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1. NADPH EFHFEE C. glutamicum ELHF #RBIHIIE R BE
Figure 1. Schematic representation of the NADPH auxtrophic C. glutamicum. NADPH and NADH metabolic
pathway are shown in blue arrows and pink arrows, respectively. The red arrow and grey arrow represent the
extrinsic routes. X : the deletion; . the replacement. GO6P: glucose-6-phosphate; 6PGL:
6-phosphogluconolactone; 6PG: 6-phosphogluconate; RuSP: ribulose-5-phosphate; F6P: fructose-6-phosphate;
GAP: glyceraldehyde-3-phosphate; PEP: phosphoenolpyruvate; Pyr: pyruvate; AcCoA: acetyl-CoA; ICit: isocitrate;
a-KG: a-ketoglutarate; Suc: succinate; Mal: malate; OAA: oxaloacetate.

1.2 W, BR 5514 Luria-Bertani (LB)5 32 5(g/L): & Mk 10, %

SRR R R . RS g 1 BHEBW S, NaCl 10, pH 7.0, LBG Kifftt: LB
Wi, H s R e R A R e ORI S /L AR, Epo Fifedk: LBG Sy
H SEASm 30 /L HER, 4 o/L AP 1 g/L nt

IR-80, LBHIS 35353 . LB B340 91 g/L 11134
13 SRS FEEAN 18.5 g/L iy i i . CgXII K5 R (g/L):

37 °C. 100 r/min ¥53%# Escherichia coli, 30 °C, 3N HEBR)- PR 42, (NH),SO; 20, JRE S,
100 r/min $55% C. glutamicum, EFRERMT, W  KH,PO, 1, K,HPO,3H,0 1, MgSO, 7H,0 0.25,
Jn 50 pg/mL s 25 pg/mL RABEE R (Kan) I F4ifi  CaCl, 0.01, FeSO,-7H,0 0.01, MnSO,-H;0 0.01,
YL E. coli Fl C. glutamicum L ZnSO,-7H,0 0.01, NiCl-6H;O 0.0002, ‘4%
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0.0002, J5JLZEER 0.00003. A B F=EEFIH 20%
(M/V) NaOH #8752 pH 7.0, 3F 121 °C K4 20 min,

1.4 FORLAIE RS
1.4.1

H I BB R RL pK18mobsacB-Azwf .

pK18mobsacB-Aicdcgy::icdsy FIFIRE: S B o
¥ pK18mobsacB-Azwf . pKl18mobsacB-AmalE .

pK18mobsacB-Aicdc, #1 pK18mobsacB-Aicdcy::icdsm
A anE 2 P, HAWEIIES BINER

pK18mobsacB-AmalE . pK18mobsacB-Aicdc, 1 SFHEN M )5ikEA 1Y,

Table 1.

x1. KARFAZIMNE

EEM. FRAG

The main strains, plasmids and primer pairs used in this study

C. glutamicum strains and plasmids

Characters

References

Strains

Lys-x

Lys-xy AZ
Lys-x AZM
Lys-y AZMlI¢,

Lys-y AZMl¢g::Igm,
i.e., Lys-x1
Lys-y1/Px-pntAB

Plasmids

pK18mobsacB

pEC-XK99E
pK18mobsacB/Azwf
pK18mobsacB/AmalE
pK18mobsacB/Aicdc,
pK18mobsacB/Aicdc,: icdgy,
pECM

Pyc-pntAB-gfp

Px-pntAB-gfp

Primer pairs
Zwf-F

ZWf-R
MalE-F
MalE-R
Iedcg-F
IedcgR
Icdg,-F
Icds,-R

L-lysine high-producing strain derived from C. glutamicum ATCC13032 by Our Lab

multiple rounds of random mutagenesis

Deletion of genes zwf'in strain

Deletion of genes zwf and malE in strain Lys-y chromosome

Deletion of genes zwf, malE and icd, in strain Lys-y chromosome

Lys-y chromosome This study
This study

This study

Replacement of the natural icdc, gene with the Py,-icdsy-r#nBTIT2 cassette in This study

strain Lys-y AZM chromosome
Overexpression of E. coli pntAB under the promoter Py in strain Lys-yl1 (Px This study

represents a series of promoters with different transcriptional activity, and the

promoters used in this study are listed in Table 2)

Integration vector

Overexpression plasmid with Kan resistance and promoter Py,

Integration vector for deletion
Integration vector for deletion

Integration vector for deletion

Delection of /acl® in plasmid pEC-XK99E

Stratagene
Stratagene
of zwf' [18]
of malE [18]
of icde [18]
Integration vector for replacement of the icdc, gene by the Py-icds,-77nBTIT2 cassette [18]
This study
This study

Overexpression plasmid derived from pEC™

Overexpression plasmid derived from pEC™, the promoter P, was replaced by This study

promoter Py

GTGAGCACAAACACGAC

TTATGGCCTGCGCCAGGTGTG

GCGTTCCACCCAAAACCT
TGGACAGCTGCCTTGACT
TTACTTCTTCAGTGCG
ATGGCTAAGATCATCTG
TGCCTGATAAGCCCGTT
CAGAAAACTGACGGGTT

PCR
verification
of genes zwf,
malE,
and icds,

iCng
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Figure 2.
and pK18mobsacB-Aicdc,::icdsm (C).

