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Abstract: Indican (indoxyl-B-p-glucoside) is a colorless
natural compound and can be used as a precursor for the
production of indigo. This production step only require an
enzyme, 3-glucosidase, that readily screened from microbial
resource by using selective media supplemented with indican
as a sole carbon source. Agrobacterium tumefaciens was well
grown in this media and thus presumed to produce a related
enzyme. The corresponding gene, encoding a protein with
a calculated molecular mass of 51 kDa, was cloned and
overexpressed as MBP fusion proteins. The purified enzyme
was determined to be a dimer and showed the maximum
activity for indican at pH 7.0 and 40 C. The kinetic parameters
for indican, Km and Vmax, were determined to be 1.4 mM
and 373.8 uM/min/mg, respectively. The conversion yield
of indican into indigo using this enzyme was about 1.7-1.8
folds higher than that of previously isolated enzyme from
Sinorhizobium meliloti. Additionally, this enzyme was able
to hydrolyze various -1,4 glycoside substrates.
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F= B-glucosidase (B-p-glucoside glucohydrolase; EC 3.2.1.21)
oA = widAC] B-1,4 glycosidic bondf"~ 7
31 glucose S A= Q3 @aAholt) [1]. 0|9} 2
o AR (e 9 Ses e
A2, Shelziofe] AR S SR AL il
2 A ok A5-8-0] Aol vkt 71 Solids
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ATt 53] Gstago] Sk uto] @ oflux] AYikagel
HEEAl ek g4 Al QU [2-4]. FHZols £ 4

01' r>~l

r1r

f

|

l_.

=

=ol &3] EAfsh= viEAR] QIEjRtel] 2 %‘é% Ad
B-glucosidase”} =% OU% [5], o1& ol&3shd & &%
© % gl Mdo] =8 H QIrare] Aito] }:'5} 7

o2 BAFSIT} [6].

HgAl| o] sk T2l QT g I
AT]aL A& (Folu i) =ellA 50] = &0t
Z olofli= ok 1225 g/kg?] ¢lTjzto] 3 ?H U= A=
y_LElﬂ Ko [7], Faeht fHelA A g s

B3l AT]aL Aol E5] o]-8=ar k. WA da el

1‘; eltjzto] B-glucosidase®l &J3ll 73l =]o] glucose
g} Q= alo] 77} o Bap A F Raje] o1E=Alo]
ZpFA1Q]1 dimerization= &3l 1t]17} ©T} [8-10]. o]#$H
ol 2pd A3l S8 g4 2o o BAMER <lt)E
Hlo] A AAE= Ao defA Qlrt. AE glucose
g 759 Ay oz AHgEo] P8-S AlYste
Fito] H7)%E s}, mpeba] dAdta #Pgef o] §5)= B
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glucosidase &} FAFSH 71 A501d& AU H& S A

W aAads waEste] Qujzb v sk, e

0% =& e Ad A Y E A F = A

o7 dHA T [5]. ol st 3782 FHEO Sinorhizobium
=u

meliloti -2 B-glucosidase (Smglu)E W=3ate] Q1T]zte]
2 geomM 7Fs S ARl Ut [6]. E4 gl 9
Sk QIT oL AR 71E8] AP A1 s o] Ad
A, = st 3oy 3 o= A9 22 EAE
A 52, 1 (DA AL Al ErEE Qe ey
A WS R 2 FAE-S 2 T e o] Al
AU it o= T2 AR, sPgsFolu 2
I A7HIE B2 e 249 dEEE o] 8EY] wE
ot} [11,12]. B3k theddt f-oA] Al2he B3l X5 522
SJokE el AT AR AE L Qlo] [13], =37l
oJst Ak HhHo] falsh Al o=z dejA] Qi o] sk HeA
AEOIY ERERS AT o] F3l AAMEE o] Esh=
AL 52 hanjo] o]ds] 5 vkl glot, Alsta
40 7|- 5o 7 Aol e M0 sl S5
sflof k= WAIYlo] A ow deA Qlrt.

