%540 & 553
88 2022 45 H

EREBMERERER

Journal of Food Science and Technology

Vol. 40 No. 3
May 2022

doi;10. 12301/spxb202100648

X E S :2095-6002 (2022)03-0088-10

SIS B, FRaE, i e 55 SRR R S S A B A T R TR D], B R AR AR R, 2022,

e 40(3) :88 ~97.

A ZHAO Jingyi, GUO Yan, FENG Tingting, et al. Construction and process optimization of cell factory for allitol synthesis

with multienzymatic cascade system[ J]. Journal of Food Science and Technology, 2022 ,40(3) .88 —97.

CHAK RS EHEENARI A8 RIZHL

REEE, 3 &, BEE, KR, WA,
(1.7 BRF 21 54HITRFR, & §T 530004;
2. B d TR REAFHL, ;% £ 532415,

3. BRLBREFERAKRF £#HIEZ, S8/ T 530007)

LT
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B 6 2% & A B A%, A T A A M 454 w3l i3 3k R A ) B 48+ M B D-IFT 8- BR S 3- £ 16 5 #) B 2
BAERE LA EXMHRAARRNEST A R BRNIES D-H ABAEF BN SBAKZA; il
ABEFTRMLABAEREA T RFRLAA, RSN E R | 9B ARE, HTFH SHBEAK A
Go AR R GR 2 F A FRARAL B M 38 AR, AT am L T ) 69 K B Fe A Fe AR AL S MR AT T AL
LR E . EME 20 °C 1,00 mmol/L F & A-B-D-#AFSAEF 69 L LM T ,iF5F24h T4F3]
B E G AL 48 40 °C 50 mmol/L Tris-HCl (pH 448.0) & 5.0 /L. VB2 4409 1B AL & T,
AT /R 15 h M A546 25,00 g/L 89 D-F) F 424 % 19. 33 o/L 374887, @it & ik R ey bt —
T AT R Ao P R R B E BN T ER G E21. 12 g/L, FFR LA & mn A ML
B LR HE BE 09 ML A AR B ZE IR I8 AR B A TRAL 22 BAE B A R A 2 = AR AR B0 ST AT M A
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FHA PRI, 25 DR 2R R, A LA 2 H 43 30 A Tl
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R P A T A B, BT LA B AR AR H bRt 3
FHi A W% AL (Tzumoring ) SR | Zhu 2557 FI] FH 4% 1k
AR ST T DM A6 R B Al T
100 mmol/L HJSRME R IEH AT LU= A 10. 62 ¢/ L (755
WL, R T i — B ARIR Y AR, Wen 25138 a8 7
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a4 2 A 8 % 5 53 A i (glucose isomerase, GI),
IG5 A AN A4 1 R 2200 B A W e Ak, LASO o/ L
EIWERIRD A TS5 12,7 o/ L s bl SR, BEAY
Sl T A 20 PR BB, M A 2 A SR A
&, HAEAE R ] PGk 2 SR Rl 5 2Z A0 L, A
FHAA P 22 il 99 106 SR Wk A i 240 ) ol e A5 7 2 1]
(08 R R T AL RV IR A i B AR
AR TR EARARCRT . ATFNE A AT B
( Escherichia coli ,E. coli ) IR NI 22 B IR 238 2R 5,
BIBHESEIL D-A% 0 2R BB B LN Mk 5, I
He 2 SR AL B R N ORI R e Zs i e T AL, &
TERRISAS A P s S U

1 MREEE

1.1 #ES5iH

KT =0 2 Sl B T B8 ( Providencia alcalifa-
ciens ) FIAZ M 5 2 B L (K] rdh RN 22 BB ( Candida
boidinii ) 1 TR it S0 2 65 L X fdh, AR T A T
P2 (I ) et AT BRN 7l 22 55 0 Ak s 8, 40501
B R EEAR pET -32a( + ), H R E. coli
DH5a E. coli BL21 (DE3), Jii ki pACYCDuet — 1 .
pETDuet —1 ,pRSFDuet — 1, # 7 Bacillus sp. ( NCIM
59) gi R IKFAR pET32a ( + ) —gi ML
Clostridium bolteae dpe B e SN - XN pET32a( +)
—dpe, ] VIR KR EE T FECH E 747, PrimeSTAR |
REL I P AZ R P9 DD, 522 9 TR (KO8 ) A R |l
TCEE TR & . DNA Marker NAD* 3 K . DNA 1%
$E0  SDS -PAGE HLJK 71 & 8 H Marker, 4= T
ﬂ:%—r$§( J:) A A BR A &) ;2 x Rapid Taq Mas-
ter Mix | JBUKL DNA $2HUR7 & = 9 it R) £, me
SCTMERE A IR B W1 5 D-Bal 3 LA A o
BEEERRUE S, IR A R A BR A ]
1.2 (UFEHiEE

