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Construction of Metabolic Engineering of Corynebacterium glutamicum
for Producing Z-Isoleucine

ZHANG Jiarong, LI Yanzhen, LU Nan, ZHANG Chenglin
(College of Biotechnology, Tianjin University of Science and Technology, Tianjin 300457, China)

Abstract: L-isoleucine, as an essential amino acid, possesses distinctive physiological functions and has been widely used
in food, pharmaceutical and agricultural industry. However, the current Corynebacterium glutamicum strains used for scaled-
up production of L-isoleucine exhibit auxotrophy and the fermentation period is relatively long. In this study, an L-isoleucine
producing strain was developed with the use of metabolic engineering strategies. Initially, the feedback resistant aspartate

, ilvA(:418A/T1147(1 and ilvBNA139T/T14OA were

kinase, threonine dehydratase and acetolactate synthase encoding genes IysC**""T
overexpressed to enhance the L-isoleucine synthetic pathway. As a result, 3.5 g/L of L—isoleucine was produced by the gener-
ated strain ILE-3. Then, the pyruvate carboxylase encoding gene pyc was overexpressed to improve L-aspartate supply. Fi-
nally, brnFE was overexpressed to promote the efflux of L-isoleucine. After fermentation for 48 h in a 5 L fermentor, the L-
isoleucine production titer and yield achieved 21.3 g/L and 14.1% by the final strain ILE-6. The strain ILE-6 possesses clear
genetic background, non-auxotroph and short fermentation period. The strategies applied in the study thus could provide
reference for metabolic engineering strains for producing branched chain amino acids.
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L-isoleucine biosynthesis pathway and metabolic
regulation in Corynebacterium glutamicum
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Tab. 1 Strategies for modifying the pathway of L-isoleucine in C. glutamicum

SRm PR/ (gL AR R% JAm EFEGEUE S ERBUN
AbrnQ, il ik brnFE 29.0 24.0 60 T [
it 38 zwf ppnk 4.1 72 60 Letina [12]
kil Fik ilvBN1 .ilvA Fl pprK1 32.4 — 72 T [13]
SRR 2Rk ilvA V3B H hom S TE 14.3 14.0 78 Leu [14]
Fhiad Fik ilvgVHOMTISA 0.73 — 72 FHiES [15]
FkRId 223k IysCl \hom1 LilvBN1 Fl ilvAl 3.5 — 72 — [16]
ki ik gnd fbp T pgl 29.0 13.8 96 — [17]
JEkid FEik phaCAB 29.8 12.9 96 Letina [18]
Fhiit ik cysK 253 — 72 T [19]
AalaTAbrnQAalr 33 SO 3R35 ilvBN1 #l ppnK 32.1 18.1 72 X [20]
AtreSAtreYAotsAAmytBP 4 : Ppre 25.0 — 72 g [21]
—FORAKHGE
112 54k

1 #RERE

1.1 8
1.1.1 Ak . FE5504H

BRPR  RL S 5105 L3R 2—3k 4.

