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Expression and purification of fructosyl transferase AoFT in Pichia pastoris and

study on its enzymatic properties
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WE A AAR TREE ARG &, F e TA Rk pPICZaA-AoFT &AL E, 2
W, AL N B2 ok B2 #F X33 ( Pichia pastoris X33) P M EM KB IRER
pPICZaA-AoFT/X33, 2 IR 4B K 4545 By AoFT L Xk B ey A3k, AT 1T
A )G o) RN I A AS Bl AoFT 9 B 52 M. 45 R & : pPICZaA-AoFT/X33 [ &
B B 18] 49 3G Am iy B iR BEFA, B AR ODgoo 18 T A B BF K 120 h B ik 2[0E4A , Jbad &
BRI BB O R ERIEA 1.64 mg/mL; 2405 09 F A5 L 445 B AoFT ¢4 10 7E
H A 71.4 U/mg, = %3k 70.6% ; PNGase F Bdy B 5 5 2040 G 69 B4 L 5245
By AoFT K AT N - IR 5 s RABE RS A B AoFT 89 RE R I E A 45 C,
RIEZ IR R A BERNE TR (PHAA A 4.5~6.0) ;2% B F Mn®" ,Ca®" f R
¥k A By AoFT BA S EAEA M AT JFe’ ™ Ni°*  Zn’ " F= EDTA x4 45 & 4%
# B AoFT ELAT 374 V8 A s & 8 7514 7] SDS, ki 20 e Triton X-100 % B 45 2 4%
# B AoFT 8 B & W H vy B B R DTT st R 44 B AoFT 6y BaiE b LA
BR 264 A A A, B k) 77 PMSF ARGR B 23 Ro4E A8 4545 B AoFT 49 B /& T
REH R, B R R B T B b AR R K A A B AoFT s A AL N L8R =
FRLR TR F B BT 8 E e fo FORAA IR It

T A (21406210) ;7 dg 4 SR A A # A T B (18HASTIT040) ; 7 dg 8 G F AR AR F 3

B, TR TETAFMNE L ERFHR, L, TR T AR EADHHA
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Abstract : Using genetic engineering techniques, the recombinant plasmid pPICZaA-AoFT was linearized , and
then electroporated into Pichia pastoris X33 to construct recombinant Pichia pastoris engineering strain
pPICZaA-AoFT/X33 and achieve the recombinant fructosyl transferase AoFT in Pichia pastoris. Furthermore ,
the enzymatic properties of the purified fructosyl transferase AoFT were studied. The results showed that the
pPICZaA-AoFT/X33 multiplied rapidly with the increase of fermentation time. The ODg,, value of the cell
reached a peak at 120 h, and the total protein concentration of the extracellular protein in the fermentation
broth was 1.64 mg/ml. The specific activity of the purified fructosyl transferase AoFT enzyme was 71.4 U/
mg, and the yield was 70. 6% . The peptide N-glycosidase F digestion reaction confirmed that the purified fruc-
tosyl transferase AoFT had some N-glycosylation sites. The optimal reaction temperature of fructosyl transferase
AoFT was 45 °C ,and the optimal buffer system was sodium acetate buffer (pH value was 4.5 ~6.0). Metal
ions Mn”* and Ca’" could activate fructosyl transferase AoFT,while AI’* | Fe’* Ni** ,Zn’" and EDTA could
inhibit fructosyl transferase AoFT. Surfactants ( SDS, Tween-20 and Triton X-100) had little effect on the
activity of fructosyl transferase AoFT, while the reductant DTT had obvious inhibition effect on the activity of
fructosyl transferase AoFT. The low concentration of PMSF had no significant effect on the activity of fructosyl
transferase ,but the high concentration could reduce the activity. The activity of fructosyl transferase AoFT showed
strong resistance to organic solvents (ethanol, DMSO,dimethylformamide ,n-butanol ,n-hexane and toluene).
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Fig. 1 Catalytic reaction of fructosyl transferase AoFT from Aspergillus oryzae
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FVERAE ST, LU R AL Bl AoFT il 2%
550 R — R T
1 AP
1.1 R ENEE
1.1.1 EHREERK