HPLC 1260 &5 200 AH 51X, 95 B 2 HER F}
B w5 Y92 1IN 41 M i WA, 77 BT 2 A= W Bk
AR AT BR N 7] ; WIX —easyPRO4 175 1 L 3k AR, AL 5T
R A BR A F] 5424 R R d A A B OAL, 36
[ A BR N ] ; ZWYR —2403B AU H i % ¥ 7%
PR, 28 IR 43 AT S0 il 3 A5 B2 7] 5 ST3100 HU A%
% pH i1, WM BT 28 A FR A 7] 5 T100 %Y PCR
X, AR AR A A B 2 A BRA 7] 3 BMJ - 160C 7Y
BRI, IR T A YR A BR A F

1.3 ZWH*E
1.3.1 KBHAHEER

LB i AE (o/L)  BERFEEHLY) 5 LN
10 FE M 10, 18 pH {8 7,121 °C K 20 min J&
HTF E. coli W55, E. coli PUitiiiknt, MAEXR .
AR HEERMBINE Z WA E 598 50,
100 .50 pg/mL,
1.3.2 EZAREAHRGHE

R E 516 A T A TR (L
E) AR A7 BN T 5E I, LAFORE pET =32a( + ) —gi,
pET-32a( + ) —dpe .pET-32a( + ) -rdh Fll pET -32a
(+ ) =fdh AEA, R FHAR R (5 190 (42 1) XF H 13
HEAT PCR 938 8 B SRR U 12 2 Rk 3K
pACYCDuet -1 ,pETDuet —1 ,pET -32(a) + ,pRSF-
Duet — 1, DA #4 £ & 2 2% 1K pAgidpe . pEfdhrdh
32fdhirdh 1 pRgidpe , 355 T v FER P E. coli DH5ax
PEATIGAE , B0 UE IE A 1) B ) E 2 4R AL T A
W E. coli BI21(DE3) , i iz XUbi i 1k BHPE 4k F,
B UE IE A R4S 23U R L R F A R
1.3.3 EARKEHRENLT

W B R ERREE RN E S A M PTAEZE M S mL LB
WARRE SR | F 37 °C 200 r/min %55 12 h,
KRR Ja BV LA 1% e Fp i 2 Fh 2256 50 mL LB
FEFR LY 500 mL HEIE T, T 37 °C .200 r/min
PiRiFE2 ~3 h E 0Dy M 0.6 ~0. 8, I ALHE R
1 mmol/L % 5 N JE-B-D- A1 ZLM 1 (isopropyl-B-
D-thiogalactoside, IPTG ), F 20 °C 200 r/min if5 T
24 h MUEEVE R 5 I TR AR B R P R A A L 2
PR TAE 5 T % 400 W TAE 2 s, [ R
3 s, BASFIE] 15 min, CRAREEE S A B ARSI T4 °C |
8 000 r/min 54 F B5.L> 20 min, B F 1 #E1T SDS -
PAGE % 5€
1.3.4 #iEn 2

P25 /L D-F %5 0 D-SLHEAE AL 9, I
A 200 pL GIL D-Baf % [l 3-2% ] 55 ¥4 fiff ( D-psicose 3-
epimerase , DPEase ) #1 B ¥ &% 1 mmol/L Yy Co**,
40 °C .pH 14 8. 0 i1k 10 min J7, 7 BN /KA 10 min
Lk N 5 L 25 g/ L D-Fal s ERBEAVE S AR P,
A 200 L A% B B B S B (ribitol dehydrogenase,
RDH) Hl # . 1 mmol/L ) Co>* 5 0.03 g/L
NADH,40 °C \pH {4 8. 0 ff#{k 10 min 5, 37 AP /K %
10 min 2% 1E 20 3 A 100 mmol/L 1 RR M4 hy AL e
¥, m A 200 L B R i S B ( formate dehydro-



