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B . (¥ 7]D-HEBOBEE T ECZRME R XE. [B]) AR D-7 B FHbE
(D-glucose isomerase, D-Glase)fe D-sk 7 #% 7 #)B5(D-lyxose isomerase, D-Llase)d: & AT KMATH
ek 5 D-HEBEG T EEMH. [Fik] 4% D-Glase #= D-Llase 2B K A R /G Bty i% 45 2] 4K
pCDFDuet-1 £, #1# pCDFDuet-Acce-DGI/Peba-DLI & 28 /7 #2 -5 A\ 2| X 4T & BL21(DE3)¥ & &
ik, i it AR ARIE ST R & D-Glase #= D-Llase 69 B4k, W& iZ kR A MBIk 2 9 &1, [4XR]
FAn 1 mmol/L Co™, KKK A B6Y R i8R E A= pH 5514 70 °C A= 6.0. vAKRE 5 H]4 100, 300.
500 g/L #) D-%) 4B A R £ & D-HEAE, 45 D-HERRERESF A 13.8. 38.1. 62.6 g/L,
R EEALE 5B A 13.8%. 12.7%. 12.5%, D-F Z4E. D-F4gfe D-HEBEG FH LD A
50:37.5:12.5. [44£]1 D-Glase #= D-Llase £ K 4T i 48 2 ¥ 20 %, 69 3k R A AR A 38 3E — 4% 3% ¥ A1) F)
D-# Z 4 A kM & 7 D-H EAE.
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One-pot production of D-mannose from D-glucose by recombinant
co-expressing Escherichia coli cells

WU Hao' HUANG Jia-Wei' ZHANG Wen-Li'"? MU Wan-Meng '

1 State Key Laboratory of Food Science and Technology, Jiangnan University, Wuxi, Jiangsu 214122, China
2 International Joint Laboratory on Food Safety, Jiangnan University, Wuxi, Jiangsu 214122, China

Abstract: [Background] Enzymatic transformation for production of D-mannose has attracted
considerable attention. [Objective] The production conditions of D-mannose were investigated using the
co-expressed E. coli cells harboring D-glucose isomerase (D-Glase) and D-lyxose isomerase (D-Llase).
[Methods] The synthesized D-Glase and D-Llase gene fragments were digested and ligated into the vector
pCDFDuet-1. Then, the resultant recombinant plasmid pCDFDuet-Acce-DGI/Peba-DLI was transformated
into E. coli BL21(DE3) strain to co-express the two enzymes. After collecting the cells co-expressing
D-Glase and D-Llase by shake flask culture, the reaction conditions of the co-expression cells were
determined. [Results] The optimal temperature and pH of enzymes in the co-expressing system were 70 °C
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and 6.0 in the presence of Co®” (1 mmol/L), respectively. After the reaction reached equilibrium, 13.8, 38.1
and 62.6 g/L of D-mannose were obtained from 100, 300 and 500 g/L of D-glucose, which corresponded to a
conversion of 13.8%, 12.7% and 12.5%, respectively, and the equilibrium ratio of D-glucose, D-fructose and
D-mannose was about 50:37.5:12.5. [Conclusion] A co-expression system consisted of D-Glase and D-Llase
in E. coli cells can be used for one-pot production of D-mannose from D-glucose.

Keywords: One-pot, [somerase, D-glucose, D-mannose, Co-expression, Escherichia coli
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Figure 1 The reaction diagram of D-mannose production from D-glucose using co-expression system consisting of D-glucose

isomerase (D-Glase) and D-lyxose isomerase (D-LIase)