4] B pET22b-AoFT, Escherichia coli
DHS o JEAZ 5200, HS M 4 Tl K2F Bl 5 4
Y LRE 7 e 2 50 2 R AT A pPICZaA | B2 R T
X33 ( Pichia pastoris X33) , W [ I T4
Y AR B A7 R H).
1.1.2 EZERXHF

T4 DNA 420, BRI A YT EcoR 1 Al
Not 1,DNA G, H A EY) (K% ) AF™;
HRE R (Zeocin) , FIFRFEAYFHA RS
Al 775 Z 2168 DNA 24k [0 50 & | 38538 ook
it 7% & ( TIANprep Midi Plasmid Kit) 1§
DNA /i 32 BURR &, 58 [ Omega 20 1] 75
Jik N — ##45/i F(PNGase F), 3 [H Novagen /3
Al BEREE L B R, 92 [E Oxoid 24 W] 77
NaCl, %544, K, PO, ,K,HPO, , /=¥ & , T Sk
BEEUR(YNB)  Hy, HEE, £, IS EERE
PIBR, TE T, s, RN, I C ke, N EE,
PR , RS AP AR, B PR B, W R 44, Tris-HCI,
LM R (EDTA) ik 20, 58 & — = ik
AHIE (Triton X-100) , -+ Z ke JLAR AR 84 (SDS) ,
T HR S ERE(DTT) |, 25 FEEAE T 960 ( PMSF) | 147 2
A TR TR A B A .
1.1.3 1BxHHE

LB BBk WEREE 5 ¢, K 10 g, NaCl
10 g, B F/KER 2 1000 mL.

YPD Bigedk . WEREE 10 g, 8 FHR 20 ¢, )
M 20 g, 5B FKEZS 1000 mL.

BMGY B3R5t BEbLE 10 g, S Ak 20 g,
100 mmol K,PO, (pH ffi }y 6. 0), 4 ¥ &
0.000 4 g, YNB 13.4 g, Hil 10 g, 25 F/KE

2% 1000 mL.

BMMY 35535 b H 10 g, SRR 20 g,
100 mmol K,;PO,(pH{E}6.0) ,HES o, &%)
20.000 4 g, YNB 13.4 ¢, EBE FAERSE
1000 ml..

PLEREFREET 121 C 5 F 7 KA 20 min,
Horp A=Wy 28 YNB T T oo O I B R S
.

1.1.4 {(FE5i&&

BLIR F YK AX, 2 [ Thermo 2% W] 7 ; WD —
9403D FYZEHMI ALt iN— AR ) 7= HH - S
RSB AR IR 58, VLI A dn T B AL A )
P QYC RN SERIK, b AR I S0 & A
PR ] s N&DN 571 75 I A0 Ay B AL, 77 1%
B Z IR B A A FR 23 7] 7 s Mini-PROTEAN
Tetra TYHE B HLIKAX (A AR AR A B2y (B3 )
AR w75 1525 B w5y A0 A 354X, 36
Waters 2 ) 77,

1.2 KWHZE
1.2.1 EAHAEFRBSERTIEHF pPICZaA-
AoFT/X33 %

K F 2 JFORE pET22b-AoFT IRl A VT
EcoR T I Not 1 k47 XUHE VI, 453 2] H /Y & K
AoFT K alifb J5 1 H 1Y 3 B AoFT 55 28 4[] il
VI pPICZaA 35K AH 3% 5, #4 4 5 20 BT e
pPICZaA-AoFT ; 5 B 4H Jii i pPICZaA-AoFT %
# & Escherichia coli DHS o J&Z 5400, 1E & A
RS 2R (Zeocin) HUikE Y LB P-4l b Ik A 5 47
B 7% PCRBH P v B I, 32 JROH: H 2 5ok, JF ik
A3 BRI B BED) 360k ; /6 B 20 JikE pPICZaA-
AoFT [l YU)7 13 28 FR i 1 N V) g Sac T 214k
Ja, AL S AR AR R X33 M E 4]
Be b 5L N T2 B pPICZaA-AoFT/ X33, 3R
FHG# PCR 3G UE P s R, B IR Ay e ok 1
BEBE PR 2H DNA A Al 47 48 25 21, BH 1 X B
pPICZaA-AoFT kiR I 144
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1.2.2 RBEEEBE AT EEFREBFSHHR
BS54

