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EARRLIRFATE p-AEEEI N =ES
= A RIE R EBEF AR
FRED B4 AT IRE' WEC

(L REBHERY i TR SAYHARYBE KE 300457)
(2. PEBFREMAEYVIZT JE 100101)

B OE: [869] LB AR AR FIAFE T4 B-F) A4 F 8 AR bglB, £ E. coli F
SR A, b TR BB R, [ %) A1 PCR R AR M AL R L3 5F 047 69 3%
K40 DNA ¥ 054323 bglB AR, AR A% 3 KX BAR pGEX-2TL L5 EXMATHA
BL21(DE3) ¥ & ik, *t4ifb /ey B-#) 45 HBaa) B MR A ERKR ST, [ER] =
40 R GA G B-F B ME HBERIEIRE A 65 °C, ik pH 4 7.0, #t/ pH5-10.60 °C T L4
FE AN FRAERSNEFIRE(G80 mmol/L K FLELAGE. APTE T4 5% 2069 %
EAER, CoP A — R I RIVE R . RIER K A T iZBELE /) 4 0.043 1UImg. Z8 LA %
FERAL X, L FRIKGAH p-AAEFHEM. [£46])] KF—AaHAG 6 F
B-F) B AE T BE, AHut— AR B-F AR R MEAAE ANE, RGBT B —E
a9 Bl .
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Abstract: [Objective] Cloning of pB-glucosidase gene bgIB from Geobacillus thermodenitrifi-
cans, heterologous expression in E. coli, purification and characterization of its enzymatic
properties. [Methods] Molecular cloning of the B-glucosidase encoding gene (bgIB) from
Geobacillus thermodenitrificans was performed by using a PCR technique. The gene was ex-
pressed in BL21(DE3) of Escherichia coli. After purification, the enzymatic properties and the
protein aggregation of B-glucosidase was investigated. [Results] The optimum temperature
and optimum pH of the recombinant B-glucosidase are 65 °C and 7.0 respectively, the enzyme
is stable for 4 h under the conditions of pH 5-10, 60 °C, and it maintains its high enzymatic
activity at the high salt concentration (up to 880 mmol/L K*). The recombinant p-glucosidase
is strongly activated by AI**, while slightly inhibited by Co?*. Under the optimal reaction con-
dition, the enzyme specific activity of recombinant B-glucosidase is 0.043 1U/mg. The
B-glucosidase GST fusion protein exists in different oligomers by a Superdex G-200 gel filtra-
tion analysis, and the different oligomers of enzymes all have hydrolase activity. [Conclusion]
We successfully obtained a heat- and salt- resistant neutral recombinant B-glucosidase from
Geobacillus thermodenitrificans, and paved a way for further study of its catalytic mechanism
and improvement its thermal stability of beta-glucosidase.
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B-D-H A WEF KB (EC 3.2.1.21), XFK B-
HIATHET G, AERR M A A AR SR Gl 2-6 1>
FABRERAL) . B AR FNOS B R R o AR 18 SR 1Y
B-D-H A BT K A BT R AT A
FHG R RO, AR LT AERTE N VIR
fitf (1,4-B-D-glucan-4-glucanohydrolase, EC 3.2.1.4)
H1 2T 4k — W% K fit B (1,4-p-D-glucan cellobiohy-
drolase, EC 3.2.1.91)f W EIfEF T A i 21 4k 55
WK i T EC ) B4R G 12 A0 TE
RS, ZREY) . . BE. A AO TER
WEREA B-RIARTEEE O, B 5 AR
PR, X AERR AR PRI IE A SR RE A
So HHT, B-HiA M 2 TR e L 4E R
B LT AR, AN, TR T4 BE2EU
H AL TAE A K A8 Py s 135 By i b & 4% — €
MIFERT . SR, RIRZAE TRy B-H %W i T
PR P AR e 22 A IR, O
SZF| T —E BRI

