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Cloning of f-Glucosidase Gene from Streptomyces coelicolor A3(2) and Characterization of the Recom-
binant BGlucosidase Expressed in Escherichia coli. Kim, Jaeyoung, Bongkyu Kim?, Changsoo Kang?,
Yongsub Yi*, Joong-hoon Ahn, and Yoongho Lim®. Department of herbal medicine, Basic Science Institute,
Hoseo University, Asan 336-795, Korea, TBMIC, Division of Bioscience and Biotechnology, Konkuk University,
Seoul 143-701, Korea, 2Depazrtment of Biological Science, Hoseo University, Asan 336-795, Korea —The f-glu-
cosidase gene from Sreptomyces coelicolor A3(2) was cloned and expressed in Escherichia coli. The ORF
consisted of 1377 nucleotides encoding 51 kDa in a predicted molecular weight. Effects of pH indicated that
the f-glucosidase showed similar activity using a-pNPG(o-nitrophenyl-o-D-glucopyranoside), S-pNPG(o-
nitrophenyl-$#-D-glucopyranoside), and S-pNPF(o-nitrophenyl-8-D-fucopyranoside) at range of pH 3 to 10,
and high activity using S-pNPGA (o-nitrophenyl-/-D-galactopyranoside) from pH 5 to 10, especialy, 3.3
times higher activity at pH 9. Effects of temperature indicated that the f-glucosidase showed low activity
using o~-pNPG, #-pNPG, and #-pNPF from 20°C to 70°C, and increased activity using S-pNPGA from 30°C to
50°C, 1.8 times higher activity at 50°C than at 30°C. According to activity determination of other substrates,
the enzyme was active on daidzin, genistin, and glycitin, inactive on esculin and apigenin-7-glucose. The
EDTA and DTT as reducing agents inhibited fglucosidase activity, but SDS and mercaptoethanol did not
inhibit. Monovalent or divalent metal ions such as MnSOy,, CaCl,, KCl, and MgSO, did not inhibited fglu-
cosidase activity. CuSO,4 and NaCl showed low inhibition, and ZnSO, inhibited 3.3 times higher than control.
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Glycosyl hydrolase family:= 2 A2 JA) 114
9] familyZ #F=o] 312 glycosyl hydrolase family 1
groupel] Aglucosidase(EC 3.2.1.21)¢] <3l9)H4, 12].

#5744 82l Bglucosidase (BGL)S] AEl=le] oake
AlEe] 79 AlEFEEoy dule] |3AS S
o Fed3hrut, A= Aare] A 713l T Ao
2 A7Ea olem[7, 11] L vl FE, vE T B2 A
E5o| =413, 714 E aryl#} akyl-pD-glucosidesE AF
L3 5 F WS 7AENAE TR AR XuEa
Atk el2igt BGL F4xke] 932 celluloses F3Bh= 3
Aol Foddh= Ao HAHI glony, o] §40] F w2
714 Ee]d EAo] in vivo AeEfellA] ofwgt HES A
off efgh 2|42 obx] wFshet[23, 26]. 3, w2 23}
el Fofshz AR fglucosidase®] HTE HArshar
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=, celulose FaS Sl n|YENAE o] Favt B
3= 32 9leH1, 8, 16]. ©]#l8 BGLE ofw]Ale] 4507H<]
types} o] x=Ake] 800702l type= 77t vhRa glom,
Type Il &31= BGL-2 Aldellr F2 W=l 3)aL, type
e Al Fgolol A 37 WA= ek A F71A
Trichoderma, Clostridium, Bacillus, Pyrococcus, Bifidobac-
terium 2 Aspergillus niger, Sporotichum cellulopolum,
Bifidobacterium S|4 BGL &4} B3 ¢Jt}5, 10,
14, 19, 24, 25, 29, 30].

BGL Eae & w2 7|A S S Faled A5, 38, Al
A 2 AEyd 5 AR AR Fafshet o]8HH,
53] okl A A fr-831A AHEE AL ot o2t
BGL EAE o] 834 glycoside FR=AZHE] glucoses -
e A7 AH L e, e s A =4
= QA A2 S 2L gle] T 7EA7E SlEHs,
17, 27].

