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W . 4T M B (sucrose isomerase,Slase) 57 & F EAME B X R B PR BELEETRAER, AT
REFTURENEF AN TEEEL AFHEAA S FAEERELREKE R 8 Klebsiella sp. LX3 8
KB Slase #ATF R A E TR T TAB A BEF MR, AR BEniE R RKHE EHRE pET-
24b-Slase 53 N K AT # E.coli BL21 (DE3) ® 3t 47 & & | R I H Bk ik A gk, £ 7% 4%
W4 AT A48 & G A R 69 Rk (pKIET . pGro7 . pG-T2 . pTf16) 5 44 B ¢4 A B 69 & 47 42
KW ATH E.coli BL21(DE3) ¥ 2 & & | §6 % 3] % 42 & T 448 i 4 pGro7 423 T £ 4 Slase #
AN AR KT AEEEH A 14.8 UmL, b k47 3E Rk o) TA2 W X 888 & 5 (3.5 UmL) A
ERZ,HE—FTAHARALEETEESENBHARALAL Slase 468, BIRAARLIFERER B R
JEH 40 °C,®%iER R pH A 6.0, 30 5 5% % K, 4 (179.10£20.65) mmol/L .k./K, # (5.44+0.72)
L/(mmol-s) ., M4 FHARER BT, MR MR E QIR G, =% P 5 & 5F B3 A i 55 BR 4 bb 45
TR, EHELAIR G, A A T8 R E Ks8I 35 F 4 Slase 09 7T 5 M A GA RSP, R
Slase @9 HLAEAL B & F2 & JH
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Effect of Molecular Chaperone Co—-Expression on Heterologous Soluble
Expression of Recombinant Sucrose Isomerase

SUN Jiaming, PANG Jiao, GAO Xianghong, LI Mingyu, WANG Conggang®, LI Xianzhen
(School of Biological Engineering, Dalian Polytechnic University, Dalian 116034, China)

Abstract: Sucrose isomerase (Slase) plays an important role in the enzymatic preparation of
isomaltulose. In this study, a Slase gene from Klebsiella sp. LX3 was expressed in E. coli by using
the molecular chaperone co-expression system, and then purified and characterized. The Slase gene
was cloned into pET-24b to yield the construct pET-24b-Slase, which was introduced into E. coli
BL21 (DE3) for expression. Unfortunately, the enzyme was expressed mainly as inclusion bodies. In
order to enhance the soluble form of the enzyme, Slase was coexpressed with a molecular chaperone.
Four plasmids (pKJE7, pGro7, pG-Tf2, pTfl6), each carrying a molecular chaperone gene, were
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separately introduced into E. coli BL21 (DE3) carrying pET-24b-Slase and the expression of Slase
was evaluated. The plasmid pGro7 was the most effective at improving the expression of
recombinant Slase as a soluble enzyme, yielding a specific activity of 14.8 U/mL for the crude cell
extract compared with a mere 3.5 U/mL for the crude cell extract derived from cells harbouring only
pET-24b-Slase. The expressed Slase was purified by affinity chromatography using Ni-NTA. The
purified enzyme exhibited the maximum activity at 40 ‘C and pH 6.0. Its K, for sucrose was(179.10+
20.65) mmol/L and the k./K, was (5.44+0.72) L/(mmol-s). The results of the product specificity
study showed that the proportion of isomaltulose and trehalulose in the products decreased and the
proportion of monosaccharides increased with increasing reaction temperature. The results of this
study showed that the level of soluble Slase expressed in E. coli could be enhanced by coexpressing
the enzyme with a molecular chaperone, suggesting a potential strategy for the large-scale production
of Slase and its applications.

Keywords: sucrose isomerase, heterologous expression, molecular chaperone, enzymatic properties

S A2 ZF M (=DM I 40 B R -1, 6- R0
isomaltulose ) & —F A 9 [A] 0 S A AR | 227 HE T
e CHREVE o R B 5 R S AL My BRAL S
JoT, B RE 24 Ry EAE ) 509%! 2 SR, S 42 27 W b I —
TR B DI BEMRE , A 2 W B R 0 i, E /N b g R
Y 5 12 5 figk >y 4 25 0 R0 SRR DXL LGOS 25 3 B0 BE Tk
BE G BT R B B 1 B 46 4 O AR 1
B | DA I 3 AV S MR R A T T R
PRAdE S 2B 7 FE D RERE A7 Mk rh 40 BRI & i i
SO A S 22 2 AR I A A T AU Ry A
S S TR T 1 R A i 0 1 RS R A R B Tz
R Tk 1 3= R L T B S A i (sucrose
isomerase , Slase ) [ il A £k 15 65 T8 53 44 1L ok 57 22
ZFHRAE AH Ho AR AR W) 5 b 4 SOR AL 2 ik 3R AS HoA
BB AL, e —thm SRR il ek
PRPRAETS Hy T T 370 S 22 2F W A0 5 5K H A
B TR I MUASE Ak ) 26 TR S g T {1 S 22 25 i
9 A 7 IS 8 i 32 38 A T S B L R S A R
) e 80 S VR R R 2 S B E s ) O B

