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5, RERLEC RO AE” L2 AR 5 ORI RUEY L2 2R A 7 P RE 4 e & I8¢
7‘??22 o L-RAMRM R A EEA SR EE SRETT XN RANE N LR R A 7 AR B
FF i (Brevibacterium lactofermentus) . V5 FE AT 1 B
(C. crenatum) F 4% 2 R ¥ 4T 14 (C.  glutamicum) Wi C. glutamicum ) IE DR 2188 i b , Al
SR BEEMRG TR AR R RE, R TREER R R R R A S S B R 1 A A R
CELF IR E R R Y, WAE L5z MLt e 4 LeBes . dird 1 e, L
HIRB R ITHIE RIS o R, FURACSICAR A 2 2 I A 3 A2 A 1 ) T R R Ry L

Gle
EMP
PEP L-alanine e y L-threonine
--------------------- TDl(ilvA)
(py k) (thA) __________________
(pck) Pyr maezzez T Pyr 2-ketobutyrate
PEPCx || A IN . VAAS
(ppe)
QO\XVW& 2-AL 2-aecto-2-hydroxybutyrate
ODx \oc@ _______________ AHAIR
(odx) | PCx (ilvC)
2,3- DHIV 2,3-dihydroxyl-3-methylvalerate
bye) N SRV DHAD _ 0% Y
v (ilvD) ¢

OAA 2- KIV 2-keto-3-methylvalerate
CS %,*\ ____________ TAS
(glt4) F S Q (ilvE)

L-valine L-ileucine
TCA >-IPM
_____ ’ |
2-KIC
TAs | (ivE)

Lrp

- S— Irp

Na* L-Leu,, \L@

/Y'\
BrnQ (brn0) | | | ( JJ BmFE (brnFE)

Na* v

L-valine,,, L-ileucine,, and L-Leu,,

1. UBEBEAWRER C glutamicum b L-EREEE WS RIERE
Figure 1. The biosynthetic pathway of L-leucine from glucose in C. glutamicum. The pathway introduced in C.
gluamicum and the modified pathwaies are shown in blue arrows and red arrows, respectively. The bold arrows
represent the enhanced pathwaies, and the dot arrows reprent the abridged pathwaies. The key enzymes and
coding genes are marked on the lines side. Glc: glucose; PEP: phosphoenolpyruvate; Pyr: pyruvate; OAA:
oxaloacetate; Ace-CoA: acetyl-CoA; Cit: citrate; 2-AL: 2-acetolactate; 2,3-DHIV: 2,3-dihydroxyl-isovalerate;
2-KIV: 2-ketoisovalerate; 2-IPM: 2-isopropyl-malate; L-Leu: L-leucine.
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WY, TRREG MR W k-LPWRE RN, 5
L-ZR AR L-5 5% B PR 15 LR AR 15 S [R] 1t A
TR A T A S R ™ B B, AR TR
FHARXY C. glutamicum FHA70GE FEEPELT
JUANTT R (1) R BR-G OA AR B o 81 i fige B
Beskaste, % L2 @R G BUR R MRS,
(2) BELUT R 7™y S i vyl 6, A s 22 AR U 1)
L-se 8 B a s A2 s (3) M4 s A% K Hk il
FRKF, 5 L sk, @) 42
o TR AR L 24 R T 52 4 A o] L Ah 3 I R BE
fbr L-se 2By R BiE R (5) R
WEALIRJFUKT, 85 L2 s o iuex !, -
A o RS TR R CR, (HEFY
[l 58 3 ik A SRR 5 I 2 AR A2 0 ek, i
X T 0 s B A A AR R 2 v ] 5 T AR ) Y
HEeA TR

N A R A 7 L B AR R AR R R B R
ER RS TRE] , EAOR R R A
(EMP)RYZ =) 1 = SR B PR (TCA) IR , [+l P
W J2 SR IR G U B AT A (8] 1), s,
L WE-CoA 3 H 4 LRI & 42 EMP A TCA
PEFR, WJE L-se 2R & i b B 2w R iRy, =
5 SN R RS i HE AL A SO (] 1) R
TR F1 Z W -Co A HYA M BN 3] L-5%
AR BACHE . AR, SR IEER R b
fif (pyruvate carboxylase, PC)A] DAFEAK PC X TCA
mlEh AR R TTER, A TR R, i
feif Lse &R B ok, ARZ3Cikes
54k PC W5 1, A T INEIRR #EA TCA [l fh &
A AT QR L T4 & A R I = BE R AR
KGRI SRR I A >0 B X 4 5 L Tik-CoA
RO A A P it DR 22 R A A I B T AL 4

SR, S BRI S Y
5 i 2, IR FR 1 £ 156 -CoA 1 L-5¢ R & I
AR B AR, (HR X A R
A AR D . FIZE AR R, A 9 o
Bl F TR 5 YR R B =08 &2 Elp (pyruvate
dehydrogenase complex, PDHC, Zwfil%:[A aceF)
FIFF R & [ (citrate synthase, CS, #wtiSFE[H glt4)
() 3% 1 LA K 51 N\ &80 18 (Chlorobium  tepidum)
i ATP-F7 15 iR Z4 i i (AT P-citrate lyase, ACL,

G IEIH aclBA), HEAFHE A TN R BR £ BE-CoA
M REN, $R% L2 2 BRI i, 453K,
FIASMEFT R IR 2 Wi 25 5 4% PDHC A CS
BB 1A R F L 2 R 1 Al .

