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Expression and optimization of a B—fructofuranosidase from
Lactobacillus plantarum ST-1I in Escherichia coli
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Abstract: To establish the molecular mechanisms of fructooligosaccharides are metabolized by Lactobacillus
plantarum species, a B - fructofuranosidase gene ( designated sacA) from a fructooligosaccharides - fermenting
strain Lactobacillus plantarum ST-1II was cloned into Escherichia coli, and the over—expression conditions of the
recombinant protein were optimized.The sacA gene from L.plantarum ST - [l consisted of 1506 nucleotides,
encoding a 501 amino acid polypeptide.The specific activity of enzyme was 3.4U/mg when induced with 0.1mmol/
L IPTG for 12h at 16°C.The enzyme was then purified with nickel ion affinity chromatography and the specific
activity was 107.0U/mg for the purified recombinant protein.
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CATCGTCATGATATGGAAT; SacAR: CCGCTCGAG
CCGCTAGCTTCGCA ACATC (4338 A Ndel Fll Xhol
Mt U] 57 #3) . B & B Invitrogen A iy 8RN Wl & .
DL ST—TIT 2 [N 20 Sy B, #EAT PCR JZ 7, PCR {4 %
H 25 L BEBR 1L, |- FUFS 144 0.5uL, dNTP Mix
2L,10 x PCR buffer 2.5uL,0.2uL. Taq DNA & i,
ddH, 0 %p & 25uL, PCR 5445 :95°C #2514 Smin,
95°C x4 30s,56°C 3B &k 30s,72°C %Ef# 90s,35 1
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E.coli BL21-sacA iR 5352 W% , e & 200mL &4 =
REEER LB Brgudirp 42/ & 1% , B3R e 37°C,
FEIRYE Y 3 2R o4 2001/ min, 7E ODy,, = 0.6 ZE A5 0, hn
A S5 IPTG =AW )E 1mmol/L,37°C, % S 3h,
FBUS RIS 155 1mL WK ,4°C, 10000 x g, 2.0
10min, AR TR AL ML, BRINSEAAR TR 2 x 34 R A e Ik
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PAGE Sy 4= 2H il 820 85 11 SacA [YFRIKIF L -
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HfaZdfig 2% wh R 2 A LS, 0 A TR 2 Tmg/mL
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NiSO, i Sepharose Fast Flow &g/l | ,1R %) ,4°C , 3% sh
1.5h, #RJ5 4°C ,3500 x g B.0> 2min 3525 g, H4y
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Fig.1 PCR amplification of the gene sacA
and restriction enzyme analysis of recombinant
7 M, ,DL 2000 Marker;1, H %K SacA PCR ¥ 34724 ;
2 ,pGEM ® —T Easy-sacA % Ndel 11 Xhol ¥ it 1] ;
3,pET-28a( + ) -sacA 4t Ndel F1 Xhol X{ 1] ; M, ,1kb ladder

g TRk pGEM ® —T Easy—sacA FH FR P P9
VI Ndel F1 Xhol W17 49 -5 X Wi XLl LI 2844 pET—
28a( + ) AT E, @R B FHA pET-28a( + ) -
sacA, B HE 2H R kL& 3% 77 W ¥ fb &= E.coli BL21
(DE3) ,37C Mg df%5% 24h, Pk BHME 4% 1k THefh 2
LB WA RS IR Be b B FRad 17, 9 O W AR T A, SR B
2] JEORE, X R 14 BIR st 442 PN D7) il F B H Ok AT 48
Eo pET-28a( + ) —sacA 4 Ndel Fll Xhol XL [iF Y], 15
F 5kb 19 pET28a( + ) et Ben 1.5kb 19 B Yy R A
FrBE, anE 1 PkEE 3 Uras , WEBH 335 2% pET-28a( + )
—sacA JRINEE AN E.coli BI21 ( DE3) 15 . ¥ FH
Pk Eaw 44 A E.coli B1L21—sacA
22 EHFEAMRIEIEETE

