t W3R Asesiti]
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AL 55 Falife

BxE.N B, #E,ESH,HGEWB
(M T iz, 55 A4 TR, Th M 450000)

m o=, Li;i[fl%i%‘ﬁvi‘)‘7iy’tiJri—%‘iﬂ‘*#ﬁkfﬁ%%%#ﬁ%%éﬁ?ﬁdﬁg%‘%%ﬁ’miiﬁ#%ﬁiﬂﬂﬂt,}i}%&ﬁiﬁ#%ﬁ
A R BB JE24°C, 353 161 r/min, ¥k F50mL/250mL, A2 44 pHS5.0, 45 8 1%, K BT [ 96h, L &4 T, R4EL4H
BBl 7% 7735 3]33.07U/mL, BALAL AT 32 264.6%, i 1T Desalting 5L 2k 42 , DEAE FFIA & F 4 #=SepHacryl S-100 HR#t A
B B ALY 3R, 2 SDS-PAGEK M , % B £ 3L — 435 , ShAAE 20 B 69 Y6 78 A1 Aol 5 9 A 4 29.35.231.14U/mg Fe
48.9% ., 55 B M 7 B AL A R EAE —6— LA B (s—6-a) , LR B A RAB R A0, 2L, 28y T4
92.8ku.
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Fermentation conditions optimization and purification of
fructosyltransferase produced by Aspergillus oryzae
SHI Wen-ting,LIU Yin,ZHAO Yue,MAO Duo-bin, YANG Xue—peng”

(Food and Bioengineering College, Zhengzhou University of Light Industry, Zhengzhou 450000, China)

Abstract: The optimal fermentation conditions of fructosyltransferase produced by Aspergillus oryzae was studied
by single—factor experiment and uniform design. The optimized conditions was temperature 24°C ,rotation rate
161r/min,medium volume 50mL/250mL, initial pH5.0 and inoculum size 1%. The highest enzyme activity was
33.07U/mL after 96h,64.6% higher than before. The fructosyltransferase was separated and purified by using a
procedure including column chromatography separation by Desalting, DEAE FF and SepHacryl S—100 HR. The
final purified fold,specific activity and yield of the purified enzyme were 29.35,231.14U/mg and 48.9% ,
respectively. The purified enzyme was confirmed to be homogeneous by SDS-PAGE. Detected by thin layer
chromatography ( TLC ) , the enzyme was able to generate sucrose —6 —acetate (s-6-a),as proof of
fructosyltransferase. lts molecular weight was estimated to be 92.8ku.

Key words: Aspergillus oryzae;fructosyltransferase ; optimization; purification
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R AT AATTAE WG KT iR v, SEZRBE (FOS) IX 25 7 Bl RAVIVLAE T FREL S, 3 W LX) fo s i) 2 =2
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FOS, i £ A SUBH 344 7 I (2 10 R fdt RE B T 1ok i 24 AT R N R R R 1Ay S TR (AR 32 3
BEFING 5 B IR E A&, BEEW2 205z b TEANES B dh AT MY RS S8 AL B8 S RED; X ek
E B B ORI AL BIAS R 132 AR A2 AN TR 1) 52 2 AR T 9T e A ER SOPE A SRR AT 14 35 B v i
SOPE 5RO, X R RN FR S 2 A I WY (Acceptor JEASE (P4 FH O X 4 455 P T 1 T ST 488 400 5131 7 1R R
reaction) , W 17~ , Hoi, INV (nvertase) 3K 7= 1k, o A BRT 1040 AR A e e B 28, HLAm AR Dy /N5 258

fitf , 1-SST (Fructosyltransferase) 7~ FFEFLELFL N, G
ST, P2 SO A W7 5 1% 56 SR 0 i @ ()
T4 22 , 190 4n HH e e L A3k B A 5T e L, b FE AR 2R J vy
SR T LK B 7 00 6 0 58 51 L5 A K @@ () — @Q@
1-kestose
7S 8 :2013-09-27 * @i R A @@
EEBN . L L5 (1989-), %, MEFF A, TZNFH LS @Y
B B AR RN R
EETH . BEAAHFEER R (20676127); 7 d 4 R LA % Fig.1 The graph of acceptor reaction
B (102102110044, 1 G WIZEHE  F: B0k
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TR A A O,

