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T o AR P B3 (Carbon catabolite repres-
sion, CCR) &N, 2 DIt 56 ) FH 3 4 -1 010 ) R b
100 DT 5 BOIR A B R AR AN | R I8 T )
o B, Gl AR CCR 800, 3 5 TR 5 0 1) [7)
AT, DA 246 8 1 P T, B o M) PH A Joit 47 4 3%
VR JEURHIEA T S 8 A 7 i A5 gk A 14 ] 7

A WU W BEV% (Synthetic microbial commu-
nities , SynComs ) F T B8 Bk = [0] A B P E Rl 2 B4k
PR B R AE AT 0 A DB A 1 2 AR
TR A A A PR, RARA R TR
B e Tl RE R AR W BE o FIER I R4 vh
BN Z B AR, A 18 A URUE P RETE AR
WA BT T 4 32 IR 5, DUOR 97 R85 B IR Tk i
AU AN, Capilla 558545 F L E T TRAR I, 5
h J5 PP R T B AT W, 2k Y pH R
Jrik M 60 o/L A A - AR 51 (30 1) 47
- T B - B (ABE) ,ABE 72 £ )\ 9.5 /L 42 7}
£ 13.1 g/L, EABERI 42 5 94% ., Flores %17
Sievert S5 F W Bk £ B T R2 18, A 100 /L %
W E-ARBR G (2: 1) KB O, S 77 i
46 g/L, Saini ZFPMEHIW R GE T BE T AR A 7R
20 g/L ] B - AHEIR S0 (20 1) & B30 h A
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PR 52 gL IE T BE, & BUSA W RETR N R &
T[] 20 1) T AR AL T ke T

AR 5T 1 RED [R]85 40 35 AR X K i #F
TR BT 110 7 2 A R R 3 R DRy R AT e
MR AT E TREEN SRR, Dk g
CCR %W, 48 iR A v R R A80% o Tl & b

A BT 4 3R 8 )™ L-FLIR P S8

1 #R5FZE
1.1 EHRE R

ABIETE T R BRAR FUBORL AN R 1 7R, Kk
R bR -5 TIOR8 ph AS S0 % PR AT

F1 HEERFRK
Table 1 Strains and plasmids
T kA R A (R kR
H A
XM AF A (E. coli)JH16 E.coli B, AfrdBCApfIBAackA AadhE,ldhA : :ldhL [22]
XM AF A (E. coli)JH16031 E.coli JH16, AxylFGH A xylE AxylA KA
KW AT (E. coli)JH2705 E.coli JH16, AptsG AmglB [22]
X WA 8 (E. coli)JH27071 E.coli JH2705, Acrr AmalX A galP KBTI
i
pKD4 Kan'; FRT-kan—FRT [23]
pKD46 Amp"; Red recombinase , temperature—conditional, bla [23]
pFT-A Amp";flp , temperature—conditional [24]

1.2 FZEiHA

DNA marker, TAKARA 7 %] ;PCR Master
Mix, Vazyme 23 1) ; 2 N & %5 % . R R, Mersco
2wl PCR 519 i R 28 B (D) BB A BR 5T
A G W, ST el A s AR e LRSS,
281,
1.3 EHFE

LB AR #5310 o/L HE IR, S o/L BEREH
5 /L A ALEN ;LB AR 37 5L LB AR B 3= SE rh i
15 o/L B BEFEE IR AL (LB KRR FR A o
PUAEER (50 mg/L &N 8 R R IRE R ) ; KB
FEEL MR M9 FE R

R MO BEAKE SR AL . 15.11 g/l Na,HPO, -
12H,0,3 ¢/l. KH,PO,,1 ¢/. NH,CI,0.5 ¢/. NaCl,
NI 0.1%MgSO, F 0.19% 1 1 42 J& B ik 75 >,

i 4 B T 0 A WAL K . 2.4 /L FeCls -
6H,0,0.3 g/I. CoCl,-6H,0,0.15 g/I. CuCl,-2H,0,
0.3 g/l. ZnCl1,,0.3 g/l. Na,MoO, -2H,0,0.075 ¢/L
H;B0s,0.495 ¢/I. MnCl,-4H,0™,
1.4 UHF5EE