REWE S 4 il S SRR T AT, R E 1 2 Fb o
JHE W ¢ AL W Y A0 TE A 45 K B B SC T (Erwinia
rhapontici) V% 75 [CHF B (Serratia plymuthica) | 58 75
A NHFF B (Klebsiella sp.) FZ U8 & # # (Pantoea
dispersa) 55, WA DA RS 38 ) K OEAR HE DL 3k 2]
Tl A 7= B B 223K, 4N Erwinia rhapontici NX=5
KWEE IS 10 1.3 U/mL {405 ) Klebsiella sp.
LX3 4 & BERGEIS J735 %) 15.12 UmL™, 5 &R

G w2 A B EAT S IR AR G 4 v K R A
MOTBL, BATE P A TR AR R E A 7 R
A A B R X R S i Y S R R A
KK FF R ik 1w EMAFR TERZ , niE A
W KK # (Serratia plymuthica) . 2 3 k& W
(Pantoea dispersa UQ68]) Fil v 77 1 X #F &
(Klebsiella sp.UQ14S) 1) B 514 il 75 K7 T 1 vh
SEPLT B N AR SR E M SR T A T R
KPR, EE LR R e AR T E R 2 T
e S A R ) SR AR 58 R 0 ST B X — (]
A WF5E# R IRl G 25 WEH RS AL 5% 2 1 (glutathione
S—transferase , GST) #1r%5 u%, i % & & T F B AE — &
FEEE b5 1 RENE S A B 1 ] oA e SRk i (H s
FEEEATORA RIS b | dl A 155 5 R 3k A5,
IR RS SR A O R R 216
X T R AR R R R A R 4R
A BRI OC T8 1 BT S W B9 S B v B A AR
(AT P SRR R A TR SR B, WIS R O [ 40 1 1
R DLTE H Y 48 11 BT 22 IKEE B8 05 10 & A B Bk
PRI ek AN TR AL A2 2 B 08 H B 3 &
171 i e HC AT A M 2 K il i M SRk 0 1 AR
JRL pGro7 i 2 M A B2 A VI R Y 1T 14 3% 3k
P T 54.50%", i@t L 4 Fh AR BURE pG-
KJE8 .pGro7 .pG=Tf2 .pTf16 XF 4= 32 4 i 2 11 M1
8 A BT B L R W 1 v SR S W) A By 1A
1B JFRL pG-KJES Al pG-TH2 fit {8 & v M1 #8 F
BT i R E R, OC T RN S I S U v AR
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AR IR I WE I TAR R D JE 2 Bk F H] 23
PHAR 3R 38 5 s I 4 LT M R I 5 AR

EEETM TAEY, B3 T Klebsiella sp.
LX3 BRI B , 12 DA AR 25 7™ 110 JRE W S A4 il 5L A AR w85 17
WEEE A2 (99.5% ), F A AL FERE (09 £ 77 W) o 7 22 2F
TP , ELAG T AE I Mk g AN (e R R AR
H X 2 DA PR % A 1 RE W R 4 B R o S GST R 2%
TE—ERE L T Slase WA I TEF B E, HK
SRR A R, O BLJ5 22 44k 75 2L 8 YD R A 45
Rk 2 AT 1 B Al gl [ At SCRR s 4
T 22PN [ T A R W S A T PR R A KO B
i, FZLVERMATE R IRS R, Sy T 4
Wl S AL T Y S R R 3K OKF AR LR A Klebsiella
sp.LX3 1Y Slase J #ff 58 Xf 42, VAREN LS R S R VN
pET-24b—Slase , 5 A KW 1# E.coli BL21(DE3)
HEAFT Ik, HE— 2 4 B o T AR AR BORL (pKJET |
pGro7 .pG-Tf2 .pTf16) 535l 5 5K Slase 75 KT w4
E.coli BL21 (DE3) Hhr 33k i o 4ff Bl 245 11 ot 1E 5
Pr B kA A = A R I Slase W MER L
— B 1 T AR B A R AR TR W ST
W, FH&RE TG E i 8oR gk ol i v
Slase, Ff-3F17 H 27 PE BT R AE A W) 5 S 43 Hr , DA
117 A B Ak ) 2% Slase 1) 1 FH 56 Al AFF 5% $2 41 5 2%
i Slase 7E Tl b % K AAR Rz FH 24 2 B il