1 AR
L1 FEERH

JREE PR . I BRI IR O IR R 9
Oxoid 23l o JFURLA BT & . e 1o &
DNA E 4 . DNA Marker #1574 3-B-D-fif itk
W~ LT (IPTG) W H B 5t v MERE A W R A FR
ST o A RRERATE N VIS DNA B [ 3¢
ThermoFisher Scientific /A F]
1.2 Wk, Bk SIYAB ST FS

LS R R E M BUR R 1 Fr
~No HARIR C. glutamicum XL-3 52 VLERETZH
WA iE AR TR 1 PR L2 2R A W bk
C. glutamicum XQ-9 NFEfl, FBRIEA bR, [F]
PR LD ilvC 25 34 7, 575 48 ALAN5T 49 (242
MFp 853l d S, L I R %K% G, EFF, HAE
WVE &R 5 88 52K R T Lysinibacillus sphaericus
(5L H leuDHy FITE gdhl 3RS 1588 A R U5 F
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F1. AHRETABEIEZEMAN

Table 1. The main strains and plasmids used in this study
Strains and plasmids Characters References
C. glutamicum strains
XL-3 XQ-9 AlthR ilyCSHOTBERSE Ajny b leuDHy , Agdh::rocGp, [16]
XL-3 Pygltd The native promoter of gene gl/t4 was replaced by promoter P, in strain This study
XL-3 chromosome
XL-3 PyaceE The native promoter of gene aceE was replaced by promoter P, in strain This study

XL-3 chromosome (P, represents a serias of promoters with different
transcriptional activity, and the promoters are listed in Table 2)

XL-3 P,gltA PyaceE

strain XL-3 chromosome

The native promoter of genes glt4 and aceE was replaced by promoter P, in  This study

XL-3 Pyapa-r28ltA Pyapaacek i.e., XL-4 The native promoter of genes gltA and aceE was replaced by promoters This study
Pgapar2 and Pgypp in strain XL-3 chromosome, respectively

XL-3 AltbR::aclBA i.e., XL-5 Derivative of strain XL-3 with introduction of the optimized gene ac/BA This study
from C. tepidum in C. glutamicum ItbR gene loci

Plasmids

pK18mobsacB Integration vector Stratagene

pEC-XK99E Overexpression plasmid with Kan resistance and promoter Py, Stratagene

pEC-aclBA Overexpression of aclAB in pPEC-XK99E This study

pK18mobsacB-AltbR::aclBA Integration vector for introduction of ac/BA at ltbRgene loci This study

pK18mobsacB-AP12gltA
pK18mobsacB-AP,..x
pK18mobsacB-AP12gltA::P,

Integration vector for knockout of the P1 and P2 promoter of the g/t4 gene  [12]

Integration vector for knockout of the promoter of the aceE gene This study
Integration vector for replacement of the nature promoter of glt4 gene by This study
promoter Py

Integration vector for replacement of the nature promoter of aceE gene by This study

pK18mobsacB-AP .. :Py
promoter Py

Bacillus subtilis W3EH rocGgso 5IWIHFG 8T 7
Nk 2 BoR, IR S MER AR A R A
GikEyn4
1.3 BRFMHEHERE
37 °C. 100 r/min FE3% Escherichia coli,
30 °C. 100 r/min F}53% C. glutamicum., {E¥5E
ZMETF, U0 50 pg/mL s 25 ug/mL RAREE &R
(Kan)FH Fili ik E. coli #1 C. glutamicum B2 R HE
LB 55383k (g/L): B 10, FERRZIY) 5.
NaCl 10, pH 7.0, LBG §53:%E. LB K3
5 g/L #i%iMi. Epo 5554k LBG UM
30 g/L HAEMR . 4 g/L SR 1 /L nki&-80,

actamicro@im.ac.cn

LBHIS }i g5k LB 85 3RIEU N 91 /L LA EEFI
18.5 g/L fi.0rR M. FhF i IR (/L) Hitgh
30, EoKI 30, BilRER 5. MERHZE 10, HERR
5 10. K,HPO,3H,0 1.3, MgSO47H,0 0.4,

MnSO,-4H,0 0.01 -2 4 0.4, )% 2x107*,
BilkE 3x107, REEREFRIE(e/L): MM 130,

TR 25, BEREE 15, BElREL 15. ArBEmReN 2.
K,HPO,3H,0 1.3, MgSO47H,0 0.5, L-TH4& R
0.7. L-A4 MR 0.5, L-55¢ &R 0.06. MnSO4-H,0
0.01. EWE 1x10", HilleE 2x107*, CaCOs 30,
B A 5 35 56 20% (M/V) NaOH ##5 pH 7.0-7.2,
JFF 121 °C KK 20 min, KB FHEET 115 °C
K 10 min,
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%z 2.
Table 2.

