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Metabolic engineering of Escherichia coli for the production of
cadaverine

LIU Cunping', GAO Cong', LI Xiaomin', CHEN Xiulai', WU Jing?, SONG Wei’,
WEI Wangqing', LIU Liming""

1 School of Biotechnology, Jiangnan University, Wuxi 214122, Jiangsu, China
2 School of Life Sciences and Health Engineering, Jiangnan University, Wuxi 214122, Jiangsu, China

Abstract: Cadaverine is a fundamental C5 building block in the production of polyamides. Due
to the limited regeneration efficiency of intracellular pyridoxal 5'-phosphate (PLP), the current
fermentation-based production of cadaverine exhibits low efficiency. In this study, we developed an
Escherichia coli strain LO1 by introducing lysine decarboxylase (lysine decarboxylase, LDC, a key
enzyme in the synthesis of cadaverine) into a lysine-producing strain E. coli LY-4, achieving a
cadaverine tier of 1.07 g/L in shake flask fermentation. Subsequently, a dual metabolic pathway
enhancement strategy was proposed to synergistically strengthen both endogenous and exogenous
PLP synthesis modules, thereby improving intracellular PLP synthesis. The optimized strain L11
achieved a cadaverine titer of 9.23 g/L in shake flask fermentation. Finally, the fermentation process
for cadaverine production by strain L11 was optimized in a 5 L fermenter. After 48 h of fed-batch
fermentation, the engineered strain L11 achieved the cadaverine titer, yield, and productivity of
54.43 g/L, 0.22 g/g, and 1.13 g/(L-h), respectively. This study provides a theoretical and technical
foundation for establishing microbial cell factories for bioamine production.

Keywords: Escherichia coli; metabolic engineering; cadaverine; pyridoxal 5'-phosphate;
fermentation optimization
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glutamicum)JEA 7 lcis ,  LASZIR] FEPRREAS (4 sk 5
N2 . H IR e 24 e, XSS
4G BN LDC (3 ek DU s AEm
SRALHTAGER . BHWT =k stk TR
020 e 5 e id A7 TR U4 L ST DL SR
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B TRREMAE 6 h W5E2H L 1 mol/L HiE iR
s H7E C. glutamicum HP 33 A DXP JEK#EPE
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1A

1.1 ##
1.1.1 EHE. RS54

TEARM DA RE . kL 5 115 BiE S 3% 1-3,
1.1.2 K7

PEAIF 5 It FH A ) R el 50 g B A A
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Table 1  Strains used in this study

Strains Relevant characteristics Sources
Escherichia coli IM109 Cloning host TaKaRa Bio

E. coli BL21(DE3) Expression host Novagen

LY-4 E. coli CCTCC M2019435 hns:FRT, AGU-arcA [19]

