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Metabolic engineering of the substrate utilization pathway in
Escherichia coli increases L-lysine production

XU Xuechen', WANG Haomiao', CHEN Xiulai', WU Jing?, GAO Cong', SONG Wei’,
WEI Wangqing’, LIU Jia', LIU Yadi'", LIU Liming""

1 Key Laboratory of Industrial Biotechnology of Ministry of Education, School of Biotechnology, Jiangnan
University, Wuxi 214122, Jiangsu, China
2 School of Life Sciences and Health Engineering, Jiangnan University, Wuxi 214122, Jiangsu, China

Abstract: L-lysine is an essential amino acid with broad applications in the animal feed, human
food, and pharmaceutical industries. The fermentation production of L-lysine by Escherichia
coli has limitations such as poor substrate utilization efficiency and low saccharide conversion
rates. We deleted the global regulatory factor gene mic and introduced heterologous genes,
including the maltose phosphotransferase genes (malAP) from Bacillus subtilis, to enhance the
use efficiency of disaccharides and trisaccharides. The engineered strain E. coli XC3 demonstrated
improved L-lysine production, yield, and productivity, which reached 160.00 g/L, 63.78%, and
4.44 g/(L-h), respectively. Furthermore, we overexpressed the glutamate dehydrogenase gene
(gdhA) and assimilated nitrate reductase genes (BsnasBC) from B. subtilis, along with nitrite
reductase genes (EcnirBD) from E. coli, in strain E. coli XC3. This allowed the construction of
E. coli XC4 with a nitrate assimilation pathway. The L-lysine production, yield, and productivity
of E. coli XC4 were elevated to 188.00 g/L, 69.44%, and 5.22 g/(L-h), respectively. After
optimization of the residual sugar concentration and carbon to nitrogen ratio, the L-lysine
production, yield, and productivity were increased to 204.00 g/L, 72.32%, and 5.67 g/(L-h),
respectively, in a 5 L fermenter. These values represented the increases of 40.69%, 20.03%, and
40.69%, respectively, compared with those of the starting strain XC1. By engineering the
substrate utilization pathway, we successfully constructed a high-yield L-lysine producing strain,
laying a solid foundation for the industrial production of L-lysine.

Keywords: Escherichia coli; L-lysine; metabolic engineering; substrate utilization
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FIN dapB fFREAREE AL, ff L2 R i A
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Table I Plasmids and strains used in this study

Plasmids and strains Relevant characteristics Sources

Plasmids
pTargetF sgRNA Lab store
pCas9 araBAD promoter, Kan® Lab store
PEM pBR322 ori, Prs, AmpR Lab store
pEM-gdhA pBR322 ori, Prs, Amp®, gdhA This study
pEM-gInA pBR322 ori, Prs, Amp®, ginA This study
pEM-amtB pBR322 ori, Prs, Amp~, amtB This study
pEM-gItBD pBR322 ori, Prs, Amp®, gltBD This study
pET28a pBR322 ori, Py, Kan® This study
pET28a-1 pBR322 ori, Pry, Kan®, KoNasAC This study
pET28a-2 pBR322 ori, P17, Kan®, PpNasB This study
pET28a-3 pBR322 ori, Ppy, Kan®, RcNasAC This study
pET28a-4 pBR322 ori, P17, Kan®, BsNasBC This study
pET28a-5 pBR322 ori, Ppy, Kan®, PsNasC This study
pET28a-6 pBR322 ori, Py, Kan®, BmNasBC This study
pET28a-7 pBR322 ori, Ppy, Kan¥, RpNasA This study
pET28a-8 pBR322 ori, P17, Kan®, MgNasA This study
pET28a-9 pBR322 ori, P17, Kan®, AvNasC This study
pET28a-10 pBR322 ori, Py, Kan®, KoNirD This study
pET28a-11 pBR322 ori, Pry, Kan¥, PpNirBD This study
pET28a-12 pBR322 ori, P17, Kan®, RcNasB This study
pET28a-13 pBR322 ori, Pry, Kan®, ECNirBD This study
pET28a-14 pBR322 ori, P17, Kan®, BsNasDE This study
pET28a-15 pBR322 ori, Pry, Kan®, PsNirBD This study
pET28a-16 pBR322 ori, Py, Kan®, BmNasDE This study
pET28a-17 pBR322 ori, P17, Kan®, PdNasBG This study
pET28a-18 pBR322 ori, Py, Kan®, KpNasD This study

