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Expression of B-Galactosidase from Pyrococcus furiosus
in E. coli and Analysis of Lactase Properties
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Abstract ; The lactase gene from Pyrococcus furiosus was studied in this experiment. The cloned gene was expressed in
Escherichia coli and the properties of lactase were determinated. celB gene was amplified by PCR and subsequently
cloned, then ligated to the pET-30a(+) vector. The recombinant plasmid pET-celB was transformed into E. coli BL21.
The positive transformants were induced at 28°C for four hours by IPTG . SDS-PAGE analysis and lactase activity
assay showed that celB gene was over-expressed in E. coli. The molecular weight of the recombinant expressed lactase
CELB was about 58 kDa. CELB is a thermostable lactase. The optimum temperature was 105°C and better heat stahil-
ity was achieved between 90°C to 110°C. The optimum pH value was 5.0 and better pH stability was gained from pH
5.0 t0 10.0. Tt is concluded that the lactase has a very weak dependence on metal jons.
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1.1 ##

1.1.1 F#Fms G Pyrococeus fu-
riosus) 8422 , thy H [ ARl B BE 4 W1 HO R BT 55 i
TR TF W5 L IR g s K AT B IM109 \BL21 A<
LB ZE R 17 s pBluescript SK (4) # (A l] H Promega
43 H] s pET-30a(+) kM § Novagen 22 H],

1.1.2 #X# Tag Plus DNA B&EE B LA
PITRAR ko FEMERRB AR 24
AWy 4% E] 5 TPTG W H Promega 23 H ; i #7 4R A 2
HB-B-DFFLHEH (ONPG) g B Pierce /3 H]; H
(1Rl b b d = Vg e S

1.2 ZAEBEREE celB MY IE

R E R RMER T, ERHA
5148 5 54 B3I A Smal  Notl 3 55 ( FRIZR 3%
A IMINAE A BRI L) o 314510 Celbfl : 5
teeceeggg ATGAAGTTCCCAAAAAACTTC-3'; Celbf2, 5'-
alaagaatgegecegcCTACTTTCTTGTAACAAAT-3', DL 3L A
41 DNA J#5#, Fl Tag Plus DNA &S EEY 13
HEEEELA celB, 354} B F Smal., Notl XL E§ Y] PCR
Fr BeFI# A4 pBlueseript SK(+) , U EEH] Fr BT i
FEfEAL, W e % 52 PHPE T B R A kL, i B N
pSK-celB,

FEHER pSK-celB 2 Smal, NotI XL EEH], [B]
1.4 kb B B (celB A, L EcoRV , Notl
WEH) R B FRR A pET-30a() F [, 16°C %
B, e KT i IM109, B 1) % 5E i vt IR
BE HFIR AL, A % N pET-celB,

1.3 celB EREXBHERHESRRE

W IR R pET-celB J2 %5 £ /& pET-30a
(7 BIEAL KB B BL21, B 45 B )5 , B
fhF LB-kan ¥ &85 35 3L , 37T CHEIRE 5. WA
IPTG( Y€ 0.4 mmol -+ L") 78 28°C i S 15 3%,
L R B 2 R, BB 3 RORI e R BB AT SDS-
PAGE 6] B2 Bty 1% P 00 5

1.4 ZiEEEERmE SN

¥ pET-celB % BL21 B EFEEF T 40 mL
LB-kan JE{ERE 77 2E 37T CHIRE R K. % 2%
{RTRFEHET 500 mL LB-kan J{A 35 77 2 , 38 R 55
Fi & 0D, =0.6 ~0.8,3% 0. 2% fi A TIPTG,18C
200 rpm 5 FIE R, FHBRRR 22 PR EE B R 1A, B S
B A AR, B BT B SRR TR
(NI-NTA) #17EH 4k,

1.5 EEEmuE"

SR -B-D ~EFLA T (ONPG) 3T 0. 1
mol - L™ BEAREE M (pHS. 0) BRI A% 0. 25% (w/
v) BIRYITE W . B 200 pL BR800 pL JR¥)iE
W IR ,80°C{£38 15 min, fif A 1 mL 1 mol - L'
Na,CO, 2 5, M %€ 420 nm LW UC(E ., 5B K
PSR EY E By (ONP) (17 2 FIEEIE R, EEIS 7
BN L — " TEERAL(U) BIAE 80°C pH5.0
B9 ONPG 2pff 4 1 umol &L FH B (ONP)
i E .

