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SRR R AT S REABAT I 45 IR0 G IR SE M ARt sy, AR R AE—IRAEB LA A ik L-4
B E M SCgGCT FIIET CmpLs 42 4 %ist L-BRBAOBRASE G Hrh. G4, WET TR
CmpLs #152 & & 93 R Ak, AT CmpLl A= CmpL4 3R A R F R S E Y L- S RBRA = M fE;
ok, FIRBRHKEE TS L AR LA a7 T KBnK, AI CmpLl #» CmpL4 FU4% # &
VA& - RER A R EAFE, S— T RAZREAH T L-AREBRGA S, P CmpLl 3URA#HREK
Pk FhFeh LB REAE AL, T AR LR S A AT B EMIE S T 69.2%F7 55.3%, %5, A
B S AF S AT T IR R Ao MR AR 24T, BA# T CmpLs 4412 £ 4269 2GE ¥ vABR AT L- 52 B0
H, B L-BRBR A ARG E 9 Raiftid =, FFEA I CmpLl SR BRI A Z R BRI IR & 8] Kifth Fa L-
BRBRT BRSO ERL £, H5H IR L-5RMA T HiE—K. TF CmpLs &éaFh e L6970
e B AR, Kﬂﬁ%ﬁ&ikaﬁ%ﬁ MG A e R I RAE T ARG Be .8, A B S R B AT
1A 8 fm PR BE 45 M) SR A AR = A 69 S HEAR AL T Fr e e 2 A Rk
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Abstract: The efficient production of L-glutamate is dependent on the product’s rapid efflux,
hence researchers have recently concentrated on artificially modifying its transport system and
cell membrane wall structure. Considering the unique composition and structure of the cell wall
of Corynebacterium glutamicum, we investigated the effects of CmpLs on L-glutamate synthesis
and transport in SCgGC7, a constitutive L-glutamate efflux strain. First, the knockout strains of
CmpLs were constructed, and it was confirmed that the deletion of CmpL1 and CmpL4
significantly improved the performance of L-glutamate producers. Next, temperature-sensitive
L-glutamate fermentation with the CmpL1 and CmpL4 knockout strains were carried out in 5 L
bioreactors, where the knockout strains showcased temperature-sensitive characteristics and
enhanced capacities for L-glutamate production under high temperatures. Notably, the CmpL1
knockout strain outperformed the control strain in terms of L-glutamate production, showing
production and yield increases of 69.2% and 55.3%, respectively. Finally, the intracellular and
extracellular metabolites collected at the end of the fermentation process were analyzed. The
modification of CmpLs greatly improved the L-glutamate excretion and metabolic flux for both
L-glutamate production and transport. Additionally, the CmpLl knockout strain showed
decreased accumulation of downstream metabolites of L-glutamate and intermediate metabolites
of tricarboxylic acid (TCA) cycle, which were consistent with its high L-glutamate biosynthesis
capacity. In addition to offering an ideal target for improving the stability and performance of
the industrial strains for L-glutamate production, the functional complementarity and
redundancy of CmpLs provide a novel target and method for improving the transport of other
metabolites by modification of the cell membrane and cell wall structures in C. glutamicum.

Keywords: L-glutamate; Corynebacterium glutamicum; mycolic acid; transporter; biosynthesis

L- B AR IEEBRE — KA N2, 23k &M (Corynebacterium glutamicum) & —
PRI A00 7 t, fEEa . B2y, T, BH O MEHERUR MRS 2 R, IF O 4
L5 )z M LA R T R [ K (generally recognized as safe, GRAS), [KH.
KR, REPMAED KB WMZ— & ARAOFEAR G mS4, wEH
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AR BEE AT LA ERM EEHAY . AR
FRVEAT I D, WA B W R R 12 T — R IR TG
A B o-BR N R, A R N AU (gdh 2
R i) AL TN AR - 2RV 1), 4
K, ETHMEAH TEMBEYEIEACS
AT LA IR K, X
WAZ ORI EGE, L- A 2RI A
RS9 3) T WE AL R, L-AERNE
PN S O B B B, I A
s RGBS, DA b B A
R A ) 4 g R R 4
BRAREMH A IERB AR T8 §
o025 AT P SR A A I RE S R PR R L $
1o R T R IR A 2R N R A N L- B TR
IR SAEAAURT DL R AR i i L4
ARG R, 38 AT LLSE i 240 i 3 1 58 B 1R 75
L- 7% 24 R 1 Bl A0 HE PO, 45 &R T I
NCgl1221 J X 4t ) WL AEURGIE 2 11 MseCG
(mechanosensitive channels of Corynebacterium
glutamicum) /& -3 22 R 15 o 441 il J i) = 22
WIE, BHRFET L-AERR A B SR LU
S 20 B A SR T fik & MscCG BRI KA
A4k, SN LA E R T RET . BRI
O AR T B RERE LS A TR BR T 8RR AU )2
LR A LB LA AN, 3 E 4 e IR SR ME RN 43 AL TR
fi J E R A A REZE AT, EIRIE S -
TR A 77 B SR A R 22 A, 2 T 2550 Vi) 4 e 5 s 240
BEZH 43 ()6 UG58 S e Ve, 4 v 200 L ) 3 1A
WA, ik AR ANED Y e, B
BEIHR BN A MscCG A5 19 Re 51 2 HE
JE LA 2R R WA DGR, X RRE 5 B
LR HATBOE W RN T — R T - Jl R
FivE P BRI S o B4, Shi U5 1 7E
B ARVEFF I ATCC 13032 H Rl Bk KSR B 4 1k
B S B L murA L murB,  FEAIR T 4 i ik 3R

&: 010-64807509

BER) S, fRHE T -4 2R I R U S
Yao 251 1) bR A Z BR P AT IATCC 13032
Hifih L ME-CoA FR AL L) dtsRL J A 1 4 5
NIRRT pyc JEA, SIIAR TR & A,
i ARAE A 3 2 A T BRI AR 0 73 2 BR K
AR,