Strains
Escherichia coli IM109 General cloning host TaKaRa Bio
E. coli M2019435 Derivative of E. coli MG1655 for producing L-lysine Lab store
E. coli XC1 E. coli M2019435 aspC-lysC-asd-dapA-dapB This study
E. coli XC2 E. coli XC1 Amlc This study
E. coli XC3 E. coli XC2 AcadA::malAP This study
E. coli XC4 E. coli XC3 AgntT::gdhA This study
E. coli XC3-1 E. coli XC3-pEM-amtB This study
E. coli XC3-2 E. coli XC3-pEM-gdhA This study
E. coli XC3-3 E. coli XC3-pEM-gItBD This study
E. coli XC3-4 E. coli XC3-pEM-gInA This study
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x2 AKARFERARSY
Table 2 Primers used in this study

Primers Sequences (5'—3") Size (bp)
mlc-up-F CCTTCCTGAATACCGACAACCATCAAC 27
mlc-up-R TGCTTCACCATAGCCTACAGAAGCATAACTTAGACTTTCAAGGT 44
mic-down-F TGAAAGTCTAAGTTATGCTTCTGTAGGCTATGGTGAAGCACTTC 44
mlc-down-R CATGAACCGCTTATGGCGATGAT 23
mlc-N20-F GGCGGAAACCAGACCGATGAGTTTTAGAGCTAGAAATAGCAAG 43
mic-N20-R ACTAGTATTATACCTAGGACTGAGCTAGCTGTCATCGGTCTGGTTTCCGCC 51
cadA-up-F TGGGGCTGCGATAGAACCG 19
cadA-up-R CCCATGTGTTGGGAGGGGCCTGGCTTGCCACTTCCCTTTTTTGC 44
cadA-down-F  GGCCCCTCCCAACACATGGGAC 22
cadA-down-R  GGCTCCTGGATGATGTTGGTAGG 23
cadA-N20-F GGATCTTCACGATACAGAGAGTTTTAGAGCTAGAAATAGCAAG 43
cadA-N20-R TCTCTGTATCGTGAAGATCCACTAGTATTATACCTAGGACTGAGCTAGCTG 51
mal A-1 TGAGCGTCTAGAGCCCCTG 19
mal A-2 AAATGGGGGAATTTCATTTATGATATGCGGGTTGGGCTTTG 41
malP-1 TTTCACACAAGGAGACTGCCATGATGCAAAAAATTCAGCGCTTTGGAA 48
mal P-2 TCCCGAAAAGGAGGGCAGTCTTTATTGATTCAATATTTTTTCCACACGCTCCCG 54
nirBD-F GCACTAGTAAAGAGGAGAAAGGATCCATGAGCAAAGTCAGACTCGCA 47
nirBD-R CCTTTCTCCTCTTTACTAGTGCTAGCATTATACCTA 36
BsnasB-F GTGGACAGCAAATGGGTCGCGGATCCATGAAGAAACAAAGATTAGTGTTAGCGGGA 56
BsnasB-R GACGGGCGCATATAAGAAAGGATGACTCGAGCACCACCACCACCACCACTG 51
BsnasC-F TGCCGCGCGGCAGCCATATGATGACTGAACGACTGCTTAGATATTTCCG 49
BsansC-R TGGATCCTTTCTCCTCTTTAATAAGCTTTTAAATAGGTATGATTCGGACGGCGC 54
gdhA-F CACCATCACCATCACGGATCCATGGATCAGACATATTCTCTGGAGTCATTCC 52
gdhA-R AGGTCGACCCGGGGTACCGAGCTCTTAAATCACACCCTGCGCCAGC 46
glnA-F GGTGCCGCGCGGCAGCCATATG ATGTCCGCTGAACACGTACTG 43
glnA-R TTAGACGCTGTAGTACAGCTCAAACTCTCTCGAGCACCACCACCACCA 48
amtB-F TCACCATCACCATCACGGATCCATGAAGATAGCGACGATAAAAACTGGGC 50
amtB-R TGCAGGTCGACCCGGGGTACCGAGCTCTTACGCGTTATAGGCATTCTCGCC 51
gltBD-F GCATCACCATCACCATCACGGATCCATGTTGTACGATAAATCCCTTGAGAGGG 53
gltBD-R AGGTCGACCCGGGGTACCGAGCTCTTAAACTTCCAGCCAGTTCATAATACCGT 53
gntT-up-F GTTACGCCATTCTGCAATTTGGC 23
gntT-up-R GATTTACCTGGCCTTTCATTTGTTATGG 28
gntT-down-F  AAATGAAAGGCCAGGTAAATCTAACACTGACTGCCGGATGCG 42
gntT-down-R  CTGGGAGTGCGGGGATCTAA 20
gntT-N20-F AGAGTACTTTAACCTGACTATGTTTTAGAGCTAGAAATAGCAAG 44
gntT-N20-R ATAGTCAGGTTAAAGTACTCTACTAGTATTATACCTAGGACTGAGCTAGCTG 52
1.2 FHi% E. coli MG1655 J& R4 it , @i PCR 434
1.2.1 EHHEHKEE AT o RV TRG R ZEHUAT 1R (Bacillus subtilis)f?)
LR B 5 %5 4% ] CRISPR-Cas9 # K, [ nasC. nasB. malA, malP L) B. subtilis 168