1.6 EEEMRSHT
1.6.1 3LiEsse % pH | 2 A pH A2 A &

4y PFd ] pH3. 6 ~10.0 (¥ pH RF) 2 i, ¥
Jis#) ONPG T pH RFNE P (0.25% ) , FF
Yo FUAEES [FRFI AR B pH 22 PR R R, 7E 80°C
FUFT UEAR pH T RFLMEERG M, 1% 3 4
AT, Frea il ol pH R

SeFAARIR M pH 2% v A IR B VL #% #, 37°C

E 60 min, RIEETK L. K pHEES.OF,
T pH5. 0 B2 w6 B 085 A5 40, Rl i B —
FALFE AL B AEXT IR . 22 pH Fa e tR £k,
1.6.2 3SUMEES6Y 3800 B & A AL 2 AT

1 52 J5L BE % BE (70°C . 75°C . 80%C ,85%C . 90°C |
95°C . 100°C , 105°C . 115°C . 120°C , 125°C . 130°C ,
135°C \145C) , b 3 4-F4T7, Ml pHS. 0
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A AEIEXT BR, AT 5 At 45 AL B 5 9 AR T Al I
1o LARBEJRE AL bR , LAAH R BE G J1 A b3 AE
1.6.3 45 % F A A 035 5Lmesdn
# % 80°C,pHS.0 &M T, TEMR B A
AL 4 T8 - FIAE D AL 2 iR (R B R 1
mmol - L")  BFFTH A FLB A MR A, 1% 3
AFAT . BAARIN G R 8 Ak 100 1 #6 R R
SHEXT B T Al A A B 5 (AR X RS T
1.6.4 SLBBR K F V&M% 80°C,pH5.0
FKUET, BA R W E /) ONPG JEH) ([S]) Wi
0D, fH. % XUE #4F B 5= ( Lineweaver-Burk )
FRRTERE N
K 1 1

m

Vo 181" Vorr

1_
v

MR B PEARHE I 2R B BT A R [ S ] %
RLAY v, 3R H & BB L Lo XF 1/ STHEES
HEZ BERE N /K, K, = - I/x; YRR
WAV, V.. =1y,

max * ' max

2 ZREHM

2.1 & celB BEENREZEHARIERHFL pET-celB
R
1 PCR 93815 21/ celB FH fy Bl i P 2
SLfEE A B pET-30a(+) o , # @ A FRIBFORL, IF
FJ EcoRV ,Xhol XA P & EF T 40 T, 7= 4 800 bp
16 kb #j 4% DNA F Bt , BE U145 R 5 BUSHAMAT, B
IR S B PH % R A% E 4 3R BUkL pET-celB,

2.2 celB BERHEXBTETHRZE

HH ML pET-celB ¥ L RMAFTH BL2L JF &
S HE 9T, SDS-PAGE (FE AR EE N 12% ) 7
ZERER (IR 1), FUBESEEH celB BRAT R 16 1E
Fik, HAR T HREL 58 kDa(Hik i), 5
HignrTHE—Z BABBER WS N
CELB,

7 M
o 941Da
o 62kDa

e
-.‘Jﬂllﬂ)a
“-BBH)Q
o q22kDa

1 pET-celB 7£ BL21 thif F /5y SDS-PAGE o#F
Fig.1 SDS-PACE analysis of proteins
expressed in E. coli BL21.