V4 HE 21 BE IR I B 3 N T FR [ pPICZaA-
AoFT/X33 1E& 4 Zeocin HiMERT YPD Ak E %l
LM, T30 CHRMTHFR2 ~3 d, frigHs)
T Zeocin UL YPD AR F 3, F 30 C
FAF N EFR 16 h; BUS00 L 25 F 20 He o e i) Ak
T pPICZaA-AoFT/X33 [ YPD ¥ K B
IR, AT 50 mL BMGY JRKE F= 5L, 1557
% ODgo {09 1.6 ~2.0 I, L 2 mL 35 T2 EE 7
AR T AR pPICZaA-AoFT/X33 1 BMGY
WSS FEHALAN T 200 mL BMMY 555 5L, Jf:
IS S Bk 3% (M T R0k 1
F% 144 h. (A 5208 24 h BURE 1 0k, I 1A
OD g0 (ELFR A AP SR 1 0T S TR JEE . 3 ek 8500 K I
W, ARAS HL R, 22 R B (65 % Th AN ) Tt
VE R R AR ali ik IR, RS LR
AR AL R i AoFT.
1.2.3 RIBEEERBEE AFT BBK N - EEE F
(PNGase F) B K

BU10 g RbE I AL RE B AoFT ¥ Tid i L
BEFKHLIMA T pL 10 x 48R AR PSR v,
b 10 min R M, REMA 2 pL
10 x Glycobuffer 2,1 ~2 pL PNGase F 1 2 pL
JE KR 10% [#) NP- 40, F 37 C &4 T 7%
Fr1 h, 2k Je i, BORE 547 8 1 L Pk (SDS-
PAGE) £l
1.2.4 RIBEERBE AT BEEMENNE

JWE % B Bl AoFT Tl 1% 4 1 I 2 Ty
BTTIR o 0.1 g BERERN0.05 g GOA I T
1 mL 7 55 R 44 2% +h 3 (50 mmol/L, pH {2y
5.5) 0, LRSS TS s B 40 WL [ B 4, in
20 WLARBE BL % B il AoFT, FH 8 47K 7 B 2
600 L, F 45 C &t F ki 24 h, il if P2
1R 5 5% HPLC J 3k 4 I 52 g 7™ 4, 1 AL
SCER[19].

1.2.5 RIEEEBE AT WEFERMAR
1.2.5.1 RERNEEMESHRIBEESFT
VAT R 54 2% th i (50 mmol/L, pH K4 5. 5)
NGRS Col— I R =
(R2RWE BL 5 B Bl AoFT 43 3 1+ 20 °C,25 C,
30 C |35 °C ,40 °C .45 C,50 C,55 °C .60 C ,
65 C 70 CZEAF T, Kt 24 b, D7 &Nl B2
T RBEILEEREME AoFT FAHRT BRI , i HEoE I
IO BE 5 H— 2 B (R R R il AoFT 4353 T
20 °C ,30 °C ,40 °C ,50 °C ,60 °C ,70 CF1 80 C
FAFTAE 1 h I E R EE T SRS RS 1
AoFT FAHXS B , 73BT HARAG E 1.
1.2.5.2 &i& pH ZMERERES pH REM
ST TE 45 CEMFT, BT pH 22 vfik
R ARG v (pH {H M 3.0 ~4.0) (R
Pz (pHAE ]y 4.5 ~6.0) WL HH 22 Ml
(pH {H 4 6.5 ~8.0) Fi1 Tris-HC1 2% #p ik (pH {H
8.5 ~9.0) , MEAIR pH Z2 A Z8 T OB Ak
SRS IE AoFT FYAHXI B , 1 & Hodidi pH 22 v
TR s — 7 B R EL L RS Tl AoF'T 23351 i A
ERARE pH ZZ oA R, B TERT 1 h 5,
W7E A pH 2 ik 22T RAFEL L R i AoFT
FRREDRS B , 23 B H: pH G 1
1.2.5.3 £EEFM EDTA X RIFEEH
AoFT B E MBI R M DL B MR 40 2% vb
(50 mmol/L,pH {E N 5.5) JyZevhiAk 2, 7351 fin
ALY EF 5 mmol/L fA4 @+ (Ca’ " Al
Ni** Fe’™, Mg’ , Zn’", Mn’", Na*, K" ) 0
EDTA, T 45 C AT, e 25 S g 20 RpE L
ol AoFT (¥ AH X I .
1.2.5.4  SREEMER GEFEFFEFHDH 73 R
WEEELE AFT BEiR MMM DIEE RS
MR (50 mmol/L,pH {E N 5.5) ZE AR, 7
SIMAARARFR I3 B (1% ,5% ) W 2T 15 74 511
(75 20, Triton X-100 F1 SDS), A [6] ¥k &
(0.5 mmol/LA1 5.0 mmol/L) BJif i3] DTT FiI
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TP At 55 PMSF , 00 5 2% 5% 30 2H 2R b 2k 5 % filg
AoFT [FIARX B .
1.2.5.5 FBHBEFRIEEELE AFT fgiF
TERIRM O3 e T O A R R
PIER OE T SR O bE
FE i 0 H 2 o o 4 IARR 1 SR 0 I 5 7S Tl
AoFT JRAAEIR 2 h J5 , 05 45 5% o 41 M L i
FETE AoFT [ HH X T .
2 SR 50
2.1 EAHEFRESITIEE pPICZaA-AoFT/
X33 FHEER