NVETF Acidothermus cellulolyticus 1) D-Glase
TER RS R PR, JEHEY Co™' M Mg” ' ff
TEIT , 7E 80 °C I pH 6.5 £51F F R BT e /s e,
SRR T Peptococcaceae bacterium 1109 ¥ D-Llase 7£
70 °C #l pH 7.5 £ FHILA Co®* s B hid 2,
EARBER T, B LR C AR D-Glase
D-Llase f 20 fif 5 K Fr B so e - i (b gz 2 ok b,
B 5 i) 8 4H Jfi k. pCDFDuet-Acce-DGI/Peba-DLI
k—HF A% Escherichia coli BL21(DE3)H3t3%
ik ZJE xRN RONAR R AR D-H R MY ik i
B, pH A& Bk A Thr ot . Ak, A
FIM LR IR I E. coli BL21(DE3)L) D-#%4
R ™ D-H 8805 A TR 4L TR H7E
[F]—4i it 35k D-Glase fil D-Llase, Ff# 1 —43
PN D-HAE A D-H B R B, X A
FELA e Tk A 7= D-H @M AL T mT 45 40
1 RS hE
1.1 #8
1.1.1  EHRFARAL

S FFFERE E. coli BL2I(DE3)A E. coli
DH5a 3K A A TAY TR A FRA R . 3%
K%k pCDFDuet-1 WK {444 T A B
TS
112 EHFE

LB ARG (g/L): MR 5.0, Sfkh
10.0, &M 10.0, pH %] 7.0, 1.0x10° Pa K
20 min, FERFRZUKIE R 100 pg/mL.

LB [E{REE SR (g/L): BERHRIUY) 5.0, S fbin
10.0, BEEEFAF 10.0, HilEH 15.0. pH #| 7.0,
1.0x10° Pa K 20 min, H5%85 ZAUSEH 200 pg/mL.
1.1.3  EERKFIFNLEE

FELEEEIY) . BREE IR . BERE 2 . SR INJE-B-D-
AR FLRET (IPTG), A4 TAEY TR ()R A
2w D-2RWE. D-H & 0. D-7 45 0,
Sigma-Aldrich 23 F); HAhAL 2= 250 R 40 Hr i

pH i, MR- FER 240 BB AT B A ] K
Wi, Bilg—fERA R A BRA ] BRI IEAS
BERE A% 250, Bio-Rad /AH]; S0 A (35 1Y
(HPLC). Carbomix Ca-NP10 (A, /REPHLH:
S (RI), Waters 23] o
1.2 A%

1.2.1 HFXKRAMEE

D-Glase 2k H A. cellulolyticus (GenBank % 55
i ABK53836), £ FBea K 1224 bp,
T ts 407 NEIERR . D-Llase B H P. bacterium
(GenBank %355 KLU40859.1), Z & HIL A F
B4 Kl 543 bp, A4t 180 PN KRR . ¥ D-Glase
Ml D-Llase FEFFHIZAEE TAEY TR A
B FEIG R, BEEFAIh 351 & Neo 11 Hind 111
S Nde 1 Tl Xho 1 BEYINE 3 K- B B ] Fr Bz
W T-Bek s D-Glase #il D-Llase 31K i Bei&
P B AR Y] 5 ) pCDFDuet-1 Fokz, I3 94
B BRI REYIAL S Neo 11 Hind T 2 Nde 1 #i1
Xho 1, 15 3| & 41 Jit i pCDFDuet-Acce-DGI/
Peba-DLI (] 2), BARSZIRERAER] 22 S0k [21],

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2154 (G

Microbiol. China

T7 promoter RBS

(5 364-5 382) ACYCDuetUP1 primer
(5360) Pfol
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Figure 2 Constructed recombinant plasmid pCDFDuet-Acce-DGI/Peba-DLI

W E 20 ki S AR E. coli BL21(DE3)H, FFi%
ATE S BE TR RAUE 9 200 pg/mL 1Y LB AR SR
HVAk b, 37 °C #5577, H T pCDFDuet-Acce-
DGI/Deba-DLI #hfA [ & Husk a8 3L R B, il
AL TR STE AR IR LAV, o PRSI #E L)
FAFEAEE, T 4 mL SHERLKWE N
100 pug/mL 1§ LB ikEEFREH, JfAE 37 °C.
200 r/min F5 75148, SRIGHE 4 mL Fh il 4B
£ 200 mL S HERE R M LB RSG5, [RIFE &4
T ARSI FEF] ODeoo 214 0.6-0.8 5}, ¥sHN IPTG &
LN 1 mmol/L, MR 2 28 °C. 200 r/min
WERE 6h, JFHAEO, 2. 4. 6 h BURHMER . 25
8 000 r/min B5.[> 5 min WA, IFHESIKBEE

