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Cellulomonas sp. CS1-122 {E{2| p£-Glucosidase2|
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Biosynthetic Regulation and Enzymatic Properties of
B3-Glucosidase from Cellulomonas sp. CS 1-1

Lee, Hee-Soonl, Kyung-Hee Minl', and Moo Bae’
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8 -Glucosidase of Cellulomonas sp. CSI-1 in cellular compartment was localized with cell-bound
form while Avicelase and carboxymethylcellulase (CMCase) were appeared with extracellular en-
zyme. Cell growth on cellulose or CMC minimal broth was increased by glucose addition. B -Gluco-
sidase production on cellobiose or CMC minimal broth was repressed by the addition of glucose.
However, on CMC minimal broth, the enzyme production was specially stimulated by cellobiose ad-
dition. g-Glucosidase production was also induced by CMC, starcth and maltose compared with
glycerol, arabinose, xylose and trehalose. From the above results, it was concluded that glucose ef-
fect on J-glucosidase biosynthesis showed catabolite repression, but enzyme production was induc-
ed by cellobiose, CMC, and starch, indicating that 3-glucosidase is inducible enzyme. Yeast extract
stimulated J-glucosidase production more than peptone and ammonium sulfate. B -Glucosidase
activity was increased with 50mM MgCl, in 10mM potassium phosphate buffer (pH 7.0). Optimum
conditions for enzyme activities were pH 6.0 and 42°C. Km value of §-glucosidase for p-nitrophen-
yl- B -D-glucosidase was 0.256mM and Ki for 5-D(+)-glucose was 9.0mM.
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B-Glucosidase + 4] &, fungl, yeasts, bacteria
9} FEY 237 Fol £F=o| v}, Fungi® F¥
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—;!\‘0
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of ojall o]l LuEUt(16),

£ AgolAde ofd dFst EHogx @
Cellulomonas sp. CS1-17} ABAslE B-glucosidase
o] 34l vl glucosest FrkAl wol dd-g 3
Asto g4  catabolite repression®  inducible
A E ARz dhe, £ 7] e
w2 B-glucosidase B4 B 29 48 E4&
ZA sl A} gt

enzyme
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2 Aol A3 T cellulase ATl
Cellulomonas sp. CS1-1(3H=-33ak7149] $-8voj4

Z AF)E o] &3] p-glucosidase BATFLZ A

gahoich,

B X

B-Glucosidase Mt F el BZE 3 uil:
g-glucosidase A4hit-& ¥E37] A8l potatocel-
lulose agar ¥iz]|& 121°CeollA 153453t 71 473
%3 &¢ HFsh 30T 297 wfoFsled 2l
‘fM(l?).

B-Glucosidase AAMT 9] ¥k CMCE #7Had
minimal agar ¥|*|el| vitaming %7}k vzl 3}
Ak, wfokg wixe 2AE g 3o,

CMC minimal medium® (NH,),S0, 2.0g, KCI
0.5g, MgSO, 0,5g, K,HPO, 1.2g, KH,PO, 0.
14g, Fe,(S0,); 0.01g, CMC 10.0g% 1.9 S/
off Zalsled Addd & 1ml #
7}k et

Vitamin solution

vitamin solution-g

thiamine 10mg/ 10 m/{ 3%

L.
o=
o o
fal _g_o}]‘ =

biotin 1mg/ mi< =<l =73 membrane

filter2 o 3}3ted AL&3heic),

= Ui
Cellulomonas sp. CS1-1¢] culture slantZ +-¥
lloopE HTE CMC wiekg wizlol HFste] 30C
ol 4] 297} RlEtuljekste] o] A& seed culture® A}
LA (17).,
'ﬁf vl okg $lsl CMC wlokg wiAjoll seed culture
1% A% 3ked 30CelA] A" wioksladet,
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A vtz 2L wwleow wWEE CMC W
vl zlef seed culture 19%35 &3t 30°Ce A
wjokslo] A|zlwiz AAE wjokol g 2
23lgieh, 7] & FAE 10mM potassium
phosphate buffer, pH7,09] @etlS ul5o] tjy

