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Computed screening and characterization of genomic neutral
sites in Corynebacterium glutamicum ATCC13032

DING Qing'*, LIN Haitian®*, SHENG Qi%, HUANG Ming’, XUE Zhenglian', ZHAO Xinyu?,
DENG Zhaohong®, LIU Liming"*

1 Anhui Engineering Laboratory for Industrial Microbiology Molecular Breeding, School of Biology and Food
Engineering, Anhui Polytechnic University, Wuhu, Anhui, China

2 Key Laboratory of Industrial Biotechnology of Ministry of Education, School of Biotechnology, Jiangnan University,
Wauxi, Jiangsu, China

3 Engineering Center of the Ministry of Education, School of Artificial Intelligence and Computer Science, Jiangnan

University, Wuxi, Jiangsu, China

Abstract: [Objective] To address the scarcity of neutral sites in Corynebacterium glutamicum
ATCC 13032 caused by high G+C content and short intergenic sequences, we established a
computer-aided screening platform to identify and characterize efficient neutral sites suitable for
heterologous gene integration, aiming to provide key component support for constructing high-
performance cell factories. [Methods] A computational screening platform CgNSFinder was
constructed to screen candidate neutral sites by integrating heuristic rules such as genomic
annotation, neighborhood characteristics, length, and G+C content. The candidate sites were
systematically characterized in terms of integration efficiency, cell adaptability, expression
intensity, and stability through reporter gene mKate knock-in experiments. We integrated the
amylase gene, lycopene synthesis gene cluster, and key L-lysine synthesis genes into the screened
sites to verify their heterologous expression ability and application efficiency. [Results] A total of
96 candidate neutral sites were screened out, from which 24 efficient sites were confirmed by
experimental characterization. Among them, 19 sites had an integration efficiency greater than
50%, and 22 sites had a fluorescence expression intensity within the range of 2 400-3 500 a.u. The
NS3 site showed the best performance, and the lycopene titer reached 48.4 mg/L after multi-copy
integration. The L-lysine-producing strain D301 constructed based on the screened sites achieved a
titer of 49.51 g/L, a yield of 14.25 g/g, and a productivity of 1.53 g/(L-h) in a 5-L fermenter.
[Conclusion] The established neutral site screening method is efficient and feasible. The screened
neutral sites are characterized by high integration efficiency, low host interference, and stable
expression. This study provides an important tool for metabolic engineering of C. glutamicum.
Keywords: Corynebacterium glutamicum; neutral site; heterologous gene integration; cell factory;
metabolic engineering

B H TR VEFT T (Corynebacterium glutamicum) — recognized as safe, GRAS) A HIE 19 40 fifg 1) 121,
YER—Fh Dl S E M AY N E S R (food  HABERUEMNR ., BHEEETEET . ™Y
and drug administration, FDA) 2\ TA % 4= (general G HURCR R . &) TAUBIAL 5 7 18R 1 4 WA fig
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EAELA, T N H TR . AR . A
PIBRRL A B (A 2 0 B Tl A A 701 Sy
AR T, RERST . R
2k & {37 45 (ribosome binding site, RBS). [ o4 .
rhE A S AT, R AR S DR AR 2R Rk IR
RS TR s B2 I ST BE RO T

(S A S B Y PN B3 v Ik S Iw S R G X VY
TEFERZH TR R] 259NN DNA ffi A, B ARG
FAEK . RIS X R W& R <22
X 35 (safe harbor)®1,  F 37 1 07 16 14 £ 40 S s
LS G LR IE R 2 | i SR ) 38 e A 3
FRAE, 2R T H A5 Ra e i I X sk
JE A [] X (intergenic regions, IGRs)!'?, k15— %
GV AE ThPE A A, P I A A A S R
Dasher, mKatelfi A\FEZ . e A KLk . FRAE
PECFIRTR T, PEAR A S B AR E PR
RN, AR — R G kA
38 2k 3P i 2R 7R K W % Ay [IG T (Escherichia
coli) CCTCC M2019435 H1 & BIFIAE T 15 4~
PR 5 F ORI R 40 T Ay
ok B A3 5 L € °F & 78 Rhodotorula
toruloides I IFFFAE T 12 NG RE>50%
W F2 E 1 L s BT CRISPR-COPIES
pipeline B HILE Sulfolobus islandicus KT 8 4~
HPERL AT TR T T AR

H TR ZREFFIERA G+C FaE ., 3
8] B 7 21 e (R SR AR R AR, B 1% R A A )
435 i 158 7 e LA e SR S e, &
A AR T B B A SO R A RR 5 o
TEARTE S, MELLE L S 20 4n i T A s 7oK .
NI, AR IR ATCC 13032 A&
AL ZE R FRIE S Dh BB IR RE, & T —E&H]T
FE R AT AL B A i R, R
TEAE T P P B G e e rh A s
S0 A T Ak VA A 35 67 5B e X 1 S A
AR i N M R S I PR R R BE Y S
MR e 2ty — & T k) N B A b 7
MURRE T, R A R R = A 5 Tl

