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Abstract: The fermentation of sucrose isomerase produced by recombinant strain Brevibacillus
choshinensis/pNCMO2-SI was studied. The effects of different fermentation conditions on the growth
and enzyme production of 3 L fermenter were further investigated. The results showed that the
extracellular enzyme activity was 50 U/mL through shake-flask cultivation. The optimal 3 L
fermenter culture conditions were as below:10 g/L glucose for initial carbon source,15 g/L
polypeptone and 15 g/L beef extract for initial nitrogen source,30 “C cultivation and 30% for
dissolved oxygen,the highest enzyme activity obtained under this condition was 275 U/mL. In order
to study the effect of the promoter on the expression of sucrose isomerase,the promoters Papr-E,
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Pnpr-E,Pamy derived from Bacillus subtilis and the promoter Pxyl derived from Bacillus

megaterium were selected for research,respectively. The results showed that the highest activity of

sucrose isomerase was obtained by the promoter Papr-E. The fermentation conditions of the shake

flask were further optimized. The extracellular supernatant activity of the recombinant strain

BCpNapr-SI was 137 U/mL. Under this condition,in the 3 L fermenter,the extracellular enzyme
activity of the final fermentation supernatant was 485.5 U/mL,which was 1.76 folds of that of the

original promoter.

Keywords: sucrose isomerase, Brevibacillus choshinensis ,promoter ,fermentation optimization
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pNCMO2 -SI, & A B K # fl #F W Bacillus
megaterium A ¥E %5 3 85 31 1 Pxyl/Bm 1Y Jit kL
pSEVB. 11 & P 1 5¢ 50 % PR 8L ;48 0 2F /0 AT B
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T FEAMEY TRARS A, ZH OB pNapr—
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FELERY 5,NaCl 10; LB [ /&5 55 56 (o/L) « 75 LB #AK
KRR IERE B A 1.8 o/dL A EE ; TM 3 1A B
FHE (o) ZREAM 10,4 AWK 5,00 TSl
Ky 2, B (M KB ) 10, T JC R (10 mL/L) 5
TM [E AR F7 5 (/L) . 78 TM A HS 75 2 1 LAk |
B 1.8 o/dL A BRIR 5 L % 55 9% Ak SHC ¥ M (g/L) -
H il 150, #EH# 100, HEPES 3.82,CaCl, 0.11;3 L
KRR TR (L) ZRE AW 85, FRIRE 8.5,
(NH,),HPO, 0.5 ,KH,PO, 1, %] %j ¥ ( 570 K 5 ) 5 fil
HOLE I 10 mL/L; #MkHEE IR 2L (o/L) - i 45 0% 100
L E W (g/L):FeSO,-7TH,0 1.0 ,MnSO,-4H,0
1.0 ,ZnS0,-7H,0 0.1,

HIAFEAE 115 CF , KB 15 min, HAl 15 57 5
¥ 121 °C, K 15 min, 75 MR BARIE B, 3
AFE PP ZR 100 me/L 19 2K 75 5 %= 50 10 mg/L
ORTRICES R A
1.2 A&

121 #EfEs iR OH A DUA U
B 2% 4 AR B 3 O Rl B 2 W i 10 mL TM $5
FRIEW =, ALK TR R 30 me/L (W5
R ET 85 2 1 37 °C 200 r/min 24 F 1595 12~14 h,

PRI T - A7 P I 2.5 mL #2521 24
oM 50 mL TM B 32360 =M, A&k
FER 10 mg/L B0 R ¥ 85 %, 76 30 °C 200 r/min 5%
PFREESE 48 h i RS0 BUR W RS 0 I I 4
VW, I RISy R S R
122 T4H A3 LABSEGABES KR
4 b e R 10% 1) 42 R R BR 20 B30, B2 i 31 26
I L ZBER AL 3 L NBS K EEREd, A A BT
BN 10 o/L B 4B 10 pg/ml HiE R, £iR
FE R 30 °C, BEFEFE 3 200 r/min 2504 F AT E IR &
¥ . FH 2 mol/L i & A1 5 mol/L. NaOH & ¥ ¥ 7 pH
7.0, FHFIUHE YRS, SR BE TR BT 5 o/L
BF, 2 T o A B AR R AR G R
# (300~700 r/min) 5 %5 it (1~3 L/min ) #HI¢, {
i NV SR AE R TE 30%