1.4.2 FEFIKFRL Px-pntAB-gfp Bt i

National Center for Biotechnology Information H' E.
coli MG1655 25U FHIH) PntAB B ¥ 51k
51BN pntAB-F: 5-CCGGAATTCGAAAGGA
GATATACCATGCGAATTGGCATACCAA-3'; pntAB-
R: 5-CGTGAGCTCTTACAGAGCTTTCAG-3"), VA
E. coli MG1655 JEH2H 5t , pntAB-F/pntAB-R
5T PCR R4S pntdB JEH FBL . BiJe, K H
RGN DIEE EcoR 1 Al Sac T BEVIFCRL pECY Al
pniAB JER B, RIS T 22 °C ik, &
Kan $01 VA i 126 1L DRI 95 1R AR5 J 20 3R 0K ot
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The process of construction of pK18mobsacB-Azwf (A), pK18mobsacB-AmalE (B), pK18mobsacB-Aicdc,

ki pECM-pntAB (B} Pye-pntdB). Fh)E, H4EEIET
Aequorea victoria fNEEEIGE(GFP, HMiSSEEH
gD E IR P 9 A  ZE LGRS i
TIA C. glutamicum SD 51751 -8 15 FE A i
R A TR TR PoepntAB 1, NITTHRAS H
HELH TR PoopntAB-gfp. T HAFANA] pntdB %
R FR R I A AL R, ASSCEG e Bk pECY
HY tre il RS PCR ()5 s A )3
JERR ST, MMiZRAGE2H3RIK kL Px-pntAB-gfp .
ARSI AT vE R 2h TP N 2 R, HAZ T
P91 S5 N GER AE TRHE A R A BTG
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R2 AMRAPTAZEET
Table 2. The promoters used in this study

Promoters  Sequences (5'—3’) References

Pac TTTACACTTTATGCTTCCGGCTCGTATGTTG [19]

Pup TGTTGACAATTAATCATCGAACTAGTTAACTAGTACGCA

Peac TGAGCTGTTGACAATTAATCATCGGCTCGTATATAATGTGTGGAATTGTGAGCGGATAACAATT

Piacm TGAGCTGTTGACAATTAATCATCGTGTGGTACCATGTGTGGAATTGTGAGCGGATAACAATT

Pyan CCGGAATTGCCAGCTGGGGCGCCCTCTGGTAAGGTTGGGAAGCCCTGCAA

Pprioa CAGCGTATTTGACCGATCCGGACACCTGGGATAATGTGTGGATTTGTCGG

Placm TGAGCTGTTTACAATTAATCATCGTGTGGTACCATGTGTGGAATTG [20]

P TTGACAATTAATCATCCGGCTCGTAATG

Psod AGCGGTAACCATCACGGGTTCGGGTGCGAAAAACCATGCCATAACAGGAATGTTCCTTTCGAAA
ATTGAGGAAGCCTTATGCCCTACAACCCTACTTAGCTGCCAATTATTCCGGGCTTGTGACCCGCT
ACCCAATAAATAGGTGGGCTGAAAAATTTCGTTGCAATATCAACAAAAAGGCCTATCATTGGGAA
GTGTCGCACCAAGTACTTTTGCGAAGCGCCATCTGACGGATTTTCAAAAGATGTATATGCTCGGT
GCGGAAACCTACGAAAGGATTTTTTACCC

Peyr TGGCCGTTACCTGCGAATGTCCACAGGGTAGCTGGTAGTTGAAAATCAACGCCGTTGCCCTTAG
GATTCAGTAACTGGCACATTTGTAATGCGCTAGATCTGTGTGCTCAGTCTTCCAGGCTGCTTATCA
CAGTGAAAGCAAACCAATTCGTGGCTGCGAAAGTCGTAGCCACCACGAAGTCCAGGAGGACAT
ACA

Pyro AGTTTGGCTGCCATGTGAATTTTTAGCACCCTCAACAGTTGAGTGCTGGCACTCTCGGGGGTAG [21]
AGTGCCAAATAGGTTGTTTGACACACAGTTGTTCACCCGCGACGACGGCTGTGCTGGAAACCC
ACAACCGGCACACACAAAATTTTTCTCAT

Ppc TGGGTGATTGTTCCGGCGCGGGTGTTGTGATGGGTTTAATATGGAAGACA [22]

GCAGATACTGGAATCATTAACACCTTCCGCTTTGGGCTAATGTTGGGGGG [22]

Poapa GAATCCGCTGCAAAATCTTTGTTTCCCCGCTAAAGTTGGGGAC

Pk ACCCCGGGCTATTTTGTGTCTTTAATCAATACAATTGAATACCG

Popm TTTGCCGTATCTCGTGCGCAGAATTGCTTTTGAGGGAAAGATGGAGGAGA

Peno TTTCAACTGATTGCCTCATCGAAACAAGATTCGTGCAACAATTGGGTGTA

Py ACCTAAAGTTTTAACTAGTTCTGTATCTGAAAGCTACGCTAGGGGGCG

Prale CATTGCGAAATTTTTGTTGAGCTACATATTTAGCTAGTGTTTTTGTTCCA

Pgapa TAGGTTTTTTGCGGGGTTGTTTAACCCCCAAATGAGGGAAGAAGGTAACCTTGAACTCTA [23]