AAEesgct, 1A AAES 10mM potassium
phosphate (pH 7. 0)oll 5mM MgCLE A 7}3l buffer
2 detdg ghETh, o] £oUg cellbound-B-g-
lucosidase RE 42 AFE35}g o},

B-Glucosidase®| sonicated extract™= chg-3 72
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CMC vjokg- uijz]= 30CA A wlokat 3 AR S

(10,000 rpm, 30%, Hitachi 20PR-52) AAH F
HAE Fo} 10mM potassium phosphate buffer(pH
7.0022 §F A AAsn FA bufferz §FHE
#eta)7] 2 sonicator (Blacktone Ultrasonicator BP
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B-Glucosidase®l &4 83 EAg ZAslr] $3)
of AFEE TARHE 9o oS ( WP SO4 70%
2 Z3AAA 10 mM
potassium phosphate buffer (pH 7,
Akl AREsEATh,
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= p-nitrophencl (PNP) 2] <F& 420 nmoll4} A3}
Ak,

4 FAEY lunitE 1259 1gmoled] PNP
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Wood(19)9] uiel| wa} CMC(Carboxymethyl
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Avicelase &H
Wood and McCrae(7) 4]
Avicelase activity® A 5F

el olsto]

% o oy

Cellulomonas sp. CSI-12| celiulase A|ZLH2{2
E'S
Cellulomonas sp, CS1-1% CMC (Carboxymethyl
cellulose) vk wfxlo] seed culture 1% AH%E3}
of, 30CelA 297k =etufjofale] AlEefsidet,
7| A od& Agalzn A detls FaYdor A
L3519 filter paper, Avicel, CMC % PNPGE 7]
A2 3ol FPase, Avicelase, CMCase,
side®] #4-2 FA38kocH(Table 1).

el Az g-glucosidaser cell-bound form
o zul AAsglord cellfree supernatantoll= A
3 BAol gl ul ol & CMCase, FPase,
Avicelase #4-2 cell-bound =lo1A] gigter] A

HI

B-gluco-

2 extracellular formo.2at A=), o] A=z
Hol AdfiAE Hasle 4 AT Fels
o, AlZdE #4521 ¢ e HEA 71AE Bl
¥ Z4E cell-bound forme 2 &A8E &4 + 9
ol
PA

Azl ojxle el Hg

Cellulomonas sp, CSl-1¢] FAAAEL 0.5%

cellobiose g A2} CMC i okg wxlolA A
72 woksle] wia AR

Aol A2 cellobiose 0,5% ¥l #ix| 2t
Y iAol glucoses H7F3E wiRlollA =4 e}
wel, =3 CMC #H4wjzlol sh5 wlokdt
glucoses Arpstdcivl @AsAl o Aol &
3

ojakel A2 A glucose: cellobiosert CMCXH.c}
T4l 7hd 44 dFde o AEe A

3

Table 1. Cellular distribution of cellulolytic enzymes
from Cellulomonas sp. CS1-1.

Enzyme Extracellular Cell-bound
activity (unit) activity (m unit)

Avicelase 0.014

CMCase 0.162 0

B -Glucosidase 0 2.5
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Fig. 1. Effect of glucose addition on the growth of Cel-
lulomonas sp. CS1-1 in cellobiose (0.5%) minimal broth.

ot FL}e ¢ 4 ol (Fig. 194 Fig. 2).

B-Glucosidase 42} catabolite repression

CMCase Aol glucosert o sHAMAFES ok
oo #7}8l91-8 7% catabolite repression FAHo]
VelSo] B3 Eglomg (20, 21), £ AFolAE
B-glucosidase FAolx o|Ze Hgs WerlE A
Esluz} ot

Cellulose ®f oF§ wlA oA &% wiokgt F

Control 0-0
1.5 | Glucose 1% o~~~ —\Q:
0.5% 0-0 z
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£ L 0.5% e - ®
£ Y L%m-n \\\
g T~
< N
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; 0.5+ \I’\. i \\\\ R
3 7 <
0 1 2 3

Culture time (days)
Fig. 2. Additional effect of glucose and cellobiose on
the growth of Cellulomonas sp. CS1-1 in CMC (0.5%)
minimal broth.
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glucose® 0,1%, 0.5%, 1%2 #rlste] Alfos
HE g-glucosidase WAL =43 A= Fig, 30
A BodFs gleh, =&k 0.5% CMC &4zl 3}
F 75 wlokgE 3 glucose®t cellobiosedE 7
1%, 0.5%, 1%% AH7isled A7bE= wioksiniA
A-glucosidase®] BA-& FA3cH(Fig. 4).