AN UR A ZH 1 3 9 e 19 B T oK il 2R R Ak, 1% TR AR
JIT e SO I S B2 I 6 B2 B 0 AR RS, I BENE A Ak
Bl —6— LB TE™, W 3m ok SR H 2 2 BT (TLO 2 AR K
M BERE —6— L PR G (s—6—a) 114 A= 1 R 48 5 FIT 45 2] 110 1§
A RBE LA R

A S 56 S0 ok eF K B e R HEAT A I 4% R I A
1, X AP S BIROEAT 4y g alifh, LLIIAS ) 4l i e
151 RN, A D SR AT bl S48 B I 52 A4 I N 1K1 8l )
RN 2 R AOMI 50 24 5 B il o
1 MRlER*®
1.1 MEEEE

KHHBZO-1  H SE 36 = AR s IR b ) 20 B L AR
PR R SR o e O DU | {EC SR SRR L A TR —-6—- 4 TR
fg (g—6—a) < JEHE-6— LR g (s—6-a) brFE 0 T
Sigma A W] ; LMF g Sy taikal; HoAbEGH 24
= oy Ar il R IR AL REbE 16g, SR 3 200g,
RSl 410.2%, dH,0 1L,

Waters 1525 Binary 28 /5 20 AH (5 05 4 22 [H
Waters; AKTA explorer 10SH 25 (1 it 4lifb{X GEZX
] 3 DYCZ-24DN R Fa R Fa it AL vk A Jb &5 /S — 14X
I
1.2 LIBHE
1.2.1 B 4 B S2IE A s RN, I
TC T 7K, i) B % A A2, B 300 L 1 B i N
100mLE FEEF 775, 28°C, 160r/mink5 7% . JH6 )2 2041
P B AT JE VIR FT TG BRI T G 22 P (pH6.011)
i PR — 7 A BR 2 1P IR0 » WEAT HE S P iR o B S 8
10000r/min, 55:0r60min, 375 9 B A ¥H 1 % o
1.2.2  BEEHEHIE BX2mL 10% P RERF SR (it
ZEITRTC D » DN A0 LG CLLRE L =0 1) 1 AN
B 10% 4 B o 50°C/KB IR I NV 30min, 3 7K
W15minZ% 1L N, B0 B BV 4 R . RS
J358 X2 50°CEAE R, AR 4r b A0 R BE A2 8 1 pomol 1
=Bl T 7 I SO AN B (UD o

g% 77=0.2xGF,%x1000/ (0.504xtx V)

P 02— R R B (@) s GFL.%—1RE SR = Wi

;B i 5 0.504— 1 mol BE S — B 119 & (mg) s t— %
IS TA] (min) s V— 3B B AR TR (mLD .

1.2.3  HEERD A2 : Waters 2424 ELS Detector;
RS AT s KK R RE NHL AT (250%4.6mm) 5 i B AH A4
LM =7K (75:25) ; ik : 1.0mL/min; BEFE & 10pL; A
i 30°C, 43 HT i (1] 30min o

1.2.4 K&~ B ILFE LB R 4 R4t
1.2.4.1 FFEZFESE  HREESTR AR iRifpH . 3
W R R RS R TR DL R RN ), BT AT S )
WE 3T

1.2.42 WAyt R 720 0rikoa i b
IR S 45 L, 34 B S i) 7 I S 2 1 DY A DR EE AT Y
SIBT . REEL R DU DRl 38 o B89 & L T L B bl B R
S, BRI 22 BB SN /K, RIS iR UL (59,
W1, HAhIEFRAA: AL 4hpHS.0, KR []96h .
1.2.5 HEAJEESEPME S EICER10].
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Table 1 Us(5% uniform design table

Il 2%
SRS X R X R X B X, IR

(mI./250ml.) (r/min) (D O

1 20 150 300 30

2 40 170 100 28

3 60 140 400 26

4 80 160 200 24

5 100 180 500 32

1.2.6  SDSHLUKEIL: S RSCHR[11].

1.2.7 BRI S alidl K A it R B i 30K Hh %
CRHEATIR A )G, VR TR Ry R, T AR v i & B
1) 5 305 2% 98, TR A I » MUK I Desalting Jlid 5 41
DEAE FFRH & T4 fllSepHacryl S—100 HREERI AT, It
A 1.0mL/min, $ERAE _EAE 52 10mL, HoAh Py A £
T EREEIY O ImLe B R AL 5 B IR AT 18 FH S5 0 22 v
WHEAT Ve, B 28 F AKX pH6.0.5.0.4.0- 3.0 11 i
P2 — A7 A5 B G 1 i B A TV I » B )5 FH pHS Ol i — A7 A58
BR 2% MR (5 1mol/L NaCD vl o A1 #5-A> alifh 25 1
PR W ST D A T T 4 0 5