i A

1.1 ## 57

& ¥k E.coli BL21 (DE3) E.coli DHIOB  J5i 4
pET-28a—Slase - VE & T 76 52 9 % PR RIF R VA
R L-PTHAARE DU R SN -B-D-Ti L FFL
Wi (isopropyl-beta—D—thiogalactopyranoside , IPTG )
SanPrep #£ 20 it f7 DNA /) &2 4l #& 3 71 &  SanPrep
3 DNA B CAGH & Ni-NTA 6FF By i £ 1
W Bkmk BCA 8 1 BE B IR & . AR TR
TR (i) B AR R 2T AR UKL
(pKIJE7 .pGro7 .pG-Tf2 .pTf16) DNA I #E [ Jii A X
o B bR A, PrimeSTAR® HS DNA Polymerase :
FAEYTRE (KE) ARAE ™6 52 2FEbE.
Sigma 2~ F] 7 ity s HoAt A2 3500 - K i Bl 8 Bk
A BR 2 H 77 i

LB AR I 3L 10 o/L R H IR LS5 o/L e B
¥ .10 /L NaCl,pH 7.2;LB &85 5% 3 7 LB )

R FE A 15 o/L Bl ;LLB 55373 .10 o/l
B 26 1M 5 /L BETEHY 5 ¢/L NaCl,pH 7.2, Buffer
A P :0.5 mol/L S 1L 44 .50 mmol/L % 2 — &
S A L8N, pH 8.0;Buffer B 22 #1i 0.5 mol/L &
AL 8H 50 mmol/L B % — S 4 - S 4 AL 4 .0.03 mol/L
Wk pH 8.0;Buffer C 28 #h¥Z . 0.5 mol/L S fL.4 .50
mmol/L R — & M- %0 A AL A .0.05 mol/L BKME  pH
8.0;Buffer D ZZ ¥ :0.5 mol/L % 1L &1 .50 mmol/L
B R — LB — &R A .0.10 mol/L PR pH 8.0
Buffer E 2% ¥ :0.5 mol/L S AL 4N .50 mmol/L #k g
“E -2 AR E .0.20 mol/L WK pH 8.0,

1.2 sE5E&

Milli-Q 8 4l 7K i i £ 4t . 56 % B Millipore
N S HITACHI-CR21G I #8320 ML . H
Sz (R D) A R R b TGL-16 8 3 £ U8 VR
O HL ARG O ML A R W) 7 5 3l AL T B
VKA . AR T AE YR A B2 & 7= & s Tnfinite
F50 BEFRAL . Hi+55 & Tecan 23 7 755 ; PCR X H
AL . 5 E Eppendorf 23 7] 7 it ;NanoVue Plus # il
HEIMIOEIEE T ImageQuant LAS4000 #E 2 5 1%
I3 MT R G« 5 TR R AP D) AR B
WA 2 3% 4 B AL (Agilent Technologies 1260
Infinity ) : 3¢ [¥ 22 FEAERHEL 23 5] 7 i 5 B 75 5 40 by
PEAIL « 77 BT 2 AR W BB B Ay A7 B2 1 7 i 5 55 4b
PR BT AR AT FRZS A7 i
1.3 A&