A7) TAE S5 e WO Bglucosidase 2}
215 i AUFEE o] g-st Tl Fgo] ARk AL, theFst
n2iEo] olgldt 54 Ad a4AdE XY glse] Har
A0k [5]. 7] TEE B4 Smglud] AHE-S 93 ofju)al
o IolA, v]E A =2 AsES B 9JElA
T = U 52 77 99 S Ad aaEl] i
o] Fgaslo] g1} [6]. & 7FE gz o ® dds ]
e Ao m e T FEPe otk TR, 53] vheket
AR 9] family shuffling ©] 2|8k 2102 2de#] Q)
T} [14-16]. = AFM= olF $Ist AR = Agrobacterium
tumefaciens Z5-E] A7l =& EAE A B-glucosidase
(Atgln)E F7F=2 W=3te], Smgluglke] vlw A5 &3
olgst 7k ds g1kt

2. 45 29y

2.1 ARE Aok, 5 R ulg 23

Agof] ARg-¥ 9ltjzk, X-gal, 4-methylumbeliferyl-B-p-
glucopyranoside (MUG), cellobiose, maltose, sucrose,
gentibiose, p-nitrophenyl-o-p-glucopyranoside, p-nitrophenyl-
B-p-glucopyranoside, lactose, salicin¥} arbutin<> Sigma
(USA)ZHFH Fd3to] A3}, 4. tumefaciens
ATCC33970 (C58) 5+ 47| (MICROBANK)®]|
A FE]) ko] AY-R3VS 1, Escherichia coli XL1-Blue
(recAl endAl gyrA46 thi-1 hsdR17 relAl lac F’ [proAB
lac1gZM15 Tnl0(Tetr)c])& ©]83}] B-glucosidase 2]
cloning¥} W& <=2 ARE-SIAT). Plasmidi= pMAL-c2x
(New England Biolabs)E AF&-3F3laL, Ax3 v+
ampicillin (50 pg/mL)°] 33FE LB 8l|A] (tryptone 10 g/L,
yeast extract 5 g/L, NaCl 5 g/L)°lIA] 37°C, 200 rpm Z=71S
= uerstsint.

2.2. FRA+9] 5, cloning ¥ ofu| =4t X Fu) 2
A. tumefaciens®] genomic DNA<= kit (promega genomic
DNA isolation kit)< ©]-§3to] FE33TE o] T O%
o]-g-3}aL, B-glucosidase F-Ae] E2dE& 913l PCRS
35199, Primer+= GeneBank®ll 55 AE 5. (Accession
No. AF322365)% PP 3 (5°-ATGGATCCACCGAT
CCCCAA-3")2} 3k (5-ATAAGCTTTCACCCCTTCA
CCA-3’) primers 22t AlAlsto] AR-aI3iTE PCR WEE-2
5 ng®] genomic DNAE 5 © % AM-3}aL, pfu polymerase
(SolGent)E ©]€5}] 95°C o|A] 547} denaturation ¥~ 95C
ol A 1%, 50~58CollA 13, 72°CollA 283k, F 30 cycle
= TFdsl. TFHE 749 pMAL-c2x WEl= 22
BamH1?} Hind % 23t -, ligation IS 714 552
FAAg i

Smglu®} Atglu®] oF) =4k A B W= ClustalW2 4]
=298 ol8aje] AT [17)

23.99gd R L @Y &4

AZZ 15 LB HiA|oA] 7AIRE 9k Al §, 5
HiA] 1 Lell 10 mLe] mikls 3FstaL 37°C, 200 rp
Z700llK 4x7E FRb uieksilvh. A xet T i
L= 545 (optical density at 600 nm)7} 0.45% o, 1 mM
IPTGE ©-&3}o] 90+ &<+ 33Tt vk Alxe €
2152 (10,000 rpm, 10 min) 2 3573 3, 9558 (20 mM
Tris-HCl, pH 7.8)= ©]-8-5}o] Al*{stal EDTA (1 mM)%}
NaCl (200 mM)°] EZ3¥ 59 50 mLol| F-AIZ T
A3 35 938l freezing-thawing S 33] =33t Fof,
lysozyme (~70000 units/mg, Sigma) 100 mg= 37}8}aL
37°CollA 3023 HESAIZITE. ©]F- ice-water bathollA 154
<t sonicationd}o] AIXEE 5] w)5kaL, 13,000 rpm S
E 308Kt Al et sl A Al o] gkl