Pgapa-ps TAGGTTATTTGCGGGGTTGTTTAACCCCCAAATGAGGGAAGAAGGTAACCTTGAACTCTA

Pgapa-r2 TAGGTTCCTTCCGGGGTTGTTTAACCCCCAAATGAGGGAAGAAGGTAACCTTGAACTCTA

Pgapa-ats  TAGGTTTTTTGCGGGGTTGTTTAACCCCCAAATGAGGGAAGAAGGTATAATTGAACTCTA

Pgapa-ass  TAGGTTTTTTGCGGGGTTGTTTAACCCCCAAATGAGGGAAGAAGGTAAAATTGAACTCTA

Pgapa-B6 TAGGTTTTTTGCGGGGTTGTTTAACCCCCAAATGAGGGAAGAAGGCAACCATGAACTCTA

Pyapa-s27 TAGGTTTTTTGCGGGGTTGTTTAACCCCCAAATGAGGGAAGAAGGAAACCATGAACTCTA

Piwpassi  TAGGTTTTTTGCGGGGTTGTTTAACCCCCAAATGAGGGAAGAAGGGAACCGTGAACTCTA

Piapa-c2 TAGGTTTTTTGCGGGGTTGTTTAACCCCCAAATGAGGGAAGATCGTAACCTTGAACTCTA

Pispa-cis  TAGGTTATTTGCGGGGTTGTTTAACCCCCAAATGAGGGAAGAACGTAACCTTGAACTCTA

Paspa-czo TAGGTTCCTTCCGGGGTTGTTTAACCCCCAAATGAGGGAAGATGGTAACCTTGAACTCTA

Puso CAAAAGCTGGGTACCAAAGTAACTTTTCGGTTAAGGTAGCGCATTCGTGGTGCCCGTGGCCCG  [24]
GTTGGTTGGGCAGGAGTATATTGGGATCCA

Puse CAAAAGCTGGGTACCTCTATCTGGTGCCCTAAACGGGGGAATATTAACGGGCCCAGGGTGGTC

GCACCTTGGTTGGTAGGAGTAGCATGGGATCCA

http://journals.im.ac.cn/actamicrocn
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1.4.3 NADPH EBFHEEEI C. glutamicum EHH
BB OE . K bR E A Rk
pK18mobsacB-Azwf pK18mobsacB-AmalE
pK18mobsacB-Aicdc, g 5| pK18mobsacB-Aicdcg::icdsm
A6 2 C. glutamicum Lys-y B2 4009, FH05
e HARE A EME C. glutamicum Lys-y Azwf (HJ
Lys-y AZ). C. glutamicum Lys-y Azwf AmalE (B}
Lys-y AZM). C. glutamicum Lys-y Azwf AmalE
Aicdcy (B Lys-y AZMlIco)# C. glutamicum Lys-y,
Azwf AmalE Aicdcg:icdsy, (B Lys-y AZMIcg:: Loy 5%,
Lys-y1)o H b5 4 B A EART 77122 18 Wang
SEHR I TR T

1.4.4 NADPH [EI#MNY C. glutamicum T2 BEREH)
PR AR VUCOKE IR FE 2 LR 3K JTURL Px-pntAB-gfp
A2 C. glutamicum Lys-y1 JBZ 400, FEifivk
H BAREHFERE C. glutamicum Lys-y1/Px-pntAB-gfp
(BP Lys-x1/Px-pntAB-gfp). B bndE 4 kA H AT
WA IR Xu S W A 7,

L5 ik

1.51 NADMP)" fl NAD(P)H K ¥ W #F0
NAD(P)H/NAD(P) i8R : R AT i R L i e
NS, DARRPERIER (0.5 mol/L HCHER IR [ 7Y
Mk BE 4% 2 (NAD' Al NADP'), Dl o 4l 42 7k
(0.5 mol/L NaOH)# Btk J5 4 nk e 4% 11 iR (NADH
I NADPH). i/, fFBIM BioVision 2 A4 & 1)
TG &, AU BN IEIE NAD(P)
NADMP)H [ ¥ B 3 i+ & NADH/NAD" Al
NADPH/NADP® , H & LI NAD/NADH
Quantification Colorimeteric Kit R rERI NAD'
M NADH , LI NADP/NADPH Quantification
Colorimeteric Kit %5746l NADP™Hl NADPH,
HAR BRZ: B aa0) il W] -5 A A T i 09 e S A 07
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LA,

152 SREIOCEH(GFP)REBBERI . Kih
TRUF R F 554 3] 10 mL LBG RS R s
10-12 h, W B —7E B (IR 4 °C B DI 1A
SRIG FABEIR R (PBS)Z2 il (pH 7.4)15 Uk 3 sk
BRI, HFI I — 2 S PBS 2% 0hif (pH 7.4) F B T4
o a, SRADOEHE 20 7 2 {X (Beckman
Coulter, Inc., CA, USA)/#T AL (a0 Yeam g, B
RS BT 2% Yim G HE 1 Jr adb A7,

153 EEAERBOAT K LB L 10 min
(12000 r/min), #8 /5 F dd H.O VR &I A 3 1K,
W RARE T 105 cCHE T RIHTE, FJait5 55
ARG FE T C. glutamicum ODsg, 5 DCW (g/L)
AISRER o ReE IHIBURE A A I BUT] 0.25 mol/L A Hi
IR 26 505, FHESMPOEETHIE
ODsg,, FARINE J5¥5:2 By DR A5 1T iy vk ik