131 Slase kX T REBAMMHE NTHTEA
Slase 194 & 2lifk | 3+ H X AT GE sk /> 7€ Slase 15| A
A S R R B B AR A LA T T TR A A i A A A
#e47 I A Klebsiella sp.lX3 1) Slase F& A (1) Jiz #i
pET-28a-Slase M HEHR (Slase JEFFFHE T BamH 1
M Xho 1 BgPI7 s 2 [8]), @i PCR 971 FG D) 1%
BB RN Slase FEFYHEIH48 A 8] pET-24b 24K 1Y
Nde 1 Fl Xho 1 BV &5 2Z 8], W17 Slase BY C ¥
Sl AHBERARE I H N S A &5 A 240 E LR
BRI, H RO T PCR 9714 % i D) A7 5 1Y
Slase % N J B . EiF 51 ¥ F:5' ~GAGTGATC
CATATGGCACCATCCTTGAATCAGGATATTCACG -
3, FUIE5149 R:5' -CTACTGCTCGAGCCGCAGCTTA
TACACACCTGCC-3", A A 4R iR o3 51 Ay BR i)
A% R N FQuickCut™ Nde T 1 QuickCut™ Xho 1
AU KL PCR IR & 2 : 5xPrime STAR® HS
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Buffer 10 pL,DNTP 4 wL, #5149 2 pL, FiiEs|4
2 wL, A B R A 2 pL,PrimeSTAR ® HS
Polymerase 0.5 wL, K&K A2 50 L, PCR 4"
S8 7 W D B A R R Dk AR e (RS R & AT
W, K YRS B B PCR ™= 4 M pET-24b 2% & H
QuickCut™ Nde T 1 QuickCut™ Xho T ¥E47XLEE]
ity Y J i A4 & &y PCRJEE [ 47 1 000 ng, 10x
Green Buffer 2 pL,QuickCut™ Nde 1 1 QuickCut™
Xho 145 1 pL, K E A& K4 & 20 WL, Jik: 2% 4
1 000 ng,10xGreen Buffer 2 wlL,QuickCut™ Nde 1
A1 QuickCut™ Xho 145 1 pL, K MGEKANZE 20 wl;
ilg Y1) 52 W 254 R 37 °CINE 30 min,, BEYI = 4 248 Bt
P RE I FEL UK 435 J5 R R DINAJBE T oA 3 351 6 T i
LR AL R TR AT E A B TR B A 8 D 4 T
TR RN, ¥ He - W VAL 2 E.coli DH10B J2&
AN, AT E AR E Y 50 weg/mL R
RN LB EA-M b, PRECR G E 21T R % PCR
Y E T B A BH M B T A R T MR R S AR W B
A BR A FHEAT I I LE B A A Ok 44 R
pET-24b-Slase , ¥ H1% A E.coli BL21(DE3) &2 2%
i AT B TR
132 & F4E455 Slase 2R X TR A GHE H
H K 4 B 1 AR BORL pGro7 .pKIET .pG -Tf2 |
pT16 (W3 1)5 A E.coli BL21 (DE3) /& 3% 25 41 iy
o, RIS A LB R ERIE N 30 we/mL W E R 1
M O 1 BHVE SR O B UOR & A 4 P AR R S
B il 5 RS2 S AN, 5% A pET-24b—Slase JFikL, Uk
A T8 A AR R R R WP B AT i | 15 2
] B35 45 20 P48 O Al pET—24b—Slase JHH Y T
PR,

®1 EHESFRERMESR
Table 1 Information of plasmids harboring different
molecular chaperons
| i
pGro7 GroES-GroEL araB L—Arabinose ~ Cm
pKJE7  DnaK-DnaJ-GrpE araB L-Arabinose  Cm
pG-Tf2  GroES-GroEL-Tig Pzt—1
pTf16 Tig araB

Tetracyclin Cm

L—Arabinose ~ Cm

1.3.3 Slase #9#% F & & kI H Slase I H 1
FRVE R e REFEAD T 5 mL & BT 50 pwg/mL
RBEE R 1 LB W R K 35 B h 37 °C 200 1/min K5
7% 14 h 2R W, B Fh WL 1% (R 80 L

B A% 50 pg/mL RAREE R A LLB WA KRG F= b
PEATP KRG 95,37 °C 200 r/min 15 9% 2 H 1K ODgy
ik #) 0.6~0.8 B, A &K N 0.5 mmol/L
IPTG, 7£ 16 °C.200 r/min 25 F 5555 20 h #4715
SRk, ERBTHETEHITHFHIES Slase
(53 075 5, 1 ST P L 3R Gk TR AT Y FH P R v
FEFT 5 mL % 50 pg/mL RAPE R A 30 pg/ml &
BERMN LB WA Y, T 37 °C.200 v/min 557
14 h 32N FFH KR F IR DL 19 (R4 550 H A3l
AT 50 pg/ml RIIBEEFE Ml 30 pg/ml A& R MW
LLB W55 =, RIEE A7 S5 10 pg/mL 1
PUFRZE (pG-Tf2) &% 500 wg/mL L-FTHLAAKE (pGroT .
pKIE7 .pTf16) LLif5 5 47 F FEAR 35, 4k 22 7E 37 °C |
200 r/min }5 7% 2 R K ODgyp 35 5] 0.6~0.8 B, Jin A2
W K 0.5 mmol/L 19 IPTG, #£ 16 °C 200 r/min %%
PF R 557 20 h AT RIK OB AR AT R4y 1 4k
FEH TRE 29T 8 000 r/min .5 min &4 T E
O WCETE R, N A Buffer A 2% i 518 | 78 K
IR R R TR (TR 500 W BETE 5 s, [A] B 3 s, B
% 30 min), 10 000 r/min &0 15 min 7 & A1
HWMPLIEA 5y, ZJEH 20 pL nliEME BiE RS S
wL Sx FFEZE wh R &, BB 5 ULTE FH Buffer A
SR EEJFI20 plL 5 5 pL 5x B AEZE v iR
A, FRFERZE KA 5 min J5 43 B 10 pl
b WEWRORE GRS L DT UE AR AN 2 R AL P B AT
SDS-PAGE #&:3l ,