I R SR AT TR T v R I R AT R
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HANE A 16S RNA 3 K5 51 B A8 U AR &
(98.5%—-99.2%), &y A= ¥ Tl Ak Az 7 it Rl 1)
AR, M T B2 512 %
. BT, BERNC KPR T gkt
SEHUAT AR 1 22N AR, 40 LBl R q s AL
B BRIIRES . o-TEREEA o- AR EREE, g
A SRR RUR I B A T A DR

7SSO A I R 2 TR v B R A )
T B-HIAWEH A bglB FE[N, K M e
pGEX-2TL I, ¥ b KWiTi BL21(DE3), f#irg
P IS AFT Y bolB JE R 7E KT
LT AR [N, WEEH AR B A
TGS TalAl, JPRHZERRES KA BTHAT TH)

1 MRS hE
1.1 ##

1.1.1 HHEFARRKL: Geobacillus thermodenitrifi-
can B AR H A E Rl BERAE B ST T B FR A g
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O 2 #t . Escherichia coli BL21(DE3) & £ .
Escherichia coli DH5a B #%F1J8k: pGEX-2TL
AL B AR

112 EFERFIFANEE: PNPG (4-nitrophenyl-
B-glucopyranoside) . PNP-B-D-galactoside  Hi
PNP-a-D-mannoside 14T Sigma 2w, Typtone #l
Yeast Extract 4T Oxoid 2\ 7], DNA marker Fl1#&
1 Marker /4T Fermentas /&), TransStart FastPfu
DNA Polymerase I Fdtt &4 YH ARG R
/5], T4 DNA #5804 T Promega /A A, IPTG Fl
L-A e H KGR IR PE) T Amresco 23], B 1L
g FAe st = B A R], HoAt Yo = oA 4l
o ApEERARBO G Bobs2 Bt & .
il DNA [ S A BB e R i) &
W F RARAEARH L) A FRA ], Pierce BCA
Protein Assay Kit IJF Thermo Scientific /3 F].
PCR ¥ ¥ 1¥hA: TAEY TR (L) ARA R E
i, 1 mL GSTrap™ HP #1:, 20 mL superdex G-200
JEHTHFT AKTA FPLC 4 T° GE Healthcare A, 5
LCALIEAT Eppendorf A ], BT Tecan AF].
1.1.3 $ZFEE PR LB B3 5L Typtone 1%,
NaCl 1%, Yeast Extract 0.5%. GST Binding buffer:

Na;HPO, 4.3 mmol/L, KH,PO, 1.47 mmol/L, NaCl
137 mmol/L, KCI 2.7 mmol/L, pH 7.4,GST Elution

buffer: Tris-HCI 50 mmol/L, L-& bt Ik (d J54E)
10 mmol/L, pH 8.0,

1.2 A&

121 p-AEEEEA . EHRNEERF
FUSHT: (1) BEPRIZH B4 ol 40 T A P 2 4
BUAF & HE B Geobacillus thermodenitrifican [ 3
A2 DNA,

(2) bglB FEH Y PCR ¥4 #R4fEC4RE M)
Geobacillus thermodenitrifican NG80-2 i% bglB
® W P % (7 %) 5 CP000557, Region:
1847541..1848953), f# [ Primer Premier 5 #X{f

&, I FH W T BgIBF: 5-CTCAGATA

CATATGGAACAACAATCGAAGCA-3; BgIBR:
5-CTCAGAGGATCCTCAAAATCCGTTGTTTTC

CGC-3' (Luifem [ as PR i v N Il Nde T 12051
AL, RS IR G A UIRG BamH T iR BIAL,
Wi H T RIZFrH) . L Geobacillus thermodeni-
trifican AYFERIZH DNA Jyfit, 514 BgIBF.