3 BE TR R A S R T T - B B - R
[X 1 J& (Corynebacteria-Mycobacteria-Nocardia,
CMN) T8tk 41 i BE A A A 2 3, 5 BTz AF 2
FLRBEFIIR R & AR — R M 254, 54
gy Z ) iE A 22, T 0 B T R - BT AR 2
FLER M-I R Bl & 5 K (mycolyl-arabinogalactan-
peptidoglycan, mAGP), F:[E#IA T CMN & &
B4 e B 2006 4F, Hashimoto Z5617VE PAE
AW FR PR L AN R P S F A RS
L-45 g B a0 77 AR B S5 1R 20 SR TR 2 7 A
M, fOREMIRAIRYS L2 RS UIA
Ko WRIRAHEBIEIRI &A1 s,
T JCTE SR A5 Pks13 PUMEALT 2 4505 107 PR B 4
T8 B KR (mycolic acid, MA), I
il TR HETE T8 B- i 1 - T M B 70 B TR R (B-keeto-
trehalose monocorynomycolate, B-keto- TMCM),
SRIGTERRBEAR R CmrA AL T 838
HEBE PR A T B2 (trehalose monocorynomycolate,
TMCM)!'21 [ 5 TMCM MU PR %% 1 31) J&] Jo 2
], —ABEEE 10T 5 MA T B XUy
K FI 2 (trehalose dicorynomycolates, TDCM), %
— AR o3 I 2 T W IR 5 BT RLAR A FUR A i
B, TSR AN AT 2 R AR gAY T
M RE E/NTTBI BN E SRR T 0 B R & iR
BUGERT L-B ARG A, TER A TRET
ATCC 13869 1435l bx pksl3. cmrA miiiff
HEA YA T L (treS, treY F1 otsA),
A RLER 3Bl oE e R B AR S, AR
FIF RSN LA &R AR m T 9 fERL R
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FIRBFGIESE TGS SR R R B AR AT AR AL
fedE L- 7R IRI 30, (H 584 B3 AR R
G ) A SR 2 S M AT A I A A R
AN T Ak AP H %

CMN B #kH RND (resistance-nodulation-
division) FK I %12 8 11 07 70 K T PR 1) I it
iz, X2 B RE Y S RSOFI 20 AR Y A BRAR I O R
TN, REREBEF I P 4 D5 50T IR
iz (%) RND #EH, Bl CmpLs (Corynebacterial
membrane protein large)& [1, 4375 CmpL1 .,
CmpL2. CmpL3 #l CmpL4, 4 #4187 AR

FRIE b2 5 i i R RE 2544 v i o i) 5 o Fn
ig, HARD)RERE AN AFAE— 2 1 22 P42
CmpLs 1) BB IR a5 f L il Ry 8 B 45 2 R PR AT
A0 I RE LS Ry, E— 3T - E RS N
Ao W ) PRAR R . ABESR DL —BREE T4
RAIRNEIFH ATCC 13869 e ik 15 A —F L-
B AR IR SCgGCT Iy K Ik,
Ay AR EE T ORIE CmpL [RIVR 2R A R B TR R
WIS FLAR T PEM T AR CmpL 2 X R AR K
J - RAPRA B 5 i — 20 5 L K T
W T A B S N O, #%E T CmpLl
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Figure 1

L-glutamate and mycolic acid biosynthesis pathway in Corynebacterium glutamicum. TMCM

represents trehalose monocorynomycolates; ADP represents adenosine diphosphate; UDP represents uridine
diphosphate; AMP represents adenosine monophosphate; CoA represents coenzyme A; f-keto-MA represents
B-keto-mycolic acid; B-keto-TMCM represents B-keto-trehalose monocorynomycolate; TCA represents
tricarboxylic acid cycle. Blue arrow represents the transportation of TMCM; Red arrow indicates represents
the transportation of L-glutamate. The red cross represents the deletion of genes involved in mycolic acid
biosynthesis, including otSA encoding trehalose-6-phosphate synthase, treS encoding trehalose-6-phosphate
synthase, treY encoding maltooligosyltrehalose synthase, pksl3 encoding polyketide synthase, and cmrA

encoding corynebacterineae mycolate reductase.
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Ml CmpL4 FERAT L-43 2B AE 7 Y B A E,
38 5 e PN A A S A P ORI, B T
IR TR e i R GRS AL T LA U i LR
MR BN, BRI - & 1T
BRI IR R, O LA R BRAE ™ A R A R
S AL T A SR s MR A

1A

1.1 #g
1.1.1 Btk RKNEZIEFRE
A5 i FH B R B JBORE L3 1.
LB 5L 5 o/LIEEENT, 10 g/L A IR,
10 g/L NaCl, [EAREFRILAIN 15 o/L FHEH
TSB #5575 5 o/L #i%M, 5 o/L BEbkR,
9 g/L KGN, 1g/LKHPO,3H,0, 3 g/LJR
%, 0.5g/L TR, 0.1 gLMgS0,7H,0, 20 g/L
3- M B PN ik % (3-morpholinopropanesulfoine acid,
MOPS), 10 pg/L YR, 0.1 mg/L 44K B,
(thiamine, VB,), H NaOH #i15 pH &£ 7.2,
CGXII¥; 3R k. 40 g/l #jZM, 20 g/L

R 1 AAREROERFBRR
Table 1  Strains and plasmids used in this study

(NH4),SO4, 5 g/L JR%, 1 g/LKH,PO,, 1.3 g/L
K,HPO,-3H,0, 42 g/L MOPS, 0.01 g/L CaCl,,
0.01 g/L FeSO47H,0, 0.01 g/L MnSO,-H,0,
1 mg/L ZnSO,4-7H,0, 0.2 mg/L CuSO,, 0.2 mg/L
NiCl-6H,0, 0.25 g/L MgSO,-7H,0, 0.03 g/L J&
JLZZ, 0.1 mg/L VB, 0.2 mg/L A=¥%, H
NaOH 75 pH £ 7.0,
BHRI TR RIS : 25 g/l %
W, 2.2 g/LKH,PO43H,0, 3 gL JRE, 10gL £
KIETHY, 09 g/L MgSO,7TH,0, 22 g/L Gk
fi#i, 20 g/L MOPS, F NaOH 15 pH % 7.2,
O 2R KWL R (L) : 80 g/L #ii%
B, 1 g/L KH,PO4, 10 g/L JRE, 5 g/L EAKK
T ¥y, 04 g/L MgSO,7H,0 , 10 mg/L
FeSO,-7H,0, 10 mg/L MnSO,4-4H,0, 200 pg/L
VB,, 40 g/L MOPS, Jfl NaOH 45 pH £ 7.5,
DA PR ARG TG TR CR ). 15 g/L By
E#F, 0.5 g/L TR, 1 g/L K,HPO,, 3 g/L JR
=, 5 g/L#%RE, 10 g/L FEEENy, 15 g/L SR
B, 10 pg/LAEYZE, F NaOH #95 pH 2 7.0,

