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IMI109(DE3)i#t 47 & i&, 33| T —F MGt i bd adotd R 5L A% B (PelC). AT & 40 B4 64 B 5 M R A 50 K I, 1% Bl 69 3R 5 ROBL 3
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Expression, purification and characterization of a
thermostable pectate lyase from Thermotoga maritima
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Abstract: The structure gene pelA from Thermotoga maritima MSBS encoding pectate lyase was amplified and ligated into pHsh,
resulting pHsh-pelA. Through structural optimization on pHsh-pelA, the ultimate plasmid, pHsh-pelC, which possessed the most
appropriate structure and free energy of mRNA, was obtained. Pectate lyase C (PelC) was obtained after expressing pHsh-pelC in
Escherichia coli IM109. The optimum activity of PelC was determined at pH 8.5 at 90°C, with a half-life for almost 2 h at 95°C.
PelC was stable at the pH range of 8.2-9.8, and was dependent on Ca®" for activity and stability. The enzyme kept stable for a long
time and possessed a high level of activity at 60°C. The kinetic assay using polygalacturonic acid (PGA) as substrate gave K, and
Vmax 0f 0.11 mmol/L and 327 U per mg of protein. SDS-PAGE analysis showed that the molecular mass of the expressed recombinant
PelC was about 43 kD, which was exactly the size predicted. The expression vector system of the heat shock plasmid pHsh owned
such advantages as high expression level and cheap induction. Moreover, the superior stability of the recombinant enzyme laid the
base for large-scale fermentation application.
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i, [T A CS AR 2 —A H R T 77 A — A A i
R, SR A Tl A0 e — ol B A LS,
7z B T A SR o AR R, TR
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1 Mef iz

11wl
111 FHAA

T HIFT A Thermotoga maritima MSBS8 i H
ELEEMRAA L, Hi'5H ATCC43589; KIHATI#
Escherichia coli IM109 i F Promega (Wisconsin, WI,
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USA); Jithi pHsh WA 5256 = F S IR AF
112 =257

Bl /i T4 DNA 3% 2 Fl DNA RA WA A 54
L7/ /N TR i B i | i o I L @ iR
H Qiagen A H], XY R ¥ IR (PGA) W T
Sigma 7% w], JiToRn /) 4 O R & W T Al
UNIQ210 #1xC DNA fig [Nt & T g A= 4 1
PR MRS A A, $iERET Amresco A H],
HoAt i FH R0 Ay ] 20 b 2 i)
113 FZEN#H

HLEEAAY . RRR ML DK . B RCHLIKAL . UVP
B AR 2508 T BIO-RAD 24 #], pH MlE (LT
Sartorius 23y H], AN IEE AT UNICO 24 F],
T R 20 A TR AU T Thermo A 5], /KIS ER I T i
— B A FRA A
12 A&
1.2 BHFRIEFIFTRFT

HLEFEAEITT SOC ¥ v, b Tk oA A
KHR R (100 pg/mL) LB 7R, Hib)Em
KIGHEHEA AR HEHER(00 pg/mL)AY LB WA
KRR BL 3%, o7 WL SCHR[9] .

T. maritima 352 5L 91 45 M T. maritima A5
SIS ICHN10].
122 HAHEFE

T. maritima J&[X 241 DNA #2510, DNA A9 N VI 7K
fif FZEHZ, DNA Fr B4 | I8z 285 4t M i i 25 LA
e TR 1 v 80 A A T 1 38 2 IESCR[9] . SR 1
2%, MBS BHEEIE B DNA ZE#R/E 7208 Qiagen it
G AR F AT
1.2.3 MR B g 2 A F AT 1 2