123 #ARRARFHFEAREOME LUK
pNapr—SI #4 # k] , 4 DL ki pNCMO2-SI S AR
51 pNC-F/pNC-R #47 £ Bk P2 J3 3) 7 19 5L A
FoB, P DU R ZE S FF B B.subtilis CCTCC NO:
M2016536 K&K 4 S tsitl, HI151%) Apr—F/Apr-R B
7% PCR v B 5 3h 1 Apr-E JE[H R BE, 40l ik 47

JBE 1S e AR I R AT Pl PR A B A B R I A T
IM109 Hh FEZCRPMEF- A b AT 0 1, P AR T 7 )
LB B derh 1535, 48 OB D) 50 0iE 5 22 D P, 5
NCBI %48 5 Apr—E Jii 2h 7 e 80 b 47t X, 506
DR 7R UKL pNapr—SI A4 HE B2 o Al 5 20 5k 119
Pt R M A ORI S I LR 1
1 519
Table 1 Primers’ sequence
519 J¥51(5°-3")
pNC-F ATGAAAAAAAGAAGGGTCGTTAAC
pNC-R CGTGGTTCGTTATTCACCTGTCC

GAATAACGAACCACGAGCTGGGTAAAGCCTATGA
ATTCT

CCTTCTTTTTTTCATTCTTTACCCTCTCCTTTTAAAA
AAATT

GAATAACGAACCACGCAGCAGTTCTTTTCCGTCCT
©

CCTTCTTTTTTTCATAATAAATCCCCCTTTTTGAAA
ATACTG

Amy-F GAATAACGAACCACGGGCGGCGTTCTGTTTCTG

CCTTCTTTTTTTCATTCTTGACACTCCTTATTTGATT
TTTTG

GAATAACGAACCACGATCAACGTGATATAGGTTT
GC

Xyl-R  CCTTCTTTTTTTCATTGTACATTTCCCCCTTTG

Apr-F
Apr-R
Npr-F

Npr-R

Amy-R

Xyl-F

124 THaRE#ENERE TR

DIEZ BN & Bz S HMAE TM B3R5
37 °C,200 v/min &GS, T B 40 15 /5 FAE T™M 1
FrHLrp 37 °C 200 r/min $55% 4~5 h, 432 % 50 mL
B EVK B 10 min, £ 4 °C.5 000 r/min 4%
PR 10 min, 45 EIE W, IR SHC 2% Mol 4%
BRI B 7, 7F 4 °C.5 000 r/min 2514 F B0 5 min,
I 3~4 W IMARELL R 1:20 /9 SHC 2% v i
BIRHER, B EP 45 %% 200 wL B,

)M M b D RS2 AR A A 1
mm B E AR A 10 L 54 5Ok (100 ng/plL) #1
100 L JFE & 2% 15% PEG6000, K I3 # 10 min
Ja F— A~ — g Bk w58 o 21 kV/em #E 47 H
i, A e R R B A T 55553 IF7E 37 C.,
200 r/min #E R EFE 2 h, £E 3 000 t/min 5517F F &
0 5 min, 8 100 wL EW IR AT 10 mg/L B 6 BB
TR TM FREE TR o i8] B 35 57
125 E@H W EMEBHA

DREX AR s FERERARE WM 7E T 55
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FRILRE SRS SR b, i BRI B iR L T
B R B RRIR Y AR RNR R B S AR
(17 /L), VI % 0 A I, 6 A7 40 & %