1.2.8 22T M N TLC Silica gel 60; J= 4T
WA IE TR TE /K B 78 /K =5:3:2, REFF IR, o
31 5%Pm R FH i

2 ZHREHSW

21 KUWEREERDBMEHBEGMRK

2.1.1 PR EE S T W A AT

2.1.1.1 ey - W R s Re i i OB T BRT R
R ZER, LG e, A A A R R
Pl FRRETS D I BB BE R 25 2 —, AU LN 2R 5 5 |
S T IR AR BR DA T 5% ) R4S PR A BRI i 502 A
P27 AT 0, 2 9 R 2 20mL/250mL I P 3 45 e » R IR
“A40m1/250mL, 3X F] Ge A 2y iZoK th 82 7R A e L I ER
B AT AR BT ZEAZ, %

FERRE FRIE IR R, W R H40m1/250mlL.
25 ¢
20t
z
é 15+
E 10
.
5 L
0 1 1 L
40 60 80 100
9 B (ml/250mL)

B2 RS 7 1R
Fig.2 Effect of loaded liquid on fructosyltransferase produced
by Aspergillus oryzae
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R PR B 4 i AN 2 A5 I ATl i PRI, 3T
Fi1, Bl R S I 0, BN T B R A A 5 IR G U
SN BN R D (R A X SRR I ES AT A
MR E 300w L/40mLI), BT B IS 9 7R 49 R3S 4
T AT R F B AR I A T 77 1, W B S e B I 1) 1
SEAE N

2151
210
205
20.0 ¢
195
19.0 r
185
18.0

1 7 .5 1 Il 1 1 J
100 200 300 400 500

e & (WL/40mL)
SR = o s A ap = Al

Fig.3 Effect of inoculum size on fructosyltransferase produced

JifiE 7 (U/mL)

by Aspergillus oryzae

2.1.1.3 RIS TA)RE 7 g RS2 0 02 AN [ A 1 I
[R5 7 1) A PRV P i s 0 4l RNl 47 o i &4
G Bt A I IS T P SE S, SOME IR B A Il i 0t S L
HA 2GS T I B a3, 29 A I I 8] 38 1 96h N, g i ik
B f5e K, Z )5 WS D0 0T U BRAIR, 3 nT BE b 3+ I B
oK ih 2 R ST A 5 B AC, [R IR A b
F RS Wi 1) A2 e, 24 R 1 21 96h , I I oK Hh Bk 3] %
KA &, W™ Wi B f e, BB A W Ak B2 0EA T, oK it
FEITURBEANTE T, My™ Mk . DAL, 2B 6 96h 11
Ny B AR FRIN ]

257

S

figiE 4 (U/mL)

60 72 84 96 108
B 1) (h)
B4 R IR T X i £ 5 )
Fig.4 Effect of fermentation time on fructosyltransferase

produced by Aspergillus oryzae

2.1.1.4 SELGpHXS 7 EEAFE W pH 2N 35
P 2 L IBE T 2t FELAT PR ER 28 LU A A el A 457 T S
B A BRI )65 1 DI, SR AN [FlE 4fpH
(YA P R IR0 K 8 Bl A T 5T, 45 2R LIS .
S AT 50, S U pH A 5.0 B 77 45 0 » IX K W 1%
K HH A AE A R VR AP ST T REAS BT A AR 7 i

2.1.1.5 XN R R TR IS T
SEREE AR 0 T 1) S AR A T HIL
Tl A VR Y B A B T R S W 7 D PR e
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24 ¢
23t
22t
21t
20t

WS 7 (U/mlL)

191

18 I ] 1 L J
4.5 5.0 5.5 6.0 6.5

EUpH
KI5 R AfpHXS ™ g I 50
Fig.5 Effect of initial pH on fructosyltransferase produced by
Aspergillus oryzae

2 BT R K R AT IR 3t i g i
A B I SRR HY oK R O B i R bl Tk
2 AU 52 20— 2 R S A BRI AT Al g R
B o MR N 2R 2 5%, g W 6T s . AAIEL6
FRORT I, AR R D 28 °C I, AUHHE Ik AL AL Wi (14T 1t O ) A
fo s AX R T, 2 IR B 28°C I, K il B AR AR I A
A TR 7 il R B 22 5 WO AR e