Sartorius BB—-8846880 W% il , 7& [ Sarto-
riusStedim Biotech 23 &) ; Waters e 2695 %l 5 &0

TR, 36 [F Waters 23 ] ;mycycler PCR 4%, 32
[E Bio—Rad 7~ ] ;MicroPluser HL# 1%, 3&[F Bio-
Rad A ] ;722s AT WL A0 O BT, L3 AR R AY
AR AHE

1.5 H—RBEEXBEKBAER X

1.5.1 AR FH 4 285 05 % 19 DA AR JH16031 11444
% RED [] 5 8 4 HOR 78 TH16 myE&Aitl | 4K
i bR AME ATP {8 AU 55 32 35 (A 4 i 3% 5] xyIFGH,
AHE HA L e 32 25 1 5 SE D) oy B, AW 54
ifg R oyl A o B die 2K R T O A Bl K1 M9 85
Fe i BB E ) gL 8 AL L E B bk
2 JH16031, SR bR 5| ) Fn 4 5 51 i it n
2 Fian, LD RIS AR B Zhou SR Tk
JLJFBRANN BT a bR 51 x| 35 4 5 5 b i 4
FEH AR, #5 pKD4 H ) FRT-kan—FRT
JPHI R DL pKD4 AR #6417 PCR 744 ¥ 4lifk
J& 1) DNA HTH0 5 B il oo iy 28 FL i O ik B e AT
F A (b5 5747 pKD46 JFkr ) 7 W] 5 5 41
Ve T I K P 909 & 4 FRT-kan—FRT J7
S DNA FTH# Fr Beaf il R E: 2R Pk Vi
i 0 B PE 72 B, 938 i PCR EAT 8 5831, LA
S I 5 R e o R T R R R pFT-A 4k
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A% PCR 56 31F JC 1% () BH A va B 4i i b, 38 i i

R £,

T FLP B4, # RIRHERPUIE R iC AR @

®2 MENFRABEELEEK JH16031 B1514

Table 2 Construction of primers for only using glucose fermentation strain JH16031

5l 4 & AR A (5°-37)
AxylFGH-P1 TGTTACTTATTAAAACTGTCCTCTAACTACAGAAGGCCCTACACCGTGTAGGCTGGAGCTGCTTC
AxylFGH-P2 GTTTGGTTGCGGAGTCCATCCATACTGCCAGCAACAGAATCGCACTCCTCCTTAGTTCCTATTCC

Verify— AxylFGH-P1
Verify— AxylFGH-P2

AxylE-—pl
AxylE-p2
Verify— AxylE—pl
Verify— AxylE—p2
Verify— AxylE—p3
Verify— AxylE-p4
AxylA—pl
AxylA—p2
Verify— AxylA—pl
Verify— AxylA—p2
Verify— AxylA-p3
Verify— AxylA—p4

TCACCCTTTGCACCTCACTC

GCGCTTGCTCGATCTGTTTG
ATCAATGCACTGATAAAAGATCAGAATGGTCTAAGGCAGGTCTGAGTGTAGGCTGGAGCTGCTTC
AAAAAGTCAGCACGCCGAAATGGCGCGGCGTGCTGGACAGGAAGATCCTCCTTAGTTCCTATTCC
GTGAATCCGCTGCCAACTCC

GCCAGAACGCCCATACAACC

ATGAATACCCAGTATAATTCCAGTT

TTACAGCGTAGCAGTTTGTTGTGTT
GACATCATCCATCACCCGCGGCATTACCTGATTATGGAGTTCAATGTGTAGGCTGGAGCTGCTTC
GGTATCGCTACCGATAACCGGGCCAACGGACTGCACAGTTAGCCGTCCTCCTTAGTTCCTATTCC
ATCCCGACGAACTGGTGTTG

