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i ZE: (5% BEFABECADEVWHNEBLZOTA T F L FRBN LR 5%, AL
WAZ P G BAE R M BRI EAE S PP F BT B B AL F AR A T AT
M A Feg A, (B &9 ] HEEAEF 4 B Pall f£ % A8 38 KB4 (Yarrowia lipolytica) Polg ¥ &9
AEETER, ARIREARF A B AL AR 09 8] b GI B L A A, [k ARIFEAA A
7= Pall 47149 Y. lipolytica Polg R @& TH M, @iLF Fi&M PCR ¥ L& 14 KH (Klebsiella
singaporensis) LX3 #9 Pall 4% 2K A Pall 52K B4 m ek 8 Y. lipolytica a5 6955 % & &
Pirl @4, ¥ Y. lipolytica Polg P HEERmETAM. FIF 3,5- = K KABR(3,5-dinitrosalicylic
acid, DNS)tb & 48 &M 2 K @& 740 Pall BaiE /) af LB MR #ATIRE, B SH30ME
R AR . (LR MET BEFHEERTRETHA Pirl-Pall/Polg, % DNS
R AR T AE Y. lipolytica Polg & @ %) Pall B& 7% 71 (4 694.6+56.6) U/g-# & F £ (dry cell weight,
DCW), % Bt i€ R M iR B A pHAE 5 %) 4 45 °C #= pH 6.0, f£ 20-55 °C, pH 3.5-9.0 R A A
BAGE . L BAE AT, SREKAAFRFEREA T B E $4E8) =i
BT 53] 91:9. (44 KA MET R @& T Pall 49 Y. lipolytica Polg B4k, H3F+X 5 g
o) Tbfb A BT T KA,
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Effective surface display of sucrose isomerase Pall on the cells
of Yarrowia lipolytica

WU Qi*, HUANG Simin”, GUO Xiaoyu’, LI Xianzhen, LIU Jiahao, CHEN Huiling,
LI Sipeng

Laboratory of Microbial Resources and Catalysis, School of Biological Engineering, Dalian Polytechnic University,
Dalian 116033, Liaoning, China

Abstract: [Background] Bioconversion via sucrose isomerase (Pall) is currently a preferred method to
produce isomaltulose. However, this method still has some shortcomings, such as the formation of
multiple products and the tedious purification process of Pall from cell extracts. [Objective] We sought
to achieve efficient isomaltulose production via constructing a surface display strain for Pall on
Y. lipolytica Polg and reduce the proportion of by-products and purification cost. [Methods] The gene
Pall encoding sucrose isomerase Pall from Klebsiella singaporensis LX3 was fused with the gene Pirl
encoding the anchoring protein Pirl from the yeast cell wall by overlap extension PCR. The fused gene
was then transferred into Y. lipolytica Polg for the surface display of Pall. The enzymatic properties of
the surface-displayed Pall were investigated via colorimetry with 3,5-dinitrosalicylic acid (DNS), and
the products of sucrose conversion were detected by high performance liquid chromatography. [Results]
The Pall surface display strain Pirl-Pall/Polg was successfully constructed, and the highest activity of
the displayed Pall reached (4 694.6+£56.6) U/g of dry cell weight. The displayed Pall was stable at a
broad range of 20—55 °C and pH 3.5-9.0, with the best performance at pH 6.0 and 45 °C. Moreover, the
displayed Pall led to significantly lower proportion of monosaccharide by-products during the
bioconversion process than the free Pall. [Conclusion] Using Y. lipolytica Polg as the host, we
constructed a recombinant strain for the surface display of Pall, which provided a basis for the industrial

production of isomaltulose.

Keywords: sucrose isomerase; Yarrowia lipolytica; surface display system; yeast cell wall-anchoring
protein Pirl; enzymatic properties

S5 22 ZF R BEAR PR AR OB i D4 % A A
D-SRWEIE T o-1,6- 4 11 58 12 152 11 A ) HEHE ) 45
Ha SRR RN, S SR LA 5 A LY )
PR E R, (HSCEA T RO i A4 BL)BE,
Un 5 22 25 W B 2 IE BOE R A ELTM AL RE 1 | RE
SRR G AN B v R ) B K R i
BEER R, sl iz e e dEwt R 4,
H1 T 53 22 2 IRDBE LR ol o BT T2 B9 1 i
s, TRl R U Ry O Ok R SR A 2R
MDA = AT — B LAk i e BB Hn, 5