2) FR TG M N [R5 2 52 R A R e

a3 M FE K5 5 B o A BT = 43 41 0.1% TWEEN20 F1
2%PEG4000 , 172 i & B
1.2.6 T &gl HBS mL KR, &l
O JEFE A, A ER K e U W J5 L TR R 15
FE RN+ FE (DCW) , BN o/L,
127 EamEE o382 F* M Bradford 3
25, 11 0 J5 2 43 450, A o ot 2P 2R 1003 3 D
1.2.8 A BN EEayn £ SR SBA-40C £
A IR A3 BT ASCIN 5 i e IR VM) A ) W o vk B L
“TFUR I VRS B, T BURE £T B 25 L AR AERE &
FEGRAT B 52 Ja FOR BT B R AR S AR R B
T Y B AE R B 25 L AT A BERE O S BOSUE
1.2.9 K Bk b 4+ M B SDS-PAGE &k
REEWAE 12 000 r/min, 10 min B0 S, FEDL
VE LB LW, BUREE LS 20 wL, A SpL FE A ke
ek, B ALEE 10 min ([A] B AN B AR A 4 T
marker ) , 2 15 P s T i 58 1R b k3 7 6 T o 2 1
JE, 43 S 8 Wl A& b3 FLEE 140 marker [AF
HLPK 25 R, %5 S 52 i R-250 Ye @ ab B, 21k
5t 20 AR R UK A5 T T R DL S R BB S UG R A
1.2.10 E#F M EGMN 2 50 mmol/L. pH
6.0 1) Na,HPO,—F7 162 i 2% o 0 5 15 A o 7 e 3] —
SEASEUR , WEHL 100 L 76 R o 10 TG TR 30 20 o i vk
BE R 200 o/ L BERE A LR g2 wpog b, Sz B AE I AR
AR AT ,7F 30 CAE /K B4 S 15 min, 7
Wb 10 min KB, R F HPLC 7% 22 K6 0 25 K6 10 B i 55
i, AR Y R, 7 5 A 2R R
PR BE AR R

g 35 B (U) 32 X 7E 30 °C,pH 6.0 &4~ , &
O3B EE AL TERE AR I 1 umol S 42 ZF R WH BT 75 B A il
HE X R U,

2.1 EHH Brevibacillus choshinensis/pNCMO2 -
SI =M R B R

211 FTAEBEFMEBGEMRT LR EY
Bk VR F Pantoea dispersa T HH 5 F4 il 36 K 5 2
R pNCMO2 %z, HE T HALH Brevibacillus

choshinensislpNCMO2-SI, )80 CA# T Y H 3 4%
DL 2% R R B B, W E ZH BB P B AT i R
) TM 55 % 3L 7 37 °C,200 r/min 25140 R ¥ Fl 75
KEEFRE 12 h, VL 5% 3R AR 3 8080 21046 T™
B33 30 °C,200 r/min 55 FHi 3R K595 48 h
Jo , B B LR L, b T B A B S A R A
TR, TR L A5 K T A5 B Ak T TS A 50 U/,
FeE i S A il 8 13 48 3k SDS-PAGE #E e Ha UK it
AR 1,