71

1.54 HERESEK LBERIRENNE: K
W0 5 min (4 °C, 12000 r/min)f5 B 3 I
Fi B 100 £, i AR LIRS BT SBA-40C I
KR R R Y R A B S D (UERE S 25 pL) AN
LM R e B, AR 22 7 vk 2 B DR A T
iR,

2 ERFAH

2.1 HWEHBEKRNHLSEE
ZHRBPRER B i, IRUCK B
¢l Jikr pK18mobsacB-Azwf . pK18mobsacB-AmalE .
pK18mobsacB-Aicdc, yi| pK18mobsacB-Aicdc,::icdsm
W E C glutamicum Lys-y BZA540Ad, @it
ORI PR A G e H AR E A AR . 4ad PCR IR
Uk, #E HAREALAAR(E 3). A 3 Rl E4]
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I Lys-y AZ Lys-y AZM F Lys-y AZMI ¢, H 4ift 3
Bl zwf. malE T icde, #RA BRI, TIAEHZH R Lys-y
AZMlcg:: I PUAAAERIET S, mutans 1 icdsy, 3
R X SES5 RSB, A5 F i 1 1) o 20 T Ak
HEEA R, B i E 4R A I 1 5 %508 ik
S BEAR IR S5 £ W ik A U

M 1

2 34 5 6 7 M bp

2500 bp
2000

1000
750
500

BEtrEHE R PCR ik
PCR analysis of the target recombinant

3.
Figure 3.
strains. Lane 1, lane 2: the comparison between original
and knock-out of gene zwf. Lane 3, lane 4: the
comparison between original and knock-out of gene
malE. Lane 5, lane 6: the comparison between original
and knock-out of gene icd.,. Lane 7: the gene icdy.
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WS 1 NADPH (Bl 1). A T NADPH 7 76k
FARITA bR, AOFSEE b #RTE Zwe, R HEAH
R C. glutamicum Lys-y AZ. PRI EEEH K& R
Lys-y, FIE A EAK Lys-x AZ, A& EEIA] A B BOREN)
ERBER PR . G5 R R, EARE Lys-x AZ
R S5 R AN Lys-y 822 00 A KIERE (]
4-A, B). #RiM, 5 KW Lys-y fHEL, AR
B Lys-x AZ " L-BUE R i B T (R 1.8+
0.4 g/L), R AHEE Lys-y 19 9.1%, H AL
TR L-# 2 i)™ &t 2 PR IR [2.05 vs. 0.23 (g
L-#id /g W) (18 4-C). ARAIE, XPIHH%
WEER A0, AP Lys-y AZ 9 L2 i2
HAE IR, BF 154213 gL, MK HEE
Lys-y, [ 78.2%. SR, 4 LAH At A HLER (40 o R R
ou- P 130 TR B R T £ TR ) A VS 0 N (S 5 A A
Pirhec & aAY), LR & A m,
FLROEAR L2 R (R 4-C)

(€) 25 - mLysyx mLys-y AZ
» Lys-x AZMuLys-y AZMICg

20 k7= Lysx1

u Lys-xy AZ

L-lysine production/(g/L)

0
Pyr o-KG OAA Glc Gin

Pyr 0-KG OAA
Substrate

4. TRIZEHBERERRFRR TEAEKN L-BR8RABEFR
Figure 4. The cell growth at 24 h (A) and at 48 h (B) as well as the L-lysine production at 48 h (C) of different
recombinant strains under the different carbone source. Glc: glucose; GIn: gluconate; Pyr: pyruvate; o-KG:

a-ketoglutarate; OAA: oxaloacetate.
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BT HE B EERE Lys-y, 20 sl J5 & 5 il
5 TN NADPH 7KV, A SO H A& i FR 82 20
BRI R T (B 24 h S ) JEL P IR Mg A TR
7 omiie, BMBRmE 3 s, Ik 3 Af
DIE N, HEAHEM Lys-y AZ JfiiN NADPH 7K M\
HR R Lys-y 19 4.18x10* nmol/(10* ZHiJi0) T &
# 1.03x10* nmol/(10* ZH ifd), M NADPH/
NADPREIRT 32.1%. {EAS4EHAZ, FEAREK
Lys-y AZ M5 —FhmtiEd% E2 (B NADH)AH L
H & B BR Lys-y A & 18R, M 1.75%10™ nmol/
(10* 40 )2 i 3] 2.34x107* nmol/(10* 1 L), L/
NADH/NAD 75 T 33.7% (35 3)-

2.3 thESkE Zwf, MalE FISA BRI S B (Lcd)
BEZWAKE KM L-BERE B

C. glutamicum "Fi% PP i&42H Zwf F1 Gnd =
5 NADPH & Hi4bh, 45 KU ARG &%
MalE il TCA f§# i i) Ied 12 5 NADPH H4i%,
(B DY, R TRl NADPH /4K,
ARSI AR S 1E MalE Fl Ted o LA 4B A i PR A,
TER G Zwf FEl - 4k22 K 1% MalE (BiR1S B4 W
Pk Lys-y AZM)X B ARA KR 3%, (HRAER
& Zwf Fl MalE B&fill FARZLR0E Ted (RPARAS EE2H
BRI A& Lys-y AZMI ) B A K B0 BH 2. (B 4-A,B).
AR A, YLV A IR, ) s
Zwf, MalE Fl Icd XFREMAAER AN, LA