Ao s MAL™ system’s instruction manual (NEB)©]]
A A1E affinity chromatography **H-S ©]-8-3Fo] A8t
Stk WA 255 0.45 pum filter (Sartorius)® AE 5,
affinity column (MBP Trap HP, GE healthcare)®]| 0.5 mL/min
E£5E 2 SHFSIL} ©] § washing buffer (20 mM Tris-HCI,
200 mM NaCl, 1 mM EDTA, pH 7.8)= ©]-4-3l resin®l
AR o dA S A AT WA o] G3tel=
10 mM maltose”} H7}g 9Heols: o] 851911, 3159 &
Shchzl (MBP-glucosidase)-> factor Xa protease (2 units/pg,
Qiagen)E 4 CollA 38AIF A elsl| | At Hh-e-H-s
TFA] amylose resin®l] S&5¢] MBP2] H-21-& F- 53k
W0 % 5% B-glucosidase WS &SIt 3 &
2% Qo] we} centricon (Amicon) = =3 T 10%
SDS-PAGE (sodium dodecyl sulfate polyacrylamide gel
electrophoresis) & &3l -8 TASIAT}. Al ek
= Bradford Wi o] 8310} [18].

Qltjzke] st B-glucosidase 5745 18, 1 mM 2]
Qltjzte] 323kl 29 (100 mM Na-phosphate, pH 7.0)°]]
3.5 ngdl A diAS @a1 35Ce|A] 1041 REEA]
7 1] 118} glucose 2] -5 2RIt /39 glucose

*F @
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9] Sl glucose oxidase-peroxidase assay kit (Sigma)
ARgSIITE. B4 A 1 unit> 35CollA] 1 pmol 2] Q1T
be FleRe) shd) Bes aao) o Aolasi

s

Fig. 1. Cell growth and pigment production in the minimal medium
supplemented with indican as a sole carbon source 1: Agrobacterium
tumefaciens, 2: Bradyrhizobium japonicum, 3: Sinorhizobium meliloti,
4: Flavobacterium johnsoniae, 5: Shewanella baltica.

2.4. Oligomeric structure®} zymogram -4}
AAE FAZ Superose’™ 12 size exclusion chromatography
(10/300, GE healthcare)E &3l EAFFY} AAF 7225 &
Q138131t}. oAk O & NaCl (100 mM)¥} EDTA (1 mM)7}F
ke 9159 (20 mM Tris-HCI, pH 7.8)3 AF&3}o]
0.4 mL/min 5% STt DA size marker=+
ribonuclease A (13.7 kDa), carbonic anhydrase (29 kDa),
ovalbumin (44 kDa), conalbumin (75 kDa)E ©]-8-3F3Itt.
Zymogram -2 YA &4~ 2 ugs 10% native PAGE
AS olgsto] 7Y & 5, 3|58 S 100 mM Na-
phosphate 259 (pH 7.0)= ©]-83] 23] A&t 5, 72}
0.2 mM X-gal, 5 mM <Itizt, 12]3 2.5 mM MUG”} 3£
S 1% agarose AZ} RESA|A T3St

2.5. 29} pHo| W& G484 4

A0 HA & 2Rl flal 20~60C 25 HlellA 24
= 57518l RESS- 1 mM e Itjxto] 231 1 mL 95
o (100 mM Na-phosphate, pH 7.0)°1l 3.5 gl &4% 37}
1] 107 et 5 A E glucose 2] 2 S7J5ISIT).
2 pH 27 US98l 1 mM o] Qltizle] xekd 747}
o] ekzlo] 3.5 ugl EAE F7star 35CellA 103 w1t
HESAIZTH 5898 0 2= 50 mM sodium acetate (pH
4.0~5.5), 50 mM sodium phosphate (pH 6.0~8.0), 50 mM
Tris-HCI (pH 8.5~10.0)5 ARE-3FAT}. %2} pHoll wh&
A Sl 30 FRF A7t 2Leeh 5] 2
Fol BAE A RESE F ot Sl Ee SHse

%S ol gahirt.

2.6. Kinetic parameter?} 7] & Eo]A4 &3
Az Hhgoll w98t g S8 flel 3.5 pg

o] @49 2447} 0.1~10 mM €] QlHjzte] ¥3He wkg
(100 mM Na-phosphate, pH7.0)= 35CollA] 30271 Rt
A7, ARl whet /3% glucose®] W& S7F8ISIT
T 249 kS EUE RS EE A7 ¥, Lineweaver-
Burk 25 ©]-g-38lo] 8t A= Anteltt [19].