B oo A AFE-3F Sreptomyces coelicolor A3(2E
ZoFA] M-S streptomycin AAFTFTo|eF. A AAA
Abel] W8k FAA R} Haise] SEE glon, XA}
glycosyl hydrolase family 122 FA =+ FAx7} 5712
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BuE glel2, 4]

w2, 2 J7E= S codicolor A3(2)2] FFAIARE viEd
22 Bglucosidase fFAAE Helslil, 1 EAS Al
EAA IS 913 S-8ofel] E83slarx} g

ERETE

ARBTF, HiX| R AlSF

B ool A A3 Sreptomyces codlicolor A(3)2 F5
£ AFEEFF-LAoN A Popio} ALgalel T, oL 9
3kod nutrient broth (Difco. USA)el|A] 797k 28°Cel| A] wj]
¥atadet. & EA el AHEE 71A -2 penitrophenyl-o-D-
glucopyranoside(a-pNPG), p-nitrophenyl-4-D-fucopyrano-
side(#-pNPF), o-nitrophenyl-4-D-glucopyranosi de(pNPG),
p-nitrophenyl-4-D-gal actopyranoside(-pNPGA), Daidzin,
Genigtin, Glycitin, Esculin, Apigenin-7-glucose Sigmai}
(USA)ZHE F9l5te] ARE38Iolal, S50l Bl AR
AH4-%l MnSOy4, MgSOs, CuSO,, ZnSO, CaSOy NaSOj,
KCl, EDTA, SDS, DTT, mercaptoethanol =3 SigmaAlZ
Te] Fshe] Mgkl

[-Glucosidase 784t 22| ¥ UEHHE MZ

S coelicolor A(3)2 52| 42 DNAE F%3 ¥
sense primer : ATGAGTGAGTACCCCGGTTTCCCG, anti-
sense primer : TCACCCGCGGTTGGCGGCGATCATCE
o]-§-3}e PCRYF-E-(95°C 13, 58°C 13, 72°ClE 30% &
¢t 353] FF)E sk SF5 PCR AHES pGEM-T
Easy vector(Promega, USA)el| Al3lsle] 9714 9S 3ql3t
., 1k el pET15b(Invitrogen, USA)el| ligations},
A zg whwial W& 4 hostel E. coli BL21(DE3) plLys
(Novagen, Inc.)2 32313k Alzic}.
S-Glucosidasee| &3 X HX|

w3 S 93 E. coli BL21(DE3) pLys 3243723 10
mL LB wiA|e] TdHE F, T "MSAS 1L LBHH]
(Difco Lab., USA)ell AZ3}ed abs 600 nmel|A] O.D. Zte]
0.8 o]} | HEs= 0.1 mM7} Bl =5 IPTGE 718l
16~]7F 5t wiekslsdet. wiekel-2 5000 rpmel| Al 3097 A
A2 & 5 FAS 20mM Tris-HCI(pH 8.0) 10 mLol| &
galoict. Had BAE FE3] $lsk] wAdgd S 2
<3} gt § 5000 rpmel| A 1087 Al sle] A
= 2FFY ez A H. 2FF 92 RC-membrane
filter Minisart RC 25(Viva science, Germany)Z. o 3} 3} o]
AH&-3}9d v}, Histrap FF column-2 Tris-buffer(20 mM pH
802 W3 L wtE ¥l A#As 2FEHS columnel] ¥
Tris-buffer(20 mM pH 8.0)Z washingdt ¥, 500mM im-
idazolee] 3 7}% Tris buffer(20mM pH 8.0)= ©] 43}

1mL min'e] &2 APe=Tuls 718l S&3l%t. &
239 AM=23 fglucosidase= 12% SDS-PAGES ©]-&-3}4]
stelslg] 2 vi[1g], imidazolee FA kel A A sk
Imidazolee] #A7% Bglucosidasel= 3F9]ed 2}A4=] (Centri-
plus YM, MILLIPORE, USAYS- o]} 553} sodium
acetate buffer(50 mM pH 6.0)2 FA 3 th- 4°Col| 2%
slod FAEA | A3l

[-Glucosidase2| THHE XNk

5% Ae] A3k Bradford methods- o] 83l &
= 595 nmel| A &4 8193 2™ [3], bovine serum albumin
(BSAYE EFhA = ARSIt