27 ZF WA OB A AR T R R O RE B R M
(EC5.4.99. 1 1) % AL FERE SC B . A1 FH REA S5 4 T
AL TR A P R AWM B B £ 2 Fb
Jra: (1) IR A W S5 52 3K 1 TR MR S A Tl
WA RERE 9l R R L 2F AR T T (Bacillus
subtilis) WB800 FikK H 5w {A K (Klebsiella
singaporensis) LX3 %) JHEE 5 A6 ilE i A0 AR ™ 26
A ZEEARES, B KB A # (Escherichia coli)
BL21/pET22b-sim 33k + 343 #1Z B (Pantoea
dispersa) UQ68J [ B Ml 55 #) il (PdSIase) % 1k it
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WA S 22 RS s (2) SR E T AK
HEWE S A4 Bl AT [ 8 b S PR AL RS - Ak e
ZEHARE . B EE RO 2 e (1)
Yy W R B8 b R G 3R Y OB e AR AT
Ak, 0 DURE e b W R S U B R 2 B
J7 X BR SC R (Erwinia sp.) D12 2RI A9 i
WS R AT [ AR T (2) A E Ak
= L3 o 4 el 2% A R (cell-surface display)
FeARSER, 9 an A Rg 3B G 8 B (Yarrowia
lipolytica)J& " K H P. dispersa UQ68] /) JFEbH 5
Pt

Y ff R R 2 —Fh AT . AR AR
TR, HEd HMEANmEERS S
i ) R E S R, AT DR RN E
S LR 23k | Tl ) ] 7 Ak B B s Y 4lidk
AT B AR 2 1 2k T 5 A ™ AR e ik 1 &
BANTR], e R e 2 2R, )
W 1E B. subtilis 1 F 1 HMEF J 8 1 (CotX)
JR 7R LBy A1) B S il S A S A i V45 5 A
Ji VS [ £ (Saccharomyces cerevisiae) BY4741 H
Wk 3 B A ] A #E B (Saglp . Sedlp Al
Cwp2p)JE/n B-HiZ MG 7£ Y. lipolytica
i O — B DI R AR MY B 1 (YALIOF24255p) 7
) T NI 3 S U 2R =N

R ER FC % RE (Y. lipolytica) &N INHYE &
M JER R RZ — , Byl 2 A %
4> (generally recognized as safe, GRAS) " i A:4) .
HIAEW BT 5 5 TR MA ™ A
RARSERE A, T N B v A 2 A
s A, AN HLER KBRS PR,
HEre I Y. lipolytica P JE/R T a-KFUMETH
B 10U AR mGUO) . B-P kR )L - A
HEGEE . L-Z2BE KA WM™ | Tt A A
Horb e SR LS s 7€ A P. dispersa

UQ68T FYHEME S bl Ho AR WY AR SE
I HL 3R 18 JR /R (4 TR S5 i (U AE 20-40 °C (193
J¥ 2 pH 4.0-7.0 X ] N ka2

AWGELL Y. lipolytica Polg MR, Fl
Y. lipolytica 4 MU BER & 8 11 Pirl #4 g2 1fi J@
NEAE, PIKIE E Klebsiella sp. LX3 HRE
WS Pall /R TE Y. lipolytica Polg FR1fi .
30 o X E 2 AR R s T TRE AR S A A A TR B IS
Y A ) SR i o, IRR RS RE
X 7 ) A B ) B b 3 e A A AR A
S 22 2 B U 0 )7 ) SO 8 1

1 #RE57E

1.1 E#HREHE

SERERRR KT T (E. coli) DH10B, A% T.
R AR WAL PR B R 05 Bk G TR S I
%= JRINE R Y. lipolytica Polg X #HAK pYLSC,
HE G A AE B ARA A IR T-vector
pMDI19 (simple), FAEY) TRECKE)ARA A ;
¥4 Y. lipolytica 21 il BE 5 7€ 25 1 Pirl gmfid 3L A
By kL pUCST-Pirl A T AW TR H i) ey
F IR ARG R pYLSC-Pall JFiki oK iE
Tl R A WA B [ 5 3 7 Bk TR S 5
A I RAE
1.2 HERE