Strains or plasmids ~ Relevant characteristic

Sources

E. coli Trans1 T1 Host for cloning

TransGen Biotech

Co., Ltd.
SCgGC7 Derivative of strain ATCC 13869 with MscCG*!'!Y and GItA®*'®Y mutation, [26]
a constitutive L-glutamate efflux strain

SCgGC7ACmpL1 Derivative of strain SCgGC7 with its cmpL1 gene deleted This study
SCgGC7ACmpL2 Derivative of strain SCgGC7 with its cmpL2 gene deleted This study
SCgGC7ACmpL3 Derivative of strain SCgGC7 with its cmpL3 gene deleted This study
SCgGC7ACmpL4 Derivative of strain SCgGC7 with its cmpL4 gene deleted This study
pK18mobsacB Suicide plasmid for gene deletion and mutation, mob, sacB, Km"® [27]

pK18-ACmpL1 pK18mobsacB derivative for deleting cmpL1 This study
pK18-ACmpL2 pK18mobsacB derivative for deleting cmpL2 This study
pK18-ACmpL3 pK18mobsacB derivative for deleting cmpL3 This study
pK18-ACmpL4 pK18mobsacB derivative for deleting cmpL4 This study

&: 010-64807509
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B TR TSR TRERE) . 30 g/L b,
10 g/L WeblHy, 5 /L EFR, 5 gL IREK, 0.8 gL
MgSO;7H;0, 2 g/L KoHPO,, 2 mg/L MnSO,-4H,0,
2 mg/L FeSO,-7H,0, 0.2mg/L VB, 0.2 mg/L 4%
&, F NaOH #75 pH £ 7.0-7.2,

D RATR K WG SR HE R e ) . 50 g/L Hi%
Wi, 4.5 g/L K,HPO,, 10 g/L FE k3, 2 g/L
MgS0O,4 7H,0O, 30 mg/L MnSO,4-4H,0, 30 mg/L
FeSO4-7H,0, 0.3 mg/L VB;, 0.3 mg/L 4%
%, 0.5 g/LEEM, 1 /LM, F NaOH
A% pH % 7.0-7.2, 550 g/L M.

x2 AMREARSIY
Table 2 Primers used in this study

112 SI¥EiTREmK
AT G AP P s g 2, 514
Y ER IR A MER A R A BR A /A A
113 EZXFI AL
ClonExpress® CE IIIE £ 5o iR 7 & 1 B
P v MERE AR IR Oy A PR |5 Bk 4
A&, PCR = Wyatifbidin & . e Ml &
Bl A KRR AR b s A RA R BEEE
FIHE A R0 B ThermoFisher Scientific 23 m) ;
Ho A i R0 4 ok B 7 4y Br 4l . PCR X,
ThermoFisher Scientific A F]; 430G,

Primer names

Primer sequences (5'—3")

CGACGGCCGGTGCCAAGCTTGATTATCCTCGCTCAGGATGGATTT

CGACGGCCAGTGCCAAGCTTGGGTGAGTTTCTTGATGTGGGATTA

CGACGGCCAGTGCCAAGCTTCCATCGATAACAGATTTGAAATCCA

CmpL1-UH-F TGACATGATTACGAATTCCCCTGAAAGTGTCCTTCTAGTGTG
CmpL1-UH-R AATGACAAACAAAGCCAAAATCGCG

CmpL1-DH-F TTGGCTTTGTTTGTCATTGGTTTGAGCACGCGAGAAAAC
CmpL1-DH-R CGACGGCCAGTGCCAGATCAGTGACCATAAGTTCAGCGAT
CmpL2-UH-F TGACATGATTACGAATCCCATCGAACTTGTCAAGGTCTTTGTC
CmpL2-UH-R CCCAACTGTTGATGTTGAAGGTG

CmpL2-DH-F AACATCAACGTTGGGGATACCTATGAGATCGCAAGCCAG
CmpL2-DH-R

CmpL3-UH-F TGACATGATTACGAATTCTGCCAAGTCACGGAGAAAGTTAATT
CmpL3-UH-R GTGCCTGCTTTGTTCTACGACA

CmpL3-DH-F GTAGAACAAAGCAGGCACGACCTCACTAACCTTGCCAAAAT
CmpL3-DH-R

CmpL4-UH-F TGACATGATTACGAATTCCAAAGTAAGAACCGGTTCTCAGGTA
CmpL4-UH-R AACAATGGCCAAAATAAGTAGCCAT

CmpL4-DH-F CTTATTTTGGCCATTGTTCCTAAGTGGCTGGATCGAATTCTG
CmpL4-DH-R

CmpL1-JD-F AATGTCTGATGTGCATGAGGTCA

CmpL1-JD-R CGCAGCTGCTCAATGCTTCC

CmpL2-JD-F AGTCTTCTTCTGAGCTGTCGTCTGA

CmpL2-JD-R GAATTGCTCCGTTGACAATTACTCC

CmpL3-JD-F ACGAATATCAGCGATGAGATCTTCT

CmpL3-JD-R CACAATCTAATGGGCTACTTATGGG

CmpL4-JD-F GTGAAAAGGTAAAGGACGCAGCTAA

CmpL4-JD-R CCACAGATTCCACCTGGTAGTCATA

pK-F AAGCTTGGCACTGGCCGTCG

pK-R GAATTCGTAATCATGTCATAGCTGT

pK18-JD-F CATTAATGCAGCTGGCACGACAG

pK18-JD-R CATTCAGGCTGCGCAACTGTTGGG

http://journals.im.ac.cn/cjben
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Shimadzu /A 7] ; NanoDrop i A% B 2 1 &
{¥, ThermoFisher Scientific 27 ; HLHE{bIYL,
Eppendorf A F]; ZINREMALARANL, Molecular
Devices Al ; AWML HTL SBA-40D, L4
AR EB AR AT MBIk IR RS,
INFORS Al 5L KEERE, HIgRM4AYBEe T
FEARRA A il S A e K 2 iYL
NS E KA BRA A
1.2 7%
1.2.1 pKI18-ACmpL1/2/3/4 FRRIHI#3E