T4 ik pPICZaA-AoFT £ FE il 1 3 b i
Sac TZMEAL )G, 25 R ANE 2 Frs, Hodb M 3R
DNA Marker, 1 1 2 3% 75 5 41 Jii fi pPICZaA-
AoFT ZAk. I 2 HAT L2 5000 bp 1 F B,
510 2 v Ak i B/ — B 5k 1 41 R
pPICZaA-AoFT 2 A KSR IEEE X33 J5 11 BH 4 5e
B Lk AN 3 o, o, M 677% DNA Mark-
er,1 FORPAMEXS R, 2 FoRBIMEXT IR, 3 R
2 DNA. f[&13 AJLAFE ), 4547 3 291872 bp , 1
Wise, BDEE 40 DNA R B b sy, R W 4
ki pPICZaA-AoFT B KT 5 A S AR iERE X33.
2.2 EHREFREBEFGIER pPICZaA-AoFT/
X33 AR

20 HE AR B T FE I pPICZaA-AoFT/ X33
bp M 1 2

5000 —
3000 —
2000
1000 —

750 ——

500 —

B2 &4 5% pPICZaA-AoFT £ 4L
Fig.2 Linearization of recombinant

plasmid pPICZaA-AoFT

(1R A it 2 o0 i TR L b B R R P )
[ AS AL 2o an & 4 FELS frzs. i 4 a)
VA, T4 5 R B TR B pPICZaA-AoFT/
X33 [ i IR IR () P48 I i R B0, B4R 0D
(BT 120 h i35 B WA (E , I A& I R A b B
FIT R A3 1.64 mg/mL( WL S).
2.3 REEEBE AT EERBEFHHIRIE
BRRE A E A 2l Ab fe i A A R
R ifE AoFT FLIKE A 6 firzn , Horp , M o 2R
[ Marker,1 12 F /R ¥ 500 mmol/L f K
MRV IAE .3 14 RoR WS 50 mmol/L Y

bp

2000 —

1000 —
750 —

500 —

B3 IhdEF L% pPICZaA-AoFT $ A
ek B EE X33 49 [ 5L & ok B
Fig.3  Electrophoretogram to verify that the recombinant
plasmid pPICZaA-AoFT was successfully introduced

into the positive clone of Pichia pastoris X33

0 2I4 4;8 7I2 9I6 1I20 14;-4
i i/ h
B4 FHFABFIERA
pPICZaA-AoFT/X33 4 & K ¥ 4%,
Fig.4 The growth curve of recombinant

Pichia pastoris engineering strain pPICZaA-AoFT/X33
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. A1 RAEE A AFT 89 shib 2
o L6f Table 1 Purification of the fructosyl transferase AoFT
—
S g REF BW WA A
¥ o1.2f s Fitg/mg /U /(U-mg ') 15350 /%
5 10 L 164.0 973 5.9 1 100.0
¥ o8} BRREEEHTIIE 93.0 874 9.4 1.6 89.8
5& 0.6f BEEMZENT 9.6 687 7.4 12.1 70.6
o