A RFFAZ BB FH54

The promoters and pimer pairs used in this study

Primer pairs ~ Sequence (5'—3’) References
Promoters
Pucm TGAGCTGTTGACAATTAATCATCGTGTGGTACCATGTGTGGAATTGTGAGCGGATAA [19]
CAATT
Pye TTGACAATTAATCATCCGGCTCGTAATG
Pyapa GAATCCGCTGCAAAATCTTTGTTTCCCCGCTAAAGTTGGGGAC [20]
Pyapar2 TAGGTTCCTTCCGGGGTTGTTTAACCCCCAAATGAGGGAAGAAGGTAACCTTGAAC
TCTA
Piapacis TAGGTTATTTGCGGGGTTGTTTAACCCCCAAATGAGGGAAGAACGTAACCTTGAAC [21]
TCTA
Primers
IthRy,-F CCCAAGCTTTCACAGTTGTCGCGCAG (Hind IIT) Deletion of IthR gene
IthRyyR ~ AAGCTCACCTTGAATTTAGCATTTCACCC
IthbRp,-F CTCATGAGACAATAACCCTTCGACGCAC
IthRpy-R CGCGGATCCGATCGGATTCCTGGCT (BamH 1)
Py.BA-F ATTCAAGGTGAGCTTTTGACAATTAATCATCCGGCTCGTAATG PCR for Ptrc-aclBA-
P,.BA-R GGGTTATTGTCTCATGAG rrnBTIT2 cassette
aclA-F ATGAGCATTCTCGCAAATAAAGATACCCGG Verification of acl4 gene
acl4-R TTACTTCTTGTCGGGAACCGGGC
gltdp-L-F  CGGAATTCAAACATGCATAGCGTTTTCAATAGTTCGGTGTCG (EcoR 1) [12]
gltdp-L-R  CGGGATCCGGGCCTAGGGAAAGGATGATCTCGTA (BamH I)
gltAp,-R-F  CGGGATCCGTTTCTCGAGTGGGCCGAACAAATATGTTTGAAAGGAT (BamH 1) [12]
gltAp;;-R-R  CCCAAGCTTGCATGAACTGGGACTTGAAGTCCTC (Hind 11I)
Puer-L-F - CGGGATCCTGCCTTGGTCTGCACGAGACCTGC (BamH 1) PCR for promoter of
P..-L-R  GCTCTAGACCGAAGATTTGTTTTACAGACTGTGACG (Xba I) acek left arm, PaceE-L
Puer-R-F  GCICTAGACCAACAGGAGGTGTGGAAATGGCCG (Xba I) PCR for promoter of
P.e-R-R CCCAAGCTTACCGCGGACAGGTCCGTCGAGACGCTG (Hind IIT) acekE right arm, PaceE-R
Puen-F TGAGCTGTTGACAATTAATCATCG PCR verification
Pu-F TTGACAATTAATCATCCGGC PCR verification
Ppa-F GAATCCGCTGCAAAATC PCR verification
Popar-F  TAGGTTCCTTCCGGGGTTG PCR verification

The letters with underline represent cleavage sites, and the inclined letters represent homologous sequences.

1.4 JBURCFI G BR FOAG R 07 12

1.4.1 kL pEC-aclBA F1 pK18mobsacB-AltbR::
aclBA IR EE . M RIET C. tepidum H) ACL &
SR AN, LA SRR RAT TR A F2 AR R b
g B U e, 7E g A R BB I A
C. glutamicum SD P! ¥4 38 12 5& K5 LAY 7
iR fokl pEC-XK99E Hr, Mifi3kf% H iy &

4Bkl pEC-aclBA. LAJBTkE pEC-aclBA A
Ph PyBA-F/Py .BA-R 5| ¥)ik1T PCR, 345 aclBA
FENFIKHNE P-aclBA-rrmBTIT2 ., W5, #E47HRE
4 PCR 3K13E 4 F BE ItbRyy-Pye-aclBA-rrmnBT1T2-
IthRp,"™ . HeJi5, FIFABRGIMEN VI Hind 11T F1
BamH 1 X} itk pK18mobsacB F17 B ItbRyp-Pe-
aclBA-rrnBTIT2 ItbRp, AT GV M4, 15

http://journals.im.ac.cn/actamicrocn
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FI b7 5 21 TRz pK 18mobsacB-AltbR::aclBA.
1.4.2 Jfo$L pK18mobsacB-AP,.; pK18mobsacB-
P12gltA::P, Fl pK18mobsacB-P,..p::P, FIFHEE: LU
C. glutamicum XQ-9 FEF AL AN, FIH 5| H%t
Pcer-L-F/Peep-L-R Hl Pyeep-R-F/Pycep-R-R 73514