Pl pKI18-ACmpL1 Jit #i #4 & K 5] , LA
SCgGC7 HHA iR, M54 CmpL1-UH-F/
CmpL1-UH-R #15 |4 CmpL1-DH-F/CmpL1-DH-R
43 38 2 PCR Y34 4R 45 bk cmpL1 BE A I [7]
PR R B A R ARV A Be, DL pK18mobsacB it
BB, 514 pK-F/pK-R 41 pK 18mobsacB
RAEALEAR B, VLB 3 B Wy aifk ik s
AT 3 B RIEE A SR, SR ER
kP (Escherichia coli) Trans1-T1JESZ S04, 74
AT 50 pug/mL RAREZRAY LB AR o A
AL E PRI TR AR S 19 pK18-ID-F/
pK18-JD-R HHTH 74 PCR BiilF, B 457 IEA 1 FH
PEREAL THEASA 50 pg/mL RHREE £ A LB Wik
Regpdrp e, PASEYER pKI8-ACmpL, %
IR R A RS E A Bk pK18-ACmpL2
pK18-ACmpL3 } pK18-ACmpL4,
1.2.2 ERERERTHRAHE

DL empL BE R s B oA kA 2 ol 151, SR A AR
AL pK18-ACmpL1 Fikif{bE SCgGC7
BAZ YN, 30 °CHFE 2 h Rl T&A
25 ug/mL FHABEEEA TSB B, WET
30 °CHEFRA PG 3% . AL b PRI
PN IR FH 5 1497 CmpL1-JD-F/pK 18-JD-R HEf T
7% PCR 4 Hh S — A s 2 Eaf i PR A 7
PO 25 pg/mL RABEZ W TSB A7 S

&: 010-64807509

R4 hE, WRIC100 pL AT T8 10%EEH
) TSB [P, FRfik hesafd)s, aaiik
BT R e 5 R4k 2 R AIR S 2P ASORI AR TR
W AERARER Z AN A KT RERE A RS 1 2E
KAy 7ekE A5 14 CmpL1-JD-F/CmpL1-JD-R BEf 7
7% PCR I0iIF, 2505 BRI Tabe el —SeBatis ik
¥, BIHRESRERE SCeGCTACmpL1 ., FA Fik[H
BE Y 7 i #3815 B Bk SCgGCTACmpL2 |
SCgGC7ACmpL3 } SCgGC7ACmpL4.
1.2.3 CmpLs B{FRE4E KT

80 CIYRM AR EA 5 mL TSB
WolkREFR3Ed, 30 °C, 220 r/min JF R K55 b5
P B FE I FERAE 12 000 r/min | 2.0 2 min, Wk
DLVE, - COGXIEASEFRHIGTE 2 Ik, ZJGL
0.1 BHI U ODgoo AP ZAFFLEH 400 pL CGXII
WS 48 fLART, BAHKRIEE 3 AF
11, BT il e S AR A K 2 o A
Ki3% 48 h, MR 1 h ME 1 IR KGO,
124 L-ARRFLIRAE

TE TSB [AFH Xt Bk TG fk, +
30 CCEEFff g 12 h, BhJG, R EIEILE
800 uL AW MFFHEFRHEN 24 fLtd, T
30 °C. 800 r/min Z&fFFHFE 6-7 ho Fifh+
ODgoo 15 5] 7.0-8.0 HBf L 0.5 AW & ODgoo 5512 =
Bl 800 uL A 2R K BERT IR ALY 24 FLAH,
BAFEMREE 3 4F47, 30 °C. 800 r/min 557
25 h, KB4 WG, Kl ODeow, M
SBA-40D Al L-75 2 R FI1 A0 1 75 1
1.2.5 5L AEEGENR

FEA ARG AR s 77 2 s btk , &
T30 cCEEFRAE I 24 h, PR ER R IBUE VR
HFF & 100 mL A2 RRF TR 37550 500 mL
=S, 32 °C. 160 t/min 3535 12-14 h, MR
25% MM R E A 1.5 L AR KB
FEM S L RBERED . REEVIIRAIE R 32.5°C,
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pH 6.95, %3 300 r/min, &% 100%, H#HEIE
0.05 MPa. A Mid FE4E 504 EAE 35%45%,
pH 6.95, HZWE &8 0-10 ¢/L, FFMEEEO0 h
T LA £ & W ODgoo . L-4% 2R S R Ml 7% 22,
FETE R T2 SRR L4 e S B T AE
HE BB RELE . 24 ODeo KT 40.0 B, #
IR T2 37.5 °CH & K W4k
1.2.6 BEAAIREIMR S 4D A FE R AL IR R
A

LA AR AR . P 0.2 mL A eSS
FIG B 1 mL #KF (25 °CHIE K
40%H D), PUPES], 4 °C. 10 000 r/min
O 1 min, 3% B, MEETTEPINA 4 °CTi
BRI Y R BOR (5. 2 Kk=2:2:1, {KFH
Fo, & 0.1%HRR)E R, He MR i /N
VS8 B A7 IH—1k . B 12.84 ODgoo B A A
800 mg IEIEERCKIAZ 0.1 mm), EWHE(70 Hz,
60s, —50°C, X 10K), BH/5HA 5Smin, @
AL ST 10 000 r/min. 4 °CES.L> 5 min, H
FHRETHR 1.5 mL S.08F, 1
2, BIF B, T 4 CCEZEODWEFT
Wean 258 2T, HUE-80 *CUKART-AF -