2 A3 g-glucosidase2] HAdo] cellobiosed #
7hetolgs A= FrlekedAlual, glucosed AH7FehA

e v__f'ﬂ AR HuEE F40 AR

L71— 0.

3
o} A9 cellob1ose‘4 CMC #zAs Ao glucose H
7kl &J3dted g-glucosidase Aol HAH AHzs

galactosidase®] 749} 59U glucoseol 2|3t
catabolite repressions ®BHerls AlAo]  ElalE gl
.

gl 1 of cellobiose ¥ inducer 2 % & 3} o

B- gIUC051dase FAdol F71sl 2 B-glucosidase
4] inducible enzyme®] $H¥ 7o g Algxlc},

Trichoderma viride® 735+t cellulase®] 4
sophoroseel] 2l3l FE5% 0w glucoseds FEHER
H74sted e wlEoh glucosed BRI oA
cellulase 4ol ®E 7oz oefzch(Nisizawa
5, 21),

o] BAz A% B-glucosidase FH4el glucosed
ofste] AR AL Trichoderma viride? cellulase

ol AAsle Aseh gAshaieh,

Control O---0O /Q\\
1.0 } Glucose AN
= 0.1% a-a J
'Z_ . ° D"D //
£ L
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2051
= ’
o /
3 /
= ’
54 / 1]
/
/
/
/
/
/
0 1 2 3

Culture time (days)
Fig. 3. Effect of glucose addition on the production of
B glucosidase from Cellulomonas sp. CS1-1 in cellobi-
ose (0.5%) minimal broth.
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Control 0-—-0
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0.5% ©-0O
1.0% 0-0O
Cellobiose
0.1% -4
1.0} 05% e-®
1.0% m-m

15

Addition |
0.5} \

¥ -Glucosidase activity (m unit)

0 i 2 3.
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Fig. 4. Additional effect of glucose and cellobiose on
the production of S-glucosidase from Cellulomonas sp.
CS1-1 in CMC minimal broth.

m-Glucosidase 4Aof| ojxj= Et4Qlo] 5t

oj#i7}] ¥l4<] & L-arabinose, maltose, starch,
D-xylose, cellobiose, trehalose, glycerol, CMC, glu-
cose 5 0.5% 92 vlokd wixlellA 297k A
wiokdlod A4k vioklS AHHElw, B-glucosidase
AAE vlarslodch, Table 2014 B & ule} o] F
o] A2 maltose, D-xylose, cellobiose, trehalose,
glycerol, glucoseell 4] £8kov}, B-glucosidased] Al

Table 2. Effect of various carbon sources on production
of B-glucosidase

Carbon Growth B-Glucosidase
sources (0.D. 600nm) (m unit)
Starch 0.08 0.322
L-Arabinose 0.57 0.044
Maltose 1.43 0.289
D-Xylose 1.06 0.011
Cellobiose 1.05 0.756
Glycerol 1.34 0.089
Trehalose 1.07 0.011
CMC 0.082 0.500
Glucose 1.04 0.010




Vol. 16, No. 2

442 CMC% cellobiose® &4
Aal gro] AJAIz]o]

1Abe] A =S _,_ﬂlo}O:I ¥, Cellulomonas sp.
CS1-19] m-glucosidase 3ol =1zl b4 o
gko|  Trichoderma viride®] 7% (Nisizawa &, 22,
5, Do dAse Aor ¥l Cel
lulomonas sp, CS1-19 G-glucosidase