BgIBR Xt bglB K41 PCR 14, B IAR N
50 uL: JEF4H DNA 100 ng, 51#74% 0.2 umol/L,

dNTPs 250 pmol/L, 5xTransStart Fast Pfu Buffer
10 pL, TransStart FastPfu DNA Polymerase 1 pl .

FLI &5 44 95 °C 2 min; 95 °C 20 s, 55 °C 20 s,
72°C30s, 3t 30 MR, 72 °C 5 min, PCR 4
263538 DNA DGR & R

(3) bglB HEpH| H2H kAR A A [ HIFR
il N YT Nde 1 1 BamH 1 Xf PCR 7= 4 i#k4 7l
VI, IR R IBEA pGEX-2TL ) Nde I Al
BamH I {5 I, #4k%] E. coli DH5a., i ¥k BH:
SO TREVIIRTE, FEIY .

B AS 2 bglB JE K BHPE AL AR (1551,
it NCBI Ebxf, #kik i AaRIdER . AFEDRIE S D)
RERYFIEF S, FIH] MEGA 4 B3t HH 751
AH AL e X DA B 2R 48 dF Ak 43 B, FH AR 3 1k
(Neighbor-Joining) #4) & R Ze i AL A, FH T 30 52
Fi R H A AR B 100 IR
1.2.2 B-EEMEEENFTIELN: (1) p-H%EmTT
fifffE E. coli BL21 "TAYifs T3k K d 4 fokifs
fbE] BL21 FkkH, Pkt ssife, 37 °C B3R i,
i 1%IF 3R EFR T 100 mL (7% 100 mg/L &%
TR LB Kigrdtd, #F 37 °C. 200 r/min
TIRZEFRE ODgy 152 05-0.8, VK il &
30 min, IAZHE 0.5 mmol/L ) IPTG, BT
28 °C. 200 r/min #E{% 1537 8 h, 4 °C. 4500 r/min
B 15 min AR,

(2) p-HZ A e Sk BRI T 5 mL
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WEMRA 22 vhi (20 mmol/L, pH 7.2)H, A Sk
TEZHI., 4 °C. 8 500 r/min B> 15 min, WE Fi
B2 mL ) 3% ] GST binding buffer #8310 mL,
P4 0.2 mL/min ff)ifi sl id 1 mL GSTrap™ HP A,
SR J5 FH 10 mL 1) GST binding buffer JEi&FE IR,
J5 1 3 mL B GST elution buffer e 2lifb =4
B4t = T B0 22 b (20 mmol/L, pH 7.0)
W, 4 °C iENTIE o 2liAb ™ R I IR T 38
123 B-EEBEEIBHEENE: MiHENeSR
SCHR[5], HX 10 pL 2lifb )5 B, 25 ul BERRs 22
¥ (200 mmol/L, pH 7.0)#1 85 uL H,0 R4,
T 60 °C & 5 min; A 5 uL PNPG (M
50 mmol/L), 60 °C /i 15 min; filA 100 pL
pH 10.8 H & 2-NaOH (200 mmol/L)& 1/ Jii; Bt
200 pL FZWiK, 1E 405 nm AL, LAgESy
#hAz i 1 umol 4-Nitrophenyl B B E L 14
JEES 3 A (umol/min) o 5 F Ik BE I % >R ] Pierce
BCA Protein Assay Kit ll| 5 .
124 B-EEBEEHBAOBMFEERMAR: 1) BE
XTHETE FIRRE M . 1) HodE iR B 10 pb —E ik
FELlifb S, 533 T 40 °C. 50 °C. 60 °C,
70 °C. 80 °C T HEgIE 1y, It b,
2) IREEm R B— A R, 535
40°C. 50 °C. 60 °C. 70 °C. 80 °C i & 30. 60,
120, 240 min; #RJ5T 60 °C TERHE J1, It
HI