K4 aceE FER A 8 B Pocer-L Ml aceE %
R 8l 3 B Pace-Ro 1 FH R il P A% 82 N D))
fii BamH 1. Xba 1l Hind 111 X} B Pyeep-L I
P.ce-R VAR JFURL pK18mobsacB HEA 1] , B 245
O R AR BT R . ARG LA Pacep-L 1 Pycep-R
A DNA i, £ethAb ik pK18mobsacB Rk
BRI — 7 LU IR S) R AT Tosk e ke ik 2, ARG
HH kL pK18mobsacB-AP ek o

AR 2 R 3 TR P51 i

B A [\ 9 JF ) )3 3l ¥ (PtacM | Ptrc |
PdapA-R2 F1 PdapA-C13), I H F I FR il 14 4%
W2 N Y1 Xba 1A BamH 1H 114 51 il i 51 5
2 i KL pK18mobsacB-APy.x #1 pKl18mobsacB-
AP12gltA H, ATTIERAS H A B ZH R pK18mobsacB-
AP yor:: P, F1 pK18mobsacB-AP12gltA::P,, HARE
HH ORL I HAR S TE I A S I Wang S8R H Y )
AT,
1.4.3  C. glutamicum EHFEREME . K E4
Jiki pK18mobsacB-AltbR::aclBA . pK18mobsacB-
AP i Py F pK18mobsacB-AP12gltA::P, 43 7| B %
2 C. glutamicum XL-3 &2 84001, FEofidk B
PR C. glutamicum XL-3 AltbR::aclBA (BJ
XL-5).C. glutamicum XL-3 PaceE 1 C. glutamicum
XL-3 P.gltA ¥ H 41 JFikr pK 18mobsacB-AP12gltA::P,
WY SR C. glutamicum XL-3 PiaceE &3 2540
th, IR BARE AR C. glutamicum XL-3
PiaceE PygltA. H b 2 bk 0 LA 7 1 Fl % o

FEIR A A5
PgapA .

actamicro@im.ac.cn

Tk B Wang S5 H A ik ii A7 K AL
#L pK18mobsacB-AltbR::aclBA W54 % C. glutamicum
XL-4 24, JF 0 2t H b 4 R bk
C. glutamicum XL-4 AltbR::aclBA.
1.5 BENE

2 B8 R0 ST 0 5 O R A AR A 24 i
PRV, AR5 8 AL B0 A9 B A I O M R Y
ML VA S BV T RS PR E . PDHC 1Y il
16 52 2 B8 Blombach 25 #7952k 172, €S
(TG I 52 2 H] Xu S kb, B
B8 Kim F1 Tabita #5709 7 E ACL B
117, PDHC #1 ACL i B0 58 Sk S Hh g
A38hiHFE 1 umol NADH By ZAYEERE . CS G
FANLE SCR RN EE S BEAE 1 pmol £ T-CoA
JIT it L ) A
1.6 HEEEKBRBHT

5 7 I BRURE 4 & TR P 0.25 mol/L B Eh B
W 26 f5)5, FEAMIEHNEEITTE ODser,
LA 2 5 62 B ST e 1 vk le A e
1.7 M ZBE-CoA RIREI 4 HT

S8 Lian 28 @7 WO 0E, IEERE R g >,
PRIF T A LBE-CoA 1 3G . BEJS, RATH]
%5 Acetyl-CoA Assay Kit (Abcam, Cambridge, UK)
RS PRI 2 Mt -CoA . HAR D 3R 225 350 & 1t
5 k4T
1.8 HEWESERTYHRE NI E

KB 250> 5 min (4 °C., 12000 r/min)Ji5 B |
B K AR 100 %, 5 AR Y A% B4y BT R
SBA-40C il & & B Hh 5% BR Eﬁf@@dﬁﬁi HAK
DR T4k 2 B AT e r 0y vk ik . LAk,
R R B — E AR EUR ] 0.25 pm {féﬂ% Uk 5 A
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FH 8 S0 A 35 A (HPLC) I 5 -2 24 8 M LRl
PRI L-MATR . L-INER . NEIR A1 L 1R)
BHe B, HARSZNG 515 B Feng 5 @7 1 )7k
e,

2 HERFPAT

20 BHEHAREKRNOHLESEE

Z BRI IR R I g, A T
2 5Tk pK18mobsacB-AltbR::aclBA . pK18mobsacB-
AP12gltA::P, Fll pK18mobsacB-AP i .z::Py, FFXJ 1
6 T 20 R R TR Y PCR Bk, T H
PR RL . DAL 2-A AT AN, s B i o ARl

AHMA B, HHNEHBR, b5, Z bR
IR i B A WA 7k IRUCR B S 2

Jiki pK18mobsacB-AlthR::aclBA . pK18mobsacB-
AP12gltA::P, Fl pK18mobsacB-AP..p::P, H 5% 2
C. glutamicum J&3Z SR MIH , # Z R R E 24