116x10°
66x10°

45%10°

29x10°

M. & B A X o F B R bR E ;1. B4 Brevibacillus

choshinensis/pNCMO2-SI 0 544 il 4 B 135 W

B 1 = A & Brevibacillus choshinensisipNCMO2 -SI 7£
TM #HFxE P RE

Fig. 1 Production of Slase by recombinant strain

Brevibacillus choshinensisspNCMO2 -SI in TM

medium
212 EWEEFMEG R SRS R RS
W 2 AR LA S T AL 3 L& EEE v R &
ZAF WA RIR 10 o/L # A, PR AR 2 R E A
i AR 8.5 o/L,30 CIHEIR KB LT 2,
w i pH A 7.0, Bl 2 mol/L H,SO, Al 5 mol/L
NaOH F a7 pH, 84 % i R FE P i 08 i 7
TR G340 30% , 38 3 45 ) 38 <o R 4l 4 ol Lk 3] LA
KE o MRV A3 500 ek L A e DB VR L )
VIR R R DA R R R TR AL
1) WU R UG B A P A K B B g e
2 TR AE AN [ 40) B 0 2 A o i R R I AR K S 7 il
Z BRI GE M i 5 o ek R 3 Xof o 2 B il 2 i) A,
P 2 o AR T Atk Y055 0 9 B85 WS I 10 o/ L 6 %
A, Ji % 5 1) 185 U/mlL, A Y Joi 2 ¥k 3 % 1 41 I A=
KAGBLRZ W& 3 Fron, ) Ik e U o vk kg
B, o 2 A A KA B F B I O B A DA AR K
ML PERE R, L BE AR I 10 of/L 2 BE1E A vl b6
e i e A3
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2) WIhR AR AL AR K KRR R
Ivi] 400 f R o e 8 X R 4 T 7 R O AL T 4, AR
BT HA R R, VRN 30 o/L A G AR
(ZREAHRSFRIZES 15 gL)BEGFE N 260 U/
mL, S0V G i B X R A AE A DL ULIRL S 7
R WU HA 0 fe 20U T v R R B AR AR K AR
P, LRI 30 o/L W0 iE A IR e b A i

200 _, 5/l
175 1 —e— 10 ¢/L
150 f — = 20¢L
= —>—30¢g/L
2 15} &
2 100 |
wa
P~ 75 F
&
50 ¢
25 ¢
0 1 1 1 1 1 1 1 ]
0 10 20 30 40 50 60 70 80
t/h
B 2 #EAEERY EHE 7 ER 0
Fig. 2 Effects of initial carbon sources on Slase
production of recombinant strains
10 [ —*—5¢L
g | —*logL
) —=— 20 gL
&6
= 30 gL
o4
=
§ 2|
0 1 1 1 1 1 1 1 1
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t/h
B3 VHRmENEAREKNZME
Fig. 3 Effects of initial carbon sources on the growth of
recombinant strains
300 f —A— 17 g/L
250 | —*—30¢/L
g 200 F —><—50gL
S 150 |
s
& 100
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t/h
B4 #MARIEYEHE 2N
Fig. 4 Effects of initial nitrogen sources on Slase

production of recombinant strains
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— 6 F
=
3 5t
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Fig. 5 Effects of initial nitrogen sources on the growth of
recombinant strains

3) M B A R AR K KT RS A
[7i) It JE€ 0 0 2L b 7 R ) UL &1 6, MAIET R T LA
A AEE 30 “CAREEI ARG 2 275 Uml, W1
UMb TRLEE o AN [ K Tl P8 b 5 201 T A= KA D0 5% Wi AL
P 7, kT i R 3 v O AR I oA 32K 81 T R 1) e e
il I R, DAL i kR AR L P e B 30°CHE TR K I B
NI

280 r —&—36 C
| —e—34C
240 R
200 F —e—30C
-
§ 160 | — 28 C
ﬁ?‘: 120
g 80t
40
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Fig. 6 Effects of fermentation temperature on Slase
production of recombinant strains
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Fig. 7 Effects of fermentation temperature on the growth
of recombinant strains
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Bl 24243 3F TAAT 1 P 69 A ik BOR BEAR AL