R C 2IRIE AT T. maritima F 5% s 22 fif il 1 8]
¥4 2L K pHsh m i B ) 44 il U0 467 A5 1 2 2R Sk
PCR 5|¥J: pelA-1, 5'-cccctgcagatgcetcatgaggttttct-3'
(FRIZ A Pst 1 EEVI 25); pelA-2, 5'-ccectegagttactg
agccgtatttag-3'( N Rk Xho I EEYIA A5). IS4,
LI T. maritima JE[X 20 DNA B #EFT PCR ¥
% PCR 4 M4 AR R 50 uL, HEARA 2 2559
A& 100 ng #1300 ng, % TaKaRa Ex Taq
DNA R4, 1% PCR "1 [ 250 95°C A2 1
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5 min, ¥4 SN 30 MEFR(94°C A5 30 s, 50°C &
P£ 30 s, 72°C ZE{H 1.5 min), 72°C {3 10 min, HL K
il PCR 438 7= Wy 306 H i v Bemllic4lifk, FH Pst 1
A1 Xho I BV, IR RIS O BEDTVE W 4, DA S 1
15 Pst 1 A1 Xho T AU Y) A 44 pHsh IR A, 16°C T
B, AL KB R IM109 38155 pel A L0 Y 8 21
ik AK pHsh-pelA.
1.2.4 FHFAF#, pHsh-pel A mRNA _ZZH 25111 1F
HUEE 2 5k pHsh-pelA M S iR 07 5 IR 2
T 76 DHRIEFEATIEL mRNA 225 70 Hr, WAk
H K
AT (5'-3"): ACCTGTTAACCGTCGACAAGAA

GGAG ATATACCCATGGAGGCCTCTAGACTGCAG
ATGCTCATGAGGTTTTCTCGT, 7& H i W 1y

mRNA 5 A A

o B R e A H AR L, 15 AT A
mRNA Z R 458 ) F tHREFURL, w45~ pHsh-pelC.

[ BONFE SR GRS T IR 2= N IlE 76 Dk
LI T o

Wil 2 Z&519: pelC-1, 5'-ttcggtcgtctgacgtctaaA

http://www.bioinfo.rpi.edu/applications/mflod,

attaatccaaatcatctcaccaaagaaa-3'; pelC-2, 5'-ccatttttatat
ctecttettgtcttcttttttctattcattggatcat-3' . LA Jit % pHsh-

pelA Jp Bt AT HEFT I [6] PCR. R 3 17 18 1) A 1L
4, Fi TaKaRa Pyrobest DNA A il 414" 44 i i
PCR #lifb i) & X ¢ 3 = ¢y i A 4, BT
Pyrobest DNA 54 4™ 4% ™ 4 1) WA ity #1021 A i,
K ZERERR AL, AT LLH] T4 DNA JE3E8E BT
A BN EEE, IR BRI IM109 3 EUE 41 5Tk
pHsh-pelC.
1.2.5  RPERFIFIE A A 1 26 A 5 1 1 119 26 24

P U7 0 E 2 ik pHsh-pelC 7 A K AT i
IM109, BRKBURREEHA S H 2 N F 5 Rk LB
B Wi . 30°C 5535 % ODggp 0.6~0.8, 5 A 42°C #i
AT 8 h, BOWURTEIR, Brdii, B, M
SDS-PAGE  Jise A6 0 5 Jic 224 fie il ke [R] 7 i A% 2 8 8044
R RARTE B
1.2.6  FHHHHI I AT

HHAWR IR F &4 Bk pHsh-pelC /K
FFIE IM109 19 LB VAR AR T oA 2 N B R
Ptk LB AR RE S5, 30°C £53% % ODgoo 0.6~0.8,
BN 42°C WA 8 he

EAM Al K oI A0 50 mmol/L
9 pH 8.0 Tris-HCI % i Bk, 28 i JR 4l a4
BERRANM, 13 000xg B0 15 min, BUEE T 80°C #4
AEFR 0.5 h J5, 13 000xg &0 15 min, .0 FiERS
[ Eg AL (B 738 2 0r), 4 NaCl B 5 VR,
SE AL B2l Ak, i FE 4 s B L Tk Y —

1.2.7  BEEHENE

T PR 2 SR FH 40 0 B, AR A SR e e ity
AE 24 A R W P R o1, 4 BETT RN R B,
78 A AR IR JE G (1) C4 FI CS L B A AN RN 2
FLWERE R 1Y) i o R RNAR R 200 pL, N 50 pL
20 mmol/L iIK# PGA, 148 uL 20 mmol/L [¥)— Z 51 2%
M (Tris, Glycine)!', flLA 2 pL 5 4§53 20 min,
B A 700 uL 0.1 mol/L Y HC1 ZX 11 52 )i, 235 nm
A R S AE

SR e S it Tl 1) — > BTG FRLAL(TU)E L E—
FE AR, BB R 1 pmol AR ZLME
M T e Tl e

PelC TG M IR # 58 &K Ca™', BIILTERD
B R b AR AT 0.2 mmol/L ) Ca™'.
1.2.8  FHYFEHIIENE 7 F7

TG Ca” R A WA T Ca® X
VAR FRTE 235 nim Ak (14 W (A A X Ca® AR
PE, Sl pH 8 1 Tris/Glycine.