2.2 WEWHHEREHEE CS BTG M W] = L BE-CoA
RERMEKRER

FATHABIF LB, @ RGN PC N
ﬁ@%%%mmm,ﬁﬂ?%WWM@m&h,
M E L2 2R A s X — 25 53R, 42
SEARFTEY R R R A AT L%
RABRIE . R, LR RARGI R T 7
LENTFRAE N L RAEY S, ZT-CoA R
B EEERTARY (B 1) Sk, AHFSE B Kl i
PE TR IE BR A W (CS) BTG PR T 15 £ B -CoA 11
LN R o CS & = R ERAE R rp 5 — > B Uil
HEAL B e 2 BR A5 2 TBE-CoA T iUFTF R (] 1),
ASIF 5 A [R) e Stk ik B Y U s ORI CS
Gt LR gltd WRIE, KA — R 5 54 &bk
C. glutamicum XL-3 P,gltA(B] XL-3 Pucmgltd .
XL-3 Pyegltd . XL-3 Pypagltd . XL-3 Puyparagltd
Fl XL-3 Puspacisgltd)s i 4 MR H A ]

=

" L-

five it H RO bk, 20d PCRIGIE, B Hbn MUY CS TG J1 (3R 3), RIWIE A A [ 5%
HARPR(E 2-B). S Y IR 25 T DA CS BRIK /K-, BETTS IR
(A) (B)
1 2 3 4 5 6 7 8 9 10 11 M bp bp

7500 7500
5000 5000

2500 2500

1000 1000

2. BRIEHEBRRINENEHBROREIE

Figure 2.

Comfirmation of target plasmids (A) and recombinant strains (B). A: lane 1: pK18mobsacB-

AltbR::acIBA digested by Hind III and BamH I; lane 2—6: confirmation of pK18mobsacB-AP12gltA::Px by PCR
using Px-F/gltAP12-R-R as primer pairs; lane 7—11: confirmation of pK18mobsacB-APaceE::Px by PCR using
Px-F/PaceE-R-R as primer pairs. B: lane 1-3: confirmation of strain XL-3 by PCR using Px-F/gltAP12-R-R,
Px-F/PaceE-R-R and PtrcBA-F/PtrcBA-R as primer pairs, respectively; lane 4-5: confirmation of strain XL-4 by
PCR using Px-F/gltAP12-R-R and Px-F/PaceE-R-R as primer pairs, respectively; lane 6: confirmation of XL-5
by PCR using PtrcBA-F/PtrcBA-R as primer pairs.
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*F3. EHEFMEBLZHMA CS LLEEE D

Table 3. Specific activity of CS in recombinant and original strains
C. glutamicum XL-3 XL-3 PiaemgltA  XL-3 PygltA  XL-3 PygpagltA  XL-3 Pygpa-rogltA  XL-3 Pyapa-ci13gltd
CS/(U/mg protein) 1.87+0.13 2.69+0.20 2.284+0.25 1.98+0.14 0.21+0.02 0.07+0.01

ML CS TG ) o JR 3R BE Bk, CS BT )k
SR A S FIRIEMAL, CS EEE JTERES
T R R XL-3 dE R RS T
LN L BE-CoA 7K, A SN H & T i i 4 P e
HEATHRI & I D0 72 M 2 T8E-CoA (KT 24 h)
LMo L-5E 2/ & i (B 72 by, S52RANIE 3 B
7N o N 3-A AT LA Y, A [] H 20 Rk XL-3 Pyglid
HLN ZBE-CoA KA —, Hrp A il sk )5
T Pucn 511 gltAd FEE ML EAR(RD XL-3 PuongltA)
LN 2 E-CoA 7K F-H¢ A5 (35.9+£7.8 nmol/ODsg,),
PEA A 555 BT Paapacis T gltd FIRHIHE A
BEIRR(ED XL-3 Paapa-ciagltA)MI N L MBE-CoA 7KF-Hx
11(222.5£17.3 nmol/ODsgy) . T B35 H e, FA
K XL-3 Pyapa-ci3gltd BRA 132 I W 18 4]
IR R MR 37.6% (ODsg;=37.844.5 vs.
ODsgp=14.2+1.6; Kl 3-B). LAk, T A=A

A) ~ B
()ngso_ ®) 5
S 200 401
]
E 150} g 30F
S 100F © 20¢
@)
= S0f 10
3
< 0 0
g

Strains

Strains

BRI ZIE-CoA AKSFARTE, AR E AL RN
R0 L5z @R WA R, Ferh #7558 315 Paapare
e gltd FERMEHFEARED XL-3 PyaparogltA)H
L= R i (17.5+0.6 g/L; 18 3-C), ik
WHIEINT 8%,
2.3 WERKEEER E1p 2518 ZBE-CoA R
REMEKERK