[-Glucosidase &M &X

S-Glucosidase®] 42 p-nitrophenyl-S-D-glucopyranc-
Side(oNPG)E 7142 o]-83le] ZA3IAHH20]. BF4-> 25
uLe] Bglucosidase?t 25 uLe] pNPG(10 mM)Z HolF ¥
sodium acetate buffer(50 mM pH 6.0)5 ¥o] 100 L= gt
F9Lm 30°Col| Al 1577+ HH--A17] ¥ NaOH-glycine
buffer(0.4 M pH 10.8) 100 uLE- H7}3}ed HH-S A=A A7
S 405 el A FREE SRt BAEdS AA
oy #5542 pnitrophenolg ARE-319IE}. AGlucosidase
2] 1unit= p-nitrophenyl-S-D-glucopyranosidecl] A1 p-nitro-
phenol(oNP) 1 pmols 1% F<F AAF 3l=d] HQ83t ke
2 AH9stedv}. 71& e A% flavonoids= HPLC(Varian,
USA)E o]83le] EA319i o, Varian C18 94t columns-
o] 83le] < 1 mL/mineE, o] %A A: 0.1% formic acid,
B: acetonitrile= 245 nmellA] 65274 B-AI319]c)

S-Glucosidase §4 &4

A" pglucosidases Aglucosidase assay WS =3l
A8l om Azk &%, pHE BAH o2 2AlslgI

A FHUREAIES 10-3087H4] 10 7o &
Al on HHuke X huffers pH 5, 622 F-Hale]
20-70°C71A] 10°C 722 5431513t 4 &4 pHe pH
310744 pH 1 2V o2 Z4sisich. A8 buffers pH
W $lol] whebd pH 3.0-5.0(50 mM, sodium acetate buffer),
pH 6.0-8.0(50 mM, TrisHCl buffer) =; pH 9.0-10.0(50
mM, glycineNaOH buffer)e]=], $1¢] =& Al§-2> 33] 1t
E3le] Al 71l Hgk F40] FHAuhg-259) pH
2 zxslgom 71 A2E apNPG BpPNPF, pNPG A
PNPGAE AH&-8lsict. §HH, Srol & 5ol digh 484
£ FAsden, el 10mMe] HES MnSO,,
MgSO4, CUSO4, ZnSO4, CaSO4, NaSO4, KC|, EDTA,
SDS, DTT 2 mercaptoethanolS- 3713t ¥ A-golA] 15%
7+ BREAI R
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g1 ¢ nE
FGlucosidase FEXHL, &é o A

Sreptomyces codlicolor A(3)2 TFell A 223k 42t
DNAE o|-83}e] PCRé}ed 15kbe] PCR AHe-& 55314
o} 5335 PCR AHES| d7|M9& XAFslaL, NCBI
BLAST searchE- 3}od S codicolor A(3)29] Aglucosidase
fAAe] @7 1MEdS Eelskar, wade pET15°Y cloning
shsiet. el Absle] 2hl®l plasmid pET15bScBGL
+ E. coli BL21(DE3) pLys’ll 3JAASIA|A 2|23 bz
ol AME-El

343} © E. coli BL21(DE3) pLysE LB wiA]e] A=
sled AT AA PTG 3525 241817 $13ted 0,
001, 0.1, 05 1mM == wjx|o] A~}3te, 0.1 mM
IPTG sxollX 7P 27 wal=s AS gelsolal, 25°C
M 7P =7 HAHAH(Fig. 1). °121§ Sglucosidase=
137797179 2] 51kDa FAleFe] A Hejsr] 93|
A SRS o 23)T Histrap columnS- o]-&3}e] A 4|31
o}, pNPG 25382 1295 SDSPAGES %3l &al 3slsle
o £S5 E35) imidazoleS A A3IIHFig. 2).