T3 B N R E I E . #E 50°C~100°C Sl P,
£3BR 10°C, 22 v A pH 8 1) Tris/Glycine, 43 51l &
BTG o ARG Fe i N 100%, 31 380R X G

I id S pH: 7E pH 7.0~11.0 JuE Y, 28 il hy
Tris/Glycine, #EB® pH 0.4, 43500 & BG, LABETS
BN 100%, A AT IE T

TR E M fERIE R pH 8.5 &, il h
Tris/Glycine, {8 if§ 7 5 AN W B O WA [5] 9 st (],
P AR S, DURPRIE (4°C PRAF) RO A 05 Pk
K 100%, TFHEE 43 b, 0 T I R R

pHFAEME: WETE pH 6.8~11.0 51, bW
Tris/Glycine, DAfeidi 2l 90°C f/if 2 h J5, i
A3 g 5 BA e S v, 5 S DR IR B R IR TS AR L, T
BE AL, B R pH R E T

fi ()20 12 B H0 2 L 20 mmol/L i) PGA
MRV, 3 BILL 4 ~50 pL ASZE R A ZARFR
200 pL BEE RNA R, TERGE SOV AR, D
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SEBHE 7. R Eadie-Hofstee &3, 1830 f12#

4 A B S AT HILA i R0 0T T 1 R e g
PL2 pL . 1 pL &JE&FaFAPAmEIF . 50 uL
20 mmol/L PGA , 147 uL Tris/Glycine Z& ik 200 pL
JE AR FR, TE feis S A5 AT 0 E WS T, DUImA

Ca™ 1) [ AR 28 PR RIS S VE R 100%, 13 H 4 b,

1 2 4 A B A BILa AR il T s . IR
ERETF AN Mn*, Co™ . Cu*", Ba’, Zn*",
Ni*“Fl Hg™', #BUA PN KI5 EDTA, SDS
F1 Triton-X100,

2 R

2.1 FERFIERAAIEE

TN B FL RORG D 25 R B, 1 SR i 2 A
SR BAE 1.1 kb A4y, RSN UG Pst 1 AN
Xho I % 8 20 Jii ki pHsh-pelA 43 51 4T 8 i 47) 0 0L i
YIBAIE . 25 R WA 1 iR, % E 4 50kL pHsh-pelA B
PEARH] 1 45 3.5 kb PSR BE 2 25405 1.1.2.4 kb
() 2571, 54 4L BN A Rk, Bk, 02 e sE
T S 5 22 fe il ik PRI 2 47 A SR AR

bp

19329
774.3
6223
4254
3472
2690
1882
1489

925

1 EYFHK pHsh-pelA B & PCR M 8 R R & E

Fig. 1 PCR amplification of PelA and enzyme identification of
recombinant plasmid. M: maker; 1: PCR amplification of gene; 2:
single enzyme digest of pHsh-pelA, 3.5 kb; 3: double enzyme
digestion of pHsh-pelA, 2.4 kb, 1.1 kb.

AL 41Tk pHsh-pelA mRNA B4 44 [X ()
TYREER, Ak R E 2 FoR, FHA RS
pHsh-pelA it #k4 747 52 1] PCR, FH T4 DNA i%
F 8 4 AT BN O o i 4%, TR AL R A R A
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IM109 $EHUF AL pHsh-pelC(& 3).

50
b 10
¢ s \ a-GATA=G-a
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A | A
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.
o
T_g\z 39
c—g \
H
30 \u/\ N EN
£
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RN i
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20 ¢ 4 . /g—C\A
A s T
< Y end o
el e ’ N T
{ ] > i A
ok’ dG=—15.58 pl s dG—a.48pl
pHsh-peld pHsh-pel C

2 EWHKRHL pHsh-pelA Rtk ERY pHsh-pelC AY
MRNA Z R &5 #

Fig. 2 mRNA secondary structure of recombinant plasmid pHsh-
pelA and pHsh-pelC.