30
25t

fitF % 7 (U/mLD
_- =N
S a S

W

i O
P63l X 7= i ) 5% )
Fig.6  Effect of temperature on fructosyltransferase produced by

Aspergillus oryzae

2.1.1.6  FEHNE Mg R B R R I Ty Y
W 5 4 P S N 3, DR IO e O St o B
NPT R AT, 24 08 R A 38 g 150 /min , K i 25 5T
APHIL e 12 g 11 g 375 38 B e K, IX U Wiz Fe a1,
P 1% 517 Sk v (10 9 AR R B N AT R T oK i R A 1) A
A W Ee e

30
25
20
15
10

Jii% /7 (U/mL)
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Fig.7 Effect of rotate speed on fructosyltransferase production

produced by Aspergillus oryzae
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2.1.2  WSyucitsss el sy Bt s, g R W2,

R2 BRI R
Table 2 The result of uniform design

SIS 1 2 3 4 5

Bgn§ (Uml) 2431 2526  31.08  31.63  23.97

I I DPSTAFREAT [B1 V= 70 B, 45 BB HE R/ (D
& RIE OO Z A8 F TTHE 8 Y =63.567+0.006X 53—
1.394X,+0.0000076X 2, #H G R HR=0.999, F=5282.71,
p=0.0101. X 2 AR A8 - B3 50m1/250mL,
Fid 16 1x/min, R R S00WL (19%) , #5EE24°C, FILiS fils
I A[1A35.14U0/mLe  ARHE DPSERAL: [A1 U= 53 A7 11 25 A3k
AT U UE S48, R PRI ¥ A 33.07U/mL, 5 BEASH AH
o I A, Bl TE ) 3B ARA TR 51 T 64.6%, 1X Ui BH
ZAANIEAT 27T 300, 31X 0 S TR AT B 1K) 43 28 sl
BE5E T R AT A AR
22 BmRSBES4L

Sy B alifl b Bk L3,

M3 T LU Y, ik ) s alifh, B LbiE D
15 #1)231.14U/mg, 2li4b 5% E0k £129.35, % 48.9% o
ZESDS—-PAGE HLUKKL I, &5 K i &8 7~ . A IEI8 i mT
FIL, PraiA I RE S BRI — 450 . e Th A, aZoK g
SONE L B I AR A 53 T BT KB 92.8kus

Y Y, Y; MY, ku

200
116
97.2

66.4
443

I8  SDS-PAGE 1K
Fig.8 SDS-PAGE pattern of the purified protease from
Aspergillus oryzae
FE:M: 7 7 & A Markers Y 20405 8 115 Yo: BT TAEJR
BTGB 15 Y BB AR 2T 5 2R 125 Yo RHMEH -

b oy 2 Al Ak )5 45 2] 1 2 g R BE AT 2 2 A
(TLCD , Az W) 5 BE A 4 A4 o A il s—6—a, &5 HE UL 9,
WEOFT 78, £eid - R4 alifh 25 38 ), 45 3] (11 v Pk 4l

A AT <

P Wil V8 HE % 4 1 #6145 B —6— L PR IR (g—6—a) 7 Al I
bl —6— LRI (s—6—a) , #CUE W] T iZ 2040 J I B A
RHE I FE I -

0| o2 M
. (s-6-a)

K9 Sl R —6- LR IE AR I
Fig.9 The detection of s—6-a for fructosyltransferase
after purification
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3 it
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g HORH L B W 1) R I 2 A BEAT LAk, 49 3 T B
DI T2 1 45 A = B2 S0mL/250m L, 3R R 1%, i RE
24°C, FiH 16 1v/min, 4 pHS.0, 35 F7 0 [A]96h . 1H I
DAk, SEbE B % 72 g 14 B 3% 77 70 i1533.07U0/mL, 5%
AT T 64.6% . AGAAK S RH B EGIEA T R U L e
FEEMT AR ali A B, A5 20 7 d vk Al 1 il R, gl £
H B ) AR 4351 2929.35.231.14U/mg A148.9% -
ZE R AT AR I, 4l S 0 R R A5 A R —6—
LRI (s—6—a) , Wil W 2Lk J5 11 - A S I 56 7%
Mitg . 28 VP A, I 43 ¥ 8 D 92.8ku, LA DG SCHk 4
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T R ALBGIEAT B I3 25 T S AT IT A B
Wi 114 2 FHAIE 5T, $EL X alifb i 1) i adE A7 135 — 25 1% S
W, LA R 5 R TR 4 VR SR A TR (A 4l o
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