Lo1 LY-4 carrying pEM-01 This study

L02 LY-4 carrying pEM-02 This study

L03 LY-4 carrying pEM-03 This study

Lo4 LY-4 carrying pEM-04 This study

LO5 LY-4 carrying pEM-05 This study

L06 LY-4 carrying pEM-06 This study

L07 LY-4 carrying pEM-07 This study

L08 LY-4 carrying pEM-08 This study

L09 LY-4 carrying pEM-09 This study

L10 LY-4 carrying pEM-10 This study

L11 LY-4 carrying pEM-11 This study

x2 ARFERBIRK

Table 2 Plasmids used in this study

Plasmids Sequences (5'—3") Sources
pEM lac operator, lacl, Amp®, Trc promoter Laboratory storage
pET28a F1 ori, Kan®, P,.-lacl, Pr--lac operator, 6xHis Laboratory storage
pET28a-AsC pMBI1 ori, Kan®, Pp;-AscadA This study
pET28a-ScL  pMBI ori, Kan®, Py;-ScldeC This study
pET28a-KqC ~ pMBI ori, Kan®, Pr;-KgcadlA This study
pET28a-KgL ~ pMBI ori, Kan®, P;-Kgldc1C This study
pET28a-SmC pPMBI ori, Kan®, Py;-SmcadA This study
pET28a-VUL pMBI ori, Kan®, Pr;-VuldcC This study
pET28a-GbT  pMBI ori, Kan®, P1;-GbpdxT This study
pET28a-MtbT  pMBI ori, Kan®, P1;-MtbpdxT This study
pET28a-BsT pMBI ori, Kan®, Py;-BspdxT This study
pET28a-PfT pMBI ori, Kan®, Py;-PfpdxT This study
pET28a-BsS  pMBI ori, Kan®, Pr;-BspdxS This study
pET28a-GbS pMBI ori, Kan®, P1,-GbpdxS This study
pET28a-MthS  pMBI ori, Kan®, P1;-MtbpdxS This study
pET28a-PfS pMBI ori, Kan®, P1,-PfpdxS This study
pEM-01 lac operator, lacl, Amp®, pEM-Ps-AsCadA This study
pEM-02 lac operator, lacl, Amp®, pEM-Prs-AsCad A-Pr,.-Epd This study
pEM-03 lac operator, lacl, Amp®, pEM-Ps-AsCad A-Pr,c-Dxs This study
pEM-04 lac operator, lacl, Amp®, pEM-Prs-AsCadA-Pr,-PdxH This study
pEM-05 lac operator, lacl, Amp®, pEM-Prs-AsCad A-Pr,.-PdxJ This study
pEM-06 lac operator, lacl, Amp®, pEM-Ps-AsCad A-Pr,.-PdxA This study
pEM-07 lac operator, lacl, Amp®, pEM-Ps-AsCad A-Prs-GbPdxS/BsPdxT This study
pEM-08 lac operator, lacl, Amp®, pEM-Ps-AsCad A-P1s-GbPdxS/MyPdxT This study
pEM-09 lac operator, lacl, Amp®, pEM-Pys-AsCadA-Prs-BsPdxS/BsPdxT This study
pEM-10 lac operator, lacl, Amp®, pEM-Prs-AsCadA-P1s-BsPdxS/MyPdxT This study
pEM-11 lac operator, lacl, Amp®, pEM-P1s-AsCad A-Prs-PdxA-Prs-BsPdxS/MyPdxT This study

http://journals.im.ac.cn/cjben
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Table 3 Primers used in this study

Primers Sequences (5'—3")

28a-SmcadA-F agcaaatgggtcgcggatccatgaacgttatcgecatcat

28a-SmcadA-R tggtggtggtggtgctcgagttatttcgecttcageactttcac

28a-BsT-F actggtggacagcaaatgggtcgcggatccatgttaacaataggtgtactaggact

28a-BsT-R tcagtggtggtggtggtggtgctcgagttatacaagtgecttttgettatatt

28a-BsS-F gtggacagcaaatgggtcgcggatccatggctcaaacaggtactgaac

28a-BsS-R tcagtggtggtggtggtggtgctcgagttaccageegegttettg

tac-pdxJ-F tttcacacaggaaacagaattcatggctgaattactgttaggce

tac-pdxJ-R ctcagccatatgggtggecagceagttagccacgegcttec

tac-dxs-F tcacacaggaaacagaattcatgagttttgatattgccaaataccc

tac-dxs-R tgctcageggtaccggtggcageagttatgccagecaggectt

tac-epd-F ttcacacaggaaacagaattcatgaccgtacgcgtage

tac-epd-R tcageggtaccggtggeagcagttacctgaaagcaacagtageca

tac-pdxH-F taaaagaagattaactcgagtctggtagatctggatccttgacaattaatcatcggetcgtataatgtgtggaattgtgageggataacaatttc
acacaggaaacagaattcatgtctgataacgacgaattgc

tac-pdxH-R ctcagccatatgggtggcagcagtcagggtgcaagacgatcaa

tac-pdxA-F ttcacacaggaaacagaattcatggttaaaacccaacgtg

tac-pdxA-R tgattaattgtcaaggatcccatatgggtggcageag

pEM-F ctgetgecaccggtac

pEM-R-2 gaattctgtttcctgtgtgaaat

pEM-R-1 ggatccgtgatggtgatgg

pEM-ASC-F atcaccatcaccatcacggatccatgaatatttttgctatcctaaaccact

pEM-AsC-R gatccagatctaccagactcgagttaatcttcttttaatactttcactgtgt

pEM-T5-BsPdxS-F

pEM-BsPdxS-R
pEM-BsPdxT-F
pEM-BsPdxT-R
pEM-BsPdxS/T-R
pEM-BsPdxS/MyPdxT-F
pEM-BsPdxS/MyPdxT-R
pEM-GbPdxS/MyPdxT-F
pEM-GbPdxS/MyPdxT-R
Ts-pdxA-F