Hsh promoter g

AP

Hsh terminater

E. coli Ori

3 E4HRK pHsh-pelC By EliE
Fig.3 Construction map of pHsh-pelC.

FH I 2 T AL DLk BRI mRNA 454,
JER B KR A B ICREIR, SD P4l Al AUG 24k
BB — MR R B IRREE R T, bR RE % = D0
i35 mRNA 454, BAEEHEANIE. Protr
XI5 B HBE 2 S —4.48 cal/mol, 1T H HAERY
26 SHE DN, FTERE mRNA 25 BATRE, M
T T #HE R IUR] 4T, [ SD P41 AUG /Y
LT R e T B O T N S
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22 WHRBEABBEREXBHITEPRIFRIE.
4 F1 SDS-PAGE 4R

4 ffiki pHsh-pelA. pHsh-pelC FIfiki pHsh
BRI AT IM109, 231K 5 B4 40 i & 7 ik 17
SDS-PAGE (4 B BRI EE N 10%) 34, % il
WYL S R LK 4, DL pHsh B4k W) At BE, K
HL UK B B A LA 5 A S 41 J5URE pHsh-pelA Fl
pHsh-pelC i K FF B 7E 5> 1 43 kD AL #8A BA B 1y
ERBA, 5 E A RN — 2L
F I P SR P SR 5 R4 i il 5 IR 5 2ok $A8kL pHsh
FERWAFF R S T 3k, &0k pHsh-pelA 1
HWhEARIEBRM, 2HMMHAREE R
3.7% % )i pHsh-pelC 41 i (13615 i i % 2
T RS, AR R 8.3%.

kD
94.0
66.2

45.0

35.0

26.0

20.0

B4 iR RMBEEL (LT FZRY SDS-PAGE [Ei%

Fig. 4 SDS-PAGE of pectate lyase C in purification steps. M:
protein marker; 1: crude extract of E. coli JIM109/pHsh; 2: crude
extract of E. coli IM109 /pHsh-pelA; 3: crude extract of E. coli
IJM109 /pHsh-pelC; 4: proteins remained after a heat treatment of
30 min; 5: the purified recombinant PelC protein.

B S T B IR AE, 80°C HAbHE 0.5 h, HX
¥EW, 1 DEAE-Sepharose FF #£, % NaCl & T-##
BEUE, e ML 4li4k . SDS-PAGE #6485 SR 3 A &

x1 XU EPEAWEERRRBIEHGLIRE

Table 1 Purification process of pectate lyase C in E. coli

HBFL DL AP, ARk B Ik — . gl
A BRAH R A S M R TR R AR A SO
1o M L AAL HAEPEEBR TR 2 B R
R, AT 6.3, #Aulifhid 2 g
WM EICR N 2406, Aifk T 9.4 1%, HIE AN
11 U/mg £ £ 103 U/mg.
2.3 EAMBMEEF R

Xof B 2H R T 2 Tl A TR0 2 Tl 2 M TR E 5
(Fl 5~9), 25 RFWZMEARIG I IEEE, 22—
Fofrift AR AR A7 (O 1 o 2 1) el R N TRLEE A 90°C,
95°C WG /K 2 h, 100°C fR 1 h FEWE S 4545
FRTE 30% 2547, Dolk A= 78 FRBE 60°C T 12 1 i
Sk A I R R AR, T R B e ) .
Jif 2 v il pH A 8.5, 7E pH 8.2~9.8 Z [A] [y 1172
7E, M pH 7.0~8.5 Fifih Sl Fh iy, 7€ pH 7.0 A%
A WA WG, T AE pH 8.5 Bk #1355, M pH 8.5~9.8
fitf 15 S MR KA, TAE pH 9.8 J& MG MOPL s %
B 2 A[H, Mn®'. Co*'. Cu®'., Ba®*". Zn*". Ni*
A Hg #AREICE: Ca> XHiZEEI 1, Ba™ . Hg™'\
SDS Fl Triton-X100 Xt i A /™ S A HIAEH], %
il 258 KR Ca¥ MENIEEE F . L) PGA AIEY)
fiF, #£ 90°C. pH 8.5 &M T, Hah IS5 K. (H N
0.11 mmol/L([& 9), Vyyuy fH 4 327 U/mg.