2 W LABR 5% B iR IR , B B A TR AT AR 2T
1.2.2 D-Glase #1 D-Llase BIEB 5 FENE

if il SDS-PAGE Hiyk#iilll D-Glase il D-Llase
(R FEIRRUIRE 0 18 J R 44 B O NS TR LA 12%
(BTt AR L) FN 4% (BT ARFR L) FeIme i, 4 1.2.1
HTE 0. 2. 4. 6 h HURERES AL B AR 5E %
SDS-PAGE il 2. HLIKZS WG % D2
1-3 h B G, RFHAMERTOEEN, @il
St Marker DA A5l FRiA 44k R D-Glase
1 D-LIase A e 4 il N 20 28 1 1 ik
1.2.3 HFEAREEENE

FEE R WAAZ 1 mL: 50 mmol/L PBS (pH 6.0),
50 g/L D-4%54%, 1 mmol/L Co™", 20 g/L {% ik
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RO R AR B AE 70 °C T RS 30 min J5 i
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FERH O B -

D- T &R . 4 S AA R 4 °C. 12 000 r/min
B0 5 min B EVEW, FH 0.22 um GEIEREIE,
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FOE N E . % pH 6.0 1 1 mL VAR
(50 mmol/L PBS, 50 g/L D-#j%3#%, 1 mmol/L Co*",
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65. 70. 75. 80 °C (/KRG N, FFH4s
TR ) B i T TR A 1 100%

PFSE MR« B LR IR IR R R T 20
FE 50, 55, 60, 65 °C %M FWEE , AU N
A1 mL W ARZR A, D0 AS [ il BBORE A 1
P, FERE R IR 1 AR TS 100%, XA X
TEEVEIE, W KA B AN Hh e 3Rk Tl 1 $A B2
FEE
1.2.5 pH X HFRIEKRBGIE %S 00N E

Pt i 3 Fh2E ik R 45(50 mmol/L): FB&EFERER 2% v
W (pH 5.0-6.0), M2 £k 2% v (pH 6.0-7.5) Al
Tris-HC1 ZZ #hifi (pH 7.5-9.0) B S W AR 2 EF 70 °C
ANF] pH Z A TR TR, FFH45 5 rp i d5 s 0
BOE HADRHETE 100%.

12,6 £REEFMEREKRREFERF NN E

KA 1) 4 )8 BT Co™ . Ba™ \Ni*", Ca™
Mg™* . Zn®", Mn® Hl Cu> RS AZ S AR 2R A
T b 4 T B T AEAN [R) N 2R 58 HP () R B 0 3o
0.5, 1.0, 3.0, 5.0 mmol/L, 7EFGELMT, H4iil
RS T RS, RTINS 8 &1 —dik
FE A ABXTIEE 100%.

1.2.7 LI D-BEEAKRYE” D-HERENHAR

W ILFIR R IHAT AN L D-HI 0 R )

A7 D-TF R RS, 76 BRI E e E 41T (pH 6.0,
70 °C), 50 g/L EA4HML, 1.0 mmol/L Co*", LI
WITAAE 100, 300, 500 g/L Y D-25 W AIEY
JE I BN AR Z PR, ] HPLC A  D-##j%g
Bl D-JBEA D-H @& it R A fb B, 2
IKFPA
2 HREW®
2.1 #74A pCDFDuet-Acce-DGI/Peba-DLI #j{iK
KT R R L R IE

238 SDS-PAGE # I HLUKAG TN (] 3), 153
AU BETEME A, SBATEIZLE D-Glase Fl
D-Llase 73 K/Np il 22k 42 kD #1121 kD, 5
JeRTHE P AR — B0, I FLREE 5 5 [A] A 4
£, AR AT IE N TS , #B D-Glase F1 D-Llase
IR, IR . AL, WAL SRR
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3 2 KIA D-Glase 1 D-Llase A SDS-PAGE k[l
Figure 3 SDS-PAGE electrophoresis of the co-expressing
D-Glase and D-LIase

T M: AR 1-4: A PTG AT 0. 2. 4. 6h 19441
fitl; 5-6: 4lifkEH: D-Llase Ml D-Glase.