(2) pH XIS 1052 . 1) feid pH: B 10 pL
—EWR B AR, 0 TANE] pH B2
W (LU FEY M 40 mmol/L)Hr, 60 °C il Hofg ik
1, IR . 2) pH 32 I—E R a2t
JE R, 43T AR pH ZZ MR E 4 h; 4R
J5, T 60°C T, B—EWER 10 pL Bk, 1EmE
PR 22 MR (MR 40 mmol/L, pH 7.0) i < il
71, IFHEHITE

(3) BT uREE XSG Sy HRE . B 10 pb —
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FE VR FE P AL S B, 430 TSR] B 5 B (4
WEE 4. 40, 80, 160, 320, 640, 880 mmol/L)
IR BN 2 ol (oH 7.0)H, 60 °C il HLEE 7,
CiRg R MR AT

(4) &JEETXEEE II5m . 8 10 pb —
SEWR Wik 5 B, 5 pL B IR AT 9% vh il
(200 mmol/L, pH 7.0), 15 pL Frhs e il 22 mhik
(200 mmol/L, pH 7.0)iEA 5, 43 lin ALk &N
0.1.1.0.10.0 mmol/L i 4:J& =+, #hKF] 125 uL,
60 °C T I H g 7, IR .
1.25 B-BEHEEMESRESSH: H500 pL —
B e BE I 4tk ) e i Superdex G-200 431
BT B LSRR, TSR #1447, 60 °C
e HCBES g, RS . PRUERERY A
MW (2 000 kD). A F1(440 KD)FIEIE 1M
(75 kD). FruEREM B: HURARERTE F1(669 kD).,
5 245 it (160 kD) 1R 25 4 (43 kD)o

2 G50

21 B-EEMEEMEANTIE. EE5FIEH
KHE R F5 2

It PCR 7%, MRETAIE A 435 AT
DNA Hi¥ 38 1 413 bp () bglB FE A, K H w2l
% % 5 pGEX-2TL I, E 41K w4 M
pGEX-bgIB.

MFZs R 7R, ¥ 38R bglB FEH 5 4l
i Geobacillus thermodenitrifican NG80-2 i bglB
S FIARIE 99%, & H)F51S Geobacillus
thermodenitrifican NG80-2 ) BgIB J¥ 34 LLfE1E
3 MRS, (H5HE Geobacillus PR IR
’J BgIB AHEE, X3 AN S A 2 LR e — 3,

A e AA ) Geobacillus B Rk 8] At 2 53 FiF
TE'F%IEI’\J 0

NCBI X453 s, BolB & )& TR K
RIS 1, SN E BN IS5 B-Hi%



WIOTE 2 G ARBE A0 B2 AU AT B~/ 2 Wl A ) e

R o 20 ek M L 2 e R AT AT 895

WETTHG . 6-BER-B- AW T A . B-2LFLWR T G LA
e 6-WEIR-B-1- FLME VA P H AR AL LX) & 31,
1 4 [ 5 2R 1R 22 O R T 2R T R — Lk i 1
e, BRI RE A AR (EASTE R AR,
ZEFRLRF AR U5 4 [T AR 1 N-di DXk B &8 Eb g i
w2t —BUPSI(ER 1), Geobacillus SR Y[F]
TR A FHIE) N-Ui X 3 (BgIB 2 A % R 31 A
----- MEQQSKQP) I B A 5T .

FIRE ARG L TM(E )08k, Ba-
cillus EFRRIER BglB [AVAE HEEE W —14~ K
W, TEZREET, Geobacillus B A% IE (1) & (Al
B I ZF R TR R IR 0 B 1 A R B — AN /D B
Vo TMilAIBEANE AR —R. NRGELER L

%, Geobacillus IR BgIB & H -5 % iR K IR 1Y ]
TR FAH L, A H O AR,
22 B-BEEEAIFRIELAL