C. glutamicum HF i CS S 5PN £ E-CoA
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Figure 3.
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Acetyl-CoA (A), cell growth (B) and L-leucine production (C) of strains with modification of CS.
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ME-CoA, MMM L-52 2 IR B G . h T %%
PDHC R 1%t L-52 @ MR 5 b2 W, AHF 52
e A A [F) B S 5 B Y R 801 R 4% il PDHC i 15
BN aceE MR, A5 — R I E 4 A
C. glutamicum XL-3 PiaceE (Bl XL-3 PycomaceE .
XL-3 PycaceE . XL-3 PypaaceE . XL-3 Pyapa-roaceE
HI XL-3 Pyapa.cizaceE) o iR E 4 B AR R I H AN [A]
AN PDHC MG S (3R 4), RIE LB AR
e s RS 7l DL PDHC HYRIXKF,
PE SN ML PDHC B#E T R 3h 1 By
PDHC [ Jy#isi s 3 373 Bk fik, PDHC iy
15 1855

PDHC JEA AL KOG s PR, P2 % TCA
fEF M A B DR A [ 52 ik
PDHC A& PEAN ], B AR IN £ T%-CoA 7K

SN EE AR R ] (] 4-A L B)o AT 4-A B ATl
i PDHC WS ) 8w, M S E-CoA 7K1 i
wr, HEMAAERK BT, R, FERHmE, M
W PDHC i Jyad & A IR H A T L2 22
(1A (B 4-C) o R T A MR XL-3 PuenaceE Jifl
N Z1E-CoA /K-35 5 (113.5+6.7 nmol/ODsg,) , 1H
Mok L5 2 PR R 2 i 1 2 [ 1K (6.340.9 g/L). 4
PR IEAT AT T 255 BT Pyapa T aceE FIKMTE
HEPRED XL-3 PypaaceE)it, H L5222 )" &
e (157415 g/L; B 4-C), HAR K Fkk
XL-3 {£(15.7£1.5 g/L vs. 16.2+0.8 g/L). 4531
BAJ T P S i B 0 55 PDHC A4S Ok U2 20Tk
CoA MFLZRIFWA N L-ie & W= aAa B
S, PR PDHC 19 5S 4 N R R R4 L5 24
iz i R 2 A A

x4, EHEMELZEMRA PDHC LLEEE 1
Table 4. Specific activity of PDHC in recombinant and original strains
C. glutami XL-3 XL-3 P E  XL-3PuaceE XL-3 XL-3
. glutamicum - - acmace. -3 Pycace
& tacM ! PyapaaceE Pyapa-roaceE Papa-cizaceE
PDHC/(mU/mg protein)  94.3+5.2 146.2+11.8 129.5+13.4 105.4+£10.2  15.7+1.6 4.5+0.6
A) 310 ©
S 100l .
=~ - 16 -
] =
g 80t N
g 5 12+
= 60 =
s S gl
o 40 B
Z 20t = 4r
8
R PSS S
y ¢
SN N AN AV AN
¥ R S S A
>

Strains
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Strains Strains
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Figure 4.

Acetyl-CoA (A), cell growth (B) and L-leucine production (C) of strains with modification of PDHC.
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2.4 B R BOGE TR ER & B AN R R A S R
Elp A4 340 g 3 A R BR 71 2. TBE-CoA

L3 FIAL, &SR RERMLN CS B T,
AR TFHIN S WE-CoA MR, ML L5244
BRI G . SR, HAREATE XL-3 Pupareglid
L& R (17.5+0.6 g/L)fm T HEAR XL-3
Poapaci3gltd (7.2+0.7 g/L), (HJEBN7 A A 7758
JEMAR T XL-3 Paspa-ciagltd [0.48 g/(L-ODse) vs.
0.50 g/(L-ODss)]o X —45R KM, TR XL-3
Poapa-rogltd FIRE LN ZTE-CoA AR A i 1M
S LSt 2RI G . 1Ah, 442 iy PDHC
W& JiBs, AT LA S N L E-CoA W&, A
S 2 FF AR AE (B 4), LI R T B2 B 22 1
L E-CoA TE CS fiEfL N #EA TCA fEFR, Ml
R A A K SR ALRE ISR DO B — R iR, (U, PN
PDHC il 1% Jyad &, 2 K AR PN DY R R %