Ts-pdxA-R
pEM-AST-F

tgaaagtattaaaagaagattaactcgagtctggtagatctggatcctcataaaaaatttatttgetttgtgageggataacaattataatatgtgg

aattgtgagcggataacaatttcacacaggaaacagaattcatggctcaaacaggtactga

agccatatgggtggcagcagecagecgegttcttg
ggtagecggtageggtageatgttaacaataggtgtactaggact
agccatatgggtggocagcagttatacaagtgecttttgcttatattce
atgctaccgctaccgctaccccageecgegttettg
ggtageggtageggtagegtgagegttccacggg
agccatatgggtggcagcagtcacgecgeggagg
tcacacaggaaacagaattcttagctctaactggaacagatagg

gctaccgctaccgcetaccttaccaaccacgttecttgea

aaagtattaaaagaagattaactcgagtctggtagatctggatcctcataaaaaatttatttgetttgtgagcggataacaattataatatgtggaa

ttgtgagcggataacaatttcacacaggaaacagaattcatggttaaaacccaacgtgttg

caaagcaaataaattttttatgaggatcctcattgggtgttaacaatcattttg

aaaatgattgttaacacccaatgaggatcctcataaaaaatttatttgetttg

— R TR 3R (/L) AR A (Oxoid)  (NH4),SO4 14.40, T K3 T # 4.50, KH,PO,
7.0, FEBE 3.0, BERERNEE M) (Ox0id) 5.0,(NH,),S0,  1.44, pH 7.5,

2.5, K,HPO, 1.0, pH 7.5,
T oM TR I (L) AR 15.00,

&: 010-64807509

KB 5 B
(NH,),S0, 10.40,

(g/L): EKIFETH 10.00,
iM% 30.00, KH,PO, 2.50,

B<: cjb@im.ac.cn
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CuS0, 0.02,

RERERMEHE IR B (g/L) . FABE 900.0, i
k4% 500.0,
1.2 A&
1.2.1 EFEH

FhFRE % B L, Z S8 07 N T4
Th] [ A IR A, 37 CCHEIR ISR 24 ho HEFR5E ML
J, FH 10 mL JCR /K 52 22 o e b LU TR &
2.5 mL MR EB R ERA 100 mL — % F
TREFIE TR, F 37 CEEE XKLL
190 r/min FYBREEFE 8 ho &, ¥ 5 mL A—2%
FhFIRERN 254 42 mL b 155 5 5L 4
e, TEAH R S5 0F T 4R 2255 5% 8-9 h

REERE SR BRI R FILL 15%-16%
R EER 2 5 L KBRS . KRB E
e WRE 37 °C, pH 6.6-6.7, @A SRR
0.05%—0.08%, FRMH¥=HI7E 10 g/L /£4 . pH
(B S Az R . KR LR 3 h B, A
0.1 mmol/L 5P HE-B-D-fifLF-FLHEF (isopropyl-
beta-D-thiogalactopyranoside, IPTG)i75 5 F# AT 215 .
122 EFURMAZSENE

LDC Bl & J5ik . RWARZRH 5 mmol/L
L-#i% 2 . 0.1 mmol/L PLP. 0.1 mol/L Na,HPO,-¥7
BEMRANZE R (pH 6.0) 2 20 g/L LDC 44 Jfi i
FREL 0.5 mg/L 4if)2H . 7E 37 °CF
15 min J& , 100 °CH KA 3 min Z& 1k . BEJS
12 000 r/min #.0> 10 min, B F 35, M6 1.2.3
A BT S ORORE €63 (high performance liquid
chromatography, HPLC) 5 A5 I L~ 2 i F11 )~ i
b, BEEE X 78 37 °CAAER, 45 min fi#fbE
B 1 pmol 7 REFTFT AER LA 1 MBS 1 5867(U)

A S I i (glutaminase, PAxT) B & 7
DO AR EE  JE a5 A S R I S ) A K S
BEE PAxT &M, RMWAE 37 °C. 50 mmol/L
Tris-HC1 ZE i (pH 8.0)F k4T, KR
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0.5 mmol/L 3- Z Wk nik W& I 0% — B 7 iR
(3-acetylpyridine adenine dinucleotide, APAD) .
7 U 25 Z R 2B LA 22 10 mmol/L 4 2 BEA%
B S BR800 2 PAxT F1 PdxS e B 325 il 1
4 pmol/L., [ SpectraMax M3 JFR{L( i)
1 363 nm A0 WO B