714 BolAd 42,1 mM2] 7]& (cellobiose, maltose,
sucrose, gentiobiose, p-nitrophenyl-a-p-glucopyranoside, p-
nitrophenyl-B-p-glucopyranoside, indican, 4-methylumbeliferyl-
B-p-glucopyranoside, lactose, salicin, arbutin)©] ¥3Hg 1t
2o (100 mM Na-phosphate, pH7.0)°ll 3.5 pg2 FAE
H7¥ekar 35 CollA] 3027 WA A3 E glucose ] U=
S45H e ol gkt

2.7. Y7k AT 2 AFE v

10 mM2] eltizte] 3k 5 mL o] WES-oW (100 mM sodium
phosphate, pH 7.0)°ll 10 pgo] AAE a4E H7ist &
357C, 80 rpm 71 0= HESAIZIH A== glucose A
=3I}, 5U3 2 S, meliloti 2] ZAD B-
glucosidase (this work)E H]iO %2 ARG-SISITH [6].

3.84% 4 1%

3.1. UGt &35 84S 2+ B-glucosidase] W= H
AR 2 A

Ay Ao ANEA S melilotis EFHE ThFst v E
FoA It)Ftel] 2SS Ad 75 Y=ste] Balst
Stk [5]. & & A tumefaciens] 735, S. meliloti®} ¥ 1.
o wkst A4S AYaL Sleo] FFE AT o]k 5]
7Fsst AL S, meliloti®} AVH ATIZHE B0 R
IS R et o s B i S e B a2 g ) <
uarz %= vt a7t AW wiEe ot (Fig. ).
ubA] I T A& A9 1t are] A o] A4
o] &3FAU, S. meliloti 2l F-AAk2}F] family shuffling®]]
o]g 7Fsdt g F7t SHE AEsSit) o5 Sl
A. tumefaciens TNl A 2] A FA9 FAAZHE -
glucosidase &3} -FAALS] FAS A E31AT.

A s Ad o] ER) o F-E FRlstr] flal
A. tumefacienss WSt F- RS ZE A (crude extract)
HE o]g3sto] zymograme T3yt o) tj=Tro®
7P S meliloti ZE4N0] 32 & vlwsigle. Ay
o7 PN ERIE = S meliloti B/ MEQ) 2y, 33
7121 MUG (1tiztel thgt &g} 2 F-3tw]o] ARE-SF
Z1hell disf 270¢] 24 MerE vehuls A ERIsISIT
PB4 g iAoz vEA (specific activity)©]
wro} 24 g5k 0] el @@ RES AlIRE (5~7A17h)o]
st uzhs 71" Z 0] 83k zymogram A =
A7} FR1EQIT} (data not shown, Fig. 4(a) 3. kA
A. tumefaciens®li= JATIZHE E3lE 5 Qs F S5 ol
9] B-glucosidase”} =ASFAL, 1+2] @47} non-reducing
SolM 271419 FElE el 2o ® Bt vk
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ZW= 4z 7329 A7 el Wt oligomeric structure
7F st o do® weld 4 Q7] wlEoltt. o]F viEe®
GenBank®ll 5% A. tumefaciens genome®l|x ¥
FARE 2] e AD BAE A=l AT
oA Lojzl ATt el &4 FARke] ME FRE o) &
3l BLASTE 533t A3}, 4. tumefaciens S-AA2N4 B-
glucosidase = °|5% 3F+2] ORF A€ (GenBank No.
NP 356172.2)5 ERlskeict. W s 4= 1,38071<]
nucleotide”} 459712] opn|:=ARS- ISk Q1o AAbE
A 51 kDao 2 AUt} Clustal W alignment
RIS o] g8l ydEe fARke) vlwst Ay 4.
tumefaciens <} S. meliloti 29 T+ GHA Itol= =2
A AFEA (identity = 76%, positive =86%)2 HOJ= 70|
A AU} (Fig. 2). == &2 4, glucosidase ]
APFAA A F-ol8F 72758 0% T35 AEE0]
B e B SAS BAE St i
w9 22 GE A Aoleks A1E Kol mebA
A AR ERES Bl BpES fieste] 54 24
= A=sislt

5_meliloti
A tumefaciens

MMIEAKKLARRFPGDFVFGVATASFQIEGASKADGRKASIWDAF SHMPGRVYGRENGDVA
-MTDPQTLARRFPGDFLFGVATASFQIEGATKADGRKPSIWDAFCNMPGHVFGRENGDIA