(& 5), M L2 RAG M. Ak, F—
B XL-3 PaparogltA FI 5 PDHC F§ i
, SRR E G CS A1 Elp Sl ROt i N
MR F £ TBE-CoA, MM HE ) L-SE 2 FR 1 ™ 1t o
PR LS R, AR IRA KRR .
HLN & E-CoA JKF-LA K™ Wy 2: Bt & iii ) PDHC
ity 16 BB A It & AR AR AR (R 5 FIIET 5)0 i B4
)2, HA = PDHC BiG 77 ) =4 Ak (AP XL-3
Paapa-r2gltA PicmaceE 1 XL-3 Paapa-rogltA Pycacek),
RE LN CT-CoA /K15 i & Tk XL-3 FIEE
R XL-3 Pyapa-rogltd, {HH L-sg R w5k
EFH R W XL-3 MEAE XL-3 Puparogltd
(1 5) IEAh , B R AR XL-3 Pyapa-ragltAd PuemaceE
H1 XL-3 PyaparagltA PycaceE M L BRI FEA —E
AOBETN, 43518 1.23£0.07 g/L H1 0.95+£0.05 g/L
(F5), lLH A T8 (0.74£0.05 /L) Bl HE M 1 66.2%

x5 ATRAEHRFRERME~NSE

Table 5. The concentration of pyruvate and by-products in different strains
C. glutamicum L-valnine/  L-alanine/ Pyruvate/(g/L) Acetate/(g/L)
(g/L) (g/L) 24h 72 h 24h 72h

XL-3 4.39+0.38 3.75+0.24 0.32+0.04 0.17+0.02 0.28+0.03 0.74+0.05
XL-3 Pemgltd 1.18+0.21 1.57+0.13 0.27+0.02 0.13+0.01 0.23+0.03 0.36+0.01
XL-3 Py gltA 1.53+0.14 1.45+0.16 0.45+0.07 0.14+0.03 0.27+0.03 0.41+0.02
XL-3 Pypagltd 2.03+0.15 1.69+0.21 0.47+0.03 0.22+0.01 0.31+0.01 0.62+0.04
XL-3 Pyapa-rogltA 3.83+0.42 3.57+0.36 0.53+0.02 0.24+0.03 0.32+0.01 0.65+0.06
XL-3 Pyapa-c13gltA 1.38+0.11 1.15+0.13 0.15+0.01 0.06+0.02 0.13+0.01 0.15+0.02
XL-3 PyemaceE 1.54+0.18 1.62+0.12 0.27+0.01 0.07+0.01 0.57+0.03 1.02+0.14
XL-3 PycaceE 1.55+0.06 1.76+0.13 0.29+0.03 0.14+0.01 0.54+0.07 1.00+£0.07
XL-3 PyypaaceE 1.95+0.13 1.87+0.17 0.26+0.03 0.16+0.01 0.36+0.02 0.76+0.06
XL-3 Pygpa-roaceE 2.19+0.21 1.94+0.12 0.37+0.01 0.21+0.01 0.23+0.03 0.58+0.04
XL-3 Pygpa-cizacek 0.98+0.01 0.93+0.01 0.17+0.02 0.11£0.02 0.23+0.02 0.21+0.03
XL-3 Pyapa-r2gltA PaemaceE 1.37+0.14 1.52+0.15 0.13+0.03 0.06+0.01 0.56+0.07 1.23+0.07
XL-3 Pyyparogltd PyeaceE 1.39+0.12  1.48+0.11  0.31£0.05  0.11£0.02  0.42+0.03  0.95+0.05
XL-3 P gapa-paglid PypaaceE (i.e., XL-4) 2.36£0.21  2.14+0.13  0.3120.02  0.1120.01  0.31x0.03  0.71£0.06
XL-3 P gapa-r28tA Pygpa-roacel 2.88+0.24 2.93+0.18 0.62+0.03 0.28+0.04 0.28+0.02 0.67+0.08
XL-3 P gapa-r28ltAPapa-c13aCEE 0.23+0.02 0.45+0.06 0.17+0.02 0.08+0.01 0.15+0.02 0.26+0.04
XL-5 4.76+0.32 4.01+0.23 0.35+0.02 0.18+0.03 0.36+0.01 1.03+0.11
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Figure 5. Acetyl-CoA (A), cell growth (B) and L-leucine production (C) of strains with modification of CS and
PDHC.
28.4%. B P&aiZ, MBAMT L-2d  RMOHE-CoA BRI ALE, Mmftdt L-Ea
MR SR SR, MEAI R R PDHC BIE IFEAL BRIWA AL

15 T 7 NA o it I i ) R O =
L-NZABRMWMHERE., fln, EHE XL3
Paaparagltd PoapacrzaceE I A RE 72 h )5, HiA
EOCNERE XL-3 Pyaparogltd 1 18.5% (ODser=
36.2+5.3 vs. ODs¢,=6.7+0.8; & 5-B), E 4 # XL-3
Paaparo@ltA PopnaceE (BNTAME XL-4)FRI H e AERY
RIEPERE, LAk L2 /R ik F) 20.2+1.7 g/L
(8 5-C), HIRHR XL-3 Pyapa-rogltA HEMT 15.4%,
FE R XL-3 88001 24.7%. IeAh, FEAE XL-3
Paapa-ragltd PgapnaceE KW TR M T AT T
ik, H L-Bi2 B2 L-N 2 B VK FE 1 12 5 AL, @l
PR R T LR BRE 5). X
—2E LRI, PhFEMGE €S M PDHC, AT LAY
FL PN TR PR A 2L BE-Co A b0, MRS M L-S8 4
MRIG W o LASE R BT Paaparo 7 10 CS G
gltd ik, LA S 8§ Poapa #5511 PDH i
MIEK aceE Fikmf(RVE A XL-4), JEP PR