EA TR AR — A R E A ek, & RRE4UNER, @it PCR P3RS . AR
gdhA. gInA. gItBD., amtB. nirB. nirD LI FHAhIE R iy 970 4 e AE R A TR A A
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AT BRSO S A
1.2.2 ¥EFFHZE

85 3% . TR H A TP 200 pL &
W, AR 50 mL LB B30 =M,
37 °C. 200 r/min 214 T 15 %% 8 h,

FERH A . o e T3 35 e vh ) s W v B )
B 50 g/L, LA 15%IiEFh s Fh 1 B R
TR 70 mL R EEREFR LM 500 mL — A,
37 °C. 190 r/min 555 36 h, KBt Ed 4 4 h
FHZ /K% pH.

KWEHER W RS L 4 A shi P& wE
AT R, RIEVIIR RN 2 L, A1 L
15%3% R i (IR BOHE R 2 R I R, &
PR B Ry 37 °C, JH#E W) UG 5% 34 400 r/min, A
100%JC P T4 25 KA T A, od B vl ol ] 4
PG N GE SR LE R R AR T 30%-40%,
I Nz pH 4ERFFE 6.70—6.80 Z[A], it
R AR PR B T I R R s T S RO B, Sl A R R A
PRI RS AR R, IL R 36 he
1.2.3 SN A E

AL IR F bR =007 R (g) B FE
W ()< 100%=[ 7 FR ¥k J& (g/L)x I HE (A BL(L)]/
M (2)x100%.

Lz BRAGHI - BOL PR 1 mL, 12 000 r/min
B0 2 min J7 B TR R R GRRAREL, (T A
AV H BE N R — £ 1K (diethyl  ethoxymethylene
malonate, DEEMM)fii4E L-fi &8 , fii AR R0 Hh
4.5 uL DEEMM . 70.5 pL Z£/87K . 150 pL FHEE,
450 uL MRS M. AiTEJeIRA W4 0.22 pm i
UE, i HPLC RS 1404, {1 Agilent-C18
AiE4(250 mmx4.6 mm, 5 um), FEiE 35 °C, i
# 1 mL/min, Ji3hAHH 100%2 & (A)F1 pH 4.80
i) 25 mmol/L ZFR4N(B)ZH AL -

YNV AN . BN M EE SR, MR E
ODsg> 47 0.20-0.80 Z [1], i 2840 tb T
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K B AE P 562 nm FRSEEE

R BEAG - 4 75 B R T SBA-40E A= 9115
AT BT AR D (BRI T A /R 2 AE B AR A BR A
Al), ZZZEHE. WHE . R ZHERA 1CS-3000 2
FEFENGIN . NH, R E-10 & F AU

HHURRAEI . HPLC A 2/ . FLIE .
B . W R . FrER, BURRER 2 mL,
12 000 r/min &5.0> 10 min, Y4E FiEW, 4H
Aminex HPX-87H (300 mmx7.8 mm, 9 pum){% %
FEGEAFAGIN , A K 210 nm, AR 52 °C,
Wsh Ak 5 mmol/L Fafifz .