A HLR CAT PR R oA R R L Tk 2L TR ) M il
VREE, TR RZR BEZm(E 4-A), Mo, A&
W58 & IR R U5 T 28 T2 48 3R 18 (S mutans) ' )
NAD"-lcd & (icdsn) B C. glutamicum H 5
NADP -Icd & (icdc,) 315 B R Lys-x1, %
ITRPR Lys-y1 FE5TA D I b b M4 A KR A
THEAHARE Lys-y AZMIc, (Kl 4-A, B). 7t L-#fiz
PR I AT, LA 2 A A BILTR (A PN R
o 7 PR AN L LR M B IR A, BT AL BRIRR Lys-y
AZMlcg Il Lys-y1 KPR R IASE] L-6 20 BR 1)
R (B 4-C). LAHIAGHERR Jy s BT, H 4 B bk
Lys-x AZMlc, [(5.9+1.0) g/L1FH Lys-x1 [(7.2+0.4) g/L]
o L 2R A W A e, (R T R TRk
Lys-y [(15.4+1.4) g/L] (8 4-C)., #— /0 Hr 4 14
Pk Lys-x AZMlc, 1 Lys-y 1 Jitd YLk BE A% 1 R 2 )
RIL, TEHYIHERE Lys-y AZMIc, 1 Lys-x1 i N AS:
WA NADPH (£ 3). {Hf348H B2, MKRTE
NADP"-Icd B Jfi iy NADH 7K1 NADH/NAD' Ht
Bl & R, T NADP -Ied ##0/8, NAD'-Icd
A 5 4 S L NADH ZKF-#l NADH/NAD' L 7]
(# 3).

ZE bk, EALBKE Lys-y AZMIcg Fl Lys-y1
L I EBASAL R NADPH, #5/& NADPH 8 7 i3 7
C. glutamicum FHE K . 5 EEHAE K Lys-y1
TER AR APERE R L-i6i 2 R A e /K VB 2440 T

£3. EHHEEMEABFRAMIELEENAD. NADH. NADP'#1 NADPH)E £

Table 3. Contents of intracellular NAD", NADH, NADP" and NADPH in recombinant and original bacteria
C. glutamicum NADPH*® NADP** NADPH/NADP" NADH? NAD"®*  NADH/NAD'
Lys-x 4.18 3.72 1.12 1.75 7.03 0.25
Lys-y AZ 1.03 1.45 0.71 2.34 6.12 0.38
Lys-y AZM 0.82 1.47 0.56 2.37 6.05 0.39
Lys-y AZMlI¢, ND 1.22 - 1.62 7.04 0.23
Lys-¢1 ND 1.25 - 2.93 5.66 0.52

% the unit is 10~ nmol/(10* cell); ND: not detected; — no computed data.
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Lys-y, AZMlcy, SASEREFER AR Lys-y1 1E
JAHFE) NADPH & F8E R C. glutamicum H
HEHIF AT T —2P 5T,
24 AFGRBEJESITER PntAB iH15 NADPH &
FREREET C. glutamicum Lys-y1 A NADPH F#MA
MIE 4 AT %1, NADPH & F: 8GR C. glutamicum
Lys-1 FIRARAARTN LF IR & iU ik 2% 52 2411
i, ASHFFEHED AT RESE R R E A A Lys-x1 JfL N Joi:
A 1 NADPH TSR 1 AR R EH A iRE. AT
TESE FIRHEN, ASSZE68 2 R AN [R5 IS sk
PRI T E. coli 1) PntAB 7ETEZH 4 Lys-x1 MIPN )
RIBAKF-, IR FELFERTHIN NADP(H/)
1l NADH/ YKo ARHESCHRARIE , ARSI e T
32 FhARISEE RS F(GR 2). N T it—% A
YEPERY 32 FR B FHE C. glutamicum FHYFRIRGREE
ARSI AL T HL2H SRIB TR Px-pntAB-gfp k%

_Super-weak  Weak

Intermediate

ZEADE Lysyl o, oA R S Ak ek,
YRR LLEANRR S F 1076 1o ARPEAERT 2
SRIE, 32 AR B Tar 5 2%, BERESE 315 Al
S9JA 85 B PRSI M. smE SO )
AR E 356 FN(E 5).

i T PntAB F1 GFP #{ & 1E M) — i 3h 7~ #5
Fik, HHINE b PatAB TEAF B3I T F WA
AN %G SRS, AT R B N R TR ) NADPH
Ko R, ARSEEG A3 HT T AS [ 2 A b P
NADP(H/")Fl NAD(H/)/K -, MF 4 ATAL, BT
P B T BT Pawpans M Paspaca 1251 B FE5 TR
b, HEA A HAR 30 RS 2l i 30k Bk Y B
HIERRERREVK B N NADPH (O &, [Amf ek s
N NADH/ K. eAh, JEsh FRIsRES . 94t
sREEFIMEN NADPH /K =F B4R, BIA
[F) 58 B 1) )i ol 7 ol i 23k TORZ B PntAB %