R LT T T T P LA T T e

5 meliloti
A tumefaciens

CDHYNRLEQDLDLIKSLGVERYRFSIAWPRIVPEGTGPINEKGLDFYDRLVDGLKARGIK
CDHYNRWEEDLDLIKEMGVEAYRFSTAWPRIIPDGFGPINEKGLDFYDRLVDGCKARGIK

T ska% T

5 meliloti
A tumefaciens

AFATLYHWDLPLALMGDGGWIARTTAYAYQRYAKTVIARLGDRLDAVATFNEPNCSVIWLG
TYATLYHWDLPLTIMGDGGWASRSTAHAFQRYAKTVMARLGDRLDAVATFNEPWCAVWLS

HAHLHH H b

5 meliloti
A tumefaciens

HLYGVHAPGERNMDAALAALHFTNLAHGLGVAAIRSERPELPVGIVINAHSVYPGSNSAE
HLYGIHAPGERNMEAALARMHH INLAHGFGVEASRHVAPKVEVGLVLNAHSVIPASNSEA

dhkk s kkdokkdokk skkdokk ok | kkdkkakk ok & kg okkkokokkdkk % Rkk

5 meliloti
A tumefaciens

DKRAAERAFDFHNGVFFDPIFKGEY PEDFLSALGERMPATEDGDMAT IAQPLDWNGLNYY
DLKAAERAFQFHNGAFFDFVFKGEY PAEMMEALGDRMPVVEAEDLATISQKLDWNGLNYY

S dkdkkkk gk dddd s kkkddd s dddokkd ok kak dod kkkkddkkd

5 meliloti
A tumefaciens

TPMRVSADPAKGAEY PATVNAKPVSNVKTDIGWEVYAPALGSLVETLNARYRLPDCYITE
TPMRVADDATPGAEFPATT PAPAVSEVKTDIGWEVYAPALKSLVETLYKRYDLPECYITE

dkkdkkks % 1 kkdkakdd % kkrdhdkddddkkhhhhdkd Rkkkdd  kd bk kkkdd

5 meliloti
A tumefaciens

NGACYNMGVENGTVDDQPRLDYISDHLAVIADLIAKGY PMRGY FAWSIMDNFEWAEGYRM
NGACYNMGIENGEVNDQPRLDYYAEHLGIVADLIRDGYPMRGY FAWSIMDNFEWAEGYRM

dkkkdddd s kkk kokddddddk sokk o kkkdk |

5 _meliloti
A tumefaciens

RFGIVHVDYETQVRTIKKSGRWYKDLAERFPSGNHKPG*——
RFGLVHVDYDTQVRTLKNSGKWY SALASRFPKGNHGVVEG*

L T T T T T

Fig. 2. Comparative sequence analysis of B-glucosidase from
Agrobacterium tumefaciens and Sinorhizobium meliloti. Amino
acid sequences are aligned using Clustal W2 program.

3.2. I AF o 2B E A 2F B-glucosidase 2] AJAt
7] W= S, meliloti ] 84 25, dHE 51149
AT ollA ATzt Ealls-5 Ad B-glucosidase family
A4+ tag®]U fusion partnerE ARESEA] ¢F1 sole protein
FEZ DAAZ A5, 7162 o] mjg- offe- Flow
oyt [5]. o= AtjE o R & 7] (47-53 kDa) %}
AR 2] wEA ol &S Ad family @2 2] 5433
v Qs Ao deiA ot AR pTre99ash 2
AR vg3t e ol X o] o] vil¢- sl HEE
A
O O

[e2m | H 21417
A o] gifsto] E84 534 (inclusion body)E 3%

sh= Ao SRIEICE. WebX A wmefaciens B-glucosidase
(Atglu) = pMAL-c2x HEIE ©]8-3to] MBP7} 3% |
2 98 FE38IQIT) Histag 9] §8olA] 7HA gald
o] vlgo] Tl A Ao, Aoz e Wi
& 73S AR A o] W d2ke] MBP &
3 A|AEo]7] wito|th, 71 A} whg (A wha o)
10% ool =a1, Fde @z o] 90% o)do] 7H8-/3o]
] G5 Ad diEglo] gRix itk MBP7} g3 &
] ANz el F71i= ©F ~94 kDa ©]9, 500 mL 9|
LB #iz|elA] wjekab] S % (1 mM IPTG)S )
2R dAdRF oz 3 mge] YAE EAE IS 5 9l
At 3% WzlS factor Xa AE A AA resin©l
ANAFS fFeshks WHOE £53F B-glucosidase RH
3|58t} (Fig. 3(a))

kDa

a b

@ ®)
T2
[
13 »