1.28%C , % 0.4 mmdl + L~! IPTG %S 4 h J5 7577 81k pET30a
(0 W R B A W BERR I 2. 28°C, 3 | A JTORE pETcelB A 22
IPTG #H R BT RZR R ; 3.28°C 20,4 mmol - L= IPTG
7% 4 h RS TR pET-celB ({ R HHT EEgH ; 4. 28°C,
#40.4 mmol - L™" IPTC 55 4 h J§-& M4 kL pET-celB [k
Tk | BB P AR A T s 5.28°C , ££0. 4 mmol - L' IPTC
%54 h, T EA TN pET-celB B X b s 7 B s B,
LG 6. AR pRTcelB FIR BT RS 8.0 BT
42 NTA-80( 7% 80 mmol » L™4 st ) SR SRI 5 7. S HALR
i pET-celB BYRERE )G 1 332 NTA-100( % 100 mmol - L="Bf:

k) SR M. (L TR A

1. E. coli cells lysates containing pET30a( +) induced by 0. 4
mmol « L™" IPTC for 4h at 28C ; 2. Uninduced E. coli cells lysates
containing pET-celB at 285 ; 3. E. cofi cells lysates containing
pET—celB 4 h after inducing with 0. 4 mmol + L~! IPTG at 28 ;
4. Precipitation of £ . coli cells containing pKT-celB induced by 0. 4
mmol + L.™Y IPTG for 4h at 28°C. 'The induced K . coli cells arve
broken by ultrasonic; 5. Supematant of £ . coli cells containing
pET-celB induced by 0.4 mmol + L.=1 IPTG for 4h at 28°C. The
induced E . coli cells are broken by ulirasonic; 6. Eluate containing
pET-celB washing by NTA-80 buffer ( containing 80 mmel « L~
imidazole) ; 7. Eluate containing pET-celB washing by NTA-100
buffer ( containing 100 mmol + L~! imidazole) ; M. Low molecular

weight protein marker,

2.3 BEMHRUEER

2.3.1 3LgseRis pH w2 7ESOC &M TF,M
A pH 25 F CELB 75 ¥4, B &5 pH i
L2, FEEEW,pHS. 0 BEEYES, I
FEpH4.5 ~ 6.0 Z[0], iZ B fR 5 80% LA £ &Y
2.3.2 AwpsmpHAzEMNE LRILESI,
CELB E [ pH faE 4%, #F pH5. 0 ~10.0 2
[B] AHR B 1459 7E80% LA L, JCHAEpHS.0 ~8.0
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Fig.2 The optimum pH curve of lactase CELB.
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Fig.3 The curve of pH stability of lactase CELB.

T Bl P9 LA X B S AR 90% L) b, AE pH4 AN
pHI12 B, AR BEIEAT5R 3 55% LA k.

2.3.3 s %EERE WHE4 FiR,CELB
BOEIRE N 105°C ,7£ 95 ~ 110°C Z [a) 454 BTG 5
£ 80% LA I, 120°C w475 7T 35 2| & = B 16 1
54.6% ,

2.3.4 sLpEeRATMHAE  CELB e
PEREF, 90 ~ 110°C 43 10 min, 48 Xf B8 35 375
96% LA |.,120°C 130°C 4b3 5 , BEiE A P 4%, {2
AT IR AL R 70% DL E( WES) .

2.3.5 2B % Fhom AR TILBHEELS
Hof  Cu®* Pb2* Fe** Mn’* Ga’* Zn®* il SDS
XU BT S BE R A, b L Fe® BUR B
BA &, ARG TR A 5 283% ;KT Mg’ XA —
B VR, (HEL B S e AN K, 4T B Y S i 7
5% ~ 10% ; EDTA X 58 (9 5% Wt S K. #E
CELB SRR WA EBE T .