2 HZRE5OM

2.1 L-BEERLEFEE XCl1 EYH) BRI

R T ARR] LR T R AR, DAL R
J A L35 2 R A 7 TR PR E. coli M2019435 4%
#, {5 B CRISPR & [H g 48 7 A7 56 [F 4 13
fin aspC. lysC. asd. dapA. dapB i) Il %%,
HaGE LR IR A AR, 1SR RAF R bRk XC1,
WEE FiR, HAES L EREREP AR
L-f IR i . PR RMA R 19.20 g/L,
145.00 g/L. 60.25%F/1 4.03 g/(L-h).

m= 3 PR, TAL#EEHEEER T 54
97.498% H I WA , i A — A8 W22 200 TR0
527 2R MR SRSy o R SRR )
B S0%RHERE L2 1% E 0 DIRTE —
BEFN = A ME—k I, PR XC1 A K rERe
L-H 2R i i 1A 1C . Hdk XC1 7
2.00 g/L HIAGHE . FERE . 20RO W A
W SR Ay I — B ST 7 5 A AN i FE (dry cell
weight, DCW)Z3 514 0.91. 0.38., 0.15. 0.05,
0.05.0.35 g/L; L-FiZ B2 /™ 5 43 i 4 1.17.0.75 .
0.33. 0, 0, 0.32 g/L, X—Z5REH. (1)
PR XC1 #ReM A i =i r K ) |
SRR R IR AT g, LATERE | 22 2R
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Figure 1 Effect of different carbon and nitrogen sources on the growth performance and L-lysine production
of strain XC1. A: Dry cell weight of XC1 on different carbon sources. B: Dry cell weight of XC1 on different

nitrogen sources. C: L-lysine production of XC1 on different carbon sources. D: L-lysine production of XC1 on
different nitrogen sources. E: Production performance of the XC1 in 5L fermentor.

x3 FEHEERERESRALLER
Table 3 Components and proportions of glucose
raw materials

225 (3) LUMRHE . 5722 2Pl 0 BRIEI , itk XCl1
AR A5, LA LR, RWFE M XCl
ANREA T 57 22 27 R R

Component Proportion (%)
Glucose 97.498 AR XC1 X AR R B9 A FHEE 1 1B,
Maltose 0.939 1D ft7R , ZE43 BILA 5.00 g/L FRISIE (NHy4),SOs4.
Panose 0.550 NaNO; . NaNOs, JRZ WMk —& R, Htk XCl
Isomaltose 0.944

J D 41508 0.56.0.45.0.28.0.24 0.1 L;
Other 0.060 ) DCW 43514 0.56.0.45.0.28.0.24 .0.15 g/

L- R R 117, 378, 043, 0.46,
0.32 g/L. HHr, DI(NH).SO, AT, FHk XC1
) DCW 433 L LA PR EIE . NaNO, . NaNOs., JRZE
HRIEE 24.44% . T 96.00% . i 133.33%F175;
273.33%, L-$Z R 5 223.08% . 778.34%.

BRI B AR XC1 AR PERES BIREAL T
58.20%. 83.50%. 61.50%, T L-#i%2 ™ &4
FIFEAE T 35.80%. 71.70%F1 72.60%, W&
Pk XC1FIFHREE . 22808 . JLWE I RB ) AH X 55
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Figure 2 Comparison of the utilization abilities of maltose, isomaltose and panose by different strains. A:
Growth of XC1 and XC2 on maltose culture medium. B: Growth of XC1 , XC2 and XC3 on isomaltose
culture medium. C: Growth of XCI, XC2 and XC3 on panose culture medium. D: Maltose consumption rate