041
2 ool 2.4 BRIEESEBE AFT iy PNGase F Bt K

1 1 1 1 J }EZE%
0 24 48 72 96 120 144

i /b
BS5 RERIESN SR G IR TR A i
Fig.5 Time-varying curve of the total protein
concentration of the extracellular protein in

the fermentation borth

40.0

30.0]

20.0]

Ho6 FTakARBEEESE AFT 58 K
Fig.6  Electrophoretogram of the

recombinant fructosyl transferase AoFT

DRIEPEBRE S, 5 FRon i AR i, 6 Kon EAERE
ai. BHIE 6 AT LU Y, B4 SRR FL il Aok T
AR 2L BE TR LB R, 0 /N2y 2y 90. 0 KD.
TWHIL AL AoFT Myalifbgs KR 1. h3k 1
AT, TR 2H BE R R R ) TR R pPICZaA-
AoFT/X33 2515 T 3% 35 () R W G 2 1 0T o
164.0 mg, Hi% T3 5.9 U/mg; M B 28 B
et Ul G, Ml B\ O RaEh
93.0 mg, &I 9.4 U/mg; fR AR AR A2
WrlG , FHIEE RSB AoFT Y LIS KiIEt & =
71.4 U/mg, ;=255 70. 6% .

PNGase F JL-T 68 /K fift b & (A b 230 1Y)
N - R g m AR B DR
pPICZaA-AoFT/ X33 Feih iy Sl FLbL F2 il AoFT
(15314 90.0 KD, 1fi KER AoFT ()53 FHEH
67.0 KD, 4 It v] #3055 21 8% 1 SR 0 L 5% B il
AoFT KAT RHIR)G HIRESEALAE T, R ML 5 258
1 PNGase F B0 A B0 AIE. S 344 75 ity
AoFT ) PNGase F Y] i Uk I W 7 frw ,
H1, M %7K Marker, 1 3275 WL LRIl AoFT 2
Z¢78 PNGase F [iff V) 45 5,3 378 PNGase F. [
K7 AT LUE Y RS R AoFT YIS 153
T 5 RIRRE T W R B Il AoFT 1943
FHRAART , _ERHEIAE DATESE.
2.5 RBERERBEHAIT WBEERMRER
2.5.1 RERNEBESHBEEY

SN i BE X R LA A i AoFT BT M 1Y

KD M 1 2 3

116.0

66.2

45.0

35.0

25.0

18.4

7 R AFT &
PNGase F Bsdn 9, ik B
Fig.7 The enzyme digestion electrophoretogram of

fructosyl transferase AoFT by PNGase F
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o nE 8 Frn. hIE 8 Al LIE H, B R
fiti AoFT P f5cidhi S i i FE S 45 °C 3% 0l BE XT
INE 1) A X il % A SR 100% , Y N A
30 ~60 CHT, A XS B i PR R B AF. SRpE 5L
Folifi AoFT FyFEEMEUNIE 9 B, Hil&l 9 W LA
L 7E20 ~60 CHRBLJEEIN, 43 1 h [FHY
TN R i AoFT W AH X BTG Y DR FE b i
I, B T, AoFT (1A ER i M 4, I i
FEE ).
2.5.2 miEBpHEHERS pHFEEM pH
BN RN AL Bl AoFT S PR 1y 52 e i [ 10
Fis. EN 10 AT RLE L Y pH HAE 4.5 ~7.0
T T, SWE L B B AoFT (1) AH XoJ il 15 44
15, TSR NS vk i pH (-l 4.5 ~ 6.0, Ui
i& pH 22 oA R O ISR 22 vl SRV %
it} AoFT {1y pH FEsE PEANIE 11 fFrR. fE 11 7]
AN, pH{E R 4.0 ~7.0 B, SRR
itk AoF'T [ AH X BEHIG 2404 ey , SR WIAEIZ pH (H
Bl N, SRl L A RS il AoFT 119 pH RRUE PEEC ),
HY G AT T, SR IE S AL Bl AoFT J& TR 1 il , 2
A — 7 Wi R
25,3 £EBETFMEDTA X RERE B
AoFT EiE MR R