Brain-Heart Infusion (BHI) 3555 %E: BHI 37.5 g/L,
HAR pH, WK FRILA LRI TR 20 g/L A3
JEH3, 115°C i 78K 15min, Rl BHI-
supplemented (BHIS) % 77 J& I} %% il % Jot & Wk 2
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5 g/L A0 £2 EHK
R FEIE) . AR 1 /L, BERERY S /L, BRI Tab.2 _Strains
ey £y Siz Y
% 10 /L, NaCl 5 g/L, Billgky 20 /L, pH 7.0 ~7.2, Ll i ZSL
o B [ 2 o T T . Escherichia F-,A(lacZYA-argF) U169 recAl S R
115 C i A AR UK I 15 mine coli DH5a endAl hsdR17 -
f‘:ll % i% ?% % (22] : z%‘ % *E 30 g/L . (NH4) »SOy4 C. glutamicum C. glutamicum ATCC SR il
. AI28G R L
3g/L, K K ¥ 20mL/L , MgSO,7H,0 0.6g/L , SMR 13032rpsL™, Strp
C. glutamicum SMR ¢cg1945: : Hﬂ
KH,PO43H,0 1.5g/L , FeSO47H,O 0.001 g/l , ILE-1 PulysCYTT AW
MnSO4-H,O 0.001 g/L, SRI/KMEMK 15mL/L, 121 C ILE-2 ILE-1/pXPTS-ilvA ENGIE
5 EZEYR K 20 min, pH 7.0, ILE-3 ILE-1/pXPTS-ilvA-ilvBN ABFE
8 3 o 1 22| A g ILE-4 ILE-3 Ppyc: : Py AW
k @% iI_l ?EF 2 . @ % 7[9% 80 g/L 3’ (NH4> ZSO4 ILE-5 ILE-4/pEC-1 Z’-(ﬁﬂ:%
5 g/L N £ ﬂé iﬁ 10 mL/L . FeSO4-7H2O 0.015 g/L N ILE-6 ILE-4/pEC-2 A5
KH,PO,-3H,0 1.5 g/L, SAI/KfFR 35mL/L, 121 CiH Tab.3 Plasmids
JEZ&V5 KA 20 min, pH 7.0, JEkE A K
> =4 - R GLT,\\ '_‘4 L s
. NS ~ NN . p p. acl-FycPsoq, LM Sk
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BIOTECH-5BG #! 5L k@%ﬁ& , L@{%/\HEWLX PXPTS-ilvd pXPTS_ilvAGMSA/T]lMG PN
2 TR BR A E]; U3000 AU S 808 (Y, SE 3§ e PXPTS-ilACSATIIG, N
) X pXPTS-ilvA-ilvBN - ENTE
PR R BF N F) s SBA-40D U A W 4 SR 2% 43 Hr itvBN
. P s N EC-1 ECPy,-brnFE AWFFE
0, WARBRE B MIBEIERT ; 752 MO, b P P -
- pEC-2 pECP.~brnFE AHIFFE
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Tab.4 Primers
EIEEAS SIPF5 (5'-3) JH&
IysC-1 ATGGCCCTGGTCGTACAGAA
IysC-2 CACGGAAAACCTTCGCAGTCTCGCCTGGCTTATCGGAA MR ysC7T 53R
IysC-3 TTCCGATAAGCCAGGCGAGACTGCGAAGGTTTTCCGTG 7
lysC-4 TTAGCGTCCGGTGCCTG
cgl945-1 tgectgeaggtegactctagaCTGACGTTCAATATCTAGCAGCTGT i cg1945 LR
cg1945-2 GTTTTCCTTCGGATCTAAACGATCTTAGAACCGCCGTATGTTAATAAGG ik
cg1945-3 CCTTATTAACATACGGCGGTTCTAAGATCGTTTAGATCCGAAGGAAAAC P P, LRIk
cgl945-4 TTCTGTACGACCAGGGCCATGGGTGAAACACACCTTTCTGGACTTCGTGGTGGCTACGACTTTC LysCY"T
1945-5 ATGGCCCTGGTCGTACAGAA
Cg }T—i lysCA279T
cg1945-6 TTAGCGTCCGGTGCCTG
cg1945-7 CAGGCACCGGACGCTAATGAGGCTGAGGTCATGACTTCA P4 cg1945 TR
cgl1945-8 tatgaccatgattacgaattc AAGTCGGTACCCAATCACCTTAAT T
JD-cg1945-1 CAGAAGATGGATCAGGGATAAGAA .
Y5E TLE-1
JD-cg1945-2 ATCAGCAAAGTGCGGTTAATACC
ilvA-1 ttcacacaggaaacagaatt ATGAGTGAAACATACGTGTCTGAGAA
ivA4-2 CGAAGTTATTGCCAGTGACCATCAAGGAGACAAACTCTCCGCC
ilvA-3 GGCGGAGAGTTTGTCTCCTTGATGGTCACTGGCAATAACTTCG FFE il gCH8ATIG
ilvA-4 GTTGTTGCGCTTGAGGTACTCTACCAGCGTGATGTCATCATCCG AR
ilv4-5 CGGATGATGACATCACGCTGGTtGAGTACCTCAAGCGCAACAAC
ilvA-6 ggtacccggggatectctagaTTAGGTCAAGTATTCGTACTCAGGG
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EIk/EAS 175 (5'-3) FHi&
ilvBN-1 TTTTTACCCGGTACCGAGCTCATGAATGTGGCAGCTTCTCAACA
ilvBN-2 AATATCCACCAGAACAGGGCCGGAGCGACCAGTAATCGCG
ilvBN-3 GGCCCTGTTCTGGTGGATATT Fygdt ilvBNA3TTI0A
ilvBN-4 CAGGTGCGTGGCTTTTCAAATTCAACGAACTGAGCTGCCC FARA
ilvBN-5 TTTGAAAAGCCACGCACCTG
ilvBN-6 CAAAACAGCCAAGCTGAATTCTTAGATCTTGGCCGGAGCC
PXMJ19-1 CTGCCAGCTCATAGACCGTATC )
Y€ ILE-2 fil ILE-3
pXMJ19-2 GAATAAGGGCGACACGGAAAT
pye-1 tgcctgcaggtegactctagaGCACAAGTTGATTCCGGCG Y1 Py L FR
pye-2 GTTTTCCTTCGGATCTAAACGATCTAGTATCGTAACCCCCGATTCCC B
pye-3 GGGAATCGGGGGTTACGATACTAGATCGTTTAGATCCGAAGGAAAAC P4 P, Lhd Fk
pyc-4 CGTTGAAGATGTGTGAGTCGACATGGGTGAAACACACCTTTCTGGACTTCGTGGTGGCTACGACTTTC pye
pye-5 GAAAGTCGTAGCCACCACGAAGTCCAGAAAGGTGTGTTTCACCCATGTCGACTCACACATCTTCAACG ¥4 P, T i7[A
pyc-6 tatgaccatgattacgaattc AATGTTGGTTGCAACACCAGAC &
JD-pye-1 TGTACGCAGCAGGTGACTGTACT St LB
JD-pyc-2 GGTATCAGTAACTGCCAGTGCGT
T-1 aggaaacagaccatggaattc AGCGTGTCAGTAGGCGCGT
T-2 TGTATGTCCTCCTGGACTTCGTG
T-3 CACGAAGTCCAGGAGGACATACAATGCAAAAAACGCAAGAGATTCA Y14 Pouri-brnFE Fl
T-4 tetagaggatcecegggtaccTTAGAAAAGATTCACCAGTCCAACA PusbrnFE
5 aggaaacagaccatggaattc ATATTGCACAATAGCCTAGTTGAGGTGCGCAAACTGGCAAC
AAAACTACCCGGCAATTGTGTGATGATTGTAGTATGCAAAAAACGCAAGAGATTCA
JD-1 CTCTCAGTACAATCTGCTCTGATGC .
%5 TLE-S 1 ILE-6
JD-2 TAGAAACGCTTGTGGCCGA