-—
-
-
-
-

dufl-glucosidase

Absorbance (280 nm)

Retension time (min)

Fig. 3. Purification and oligomeric structure of B-glucosidase. (a)
Homogeneity of the purified enzyme after the cleavage with factor
Xa. (b) Size exclusion column chromatography analysis of the
purified enzyme from E. coli on a Superose TM 12 column. Peak 1,
purified B-glucosidase; peak 2, Conalbumin (75 kDa); peak 3,
Ovalbumin (44 kDa); peak 4, Carbonic anhydrase (29 kDa); peak 5,
Ribonuclease (13.7 kDa).

3.3. B-glucosidase 2] AJ3}8H7 EA B4

AAE G4°] homogeniety &} 421% F45 £]3] gel
filtration column chromatography & 5~3J3}3It}. H]S0]4]
Ql G Ae] Ao Ag-S Fs] A Qe A
(100-250 mM NaCl)2} At a40] F=E dejst A}
oA, Fig. 3(b)ollA 2} o] g~ 22 <F (shoulder peak)®]
ek Z17)0]) eldel= 51-53 kDad} o|gAof] sdE =
95~100 kDa F-*of|A] 813} peak s ¥ & 5= QliTh
olefst A A E T Ho] o] FAE o] F1t A o]
U E2]8kekalQl el o3l Yol dkAlE FElE =
EAS HolTe Aot} SHHIRE A53=R1 A. tumefaciens
oo} g QI9F R o] fg A Tz
2743t folding®] AoAAUA] A Fido=w F-x7t E4
SFA TR S Aol ofst Angls eHds] miAE
ASATE weba] olest dido] n|ghd (HA]) SDS-PAGE®]
N A =AE F7HE 02 RIS 795 Sl
zymogram-e ot A3} A o vk g4 2wk
A7) X-gal?} indicanoX&= st SAMERT g1y
A, A o2 o] Fal A2 o] AHEREE e
FAo] 7153k 4712 MUGoI+= F318E F 712 ai=
7h RIS} (Fig. 4(a)). ©12]t Ayf= et=-29] At
el 7181, 2712] E=E AUyt shuke] At
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I AN dAeks dytolt. webA 4. tumefaciens
el &40 A9, AiA o R oksk AREE A oA
5 gAsta olom, ZH7te] e A 8448 AY
a1 gkgo) BRI, 718k S meliloti 30 &40 735,
ANzt st Aatoll A SRR ERlE I

25 9 pHel| e g4 S48 RIS Adx, H4 24
L= 40°Co]al 30-45C 204 3087 2] o
590% olde] aagdS Ad Zlo] FRIEGITt. vhde|
55°C oPge] 2&%ofl 3023 A A7 IR (>90%) 2]
A e ZoF FRIFQLE pHell gt a4 o&
’4E gRlsk A3 pH 7.0014 71 =2 5k 495 AY
™, pH 4.0-5.0 H9]ellid €/do] S59]#] 23l pH 8.0-10.0
NHE 20% o5t W a4 FAS VERYITE QA
o] Ag-ollx, A Z7 (pH 4.0-5.0)°14 30437 FxA120
F- S REGAoll A ido] S A kTt Rt =
o] 27 (pH 8.0-10.0)°14= 45-70% FEo] ax &
/Jo] ol Slgol RIS, o]eist 5L 7=y S
meliloti 2l &9} vl FAFE 54 024 [6], AT]tell
e Ad A5 A egAde ddos
W55 Hol = Ayjolrt. o]9k= 2] 4Cellx] 171 &
QF B3 (100 mM Na-phosphate, pH 7.0)3Fq =743+ a4
d2 50% ode] Fol o= A0E FRIHTt. oluf 7]
=¥ S, meliloti 12 G40 73, 15% Wi2le] 571 &4

o] 3ol 2RI= 3.