S-Glucosidase2| =& gt =A

HBAAE Bolucosidase(ScBGL1) 42 Bglucosid-
ase assay W2 ARSI oH ukS-buffere] 271 w2} &
Aol v2A Yelden, 7|42 pNPGE: o] 43130}, 24
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Fig. 1. Expresson of recombinant Aglucosidase gene from
Sreptomyces coelicolor A3(2) in E. coli. Samples were run in
12% SDS-PAGE. lane 1, molecular size markers; lane 2, no
induction of E. cali; lane 3, E. coli lysate without recombinant £
glucosidase after induction by 0.01 M IPTG; lane 4, E. coli lysate
with recombinant £-glucosidase before induction by 0.01 M IPTG;
lane 5, soluble protein after induction.
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Fig. 2. SDS-PAGE of the purified recombinant fglucosidasein
E. coli by liquid chromatography. lane 1, molecular size
markers; lane 2, before expression; lane 3, after expression; lane 4-
10, active fractions.
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HH-S-A1ZES 10-3087H4] 108 7HA o SA43 A3 308
o] Foll = FAe] Wiz} A JepdA] kAL b A o]
A=glom 158 Fok vk o HAS Yehloh &
ol W2 AL pH 52 @ 20°C, pH 6 U W] 60°Cel|A]
7V e AL Yl o3t Aol e o%
oA o8 FE3E 2lo] & Mvh(Fig. 3). pH W3l up2
24 pH 37 pH 9 oAl e P S vepon,
pH 7A 71 =2 24 el (Fig. 3).

[S-Glucosidase2| 7|&SM

7|&el] W3t Bglucosidase?] pH 2 2ol e A4S
ZAkIIEE. a-pNPG, -pNPG, SpNPRE pH 3-10 7H4] H]
231 S Yehller, a-pNPGZ} pH 74 o7t =2 &
3& Bot(Fig. 4). fpNPGAE T2 714 H} pH 597}
7 T S vEldlem, 53] pH PlAE oF 34 o4}
=2 34S el oh(Fig. 4). o-pNPG SpNPG, S-pNPF
of High ko whE s 20-70°C7HA] 2 W3S
Holz] kil glom, 60°CIA BpNPRe] EAde] vii &7
vehd ¥, fFpNPGAE 30-50°C7HA] EHAd o] Z7}35}ed
50°CelM 7H 2 FAS Eduk(Fig. 5). v FEE
5 7HE 71A e B4 ZARBE] flke] do] AgE
flavonoidsE- ©|-8-3F 71" 5o A& FAFe}] 2™ daidzin,
genistin, glycitin, esculin, apigenin-7-glucose 5& AH&-3}
9o}, SpNPGA®] o3t Al #HA -2 daidzin 17%, glycitin
12%, genistin 8% =22 Yehdon esculing apigenin-7-
glucose 7 7]1A2 FAJS VeRA] Ak (Table 1).

F&0|2 & J|Et WE
[-Glucosidase 432 EDTAS} DTTollAE A=) 2w,
SDS2} mercaptoethanololl A= tl 279} v]S=8llt}(Fig. 6).
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Fig. 3. Effects of temperature (A) and pH (B) on the recombinant fglucosidase activity from Sreptomyces codicolor A3(2) in E.

coli. [J, pH 5.0; @, pH 6.0.
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Fig. 4. Effects of substrate on the activity of recombinant £
glucosidase from Streptomyces coelicolor A3(2) in E. coli at
different pHs. @, p-nitrophenyl-o-D-glucopyranoside; B, p-nitro-
phenyl-AD-glucopyranoside; A, p-nitrophenyl-43D-fucopyrano-
side; V, p-nitrophenyl-4-D-gal cotopyranoside.

v ) 3501222 MnSO,, CaCl,, KCI, MgSO£IIA
o] Z71sl9d e, £3] Mn o]2o] BA] A4

EAAS A8l e 53], ZnSOs& Aglucosidase o]
Hate] 2 A 2dS veldck(Fig. 6).

Sreptomyces <ol 4 Fglucosidase(BGL)2] & &el o 5]
Al gzl Zlo] A AN 2 BGL 8400 Ao =
Ho| gkgolz] 77} o] Foix| 2L QIHH13, 15, 21, 22, 28].

722 familyol] 431 glycosyl hydrolasese Qs o2
ARk d7IM e waE A Fx7) fAkeE g
B4 w3t AL Ao ® Wwsha 9JoH28]. ScBGLIsIA
Hol= 54 v& F°] Bglucosidase543 ¥} w5t 7k

p-nitrophenol (u mol)

4 T T T T
20 30 40 50 60 70

Temperature(C)

Fig. 5. Effects of substrates on the activity of recombinant £
glucosidase from Streptomyces coelicolor A3(2) in E. coli at
different tempatures. @, r-nitrophenyl-o~D-glucopyranoside; M,
p-nitrophenyl-4-D-glucopyranoside; A, p-nitrophenyl-£-D-fuco-
pyranoside; /, p-nitrophenyl-4-D-gal cotopyranoside.