PR 5T 00 HE 2H B RE JS S 5i B BV R
UIVEFIFH SDS-PAGE Kl R EL (& 2) , 4 IPTG 5%
JEA3 B — 25 K/ 66ku 19 557, L BRI (B fm K 24
6ku, N T IUERIXE HE AR SacA B, HLHEH
YN LliA LS , 5 I i e, %o I A gk 1) Ik B 2 A 7 o
TEAI , UL 3. B Berh 2 B 10 > Be 5 SacA
BEFHAH 2, S E AT KW 21% ;B0
Mascot score B k%] 96 ( > 86 2= 5 g =) iy
sacA FLNTE E.coli BL21 ( DE3) Dk
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Fig.2 Expression identification of the
aimed recombinant SacA enzyme
M, FE [ Marker;1,2,3 43514 E.coli BL21-sacA
N = S Y
V555 T VR4 20, 20 e e 3 AR
4,E.coli BL21-sacA 5 i A 420l .
1 MGSSHHHHHH SSGLVPRGSH MELIVMIWNR KTRYTPYEQW PATKLPQLVA
51 QARQSKWRMQ HHIQPTSGLL NDPNGFSYFD GQWHLEYQVF PFGPVHGLKS
101 WQHVTSKNLV DWHDEGLAIR PDTPYDSHGA YTGTALPIDD QLFIMYTGNY
151 RTADWQRESY QLGAWMDTDN HIKKLSRPLI AHAPAGYTSS FRDPDLIRTD
201 HGYYALIGAQ TTTEIGAILV YFSKDLTTWT CQGELNVPAN ARGYMIECPN
251 LVWIDQQPVL LECPQGLSQT TTPYQNIYPN MYLVADQLDL AQAQFTEPHA
301 LTQLDDGEDV YATQAINAPD GRALAVSWIG LPEISYPTDR ENWAHCLSLV
351 KELTLKDGHL YQNPVAAVDD LRTTAHDLVE EQQRATVAAL NGSFELLLTY
401 PADKTVTVNI ADQQESGQLQ VTVDANHGQV MIDRRHTGNS FAEDYGQTRQ

451 VELTAHKTIK IRLIIDVSVF ECYIDNGYSV MTGRFFLNAT PSRLNVQGDT
501 TAVTGKVWEW RQSEHTGVDN NETKIK

K13 MALDI TOF/TOF JBTiig45: & 1 o Ik
5 SacA HEFFHIHY LLXS
Fig3 The alignment of sequences of polypeptide chain fragments
(identified by MALDI TOF/TOF mass spectrometry analysis ) with
the deduced amino acid sequence of the
recombinant B—fructofuranosidase in E.coli
TE < IORLA B A WSR3 ) KB 5

TRIZ R BON KR pET-28a( +) 51 AR kB
23 EHAEAWRIEMKL

Bl 2 3B HE PTG Z4¥k B4 1mmol/L,37°C, 5
5 3h R E L E L FEA TR EEY B,
RWIHE ATEMNIE LA, e B AR dE Hag T
T PER KK, RATTR 553 S5 EAT T LAk, 343501
SRJH SDS—PAGE ik K A1 4= ) & | BT 8 FRAE
SR IPTG ¥R EEALE 0.1 ~2.0mmol/L 2 [a]B}, H A5 &
YRR AHZE A R (LR R AN ) |, 1 48 liAs
PEPE 0.1mmol/ L TPTG BEAT S RIS, 4528 WA
4 5 sk 1, LRI, 1E 30 25°C B FRat, EAH AR
F 2 DL AR B2 UfF R, 16 .20°C 2 DL a] i P
HEATAE X FE 2 N O A B 19175 S IR, 40 B Y
BRI 0, SIS TR 0 A R EE R T, R
HHER RN M s FLE 3T &, H A8 LI A 19 e
SUAFE ™ 20°C I AR 11048 A BLEE 16°C 15,
T TR 16°C T ik (R
FER, AL A B9 AR W B S TS AE 2~ 12h N EEE S
IS 0] F4g S T 18 90T, 2K 52 S 4 55 5 i ], 14h i 315 5%
HERRE BTG ETE, UBEGms A FER. Kk,
AT H AR PR R IE SR S Al R, 0 e I A
12h, £ & A fb 19 3R 15 2 4 F (0.1mmol/L IPTG,
16°C , 55 12h) , HFrE H 70% DL F & LAA] 3 I
AFIL(WE 4 JkiE 10,11 Fn12)
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K1 EARBVEF M T E.coli BL21-sacA HYLERAE LS AR MU R4 L 75 19 LU g )

Table 1 The biomass of E.coli BL21-sacA and the specific activity of its soluble cytoplasmic fraction induced at different conditions

LGS IPTG ( mmol/L) Br i (C) Bi 1R (h) WA (ODgy) FL A (U/mg)

1 0.1 30 4 2.63 +0.09 0.13 £0.01

2 0.1 25 6 2.55 £0.06 0.17 £0.02

3 0.1 20 8 2.67 +0.11 0.20 +0.02

4 0.1 16 2 0.95 £0.05 0.54 +0.04

5 0.1 16 4 1.24 +0.07 0.97 +0.06

6 0.1 16 6 1.63 £0.08 1.54 £0.08

7 0.1 16 8 1.96 +0.09 244 +0.11

8 0.1 16 10 238 +0.13 322 +0.13

9 0.1 16 12 2.79 +0.15 3.4 £0.13

10 0.1 16 14 3.18 £0.16 323 +0.14

11 0.1 16 16 3.55+0.15 320 £0.12

1 2 3 M45 6 7 891011 12M 1 2 3
- ! =1 ku [ ) =
- - 972 ] w— 97.2
-\ - - — e - — | 66.4 "=" = B3 - “'- 66.4
v = - 443
~ §= - - 443 ==
— . — - 29.0
- 290 Y
20.1