90 B PR R 2022 45 J
z1 519%9
Tab.1 Sequences of primers
Jpig A FHEH 514 JPoI(5'3")
gi-F CCACAGCCAGGATCCGAATTCAATGAGCCTGACCACCG
& gi-R TAAGCATTATGCGGCCGCAAGCTTTTAACCACGCGC
pAgidpe/ pRidpe dpe-F ATATACATATGGCAGATCTAATGCGTTACTTCAAAGAAGAAGTT
dpe dpe-R GTTTCTTTACCAGACTCGAGTTAGATACCGAAAACGTGCCTACA
fdh-F ACAGCCAGGATCCGAATTCAATGAAAATCGTTCTGGTTCTGT
Jah fdh-R CATTATGCGGCCGCAAGCTTTTATTTTTTATCGTGTTTACCGTACGC
pEfdhrdh rdh-F ATATACATATGGCAGATCTGATGGCTATCTCTCTGGAAAACAAA
ridh rdh-R GTTTCTTTACCAGACTCGAGTTACAGATCAACGCTGTTCGG
fdh-F CTGATATCGGATCCGAATTCATGAAAATCGTTCTGGTTCTGTAC
fh fdh-R CACCAGAACCACCACCACCAGAACCACCACCACCTTTTTTATCGTGTTTACCGTACGC
32fdhirdh rdh-F TGGTGGTGGTGGTTCTGGTGGTGGTGGTTCTATGGCTATCTCTCTGGAAAACAAA
rdh rdh-R TGGTGGTGGTGGTGCTCGAGTTACAGATCAACGCTGTTCGG

genase , FDH ) #LE# ¥ £ 1 mmol/L i NAD* ,40 C |
pH 18 8. 0 ##4k 2 min J& , 7. BB 7K ¥ 10 min 28 1E 2
¥ , GI .DPEase RDH £l FDH [t} 1 /& Ky BAA7 i ]
N FRIESAE R AR 1 wmol H bRy 1y i it 0 il
1.3.5 REFHRAL
A0 i 77 B 2% 2F, 200 v/min ZE TR, 4300
AR IPTG 2 ¥ B (0.25,0.50, 0.75, 1.00,
1. 25 mmol/L) | BB (15 .20 .25 .30 .35 C) i
] (6.,12.,18 .24 30 h) o 545 A5 73 51 W &
RIEL 51 0Dy 5 220 AL 1 1
1.3.6 FRABELA R M HACR A ta AL E L] 2
R 2 B9 FR GEME A RICR o A o Uk
25 g/L IR ZHE 1 mmol/L Y Co®* A ] Jii 2 e J&
) RE9 (0.5.1.0.3.0.5.0.7. 0 g/L) FIA A & 5
M R 1 4 40 9 (0.01,0.02,0.03,0.04,0.05,
0. 06 g¢/mL) A ZE 50 mmol/L {1 Tris — HCl 2% vf {4k
A Ar g v iR £ pH {H(7.0.7.5.8.0.8.5.9.0)
FR N TR EE (30 35 .40 .45 .50 °C) , W 30 min 5 &
W 10 min Z0E SN, HIAEHE SRBE | I AR M s
B AG K B Carbomix Pb — NP 3% 44 (7. 8 mm x
300 mm, 10 wm) F1 1260 RID ( G1362A) ¥l %% | 44
178 °C , Wi shAH Ry M AEK A Hh 0. 5 mL/min, FIK
ST R AR E] A 40 min'®! 4N IE PEE
SCR 1 g T 4 BT T] ARG 5 1 e R I 1 2
o o 1o A 2 LA AL M SR AR X TR 100% 4
i B (CB) #eal (1) &S Bfr o/L,
CB =0.4442 x 0D, -0.021 (1)

1.3.7 BEMAE

VR BE S ST R Tl BRI =Y, et g
77 RIS DA 2 A M — R JES W R AT AL S
SR PO AR R T 6P MR B8 AT TRUAL B, B K LA
R 1: 1IRA, ZEINA 2 mol/L AR FRIE R &
pH H 2.0, M3 M # 10 min, ZE WA G A
4 mol/ LA AL AW 2 pH A 7.0, F 8 000 r/min
B0 20 min J5 B IERAEA
1.4 ZUIEAIE