Super-strong

1600
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Figure 5. Promoter strength analysis of different pormoters by flow cytometry.
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BAKEATE, HAREK TN NADPH B R 456l (Y 335 BORLAY 5 20 7R AR il ) NADPH 7K~
WAE, BARRIM A ARG S FHREGINER R[N EHE Lys-x1/Papa-sar-pntAB-gfp ML
R FORL A R HRMEN NADPH JK-FH i [WNE NADPH K4 0.28x107* nmol/(10* 41 fiE)] (5 4).
M Lys-x1/Pucn-pntAB-gfp i NADPH K-V W84 A2, FEREH =4 H M N NADPH K1
19.34x10°* nmol/(10* 4HfE)], Wit A3 AT, KN NADH KFNLE T AL GEE 4).

F* 4. FHAEMA NADPH/HFI NADH/NEE. HIkEM L-HiEEK~E°

Table 4. Contents of the intracellular NADP(H/") and NAD(H/"), cell weight as well as L-lysine production in
recombinants *

C. glutamicum NADPH® NADP"® NADH® NAD"® Cell weight® L-lysine®
Lys-y1 ND 1.25 2.93 5.66 0.3+0.1 ND
Lys-x1/Paspa-ns-ptAB-gfp ND 1.32 2.92 5.62 0.5+0.2 ND
Lys-x1/Puspapor-pntAB-gfp  0.28 1.41 2.84 5.68 440.2 ND
Lys-x1/Puspaps1-pntAB-gfp  0.32 1.54 2.81 5.68 4.5+0.1 ND
Lys-x1/Paspa.co-pntAB-gfp ND 1.28 2.93 5.77 0.6+0.2 ND
Lys-x1/Paspa-ci3-pntAB-gfp  0.35 1.56 2.79 5.69 4.740.5 ND
Lys-y1/Paspa-pa-pntAB-gfp 0.75 1.70 2.69 6.03 7.4+0.4 0.3+0.3
Lys-y1/Paspara-pntAB-gfp 0.58 1.63 2.74 5.82 7.3+0.5 ND
Lys-y1/Pg,pp-pntAB-gfp 0.83 1.49 2.66 6.05 6.7+0.8 0.5+0.2
Lys-1/Py-pntAB-gfp 1.02 1.45 2.53 6.3 7.9+0.5 1.8+0.1
Lys-y1/Ppap-pntAB-gfp 0.93 1.55 2.6 6.16 7.7+0.3 1£0.3
Lys-y1/Pyspa-pntAB-gfp 1.88 2.35 2.43 6.45 9.9+1.0 8.5+0.5
Lys-y1/Pgapa-pntAB-gfp 4.34 3.81 1.98 7.26 9.8+0.7 20.4+1.7
Lys-1/Ppg-pntAB-gfp 3.22 3.32 2.29 6.86 10.2+0.6 18.8+0.9
Lys-y1/Pgpm-pntAB-gfp 3.61 3.28 2.08 7.07 9.8+1.1 19.8+1.5
Lys-y1/Peno-pntAB-gfp 3.46 3.26 2.17 6.93 10.0+0.8 19.2+1.4
Lys-1/Ppn-pntAB-gfp 3.29 327 222 6.62 9.9+0.3 19.0£2.3
Lys-y1/Ppgi4-pntAB-gfp 2.45 2.72 2.34 6.58 9.5+1.2 13.241.5
Lys-x1/Puspanis-pntdB-gfp  5.81 4.61 1.65 7.51 9.3+0.9 19.7+1.8
Lys-x1/Paspa nss-pntAB-gfp ~ 4.93 4.04 1.91 7.32 9.8+1.6 20.7+0.3
Lys-x1/Paspa-coo-pntAB-gfp  5.29 423 1.68 7.43 10.2+1.3 20.0+1.4
Lys-y1/Pgro-pntAB-gfp 6.35 4.93 1.54 7.8 9.1+0.4 17.9+2.0
Lys-x1/Pyuc-pntAB-gfp 5.16 4.20 1.78 7.52 9.8+1.3 20.4+2.1
Lys-y1/Py.-pntAB-gfp 6.09 4.80 1.49 7.47 9.3+0.6 19.0+1.4
Lys-y1/Py,-pntAB-gfp 5.30 423 1.66 7.43 9.8+0.4 20.2+1.7
Lys-y1/Pc-pntAB-gfp 5.87 4.59 1.59 7.48 9.9+1.0 19.7+1.3
Lys-y1/Pyan-pntAB-gfp 7.68 5.73 1.39 7.98 9.1+0.7 15.6+1.2
Lys-y1/Pyem-pntAB-gfp 15.68 7.16 0.83 8.27 7.5+0.8 5.940.6
Lys-x1/Pem-pntAB-gfp 19.34 7.61 0.57 8.43 5.4+0.4 2.4+0.7
Lys-y1/Py,q-pntAB-gfp 10.03 6.01 121 9.31 8.7+0.5 13.7+0.9
Lys-y1/Pyr-pntAB-gfp 13.42 6.74 1.03 8.76 8.4+0.8 9.3+0.6
Lys-x1/Py3o-pntAB-gfp 11.17 6.38 1.19 9.89 8.5+0.3 12+1.6
Lys-y1/Pys¢-pntAB-gfp 15.10 6.93 0.89 8.22 7.8+0.9 6.2+0.7