SDS-PAGE (&1 2)53#r#H, £ IPTG i5%
JE W A I W A s e B AR ARG . Rk
I EHE MK/ 76 kD, Geobacillus ther-
modenitrifican /1 BgIB (14 #i i1 K £ /2 50 kD #
i, ARSZEH BgIB ) N Sty A KNk 26 kD
) GST hr% . alifb 5 1% 5 2l 8 (1 200k Bk 1 il Ak
FHIE R 50 kD VIBR GST 4% BglB i1 26 kD
) GST s iy 8 7l o 38 b BER I R G AT,
aifbf5 76 kD R/ H A S H B 90%
1

1 BgBEHRHEIMBARIEEZEE N mFINES

Table 1 Difference of N-terminus of BgIB protein and part of homologous proteins

KEE
N I = M | o
it Shfe Vs L G N 5751
Strain Function ceession Ot S€= entities N-terminal sequence
number quence (%)
(bp)
Geobacillus
thermodenitrifi- bgIB 470 100 - MEQQSKQPITYRFPAGFWWGSAT
can
Geobacillus
thermodenitrifi- Beta-glucosidase YP_001125856 470 9 - MEQQSKQSITYRFPAGFWWGSAT
cans NG80-2
Geobacillus Thermostable beta glucosi-
sp. TC-S8 dase-like protein ACE77068 470 94 - MEQRSKQPITYRFPAGFWWGSAT
Geobacillus
g;iri:?g'“cos" 6-Phospho-beta-glucosidase YP_004588242 470 84  ----- MKQQTKQEILYRFPDGFWWGSAT
C56-YS93
sEg'gA”?fSCte”“m Beta-glucosidase YP_002886257 474 73 -MTNPTQTRMKEQKTYQFPTDFWWGTAS

EEEllE s Mannoside-phospho-beta-d-

z'tjrbsi% 8subtllls glucosidase NP_388465
Eg@%@i;"é‘é%l Beta-glucosidase A YP_003873030

Listeria ivanovii
subsp. ivanovii Putative beta-glucosidase ~ YP_004854310
PAM 55
Escherichia
coli B185

Entergbacter Glycoside hydrolase family YP_004826595
asburiae LF7a  protein

Beta-glucosidase ZP_06659768

465 7E  ememmem=s MAHTEQYRFPKDFWWGSSA

474 72 MNHTEMKDIEQQTIQYRFPSDFWWGSSA

464 74 R MTYKFPENFWWGSAA
465 68  mommeeee MRYRFPDNFWWGSAC
457 BT i MKYSFPEHFWWGSAS
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100 [Bng Geobacillus thermodenitrifican
100 Geobacillus thermodenitrificans NG80-2 (YP_001125856)

100

Geobacillus sp. TC-S8 (ACE77068)

99 Geobacillus thermoglucosidasius C56-YS93 (YP_004588242)

Exiguobacterium sp. AT1b (YP_002886257)

97
92

Bacillus subtilis subsp. subtilis str. 168 (NP_388465)

Paenibacillus polymyxa E681 (YP_003873030)
Listeria ivanovii subsp. ivanovii PAM 55 (YP_004854310)

|
100!

Escherichia coli B185 (ZP_06659768)

0.05

Enterobacter asburiae LF7a (YP_004826595)

1 BglB EARHEMSEIREAN ARSI LK
Fig. 1 Phylogenetic analysis of BgIB protein and part of homologous proteins

23 B-EEEEHAEFE RS

231 REXMEEARIREM: FoEiREmE 3A
FiiR, B-HZBEFBRTE 60 °C—70 °C Z[AIfiEfits
95% LA b IR, HiiGHESE 65 °C A1,
80 °C TG 11T 10%.,