2.5 51 ASMEATARE R 27 BE ok -4 Hfd P 7N T R
M ZBE-CoA fEN;
ATP-Fr R 2L BF(ACL) LA ATP A T,

i AL F7 17 R 24 ff TE B 2 Bk -CoA T Bk 2 R
(B DU, AR SR A P XL-3 Fl XL-4
SRR T 2461 i (C. tepidum)i ACL, #t—1
TN N ERER A1 2 B -CoA FUHLR . 5 FEF] ACL
AR IE B 2 BE-CoA FIREBEZ R, BREL
P £ SRR B A FH R N B RR 5 AE CS 1EF R IB
BT EERR (B DU, DT[] 8755 16 P 7R il i 0 2
MiE-CoA K- LA K BRAE K ARG fE B A B XL-3
5l A ACL, SIS B H R Pk XL-3 AltbR::aclBA (R}
Bk XL-5). ACL il 3 Hr ], H 4wtk XL-5
HA ACL FiiE4:[1.18+0.09 (U/mg protein)], T
R TR PR XL-3 KAl ACL B . 5 R R PR
XL-3 AR[A], EH B XL-5 L HH I R A4 K,
1B 5 28 T M 1 T 2 A — B8] 6-A). A1, H4
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B XL-5 L2 A iR 55 18.5¢1.2 ¢/L (K 6-B),
b R B RRE XL-3 B T 14.2%, X —25 5360,
KR T 4B 1) ACL v LAY C. glutamicum Ji
N TBE-CoA FINHRER B /KF-, AT L5224
MRIG . et hnyie, EAR XL-5 s
RIF=Pcn L-4EmR . L-N &R A 2B A —
SEMHEN (R 5)o (HJEFE XL-4 h, ARG TE
HERk, (HHABA RS &R, HERE
e HHE XL-4 AlthR::aclBA = K =2 5 i Z 4
FeATHEM , TS T €S M5 ASMNE ACL, fi
A5 L DA S5 AR AAS BB B A R e e ke, DA T R
il T ZREMRAE I E S, TN RE R B A KR R
A RE LR DU R ER .

3 iwtib

RGO TF L2 SRR = bk F 9 S 4
A8 B s S R TR B W % v X W 5K T
5 L P R4 R K 029 e e
TR S VA5 A P R A 6107 %), BT 92 3
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Figure 6.
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The cell growth (A) and L-leucine production (B) in strains XL-3 and XL-5.
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e | S o zwmﬁﬁzﬂ@ XL-3 Paapa-roglt4
Hrif 5 PDHC B 77, 38 2 Pr R i CS A PDHC
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PDHC & Ait s PR R R TE i 2, TiE-CoA, AT B AR
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Pyruvate works synergistically with acetyl-CoA to boost
L-leucine production
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Abstract: [Objective] Pyruvate and acetyl-CoA were efficiently supplied by modifying citrate synthase (CS),
pyruvate dehydrogenase complex (PDHC) or ATP-citrate lyase (ACL), thus increasing the L-leucine production
in C. glutamicum. [Methods] Firstly, the effects of CS and PDHC activity on L-leucine production were studied
using C. glutamicum as chassis cells, and then the effects of co-modifying CS and PDHC as well as introduction
of ACL from C. tepidum on L-leucine production were investigated. [Results] The strain with low activity of CS
(i.e, C. glutamicum XL-3 Pgapa-r2g/tA) was beneficial to L-leucine production, and the yield of L-leucine was
17.5+0.6 g/L. However, changing the activity of PDHC is not conducive to L-leucine production. In addition, the
strain with expression of CS under the weak promoter Pyspa.r2 and expression of PDHC under the medium
promoter Pg,pa (i.€., XL-4) produced 20.2+1.7 g/L of L-leucine. In addition, the yield of by-products in strain
XL-4 was significantly decreased. Moreover, the ACL of Chlorobium tepidum was introduced into the
recombinant strain XL-4, resulting in the low cell growth and L-leucine production. However, the production of
L-leucine of recombinant strain with introduction of ACL in original strain XL-3 (i.e., XL-5) was significantly
increased because of the efficient supply of pyruvate and acetyl-CoA. Recombinant strain XL-5 produced
18.5+1.2 g/L of L-leucine, which was 14.2% higher than that of the original strain XL-3. [Conclusion] Pyruvate
and acetyl-CoA has been effectively in strain XL-4 by modifying citrate synthase (CS) and pyruvate
dehydrogenase complex (PDHC), thus increasing the L-leucine production. Therefoere, the results of this study
have important reference value for the following application of metabolic engineering to improve branched-chain
amino acid producing strains.

Keywords: Corynebacterium glutamicum, L-leucine production, pyruvate, acetyl-CoA, synergy, metabolic
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