PLP 4 if(PLP synthase, PdxS)i&lsE J7
Yoo MRS AN-A] LA O BV S PdxS TR
50 mmol/L Tris-HC1 Z& & (pH 8.0)rH Hy i Mkl
E, RN R 37 °C, ROVAKZRAE 40 pmol/L
PdxS Fl 0.5 mmol/L i ¥ 4% M -5- B iR (ribose
5-phosphate, RSP) % 1 mmol/L DL-H yH 3-B R
(DL-glyceraldehyde 3-phosphate, G3P), JFfhIA
10 mmol/L BiFR EAFE N AR . 3h 125 S8yl e
H PdxS ¥ EEFEHIFE 4 umol/L., {#i ] SpectraMax
M3 BFFRALAE 414 nm A0 52 0% S B 20
1.2.3 HPLC #&M 7%

LM 2B A e o T e R QA
WP H BE N R — £ iR (diethyl ethoxymethylene
malonate, DEEMM) XL i EA T A= A R 4
fBJ5, 12000 r/min &.0> 5 min, FFA 0.22 um JERR
1k F T A5 24 HE(E SB-C18 (AiishE Y HPLC-20A
(S EA FNH 40T, AR P HITE 35 °C,
WA i 48 2% (A)FT 25 mmol/L Z RNV (pH
4.8) (B)FA K., WiHBEE N 1.0 mL/min, #6EFEN
PFRE A 0-2min, 20%25% A; 2-20 min,
25%—60% A; 20-25 min, 60%—20% A.

ML 4N PLP W J7 . Ak B R 4 2= A
P18 (ODgoo) M 20 J , HET 0.9% NaCl i H
R2LRHR 1.5 mL, FFR AH S B ARk R4 T 40
MRS o B S A 10% (RSB0 100% =4
LR TR A DIE S TEVK I F 15 min )5,
12 °C, 12 000 r/min #.0> 10 min, L HEE
SB-C18 tajftEit4 T HPLC 43 Ji 844 0.1 mol/L
KH2PO. (pH 6.6), EBEEE A 0—15 min, i A
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1.0 mL/min, € 3%H: G 4E57E 35 °Cc?,

2 HERE5M

21 PREVEREZNEESTMG

TE 7 A R, LA R 11 5 28 S s e
Ja—#. Bk, RS YA LDC 2XH %, DI
TGN K Kead RSN 15220 VR , BRI T
A R (KgLde1C . KaCadlA)® | K% (o 4
B I (ScLdeO)!'™ | R BV E G (SmCad A)PY
BT (VULdeC)P | e £71 18] (AsCad A) 1145
6 At LDCs. %), #% FiREGH T HiRRE
malifth, VABRE . FIR e bnibr TR M,
ZEANER 4 Fras, AsCadA HAT 5 i LU BEHS
(637.46 U/mg), BE/REGILRILE] 93.58%, Hitt
YE R LDC 17 f5 22 5% .

h T AER AT e B A kAR, IR
R S 7 e A B AR, BT DA AR
T EE PRI SR AE P TR PR LY-4 RIS BT AR
# AscadA FE[F LT ki pEM-Prs-AscadA AYTE 2K

A
20 Cadaverine 12.0

~ ~4%— Lysine
@ 16 - OD562
o v LAc 415 ~
T 2L HAc 2
2 )
B 11.0 5
- 8 | P
[s] ]
=] =1
3 z

¢ 4 X,
er- - } {_*7*_* a
S e = e

E)'/v’.I—I-**'*
==
1 " 1 1 1 00
0 10 20 30 40 50
Time (h)

E1 FREYMSRBENEESTEN
Figure 1

TR LY-4, RIGEAEHK L01, N T 5IE
JURE A AR AT A T S R PRI A R ) A 5K
KA, TARR LO1 7E 48 h (KRB , HoP = e
AR B 23000 1.07 g/L. 0.02 g/(L-h)Fl
0.03 g/g (K 1A). K5, A T MXE 4wk Lol
B T ARR M 1, 78 5 L A REREP Y T TR
SEG, il MR HE R EE 48 h, TRIAK LOL ()
FrE L AR EE DL AR A R = E) 13.39 /L

0.28 g/(L-h)F1 0.08 g/g (K 1B). Z¢ Firik, =4
B LO1 AT LA FH A0S A i) B4 G i e

x4 AEEYFKIER LDCs BgESE

Table 4  Parameters of LDCs from different
microorganisms
Enzyme Specific activity (U/mg) Conversion rate (%)
AsCadA 637.46+1.47 93.58+0.47
ScLdcC 71.43+0.36 10.49+0.84
KgCadlA  588.82+2.94 86.44+6.92
KgLdc1C 14.28+0.07 2.10+0.17
SmCadA  485.10+1.90 71.20+0.21
VuLdcC 6.10+0.03 0.90+0.04
60 Cadaverine 160
. —— Lysine
ﬁ 50 oD, 150
o ¥ LAc 1T -
< L 4
= 40 HAc %
P ]
= Q
= 30 / 130 <
- -
3 / 1. &
8 20 J 120 ‘@
K Tk
=t S
3 10 x 110
o, Mg ]
el YV VYV VWV YV |
0 10 20 30 40 50
Time (h)