H4H BoIB Xl B2 fsE PEan &l 3B i, B-
HAIBET B AE 60 °C TFIEE 30,60, 120, 240 min
Jilg % S HAREEAE; 70 °C ¥ F 30 min, IS )
KRR TR —F 247, 80 °C ¥ F 30 min, JL
PRGNS B B~ A T T
232 pHXIEEEABIRM: 7EAR pH &4 T4
Bra 2 3RIA0 B-AIADH T GO BE TS ) L, 1%
FE pH 7.0 BRI IR g, SR BR Y rp i -4
AP, 5o pH o 7.0, WA 4A iR, & 4B
HiEE 4] BglB X pH AyfesE PRI, 7EAR[H pH #Y
ZPRPIEE 4 h, EAREN) BRI A R
pH 5-10 MZZ Pl T Gl E 1 RBAEREAE 90%LA
I+ 7E pH 5.0 MFFERR A 1, B-T A T
il e FR A o
233 BFREXMEE NI F AR TR
FE R B RAN Z2 vhil rh, FEALRIRN B-E AT
FitE % 1 007 A (E] 5) R YBERRAN e E KT
40 mmol/L B, iZXEHEG S AR YERFAE 100% 2547

http://journals.im.ac.cn/wswxtbcn

M43A%] 880 mmol/L B, G SIERTFE 120%, X
— IR, EHRIEN B-HEAWE T BEER = 2
T I HP AT SR PR 1 B Bl I

kb 1 2 3 4 5

— BgIB fusion protein
—BgIB

— GST tag

10—

2 E4H%ki%k BglB ER 4k SDS-PAGE

Fig. 2 SDS-PAGE of recombinant expression BglB
protein during purification

T L BREER M 20 RS BL2L 3 & IPTG BT RIAN
BL21; 4: #lifb/5 Y7 GST FrZEAE N, 5 B AR
GST &Ry EAEH.

Note: 1: Size markers (from top to bottom: 200, 150, 120, 100,
85, 70, 60, 50, 40, 30, 25, 20, 15 and 10 kD); 2: The
non-induced recombinant strain BL21; 3: Recombinant strain

BL21 induced by IPTG; 4: Purified fusion GST tag fusion pro-
tein; 5: Fusion GST tag fusion protein digested by thrombin.
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S

90

120
£ 100
< —a— 50°C —&— 70°C
= 80
g —— 60°C —6— 80°C
[+
2 40
= 20 f
D{‘ oD

0

0 30 60 120 240
¢ (min)

i Xt BgIB BiE 1 RYFNE(A) & BglB R EE(B)

Fig. 3 Effect of temperature on activity of recombinant BgIB (A) and its temperature stability (B)

A 120
N
2 100
Z 80
2
5 60
<
_°§ 40
;:3 20
O 1 1 1 1 1 ]
30 40 50 60 70 80
Temperature (°C)
3
A —4— 40 mmol/L Sodiumcitrate buffer

—&- 40 mmol/L Potassium phosphate buffer
-0~ 40 mmol/L Glycine-NaOH buffer

120
100 |
80
60 r

40:-_//.‘\\

20
3 5 7
pH

Relative activity (A/%)

9 11

B
. 120 ¢
S 100 | S s o o
<
> 80 f
Z 60 |
3 40 L —A— Sodium citrate buffer
2 —&- Potassium phosphate buffer
;ﬁ 20 ¢ —— Glycine-NaOH buffer
& 0 : : -
3 5 7 9 11

pH

4 pH Xt BglB EgiE 71 B9S2 ME(A) & BglB B9 pH 2 E14(B)
Fig. 4 Effect of pH on activity of recombinant BgIB (A) and its pH stability (B)

140

120

100
80
60
40
20 1

0 1 1 1 1 1 1

4 40 80 160 320 640 880

Potassium phosphate buffer concentration (mmol/L)

Relative activity (A/%)

5 BTFRENEL BgIB HIFM

Fig. 5 Effect of ionic strength on the recombinant BgIB
activity

234 TEBFEGFENBIFNE: AR
JRES X B- AR RETE S aniE 6 B
7%, 1E0.1 1 1.0 mmol/L 4R e+ F, B-HiZin

350
300 r
250
200
150
100

50

= Mg2+
K3 Ni**

AP*
i Fe**

Relative activity (A/%)