YPD ARG FRIE(pH 4.0)H T N5 HB FC 152
BRI R BERE IR, YPD B IR AL 1:10 A
0.5 mol/L AR -FT A IR AN 2% ik s LB WA 77
H(pH 7.00H T RIAFF R A9 ARG 7%, YNB [E{4
BRI TR B [C e B fb i i
1.3 FZERXF

TaKaRa rTag" DNA Polymerase, PrimerSTAR®™
HS DNA Polymerase . QuickCut" Xba I, QuickCut"
Sfi 1. QuickCut" Dpn 1, T4 DNA Ligase . Protein
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Molecular Weight Marker (High, Low), DNA
BealidbitH & . Bkl DNA /N alifbid ) & .
DNA e RSO &, A TROGE) AR
/vH]; YLEX Expression Kit, HV[E &7 2544
FATBRAF; WA IR . JCKEA . TR .
LB K I Goldview [ R4k, JbatfEE
A RTAEA ] .

fifk gt HS [ Bk 9 15 SR 75 R 0 0.5 mol/L 745
BR-FT SR N 2% ph i (pH 4.0); 2 1A1 JEE/1 FO HE I
S AL TR 0 I E R 0.1 mol/L BRI A —
AT BERR R IR (pH 6.0);  FE T /R Y REBE 57
¥l S pH K pH A2 I E R A 0.1 mol/L
HEIR A 4N -Fr R (pH 3.0-6.0). 0.2 mol/L
RA BRS8N (pH 6.0-8.0)F1 0.05 mol/L
Tris-HCI (pH 8.0-9.0).
1.4 SI¥NEITREK

DLA L5 B B 2R 0 Pirl S g 2k A
Pirl JFH AR, BT & 1 Pirl Zwhs
I Pirl 89519 YIP-SI-SOE,-F Hl YIP-SI-
SOE-R; UL pYLSC-Pall JFki Mtk , ¥#&itd"
B AN B R AD L ) Pall (M54 YIP-SI-

F1 KXHEANGIY

SOE,-F il pYLSC-SI-R., PCR JZJW{& £ (25 uL):

1E 5 1#)(10 pmol/L)4% 1 pl, ddH,0 14.75 pL,
F By BE R (100 pg/ul) 1 pL, 5xPrimerSTAR
Buffer (Mg®" Plus) 5 uL, PrimerSTAR®™ HS DNA
Polymerase (2.5 U/uL) 0.25 pL, dNTP Mixture
(4% 2.5 mmol/L) 2 pL. PCR JZ izt 95 °C
5 min; 94 °C45s, 55°C45s, 72°C 2 min,

I 35 MEFR; 72 °C 10 min, @3 2 MR E
B A TE SN PCR, PRAGAA LA,

PCR A Z (25 uL): Pirl 3B A Bi(100 ng/uL)
5 Pall $:HFB(200 ng/uL)4% 1 pL, ddH,0
15.75 pL, 5xPrimerSTAR Buffer (Mg®" Plus) 5 pL,

PrimerSTAR® HS DNA Polymerase (2.5 U/uL)
0.25 uL, dNTP Mixture (% 2.5 mmol/L) 2 uL.

PCR W 2&1F: 95°C 5 min; 98°C 30s, 68 °C
2 min, 3% 15 4~E¥#F ;68 °C 10 min. 5|4 PMD-P,
A1 PMD-P, }y T-vector pMD19 (simple) V. 7% [ %k
RAE RS, 5149 6560F Fll 6904R fy 4
FE R ER AR E 5. 5286 b A3
AR 1 Fos, WA TAY TR
WA A IR\ A o

Table 1  Primers used in this study

Peimer name Peimer sequence (5'—3") Primer description

YIP-SI-SOE,-F CGGCCGTTCTGGCCATGCTCTTCAAGTCCGCTGCC Amplification of Pirl gene
YIP-SI-SOE-R ctgattcaaggatggtegc ACAGTCCTCGAGGTTGACGATGG

YIP-SI-SOE,-F GTCAACCTCGAGGACTGTgcaccatccttgaatcag Amplification of Pall gene
pYLSC-SI-R GCICTAGATTAATGGTGGTGGTGGTGGTGTCGC

6560F GATCCGGCATGCACTGATC Colony PCR and genome identification
6904R AACACCGGTGTTGGACTCAG