121 ARARERELFE AAFe A breg i E

ik S PCR KM HENEEAIK, U
ilvASHBATING Sl IR RVEFTE C. glutamicum
SMR K41 DNA kR , 43 BRI B9 ilvA-1/ilvA-
2. ilvA-3/ilvA-4 VI % ilvA-5/ilvA-6 PCR P H3R1SHAN
7Y o A DS PR R, RIS ilvA-1/ilvA-
6 PCR *}Liﬁ’f%- l.lVAG418A/T1147G %/E'Mgo

FIFH — 25 0k e W a0 S b L J A ks, DA A A
PXPTS-ilvAd i, ilvAS* BTG pOR 44 =4 25 ]
e, EHE % Hind MEFYS ) pXPTS ik, 37 C
KN 30min S5, fb2E IR R AL 2 KGR (B
coli) DH5a J& 32 A5 4l o 3 21K R « ilvg SV THAT6
100 ng, pXPTS 50 ng, Exnase ™ 12 uL, 5 x CE Buffer
4uL, FEFRKAEE 20 1L,

PEHCE 4 FRL pXPTS-ilv4 , 554k (2500V,
1 mm HUFEHR) B SBREEFT R ILE-1 J&az 541,
LA 900 uL BHIS 55534 ¥ 8% 2 L 0%
46 CHl; 6 min; 32 CHRPHEFE 2h, HL 100 pL 1875
A E (12mg/L) 9 BHI FfARFR5: |, 32 CHI
EIESE 24h,

DI R RS R ik s L UL C
glutamicum SMR L4 DNA MHAR , FIH 519
cg1945-1/cg1945-2 | cgl945-3/cg1945-4 | cgl945-5/
cg1945-6 I cgl945-7/cg1945-8 43 HIF 14 cg1945 I
Wi I (Uegrons) « P lysC7 T HIT cg1945 R[]I
B . PCR =Wy & mi )5, DL B, R H 519
cgl945-1/cg1945-8 , R FIE & PCR KMGALA H B
Uscgi94s-Puy-Lys CA279T-ch1945 R Hind
VI B9 pK18mobrpsl JEHL, 345 T 4 5k pK-lysC
(55 1.2.1 1HRD o Kb 2 A8 R I
A2 SN, 2305 TR A T RIRE R (10 mg/L)
() BHI ARSI b, 32 CHRIE RS 24h, 5256 |
WHEA, RIGHATHETE PCR K& . B I60UE IE AR 105
b F %A T 555 % (S0mg/L) A BHI 81441 5% 5t
L 32 CEIESESE 240, SEALEE 2 WEAL, FFFKE
FTHITE PCR %8 , IRA5 EA1T bR ILE-17),