JIFA LB E 3 IR, 2R Origin 9 234
Adobe Hlustrator 2020 MK H-

2 HERESH

2.1 LtTHMEREREEREEREAMI WE
RHIIE LR

HHENT PG SR R A G R R Y 7
2%, S B 70 AR SRR B 43 0 % GL, DPEase |
RDH } FDH 4 Fhge AL RE S e AT 50k K o3 51l 4%
M5 4 Pl g 5% 25 4 A9 BI21 ( DE3)/pET32a( + ) &
SN AT RIA G, #E4T SDS - PAGE 43 #1 Al
BTG I A, 0 E L5 R LA 1, BB 1 (a) AT, VKA
1 ~4 539 7E Snapgene A4 00N 25 5 i) AH 07 37 5 Ak
(63.0.52.2 .43.9 .58. 2 kDa) A B (44T, 20 )%t
J¥; GI .DPEase RDH 1 FDH %, LA BL21(DE3)/
pET32a( + ) JyXf BRTRRIEA T IR ' B 0t 7% 00 A, 45
UL 2, 4 PP W AR AL TR UiRH B
NS GI, DPEase . RDH H1 FDH 7E E. coli B121
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(DE3) i nl vt 2k, H VORI R G0 A Ak i 24
WEAE = SRRV T

FRR 1. 3.1 ) R B B L Al 40 i T BL21
(DE3)/pAgidpe — pEfdhrdh , F SDS — PAGE 45 3% I,
F1(b) A 1(b) R ER, SXRM L, ikGE 112
3SR TR 4 SR AL R B AR AR (46,9 34,7
26.4 42.1 kDa) , %I % GI DPEase RDH X FDH &
F, R A DUBA RAELIATE F E. coli BI21(DE3)
] s} B Eh 63 | b WSt 200 T R I

M WT 1 2 3 4

MWTL 1 WT2 2WT3 3

kDa a
75 - 140
60 100
75 - &
45 - — -
60 = -
35 z 1
45 = .‘
25 ' -
35 w il -
b 4 -
15 =
25 ol S
10 =

(a) BL2I/pET32a(+) RHVEAIR  (b) EALREBL21/pAgidpe-pEfdhrdh

(a) VKB M, br#EZE H ;9K WT, BL21 (DE3)/pET32a( + ) i
W3 P8 1,B121 ( DE3 ) /32gi b5 ; ki 2, BI21 ( DE3)/32dpe
|- 1% ¥& ; UK3E 3, BI21 ( DE3) /32rdh |- 3% ¥ ; VK8 4, BI21 ( DE3 )/
32fdh 1 i5WE, (b) VKiE M, AR 1; UkiE WT1, BL21 ( DE3)/
pACYCDuet |- i& ¥ ; ¥k i 1, BI21 ( DE3 ) /pAgidpe 3% Wi ; ¥k i
WT2,BI21(DE3)/pETDuet | i% ¥ ; kil 2,BL21( DE3) /pEfdhrdh
[ 3% ; ki WT3 , BL21( DE3)/pACYCDuet —pETDuet |35 ; Tk
i# 3,BI121(DE3) /pAgidpe — pEfdhrdh 35 ,
Bl 1 EHKRBFFREEIEYE SDS-PAGE 74T
Fig. 1 SDS-PAGE analysis of expression products of

recombinant E. coli

2.2 BRI KBEGRUER
LRI T R RS R 2, HIFL
BRI TAE 0 8 37 24T 8 U BOCRIA I 5 25 T4

%2 GI,DPEase .RDH FDH 7 KT A9 B
Tab.2 Enzymatic activities of GI, DPEase, RDH and FDH

in E. coli
i3 RS 0Dy MG/ (U-mL™")
Gl BI21(DE3)/32gi  1.473 40.027  42.45 £1.54
DPEase BL21(DE3)/32dpe 1.537 0. 041 16. 50 10. 79
RDH BI21(DE3)/32rdh 1.417 40. 039 16. 88 £1. 30
FDH BL21(DE3)/32fdh 1.582 40.011 0.56 410.03