GTGAAACCGCCTGCTTTGAG

GCAAGCCTATTTTGACCAGCTCGAT

GTCGAACAGATAATGGTTTACCAGA

1.5.2 R FHACHE & B2 8 /& JTH27071 FFa I
1.5.1 W T kR A, 7E JH2705 1Y FE il
b, AR R I T T i T T T T S O R B RS T R 4

LN malX, A FUME R P AR galP, R K
3 ) AR B0 1 MO 15 3R (2% A ) I 7% 4
A8 8 AL LAY B Bk fim 44 o JH27071

{18 ol A T8 55 2 1 T e, 22 2P WA SRR

®3 MEBNFRAKRELEEBEENK JH27071 B95]14

Table 3 Construction of primers for only using xylose fermentation strain JH27071

5l 4 & AR A (5°-37)
Acrr-P1 GCTAATCCACGAGATGCGGCCCAATTTACTGCTTAGGAGAAGATCGTGTAGGCTGGAGCTGCTTC
Acrr-P2 TAAAAAAATGGCGCCGATGGGCGCCATTTTTCACTGCGGCAAGAATCCTCCTTAGTTCCTATTCC

Verify—Acrr—P1
Verify— Acrr—P2
Verify—Acrr—P3
Verify— Acrr—P4
Verify— Acrr—P5
AmalX-P1
AmalX-P2
Verify— AmalX-P1
Verify— AmalX-P2
Verify— A malX-P3
Verify— AmalX-P4
A galP-P1

A galP-P2

Verify— A galP-P1
Verify— A galP-P2

ATGGGTATTAGCGGCTTGGG

GCTACGCAAAGACCATCCTG

ATGATGGATACTTTCTCGGC

ATGGGTTTGTTCGATAAACT

TTACTTCTTGATGCGGATAA
GCGCAATTTACTGAATCCAGATTGTTCTCTACGAGGAGTCGTTTTGTGTAGGCTGGAGCTGCTTC
GCCATGACGATCCACGACCTTTGAAAAATCGAACATATCTTATCCTCCTCCTTAGTTCCTATTCC
ATGGGTATTAGCGGCTTGGG

ATTCCAGCGGTTCGGTAGTG

ACACCACCGTCTGAGAATCG

CTGGGCACAACAGACAATCG
ACCTATCTTAATTCACAATAAAAAATAACCATATTGGAGGGCATCGTGTAGGCTGGAGCTGCTTC
CTGCAAGAGGTGGCTTCCTCCGCGATGGGAGGAAGCTTGGGGAGATCCTCCTTAGTTCCTATTCC
CCGCCCGCACAATAACATC

TGGATGGCGATAGGGAGAC
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1.6 ZREEEMIWAE

PRI & B FH 500 mLL 20, 2% i & 400 mlL,
i I B8 R 50 of L 1) 45 W5 — A WR R & 4 (EL 131
K 3:2), M IUIER ODao THH 0.5, K555 5510
37 °C,200 r/min, f#JH 40 g/L ) CaCO; 815 pH
. JH16031 F1 JH27071 4%R0 L Jg 1:1,1:5,
1:10,1:50,1:100,

KRWETER AT S L R e, LM 4L, ff
FHY 05 R 100 o/ L 197 2 B — AR BEIR A0 (LB
1 3:2), M PR ODeon THH 0.5, K555 5510
37 °C,200 r/min, {# 1 200 g/L & Ca(OH), ¥ 77
pH {H., JH16031 F1 JH27071 £ HLI N 1:1,1:10,
1:50,

{1 7228 7] LA EIEEE T FE OD g A0 A5 I

35¢
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ARG N, [ Waters e 2695 Y &= % W AH
CGEACHEAT W) A Py, 15 ] PDA A 25 46
W L—ZL PR o7 & v B AT LS G 0 45 A 00 48 2
5B B O, (35 4 ) Aminex HPX-87H,