of recombinant strains. E: [somaltose consumption rate of recombinant strains. F: Panose consumption rate of
recombinant strains. G: Comparison of L-lysine production and yield in recombinant strains.
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#] 68.75 mg/(L-h)]. A T it —32 m kX 5722
LA SRR R 7R TR B R XC2 (i s R
R 2 1 cadA (s FAEGFRIAKIET B. subtilis
1Y) o0~ 22 - ) 2 AR TR DX nal AL 1T DA ) 7R 3
TUSZ R R 5% RS W 3L 3K [ mal PO, R A5 1A
Bk XC3 (XC2-AcadA::malAP). 7E LA F 32 % b
oy E—HR PRI (& 2B, 2E), TR XC3 Ik
DCW il 242 ZFHHIH FE R 400 5 = 5] 0.18 g/L
1 28.75 mg/(L-h). LARKE R ME—BRIERTH (& 2C.
2F), TRERPE XC3 fiek DCW FNE M HFEH R
Ay AR E] 0.13 g/L A1 15.04 mg/(L-h). ¥ T.7%
Fk XC3 T 5 L KB b 1T L 24 R Kk IF 2E
7, R 2G s, TRERERE XC3 [ L-
QIR . F AR MA 7N 160.00 g/L.
63.78%F 4.44 g/(L-h), HWFEk XC1 & T
10.34% ., 5.86%F1 10.17%., FiRGERFEH, &
A UGE R XCL RIS R R E, LR
A TARRRT A 2P0 L S TR TR SR R =
PEA R B R, FddRe T -
PR WH IR e AL 28R P iR T
23 Kt IREMEXBITFERSTHIEF
R

LBy e & 2 NMEsE, B4
A% 1 mol FIZ R B 2 mol NH," 2 5P, [,
SIRAE R X e — AR B LR IR R R B
HEE S, N TS TREE XC3 X NH, W
FIHARCR, EHER XC3 W flid kit ia g
1 AmtB (amtB 4ifi) . 7 2 R i = i (glutamate
dehydrogenase, GDH) (gdhA %) . &2 RS i
i GOGAT (gItBD i) Fll 4% 24 Wk e & B fifg
(glutamine synthetase, GS) (gInA %ifi)!'""*1, 15
FE A M XC3-1, XC3-2, XC3-3, XC3-4,
SLIGZE RN 3B Fras: (1) 7ERFE XC3 Had
Fik 4 PR L N Y RE ST B R A KPR RE,
Hr @bk XC3-2 (iF3Rik gdhA)) DCW ik F|

&: 010-64807509

13.20 g/L, FLHRE XC3 ., XC3-1 d #ik amtB),
XC3-3 Gk gItBD)FI XC3-4 (1 ik ginAy/ 4
P 17.80%. 17.60%. 11.40%%16.40%; (2) ¥L
R R XC3-2 L-i 2R ik 5] 38.20 g/L,
FEE bR XC3, XC3-1. XC3-3 Fl XC3-4 43 4%
BT 47.50%. 25.00%. 48.02%F1 10.96%. X—
SRR, WA 2 R A B R NH,
ARG AR ROR, BeA O R & e
PR A K RE AT L-f5 2 R A B RE T

A ATy -0 24 R I 1 o 2 DL
A 3% 6%AHIRER , SRR Ay AT A AR,
R T AR L R A TR PR TR PR ER A A
FERMR XC3-2 Py if iR b Rl LAz, A fh
TR EE 28 WA R SR 5 A . NHL 17 0% P Ak T 1)
(Kl 3A). X —fHmREEF AR T LEnS PR i 5
fiff (nitrate reductase, NAS)FIV Al i £h iA J5 i
(nitrite reductase, NIR)"**, )l BRENDA %#& )%
(https://www.brenda-enzymes.org/)fll KEGG $#f& /%
(https://www.kegg.jp/), KIRIET B. subtilis )
BsNasBC #1 E. coli i) EcNirBD % e,
2.160 U/mg 1 3.540 U/mg (% 4. % 5, & 3C.3D),
WAL PRI RO B A T PR AL G, 38
NH, A A b RE )1 . 4553k H], BsNasBC
1 ECNirBD 5 2 mmol/L NaNO; 3:5z ), A i
215 pmol/L NH," (K&l 3E), 7%l L HABLL 5 &
19.40% . 667.00% . 438.00% . 467.00% . 448.00%
1 382.00%, s Al R £k W] 1k %A% 1Y e A 4
4. ¥ BsNasBC, EcNirBD T A XC3-2 Fitk,
RN RAS TR XC4, KMIERTE 0. 10, 25,
50, 100 mmol/L NaNO; AyME—Z 5 I Lk K1
B, Z5RAE 3F s, wik XC4 BBIETE 10, 25
#1150 mmol/L YRR ER I F 5E FAE K I K DCW
43534 0.57.0.55 F110.37 g/L; HJEAE 0 mmol/L
DI 100 mmol/L fYREIRERRG R 3E Bl AR .
IR RFRW, A T — MR AR R
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Figure 3 Contruction and evaluation for enhancing the utilization of inorganic nitrogen sources. A:
Schematic diagram of nitrate assimilation pathway. B: Growth and production situation of recombinant
strains. C: Comparison of nitrate reductase activities. D: Comparison of nitrite reductase activities. E:

Comparison of NH,  production by various enzyme combinations. F: Comparison of growth of XC4 in
culture media with different concentrations of nitrate. N.D. represents not detected.
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T4 HERBLBREBRIEFILLLEBESH B H AR RS R S EUE Y LA R AR T

Tak?le. 4 Expression §tatus and specific enzyme XC4. LTI G VR I B SO T 7 I e ke 5

activity parameters of nitrate reductases . s . . .
MR, 78 5 L KBERE FPPAG TRk XC4 1Y

Designation Expression status Specific activity
(U/mg) AEPERE, LRI L R R A )
KONasAC  Insoluble Inactive iK% 175.00 g/L. 68.32%7F1 4.86 g/(L'h), ik
PPNasB  Insoluble 0031 bk XC1 3285 T 20.69%. 13.39%F11 20.60%
RcNasAC  Insoluble 0.015 FEIR DO AT SRR
BsNasBC Soluble 2.160 24 MiABEIRERELLES L-BRER~=
PsNasC Soluble 0.170 O P 1 A v R e X % B AR P R R
BrNasBC ~ Soluble 0.080 B AR A BB, AR e S R ECELR
R - i i Y TN = N ™.
PRash - Non-expression - Inactive ZERERPIRE, IITRALE LR TR
MgNasA Non-expression Inactive N J— ; (23]
AVNasC Non-expression Inactive ik, M2 FEEMMARKZR, R4 m >,
TE 5 L RTRRE FFSY T AR EREHR (10.00 ., 5.00
x5 THERHLFEEBRIEFILLEESH 2.00, 0.50 g/L)XHE®E XC4 KB L-#i 4 iR

Table 5 Expression status and specific enzyme HOESI, ZEIRANEE 6. B 4 Fion. R
activity parameters of nitrite reductases . X °

Designation Expression status Specific activity £ 0.50 g/t I, LA i 15 5 188.00 gL,
(U/(mg) FeFEHILE 10.00, 5.00. 2.00 g/L 4354 T
KONirD Insoluble Inactive 7.43%. 9.30%. 6.21%. FILHKT] 69.44%,
PpNirBD Insoluble Inactive .
RpNirD Insoluble Inactive A 7E 10.00, 5.00. 2.00 g/L SRl T
RcNasB Insoluble 0.072 7.73% . 5.84% . 1.64%. T ILHT & FEwR Y
ECNirBD Soluble 3.540 FYICTR . FPETR . NETIR . WA R . FLIR
PSRasbE - Soluble 1339 SRR EREIE. N RSGERATA, HhsL T
PsNirBD Soluble 0.012 . L
BTNasDE  Soluble 0.027 0.50 g/L I, BERRAY L-#1 2 R AR 7 S8 3 s o
PdNasBG Non-expression Inactive L'*ﬁﬁ@ﬁ(céHMNZOZ)ﬁ RS ] 1 N 24 2
KpNasD Non-expression Inactive R . OEARERIEREN: BE5 1 &

#z6 AFREZEBEEHT L-BIRBRABSHMLLE
Table 6 Comparison of L-lysine fermentation parameters under varying residual sugar conditions
Parameter Glucose (g/L) (D/A-1)x100% (D/B-1)x100% (D/C-1)x100%
10.00 5.00 2.00 0.50
A) B) © D)