1.2.3  EHA B

FE G BRI T 30 mL FhraE Rt
) 500 mL [REFEHH, 32 °C . 220 t/min JRIGHFRE
600 nm bW YERE (Ago0) K 10 ~ 120 LA 10% FERN &
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SREERR, 7 LS WA SRR AT I A F G LR <17

FERh 2% 30 mL AR FRAERY) 500 mL $543E, 35
“C . 220 r/min FR % 3EFE 48 h!#),
1.2.4 SL KL B

PR IR AT & 2L Fh i35
SL kB, 32 CHiFE; R gk, #4 pH
6.5 ~ 7.5 P KU | IR BORE T, A A
30% ~50% o 24 Agoo= 10~ 12 Bf, ¥ 500mL &5
—ANE 3L REREESRILN S L ORIEREY ; 35 C RS
7%, il pH 6.5~ 7.5 A4 30% ~ 50% o fof K WELS
TR A AR B, FFER I B B 80%
1) JC AR A AV, DO DR R B P e b o vk
ANTF10g/Ls
1.2.5 &4 Rt 22

XF TR R, RS R HOR TR 5 W T & T
WER T, B 2 h BUREER, 13 000 r/min B5.0> 3 min, b
TGS SRR, I AE WAL B A A SO0 e 7 25
W, KRR Z 2, 4- AT AR, A SR
TR € S R G SR e Y AT R TR
F 10 mL A H0E S, AU OEETHIE Ag000
1.3 HEHH

RAFIR A BESL R 3 A T, BEAOEA 3
W B SPSS 26 HEATHRE T 2047, *Fmdl
[i] 2% 57 i 2 (P<<0.05) .

2 HR5HH

21 FREXRLEBREBHDER HscV”" 1837

L7 SRR

LR SE -t @RV 6 B RRTAY) . K
K ATRMGE L7 26 BV OCHERG , H A2 R it
T o F ORI, o) R AR B S I i Y R A FR I
Bt A 3 DR AT DASE o LR IR L o oI
A EIREAT B [ysCM7T S I R A 4 R A A
T LR R e

IR EA R C. glutamicum SMR &K 41
DNA AR, 53l R A5 lysC-1/lysC-2 F lysC-
3/lysC-4 Y HEARAGHA R 7= 1) o 28 ML 7 D LA A6
W, FIHBIY IysC-1/lysC-4 4 PCR P15 3k7%
IysCYPT 575 1K, DNA I FE5 KA, IysC JER %78
B KA FEEEL R 0 af R8T (A
o A ek 19 s 1 Pn,f) KA lysCMT B AL
EH AW C. glutamicum SMR {BFEA cgl1945 i
J ARG Py lysCMTT T cg1945 BRI TR

Ucgroas 1 Degross » 2R 13 BB 368 bp . 1266 bp .
654 bp F1 509 bp 1) Bt ; PR HE & PCR HFASHT
FIVEELHAY Ucgroas-PurtysCY " -Degroas F B, Hifisi e
B 2797 bp, WA 2 (a) Fin. RIS E AR
JUkr pK18mobrpsL AAFE LTk pK-lysC. ZHL 5%
b e K #T% PCR S0, 5B —IREA ML 4%
EG W) ID-cg1945-1/cg1945-6 [ JD-cg1945-2/cg1945-3
P48, SR JC A MBI 2435 bp Z%AHT, T
R ERRAS 895 bp il 801 bp 4545, W&l 2 (b) FF
IR B IR WAL T4 VS PCR BRUE, /300l 3545
BILECR 2 529 bp A1 2435 bp HIAAF AN 2 () R,
ST 454 DNA IFSEH, E Pylys YT
ISR C. glutamicum SMR FERIZHF) cg1945 £
R B HAR 24 R ILE-1,

M12 3456

3000bp 3000 bp
1500 bp 3 000 8p
1000bp 1000 bp

500 bp

(a) (b) ()

(a) WL B Tk pK-IysC % 5E 7% M. GeneRuler
1 kbp; 1. Uegroass 2. Puys 3. sC7T54. Degroas; 5. Uegroas-Pu-lysC*77-
Degioss; 6. FEAAT TALTRL pK-lysC (¥ E. coli DHS e,

(b) JEEALF PR B % 5E K% .M. GeneRuler 1 kbp; 1 13, LA
C. glutamicum SMR £ [F 20 DNA A ;2 F1 4. DI—IR E2H Ak
JEHZH DNA Wit .