WA R 5 mmol/L. H,S0,, i K 0.5 mL/min, #
iR 45 ¢,

2 #HER55MH
21 XBHE L-ABIE
BEHT

7 JH16 A9 IERE b 38 1o 56 8 o o F B, F
T BB R 4 HE Y TORE R BR JTH16031 Fi1 BB
FHACHE A9 TR 8 R JH27071, 7£ 30 gf/L 4 %5 55 F1
20 o/L ABEIIR A M P 24T R BERE 5%

BEHRRE S ER B

25¢
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Fig.1 Fermentation characteristics of E. coli L-lactic acid engineered strains using glucose—xylose mixtures

WE 1 FTR,JHL6 FEIR A58 K B 0L,
EPWEAE 72 h INTHAESE , THAEHUR (416£0) mg/
(L-h); H1F CCR %N, 7 i %5 B8 #E 58 5 , AT
G FEARE, KEEZE 96 h BHUINFE 169% 19 AR,
AW AEE RN (34£2) mg/(L-h) (& 1a 1 1b),
L-FLIR™ % (25122) mg/(L-h) (K 1c) . JH16031

IR G RERTEN DU R A HAE 72 h WIHAESE, 5
JH16 Z5L (& 1a), 1 AKE A 4% A (B 1b) , b B
xylFGH  xylE Fll xylA #9555 W] LABH 1R AOWE 1 5% iz
AR, 8K T XoF 47 26 M 110 % 1 oK 6 TG (0 25 Mk S
T ABERBF, FLRREL K (E o),
L-FLIR =2y (227+3) mg/(L-h) ,JH27071 fEiR4
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WER BN DL T A A0 AR A, B0 pesG  mglB,
crr ,malX F galP B3 AT LABH 1k 45 4 19 e iz &
AR, i ABE QAN 2 CCR 200 A5 i) 5 A% 16
84 h INTHFESE (Bl 1b) , A WH I #& 3 2R Oy (24420)
mg/(L-h),L-FLW2 7" %4 (142+2) mg/(L-h), H1k
Al L JH16061 F1 JH27071 € ik 2 78 1R & b & 1
B, £ B ORI I — B 5 Y H R R TR
G A I RETR AT IR B0 R
22 ABHEAREYMBEZREGHEABBELR
Hk

B bR TH16031 F1 JH27071 15 3500 8 K
FEOR G A BT, IR & W R A 7= L-3L
B2, 3k 4 A 2 s E ek AT 101 IR A HE A
o9 BEAT BRI R I, A AT HETE 60 h INIHAESE 1R

T JH16 LI5S 72 hy MR BE R 96 h B, f1 46%1)
MR A, SR Gk 2 78% , T JH16 H
B FREE R 66% , VLW BUE PR TR S HE T LA 3L
P2 R IR A I R AL | 5 S 2o R A LA
2 it v T 2 RO AR R R, Ak
LRI AR L-FLRR T fE

YR & 96 h I, JH16031 F1 JH27071 fY
FEAP OGS 121 I 3 4 A TH AR B AR (604+29)
mg/(L-h), R BEIHEFEH 2 (95£5) mg/(L-h), bl
& JH27071 4% R0 HL B3 K ,1:5,1:10,1:50,1:100
F1%) ] 2] W T FE R A0 IR AIRZE (345+12), (307«
7),(286£7), (292+1) mg/(L-h) , ifij AHH I #E 8 %
AR TR (125+7), (193+11), (276+9) , (333+1)
mg/(L-h) , A J& S o B 42 R Lo A5 B (AR B

R4 KEVHEEHREDHERGERBER

Table 4 Fermentation of E. coli SynComs using glucose—xylose mixtures

KB $E AR &% Be il AL Emg/(L-h)|  L-SLBR = 5/ b/
JHI6031:JH27071 % &4 KA YA GEE KA [mg/(L-h)] %
111 100 £0 46 £2.5 78 + 1.0 604 + 29 95+5 275+ 16 66 + 3.0
1:5 100 £0 58+3.4 83+ 1.1 345+ 12 125+7 273 +28 60 +2.1
1:10 98 +2.3 9153 95+3.6 307 +7 193 + 11 276 + 17 5432
1:50 9223 100 + 0 95+ 1.3 286 +7 276+ 9 275 + 14 54+5.0
1:100 93+0.3 100 £ 0 96 + 0.2 292 + 1 3331 283 +24 56+4.5