PMD-P, GGCTTTACACTTTATGCT Colony PCR

PMD-P, ACAGATGCGTAAGGAGA

1 : YIP-SI-SOE,-F #HA T RILAR 34> Sfi | BEH) 47 &, YIP-SI-SOE-R /NE K I K 5 Pall F Bt & &4y ;pYLSC-SI-R
RHAT RIS Xba T BEYIN ., SR RIZAR 54 His b2 9B 515 YIP-SI-SOE,-F /NE XI5 Pirl )i BEE B>
Note: The underlined part of YIP-SI-SOE,-F in italics is Sfi I digestion site, and the lowercase area of YIP-SI-SOE;-R is the

overlap with Pall fragment; The italicized underlined part of pYLSC-SI-R is the Xba [ digestion site, and the double
underlined part is the coding sequence of His tag; The small area of YIP-SI-SOE,-F is the overlap with Pir/ fragment.
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1.5 EERUERERTE Pirl-Pall/Polg
B HI
1.5.1 TR K pMD19-T-Pirl-Pall HI153E

THE b S A B R Pall oK A AR
(Klebsiella sp.) LX3, 2<45ii2 3% K {458 iR %565 1
LA E S IRF (/A 1 710 bp), FFAEHCR
Uil A 6xHis b4, A TAY TR )
A BR 2 W) 22 fif B I QBB 4% 1 AL IS B i
N Pall (GenBank % 5¢*5 4 KJ 452353.1),
G UG vERE R BOR pYLSC, HASL =
17 Y. lipolytica FKIFIEEE A Pirl FEH
(GenBank #3554 AF 336989), LifLlfs
WM& IFFH, mATAY TR K
A BRZAS w4 BE RGBS FofE R 2K pUCsT,
AAT T 5l E B Pirl BLH 34K pUCS7-Pirl,
FERI R/ 861 bp.

PIASSZ B 2R R AF 1) pYLSC-Pall JiH A5
M, 83k PCR 414 $RAG Gn A Fee bt S 440 1l ) 2k [
F B Pall, VL3 i@ & Pirl B 2K
pUCS57-Pirl A, il ik PCR 34 3R15 4 € &
RN 7 BE Pirl, Wi EZEM PCR #
2 AN Bk AT A AR AT Al A SR R R B

Pirl

—

Sfi I
!

Pirl-Pall, ¥%3J5=0NE 1 R, K@ AN R
Bt Pirl-Pall W.5i[% % T-vector pMD19 (simple)#k
G 5EAL 2 S A0 E. coli DH10B, 37 °C #
B SR 16 h, PRI TR, FIH514 PMD-P,
1 PMD-P, A7 75 PCR %58, H5 W 5
FERAR#E A LB WAARE SR (S 100 pg/mL &
KT MITA ), 37 °C. 200 r/min ¥ 373K
Jei R BRUTORE 5 SR 2% £ 5 MRl P 95 A R B
A BRS EII R, R IE B Y T R TR A 44 A
pMD19-T-Pirl-Pall.,

152 ERESHIERERREE pYLSC-Pirl-Pall
WOt

I Tl 70 3 4 vy b o 2 T R s AR

K FIR S A A LR W s 3R iA pMD19-
T-Pirl-Pall 5EHE/REAL pYLSC 437l 4T
Sfi 1 Fl Xba 1 XUEYT, 22 U108 RIS R4S H AT
A7) 2 1 2K v R il 36 8L R B Pir1-Pall 55 3T
JE/REAK pYLSC, FIF T4 DNA iR 1%
B, KR a LIS AR A0 31 F hpad Fay
WM 5 IK(XPR2) T e, %sfZ1k+ XPR2 Fif
(kA R S I 1 BR), SR E A AR Z 2
4}l E. coli DH10B, 37 °C ¥ E ;3% 16 h, PRHL

Pall Pirl - -

}

Polylinker at previous
pBR (Pvu 1) site

'th-ﬁ s

Sal |

1 Bk E i

Figure 1 Plasmid construction map.