B EIRACE RS A 100 uL 50% 25 &
%, 10 000 r/min, 4 °CE.0> 30 min, B EER
AR AR A, ol FH R v SO A 0 - 5 40 B o
REIE FHAY (MAHZR ) . UPLC primer 2245, Waters
LLC.; Jfi%#4: TripleTOF 6600, SCIEX A
A A TIOR3 ER I BT (liquid: chromatography-
tandem mass spectrometry, LC-MS/MS)/#r., 4
7% 4 4 . ACQUITY BEH Amide (2.1 mmx
100 mm, 1.7 um)faiAE, WAk 25 mmol/L
LREZFN 0.1% % K (A)-Z 0 (B), BB «
0-18 min, 95%-65% B; 18-22 min, 40% B;
22-30 min, 40%-95% B; iR 30 °C; fH
0.3 mL/min; BEREIRFL S pL. JRIE&M: R
ESI HIWEZE & F i, e Fei, BEHE
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~4500 V, & IR 550 °C; KiEHLE-80 V;
flf 48 AE & (35<15) V3 AT UK 35 psi; 551k
SMEFERIN 55 psi. K Data Dependent
Acquisition AT "R R, BN
A& 1 R RAT T A] 53 (time of flight mass
spectrometry, TOF MS)FHiFl1 12 ¥k 5 B i
(tandem mass spectrometry, MS/MS)#1## ., TOF
MS F )i VS FE ol 62-1 000 Da, MS/MS FY Jii &
el 30-1 000 Da,

LA A 2 BRI < B 1 mL & T
LR ET 4 °C. 10 000 r/min #5.0> 1 min,
BEWE, H 022 um Ay UEBEAL B S SE 1T
LC-MS/MS 73#fr, i JJotil 2645 ) 1o i dh
L-4+ 28 B R L P2 SBA-40D o il () 54

2 HZRE5OM

2.1 CmpLs BXFREMREVIDIE KA AR

A T WFFE CmpLs M0 X} L-45 2 BR A i A F%
B, AP — R BA L E@ R A R
T HFR——SCeGCT* I X AR CmpL 43
WIPEAT T Rk . Hirh, SCeGC7 Y H & HHk N
B BIREFFH ATCC 13869, & L-B &R 78
FETE FHERR, A LA 2B 85 1 20 i i 119 3
B MscCG BYHE 111 0N 28R 5878 Jy i
MR, HAHMA W LA EFRIARE ST, WM
15045 1 S5 A R f B85 A1 B IS 5 32 R T B IE
U RE LS A R LA A PR AMHERY SE IR . AR
S DR 20 Dy R R RN T A1) EE X, A S PR R AT T
ATCC 13032 1 44> CmpLs 4 4wt 2[5 NCgl2769
(% 5 CmpLl) . NCgl0887 (%% CmpL2) .
NCgl0559 (%% CmpL.3) NCgl0228 (%ifis CmpL4)
ER BB ATCC 13869 H %t A FE A 43
%% BBD29 RS14025, BBD29 RS05080, BBD29
RS03570 #1 BBD29 RS01380, T 2 I Htkrh
X 10 2 T A 28 R R — B R (6 3), HEMINAH [R]
EEAHRARLNIRE .



ENE % | BUSAEBEE CmpLs 8 RGRE LA BHAR

T e T LT pK18mobsacB F il 4% TR
pK18-ACmpL1 ., pKI8-ACmpL2 . pK18-ACmpL3
S pK18-ACmpL4, #E4 HAREER - FIEF41 1
B A BRIV Ik 14001, 1200, 1500, 1300 bp,
A BRI GHU— 2 2A). Z AR Fidkfy
A 0 G BB TR 23 % SCgGCT Rk Y H AR 3 [
PTG R G, 193] IR EA R,
J& , LI SacB 1Y R ) i BE A5 21 R E AL
Pk, PCR WEZERANE 2B FiR, wmibRfEm A
BE RN M 1586, 1517, 1635, 1502 bp,
s K/ANFA TN, WERZERE empll. cmpl2.
cmpL3. cmpL4 fBR , 3R7511) CmpLs @R EkE
Iyl SCgGCTACmpL1 ., SCgGCTACmpL2 .
SCgGCTACmpL3 Fl SCgGC7ACmpL4.

AT B UE CmpLs BB X% ATCC 13869 Bk
A PR S BOSE , ARE 1.2.3 R0 T4 bk
AT TERRAE COXTIEA B F7 3 b 47 A= K
W R wE 2C Pron, CmpL2, CmpL3 Fil
CmpL4 i bk B k-5 5 BE B vk SCeGCT A HL A
R R A K ZE 5, T CmpL1 @R AR AR
Kz 2B ], FLEeRK ODgoo 1B A X R TR
FRIY 91.0%. 145 - 0] ATCC 13869 1 CmpL1
fITIRE S ATCC 13032 FRIGZEMIY, BBR H Rk
A 4 32 20 B BB ], e R AT RE =
FEAT R BR AT 18 R A BR - CmpL1 X404 B R 55
FRE g J5 B A 1) A5 RN 32 RE i A, A i
BEMA NAZBE, SRR TR AR AR
J&, ATCC 13869 HiiBx CmpLl {UARBLIER K

* 3 AEEEITE ATCC 13869 & CmpLs B ERF5 K& EEIE R
Table 3 Homologous sequence and alignment information of CmpLs in Corynebacterium glutamicum

ATCC 13869

Accession number for
Corynebacterium glutamicum ATCC 13032

Name

Size in amino acid Closest homolog in Corynebacterium glutamicum

ATCC 13869 (identities)

CmpL1 NCgl2769 773
CmpL2 NCgl0887 792
CmpL3 NCgl0599 707
CmpL4 NCgl0228 797

BBD29_RS14025 (99.35%)
BBD29_RS05080 (99.37%)
BBD29_RS03570 (99.38%)
BBD29 _RS01380 (99.38%)

2 CmpLs BFREREZR PCR WIEREKMR

bp M1 23 456 78

= SCgGC7

= SCgGCTACmpL1
= SCgGCTACmpL2
-+ SCgGC7ACmpL3
-+ SCgGCTACmpL4

ODyg

0 246 8101214161820222
Time (h)