Note: M: Protein Marker; 1—4: The cells after IPTG induction for 0,
2,4, 6 h, respectively; 5—6: Purified protein: D-Llase and D-Glase.
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Figure 4 The HPLC results of catalytic activity of
co-expressing cells

e A: D-HZ0E . D-S0l . D-H AR K BB s B
H 2 D-Glase Fl D-Llase F AT B 240 2% f6 D-H 45 B At 5
C: % D-Glase il D-Llase I RIGHT B ANILEE b DA FHRAN A

Note: A: The HPLC results of mixed standard sample of D-glucose,

D-mannose and D-fructose dissolved in deionized water; B:
Reaction with E. coli cells not harboring D-Glase and D-Llase; C:
Reaction with E. coli cells harboring D-Glase and D-Llase.
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[@, {BART 4. cellulolticus D-Glase ) Fid i &
(80 °C)P'1, JHEEAE 60—75 °C JuEN, dhFikik RN
BRI AT AR RIEEG 60%L I, 7E 80 °C IF4:i%
&l 5B R T HFRGAARREHITE 50, 55, 60,
65 °C 4 FIFE R PG ETER L. BAMECYIR
JE/IVF 60 °C B, SEFGAIAR R AR AR A
?F%"ﬁ-f‘ré BILFERIRZRBHE 50, 55, 60°C FIFE 2h
Ji, IR R EEAAHRTEE 2 BRI B R R
52%. 37%H1 33%. 7£ 50, 55, 60, 65°C T, D-Glase
M D-Llase 335 RGMFEIH $(ka)h 0.391 8.
04925, 06610, 1.0183h", MR 11,=In2/kq i

AR R B 177, 141, 1.05, 0.68 h,
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Figure 5 Effect of temperatures on the activity of the
co-expression enzymes

T A JERAARINIREIRE; B: LRBHARMIR e

Note: A: The optimal temperature of the co-expression enzymes; B:
The thermostability of the co-expression enzymes.
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2.3 pH M HFIXKRBE RN

ML 6 W], e ik ik R Bl pH R 6.0 (6
MRELZ MR R), MKTUFE A. cellulolyticus D-Glase
(pH 6.5)2F1# 25 P. bacterium D-Llase (pH 7.5)%,
It BAE pH (B K 6.5 F1 7.0 B AT 43 SR dr 5 A P
90%7F1 52%, {H>4 pH {H>4 5.5 F1 7.5 BF, AHXFIE T
2RI, 2PN 21%F0 1%, Fikgh Rtk
R RBERIE TR 2 % pH R, 7555 BRI BE (pH
6.0—6.5) 554 T AT LMRFFHRAIE M o BT D-
HERR AR50, RS Bk PR 5L Rl LA
ARENHIAKIE A DB SRR AR RN, B 1E
AR R AR s B P A IR T oA
Tl Az 7= D-H- #E b v e AL
24 ERBFXMHFJIEAKRREFEMHRF D

G I B F A AL o R R 1 R B IR
BT, FEREAHEIL SR H 2 R SRR VR
ARSCHFSE T AR M 4 i i 1 o I Sk R 2R A
TRTE BRI, ARSI 42 I8 B I RN R G
ZSEXNTIRLL, R 1 TLIEH, & Txbgk
TR R BHOAEALTE J1A HEB RIS . 24 Cu™ L Ca™"
Ba™ fEAENT, B R SRR A R BEE VL 5
mi; 24 Co*". Zn®'. Mn*", Mg®, Ni*', Fe*'ixut
G BB e R YRR AR B R o T LRk R R
BRI L, o Co™ fEAEmT SR IR R M B