Xba 1
Pall EHis Not

pYLSC-Pirl-Pall

9794 bp
Pall

His

—

N XPR2 per
Sfi 1

XPR2 term
Xba |

XPR2 term
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BT, FIHTIY 6560F Fil 6904R PEATHITE
PCR %78, ¥ PHM: e A3 A LB WK
F (100 pg/mL AR PUMBLAER)F, 37 °C.,
200 r/min 55530 S5 PR IUBTRE , K BORLE AR
A S A R A BR 2 /I, 8 DU 1
1) 22 11 ' 7~ 2 AR 4w 44 A pYLSC-Pirl-Pall,
1.5.3 FERFWEBRERTENK Pirl-Pall/Polg
B2

FFALF pYLSC 5kt pBR322 [r] Y5 7 51
) Not T o7 i % 16 Bl S5 4 il 2% 1 Ji /R 2844
pYLSC-Pirl-Pall 474 EE, 4tk )5 Y
28 pYLSC-Pirl-Pall 3R FH—E 0 A
Y. lipolytica Polg J&Z8 40 firh, i pBR322
FUR P41 Polg FEHH A A FUREL, M
BEIEASERA T, Wbk Polg N MR
AL, pYLSC JoukiH i) 5% 24 R B K (lew2) T LAfifE
HEAHW G AIRE YNB Birsbp K,
R, 2830 °C #E 3R, 78 YNB PR AEK
PR E S F O A TAHMNREEN A B, it —
i HFER 2R EAH A Polg FEHAH,
PRBCA TS 2 A YPD MAKEE # 3 (pH 4.0 I14%
1:10 W0 0.5 mol/L Fy i8R -6 R N 2% P i)
Hr, 30 °C. 200 r/min #EARIEFRIIR, PRI
20 DNA, #5149 6560F il 6904R HE47 5L K 40
PCR %5, VADLORGE ) P Fe R, 8 %52 1F
WA BHME e B B v 44 4 Pirl-Pall/Polg IE1RAF
1.6 FHRETHEERMEERIRIE

VR A R T /R TR R Pirl-Pall/Polg
HEAT ARG, PR — VR HE RN 2 YPD Wik
Br SR HE (pH 4.0) P TR TR 5%, BRaR b s
F2 1:10 ALA 0.5 mol/L A5 IR A7 BR M 22 11
30 °C. 200 r/min JEITHEIREEFRE ODegoo i85
2.0 M1 mL A7, % 1:50 #A 50 mL K
YPD ¥ 3 d, F 30 °C. 200 r/min #EF7T KB .
Bre. 12, 20, 24, 48, 72, 96 1 120 h {1 & %

W, F4°C., 8000xg &.0> 10 min WEEHAK, LU
ddH,O JEVERA 2 K, SRJGLL 0.5 mol/L #r5 k-
MR RR AN PR R TR R, TS TREWR . R
10% SDS-PAGE & Western blotting X [# & & i
(e
1.7 FHERTFHENERMEEERTE 78940

A3 EL 24 48, 72 A1 96 h 19 & BEWE 1 mL,
8 000xg .0 10 min WAEFA, L ddH,0 ¥
FR 2 G BT 105 °C TR P T, |
FEEFEE, MERMSHEARER, I HEK
T H (dry cell weight, DCW), &M E 3 1~F
ko B RAS RIS [B] A9 & T 8 000xg 5.0
10 min YA F A, FLL ddH,0 EPE R 2 W5
PRI A —N-Fr MR 02 vhil B B A, AT
B, KX TE AR Pall HIEEW . A
3,5- Rl H K #1823, 5-dinitrosalicylic acid, DNS)
Fb 0, B0 E  Pall KGR (3% T J 7 1Y) e
S RA Tt ) TG

fifg 1% 3 HAAI 5 ik R o B 100 pL KL
W (& 0.15 mg T-4HMl), fNA 400 pL B2 —
-7 R R 2% vh R (pH 6.0) L il /4 4% TE b
45 °C Jz )i 5 min J5 s BCA K I8 kK s
15 min K7EZ b B Y . B 150 pL S B A
200 L DNS, 7E/K¥488H & S min, S 58
e GE B, A 900 pL ddH,O, J 2 HifE)R
A1) HUH 200 pL SRR, W E HAE 540 nm
WA . DA 2 #4k pYLSC 1) Y. lipolytica
Polg F#k pYLSC/Polg A FAYERTRE, £E4~ 0
WE 3 A PATRE . MRS 522 2R B bR v i 2t
ST A IR R, IR AR PR NS O TR R
TSR () RS S A B BTG 0 1 DBy R T
JE& 7 TR W S A4 T 6 (U) B SR - FE I W)
GO EL, A BB 1 pumol S5 ZEEAEAY T
41 i Y Jor EE (DCW)