1.3.4 F41 Slase #94 & 440 W0 ER & R AE S
FAEAR R ) TR 715 5238, F 8 000 r/min
5 min 54T B OWREF RGN, N A Buffer A 2%
PR A, TE VKK I TR R ()3 500 W 1
55, [AB&E 3 s, BEAE 30 min), 10 000 r/min B0 15
min 70 B 0 AN B WRAULTEH 47 . BT E 4 Slase
() C ¥t A AR , NI A & 8 3 752
Mrikabfraifh, BTk Bt 0.22 wm 38 AR
1t 38 5 5 4R AT Buffer A 28 vhBCF- 5 9 Ni-NTA
6FF B e 2i A A AR 455 i 1 mL/min, ZJ5
A A 10 f5 R TR Buffer A 25 & Buffer B il
Buffer C 2% th W #E 170824 . & 5 ) [ Buffer D Hl
Buffer E Vi H Y8 F1 BT, H 2E46 15 2 /9 A [ 21 70
20 wL 5 5 pL Sx EREZ IR A, Sk b3
5 min J5 43 W HC 10 wL #E47 SDS-PAGE & | 4l
fRA5 26 H (92 A IR Slase 2835 M b 1S HEAT 8
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JoT e i DN 2 R 2 M TR AR AR 1 B R BCA
P A At R )

1.3.5 Slase 87& /189m0 2 100 pL Slase(008 mgml.)
(B S 400 WL 75 40 o/L 7 BE A B IR & 4 —F7
15 12 2% W (50 mmol/L ,pH 6.0)IR %), T4 & iR FF
FAKIE SN 15 min, Z 5 R G 28 100 °Cp 7K A 3
15 min 21k RN . B & A R IR G Y T
10 000 r/min B> 15 min, B EHRZ 0.22 pm 3§
JE 3k 8 5 A HPLC #4780 . 835 48 Hypersil
APS-2 & A B AH N & 80% (IR 40) 2 WG
BIKYETR, Tl 1.0 mL/min, BEIS T80 B9 E X .
VAREWE MRS, B 5r Bh BT 1 wmoll 5 22 2 W % BT
i MBI 1 AN BETE T HRAL(U)

1.3.6 B E 3t Slase Bi& A 69 %m B 100 L &
0.08 mg/mL Slase [WHFE 5 400 WL & 40 o/L FEHE
i R S - Fr I BR 2% P (50 mmol/L, pH 6.0)
RA, 4 il7E 20,25 .30.35 40,45 .50,55 .60 C/K
TN 15 min, Z 5 28 K g Ab 35 A HPLC A6l
N 7= T S A 2R O i — 2D T SRS T A
Xof I e SR LA A 1 B v il D0 h 100% 1153
JT A5 AR A AR G TG

1.3.7 pH *f Slase 8 & A #9 %4 W 100 pL &
0.08 mg/mL Slase 8§ 73 5 5 400 pL 7% 40 ¢/L
HEME M pH N 4.0.4.5.5.0.5.5.6.0.6.5.7.0.7.5.8.0
(A R S — AR —Ar B R 02 o RTR 5) o 7 S i T B 5%
PR OK R 15 min, 2 )5 48 K il Ab #5 A
HPLC 6300 52 1 7 4 Hh 00 S 22 2 B A O gk — 25 1+ 58
it % 7 o KR G 3 SCA LA R ) S e T T
100% 155 it 145 A8k AH X B 36 7 .

1.3.8 Slase 893 /1 5 A4l & 4 B LUK W) e &
[ BE % W (8.16,32 .40 .80 ,160,200 320,400,
640 mmol/L) Jhy JiE P #E AT RN S 4 B S J7 0 E
I 25 Ay« i R RN 3E pH R A5 1F T, K IR I
I 15 min, S 45 95 # A i 28 100 “C 7K K il
15 min, BE.OAERE FHERZ 0.22 wm I8 K AL HH
J& #:47 HPLC #2073 #7 o # ] GraphPad Prism5.0 Ji&
F Michaelis—Menten J7F2HEF7AELRPEIL & 15 2 30 1
LB KV, TG ko Kool Koo

1.3.9 Slase # = #4554 H 100 wL & 0.08
mg/mL Slase 18§ 5 400 wL & 40 g/L 4 1 %
iR S AN A7 R R 28 R (50 mmol/L, pH 6.0) iR %4,
53 7E 30,3540 CF /K 12 h AT AL sy , =2