Constructing and evaluating the pathway for cadaverine production. A: Fermentation parameters

of strain LO1 in a shake flask. B: Fermentation parameters of strain LO1 in a 5 L fermenter. LAc: Lactic acid;

HAc: Acetic acid.
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Kl 1B M4 RN, Wbk Lol BARREMR A
A EREA = e, HFRE R A SRR T
40.23 g/L MIETIR L-# 2R . X RTiA R R
FA [l 8L, 38 Ao SCHR A3 B A5 LR RS T R ) D A
(1) BEIEHEAL; (2) FHEEPLP)HENI A . FEK
Ml fE ) AsCadA MTEAN B, BTG M IR
2 B g S AR RE IR, A0 LA 2 (A )
At 400 g/L . M pH E LU B B 7= 9
il 100 g/L (K 2A-2C)., #Rifi, WK 2D fr
N, TERME 120 f5, MM PLP Bt 2Rl MR
0 h Y 35.03%, JHFTERBEG WA RFLk T E R
24.62%, XU PLP M4520 ke 2 B il ) e A=
=N

R T BRI, AT T ARSI 3
Sy, B, DL NI, TEARSMANE
N, WA PLP (0-0.4 mmol/L),
gEIRUNE 2E Fras, %8 0.1 mmol/L PLP AH%E
F Xt BR 20 (0 mmol/L) AsCadA AIG RIS T
1.56 fi%; Hik, 7ERRMABEHIIR T — R4
I PLP XFEE#E LO1 A 50 s, 45 R & 2F
Fiiw, BRANAS I PLP 19 5256 41 A6 A B e T
PIOLF RGN PLP (X B4, X4 PLP ¥ a N
1.0 mmol/L B, 7 =& . Az =i B Fl = %58
B, 98 6.56 g/L. 0.14 g/(L-h)Fl1 0.22 g/g,
AHEL T %F REZH 43 18275 1 513.08% . 513.08%7F
647.06%; (HIFIERME, i PLP i
0 mmol/L ¥ /NZ 0.2 mmol/L FEHEANZ 1.5 mmol/L,
WA E K B K ODsey o 33.1%P f5 R AIK
31.09% (& 2F), iX i 1 f 4t p PLP A ) T
JE B A e R AR A, HZ 3 f PLP X 240 i A7
R MEEFER. 2 Bk, Ky PLP Ak
RO R ) i v s A e i e, HL PLP /2
STl LA

http://journals.im.ac.cn/cjben

2.3 ARG PLP (HIGERBIME 51T

WEEYIAETE 3 FE L PLP By RAR R
(K 3A), IR MK G GRS : DXP KR
142 (DXP-dependent pathway)Fll DXP R4 i1
%1% (DXP-independent pathway), L M — 257
4% (salvage pathway). X 55 k& R 1 1E
AN PLP A i EER R, bk T X e
SMBIRYIRE K, IF H 2% E#) DXP AP %
BATEIR)F 185 ATP, BAT B 50 194 US4
FEF I, Wk LO1 STl 1 AU NG, B[] B
Jnag I DXP s i 2 5| ASME DXP HE
MM AR

£ DXP {K#fak e, MR SCiHk[26-27], LA
Mg 15 M FE bR, W12 Ik ) DXP AKg 2 5 4
TETEPR i . Epd. Dxs. PdxH. PdxJ #il PdxA.
W IR BES BITE R R LY-4 Hhid 3k, A5 bk
L02-L06., ZFEM LM 48 h, 45K 3B fiw,
LR L06 My PLP % ik % 2 085.36 nmol/g
A0 0T H (dry cell weight, DCW), H X BEE#£ LO1
$em 1 138.67%, SR FRE AR K ODse
35k 6.44 g/, 0.22 g/g 1 26.66, X IR E AR
LO1 /545 6.02 %, 6.47 5401 1.64 £5. L |
GEREH], PdxA 2 DXP R i R
HEh PLP AR Y HE R A R TG AT R
A5, IR IR AR