Table 1. Relative activity of recombinant Aglucosidase from
Sreptomyces coelicolor A3(2) in E. coli on various flavonoid
substrates.

Flavonoid substrates Relative activity (%)
PPNPG 100
Daidzin 17
Genistin 8
Glycitin 12
Esculin 0
Apigenin-7-glucose 0

< Ho]al glt}. Glycosyl hydrolase family 1ol &3}= -
ARRe 714514 wkgel w2t (1) ayl Bglucosidases, (2)
cellobiose?} g7 oligosaccharidesit-s- 7153 31= cdlo-
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Fig. 6. Effects of metal ions and other chemical reagents on the
activity of recombinant f-glucosidase from Streptomyces coeli-
color A3(2) in E. cali.

biases, (3) ¢ F 7HA BFE 712 AM85R= fglucosidases
2 sl gluH6]. =3 Aglucosidases 71 A Eo] Aol u}
2} Bglucosidase A, BE 7| = 3HoH9]. ScBGL1S] 7
$- nitro groupg 7= 7146 B4S Yepl=d, o2
Zo] BGL 4122 7% nitro groupS 7= 71 -e)|A] &
AHES-E HolA] o= 7= EaE T 9loH17]. ScBGL1
°] 73-% cellobiose2} CMCellAM S-S viehfi#] k3l gle]
1 groupell &38etar Belu, Bglucosidase®] 7] AATE] Fol
W A A7 siobd Ho oekst 71dAg e 2Apt 2
[3fear 2o, ol2st 71AAEe] gk flavonoidss: ©]
43 7|A 5ol ZAPIAE Hold|, & F°] BGLEAR
o] 9= flavonoids 7| A& ol| A cefst Ael-g Hoelx
AUt BGLE EAAI3ES 913t A= 283P7] SlsiMe 2
o} vekat E4x0] sitte] Fgalrlar B, 2 3ik
A0 AP nlo] ofUf ] Aol BiEe] A E|dA oA
gt Bavie] F 8ol 87H ol BAE o83t
2kle] Axg] 7)ee W S o] FUAIT 3 A
NS B8 A H7E Hlefo] nlo] Qou]R] ko]
gt So]7] %= 3130, 31]. o|2lst SelA st 840
e 23S Bk op 1 ofluX| Ak Ake] AR E

Aol FFs e,

(=) oF
L =

Sreptomyces codlicolor A3(2)9] A-glucosidase F-H A
ejste] HiAell A WHastel 545 ZARIGIC 29 &
A& veE &% pH ZiAME 20°C, pH 64 60°C
A & SIS et pHol 2 B34S pH 3 o]3}
sk pH 9 ol4ge] WSlelME e YL vhehg o pH 7
A 7 e LS Ukt

o~-pNPG(p-nitrophenyl-o~D-glucopyranoside), S-pNPG (o

nitrophenyl-4-D-glucopyranoside), S-pNPF(o-nitrophenyl-4
D-fucopyranosidey= pH 3-107}#] ¥]5:3t A4S el o
™, orpNPG7} pH 7oA i 2 A S B #
PNPGAL: pH 59714 &2 B4& vehlom, 53] pH 9
oA 3 o]ike] w2 BAS veERIH. 71A a-pNPG $
PNPG, SpNPFe| &Xof uhE B4 3= fpNPRe] 24
o] 60°ColA F718t L, FpNPGAE 30-50°C7HA] &HA o]
S7V¥sted 50°CollA] F &S vebgle. 23} flavonoid
2 o] 83 A5 A& dadzin, glycitin,
genigtin, =22 Yephdon] esculing} apigenin-7-glucose=
7142 AREEA] skt fGlucosidase #4-> EDTA,
DTTell &3] A=< 2™, MnSO,, CaCly, KCI, MgSO,
o 23] F7ketadal, 53] Mnel-&el o8 F7}3ksdTh.
CuSO,, NaClel| 2]3) &4-84e] A=, 53] ZnSO,
o] 7 BAagA o] 73 A=

HAtel 2

BodFe 2EA5H vl 21FAME:

20080401034052)0] ]3] 4=3h =gl on] Au] x|ghell 7k}
=3y,
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