Jei B SR AR 28 100 Cifh /K K AL 3 10 000 r/min
B0 15 min 752 FIEWZ 0.22 pm JEAE L E, 2
J& 47T HPLC 463

2= N

2.1 Slase 7 E.coli BL21(DE3)F I E AKX

T 5 UIAEE B fE S5 55 = R A 5 7 Slase SEH 1Y
pET-28a F ik # A& BN, FI A PCR £ AR Y 14 15 5|
TREYINL Y Slase 3, 5 pET-24b 2k & 5k H
QuickCut™ Nde T Fl QuickCut™ Xho T XU 53 51
ARAGAT FhVE A U 1 Slase 3 R F B RN 28 1 Ak 2844 o
K, ZJ5 T4 DNA %45 i 47 4 32 BN O i Ak itk
A E.coli DH10B JZ&3Z 5 241 M, A 28 Jot 2 W R 50
pe/mL RABEE 2L 1Y LB [ 44T b i 158 15 21 5 1 V& H
THI7E PCR %52, FIH pET R4 kM T7 8 5]
YT TS PCR %5, & 1 fiR, 45 R %8 PCR
FEPITE 1 500~2 250 bp AbfF7E B — 2545, 5 pET-
24b—Slase WY 15 2674 1 896 bp B —5, #*W]
HOA BHE BT B 56 E TE B B TR R R T SR AR
YIRHE A PR /) AT 3 B ANk — 2B o e B
pET-24b-Slase F&ik AR H AL,

1 M bp

4500

3000
2250

1500

1000
750

500

250

1:pET-24b-Slase ;M : DNA Marker,
1 %BUEARNIEEMNER PCREE
Fig. 1 PCR amplification for identification of gene

engineering bacteria transformed with

recombinant plasmid
W T ALTORL pET-24b—Slase ¥ /L & E.coli BL21
(DE3) ks TR W, X A TRWAE 16 C 57
FIIPTG 29 B2 24 0.5 mmol/L 55 14 F i F: %3k 20
b OB T A 22 P A i o e R 0 B AR T
PEH R B WSS TE , A SDS-
PAGE #EATH: 00, 4nl&l 2 fros , 255 5 7529 66 400
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AL Slase HEIE HIXT 737 BB 68 140 HIAT HY
HM %W, X5 H P dispersa UQ68J K.
pneumoniae NK33 -98 -8 K. rhaponticic NX -5 8.
plymuthica AS9 W 544 70 R A 181 v S U
B HYARNS 73 B AR U220, g H Slase EELL
AR ATE AR T AP TVE 2 43 v, R MR
B IK R GRS Slase HEAT 57 IR Al 1 R OK A7 6 —
PRI AE

97 200
66 400

44300

29 000

M. # H i Marker;1~4:E.coli BL.21 (DE3)/pET-24b-Slase i
SHT AW TR 2 T L RS DL
2 =4 Slase ) SDS-PAGE 43 #f
Fig. 2 Analysis of recombinant proteins of SIase by SDS—
PAGE

2.2 ARESFEE Slase AR 1R XA

s FAEBRE s M SGE S RIEH 2 5 & Ak
ORI S s I R 11 e S D s K T = I e
FEIRE R Slase 15U AT IAE R IR KO i@
UGN N 1 575 a8 2 (5 05T A 7 N [ 7 e S X (S
Slase 3323k | LR SR 43 F1 AR 1 32 35 S mk 42
{5 Slase A ¥ PEFR IR AT AT M, B 5120 BUkL pET-
24b-Slase 53 i AL 2 &4 4 PR 5 7 F1A8 BkL
1 E.coli BL21(DE3 ) 832 25 40 M v, #4 2 th & A 43
T FEAB B K (pGro7 .pKIET .pG -T2 pTf16) Y 3 3
ik THE W E.coli BL21 (DE3)/pET-24b-Slase , ¥t —
A T 35 3% 90 R FHAZS 2 590 L— B 7 47 4 sl 0 25 2%
IPTG 755 235 | WCHE TR R 0 48 75 I e I AR A5 1 7
AR PEULHE , FFH SDS-PAGE #EAT K50, 45 5 n
Kl 3 Fias, A TR R pGro7 Fil pG-THR 1)
PRI 5 W, AT T Slase 1Y = W R 82 5
Horp 3R 5y AR TORL pGro7 B3 85 R fie i
I 45 0 3R WA ] 3L 3R 38 4 7 AR SRS e A2 2 Slase
NI o - VNN S S EN i Vit B B e R & Y S D /i A
pGro7 , ¥ i & I B 7% 71 0 14.8 U/mlL, AH A 3517