DXP ALK R EFEWA LT (1) H
A5 G e e T S JE (PAX T ) B 45 S BE M e fL A
BRAEL s (2) B PdxS K2 5 A% I B -5- 0 iR
(ribulose 5-phosphate, Ru5P)af R5P DA & G3P &;
Wil — RN ALy PLP. N T i€ DXP JE4K
kR PR AR B, BT R UniProtKB F
BRANDA #da/%, VABGE MHahs, w20k
4 4~ PdxT il 4 4~ PdxS ikl H56, ¥ ikl
KLy BILE E. coli BL21(DE3) Btk it 33k, It
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2 FPREMBRERERIMEESKIE

Figure 2 Identification of bottlenecks in the cadaverine synthesis pathway. A: Effect of exogenous lysine
addition (ranging from 100—450 g/L) on the whole-cell catalysis of lysine to cadaverine. B: Effect of
different pH values on the whole-cell catalysis of lysine to cadaverine. Maximum activity is observed at pH
6.5, serving as the reference point with 100% activity. C: Effect of initial addition of various concentrations
of cadaverine (0—250 g/L) on the whole-cell catalysis of lysine to cadaverine. The catalytic activity of whole
cells without added cadaverine is set as the benchmark at 100%. D: Changes in intracellular PLP content
during the fermentation process. E: Effect of exogenous PLP addition (ranging from 0—0.4 mmol/L) on pure
enzyme reaction of lysine to cadaverine. F: Shake flask fermentation curves of strain LO1 with exogenous
addition of PLP (ranging from 0—1.5 mmol/L).
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& 3 PLP KiRF1FIE S B EEEMRITM

Figure 3 Shake-flask evaluation of endogenous and exogenous PLP synthesis pathways. A: Pathway diagram
of PLP synthesis: DXP-dependent pathway (in yellow), DXP-independent pathway (in blue), salvage pathway
(in green). B: ODsg, variation, lysine accumulation, cadaverine production, and intracellular PLP accumulation
in shake flask fermentation of different PLP-enhanced strains. Epd: Erythrose-4-phosphate dehydrogenase;
PdxB/PdxR: 4-phosphoerythronate dehydrogenase; SerC: Phosphoserine aminotransferase; PdxA:
4-phosphohydroxy-L-threonine dehydrogenase; PdxJ: PLP synthase; Dxs: DXP synthase; PdxH: PLP oxidase;
PdxS and PdxT form the PLP synthase complex; PdxK: PL kinase present in Bacillus subtilis and Escherichia
coli; PdxY: PL kinase present in E. coli; the PdxK from B. subtilis has activities of PN, PL, and PM kinase. E4P:
Erythrose 4-phosphate; PE: Phosphoerythronate; OHPB: 2-hydroxy-3-oxo-4-phosphobutyrate; 4HTP:
4-hydroxy-L-threonine phosphate; AOPB: 2-amino-3-ketobutyric acid phosphate; PHA:
3-phosphohydroxypyruvate; G3P: Glyceraldehyde 3-phosphate; PL: Pyridoxal, PM: Pyridoxamine; PN:
Pyridoxine; PMP: Pyridoxamine phosphate; PNP: Pyridoxine phosphate.
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AT oy ik, RSN R N, DA HC TS
TG 2l 1 S BRI AT 2 0, Forbhok A Ak
P4 ZE H AT T (Bacillus subtilis) 1 45 4% 43 A AT
(Mycobacterium tuberculosis)i) PdxT ffl, LG
5 51M 63.68 U/mg H1 65.06 U/mg (3% 5); £ H
B. subtilis Flih#ZEF1FT [ (Geobacillus)fy PdxS
fetl, FUREE 4350 978.82 U/mg Fll 971.46 U/mg
(3 6), [N R PAXT H1 PdxS 1 Jg by 5 #%
DXP JEAR M i 42 (A 1L Tl

W G S A 1) %) S DR A I A 32 il A
pEM-Prs-AsCadA Jiki b T4l & ik, a1
2 4 FAG TR, AR LY-4 H3RA5 bk
LO7-L10. ilad PEH A s 48 h, L4l & itk L10
FIMLN PLP % ffmr, 4% 2716.94 nmol/g DCW,
T X AR Lol #mT 3.09 £, H

x5 ATREEYRIFER PAIT BIE1 hFSH
Table 5 Kinetic parameters of PdxT from different
microorganisms

Microorganisms Specific K, Keat Keat/ Kin
activity (mmol/L) (s") (L/(mmol-s))
(U/mg)