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



3100 (YIS Gk

Microbiol. China

1.8 FERTHIERESFWEEEEZ RS0
1.8.1 RERTERFUWBNREERNEER
MR E R E

B 0.15 mg & P TR 44 B2 1T Ji 7 1 JRE A S
B E R T 100 L BEfR = —4N-Fri i 22 vhil
(pH 6.0)H, 0 AIFEA AR 2571 (20—-60 °C)itt
FFRCE, e ELREE 7, LA 8 H s I v i
FE, FLRTEE T I 1.65 S T IE
JE I I TR S AL Tl P PR I, KRR 1Y
FEWE S A B ZE A [ TR 10 min J5 0@
T A TS T
1.8.2 TERFERESHEHNRIERL pH &
pH 2 E %89 E

4 0.15 mg TR A BIVSRTHT R 71 1Y) FE W 57
Fa 5y & TS pH [0.1 mol/L Wil & —4H-F7
BERR (pH 3.0-6.0). 0.2 mol/L WA —Hh-#ifk
“E4N(pH 6.0—-8.0) % 0.05 mol/L Tris-HCI (pH
8.0-9.0), JITA Z% vhifig ¥4 MR AR o i 75 e o U]
SR, FE 45 °C TR I A2 2R 1D R IR
SR BB E 7, DA e FL Al v pH,  HLAR
TG T Tk 0 1.65 S 1 I SR 1A /R 0 E b
SEREEAY pH FUEME, R RN 0 R A
M 7EANE] pH 25040 F IR T 24 h J5e 2L
N ACA
1.9 RERTHERFUEELERE"Y
7Y 5 4

HU 3 mg KA AR BN R AT /R 0 B S 4
Ml T 100 pL BEMR & AN - R 4 vl
(pH 6.0)F, fINA 400 pL () 4%EEMHAETL , [
K&K 500 uL, 45 °C JZ )i 45 min, 7K 15 min
KiGJG, 8 000xg B0 10 min BUS WK F 1,
K] HPLC X6 AL RERE = W AT 40 M o (il 2%
. BRI KRR R 80:20, HEIE N
35°C, #EFEEA 10 L, W~ 1 mL/min, ¥
JBEEHE] 2R 20 min, BEMRESLEIAE 3 AT

2 BERXR504

2.1 EREFWEERERTEK Pirl-Pall/Polg
RS R
2.1.1 EHFMEERERTEIAK pYLSC-Pirl-
Pall IR R

i H & AR PCR KA e B g is 3L A
Pirl (861 bp) 5 HENE S EGSRIS IL R Pall (R
WA 6xHis 728, FEBRK/INR 1728 bp)if ATl
A, B K/INN 2 589 bp MRS HEE A B
Pirl-Pall, 77W) 235 REMEEER R IKA I, D
SEIL 5 WU A /N3, A R s
5 S ISR 50 & 1Bl Pirl-Pall FIR Bt 5%
F BOW 5o 344K T-vector pMD19 (simple), #%
L ZE RIHFFE E. coli DH10B [EZ 409,
37 °C B 597 16 h, PRECA R 5 1 TR 75 PCR
YE . BRI IE K/ A 2 978 bp, % PCR
PRI AR UK IR, A% K/NS BUW R NRF
G KM R IR A LB WiRE SR
37 °C. 200 r/min ¥5 3734, & BUTRL 81 7 K
BEEEEYRHE A AR, WpasREs
5 H LR E A58 4 —30, UL v B 3 A
wRsh, ¥ HAL N pMD19-T-Pirl-Pall., ¥4V
velEREA pMDI19-T-Pirl-Pall 53 i 7R 2k
pYLSC 43 BHEAT Sfi 1 F Xba 1 XY, FIFH T4
DNA ¥ 45 B 2 A5 A HR IR0 1 oK o 1 1 B sk
11542, SRIGHALF] E. coli DH10B J&52 25 41 iy
H, I F LB (Amp Hitk)FH 37 °C # B B Fad
%, FEMLPRBCEA FR 10 A vE I VR
PCR %7E. HRZWHIEK/IN N 2978 bp,
% PCR W& IKIE, F K/ 5T
WIK/NF o BRI TS PCR %58 IE 0 1Y e b
BRI R (4 TR, 0 Lk e 7 bR T S5 AR R B
AIRAFRD Y, MpssREs, HS5HRER
JPAN 58 4 —35, ULBH R T R E R AUk,
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# HoAw 4 N pYLSC-Pirl-Pall,
212 EERMBEERERTEK Pirl-Pall/Polg )
MBS R