R iE

F AR IRBOCRA — It e 5 sh 7 U E %, H
R, AR J 2R AT 1 D i Rk R g h A Ab
AR R T R R AT A B R R B, TR
IS HABR IR 5 B MR e T SR R TR
ZEFUFT T 1) 21 1 S 3 F Papr-E, Pnpr-E , Pamy LA
LR T EORZF I 0935 S BUR 301 Pxyl, Mt
ARl JG 3+ 19 8 41 5Kz 43 5 o pNapr—SI, pNnpr—
SI,pNamy—SI .pNxyl-SI, 73 5l % fb i J 5 28 J AT 1
J& i %4 24 BCpNapr—SI ,BCpNnpr—SI | BCpNamy—SI
BCpNxyl-SI, £4 TM K577 He A W% 48 h Jm , B0 M
FRLSI -5 R — S A RSO A Bl T A P 8 BTS

Q‘ > (0 13\
O
N W\ &‘b’ $

B8 EHAREMKE TMEFREFHAERR

Fig. 8 Fermentation conditions of recombinant strains in
TM medium

T LA, A8 A 8 (Papr  Popr,
Pamy ) 3 ik & W] . = T 55 5 15 8 7 (Pxyl) , oo,
1 2H R Ak BCpNapr—SI Fir Il i 52 5 , >4 85.1 U/mL,
e T HAN S 3 TR IA
222 FTUMBHBBMEREMAEAL NI
e LR R 1) ) i RE 1, A A X LR IR AR AR AT A

RTIWF 7 R W BRI 10 o/L i 2 BR324
T g BE Al b A S92 50 T2 2% AN [v) i 2 T AR 174 0T
AT T

AN T R X T TR R O A I A SR R R DL AL 9
MEH R LA Y, Ay o AR R E
Ay, 41 Bk BCpNapr—SI ,BCpNamy—SI ,BCpNxyl—
ST WY 16 A i 5 LR 0 A AR Y B2 B B Ry I
20 T bR BCpNnpr-SI B BEIG & . Hrp R £
3 26 RIS, 3 240 R vk BCpNapr—SI (%) B 16 35 75, A
127 U/mL, 7 T Ho Al 5 41 B Bk

TR X6 AN [+ T 2 R bR A 1 8 R e LA 10,
i L A LA Y TWEEN 20 X A [ 8 25 1 19 35 35
A W A AR, A oek 5 28 TR BCpNapr—SI

B4 o 3, BB N 137 U/mL 58 FL 5 R Al fig
& TWEEN 20 F#AK T H 19 8 -5 40 M B 2 8] 1% 47
HAEFP, PEGA000 X 5 20 1 (1) 2 I8 A B 3%
® BCpNapr-SI
= BCpNnpr—SI

® BCpNamy-SI
= BCpNxyl-SI

i3 75 /(U/mL)
R N = SR
S O O O o o o

(=}

faky Tk @ERE PR R
A EAK =RE O OBRE B

B9 REMNAREEARKEAEBELE RN
Fig. 9 Effects of nitrogen sources on the fermentation

conditions of recombinant strains
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Fig. 10 Effects of additives on the fermentation conditions

of recombinant strains
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= 1300 2
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Production of Slase in the recombinant strain
BCpNapr-SI by fed—batch fermentation in a 3 L

Fig. 1
fermenter
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HARAE L 20 h G ARGEM, 7ELK30h )5 U8 R AL AL S K AR TS O 275 U/mL,

5 A8 G, BEE 4w A K B TS JRBE 2 R 2L W FE AT JG Bl 1 %0 W S 4 7l 5
B Tl S e R BRAE 52 h &bk 485.5 U/mL, 42 FRY 52 T, 326 JBC T R U5 A B 2 A T R AR S B
AACACTE B IS 1Y 5.7 45, & H 4 % pNCMO2-SI |- F Papr-E .Pnpr—E Pamy DA FOR IR F B K ZF AT

AR AL S B 1Y 1.76 15 . T B B Pxyl, A8 HEAS [R) SR ) A R S
rYl AT TR AL AL . L AL J5 19 4% 1 X B4R
3 e (T R el
16 3 L R TR T #47 TR IR . W16 A fiff 1 f5c =5 , b 485.5 U/mlL,
S % 3k
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