Culture time (h) 36.00 36.00 36.00 36.00 0.00 0.00 0.00
Maximum DCW (g/L) 1930  20.00 18.80 18.40  —4.66 —-8.00 -2.12
Titer of lysine (g/L) 175.00 172.00 177.00 188.00 7.42 9.30 6.21
Yield of lysine on glucose (%) 64.46  65.61 68.32  69.44 1.70 0.52 1.02
Productivity (g/(L-h)) 4.86 4.78 4.92 5.22 8.50 13.80 10.30
Titer of lysine on DCW 9.07 8.60 9.41 10.22 13.70 23.80 12.60
Consumption of glucose (g) 684.00 655.00 647.00 676.00 -—1.16 3.20 4.48
Consumption of glucose on DCW 35.44 32.75 34.41 36.70 3.55 12.06 6.65

&: 010-64807509 B<: cjb@im.ac.cn



2524 ISSN 1000-3061 CN 11-1998/Q 4=4# T #2244k  Chin J Biotech

A [ 125 B [ Titer —=— Yield 174
50F 1200 g 200
A 30338554 190
40+
i 1150 5 ] 5T 150 &
& 30} 3]"2 3 5
' o 2 = e
2 20+ —0—0Dy, 100 E410 8 2 1% -
—o— Lysine ol g 2
—&— Glucose J
10t i 18 30
0- ; L AaA A A p A A pA p A bA 0 10 0
0 5 10 15 20 25 30 35 40 0.5 2.0 5.0 10.0
Time (h) Sugar concentration (g/L)
C 40 mmosgL D —o—0D,, —+ Glucose
3.5 E20gL . —e—Lysine ——NH,’ j25 520
[_l5.0gL i 50+ 1200 | 11.8
:3.0':“0.0g/L I 120 11
£ B .
ERX 18 {150~1 5 ]14 ~
2 e | 1152 =
2 20r C3&307 Ul - R
% i 8 | 11008 ], 8 1.0 =
215 - 110 g z
& 10f - LA L/M\§ T 508
' 10k 150 45 10.6
05 | |4 ’*{H - 1 104
0.0 ZZ 4 Ll 0 . e O N O e S i) 10 Joo
N R Ve 0 5 10 15 20 25 30 35 40
200F ——1{70
) I 165 &
S150F g /i/ g
b i// =
A ]
Z 100 - 60 2
sol 155
£50
0 0
XCl1 XC3 XC4

B4 XC4HEHESL ZABEPNERN L-BFREBRESER

A: XC4TE 5 L kB i) A& e 72 Bh

2k, B: XC4 TEAR R E T /Y L-# 24 )™ 1 AL AL R LLEL. C: XC4 T R BEVR T B R P AR R A L.

D: BRA A B XC4 Kl k. B: 25T Wbk ™ it S e fb i

Figure 4 Growth characteristics and L-lysine production of strain XC4 in a 5 L fermenter. A: Fermentation
process curve of strain XC4 in a 5 L fermentation tank. B: Comparison of yield and titer of XC4 under
different sugar concentrations. C: Accumulation of by-products of XC4 under different sugar concentrations.
D: Fermentation process curve of optimized XC4. E: Maximum titer and yield of each recombinant strain.
N.D. represents not detected.
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T L-HATRTE B 1 4 TREANE R 2 /T NHS
25, X AR R B rh A A L4
W, I, TERE BB EE 0.50 g/L A2
fih b, 2 4 A A 2 R B (0.25-0.50 .
0.50-1.00, 1.00-1.50., 1.50-2.00 g/L), fifi k[
i B R A AL T 2:1-101 0 11102
1:2-1:3 1:3=1:4, 5% T A [FIRR A X T kR XC4
A LSRR AR, 45 RUNE 4C—4E ik 7
fias: (1) FERIBRA L 1:1-1:2 Z I8, L-#i2 iR
FeiE i 188.00 g/L R ZE 204.00 g/L, EET
8.51%. (2) #ALFH 69.44%REH £ 72.32%,
PR T 4.18%.(3) HNLANME L R A T e
PR 11.20, 257 9.80%. (4) A= EH
5.22 g/(L-h)IRE & 5.67 g/(L°h), 325 T 8.62%.
(5) FLIR. 2. NI . FrigEme . Bk —iRes
FUEREMMEE 150 /L IR, EiRgsREN, &8
LA R I ERE R A L AE 1:1-1:2 Z 0],
SEHRR AR S FE AN, RES AT AR T XC4 T
PRI LB 2R - i M A, BRI R R
AT 5 L 2R A 7 R