(¢) & ILE-1 %5 i M. GeneRuler 1kbp;1 F1 3. UL C.
glutamicum SMR 321 DNA Jgfitl ;2 1 4. DLy d2H P ik
HZ1 DNA SR

2 E/AHE#H ILE-18 PCRETEEE
Fig.2 Map for PCR identification of strain ILE-1
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Fig. 3 Fermentation characteristics of strains C. glutami-
cum SMR and ILE-1
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PR ILE-1 A& 5wk C. glutamicum
SMR Joi # 25 5 o AR ILE-1 B L7522
W2, (LR T 3.5g/L LA . %L 329,
IR hsCYPT H R T LSRR R R A BT A
LR RN , T ik LINERE LS E IR
R
22 B L-BRREBRERAER

LS 2 5 S R JB K B AR o~ TR, J&
BLOEARETE— SRR -5 E iR, B
TR B K B A Z BEFLIR A e L—Sse R A A
(= R N e N E s
221 EERFEGEAE A INTIO 53 R E R

BR A R0 %5 )

m%[lﬂﬁ}%, ﬁ‘ﬁﬁfﬂ%*? ilVAG418A/T1147G éﬁ-ﬂﬁg’
V18 3 S TR 58 K Al 5 A R B St A il VR R Bk . DA C
glutamicum SMR J:[RZ] DNA FtRd, il & 2= Ak
ilvAS VTG R BRR TLE-2 (19 PCR 25E K3
K 4 B, AL 1300 bp A HBE, 552k
{E 1311 bp $E. DNA MJFEEFLH ivg 018V THAT0
FEA SR —3, % ivASNTIYO e 7 ek iRk
PXPTS, 3K1G Tk pXPTS-ilvA . ZraiEAY, | 7%k B i
7% PCR %5 | #k45 iy g CAIBATIIATG ST EIkERE ILE-2.,

M123456

1500 bp
1000 bp

250 bp

M. GeneRuler 1kbp;1—3. FIFHAEH ilvAd F B 4. ilvgdS1VTH40
& A B 5. T4 FRL pXPTS-ilvd ;6. ILE-2 7% PCR,
B4 SHABEILE26 PCREEEE

Fig.4 Map for PCR identification of recombinant strain
ILE-2

Fkk ILE-1.ILE-2 1 ILE-3 B9 & B EA 5
FIos, Btk ILE-2 &4 kRE 48h J5, HAY =S
ILE-1 LR#EES, ILE-2 i LIS 1.6 g/L L5554,
iR, HH L-ERARRE TR 2.1 gL, x45R1 %
B, s 2eik it ®VTYO (MR LR
W LS E R ; R R, LS R A At
it —RAk .

2.2.2 ;d:-}f’&lii ilvAG418A/T1147G ﬁﬂ l.ZVBNA139T/T140A Xﬂ’ I—
T o BB B R R R

TEA IR VERF IR, £ BE LR & 1 4 7% 5 [

AEHEAREEE Fa0k FH20

ilvBN 5 32 MRA I A g AG 5L ivC ZH AR
+ ilvBNC, 389\ -3 53 SCHE A SR S5 AL ERT, B
Z LR & WAk 52 LR e i 4 R 10200 w9 PO %
B, ilvBNATTION g i i) 7, T LR A T 2 AR
T 0 BRI R B R o 5 ilvBNATTH0A
ol R pXPTS-ilvA , A5 B4 JFokl pXPTS-ilvA-
ilvBN . LG4k | i v L TR 7% PCR % E , 318
ilVAG418A/T1147G ﬂ:ﬂ l-lVBNA139T/T14OA i@%‘zﬁ%ﬂ‘ﬂi ILE—?)O
PR R BESL A5 R, PR ILE-3 19 L 5E %R
PR 3.5g/L, BWHRE ILE-2 1% 118.8% , H
L-HAEMRB R (E 5) . iZgRiim, ik
ilvAG418A/T1147G *ﬂ I-ZVBNA139T/T140A ﬁ—iﬁﬂ%ﬁiﬁi‘/ﬁi)ﬂ
LA RN B R LR a8, Nsafk T L5552

