I, and Lane 3: CMCase
I1

ARglsle] Algolg ol oE ammonium sulfate
(609 23y w ) G451

B elsled sl & 4gke] 0.05M Tris

buffer (pH7.0)oll 54 5% buffer 2 24 A|7F FA3

0.05M Tris buffer(pH7.0) 2 2 3 & A 7]

DEAE-Sepharose column(«il.SX 28 cmyol] FEAlz] 3

24

%

SRR
¥4 oﬂ -5

NaCl & gradient % (0.4M)£- 3lod 6m/iH 23135}
Al ion exchange column chromatography 5 8l s}

=

2 743 avicelase & fraction No.68~128, A#-glu

cosidase & No.100~184 AlojollA] ztzk A pegk
2 dalst £ 9jglern], CMCase v No.70~108 2} 108
~198ol| A He|%H-8 o 4 glelem] olF CMCasel,

CMCase T2t ==slodet, o] ZA3=  Cellulomonas
flavigenia &% Cellulomonas sp. 7¢ A= 5 714
F 9] CMCaseol 3 Kim# Wimpenny (9)2t
Beguin 5 (3)8] 2.1} #AFSEoAH

lon exchange chromatographyoll4] 242 del
fraction & = avicelase 2t CMCase I, CMCase 11 2}
f-glucosidase F F%o2 vh5o 7zt gel filtration &
Psteder, F fractionT 0.06M Tris buffer (pH7.0) &
HYAl#l Sephadex G-100 column (2.6X105¢cm)ol 7}
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Fig. 5. Molecular weights estimation of purified cellulase
by SDS-polyacrylamide gel electrophoresis.

A: a,Macroglobulin (MW 180,000), B: Bovine serum albu-
min (MW 66,000), C: Egg albumin (MW 45,000), D: Glye-

eraldehyde-3-phosphate dehydrogenase (MW 36,000), E
Carbonic anhydrogenase (MW 29,000), F: Trypsinogen (MW
24,000),

S1: CMCase 11, S2: Avicelase, and S3: CMCase 1.

stan F buffer & £54A1A4 4m/ A F&sigdct

1 732 avicelase o CMCase 12 77 fraction
No0.30~60, 80~100 AfelellAl Fe|sjoiom ]l
0.8115, 8.012units/mgeleier AAlz+s 100, 9.9 -
oleic} (Table 4),

CMCase I1&} g-glucosidase += fraction No. 42~58,
78~100014 Feixolom W[ gL 11.075 4.550
units/meg, AA %+ 137, 23280 o]k (Table 4),

SDS-polyacrylamide gel TI2|HE 9! EXl2t £ 1 &
ool AL gelslr] $sled SDS-polyacrylamide A
7|95 s A Fig. 49} 7ol avicelase, CMCase
I, CMCase I+ Z72 w9 band & WEbEo g-
glucosidase% tld  band & ‘”7«1 E-“E?}Qﬂdr -2}k
2 ARdsled RAE
ﬁﬁ;ﬁl g_—.x}ec-,hg ézg-ﬂ 2 7214» Fig.wmﬂr 7o
avicelase == 95,000~105,000, CMCase [ & 46,000
~47 000, CMCase 11 3= 120,000~125,000 *}o]8] 2=}
2 e, o] Z3e Nakamura 2F Kitamura
(2)7F 218 Cellulomonas uda @ avicelase -HA1gk
66,000 #H& 52 AbelE R 2wt Beguin 5 (3)0] 1
8t Celiulomonas flavigena 7¢ A4 AV8ke 7 71z 42
CMCase =}k 118,000, 49,000~52.000 == A&} o
x84
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Bk BB SellA Ars AEEe] e AliE 2
gistir o] % % cellulase WAkso] 7} 438 F
F5 AWl Cellulomonas sp. B FAsMAch  Cel
floc 0.8% (w/v), urea 0.06% {(w/v), K,HPO, 0.19% (w/
v), bacto peptone 0.29% (w/v), yeast extract 0.29% (w/
v) 282 MgSQ,-7H,0 0.1% (w/v)elgler], ojz]3}
wi A5 AREsled  30Col A 48 A|7F el ksl &
avicelase, CMCase -12 3 f-glucosidase & ZF
0.350, 3.180, 0.882 units/m/ & A el Qo) wjck
DEAE-Sepharose

——t

2 B o

© 2 8¢ ammonium sulfate A,
%! Sephadex G-100 column chromatography & %3
Aol e, AAH avicelase, CMCase [, CMCase II
AL eF 95,000~105,000, 46,000~47,000, 120,000
~125,000 &2 27k =459}

v g
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