100 - - —a— Acetate buffer
F —e— Phosphate buffer
_ L —a— Tris-HCI buffer
e 80
=
i
Z 60|
3 I
o
2 40t \
=
2 \
20 "
5.0 6.0 7.0 8.0 9.0

pH

6 pH X ILRIAKREGTE ERIFND
Figure 6 Effect of pH on the activity of the co-expression
enzymes

x 1 ERBTHHFAFRBREAFEEMNZWARXE
MHRZE, %)

Table 1 Effect of metal ions on the activity of the
co-expression enzymes (relative activityxerror, %)

#JREF  WJE Concentration (mmol/L)

Metal ions 0.5 1.0 3.0 5.0

Blank 0 0 0 0

Co*" 85.542.32  100£0.31  103+1.22  104+2.08
Mn** 8.43+0.56  8.84+0.38 8.14+0.43  8.02+1.29
Ni** 19.88+2.16  21.77+1.17 18.0£1.53  16.72+3.21
Fe** 6.52+0.89  6.80£0.30 5.73£0.36  5.12+0.75
Zn** 1.06£0.72  2.7240.52 1.51£0.95 0

Mg** 212+038 4.08+0.61 20.0+1.23 0

Ca*" 0 0 0 0

Ba®" 0 0 0 0

cu* 0 0 0 0

RiEME, HAERHRER 5, RN GJE B T
AN AL, KRBT, iR T D-Glase
F1 D-Llase f&4 J@ & FHibEmg . B4, BT LIE
H C02+\ Zn2+\ an+\ Mg2+\ Ni2+\ FeerjilEét}E
BFRIEinE N 1 mmol/L B KARE it s T4
FEARRREHEACIG I, A aE A& .
2.5 LI D-BEEEAKRYES” D-HEBHIAR
T ES1 T (pH 6.0, 70 °C, 1 mmol/L Co™),
g FHM 4T pCDFDuet-Acce-DGI/Peba-DLI %,
IR E A KA, LIRITAGR B 40 100,
300, 500 g/L ) D-#i%gm A D-H &b
K 7 s, 165, 8. 10 h J54r BlAREHRR A .
i S AR 2 ) D-ABE TR A0 422, 112.8,
185.0 g/L, 43REoRt 42.2%. 37.6%F1 37.0%H)%%
b2 D-H Rk B 430 13.8.38.1, 62.6 g/L,
AHR AL 500 13.8% ., 12.7%F1 12.5%, ik
B AG) , D-4ARE . D-SBER D-H #F
it 278 50:37.5:12.5, Hj, BAURSIRE AR
AR R & RN B VT 2 RE A fk e b AR Ak
PR T B A ep, SR RS, X
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Figure 7 The production of D-mannose from D-glucose
substrate by co-expression E. coli cells

T: A: 100 g/L D-#%58; B: 300 g/L D-#i%54%; C: 500 g/L D-
HAIHE.

Note: A: 100 g/L of D-glucose; B: 300 g/L of D-glucose; C: 500 g/L
of D-glucose.

K k! SRR D-SRpEl D-4
EFER A" D-THEEME, 13k 2 Fis, D-Llase
il D-Mlase W] LUK D-2R05 B30 D-H #56%.
N, SRIET Thermosediminibacter oceani W EEZH
D-Llase, 7E pH 6.5 1 65 °C L& 1 mmol/L Mn* "7
TET, LL 400 g/L D-SRBE N PR 9 h 545 21 i
WeFE Ry 101.6 g/L 1 D-HERHE, Sk 25.4%9;
[ Ef K B Agrobacterium radiobacter 1Y) D-Mlase [
V5 200 g/L D-RBEREHIFER, 76 pH 6.5 1 55 °C 4%
PFFRY 14 d, FTRAM 180 mL BYFHIRPIFE] 9 g
(9 D-H R, RAELL D-FE R A D-H Sk
ARG R AR, AIRY) D-REE I = T D-
RS, ORI T A AR Ak, A
SCHRRIE SR F Caldicellulosiruptor saccharolyticus 1)
CEase Al D- izl B 60 D-TH #28%, L1 500 g/L
D-#I%IWE MY, 16 pH 7.5 F1 75 °C &0 F, Kl
3 h "4 75 g/L 1 D-TEE WA 47.5 /L (%) D-A44,
D-# % . D-SRBEA D-H 250 i e 2k
75.5:9.5:15, AR D-HEHEEEIERL K 15%,