R &
5 — 90
O L2 B -7 %R ey
ar I
E‘ 3r V:%
K &
i) 2+ @
_}:‘! Eul
1

ILE-1 ILE-2 ILE-3
[GLZS

B 5 4k ILE-1 ILE-2%0 ILE-3 {4 B4 14
Fig. 5 Fermentation characteristics of strains ILE-1,
ILE-2 and ILE-3

2.3 BUBNLERX L-BREREBEHRNZE
O BRI AN LR R AT IARY) , EI A AL
L-S5E %R . BRECIR AT TCA FEIRE AL, JRAT
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Fig. 7 Fermentation characteristics of strains ILE-3 and
ILE-4

24 1% - RRIRBREHYE SRR

Sii A AR Pyt R LS SR A EE 2N
T RESEMS . R G RIEATI F , Feiz 2 H BroFE BE
ki th BT A 3 SRR EUERR S, D SN brnFE (1
I 2 VRFER T Lep B IE R 7R AL, My B R
—E I SCRE AR I, HARLBE Lrp 5 brnFE I

BT Popurs FIGEF , TS o 5 5 7

ILE-4 333K brnFE 3R, —H#HEH -7
SEERE MNERE. AT HEE brnFE B35 )7 % L-
S ARG BFEN , 3B Popre T Py I BT
Yl brnFE (5% WiE NZ L5550 A BREE 5
SHAER, FERNHEIEEFIE . PCR ¥ Ppyp-
brnFE BEN, i 4: 2 RIBEAK pEC, FR1F 54 s
PEC-1. 33944 P Fl brnFE J£H, 48 & PCR 3k
1% PuprbrnFE, ¥4I B FRIXFM pEC, FRIFEHA
JFokL pEC-2. ¥§ 5k pEC-1 Fl pEC-2 /ML B
Bk ILE-4. £ H 7% PCR %5E, 43 BRI B
2435bp il 2654 bp HIZ&HT (K] 8) , FFAMRIIH A
Iy, ¥ HeAw 4% 4 ILE-5 i1 ILE-6.

M 1 M 1

3000 bp

2500 bp 5500b
p

2000 bp

(a) ILE-5
M. GeneRuler 1 kbp; 1. #7% PCR K,

8 E/EE# ILE-571 ILE-6 A PCR & E Eif
Fig. 8 Map for PCR identification of recombinant strains
ILE-5 and ILE-6

PP ILE-5 Fl ILE-6 #8148 h ), =i
SHER L R E 2R, LR a iy m ik
6.3g/L fl 7.6 /L (K 9) , ¥tk ILE-4 $255 28.6% Al
55.1% , UiBA Py BERIET Poureo HED R AT BB «
— T Py WS SEIREE =T Porr, K ILE-6
W brnFE kR TR ILE-S, fmts T L7
FE R HACREY B — L T Py WAL
Ja8hF, BVERE ILE-6 W bruFE % 5% 0T 1) 4E B 1)

(b) ILE-6

N L-S5ese A mem e
1]

FeaE/ (g L)

ILE-4 ILE-5 ILE-6
9 Btk ILE-4 .ILE-5#1 ILE-6 B9 & B4 1%

Fig. 9 Fermentation characteristics of strains ILE-4,
ILE-5 and ILE-6



20 -

B, T Popure AR ZNF, Y L-FealR e
FRIER 5 AT BOE  brnFE ¥ 5%, A AEFE IR 8] =)
B
25 KREEHELE

M TRk ILE-6 B & MEEREIL T IAkE ILE-5, fik
FIFZRAEE S L REEREUEFT o0 AR R 8, 32F—
B HAERE, G5 10 Bk, Btk K S L5
TRRA W EAHIE, 0~4h RIEHY], 8 ~32h
XE, 32 h AR AR, L Agoo 15 814,22
Jai AFRE W 8h B, KBEEH AT RIS LRt a
M2 5 HEAT O 7 B R B W, 24 ~ 40 h B iR
i, ZIRBHWIRAC, 48 h B L-Foe @RI ik 3 i
=, A 21.3 g/L, ILBPREIRG L0 14.1% o

30 100 7120

N
—— LAyt

25

S S PN {100 7,

| — E
o 20 <480 =
2 60 < =
2 st = e =
= s =
{40 I =

o0 f 140 &
st 120 q20 ﬁ

i S
0 8 16 24 32 40 48
i) /h
E 10 EHE ILE-6 S Ht AN R BT 2 2%
Fig. 10 Fed-batch fermentation of strain ILE-6