Figure 2 Construction and test of CmpLs knockout strains. A: Electrophoresis identification of PCR test of
pK18-ACmpLs. Lane M: 5 000 bp DNA Marker; Lane 1, 2, 3, 4: pK18-ACmpL1, 2, 3, 4. B: Electrophoresis
identification of PCR test of CmpLs deletion. Lane M: 5 000 bp DNA Marker; Lane 1, 3, 5, 7: PCR product
of SCgGC7 genome with primers CmpLs-JD-F/R; Lane 2, 4, 6, 8: PCR product of SCgGC7ACmplLl1, 2, 3, 4
genome with primers CmpLs-JD-F/R. C: Growth of the control strain SCgGC7 and CmpLs knockout strains.
Error bars represent means and standard deviations (n=3).
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ODgoo [HIIRFAL, HEIRIA A BE MK . LBk
F, ATCC 13869 H A i CmpL 1YHEE S ATCC
13032 AL, FZS 540 BERE LS/ 1 & Al .
2.2 CmpLs B X L-BSEEE & A0
T IRARER CmpLs X L-B 2R S M5
i, KRR SCgGCTACmpL1 . SCgGCTACmpL2 .
SCgGC7ACmpL3 ., SCgGCTACmpL4 K %} IR
Pk SCgGC7 7k TSB V-4 bififh, &fh 5k )E
FE 24 FUAH PEA T 5 RIS 2500 T 1) & TR it

1‘)Li_‘r_-ii

0 L-_-_-_-_l
A N 0\ e X
@)
AQQ AA\Q\) AA\Q\) AA@) AA\Q\)

e product

Ll
s mEmmE B

SR UL 3. I 3A AT, FE R EERE SRS RS
25 h 5, SCgGCTACMpL1 FEHEAIELZ: ODgoo [
7792, HEAET SCgGC7, ifii SCeGCTACmpL2 .
SCgGC7ACmpL3 il SCgGCTACmpL4 kK ik
KIFRZH RN, 5 COXIEAREFRAR
AR AE I —E, R EBE CmpL1 X E A K 1Y)
MHER SRR ENESRFEERETLR, M
DARRAH N D RE SR A 25 2 o L-A R ™ 1 4 &1
3B ik, SCgGC7ACmpL2, SCgGC7ACmpL3

|
%“}Liiii-

,\)\

R

NN B

)
O K8

~OX

Hiill

d (%)

JARREE ENEEE

3 A[E CmpLs BFREM L-& RERFLIR & B2

Figure 3 Effects of deletion of CmpLs on growth (A), L-glutamate production (B), L-glutamate production
per ODggo (C) and yield (D) were conducted on 24-deep-well plates. Error bars represent mean+SD (n=3),
symbols on the top of standard error bars indicate the significance of the differences between data for control

and different treaments. **: P<0.01; ***: P<0.001.
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AEXE F | WERERETE CmpLs RZRF R L-ARBER

1 SCgGCTACmpL4 Htk L-AAMR " mikE| T
(11.1£0.2) g/L. (10.8+0.3) g/L F1(12.0+0.2) g/L,
A3 A HE AT BRI RE(10.4+0.2) g/L 32T+ T 5.7%.3.2%
M 14.6%, Hr CmpL4 bk 2 &I T Rk L-
BAEMRI P, R4 CmpL1 B2 M bk
By K, {H SCgGCTACMpL1 FHkE -2 R )
KB T B RRIRI SR 7KF-(10.120.4) g/L, BT
K LB IR TR T 1.1 g/(L-ODgoo), HXT IR
FR[0.9 g/(L-ODgoo) BT+ T 22.2% (1 3C). MIE 3D
A LLE 1, SCgGCTACmpL1 [tk B A 12T+
L-A Wi, BT ARt wb
TR A IR, DR R 5 Ak ek
F| T (15.7£0.6)%, 5% BEEE#E(14.0£0.2) %4 He
B4R T 12.1%. SCgGCTACmMpL4 B bk LA
W By PO, HORRR 5 4K 4 (15.740.3) %0
FeXT IR T 12.1%, FIRGEHRER, 18
B AR5 L CmpLs %1z R4, L H
bk CmpL1 5% CmpL4, BEWS I EHH#EHE L-
B AR AT B
2.3 CmpL1 # CmpL4 SR EHEEL
=3 hR

AR, T R A3 A R T AR AR 7 T
SBHAE LA BRI A e 2

o T DA R S 43 S e TR 114 2 725 5 50 00 i S e 2
MR, SRR A & mEAL, AR
F LA R B P o s T Sy T E— A 5
ilE CmpL1 1 CmpL4 SRS il 2540 T B -4
ARG M, ¥ EHK SCgGCTACmpLI

SCgGC7ACmpL4 K H Xt BB #k SCgGCT7 7E 5 L
e AT AN R A, i AR b 2R
TUBRAL T 2007 TASRALHL, 7F 6 h ¥ Rl
JE N 32 °CHRTEZ 37.5 °CPY, kit AR
Bl 4 Fin. MK 4A FTLLE Y, CmpL4 @BR
PR X R B R SCgGCT A KA IEARMIE, 1
CmpL1 # Bk AR A A K 3 2 F R R ODgoo fH Y
B AR T IR kR SCgGC7, SFLb R BB
A—F, MME 4C FTLLEHY, CmpL1 #1 CmpL4
SRR LA AR R W T B bR, K
% 18 h L-AF 2R " fe ik 51 22.0 g/L #116.0 /L,

33T B E Ak SCgGC7 (13.0 g/L)RE T
69.2%H 23.1%. 5L A FEEE A [ Y 02

CmpL1 @FRAMEI G THRMIE, L-FER
77t CmpLd4 mBRIAMESE S T 37.5%, Hib7ERF
ZRERTE, WX BRI CmpL4 BEERE MR L5
AR RSN R . A, K 4C iB7]
LIEH, 6 h FTHEJS CmpL1 F1 CmpL4 B ERE

A C
120 - o sceGC7 . *SCeGCT 23 e SCeGCT
100 |- SCgGC7ACmpL1 = #SCgGC7ACmpL1 ~20 | ® SCgGCTACmpL1
4 SCgGCTACmpL 20451 4 SCgGC7ACmpL4 % 4 SCgGCT7ACmpL4
80 5 2
< 60 = 30| =
9 E 10
40 = _:'0
20 20T 25
0 4 8 12 16 20 0 4 12 16 20 0 4 8 12 16 20
Time (h) Time (h) Time (h)