3 it

A A5 5 A AR 0 T P MR L TR R0k R 4, ik
R F IR — SO, — B AR T
maritima J2& — > FE % s = Tt A DR A EL A P, AR AE
55°C~90°C T JFE Sl 1Ak, A% o it A il g o 22
P, HIE T. maritima 4= K A PFEORET 2], 0%
FERR, RilEA TolkfbAd:r= . FIARFEEAEAR, K
T. maritima Frt B S 5 22 fife it Jik PR3 2o G 3 P 2
TER A FF T sl ik, ol R i i i KRS il 45 &%
Je 82 14 Tk AR 0 FH B8 S i

Step Total protein (mg)  Total activity(U)  Specific activity (U/mg) Recovery rate (%) Purification (fold)
Crude extract 232.0 2552 11.0 100.0 1.0
Heat treatment 18.6 1298 69.8 50.9 6.3
DEAE-Sepharose FF 6.1 628 103.0 24.6 9.4
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Fig. 5 Optimum temperature for pectate lyase C activity.
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Eo WIERRAEBIBERES
Fig. 6 Thermal stability of pectate lyase C. The purified enzyme
was pre-incubated for various time at 60 °C (@), 90°C (#), 95°C

(H) and 100°C (A).

Relative activity (%)
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o R Y R ]
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Fig. 7 Optimum pH for pectate lyase C activity.
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Fig. 8 pH stability of pectate lyase C.
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0.0055 [ y=—0.1107x+0.0059
0.0054 R'=0.9968
0.0053 Kn=0.11 mmol/L
0.0052 |

-

0.0051 |
0.005 |
0.0049
0.0048 : : : ' ;
0 0002 0004 0006 0008 0.0l
V/[S]

B9 WMERREBEHHNESE K,
Fig. 9 K, of pectate lyase C.

*2 SRETFRINEFIHEREREEETE
Table 2 Effect of metal ions and inhibitors on the activity
of pectate lyase C

Metal ions and surfactants Pectate lyase C (relative activity, %)

Ca® 100.0
Mn?* 27.4
Co™* 15.6
Cu** 16.7
Ba®* 4.2
Zn*t 183
Ni?* 11.5
Hg™ 5.1
EDTA 17.8
SDS 3.7
Triton-X100 6.4

Various ion reagents were used at | mmol/L, EDTA (1 mmol/L),
SDS (0.1%, W/V) and Triton-X100 (0.05%, V/V). The activity
with Ca®" was taken as 100%. Values shown are the mean of
duplicate experiments, and the variation about the mean was
below 5%.

12 F 21 il 1) Bl S L 90°C, 95°C il i f:
w2 h, BEEMAEELF, #E pH 8.2~9.8 Z [AI T
faE, HAMRE M tE, &EA5 R IERERDH
) I T T AP Sl S T2 . A 2 TN
o, R TR AR R, T R I S A i 2
T RF Tl R RN BEAT AL TR, 0T v Al B S, %
it %) i £A T B BB 0 AT B TAARBL . [RIE, EARTE
SR v TR E R R Tk A e, B AN AR AR R 2
2 A R RS, T ) Tl P R I R AR R AR
G, IFEARIFEGEE T, RAEAEX LA S, Wl
DA T — e R Tk A= 7= DRI, 3% M i 4
P SR e 2 il EL AT AR 1 Tl R P i 5

ARIFFER T ALR E @A B F ™
R PRI AR pHsh /0 FRIB AR, 2R IBHILIE H
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KIAFF ™ ¥, W — S sh P& k¥,
1 Ao PR AT LA RO Sk AN IREE TN, P AR 5
BN IR 3 K o P AN T A SR R,
P75 S0 LB B B, R R DN AR B R AE Tl A
A — I i RGOS 5 REAR G 1y D) 2k (R
FRIKE A, X ICEETE Tl AL N HA B R
{10 DI RS B 52 S o S R D PTG R A Bl
SR 152 25 i it PO A RS A, e B L T A RO R U Y 1
225 80°C HYFAL B st ALl Ak, WU T Tolk
ISEFA, 33 RO b fR7 Ak 1 o 2H Tl Y Al 20 R [] P o 1
R BEAR T I 0T WAk A, [, 2200 X ik
e SR SR A il T 2 R JRORL Y RS Ak, A
PR B SR R Al R A R R, R T
LT AR 77 BAS Ay 12 8 21 8 4 JRORIASE Tl Ak 32 H
BE T A

A 3 0] 2 I A Bl P SRR A T T A
WE, FFR T Y ARG ST T 3RS RS, H
X 2% T AT ol i 14 70~ L F i Ak TR R B B
FATARLS, XZBE R 2> T L Y 3 g — 2B BT, %
AR T T S 4 B 22 TR A 40 A i Rl P O 6 FR
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