Bacillus subtilis  63.68 5.60 0.110 0.019

Geobacillus 32.09 1.84 0.034 0.019

Mycobacterium  65.06 9.68 0.160 0.016

tuberculosis

Plasmodium 8.42 1.31 0.022 0.017

falciparum

R 6 TREYKRIRE PdxS MH N FSE
Table 6 Kinetic parameters of PdxS from different
microorganisms

Microorganisms  Specific DL-glyceraldehyde 3-phosphate

activity - K, Keat  Keat/Km

(Umg)  (mmol/L) (s") (L/(mmol-s))
Bacillus subtilis 978.83  0.38 2.60 6.84
Geobacillus 971.46 0.28 0.36 1.29
Mycobacterium  161.47  0.29 0.41 1.41
tuberculosis
Plasmodium 276.68 0.33 0.77 2.33
falciparum

&: 010-64807509

JUE TR AR AR A AR 7.27 /L.
0.15 g/(L-h)F1 0.16 g/g, BT AT K LO1 43 51| 4
B 6.79 1% .6.79 151 4.71 15 (1 3B). 45 TR,
BspdxS/MypdXT 141 R kB ZE PLP FIE G
BB

PLE 25 SRR e s PLP A 3G i
sahn, BrDAADEE 2 PLP AR S S
N A L K AsCadA, [R]IHZE SOk pEM - 1EF 740
G2k, WEBEM L1 (8 3B), i S8 & %
48 h, L L1 BN PLP & . = m
K= #5515 3 786.52 nmol/g DCW ,9.23 g/L
M 0.21 g/g, AHETXTREEFE LO1 43503 m T
4.33 fi5. 8.63 fi5F1 6.18 £i5 (& 3B)., M iTAk Btk
AOEARPER R L1178 5 L & B i s 2044
B 48 h, JRE P EIAF] 36.32 g/L, A"
SRS HK 0.76 g/(L-h), 77K 0.14 g/g.

24 PREABIZMHL

RIRGE TR L1178 5 L R BREREK P-4
7R R B AE, ASBIEGE 3 S A R B[]
pH AWM 3 RN R T 2T
fb, DAFESE ) ™ i

B\, R TG FEE G, 6. 12, 21 h)
X7 e R B A T RS . AN 4A TR, TEA
MLA K T T, B S S RGO, AR
ODss, L e 5 FREM S, 451k
50.88. 56.01. 45.14 Fl1 42.34; 76 ) fe W7 1T,
MEFEEA 6 h B, PR R s, sE
43.90 g/L.

Hwk, W5 7T A pH X [A](5.5-6.0 .
6.0-6.5. 6.5-7.0. 7.0—7.5)%F ' Jig £k P (50
WE 4B i, LRI m, BE pH M7t
157, AL K ODsey S N G T [, 43991 Sk 39.5 .
50.88. 58.1 Fl 54.1; fE/ P&, 24 pH
TE 6.5-7.0 YU BT, 7 e~ ik E 49.67 g/L,
ML TFALETIR R T 36.76%. X1, 24 pH &
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T 7.0 BF, JUREEIRER 21.69 g/L, Bk
FERTFEAR T 40.28%.

FiAh, W T N R W) IR R [10%
15%.. 20%. 25% (RSB0 10 e A= 7 B 2o
W 4C s, FEAMAER T, BEE B Rl a i)
PER, ALK ODse B MG, 4920 45.10,
50.88. 55.5 1 56.01; 1/l oy, MSwIhh
FER RN 20% 0, 7 i i d e, 1531 40.12 g/L,
A FUALETHE B 10.46%. SR, 44Emh gk
SEHRE R 25%I, )T Y T R 38.20 g/L.

i BT, B TR R T LA
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1 1.14 £5 (K 4D).

3 W54 #®

AW LRI LDC 5] ALK
T AT R 5 BR AR TR E. coli Hr, 52
TR A . BE, @t — R IR S K
RN SERS, e T 2k 7 4 R R 2Ry il
PLP Hpgifadil. FEULIERE b, FFR T —FAGE

JuU UUiO:
T 50
= 40
r 40 o
= 30 Y
.. mn 0
T An =l

Ll I I B,
5.5-6.0 6.0-6.5 65-7.0 7.0-7.5
pH

60 - Cadaverine __ 30
5] —®- 0D, j//"- 2.5
50} HAc = _
= —&— Lysine Y 2.0 %
§ 40 ¢ —p— LAc / \;
g == 15 2
=] -
[*] ~
i’ 1.0 '%
a i
&
< 0.0