JH16031 1 JH27071 By EzFh L5l Ry 1:5 B,
HIAIHETE 96 h HFE 5T (& 2a) , AME ] FH R 42 T+
2 58% (1l 2b) , SARKE R H 242 T+ 2 83% ; #2
Fefil o 1:10 BF, & B 2 96 h, AN A /b 42 4 % B Al
A A T FE (B 2a .2b) 5 T $E Rl HE 4 1250 Al
1:100 B, KB 96 h, (A /b % B AR T4 #E
(Kl 2a), BEE JH27071 M HERD LIRS K, 1: 10,
1:50,1:100 Ay 8 R A 250 00 32 F+ & 95% ,
95% ,96% , H.A 5 14 #E A [1] 43 31 4 4 25 96, 84,60
h(&¥ 2b), ULBHAEIR AW R BERT , & i E YRV, e
hE TP ) CCR 0N, DA T 52 B0 AHE 5 7 4 1% 1)
(] 25 R B v SN ) P 258 4 i R A e [

JH16031 Al JH27071 (P ELAB R 1:1,1:5,
1:10,1:50,1:100 B, L-FLER = K 505k (275
16), (273 +28), (276 +17), (275 +14), (283 +24)
mg/(L-h), JTCWEVE2Z R W5 L2550
66% ,60% ,54% ,54% ,56% , FEFPHHI R 1:10,

1:50,1:100 F 85 IR i Ak R S5 4R LUl 101 1
1:5 (RERR % AL FAH L A7 B A © AR AT
VAR FH A A 1 LR 1) W T e A A1 1) P i 4
WA 7L R 14 A PR 7 A6 % (1 mol 41 45 i BEIE 5 1k
A8 2 mol FLIR , 1.2 mol A B #1546 Ak A= i 2 mol
FLE2 ), 4 JH27071 M Fh & Ho3s K, & e
& ORI A B A L R B 40 B EL 386 i, ]
REF BB IR L AL R T I

JH16031 A1 JH27071 BRI LA 1:1,1:5,
1:10,1:50,1:100 B}, e K 0D 125 8 FEAS , 5351
N 4.16+0.06,4.00+0.08 ,3.78+0.03,3.70+0.25,
3.24+0.06 (&l 2d), X Al gt 5 JH27071 766 i
PR VR T o5 A oG TE IR A W R I e
JH27071 1 #5 K ODgnn M 3.58+0.05,JH16031 1)
K ODgoonn M 4.14+0.05, AT W, JH27071 ()4 K
FART JH1603 (K 1d) , 725 AR W I v& A e g
o, 2 JH27071 FO 42 FR & HE3E R A, & A W VR
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Fig.2 Fermentation of E.coli SynComs using glucose—xylose mixtures

23 AXHHBEEREYHELABRRESHEARE
=

3 oA, ASESE DL JH16031 5 JH27071 4]
BRIEFPEE N 1:1,1:10,1:50 4l 1] % Wi ok — 46 ok
TR W EREEREI S, IR A WS I it vk B 32 T
Z 60 o/L #ZE B 40 o/ ABE B K B B0
5 A 3 Fis  JH16031 5 JH27071 5 L K
L1 B RIS T d5 5 0 4 A R R e ik 8 T
(1011£0) mg/(L-h),1:10 F1 1:50 4+ 514 (851«
0) mg/(L-h) F1 (705+0) mg/(L-h), &AL T
16% 1 30% , 5 47 & FE A L2 (1B 2a 3a) 511