AT, IPTG 2 —FhVE AR R 15 0], FE 45 1
SRR, A A e e . PTG
W B TR I A KR Bl KA B B E R, R
Kl 2(a) AT, EA Y BEE PTG Y B i3
TR FE, 2 IPTG ¥ B A 1. 25 mmol/L B, 5 41 14
ODGOOE%%F%§ 1.25, i Rg /& M FEHE R IPTG XK
JOAT R A AL AR T A R AR T AR AR
SR, B IPTG ¥ JEAE 0.25 ~ 1. 00 mmol/L T},
P T B A A il S T R I, 4 A A A T R B
WRTE, 24 IPTG ¥} JE 4 1. 00 mmol/L I i 4k 1%
B E, RIL, e IPTG IR 1015 3 ik
J# 4 1. 00 mmol/L,

5 1 B X TR A AR | RS e MR AR R
AT R K AT B s A K IR
37 °C BRI — 7 T, 3 R S R B U N
MG AR R, #E— 2 R EUE A 5 ik I
T 2 MR BTG P 0 A WA 44, PR L e %o o 4 R
TS FRIRI R GIA IR BETE 35 CUIT ;00—
I R s i A A K B, L, B
S5 175 T Uk X6 YA A48 L 3 e ot R 2L TR P A )
WEREZE, BE 2(b) TH, HiFEFIRERT
25 CHF, 240 Mo 13 1 B T B, T B2 th T
R TR BN IR IR R SN, ZRA S

00r e ] 6 1001 M im0 101 D‘vﬁ%?jﬁ_’_ hoEe
ool =Y L5 90k = /EHE 415 gob =TR[] 415
g | ey | S e | ¢ | e[ Tl
® g0l ™ 1.4 S sob ] 1.4 S o 4| 1.4
%70 ¥ 128 %70 IS %70 12
- Q - ) )
b 123 4129 @ 412
Z oor o Eor {1 oo 111
= k= =
50F d10 50F ﬂfl.o 50*”“| ﬂ 110
1 1 1 1 1 09 1 1 1 | 1 09 1 1 1 1 1 09
407025 050 075 100 125 =520 25 30 35 W= 18 2 30
¢(IPTG)/(mmol - L) FEFIRE/C WS/
(a) TPTGH BE (1) 1] (b) 5 FIR BRI () T IR AT 5L

B2 AL I 25 %) ol 2EL 40 e A i AR AT A R S

Fig.2 Effect of different fermentation conditions on biomass and catalytic activities of recombinant strains
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JRURT BB A S s 18] DY A ) g e (A AR A T X Tl
AR BAFEE R L, HE2(c) AIAL B
i ) P S | R A B R AT M TR, 15 18 h
Je AT PR BEAS T AT ,24 b S AL TS
B, HA0 R A BT REAIR, FT RS2 T IPTG KA
() 76 JfL Y AN B ARl X A A T B E AR
B 2 AR5 I B R 24 b
2.3 BEMAMmELEEREER

ZWRIEE ARG, 2 TC B HR S 4
P25, DRI Be i A 25 1R A RE A5 B ik R 40
R E K MEARCE . TE2 9K RS IR
JEE (L0 BT A, 4 v e B T AR S 056 I 1 1] A= g
PR e E | SRR AT RS IR ) T s )
HAMAITE  BRE AR T =445, 551
R TEREN ) AL A AR A L 3,
FH T 3 (a) AT, 2 200 L A 3 e i 5 v T 8 ¥
B, MR IR E 40 °C Ik B 5 KA 5 BE % IR 4k
LTt PR TR S AR 50 C R fiEfk
T DA e KA 51.94% . PR, B 78 40 °C Ak
AR

pH B 3 52 A B 5 114 25 (R A 7Y e 1 DA &
JEE W 1 it B TR A R ) 22 BRI 2 e b sl

100 -
=

AR AL Mo
3 8 8

o))
(=
T

n
=
T

40

30 35 10 a5 50
IR EE/C
(a) I BEAI SR

100 1
—E—

90+

80

70+

FAXS AT P/ %

50_ ’—x—‘

4() I_Ix—l 1 1 1 1 1 1

001 002 003 004 005 0.06
U/ (g mL)