(2

(=3
(=}

(b)

IS N %
S S S

[
S

Relative activity (%)

Fig. 4. Activity staining and substrate specificity of the purified -
glucosidase. (a) Zymogram assay on native gels using X-gal (lane 1),
indican (lane 2) and MUG (lane 3) as a substrate. (b) Substrate
specificity of the purified f-glucosidase against natural and synthetic
substrates including indican.

Al 5] 71 Bolids gjlshy] flel Iuzks

S4sitt. 1 A3} p-Nitrophenyl-B-p-glucopyranoside |
sl 7Y =2 a4 E43S YERH, B-1,4 glucosidic bond
£ 2= vekst 71 el disf vlad] w2 a4 S-S Ad
Zo] FRIE|QIT} (Fig. 4(b)). W a-1,4 glucosidic bond
of gt &4 GA vilg- meksiAY Gl Zlo® ER1EG]
o}, SHAIRE EA 7]14Q1 QITizte]| tist aA4AgAdS TR 7]
Hof| vig)] Arfaor & Fow ST A vk
oA vkt 520 QItgle] st aAgds S7%
Ay, AP AR FEo] 71HA-HbSEE 1S RISt

5

-

=

Lineweaver-Burk 2] AFE-319] Km¥} Vmax 32 A4S
A}, 1.4mM, 373.8 uM/min/mg O & Z}7} ER1EQt}, o]=
Al AFAY} olE S meliloti 73l 42 ATzl o
3k 28k 2= (Km, 0.97mM; Vmax, 355.6 uM/min/mg)
o} vl5zgt ot [6].

3.4.QY7HS o] 43 UYL HIE
AZo] W a4 ke 3 £ 7FsAS ERIs]
93t ou] AFE pH 7.0, 35C W& 7oA QuzhS
1A Z AQu)ag Akl ®okrh A3k AdeA] 7
S. meliloti 3 &5 FT0 =2 HwsISith, 32 2710
i WS sk HEgAI el WE glucose ] A%
St A7}, 27] W2 v]doll T Bekal A2
o S, meliloti §-8) GAKT} U] W ok FEFA
7P84 El= Flo] ERIEITH (Fig. 5). olefdt A¥= Whe-
NS G FE3lo] QItZkS A% #2493 HPLCOM =
FlF it wghA Su|FAIE F 849 ol oist
8k M4 (Km¥} Vmax) #to] SAkshe, L5t 95
Hof| thgt 5/do] Ads] FANElE AdEES] Zfo|7t 5
BltE= Zlolth, AEA Al 1.7-1.84 FEQ] xjo]E Ho]
= HF A3ER N2 47 71829 S meliloti E2
Hop 587 AHERI Y] are] &gt A Ajslivt wiAde] Atk
T A& ouisit), o]gfst 54 AR v 42F T 24
9] FHE ofuial 7] Afole &gt Ao w FAdETt
A= ol 7 a4l FAE &3t Aol 54
NS 9%t family shufflingS Z1gFo|c}

o
i

o
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=
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Fig. 5. Conversion profile of the hydrolysis of pure indican in small
scale. The same amounts of two enzymes are used in this study.
Data represented the mean value of triplicate experiment.
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4. 8E

Agrobacterium tumefaciens= - ItjFle] A4S Ad
B-glucosidase AR Esto] MBP7F §3% = 7}
s Freskaleh. Azo] wte 4= 51 kDa TREAI7E
olFAE FAsh= 421 725 AIY}. Zymogram A}
A9} o)A EoFeld mA FdE vEbdo] gk1E gl
ot #2424 pHS} 255 717 40°C, pH 7.02 AR
om 2d ZdellA] A o= uke- PIAS Hol F]UT
et 7183 i-gAIA ST 71 SolAd 9 Aol A
p-Nitrophenyl-B-p-glucopyranoside ] 7} 32 &S A4
], F=2 B-1,4 glucosidic bond A3l oS #de] &
A= AT QJITIRE 2l Gl thet 5 E W S A
7 G AR 3 AldellE Yo dekEe
O 52 20w Rl o]efst A Ajze] T=d
FAgo] ItjFEe 2 E 9] QIv|a il B4 TS
et FHo= Vi A e AR o Sl
= Kol Aijolrt,

AR

o] =R BEAo 7 2011d wSIsy|EN o Ados
(Arte] @ FA ATt (FRHEZEE| o)} BK21 21
o] A& who} e A9 (FAME, 2011-0031950).
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