NI INININ:

,_
o
—_
<
o

Metallic ion (mmol/L)

6 €FEEFAELH BgIB BIFM
Fig. 6 Effect of metallic ions on the recombinant BglB
activity

HrEEII BTG S e 4ERR7E 80% LA |, Hirp APYFN
CUP X HAA MOIHAEF, NiZ A1 Co? ot Hofg $ s /B
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;M4 EE TR T Co? )Mk 10 mmol/L i,
-9 255 W T A 1 Tl G T 24 BAR R B 1 v,
Ho AP o A i, HE i ) 316%.
235 B-HEREEFEMLLFEAL: #dE, 5%
IR g LEIE A 0.000 75 1U/mg, 46
5 1 B- A L 16 R 0.005 8 1U/mg. 43l
TR R AR RGN (LM E 24 mmol/L)
AP (A EE 10 mmol/L)R, B-Hi A i LU f
ek E] 0.043 1U/mg. JIEY) ZHEPER G R I 4
FIRN B- AT B HLAT D i B-2P R T
%1, DL PNP-B-D-galactoside Jy Jis st H ik 11

40 [ A

35 | 14.82
30 f
25
20 |
15t

10 11.53
13.12
8.279'88

UV absorption (mAU)

0 5 10 15 20 25 30

Appearance time (min)

60  C

40 |
30 |
2 |
10 |

UV absorption (mAU)

0

50 | B

Ll PNPG HIEYIH 17%, LI PNP-a-D-man-
noside M JIKPIRT H L IE J1oR 0,
24 B-BEEEMESKSHHN

alifb 5 ) B~ 2 EE450d Superdex G-200
ST (B TR, G RN - AT
it N L BALIA (76 KD) . 3R {A(152 kD) TE :UA7-7E,
1M AR IE A TE, ARSI TR/
APREX BESE IR RS R 3 250 A 4143(>2 000 kD). B
2143 (440-669 KD)Fl C 4143(160-440 kD)., ¥
HH UG HSF (DR B~/ 78 W Tl SR P 40 T 41, B
Y4y AT RE L B4 (532 kD)ak & /\ (K (608 kD),

60 B 9.84
50
40
30
20
10

15.64

13.57
8.77

UV absorption (mAU)

0 5 10 15 20 25 30

Appearance time (min)

15 20 25 30

Appearance time (min)
7 Superdex G-200 % F i 3 E4H BglB B BRSHI NI
Fig. 7 Analysis of oligomeric of recombinant BgIB by superdex G-200
A FIRBEIE(2 000 kD) IgHTE] 8.27 min, #:3E (440 kD)H ] 11.53 min, 757 (75 kD) E] 14.82 min; B:
AR I Bk 25 11 (669 kD) H U] 9.84 min, FA4ETR(160 kD)L IAE] 13.75 min, BRI 171(43 kD) H IR} E] 2 15.64 min; C: &

2H BylIB U &]: L gmT ] 43512 8.17. 10.38, 11.57 min.

Note: A: Bluedextran (2 000 kD), appearance time: 8.27 min; ferritin (440 kD), appearance time: 11.53 min; conalbumin (75 kD),
appearance time: 14.82 min. B: Thyroglobulin (669 kD), appearance time: 9.84 min; aldolase (160 kD), appearance time: 13.75 min;
ovalbumin (43 kD), appearance time:15.64 min. C: The peaks of BglB, appearance time: 8.17, 10.38, 11.57 min.
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C H /) W] A& & T 5 14 (380 kD) 5 # /< F 1K
(456 kD)o A [w] I (]St A AT oty 1) 2 1 e J32 R kT
TN 2 PR, NBEAR LA, 4Fa>
669 kD & (HIEERTTE] 9.5 min LART) fi &
H LI 59.3%, C ZH 43 (T[] 11-12 min)
/D, ALY 6.19%; BT ) &, AEISERSH
- AW T M BLA B A TS 1, Hoh, C
oY B-RO A MR LIS e, KRR
B 2-4 15,