(c) 4 A5 3 B R 50

/& 3(b) w41, pH {E 7.0 ~9.0 B, 24 pH {H/N T
8.0 B (k3G Y FE % pH {80 38 hin i T i 5 48 pH
B0 8. 0 B AL I T3k 2 B K5 SR 2 pH {E k22
Frm i, WG PE R BT B Uk RS Y pH
(BT T RN AT, DRI B B b I 1
oAk pH {E>4 8.0,

TERNTIARTR N, 2 AT 15 TR AR o A
BUIE LG SR e AR AN 23 Bl TR R I et ok B g 38
TREEE N, VA 2 0 v 5 e ek 75 0 e
HALRCRIT R TR AR B R EE . H BT 3 (e) ATAT, 24UIK
Yy BE TR 2 N 25 o/ L, AL IR 25 v 4 i J Bk
7E 0. 01 ~0. 05 g/mL Fsf e Ak e Fifd P 1A o st ¥ B 1Y)
T S 2 v 5 B RS T R B A AR B I 4
fRiEdEE TRE . B2 18 25 o/L MR 4% 14
T AR AL AR BT R R B 0. 05 g/mL,

TEZTIIR R G WIRRE N IEM S5 T T
Tt 2% ) AR A i S S | ALt PP R A 1) Jo et Uk
JEEXT R MHBE I A BRI A — e 52 PRI AR ST T H
FREATS I X AL 1o PR, A 3 (d) 7T
BRI TR N 1. 0 o/ L AN, 4L
P FY Pt o e v A3 I T 5 22 R A ) BT
WEEH 5.0 g/L B, 2R A G M die v s Ak it i
RN T vk B, RS MR T A Ak, R L, B

1001 =
90+
80[
70F
60
50| ﬂ
40 L

Il 1 1 1
7.0 7.5 8.0 8.5 9.0

A AT P/ %

pH
(b} pHE S

100 - = —E
_ 90F
SN —
#H ogot
!
AJ
<~ 70+
&
X 60F
=

NIl

401

05 10 30 50 70
P(TERE) - 1)
() VA0 0 VR 2 ) ST

P13 ANTr A A o 2H A0 s P 5

Fig.3 Effect of different catalytic conditions on activities of recombinant strains
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FREN AL R 5.0 ¢/ L,

KA A Al At Ak 2% #F X L Rl 40 i T BI21
(DE3) /pAgidpe —pEfdhrdh FIFEALRE S AT IE , 45
RILE 4, 0 ~12 h P, A A R P s e it B
W22 312 ~ 15 h, R R N FR I Y G 35T e, 5
PEEL ™ ol TR, TR b, 1R R
4.95 o/ L H %N, FE LR K 80. 20% , 34 19.33 ¢/L
PR A B, PR RIA 77.32% , I, ABFST A EE Y
Z IR R G RENE IE H AL DA BE 5 B PR
SR , SN 3 FRAT A7 76 2 LA AL T AR, B 0 i o
] = A R R Im) B, AL L AT A R Y
D-HIEIMEA L e, PR IR B — B R e Rk Ik
R, AT 5 4 200 22 2R R GE AR R0R

25

—n— DA —A— D-SEE 13
- SR —v— DB

N3
=
T

\

p(D-FBE/ (g L)
P(D-FV& B /(g 1)

\

PEFHIE (- L7
p(D-TEHE (g- L)
S

™~

* 12
sk } \. |
i\!\§\
1 1 \i——’\i'o
0 3 6 9 12 15
Hif i) /h

[§l 4 BIL21(DE3)/pAgidpe — pEfdhrdh #E1L D-E%505
Fig.4 Biosynthesis of allitol from D-glucose by
BI21(DE3) /pAgidpe — pEfdhrdh

2.4 ENSEHERKRGERUER
2.4.1 LE#HEAR A NERILER

KIGFT B W2 35 HE ki pACYCDuet — 1, pET-
Duet -1 #l pRSFDuet -1 FJEEE ¥ D153 514 10 .40
100" AR THE Y AL R 75 4 5 Ui AR
IR, ABPIESEE T =48 DA pRSFDuet - 1
VERRIB A B IEHAT FIrRE R A, K F 4
ki pRgidpe 1 pEfdhrdh LA T RIKH K E. coli
BI21(DE3), 4 Kan 5 Amp X0 07 2 BH 1 4% 1k
T, 15 E] R A0 M T.) BI21 ( DE3)/pRgidpe —
pEfdhrdh A9 R B LI 5 (a) , 400 T.) BL21
( DE3)/pRgidpe — pEfdhrdh 1] SDS — PAGE 45 4 I
EI5(bh) HE S(b) I %0, 5xF A AH L, UkiE 3 #F
46.9 34.7 26.4 42. 1 kDa 432/~ B B 098 H 44007,
4395 GI DPEase ,\RDH F1 FDH 2 4 Jit 4 5300 25
KAN—3, R TUEG AR RAERILTE E E. coli BL21
(DE3) [l s py ik