% the strains list in this table were not ranked according to the level of promoters; °: the unit is 10~* nmol/(10% cell); ®: the unit is g/L;
ND: not detected.
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2.5 NADPH EFEFEHE] C. glutamicum Lys-y1 1
S5 PotAB T IRE M L& RN R

Hi 2 4 A A1, NADPH &5 6 FE 8 C. glutamicum
Lys-x1 Jifi ) NADP(H/) A1 NAD(H/")7K - o] 1 i A [F]
S8 S TR PntAB FGERIE T . BTTAAISE &
B, MG M Zwf MalE #il Ied 5}, Ry NADPH
IOV B REAR, AT 23 i 25 ma A R AR RN L6148
MR G (B 4) S, ARSI AT T 38 AN [R5
& 7 ¥ PntAB 1 NADPH # JRBhFE M C
glutamicum Lys-1 FRIFRIK, XN NADPH 7K
PP AR A TR KRN L R A RS
e mIE, REEHE Lysyl/Pu-pntAB-gfp HI4H
ffiN NADPH 7K Vi, HERZ B L 2
PRI SRR (3R 4) BT AR N NADPH
W RE R B AR L2 R A s R I, DAL
L-#5 B T 7EMI P NADPH 7K-F-— & 71 Bl N 2 i
4 NADPH V¢ (38 s, {F2 4413 NADPH
BT, 2xBEE M NADPH ¥ JBE A3 i FA I
(&l 6). A&l 6 HaT LIARHT, M NADPH #kFE7E
(3=7)x10"* nmol/(10* cell)ivt, ZHMfIkb Tk L-#i%
MR R . ik 4 FIE S ZS ST LUREL, 24
DLsRJE 3 F#210] PntAB 7E NADPH %5 F: ik [E 7Y
C. glutamicum Lys-y1 HRIER, LZmRA: " 51
JER R, HPLUSENT Papaais 751 PntAB FRIKHM
L- i 2 R AE 7 o B e ey (RPEE AL TR Lys-y1/Paapaate-
pntAB-gfp), k5% 0.044 g/(h-g cell), SR, HLI55E
B EUHR A 34 PntAB 7EE AT Lys-x1 Hi)
FEIRMF, LM s iR R 1%-75%
BN, LASSIE 315 Paapare 151 PntAB Ik 2
Lys-x1/Pgaparo-pntAB-gfp W) L- 2 FR L ™ 58 B A
KAAI~1.3%, TEESRIE )+ Poog 1| PntAB ik
ROEZH B Lys-x1/Psoq- pntAB-gfp B L-fad iz A r=im
JE R R RAE R ~T74.3%.
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6. AEEEB#FiEH NADPH KF3f L-Fis g
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The effect of intracellular NADPH level
controlled by promoters with different transcriptional

Figure 6.

activity on production intensity of L-lysine.
3 i

AW E IR L Lz BR = Witk C. glutamicum
Lys-y A H R BE#RFI A T 1 #k NADPH 3% 5L A
HAFEIR C. glutamicum Lys-y1., B4 H Lys-y1 7]
TENIRELANNE, T HLEARR NADPH FA: 5
W, PFRAEARF AN NADPH /KRR H bk, i
T SEPRE A PR B NADPH 7KSF-, hyifE— 2
Bl NADPH 4% iA= 1 4 o A= A D) se r AL 1
FEALBIF T I

TE C. glutamicum ', PP i&4% /& NADPH f9 &
AR, Hh Zwf F1 Gnd 2 5/ NADPH
A R TR NADPH 75 7R B R TR %
AR E R EBERNE Zwl, R E AWk
C. glutamicum Lys-y AZ. W52 &8, Kif Zwf =8
HREAR LR A5 (8] 4). REWIFHR L, B IR
1 mol Y L-#i 2 FR T L4 #E 4 mol NADPH!>" 14,
11T PP A= B FH T, A NADPH /K-F- AN fEHH &
L-#i AR AT R, R B AR Lys-x AZ A % L-#i
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HMRARE S W ERRIL. TEAR MR, Zwt R
GRS AR AR, X452 5 Lindner S54H
MIAN—2, Lindner 225X, KI5 E. coli P Zwf
A EARA K, fE E. coli F1E1E PntAB B,
UdhA 4R 5 SRR IR R A%, ARl LR
NAD(H/")5 NADP(H/") A E 3% ALK -, DA 5230
PP NADPH /KFUO SRTfT, C. glutamicum 1
WA ARG, NN E 40 NADH
AL NADPH, MM SHUfi)) NADPH Bz, it
M AR, MR Co glutamicum H
Zwf, MalE #l Iedcg I, LN EIASE] NADPH )
TR, RIS R AR L R B AT 32 3 i 2
KGR 3). Bo, BEAE Lys-xy AZM F H B /Y
NADP-lede, # 4t . NAD-Icds,, B (B 5 41
Lys-yl), BEAIF M EETNAZIfPN NADPH [
TR 3), XL EM, C glutamicum H5 5
NADPH &8 (N Zwf, MalE Fll Iede,, BUEIX
BT 2 BT ) NADPH UL 2 . (1545 g2,
4 D)L R I, A R R v R A A R
L4 202 A5 v R I 0 et i DA LA AT
PLER(UNPRBRR | o R BR e HE 9L 2R JEE Wy it
WA B B () 4), HIEET R, A
FRTEBERR AL AVE I NI 6-Bh R A A AR, b
M Gnd HEACTE BUZ R BE-5-BER2 Fl NADPH,
AT 6 K B AR AR A L 2 iR 5 B NADPH fY
R,