inducerell 93 =& o 4 loich

o

Gang

T4 =

B -Glucosidase 440 ojx[= EHAgo] st

ALY frldadd FAads At
fr71d4ade g s A&}
i Fr)ALYeZE sodium nitrate, ammonium
sulfated AHEsIT, olF A& 0.2% E=&
CMC w8 wizlo] @3 seed culture 19% #HZ6
of ¢ A p-glucosidased A4S ZA4s4l

yeast extract, peptones&

| FAALLE AEE AR 7o

Azbo] Zgken] E£3) yeast extractol]l & F¢ A
Aol 7hak k3, F-71AA£49] ammonium sulfate
z :Sg_/—g] xﬂx-!_O__
extractell AHg-8l91& 74-%-7} ammonium sulfate$
ALSS off Woe} wo] AAIsIlch, ohE A M wo
9 3l9 (Hitcher %, 23), A 4AY 22 ammonium

bisulfate, ammonium bicarbonate,

yeast

ammonium
nitrate, sodium nitrate, ureas A&t g A
7} ourea® AR AfollA Aol AFAE JERY
.

8 -Glucosidase®! §4

MgCl2 €& : 10mM Tris-HCl buffer (pH 7, 0)
2} 10mM potassium phosphate bufer (pH7.0), =
2] 31 potassium phosphate buffer & 9§ o] 5mM
MgCL% ¥ d3-8e Ahgslolct, zztel i
Lol Heps] B 4g 28 1miol g-glucosidasest

[e)

Table 3. Effect of various nitrogen sources on S-gluco-
sidase production by Cellulomonas sp. CS1-1.

Nitrogen Growth B-Glucosidase
sources (0.D. 600nm) (m unit)
Yeast Extract 1.25 0.114
Peptone 1.16 0.071
NaNOs3 0.62 0.029
(NH4)2S04 0.38 0.029
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Table 4. Effect of buffer solution and Mg* ions on the
hydrolysis of PNPG by [ -glucosidase.

Buffer unit
10mM Tris-HCI buffer (pH 7.0) 1.96
10mM Potassium phosphate 1.79

10mM Potassium phosphate + 5mM MgCl, 2.56

* Buffer pH was adjusted to 7.0.

PNPGE 0.2m/& 4o 30CalA #5417
p-nitrophencle] #41-& ¥ 2352l (Table 4),

9 AstollAl 10mM Tris-HCl buffer (pH 7. 0) 2
10mM potassium phosphate buffer (pH 7, 0) . c},
potassium phosphate buffer 2o 5mM MgCl,&
74k 739 B-glucosidase?l #Ale] & &9k
a2 o] Cellulomonas sp, CS1-1 ¢
B-glucosidase 42 5mM Mg*+ ol-&9 &} 3}
AN 2A Sk o 4 9t

pHS| At : B -Glucosidased #HA4FS pHE o
7] $f3led zbAe] pH7} 5,0, 6,0, 6.5, 7.0, 7.5, 8.
02l 10mM potassium phosphatee 5mM MgCl,&
A7 ohsRo0S ALgslgict, 7z pH hEgolog
B-glucosidase S A sl B4t £ 1,0mlel
PNPG 0.2mi& H3 30Cold 28474 24
PNP¢| ok& &4 8lo] B-glucosidased] A4S wli
3hiek(Fig. 5).

100 +

50 |

Relative activity (%)

0 5.0 6.0 7.0 8.0

pH
Fig. 5. Effect of pH on the rate of hydrolysis of p-nitro-
phenyl- 5 -D-glucoside (PNPG) by [S-glucosidase.




dubd oz ozl AL ZA  g-glucosidase A

o] Ekort, #A pHE 6,502, pH7.0 o] AreljA]
£ magyol 239 estaln,

2x9] A8 p-Glucosidased #HA nrex =
7] #8ted 10mM potassium phosphateol 5mM
MgCl,& #7Hg 9h5-4¥ (pH7,0)oll g-glucosidase
% A sl4g & 1,0miel PNPG 0,2ml%
Y3 20, 24C, 30C, 37°C, 42T, 50Ce 4 &%
N4 uREA|Z e f2iEl PNPY o2 A-gluco-
sidased] 4% ulmstgich(Fig. 6).