pRSFDuet-1

gi dpe
pETDuet-1
fdh rdh
promoter T terminator

(a) 4008 1)~ BL21/pRgidpe-pEfdhrdh ) @R 5 &

KDa M WTI 1 WT2 2 WT3 3

180
140

100

~
(9

RN R 1 ARk
a8 ¢ Uil

(eI
T CRRNS
R JU R | SRR

[
<

W
v
'

.
3
R

(b) L BL21/pl{gi}zpe-phfdhrdlm@SDS—PAGE%yf
YKIE M, FR1ESE 15 KGE WT1, BL21 ( DE3)/pRSFDuet -3 # ; Tk
il 1,B121(DE3)/pRgidpe L i& i ; JkiE WT2,BL21 ( DE3)/pET-
Duet 3% W ; ¥k i 2, BL21 ( DE3) /pEfdhrdh 3% W ; ¥k 18 WT3,
BI21(DE3)/pRSFDuet — pETDuet I ¥ ¥ ; 7k il 3, BI21 (DE3)/
pRaidpe —pEfdhrdh L35
E'5 4ifiT) BL21(DE3)/pRgidpe —pEfdhrdh ¥4 7
7R B AN SDS - PAGE 23-#r
Fig.5 Schematics and SDS—PAGE analysis of cell
factory BL21( DE3)/pRgidpe —pEfdhrdh
2.4.2 THB RS RKLER
H BT RG TT ATE Z2 B PR PO A7 s DB TS
Yram i, HEMR G MZEMR S GS HE
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Fig.7 Biosynthesis of allitol from D-glucose by different cell factories
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Construction and Process Optimization of Cell Factory for Allitol
Synthesis with Multienzymatic Cascade System

ZHAO Jingyi', GUO Yan', FENG Tingting', CHEN Jing’, SUN Qinju’, LIU Jidong" "

(1. College of Light Industry and Food Engeering, Guangxi University, Nanning 530004 , China;
2. South Asia Subtropical Agricultural Scientific Research Institute of Guangxi, Longzhou 532415, China;
3. Department of Food Engineering, Guangxi Agricultural Vocational University, Nanning 530007, China)

Abstract; Allitol is generally used as a novel functional sweetener with great potential applications in
food, medical care and other fields. Based on the Izumoring strategy, a multienzymatic cascade system
involved glucose isomerase, D-psicose 3-epimerase and ribitol dehydrogenase was established in
Escherichia coli for the production of allitol from cheap substrate D-glucose. The cofactor recycling system
was constructed using the formate dehydrogenase to improve the regeneration efficiency of intracellular
reduced nicotinamide adenine dinucleotide. To balance the individual expression differences in the
multienzymatic cascade system, the fermentation and catalytic conditions of the cell factory were
optimized using whole-cell catalytic activity as an indicator. According to the results, the recombinant
bacteria could obtain better protein expression was obtained when cells were incubated at 20 °C for 24 h
with 1. 00 mmol/L isopropyl-B-D-thiogalactoside. Under catalytic conditions of 40 °C and 50 mmol/L
Tris-HCI (pH 8.0) with 5. 0 g¢/L sodium formate, the recombinant cells could produce 19. 33 g/L allitol
from 25.00 g/L D-glucose. The residual amounts of substrate and intermediates were significantly
reduced and the yield of allitol was further improved to 21.12 g/L through expression system
optimization. The whole-cell biotransformation method could provide a theoretical basis for the large-scale
synthesis of allitol, accompany with producing allitol from pretreated sugarcane molasses, which could
have positive significance in extending the sugar industry chain and increasing the added value of sugar

products.

Keywords: allitol; whole-cell catalysis; multienzymatic cascade system; cell factory; sugarcane

molasses
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