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Immobilization of Maleate Cis—Trans Isomerase and Synthesis of Fumarate

LIU Wenmao'*, ZHOU Li**, ZHOU Zhemin™*
(1. School of Biotechnology,Jiangnan University, Wuxi 214122 ,China;2. Key Laboratory of Industrial
Biotechnology , Ministray of Education , Jiangnan University , Wuxi 214122, China)

Abstract. In order to prepare a stable and efficient immobilized enzyme to produce fumarate from
maleate ,maleate cis-trans isomerase (MaiA) from Serratia marcescens was used as a model enzyme
in which a silica-precipitating peptide RS were fused to its N-terminal. The specific activity of the
purified fusion enzyme (R5-MaiA) could reach 42 U/mg. The optimum conditions for preparing the
immobilized enzyme could be summarized as:cell crude extract was precipitated with 40%
-saturation ammonia sulfate followed by cross-linking with 0.1% glutaraldehyde for 1 h at room
temperature ;then the cross-linking enzyme aggregates (CLEAs) was encapsulated through
biosilicification by rapidly mixing with 1 mol/L hydrolyzed tetramethoxysilane (TMOS). The
immobilized enzyme Si-CLEAs retained 60% specific activity of the free enzyme. Si-CLEAs had
higher thermostability (#,,=4 h) than the free enzyme (¢,,~=1.5 h) at 55 ‘C. Si-CLEAs retained about
78% of the initial activities after eight catalytic batches. When loaded in a packed bed reactor,the
packed-bed reactor showed high stability and conversion ratio of 95% after reused for 10 times. The
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study will be useful for industrial applications of fumarate synthesis using immobilized maleate

cis-trans isomerase.
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5" =CCATATGTCCTCCAAGAAATCGGGATCCT
ACTCGGGATCCAAGGGTTCCAAGCGTCGCATCTTG
ATGAGCAACCACTACCGCATCGGCCAGATC-3";

primer R

5-GCTGTCCACCAGTCATGCTAGCCATATGTA
TATCTCC-3",

1.2 EFERXHA
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1.3 XEHE
131 EHRA KRS FRERANT &

e RR E.
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AIPTG ELHRE N 0.2 mmol/L,20 CiFE T 20 h,
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¥ T 4 R R pET-24a-R5-MaiA ¥ A E. coli
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His Trap FF crude ###E2E10/5 (SDS-PAGE ik /)
Brat S LI 2) 16 40 °C pH=8.0 (1 45 F T il & H 40
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MaiA i 76 14 JC 2 3 5
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10 000
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4000

2000

1000

500
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Identification of pET -24a —R5 —MaiA by enzyme
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Fig. 1

kDa M 1 2

2
03
443
29 —

—
20—

14.3

M-Protein marker; 1 - 21 B HL Bl ; 2- 204k )5 05
2 R5-MaiA gt & B3R i& 54t SDS-PAGE E &
Fig. 2 Expression and purification of R5-MaiA in E. coli
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Fig. 3 Effect of ammonium sulfate concentration on R5-
MaiA precipitation
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Fig. 4 Effect of cross-linking pH on the relative activity
of CLEAs
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Fig. 5 Effect of concentration of glutaraldehyde on the

relative activity of CLEAs
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X CLEAs BT B2 0 QP 6 Brzs o 24 S BRI i) /)N T
1 b iR [ SR P ] 6% 5 0 ok 56 £ P 58 1 K, A2 BBk
IR ] o AN RE A A5l 231 78 70 QIR , B0 DL TE Ji 1l
P30 03U B DL 2K 5 24 SZ RIS 1] 1 h i, CLEAs 1
Pl P B S B e e L 5 S SR ()R T 1 h i B
SR I (4] F) 38 o, T O B OB R R X 2 il TS
IR AP [ o < 3 B8 R S I O 1 e O AR R T
iy o3 1 R G N TS 00 1 g% IR, B 1 h 8K
T A5 A S IRINTA]

100+

ol ./-\'/'\_'
ES
60}
&
B 40}
<

204

0 1 1 1 1 1 ]
0.5 1.0 1.5 2.0 2.5 3.0
[ /h

B 6 3EXEERT CLEAs B iE B S0
Fig. 6 Effect of cross-linking time on the relative activity
of CLEAs
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5 RS IRBAEH B9 FEYE, 58 X CLEAs A9 A3 B]
FA [ 2 AL Si-CLEAs, J1-2%5 282 &1 2 L B 26 5
2.3 GRERIR & 54985 E E L & Si-CLEAs 114
5

231 BrRik@mRmEmRRArBE BTHET
iF 2 5 Si—CLEAs [& 22 1k i 1Y) fe 1 i Ak I B2 wT
A it 5 TG 1Y e 325 2 B 7 L SR 40 °C, i [ E Ak
it 11 fi 3 il R S L IR R 55 C, X T Si-
CLEAs "o+ J& DA B 0 0 i 24—, il
1% CLEAs '/ [ 43— Lb U 525 i 0 WP B 5, T A
CLEAs 4Bl 4 0 ek tho 0F — 20 388 1 4% 3480 7
W AR 5 7 1) & A il T TR 2 M Re e, A nT DLl il
SO 5K S A R EMEIER .