0 10 20 30 40 50

Time (h)

Figure 4 Fermentation optimization for cadaverine production in fermenter. A: Effect of different induction
time on cadaverine production and ODs4,. B: Effect of different pH on cadaverine production and ODsg;. C:
Effect of different initial inoculum on cadaverine production and ODsg,. D: Variation curves of strain L11 on

a 5 L fermenter under optimal fermentation conditions.
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ok, LAESE PLP AMEPNfIEN, 155 SR
R L1, PE—4H, 78 5L kRS, NiETE
LRI . pH {E AR 3 ANy TR K 1 2k
Tt f, it 48 h B0 HAN R R B, @
PR LILAE 5 L REERE D)7 e i . 1954 7o
FEAy k5] 54.43 g/L. 0.22 g/g F1 1.13 g/(L-h).
UG BRTHGE Y E. coli &4 U7 e ) et s
PR Ry 58.70 /LM, H AR R BE AU AT
) 79.65%. £ Tk AbAE P24, Ay o i e i
TR RGN [B] 77 R B SR AR,
Ut S ERA G A A s T Tl AR AR 4 A=
JREREE,

WA AR PLP A g4, ol LI 308
1k PLP A= W)4 B . PLP 38 2 BER X F 17
Jig () A3 e 2B e B A Y. (AN AN ST PLP
SR AR, IR G L gy
Hgwt, B, &S 4 FRABED &
B PLP W7k (1) 5l AMRGER . Fln, &
i i R ROR AR B S B paxY, S -3
IR AR S T 4.33 452, (2) sRAL A/
FIABABEZAN MG R, fh DXP R
P AE A DXP AR A2 (3) TF &
o BN SR = L RNR IR 29, T2 90 1
— R AR SR DXP (KBR DY, (4) L4
SR A AR o 91 038 2 HE AL /4 5% NADH
A, dEGEE PLP & B, ABF5E % PLP 4=
Y14 8 DXP ARHS AT DXP AR B A2 k4T T
TR . R AP AL DXP R R 12 LA I
51 DXP AER S ) RGE AR TR, ks 4
PN PLP M35 T 4.33 1%, &, wilbkr™
PR L11 FERE R0 )7 g~ i ik #1) 9.23 g/L,
AT & 8.63 fif. i, DXP JEAK# %1%
Y BspdxSMypdxT 414G, 456 Tk A AHEA
Py pdxS Al pdxT, #H%:T BspdxS/BspdxT Xk
FAEA S, PR RORE R, R G
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S H A T R ) SRR T 1) S

RAGHAS T —2e i g, (H2 B ap TR Rk
B4 7 R HE 7 A AR 5 A M 8 TR R B Tl A A
HEAHLL, A TER & 25 R, RBOX 45 ke
I AA 4 4. (1) PLP o %, PLP 45 LDC
P, LR AN 2 i £ #0 PT BE S e T 1
FEER A A, JE A e R A
S (2) PR LRI AR A et o L HRGHE S5
I AR R AR T T GE, 2
sl TRITARMEN, Wb TR ik, B
R R BR L11 RN R i et , w]
RERBU™ e R Z IR . (3) P iz iz 2%
FAN . DB TR RIE TR M
WiHEiZ 8 1 CadB, AR HEH6 2R 19 i PN 42 i LA
L7 WMo e iz o (4) PRI 2 PR . B 4E
I e )7 Y TR TR AR P T 32 T Ak E. coli
NT1005 MJEEFE K, 5ZH L, AR
E. coli LY-4 {UAE R i 2 iR 1 A= 77 18, R4 7Tt
S, B A U AR S A T R A
PERFAR

R TR S E A AR L1 07 R
&, TERSMUFE R LNCAT 4 AN i s
W& (1) & PLP WA . WLE—HiEH
RS % N E U AW o T e = D 1851 @ 3
SEORmE, MM PLP M5 BUSCR . (2) Ak
A B RE T i — DR S B AR I G R,
3 20 5 A AR i O B il R 3K T A R 7 i A
DI (3) ik Moz ae ) o it i kAl
2 BT R R AT DL 5 BT i B As B
KA TFRE TN, @) =EIEENZ
P o T 32 1 5 114G 5% 1T DA B A b BT A I g
AT 3 e A 7 2ok B B B8R A i 7 i, Al LA
SR OB IVA & 7i (AN A L IO I ) Y S B
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