) A T FE R AR AL T H B WA A S] (34246)
mg/(L-h),1:10 F1 1:50 4354 (383+0) mg/(L+h)
F1(435£0) mg/(L-h), 5382 T+ T 129%F1 27% , 5
PRI R BEG LS (18 2b #1 3b) . L-FLIRSE R B
/RL,JH16031 5 JH27071 4%/ 6K 1:1,1:10,1:50
BF B R 5% AL R 43 90% ,91% ,91% , Gtk 3 %
53 JH16031 5 JH27071 £8P Lb>A 1:1 B L-FL R
A2 PR AR (761+12) mg/(L-h);1:10 Al 1:50 #Y
L-FLWR A 7= 5 Ry (869+13) mg/(L-h) F1 (951 +
17) mg/(L-h)  AHES T 121 R0 77 8, 20 B3R T
149%H1 25%., 4 JH16031 5 JH27071 %146 3R 1L
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—P K JH16031 5 JH27071 R0 1L Ky 1:10 Fi
1:50 B9 & BEAL 3, IRAGHER B 46 58, L-FL IR
A PR ECR T

g 1:10 A1 1:50 B, 7 AR KR (24 h M) AY A K
HRALT 121 A L6 (1 3d) , X 5 B0 A& %
st L5 2] ) 15 T — B, 7F R BEWETR B0 & e st | 1E

K5 KEMEAHENHERBRREGHEARRELR

Table 5 Fermentation of E. coli SynComs using glucose—xylose mixtures in fermenters

KB B ¥ A R 2% i K A1k & /[mg/(L-h)] L-3Ug = &/ e BR F-4: -
JH16031:JH27071  # &4 K AE ps¥ BEAE K [mg/(L-h)] HBAEI% B K/h
1:1 100 £ 0 100 £ 0 100 £ 0 10110 342+ 6 761 £ 12 90 £ 0.6 120
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Fig.3 Fermentation of E.coli SynComs using glucose—xylose mixtures in fermenters
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Constructing Escherichia coli Synthetic Microbial Communities for Simultaneously Utilizing
Mixed Sugars to Product L-Lactic Acid

Qiu Weiyue, Li Min, Chen Siyu, Zhao Jinfang, Wang Jinhua, Zhao Xiao"
(School of Life and Health Sciences, Hubei University of Technology, Key Laboratory of Fermentation Engineering,
Ministry of Education, Cooperative Innovation Center of Industrial Fermentation, Wuhan 430068)

Abstract Objective: To achieve the simultaneous utilization of glucose—xylose in the fermentative production of L-lactic
acid by Escherichia coli. Methods: E.coli JH16 (E.coli B, AfrdBCApfIBAackA AadhE ,ldhA: :ldhL), an engineered L—
lactic acid productive stain was chosen as start strain, and the xylose transport and metabolism relevant genes xylFGH,
xylE, xylA were knocked out by Red homologous recombination to get an xylose utilization deficient strain, E.coli
JH16031. The glucose transport and metabolism relevant genes crr, malX, galP were also knocked out from E.coli
JH2705 (E.coli JH16, AptsGAmglB) to get a glucose utilization deficient strain, E.coli JH27071. The two resulting
strains were co—cultured to form an E.coli synthetic microbial community. Shake flasks and 5 L fermenter experiments
were carried out to optimize the inoculum ratio of the two strains of this synthetic microbial community for mixed sugar

fermentation. Results: When using 60 g/L. glucose and 40 g/L. xylose for fermentation, with an initial inoculum ratio of 1:
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50 between JH16031 and JH27071, initial ODgy,,=0.5, the community has the the highest efficiency for sugar utilization,
consuming 97% of total sugars in 84 h and ending the fermentation in 96 h. The L-lactic acid yield reaches 92 g/L., and
sugar—acid conversion rate is 91%, with glucose consumption rate as 705 mg/(L-h), xylose consumption rate as 435 mg/
(L+h), L-lactic acid productivity as 951 mg/(L-h). Conclusion: The constructed E.coli synthetic microbial community
enables the simultaneous utilization of glucose and xylose for L-lactic acid fermentative production with mixed sugars as
carbon sources, which may benefits the usage of low—cost lignocellulose in industrial fermentative process with improved
sugar utilization efficiency.

Keywords Escherichia coli; synthetic microbial community; mixed sugars; L-lactic acid