B-Glucosidase 42 2= vl2-L 5 = 42T o]
o}, 20Col A 5-¢ 42C77P11" &hars] Frkebe A3

olgjo} 21 2 50ColAE B-glucosidase
Aol F4 9] ‘Qoﬁi“{

b o2 32

Kinetic Analysis: PNPG Y ¥z o o &
B-glucosidase®] 48 &4 59, PNPGY &2
FEv 47 2.78mM, 2.2mM, 1.11mM, 0.56
mM, 0.278mM, 0,056mM3l AL  Ag-dho
A -glucosidased] 48 ZA3sled Kmys Talot
(Fig, 7).

B-Glucosidase®] #4] o 2% Michaelis-Menten
equationell ¢l5ke Km 7+ 38l o),

1 73} Fig, 8oll4 BojFE ute}l 2ro] Km value
= 0.256mM °©]9}

Clostridium thermocellum® 7% cellopentose}
cellohexaoseoll ®l&F Km #t2 2,30 mM#+ 0, 56 mM

100 | \
/. \
/' \\
75} /. \
S o’
S
2 o’
2501
2
2
=
& 25|
0 10 20 30 40 50
Temperature (°C)

Fig. 6. Effect of temperature on PNPG hydrolysis by
£ -glucosidase.
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2.0

o/

A" ° (V) °/ o
T 0 2 1 5
(S) (mM™1)
0 1.0 2.0
S(mM)

Fig. 7. Determination of Km value for PNPG from Line-
weaver burk plot. V is expressed as enzyme units per

minute.

-5 0 1 5 10
(S) (mM~—1)
Fig. 8. Kinetic analysis of 5-D(+)-glucose effect on the
hydrolysis of PNPG by S-glucosidase. V is expressed as
enzyme units per. minute.

olgbz ¥zl 9leh(25),

B-D(+)-glucoseo] 23] A== Az olrlg)
sl 71"l PNPGO %7} 2,78 mM-0,056 mM At
ol¢] B-glucosidase?l activity®t 2 712 Fxoj

B-D(+)-glucose”} 2mM, 4mM H7-5 z=7le4
m-glucosidase®] activity& 27432 Kinetic analy-
sis 3tod AAEHE HE, F Kigd T (Fig.
8).

o] 7% Michaelis-Menten equation® # 3}
graphic analysis® ¥ 73} uncompetitive inhibition
£ veldgl o] ofe] KiZte 9.0mM o)<l

2 o

Cellulomonas sp, CS1-1 A2 g-glucosidase=
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cell-bound 4 o|gl e, Avicelase®t Carbox-
ymethyl-cellulase (CMCase) = extracellular &4 =
2A¢S daldticl, Cellobiosett CMC & 4i=]
of 42| o] AL cellobiose® } glucose & 7}A]o
=5 Z7bstedch, Cellobiosert CMC 2 4w =] o]
A9 g-glucosidase AL glucose 72 A=A
3 AAE G, CMC & &ulxlo| cellobioseE
7FatE 7%, glucoseol &gt A azfol= ulv
2, 349 AL 238 A=, 2 99 &
4o A JgE ZAR A3 CMC, AE,
maltose 5¢ #H7lE glycerol, arabinose, xylose,
trehalose®] #H7}A] Bt aiof o] Fri=lqlc,
ol Aol A= B-glucosidase AFAL  glucoseol
9] 3} o] catabolite repressionS "ok o v cel
lobiose, CMC, starch & oh2 wFuch §4 44
S HAHI FEIlgemz, o] &4 inducible
enzymed & & F Utk BaAA vHE AL
e 24 AHE yeast extract’t peptoneo]it
ammonium sulfate® o} TAMAHE F7FAZ5e, &
49 542 24hg 23, 50mM MgCL7t 234
10mM potassium phosphate buffer (pH 7, 0)oll 4] &
49 Adrlrl Fobslola, #H= pH¥E 6,009 3
HeE=e  42C oldwh  p-nitrophenyl-g-D-g-
lucoside®] F=of ¥ glucosed] Km3te 0,265
mM °|EZ B-D(+4)-glucosed] =HE Kizk2 9.0
mM ¢l

—

e
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