4 5L AEESMAMILEEER

Figure 4 Fed-batch fermentation in a 5 L bioreactor. A: Effects of CmpL1 and CmpL4 knockout strains on
growth; B: Effects of CmpL1 and CmpL4 knockout strains on residual glucose; C: Effects of CmpL1 and

CmpL4 knockout strains on L-glutamate production.
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L-A AR R B o, xR L
AR B B AR TR 5 B I ARk, PR
% CmpLs ¥4iz R 5014 it v] LIS AL sl 45
L- B ARGz, #5 -AEmR &,
e, CmpL1 Fl CmpL4 @3 55 TR Ak A0 7 26 Bl AL
RIRF 14.6%H1 10.1%, 4353 HeXT BB MRS T T
553%F1 7.4%, bRZEIRFEFR CmpLl
CmpL4 ¥J0] LIBIN L4 & R A 7 R SURe i
=B mEAN T L-ARAR A [H
iF, CmpL1 R EMEEA HIF L2 1
g, /MRS B S - AR -
2.4 CmpLs &P B ¥k A F0REIML 5
YNLR 53 H

N T I E CmpLs #i8 RSN L-A5 2R
G EE 1 R, A B ST E — 2B R B R
SCgGC7ACmpL1 Fl SCgGCTACmpL4 Bk L S
Xf BT R SCgGCT 11 & B mi FE i itb AT 1 LI
FHLSMCE P H 23 BT o AW 5T 2 B 45 (quality
control, QCO)FEAFIH) 6 4~ F(637.371_1.2 min,
218.102 85 min, 25496 13.8 min, 341.144 16.5 min,
128035 182 min, 400.145 22.1 min)$& 5 €4, 1% i
PEAT D7 L2000, JIr B 1) 5 7 389 0 A5 16 S BT ik
(BTG N . LR —1 QC FEAS 6 1K,
0 U 55 5 LR B BT 1) 79 6 X M Al 22 (relative

A 18 : g
H il t’
12 + / ff'
- o
6F .m I -
8 | ]
2
B 0 e ————
ol
a " m-=SCgGC7
=T SCgGCTACmpL1
5 = SCgGC7ACmpL4
_I L
-18 A S A
-13-11-9 -7 -5-3-11 3 5 8 9 11
D1 score
5 ABTFHEBEERAT PCA BEIHAE

D2 score

standard deviation, RSD) 4> %l & 1.3%-9.3% #ll
4.8%—13%. 4 QC AR BT H ShZEFERR 4 °O)Hh,
ST 0. 40 8. 12, 24 h iERE, IR EEFILR
FAIHRI) RSD 43518 2.4%11%H1 4.4%-14.9%.
DA RIS BRI TGS AT R BAA RAF
FIE, REMBIEEA S, THT T2
TR 2E S A G E T . SR R
M R (principal component analysis, PCA)XH CifiFe
FRHEA T8, NI SHRRTLIE H, 7E95%M &5 X
[N, NS MM B AL, &2 N
1) 3 MEYrFEEAMERENE, ] LC-MS &
GrEGVERSE, REERE, BIEATEE. 4l
SR, BIH] 3 ZHEARTE S AT A 3
P A ) 22 S ok, AR R sl g v
AKERAE T B2,

XTAS [R) BRAR I P9 I AR Ao AR S L-3 2
[ S o N A7/ B N o< T = I eP 0 )
LC-MS/MS I Fr i St dE A7 B B0, #5414
A3 ASPAT R A AU AR X B T 1
1B s SR AR IEAS R A A rp A 1 v A5 i
(fold change, FC)HUG %k, Ff22 i 2= A9 A8
FRIET, DL EU b 4 i DG B A 38T 38 1 2 S A Qs
YRR BE A8 Ak, BAR T4 SR ILIE 6. M\
BErTLAE H, CmpLl Al CmpL4 FBR I

WO - e
30 L™ A
20{=_ =~ S 4
10 |
0
_lo L
20k
_30 L
40 F
=50 F S
—60 . M 1t &1 i N i N N N N A ;
-25-20-15-10-5 0 5 10 15 20 25 30 35 40
D1 score

m SCgGC7
SCgGCT7ACmpL1
= SCgGCT7ACmpL4

Figure 5 PCA model result. A: Intracellular; B: Extracellular.
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EE % | MAA SRS CmpLs BiERGRE LA SRAR

A log, fold change

Gluclose -5.00 0.00 5.00

[—0.07[-0.10] Pyru'vatE—»L-alaninE
Acelyl-CoA[042] N_

L-lysine /&.
-N -71.36 Citaty
-threonine«—q—L.-aspfmateq—— Oxaloacetate N 6\‘
& /' [socitrate
Lisoleucine . | s

TCA
2-oxoglutarate—L-glutamate_______, L-glutamine

[-0.49]-0.14] Funla\rate / i| -0.94] 0.76 | [-0.94] N |
-proli
Succinate Succinyl-CoA _OlL62pro ine
e

B log, fold change
Glucose =2.00 0.00 2.00

| I 1 T 2] 1

0.54| N Pyruvate——sp-alanine] N N
~a
Acdy1-CoAl D06T W |

-0.14| -0.32 Citate\‘
H:x:l-—o,Sé L-threonine«——L-aspartatee—— Qxaloacetate
A _-N -_0,25 / [socitrate N
[-0.18] -0.09]-isoleucine Malate \ L‘arg‘?“‘“e