4B B F A EDTA XA R g AoFT

100
80
60

40

A I /9%

20

0 1 1 1 1 1 1 1 1 1 J
20 25 30 35 40 45 50 55 60 65 70

R EIC
B8 R AR AR A B
AoFT By & M 4 % v

Fig. 8 Effect of reaction temperature on

activity of fructosyl transferase AoFT

AHXS i /%

20 30 40 50 60 70 80
g

B9 RAEBEIEHE AFT ¢ RAG T
Fig.9 Thermal stability of the

fructosyl transferase AoFT

AH X A1 /%0

3.03.5 4.04550556.0657.07.58.0859.0
pHﬁ

B 10 pH A5 R ¥z B AoFT B 7% M 69 % ve
Fig. 10  Effect of pH value on the activity of

fructosyl transferase AoFT

100
80

60

AH XS g/ %

40

20

0
3.03.5 4.04550556.0657.07.58.0859.0

pH{E

B 11 RAEA A B AokT & pH #8521
Fig. 11  pH stability of the fructosyl transferase AoFT
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BRI PR R S L% 2. F 3% 2 AT, Mn® " il Ca®
REAS TS R IE AL Bl AoFT it JLAH X s 43
HEER 21% F 13% ;AL Zn®*  Fe* Fil Ni** fig
A ML AL B AoFT i HAH X i I 43 3]
W25 JE R 1) 23% ,43% ,72% F1 32% ; EDTA 1
REAID T R BLAL AL AoFT , {5 HAH X B FEAIR
26% .
2.5.4 REEMEF GE R FIFIEEHD B 7 xF R E
BEHEE AoFT MEgE NN

FME PRI R T S 1 AoFT (1Yl 1G
PERRZIA W3 3. 3 3 A0, AN AR 2 50
SDS, Triton X-100 F1mt 5 20 X 54 Ik % 7% il
AoFT AHXS BE 52 M 55/, Fe I R B
fity AoF'T XoJ 2% IfiT 1 1 5] HL A A5k AR P 1. 38 5]
FNBEHI R R LB AoFT BYBEHE PR3
Wi W% 4. B35 4RI 20, W BE 433 A 0.5 mmol/LL
F15.0 mmol/L [k 77 DTT Xof HLbl 3L 5% 55 fify
AoFT FREE L XA IR T, A HAE X il 7% 3
HIFEAK 38% F1 76% 5 AR A B (0. 5 mmol/L) il
T PMSE X FbE 5L 7% B i AoFT (1)l P
JC i 5, AH SR EE (5. 0 mmol/L ) g ] 571
PMSF 7] {if 520l JE 5 75 [ilf AoFT 1) i % M B
% 25%.

k2 &% % T Fe EDTA =}
R AE R AT AoFT B &6 %6
Table 2 Effect of metal ions and EDTA on the

enzgmatic activity of fructosyl transferase AoFT

S WeBE/ (mmol « L7") AE X S/ %
Xt BE 0 100
K* 5 101 2
Na* 5 95 +3
Mg* 5 98 +3
Mn2* 5 121 +5
Ca’* 5 113 5
AP 5 23 +2
Zn2* 5 43 +4
Fe’* 5 72 +2
Ni2* 5 32+3
EDTA 5 74 +1

2.5.5 HBHEFIREEERBEE LT Bt
IR

ATHLTE TR SRAE I AL iE AoF'T i 1 1)

NI S e S nA, I AT RE S

&3 R@EEHEAN
B R A B AoFT B i M4 Hvh
Table 3  Effect of surfactants on the enzymatic

activity of fructosyl transferase AoFT %

S RSB
1% 5%
Xf i 100 100
SDS 105 103
i 20 92 102
Triton X-100 83 96

KA IR e Bl A ) ) 2
PR AR B AoFT B3 M09 H R
Table 4 Effect of reducing agents and inhibitors on the

enzymatic activity of fructosyl transferase AoFT %

Sl I
0.5 mmol/L 5.0 mmol/L
XJ 1R 100 100
DTT 62 24
PMSF 103 75

RS ANEN RIS A B AoFT
B & P0G % vm
Table 5  Effect of organic solvents on the

enzyme activity of the fructosyl transferase AoFT

IR TRFS L % AR I/ %
X HR — 100

FH 50 8242
L 50 107 +4
N 50 114 +3
RN 50 103 +3
I 50 95 +5
iF T 50 92 +4
i 50 62 +2
ECkE 50 102 +3
EP7S 50 93 +2
T 50 113 5

FA 50 73 +4
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