Tk, B 1B FAU R 90 )\ D-i b B 4%
A= D-HEgh . BN, Kk Pseudomonas sp.i
D-Mlase IR Streptomyces sp.fJ D-Glase fiIlA %)
300 g/L D-#iZER AR T, D-Glase H] LUK
D-# &L E N D-SEHE, D-Mlase #—#2K A w1
D-SRBEHEAL ARG D-H8abE, KW 40 h )5, 155
114 /L 1) D-FH1 36 /L (1 D-H #8248 , D-455 |
D-JRBEFN D-H R W EL 200 50:38:12, AR
D-H B IEALR2 N 1291,

R &, AT = LE A — g i vh 3k 3R ik
D-Glase 1 D-Llase, LA D-#jZ5H MY —a4:
77 D-HEEHE, AMARE TR Akt B L 98 T
MR BT T FRSAS , RIS, —Bmyk A ek T 43t
R, $20& YRR b T iE Rk R G
FAESCE, AER pH., REMR N RGEH 4R
BFNAERS T2 XEEMEN. B, R
D-Llase A] LLKE D-RbiFA0 S D-THEghl, (A2 H R
IS DRI, BRI, KR A5 AT HTiE
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Table 2 Enzymatic-conversion approaches for D-mannose production
7] i FEAEH A1 ESIN 7 JERYIHR LI SCHR
Substrate  Enzyme Catalyst Condition Expressed strain Substrate Conversion rate (%) References
concentration (g/L)
D-5ibh D-Mlase Free enzymes  pH 7.0,45 °C  B. subtilis 600 25.0 [15]
D-fructose D-Mlase Immobilized  pH 7.5, 55 °C Agrobacterium 200 25.0 [27]
cells radiobacter
D-Llase Free enzymes pH 6.5, 65 °C E. coli 400 25.4 [14]
D-#i%kF D-MEase Free enzymes pH 8.0, 50 °C  E. coli 500 24.4 [18]
D-glucose CEase Free enzymes pH 7.5,75°C E. coli 500 15.0 [17]
D-Glase, D-Mlase Free enzymes pH 7.0, 50 °C  Streptomyces sp. 300 12.0 [16]
Pseudomonas sp.
D-Glase, D-Llase Free cells pH 6.0, 70 °C  E. coli 100 13.8 AR
This work
TE R IAE | BENLIEAE AT R AR S5AL A4 5 ) AL A 2051-2062

JriEX D-Llase #H47EYIRE S HE 43 F1EM,
HREM L Tl T2 A D-Llase,

3 4

ARICKHKE A. cellulolyticus 1) D-Glase F12K H
P. bacterium 1109 [ D-Llase, TE E. coli BL21(DE3)
AP ILERIR L — 5 R D-# A R A
7= D-HEEWE, A pCDFDuet-Acce-DGI/Peba-DLI
1 2H JTORE % O - TR A0 3 8 3 A R B d TR
70 °C, TEMEIRERZE M (50 mmol/L, pH 6.0)FF#sHN
1 mmol/L Co™ B B R it Kidibh . TERAELRMT,
PRI RGEATHEAE 100 g/L 1) D&M =4: 13.8 g/L
) D-H#h. TERFIRN-FH)s, D-#% b, D-
RBEA D-HEE AP B LL 29 50:37.5:12.5, AL
B, ASCEEM AR DA% A D1
FaMl, 7ELMVAE™ D-H P AR I A
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