3 & i&

DA SRR FE IR 0 R TR, R AR T AR S
G LA E R AR ILE-6, F2RIS G %R
IKNERPR R A Bt EE D pye FARER BB 6/
) R A A RIS GRS L R lys M1 SESRATIAY) L7
LR AN, 1 FaR R R I A F R 2 R 7K
2 Bk LR A B g 65 L [ i SVTIG
ilvBNM PTG Al [ Rt s i, 1 Rk LS5
AR E RS IEN brnFE (e b . £ SL &
FEEh 2 48 h K%, WKk ILE-6 1) L-S2s gk &
FEEAL RS BT 21.3 g/L 1 14.1% . bk ILE-6 1Y
TR B T O ARE A TR, HOGE FRBUE IR G
TBS, IS AT Ry 43 S bl 2 SRR B R A1l 172
WHEMES %,

ST G R ORI kAN R, AR eSS T
R TR, RS R AU A1 )y Rt Feik
FHEIEIR pye 1 lysCYT %07 AT RRAC T
JGa R AEH , 3XAT R A A A TR SR e 1 R A
APk ILE-6 1 L-Se 2R A Ber il T s il

AEHEAREEE Fa0k FH20

KR, 5 S 70 IR T3 S S5 R (anad ik
6 IR A RN AR A IE DY 2wy B U G A i K]
pntAB \NAD JEESASIE ppnk) , #4k EMP &4%
(Ui FR B AW E E O gL SER jolT1 8% iolT2 .
3-WER H I S SN gap %) |, 551k TCA
T (N TARATIERR A RIS 3L gled | AT BRI
B AS FE N ded Bk ), FEIN 4R Gt F ok
l.lvAG418A/T1147G R ilVBNA139T/T14OA & b}’}’lFE %O

SE k-

[1] HOLECEK M. Branched-chain amino acids in health and
disease: metabolism, alterations in blood plasma, and as
supplements [J]. Nutrition & metabolism,2018, 15:33.

(2] BRT. SRR 12225 ML 2 L dbat: R R Tl 1 iR
#t,2020.

[3] GU C,MAO X, CHEN D, et al. Isoleucine plays an im-
portant role for maintaining immune function[J]. Current
protein & peptide science,2019,20(7) : 644-651.

[4] ORIELLY R,LI H,LIM S M,et al. The effect of L-
isoleucine supplementation on body weight gain and
blood glucose response in lean and obese mice[J]. Nutri-
ents, 2020, 12 (8) : 2446.

[5] YUS,ZHENG B, CHEN Z, et al. Metabolic engineering
of Corynebacterium glutamicum for producing branched
chain amino acids[J]. Microbial cell factories, 2021,
20(1) : 230.

L6 Ffl, 50, BRT, . L-Spso o AT A AR 1
REATFEHE I O], dh 55 Tk, 2021, 47 (9) : 307~
313.

[7] WANG Y,BAI Y,ZENG Q,et al. Recent advances in
the metabolic engineering and physiological opportun-
ities for microbial synthesis of L-aspartic acid family
amino acids:a review [J]. International journal of bio-
logical macromolecules, 2023,253 (3) : 126916.

[8] EFSA Panel on Additive and Products or Substances used
in Animal Feed (FEEDAP) ,BAMPIDIS V, AZIMONTI
G, et al. Scientific opinion on the presence of DNA in the
feed additive consisting of L-isoleucine produced by
Coryne-bacterium glutamicum KCCM 80185 for all ani-
mal species(CJ Europe GmbH) [J]. EFSA Journal ,
2023,21(4) :e07957.

[9] FEIERABEND M,RENZ A,ZELLE E,et al. High-
quality genome-scale reconstruction of Corynebacterium
glutamicum ATCC 13032[J]. Frontiers in microbiology,
2021, 12:750206.

[10] ZHANG Y,WEI M, ZHAO G, et al. High-level produc-



2025 44 A

SREERR, 7 LS WA SRR AT I A F G LR

« 21 -

[11]

[12]

[13]

[14]

[15]

(16]

[17]

(18]

[19]

tion of L-homoserine using a non-induced , non-
auxotrophic Escherichia coli chassis through metabolic
engineering[J]. Bioresource technology , 2021, 327 :
124814.

XIE X, XU L, SHI J, et al. Effect of transport proteins on
L-isoleucine production with the L-isoleucine-producing
strain Corynebacterium glutamicum YILW [J]. Journal of
industrial microbiology and biotechnology , 2012 ,
39(10) : 1549-1556.