TCA
2-oxoglutarate—»L-glutamate—, L-glutamine

Fumarate =7 ’ —0.23| N |
{{=0-10 R |
\ / L-proline

Succinate  Succinyl-CoA 0.44| 0.90
BT (o] ™

L—]me

6 AEEMHMRHEFIH

Figure 6 Metabolomics analysis of fermented samples. A: Effects of deletion of CmpL1 on L-glutamate
biosynthesis were analyzed based on metabolomic data; B: Effects of deletion of CmpL4 on L-glutamate
biosynthesis were analyzed based on metabolomic data. CoA represents coenzyme A; TCA represents
tricarboxylic acid cycle. The numbers in squares represent the metabolic flux ratios of the knockout strain to
the control strain. The red and green squares represent up/down-regulation of metabolites, respectively. Left
squares represent the intracellular metabolic fluxes; Right squares represent the extracellular metabolic
fluxes. N represents unreliable data.
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HhL-BRAR G EEERS, HEN L-AARE
BN, X FEMAER CmpLl il CmpL4 J5
PEdE T L-RARMSMHE, 3 T ERER T L
AR . [FIET,  T G RR I R A R 44 24
MR XA S B B R, R -
A 2R G BLE B R AL AR T R A AR F R 2
A s ARhEE . AR, CmpLl @B
WM - AR T REIRE RS, HA
N ol 156 R S5 T i R — PR BRI P 1) v )4
LA S L5 2R T e A 0 il 2 R e, 52 L
W R R, W CmpL1 REBRE AR L-2 2R
PP AN HE R B Z b T LA AR
WA A, I T A - Z R TUR;
1M CmpL4 MBRERMIN L2528 T B iR A
XPRE/IN A T A R — R BRI P10 23 vh TR A
D EARERN B THEMRE, —&
FREE RR T LR AR AW, S -
ZPR /T CmpL1 @BRE M ; B, CmpL1
il CmpL4 HAKDIEE EZERE L-AARE K
F iz s 2 = AR TR R R ASCR o 2 BTk,
CmpLs %12 RS Y RE G 2R T 3500 41 L BE 5 152
FELAT DA R dE - AR SME, FHRE A
W Z 5| - AR A A Z, KR
BT EEATT L-AERA R

3 W54 ®

H 1950 G275 Z R BT TR B 58 2 DIk, &t
JL TR ER, -2 IRk A A 220
5T E R, RSt sh 17 HAh 2 5 0R &
HARMMR SN A BT EA KRR L-BE R
GRCEE T, FAHIA =R A 7 TR A T A AN KT
ERBA TR ARG . LAk, WEEFEE TRH
ARG WAV RGP R R, L-RAR ™
MLHZ A B fENT, TR RS A AR
L-2% & R A= 77 W R i A T R B 25 A
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TE, REHHEOR . B0 s 7E A 2 IR TR F i) B
R IR B T R A R BT A s A
T 1 P DI T el R 4 S VR 4 T AR R A2 4
PRI R IS X -4 SR Y = R R R
B FH T Z0 [R] e i R 2 B B, DR I A
PR J5) 0 40 L B (A/IMIE) Y 52 B e L 204y A
WA 2 - ARG . T sk L-
BRI ez, Tl A Pl i v o A A
Py 2 BRI | P v U0 R B S e 4 L s e
[FIESE, 20 it RS R 25 g 198 T s 0 A et j oy
W98 3 5 1 B AR AP0 R RRYE N CMN
()RR SN S CIE DR (SR S 3 e =3
H ) mAGP A RIEFRIM K T CMN g &
F (P A ML RE S5 4L o IR EEHTE B8 33 M T s AT
DI BT A RGPt A4, A R F 4R R
PRAE S 22 A58 TR i 1E 5 AR AR, (R B o B
il T PRI A ANHERS . B 5T 3R B B
REIVITR . BRERME . T30S . 73 SRR I G AT LA
PRl CMN 4H M RE ATE AR, 2E A 20 SRS R AR
i ANE, B B e
H 58 4 PR b A 200 B B R 20 3 1 B LR 225 ™
EINHIEARAER, AF T 1 o bk i AR AR
. CMN B & RARAEAEAE AT TT AT A9 CmpLs
Hm ARG, AR ARBHEAHYE RGN
MOEPR AL T B A AMRTE - R AL
R IB I AT R IR R X CmpLs %512 RGeik
17 7o, BHAfR T CmpL1 Al CmpL4 A9 RER
AL R - AR AME, 45 AR T
IR, SCgGCTACmpLI Fil SCgGCTACmpL4
PVETE 5 L RFERET L-A 2™ &5 4 T+ T
69.2%H1 23.1% , A2t 4% 20 FR R 1 7T 1740 4 i e
RE 25 by She nm A A 77 4 0 S HE AL T 7R
FIA R

ARG R ITE LA 2R LE 7™ Bk v 43 0] it
Fk 4 v CmpLs &7 4 T AMBIRCR, Hrp



AEXE F | WERERETE CmpLs RZRF R L-ARBER

CmpL2 1 CmpL3 FY s BR XS MR A AT L-4 24
R G B A # AN B S, T CmpL1 Al CmpL4
R BRI R IR R T T LA R G A e
R CmpLl MiBREMRARKZ ST —E B EN
i, RIXT LA R AE T R R T ROR A T
CmpL4 @R AR . F—2 WA 4153 B & 30
CmpL1 & bR B ARG 7= A= %2 5 CmpL4
FAER K225, FERIM A FTE o-F %
ZRRFI WY LIS BRAE CmpLl @Bk b
H ] R, T CmpL4 @R AR T R4 )
R R, XATREE W T AR R 145
RAIRA 7 PERE . B W R A E R R AT I
H CmpL2 F1 CmpL3 BT 55 B AN 23 X6 41 g 1
BB 5 A 2 B ™ A= B 52, {H CmpL1 Fl CmpL4
AN RES R B h R B EEA, R E
R 2 A B i B 4 43 1) 23 52 B Bt R A
3 TR S 8 B B R A A 2 2 3 B S A o
L4 A BE Hp L 4G 0 AS 2155 A 4 52 B R A 2
gy B B IRTEAR Bk a4 CmpL4 W] LIPKE
TMCM. TDCM I i 2553 A% B R £k 1) ~F- 5, 1
Bk ALk CmpL1 ARER > TMCM FliE 2553 4%
R SR R, (FL SNBSS v B B O JUL P H 5 i
S BN AR ST A R CmpL1 Al
CmpL4 7543 22 TR F AT B8 40 it b & 45 I T RE I A
St XFPIIEE 2= 5 AT R 1 AN [
CmpLs FiBREME L-A 2R - HERE2E 510 &
FFEH, XA IR ERITARE RN, Tk
PRI AR 14 B2 M o 3t R R AR TR T AR
EiLpSe
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