2.3.6 SLBEEM K o Vo 48 JH0.1 mol - L'
pH5. O BiE2 2% v e i A [5] & i) ONPG ¥ W,
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Fig.4 The optimum temperature curve of lactase CELB.
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Fig.5 The curve of thermal stability of lactase CELB.
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Fig.6 The effect of metal ions and chemical

reagent to lactase activity.
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Fig.7 Lineweaver-Burk plots of lactase CELB on ONPG.
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PeiE YR

A FRIR R S IR FLAE S, R R b
AR HFTERRE R

W TLAE" g — b o U T 9 A B 1A 2 T AT
WA - PR T HERN R E X ERS
HE B | BRI, K% B s IR
55°C , fxif pH N 7.0,7E SOCHT B A BAF AR
. KT, Mg’ , Mn* S5 X Bl — 5 30 1E
M, MEL B Pb™ ,Sn™" ,Zn"" , Cu®" 25X} B
H—EMEEA. HESREXE 60CH, R
P EEE T, BB TR AR B, H pH R NI
B, 7 pH <6.0 Fl pH > 8. 0 Iy EeHE Rk T

R EREE N 101 ARGIRE P RBLT 1 R
=i BRI E A AR, X2 NFLEKE Lacto-
coceus sp. o L PRI PR IR B-F BRI R I &
& pH 2 6.5, Fid fE IR 50°C,65°C B AH X
P SN RIS Y 19 % , 4 30 ~60°CIE N, B
BIFREN. £BE 7 Mg AR, T
Hg' ' Cu® " \Mn® " NIIPHIEE . &NE, %K,
64 96.8 mmol - L7, K& IR, (A2, &
i 50°C JE BEE ) 22 T W, 7 60°C A E T
B 30% LA .

Wanarska 2£°° 4§ BT Pyrococcus woesei [
gL R e KT I P AR RE, MR
R 2 85°C, il pH 6. 6, BB Y.
Mg* AT REE MG, BB E T Co'' NiTT
Cu®" Zn"" i EEHTEHEREAT.

Morace 2210 3 1 41 B Sulfolobus solfataricus
AT A4 B2 ZLBEH G 2 A e BRI B R ch R4S T
Fik, WK,z A B-EFUBEEEAE 90°C L
T EARER T BIERES RS P RIANFLE
B L, R T PR 7 EARAR L, £ TS CIRE
2h JETTILE] 100% 75 1 5 SR VT TH , P& 18

37CZE WCHEENEE YR BT

A AR, Ulrich 25797 M Thermus aquaticus H T
e T — I~ P FLME A 2L [, Harada 251 7€ Sac-
charopoly spora rectivirgula "P 378 T —F it 2 4
J& B- AW, AT T M & BE N e
PRSI BIBFSE . Vian Z5 20 VB Thermus sp.
T2 WAk A FLBE R A e KT W P Res TRk,

AL R PR ERRE TR HE
Pyrococcus furiosus , It 5 FLAth SR 1) 75 R 7L VR
HHEEA L B MBS A . e AW, foE
MREERF 105°C ™ | B TRt a5 B
e IR LB AR L, I B Ml PR R = . AR 95
~ L10°C 2 [ A7 %o B 3% 1 24 7 80% LA |, 5 Z 5|
120°C BT OR $57 B o5 IS B9 54 6% ; TE PR E 1
J7TE,90°C , 110°C 43 | 4L 38 10 min J5 , #H %4 B 15
54E 96% LA L 5 [ iz B B AR 4 BTl 1L L #2
pH 5.0 ~ 8.0 i P HAEXS B S 9 7E 90% L) L
SREET AR ZEA R, RAZE SRS T
RO A5 L X — S R R M IR R AE A 5 i T
P EAN TR . EaER Ak TR Tl A
FarHir e 59— R PR 2, Rl TR s 34,
FRATRT AR G 1A B (0 Tt A, 35 /S A 1 A
AEFA AT RE R AL, BRI FRAIR T 32

&2 ,CELB RLAFHIPAER E PRI pH B3 E P LA
B4 R B T /X B, N RIS
N FRTE SR AL TR & O 2 R R IR, [ et D 1 A
HERBRGBTRATWRETE T HA
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