SHI F,LI K,HUAN X,et al. Expression of NAD (H)
kinase and glucose-6-phosphate dehydrogenase improve
NADPH supply and L-isoleucine biosynthesis in Coryne-
bacterium glutamicum ssp. lactofermentum([J]. Applied
biochemistry and biotechnology , 2013, 171 (2) : 504—
521.

YIN L,ZHAO J,CHEN C, et al. Enhancing the carbon
flux and NADPH supply to increase L-isoleucine produc-
tion in Corynebacterium glutamicum[J]. Biotechnology
and bioprocess engineering, 2014, 19: 132-142.

VOGT M, KRUMBACH K,BANG W G,et al. The
contest for precursors: channelling L-isoleucine synthesis
in Corynebacterium glutamicum without byproduct for-
mation[J]. Applied microbiology and biotechnology ,
2015,99(2) : 791-800.

GUO Y,XU J,HAN M,et al. Generation of mutant
threonine dehydratase and its effects on isoleucine syn-
thesis in Corynebacterium glutamicum|[J]. World journal
of microbiology & biotechnology,2015,31(9) : 1369—
1377.

DONG X,ZHAO Y,ZHAO J,et al. Characterization of
aspartate kinase and homoserine dehydrogenase from
Corynebacterium glutamicum TWJ001 and systematic in-
vestigation of L-isoleucine biosynthesis[J]. Journal of
industrial microbiology and Dbiotechnology , 2016 ,
43(6) : 873-885.

MA W,WANG J, LI Y,et al. Enhancing pentose phos-
phate pathway in Corymnebacterium glutamicum to im-
prove L-isoleucine production[J]. Biotechnology and
applied biochemistry, 2016, 63 (6) : 877-885.

MA W, WANG J,LI Y,et al. Poly (3-hydroxybutyrate-
co-3-hydroxyvalerate) co-produced with L-isoleucine in
Corynebacterium glutamicum WMO001[J]. Microbial cell
factories, 2018, 17 (1) : 93.

MA W, WANG J,LI Y, et al. Cysteine synthase A over-

expression in Corynebacterium glutamicum enhances L-

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

isoleucine production[J]. Biotechnology and applied
biochemistry, 2019, 66 (1) : 74-81.
ZHANG Y,LIU Y,ZHANG S, et al. Metabolic engin-
eering of Corynebacterium glutamicum WMOO01 to im-
prove L-isoleucine production[J]. Biotechnology and
applied biochemistry, 2021, 68 (3) : 568—584.
LI H,XU D,ZHANG D,et al. Improve L-isoleucine
production in Corynebacterium glutamicum WMO001 by
destructing the biosynthesis of trehalose dicorynomyco-
late[J]. Microbiological research, 2023, 272: 127390.
Pt AR LS e 2R A Y16 U R A
TAEEM [D]. Kt KERHOR,2023.
BBUE, i, o, 55 U TR S R
PG S-2 A SN IR (1], & hh 5 & BE T,
2022,48(14) : 9-15.
DING X, YANG W,DU X,et al. High-level and -yield
production of L-leucine in engineered Escherichia coli by
multistep metabolic engineering[J]. Metabolic engineer-
ing,2023,78:128-136.
SHIMIZU K, MATSUOKA Y. Feedback regulation and
coordination of the main metabolism for bacterial growth
and metabolic engineering for amino acid fermenta-
tion[J]. Biotechnology advances, 2022, 55: 107887.
WANG Y,ZHANG F,XU J,et al. Improvement of L-
leucine production in Corynebacterium glutamicum by
altering the redox flux[J]. International journal of mo-
lecular sciences,2019,20(8) : 14.
ZHANG C,LI Y,MA J,et al. High production of 4-
hydroxyisoleucine in Corynebacterium glutamicum by
multistep metabolic engineering[J]. Metabolic engineer-
ing,2018,49:287-298.
LR, JURH , R, S AU TR O A A R AR AT
WfEE LS BRI I E T e 0], vl
1,2021,40(9) : 1-6
KENNERKNECHT N,SAHM H,YEN M R, et al. Ex-
port of L-isoleucine from Corynebacterium glutamicum :
a two gene-encoded member of a new translocator fam-
ily[J]. Journal of bacteriology, 2002, 184:3947-3956.
BECKER J, KLOPPROGGE C, ZELDER O, et al. Amp-
lified expression of fructose 1, 6-bisphosphatase in
Corynebacterium glutamicum increases in vivo flux
through the pentose phosphate pathway and lysine pro-
duction on different carbon sources[J]. Applied and en-
vironmental microbiology, 2005, 71 (12) : 8587-8596.
RIEHIE: R4