3 WARERZ

KGFF A AR R YRR ELH: (1)
W R ¥ #% 1§ R 4% (phosphotransferase system,
PTS)¥ i 4 WGk iz Z MO FEAT R . (2)
PSRRI F (mal ATQ) 33k, 5 42 2R Mi%

RT FRERALFET L-HBREBRELEBSHLELR

12 5 PN I — 2 A A o SRR TR . (H B
W2 AR R AR 2 4 R TR B Mle
PN, PTS R KB MiE: 12 M EIICB 75512
MR S A Mlc B MAME, 0 #4505
Feis et R, Mlc 2 245 4 42 20 h
PO\ T-55 05 N5 MalT, 300 2 20 p 1
(R 2RV BRI K P T B 22 2E 8 04 v 5 R
AW I LA I = DR B R N IS A A, B IR AR
L~ 22 R AE 7™ A R TP R IR T A SR A DR S TR
mic, 554k Mlc & 1%} EIIBC F122 20\ 714
FHAEAEH , 192 RAS T FE E. coli XC2 22 2R BN
FEHURIE S T 443 ff. il 5| ACRIETF
B. subtilis ) malAPPY, 84k E. coli XC2 Xf 573
ZEBE TS BRI, 793 TP E. coli XC3,
E. coli XC3 L-ffi 2 %" s #2 7+ & 160.00 g/L, %
RIETEE 63.78%.

LM 2R A LG 2 R I 1 A R T 2 7S
FE R RIREN . 7E LK R R = bRk
3 A AR TR ot RV R S — AN R R
&, e L-F A4~ E C. glutamicum
SDNN403 Hif Fib A A M5 AL ginA
ks R R S T 41.50%%%; 7E C. crenatum
i Ak B 5 TR PR R amitB 3k, BORS ER
W T 35.14%0, HEARMFRH, A TiE—
P LR A R AR RCR,
I FRIAB AR AR IE N gdhA, 153 T E. coli

Table 7 Comparison of L-lysine fermentation parameters under different carbon to nitrogen ratios

Parameter Carbon nitrogen ratio (B/A-1)x100% (B/C-1)x100% (B/D-1)x100%
2:1-1:1 (A) 1:1-1:2 (B) 1:2-1:3 (C) 1:3—1:4 (D)

Maximum DCW (g/L) 19.80 18.20 18.40 21.10 -7.07 -1.09 —-12.70

Titer of lysine (g/L) 175.00 204.00 188.00 170.00 16.50 8.51 20.00

Yield of lysine on glucose 68.71 72.32 69.44 66.11 5.28 4.17 9.42

(%)

Productivity (g/(L-h)) 4.836 5.67 5.22 4.72 16.67 8.62 20.12

Titer of lysine on DCW 8.83 11.20 10.20 8.05 26.80 9.80 39.13
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XC3-2, CIRPRTERE R I B L6 2 R ™ o
U & BERRIR R T 55.10% 8 T8 E. coli XC3-2
X H A IR (RS SRR, B IRFE R HTR
P T AR ER AL AR 152 AR E. coli
XC4 BEEHIH NOs . NO, WA, W&, 7F
5 L KB b2l sk BEOL L AR A LA,
E. coli XC4 43R EFiAF 5.67 g/(L-h), L-FiZ MR
FEAEIR 204.00 g/L, BRI IL B E] 72.32%,

AR S SRR R . RS R AR B Y
E. coli XC4 B A L i #k XC1 19 L4 2 iR ™ ik
AL R R 5 T 40.69%A1 20.03%, HA5 5
WAL R (81.00%)fFTERR ZEE . I, 7E
g S T AR ALl b, RUT & Ak
W, . (1) A EAT AR AT I - KA AT TR

B R ZR DATEE A AL 7= LR (2)
ik DNA &6 TR DNA AR, 455

S50 3 3 P AL R RO TR I e
TR PR O 39 D 230 8 o ™ T R O S 8%
(3) #tXT AR W A B P BB PR
SRAEIAI, FF R BTN TCI R R P AR
HRRERE— B P LR 1 ML
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