F2 BESHFRMEARERLLED

Table 2 Protein concentration and specific activity
of sample collected in different time

, VR
)
g BEERTEL protein o
e ; Specific  percentage
Collection concen- L ;
No. ; ; ; activity  of protein
time (min) tration
(IU/mg)  concentra-
(mg/L) .
tion (%)
1 6.5-7.0 = = =
2 7.0-75 = = =
3 7.5-8.0 120.3 0.002 6 114
4 8.0-8.5 190.8 0.002 4 18.1
5 8.5-9.0 158.8 0.002 9 15.1
6 9.0-9.5 154.5 0.0030 14.7
7 9.5-10.0 148.5 0.003 8 14.1
8 10.0-10.5 135.5 0.004 3 12.9
9 10.5-11.0 79.1 0.004 8 7.5
10 11.0-11.5 44.1 0.005 7 4.2
11 11.5-12.0 20.1 0.008 0 1.9
12 12.0-12.5 = = =

= R
Note: —: Out of range.

3 Wik

RETAIE A 1 1 AT I NG80-2 N4y
H T 2007 A5 A AE NCBI A FEH, o 3l iy
B-HI A BT B LA 3 4, gt )P Flsrir &
PR, 3X 3> B A R R A W K i
1 %K. R T OB IR S 2R AT B B-
2 BEH Tl B BT, Ry bolB KR PR A 3

PGEX-2TL Fk s R T7 5083 7 F, FFHAEK
kTR BL21 S8l T maickik . Rk RS
B A GST h%, AR TEEN /e alifl . Xfik
—ICARSE B A WE AT B R AR LA —
[ Lo

B ST A BR, AL RIRAY BRI AT pETT
fif BgIB 5 A ZEAUAT T SR IR Y B- A A B
J& T/ — KRR, (A5 Z M,
PRI 25 AR . A FIR MRS PB R 4 25 0 AF
B VR ) - A BRI | pH . B R LA
NG R A R TSz 88 1 . CHRGER) B-H A
T Al N K ZAE 60 °C LT, AP
IRIY BT A R )V IR 65 °C, JfH.
TE 60 °C-70 °C Z[HRELREE 95%L) L iy, 7E
pH 5.0-10.0.60 °C 55 T AR EAFAE4 h L L
HET, X BB R~ - i sy
WFoEtetA S, AT L IZEH R IR B-H%T
W i 7 KR40 T 4 B - R Eh IR B T B
FRE BTG, HLAS Y€ (0.1-10.0 mmol/L)fH
AP SHZ AT — B LR AR MR . skl Mg
5 T T o 9 14 A RO - [X sl %o HL R
A F TR, IR — RO TR TR A AR
SOME R A T Ol T S AR e I, AR R
IR B-RIERE T R LR T A N-b X 5 —
S R AR TR R R Y - A T A L A A B
FIRE R o ARIEI —4pas, ATLLE L B-H0 A0 1
N T [ o N /.= 1O O o w3 3T
3L T X B it 37 o

FRARE I RINK A 2RO RIE Y
ZRAK, AR SR A M AR IV B RS ¥R
], FEAERIR TR PERIL ., 43T KT 669 kD [1H3E
BE, HASRRDH C A5 BAR ST,
IR S R A A2 A 2 R S IR R AR 1
FEEPT BN, AT G S
HEATHGE .
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ASHITE NI A HEZF AT TR P e BRI T
B-HI AR, JT o T EARIBN BRI BT
Fit (1) it~ PR P S HEE IR . X —WRI i 3kAe
TR ER Y B-ATEE YA, ORI a4
TG B~/ 2 W ) VRS E PR B R AR B
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