SRR TR B A B J) 3.5 U/mlL A7 W1 425
I+ H 5 2B Erwinia rhapontici NX-5 Tk & Wi
1% 1 1.3 U/mL 1 Erwinia sp. D12 £ 55 37 0016 1)
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Fig. 3 SDS-PAGE analysis of engineered bacteria co—

expressing molecular chaperones and Slase
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Fig. 4 SDS-PAGE analysis results of Slase purification
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Fig. 5 Effect of temperature on enzymatic activity of
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Fig. 6 Effect of pH on enzymatic activity of SIase
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(5.44+0.72) L/(mmol-s),

*2 Slase s hESH
Table 2 Kinetic parameters of Slase

K,/ (mmol/L.) (1mol/(LL- min)) W

179.10+ 974.4+
Slase 20.65 13 497.0+620.7 129.0

(keal K

(L/(mmol - s))

5.44+0.72
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Table 3 Analysis of the catalytic products compositions of

sucrose isomerase at different temperatures
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JRL pGro7, FF LA Jhy HEali A1) ] 42 s 28 72 & E A
R F] T Slase 4l , #2H Slase 54 AL FEHE 1) 32
PRI A 2RI, R I O 40 °CL Bl pH
6.0, BFESHK, N (179.10£20.65) mmol/L
Vi M (13 497.0 £620.7) wmol/(L *min) k., A
(974.4+129.0) s k. /K, 5 (5.44+0.72) L/(mmol+s),
gi b, FEEFI o TR IR IR R IE $2 5 1 Slase
8 S 5 TP R TR KT | SR B0 e AR A Y i —
AWFIE TAEFRAE T 06 A B0 JE Al FN S B0 AK 4, (H
T ETE RIS, RN A8 1 Sy — b A e

SEFERE 62.00+£0.64 61.03+0.26 57.52+0.30 T T Ik T e — B A B S 22 T
T 5 T A 32.8120.51 30.3620.17 29.23+0.07 VER] DL 22 AN WF 58 0 R ) oy FREAR e 38k 3 mg |
AR 5.19+0.14 8.61+0.09 13.24+0.25 R il 2 e GO YR 2 B IR AR IA R 4 fie
T TR S A Tl A Tl v A A AL ) £ RN N
SE k.

[1]LIUL,BILAL M,LUO H,et al. Studies on biological production of isomaltulose using sucrose isomerase :current status and
future perspectives[J]. Catalysis Letters,2021,151(7):1868-1881.

[2 ]LINA B A R,JONKER D,KOZIANOWSKI G. Isomaltulose (palatinose):a review of biological and toxicological studies[J].
Food and Chemical Toxicology,2002,40(10):1375-1381.

[ 3 1ROGER P A,FREDERIC D,EMMANUEL O A, et al. Industrial manufacture of sugar-free chocolates : applicability of alternative
sweeteners and carbohydrate polymers as raw materials in product development[J]. Trends in Food Science & Technology,
2013,32(2) :84-96.

(4B, AR, T80, 45 BR300 T 2 2 o Bk ) A st S HL R RIS (0], B W BF 98 5 9T %2, 2015,36(17) : 143-147.

[ 5100 2 2F MR (A B4 0 ) i D RE 5 M T[] & 5k Dol B4 ,2013,34(23) :44-46.

[6 ] LICHTENTHALER F W,SIEGFRIED P. Carbohydrates as green raw materials for the chemical industry[J]. Comptes Rendus
Chimie,2004,7(2):65-90.

[ 710k R, S8, 5. W B 8 106 0k ] 5 fhe THE W S A Bl R HC T S5 242 2 DA ) 48 b 0 1 D[], o 5 A W BOR“7 41,2019, 38
(4):104-110.

[ 87 FSCAT B, 2R SE 5. R0 S 40 I b A= ™ S 22 28 M IF 5 F JRE (D], SR W 2=l iz, 2012,39(9) - 1314-1322.

[9]MU W,LI W, WANG X, et al. Current studies on sucrose isomerase and biological isomaltulose production using sucrose
isomerase[J]. Applied Microbiology & Biotechnology,2014,98(15):6569-6582.

[10] LI S,CAI H,QING Y et al. Cloning and characterization of a sucrose isomerase from Erwinia rhapontici NX-5 for isomaltulose
hyperproduction[J]. Applied Biochemistry & Biotechnology,2011,163(1):52-63.

[11] LI X,ZHAO C,AN Q,et al. Substrate induction of isomaltulose synthase in a newly isolated Klebsiella sp. LX3[J]. Journal of
Applied Microbiology,2010,95(3) :521-527.