K4 RFESFREE TR EHRK
Fig4 Expression of the aimed recombinant SacA enzyme
at different temperature
M, & Marker;1,2,3 435 E.coli B1.21-sacA S5
30°CHi37 4h BIR A0, 40 MUBRE b3 FITIE 5
4,5,6 435 E.coli BL21-sacA %35
25°C 557 6h FAA L2 , A0 MU b ANiTE s 7,8,9 415
E.coli B121-sacA 555 20°C 537 8h FHiR 440,
20 MR A L 35 ANITHE 510, 11,12 43531 E.coli BL21-sacA
WRJE 16°C Er 3% 12h p ik A 20 M, 4A M mk i _b T8 ATTTE

24 BEHREAMS B4

B AN A 6 x His FRZEA] P45 5 Hb i [
FIEMA R (NS ) N5 28 P e gg ' . ik
R Y PR BB R 31 2 R 4 AR U JF sl Ak B L AE A,
T 554 JB 556 1 7 56 19 T 2H 2K 11 AEAE 6 HE 8 B K e 1
FHTFVENL T K. i E.coli BL21 -sacA 323k W 41 8%
1 SacA A 6 x His FRZE, i Al F Ni** 55 fiiAE afifk .
VLB 6, 76 W [ 22 vh i Hh 38 N2 4 BE S0mmol /L K
BV AT DA 25 B R B 40 1Y 2% 28 1A, i 745 51 41 2R 1 e B
FE Rb U B B ORI 5 22 5 SR FHBR BE v Ve B AR iR
F1,300mmol/ L ¥ B [ Wk mas 8 56 4= Pk i 5% A 0k
HAr 8 Ho B bR me pE i &5 (1 1000 4% 14 F2 7
50mmol/L Tris— HC1 i&EHT =Rkt %k T IG5 29 M 1L
KWW T 3RS 120mg Zlifk i SacA 25 [, LU 1% ik
107.0U/mg,
3 it

B — 1K MR SRR 1 Tl 2 7 A {0 2R AW 1 S B g, X
FHATHEA R ERE P EFEREE, T T

158 014z z11m

B o - 201

B 5 16°C AR FRmE T EHEHERE

Fig.5 Expression of the aimed recombinant SacA enzyme

(

at 16°C with different induction time
M, FE [ Marker;1,2,3 435 E.coli BL21-sacA %5
16°C 15 5% 2h BR A0, A0 MIBEE 3% FIDTNE ;
4.5,6 735 E.coli BL.21-sacA %5
16°C 5557 8h DR A4H 1, 40 SR AT L3 FTDUE 5
7,8,9 533l E.coli BL21-sacA i %5
16°C 557 16h BRI, 4 M e b3 AivE
M 1 2 3 4 56

o

972 ,
664 =8
443 -
p— N -
29.0 .
—
20.1 =
14.3 ——‘l’__

K6  SDS-PAGE 7341 H Y F AR HE e 2l 1k
Fig.6 SDS—PAGE analysis
of purified recombinant protein
M, T [ Marker;1, E.coli BL21-sacA {555
AR ¥ 52 ,50mmol /L BEmE L 53, 100mmol/ L
R A 54, 150mmol/ L BRMEYERR ;5 ,250mmol/ L
WK SE I 56 ,300mmol/ L I M i

AR FLAT TR A TR SR RO B HLBE, ASF SRR 1 2
ZEAR B Y SR R Y], LAAE ) FLAT ) ST— I A5 i
5 B— R Mg SME 1 i L R sacA TR B 24K pET-28a
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(+) L. /s a4l T E.coli BL21 —sacA, I
BT TEE IR A 37T CEFFEEA RBGITE E
0D, 0.6 ZE47,16°C ] 0.1mmol/L IPTG i S 12h, It
fifg 75 iA 2 3.4U/mg, SEFZPralifb)s, gifb iy SacA
HHES TN 0.12g/L, LG ik 107.0U/mg, 5 BF4:
FITRARAH Lb , FELH G AF T B — 10k e S0 1 filg 19 2 38
W, 5 T ORI & T M alifl, S B — Wk g SR Al
TEFL R 7K L Ao M s 348 T 400 s B o

% 3k
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