120~

100+
S ol
‘i\E 80
E o
=
= 40r

| —®—Si-CLEAs

207 _e— R5-MaiA

035 40 30 60 70

R

B7 BEABSHEBRERNEE
Fig. 7 Optimun reaction temperature of Si—CLEAs and
R5-MaiA
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S E VT A TR Y SE R AR T i R A
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Pl T35 P 249 12 B B e 4, O L AT LU M 30 8 0
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RN 0.5 h, EAEABE R [ E LAl Si-RS5-
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Ph¥A 2, 108 AL Si-CLEAs £ 55 “CF 194
FoE PRI 2 o 4 b, I, Si—CLEAs 3 Fj [#
SE DT VR A R T T ok R U S K T ) R SE
P,

233 BB REBALR D pH [ LY i
i pH BR -5 A P A S5t b2z B A
DRSO 0 8 il 22 i 1) 7 1 e L o i g e S 1
pH {E# % & AR AL, HARMERG . i 9 Fios  1E
g e a1 E 1k i B Bl B e KON pH

7.3, 55 U B WA LE (B d& SORE pH A 8.0) W 1] 2
Ti i w#%

120~
100F

—o— R5-MaiA |
—a— Si-R5-MaiA
—m— CLEAs

S 8ot ~v— Si-CLEAs
i
g oor
= 40f
=
20f
0-I 1 1 1 1 1 1 1
0 1 2 3 4 5 6 7
5 ¥l /h

B8 3METEKESIHFSHEMBEMENLE
Fig. 8 Stability of CLEAs,Si—-R5-MaiA,Si—-CLEAs and
free R5-MaiA at 55 °C

100
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4
&
= 6ot ~v— Si-CLEAs
< —=— R5-MaiA

40 1 1 1 1 1 1 1 I
55 60 65 70 75 80 85 90 95

pH
9 BEIEkESHEHBNRERN pH
Fig. 9 Optimun pH of Si—-CLEAs and R5-MaiA
234 B ZALE Si-CLEAs 9 & 242 A [HE
fif 3k — AR Y 2 H bRt 2 il 2 fe 8 2 2 ikl
FH B A=Wy f A7), e LA A ) 0 RS 1
T AT VR 1 — A E S bR, O ELRB WS 52 e AR
WA, Xt 3 A 2 fb B Si—-CLEAs,Si—-R5-MaiA ,
CLEAs #F17 B ERR e M S50 25 R A 181 10 B |, Si-
CLEAs f£ 23 8 A~k vk i 5 &2 {8 1 J5 K 9K % B
78% (1 TG , M Ok B = T CLEAs il Si-R5-
MaiA , [& % L Si-CLEAs HAT K4 i 5 & (i F 1

100+
°l N
601

o\\°
I
= —o— Si-R5-MaiA
= 40} —=— CLEAs
= —v— Si-CLEAs
= o0t
0 1 L 1 1 L 1 1 1 1
o 1 2 3 4 5 6 7 8 9
AU

E10 BEEHMmHESERY
Fig. 10 Effect of reusability on relative activity of Si—R5-
MaiA ,CLEAs and Si—-CLEAs
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24 ElEEE Si-CLEAs £ & BER A A+ 89 M
i — 0 K ok R I B S A Tl [ 2 Ak Tl ke A B
Fo IR BN i, LA S5 R R R IS G s SR, I X R
N A AT R AL
241 FGeAAAARR LS AT G LR YA
15 B BoF ) 22 JEC A A Ak 1 — A~ EE B S50, 45 B B T
N B 1 U0 R B AR FR /N DR A S e 3
ok VRS RS A0 B e ke A 45 B I R] by L 1L TR
B Ih TR P 7 A 3R I 455 B I T 58 i i 5 PR AR
Ak T S5 B ST (] 7 285 0 S8 14 92l o AR 5= B B[]
BAR )T B RYEZ N R TR e Ak, T s i 45 B2
IR [6) ) 25 S B0 A 7 TG 3G AR 7 A o PR 2
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