[12] DUAN X,CHENG S,AI 'Y, et al. Enhancing the thermostability of Serratia plymuthica sucrose isomerase using B-factor-directed

A& S Lt £ 2L 2022 EE 41 BE 108



SUN Jiaming,et al: Effect of Molecular Chaperone Co —Expression on
RESEARCH ARTICLE Heterologous Soluble Expression of Recombinant
Sucrose Isomerase

mutagenesis[J]. The Public Library of Science One,2016,11(2):1-16.

[13] WU L G,BIRCH R G. Characterization of the highly efficient sucrose isomerase from Pantoea dispersa UQ68J and cloning of the
sucrose isomerase gene[J]. Applied & Environmental Microbiology ,2005,71(3):1581-1590.

[14] ZHANG F,CHENG F,JIA D X,et al. Characterization of a recombinant sucrose isomerase and its application to enzymatic
production of isomaltulose[J]. Biotechnology Letters,2020,42:1-9.

[15] ZHANG P,WANG Z P,LIU S, et al. Overexpression of secreted sucrose isomerase in Yarrowia lipolytica and its application in
isomaltulose production after immobilization[J]. International Journal of Biological Macromolecules,2018,121:97-103.

[16] ZHANG D, LI X,ZHANG L H. Isomaltulose synthase from Klebsiella sp. strain LX3:gene cloning and characterization and
engineering of thermostability[J]. Applied & Environmental Microbiology,2002,68(6) :2676-2682.

[17] XVZESE | SR, Wi s 43 BRIZ Pl R S A G0 T A 1 b i1 3R 8 B R IR AL [D]. 2B T2 412, 2016,32(8) : 1070-1080.

(18] Rk, Bead e , SR AL o 20 R S A4 Tl A1) ) 4 BB T 26 AR DR AR D). B 5 R B Tl , 2015, 41(5) :41-47.

[19] Z=%0 , 22 il ik, 3 0UHE. 53 F P AR 2L SRR X BOREAZ IR il R 1T ¥ PR 223k 52 il (], SR W B4 ,2019,35(11) : 93-99.

[20] EH#a 05 , J5 HELE KB T, A5, DO Rb 43 5 R AR AR 2 A= S5 R AR 11 7R R A T AT I IR B S (], b AR R AR
2018,23(12):75-83.

[21] AROONNUAL A ,NIHIRA T,SEKI T,et al. Role of several key residues in the catalytic activity of sucrose isomerase from
Klebsiella pneumoniae NK33-98-8[J]. Enzyme and Microbial Technology,2007,40(5):1221-1227.

[22] KAWAGUTI H Y,BUZZATO M F,SATO H H. Isomaltulose production using free cells:optimisation of a culture medium
containing agricultural wastes and conversion in repeated-batch processes[J]. Journal of Industrial Microbiology and Biotech—
nology, 2007 ,34(4) :261-2609.

[23] ELLIS R J. The molecular chaperone concept[J]. Seminars in Cell Biology,1990,1(1):1-9.

[24] HARTL F U,HAYER-HARTL M. Molecular chaperones in the cytosol: from nascent chain to folded protein[J]. Science, 2002,
295(5561) :1852-1858.

[25] KRASTANOV A, YOSHIDA T. Production of palatinose using Serratia plymuthica cells immobilized in chitosan[J]. Journal of
Industrial Microbiology & Biotechnology,2003,30(10) :593-598.

75 S 5 S B -

ZE EPA I8 EE £ R F 8 (PFOA) 1€ | E BB (PFOS) A B ¥ R

202249 4 7 H, £ kAi G/TBT/N/USA/1915 5 TBT il iz, M4 1980 EEITHY (LR Iy . W FI ST AT 1)
(CERCLA) , % [# [ ZK 3R 5 {7 477 Jo) (EPA ) $2 SURF 42 3 R (PFOA ) il 42 - Be R AR (PFOS ) , 42 415 ek S R 45 4 53 M 1 4
HFE R Y, CERCLA $ZAUAAT V5 H 4 Foé T3 380 B 355 vl i X 2 Ak £ i sl A 1) sl PR 58 3 i K AE R (e = A& IR &
A WRORN ) SO 4 7 A 1 I8 0 o, A2 N 20 5 B K AR A2 it ) 426 fi

(5 BRI VLI SRR 52 5 15 A5 2 F 5 3R [ EPA 48 2 2 90 1R (PFOA ) Al 42 9= Je fifi /iR (PFOS) A 16 % 4) J5 [EB/
OL]. (2022-9-9). http://www.tbtguide.com/c/mypt/gwxw/511913.jhtml

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol. 41 Issue 10 2022