PntAB fi:ft, NADH £ it NADPH i A~ %85
Jo e AC & 42, AT JE 95 i NADP(H/ ") il
NADH/ VKN, W5t kB, 1 NADPH & 775t
PR E 2 BR Lys-y1 H 553835 PntAB A IR
IR N NADPH W2, JFE—E R LIk
SRR KO LB R & (R 4) o Ah, ABIESE
RIVTE C. glutamicum H EAG AN [R5 FE (/) JE 2l 45
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il PntAB FRIB/KV-AN[E, 45 5 20 B Ak v
NADPH B Sk AR, M4 A s e 3 145
il i) 235 TR EE AL TR AR I IN NADPH 7KV fie i
[UNEEH T Lys-x1/Pucvm-pntAB-gfp i NADPH 7K
SF-A 19.34x10°* nmol/(10* 4], T4+ A 5
Jet Bl 4R I 0 2238 Ok 1) S AL B FR A NADPH
I AR (AN EZH I Lys-x1/Puapa-s2r-pntA B-gfp ML
NADPH /K34 0.28x10* nmol/(10* 40 2)](F 4).
SR, B4l NADPH /K, FFACEREEIA
Al LR i, 7fE— & E NN NADPH
KT, BRER L-# 2R 2% NADPH
W G g, {HU2 8 NADPH B {E R,
235 ML NADPH Y& B2 A3 i FEAIR (& 6). X
—S5 R, NS NADPH 2 il pe A2k
KA L 2B 1A B, L DR AT 82 P il 1
NADPH FTH T 2 ff N A AR P27 25 b
W, AL HATH NADPH 7 F5 Bl 0 B 2]
B Lys-y1 o] DIAE NS0, 18 A [R5 5 0
IFFEHIAME PatAB (93 35 /K- 2 il 52 20 TR g
N NADPH /K~F-, MIERTSA[FHEAN NADPH /K-F
AR, NiE— B NADPH AL Y4
FfL A= BACE D RERY DL TR AR A T Sl ek, A B
SEHRIE , FIFH E. coli 1) NADPH 5 37 Bl ) i ik nl
AR vk AT R R0 H % — 1) NADPH 4 g
I, NADPH FEFREFERITEHE C. glutamicum
Lys-y1 7EWF55 NADPH T4 5% i A2k W it A
PR T R A 52 H A TR H
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Construction and performance analysis of NADPH-auxotrophic
Corynebacterium glutamicum recombinant

Haozhe Ruan', Liming Liu'*", Weiguo Zhang', Jianzhong Xu'

" The Key Laboratory of Industrial Biotechnology of Ministry of Education, School of Biotechnology, Jiangnan University,
Wuxi 214122, Jiangsu Province, China
? State Key Laboratory of Food Science and Technology, Jiangnan University, Wuxi 214122, Jiangsu Province, China

Abstract: [Objective] The biosynthetic pathway of NADPH in Corynebacterium glutamicum was modified to block
NADPH production, thus constructing an NADPH-auxotrophic C. glutamicum recombinant. [Methods] To block
NADPH production in cell, we firstly inactivated the glucose-6-phosphate dehydrogenase (Zwf) and malic enzyme
(MalE) in an L-lysine high-producing strain C. glutamicum Lys-y, and replaced the native NADP'-dependent
isocitrate dehydrogenase (NADP'-Icdc,) with NAD-Icds,, from Streptococcus mutans. Then, we introduced the
proton-pumping nicotinamide nucleotide transhydrogenase (PntAB) from Escherichia coli with different expression
level controlled by different strength promoters into NADPH-auxotrophic C. glutamicum recombinant. Lastly, we
analyzed the changes of intracellular redox level and production intensity of L-lysine in the recombinant strains with
different PntAB expression levels. [Results] There was no detectable NADPH in the recombinant strain C.
glutamicum Lys-y AZMlcg::Ism (1., Lys-xl), indicating that strain Lys-yl was an NADPH-auxotrophic C.
glutamicum. Strain Lys-y1 grew well and accumulated L-lysine in the basic medium with gluconolactone as carbone
source, whereas it could not grow with glucose, pyruvate, a-ketoglutaric acid and oxalacetic acid as carbon source. In
addition, overexpression of PntAB in strain Lys-y1 replenished the intracellular NADPH level, but the NADPH level
in different recombinant strains was different because there was the different expression level of PntAB under the
different intensity of promoters. And these affected the cell growth and L-lysine production. [Conclusion] The strain
Lys-xl could be used as a chassis cell for the capacity of strategies to regenerate NADPH in vivo, thus obtaining
recombinant strains with different intracellular NADPH levels. Therefoere, this study provided a basis for
investigating the regulatory mechanism of NADPH on physiology and metabolism of microbial cells.

Keywords: Corynebacterium glutamicum, NADPH auxotroph, NADPH regeneration, L-lysine production,

intracellular REDOX state, promoter engineering
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