THEH S AL il 2 1T JE R 204K pYLSC-Pirl-Pall
2 Not | ZMEALAL RIS %5 A Y. lipolytica Polg &k
TR, N YNB A PRI 6 > BRI 42
A YPD R K F 5L, F 30 °C. 200 r/min K5 5%
1820 h J&, FEHIELH Y DNA #47 PCR B2k,
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H &5 BB RN R 2 978 bp, PCR “H4H%
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[B] F HERE A BETE Y. lipolytica 3% 18 BY /N1
#L. SDS-PAGE MIE4E RAnE 2 fis, Kl 2
BT LR Z KOMEBR & 99.20 kDa
PISIE R/ INEREIN, BEE SRR ER, B
IR IR FRIB RGN, B 72 h ib8iK, dkst
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L, X5 SDS-PAGE Ryl & 45 —3, 1560
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Pirl-Pall/Polg 4 AR EER #1730 °C.200 r/min
PEIREE IR e, X T kA7 o I BRI
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Figure 2 SDS-PAGE electropherogram of surface
displayed sucrose isomerase at 6, 12, 20, 24, 48, 72,
96, and 120 h of incubation. M: Protein marker; 1-8:
6, 12, 20, 24, 48, 72, 96, 120 h sucrose isomerase
surface display cell; C: Negative control; The size

of the band indicated by the arrow is similar to the
target band.

B3 153 6. 12, 20, 24, 48, 72, 96 FA 120 h
FRHE R FHIENE ST HIEE Western blotting F8 jk &
M. Marker; 1-8: 6. 12, 20, 24, 48. 72. 96
#1120 h FEME A RER TR TE M C: FIEXT I
i Sk FR 454 KNS H 0 2670 AR

Figure 3  Western blotting electropherogram of
surface displayed sucrose isomerase at 6, 12, 20, 24,
48, 72, 96, and 120 h of incubation. M: Protein
marker; 1-8: 6, 12, 20, 24, 48, 72, 96, 120 h sucrose
isomerase surface display cell; C: Negative control;
The size of the band indicated by the arrow is
similar to the target band.
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Figure 4 Histogram of enzyme activity of sucrose

isomerase surface display strain Pirl-Pall/Polg
fermented for 24, 48, 72 and 96 h.
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Figure 5 Effect of temperature on enzyme activity and determination of temperature tolerance of sucrose
isomerase on surface. A: Optimum temperature; B: Determination of temperature stability.
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A -#Disodium hydrogen phosphate citric
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1201 buffer (pH 6.0-8.0)
-4-Tris-HCI (pH 8.0-9.0)
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pH; B: pH faE I E

B - Disodium hydrogen phosphate citric
acid buffer (pH 3.0-6.0)
-e-Sodium dihydrogen phosphate
120 - buffer (pH 6.0-8.0)
-4-Tris-HCI (pH 8.0-9.0)
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Figure 6 Effect of pH on enzyme activity and determination of pH tolerance of sucrose isomerase on
surface. A: Optimum pH; B: Determination of pH stability.
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Figure 7 HPLC analysis of sucrose isomerase
transformed sucrose products displayed on the
surface. A: HPLC analysis results of sucrose
products transformed by free sucrose isomerase
expressed by Y. lipolytica Polg; B: HPLC analysis
results of sucrose isomerase transformed sucrose
products displayed on the surface of Y. lipolytica
Polg. (D: Fructose; @: Glucose; @): Isomaltulose;

@: Trehalulose.

’0F [ Free enzyme
Il Pirl-Pall/Polg

The proportion of total sugar (%)

ol i 1

0
Isomaltulose Trehalulose Fructose Glucose

8 FEHREFWELEESYFEES LI
Figure 8 Proportion of components in sucrose
isomerase transformed sucrose products.
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