IO FH B 5 U SR T St
1 AR5

L1 EfR. BRI

ABFTE LA Z BT ATCC 13032 ik
BE RSB0 = L), i E. coli Top10 F4#5E
INERAAR, B A A kL . HE D TR AR
S | Wy 9) 45 D s B8 0 A7 A U E W
27 B4 0 (http:/nmde. cn), CSTR % 5 -k
31253.11.sciencedb.j00231.00056,

1.2 FERFFEE

o-TER bR . FAnLL R bR . LR,
BT AR AR R A R A R [FR E A
fitg, ROCE A EYREA RA A TG,
FAY TR (RE)ARAF; B i 2%
Phanta Max Master Mix, Fd it i MERE A R %
MARAF; BORAR IO & B It &
FE AR 6, mE R MERE AR T AR i)
AR A HALH], 254 Bk 2=l A
BRAW] S A: T A TR () RO A BR A
GG

PCR . HLZESLAL . BRI, AR4
i & A 7 i () A R AR (IR B0 L,
Eppendorf A7) ; [HIRIGIRAE, LEERE BT 8%
WA RRAT; 5L AKBERE, /KW TR
A BRAT]; AR, BINTT A /R & A1)
BEITRHE AR AR mRORAH AR, FEEK
MRFHL(PENVABRA ;20T B
WA B E)ABRA A
1.3 EFE

LB #5775 (g/L): IR IR 10.0, FEERESZHR
$7 5.0, NaCl10.0.

B RATREFT R AE R G IR B (g/L): A AR
10.0, FEREHEECY) 5.0, HiATHE 5.0, WO R
18.5, NaCl 10.0,

A R IRNE T o A ALK S R 3R i (g/L): B
HHEWE 5.0, BRI 2.5, ORI 185,
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D-sorbitol 91.0, NaCl 10.0,

BRI 2 B 2 B F A (g/L): e
B R 10,0, BERERECY 5.0, H & ™ 25.0,
NaCl 10, mi-80 1.0, SHEME 0.4,

AR PETE R R SR 5 (/L) ATV TETERT 10.0,
Tk 20.0,

FHA R FE e (g/L): Urea 2.5, FREHK 5.0,
(NH4),SO4 5.0, BERESEELY) 1.8, #5%HE 36.0,
KH,PO, 0.5, K,HPO, 0.5, MgSO,-7H,0 0.5,
FeSO,-7H,0 0.006, MnSO4-H,O 0.004, VB,
0.000 2, VB; 0.000 2, kB % % (kanamycin,
Kan) 0.05, gk 18.0,

— TR IR R (g/L): Urea 2.5, [ 1A
5.0, (NHy),SO4 5.0, BERFHEELY) 1.8, #5 %M
36.0, KH,PO, 0.5, K,HPO, 0.5, MgSO4-7H,0
0.5, FeSO,:7H,O 0.006, MnSO,-H,0 0.004,
VB;0.0002, VB;0.0002, Kan0.05,

TP TR IE(g/L): (NH),S04 8.0, k)
7 HC Y 1.8, F A M 36.0, KH,PO, 0.8,
K,HPO, 0.8, MgSO4+7H,0 0.5, FeSO,-7H,0
0.01, MnSO4-H,O 0.004, VB, 0.000 02, VB,
0.002, Kan 0.05,

KR IR (/L) (NH4),S04 8, Angel Bh)
$EEY) FM90 21.8, #iZj#E 90.0, KH,PO,4 1.0,
K,HPO, 1.0, MgSO,:7H,0 0.5, FeSO,7H,0
0.01, MnSO4-H,O 0.004, VB; 0.000 02, VB
0.002, VB;0.03, Kan 0.05,

1.4 BERERBEHE

AR R AT R 3t A g 4l T pKIS
mobsacB TR e . LA nsl mi AR KRR G A 45
UL R g O R . () A E R PR AT A
ATCC13032 RHRIE A M B, FIHS19 nsl-
UP-F/ns1-UP-R. ns1-DW-F/ns1-DW-R 43 5i| 4 14
k. FEEE, LI pECXK-99E-Ptuf-mKate-
TrrnB Bk A AR, Al FH 514 mKate-F/mKate-R
P Ptuf-mKate-TrrmB H Bt ;5 (2) KL pKI18
mobsacB Jii k7 A F M . pK18-ns1-F/pK18-ns1-R
R AL A, 4 B BRI 4R O
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pK18-ns1; (3)BFI0UEIEAf AT pK18-ns1 JFk HL 4%
AR AR, BEERAMA T 54 0.05 gL
RIBEE 2 M A AR AT o R A KR 3R 3
TE 30 CCHEFRAFM PR, Tk R85 1 R FJE
FHHAA; BT 2 RS AR
FFREAE KRS FAE 30 °C. 200 r/min 1555 3-4 h,
VAT T8 15% JRERE 0 2 2 R PR AT TR [ 14 A K 85
FRFHIETF 30 °CHE % 28 h, [H pK18mobsacB
R A sacB BACIEDR , R5EAMER 2 KA IR E
2 B P AR AR REARE RS SR S P TR e AR K . R
TR IR SE A 2 IR IR A AT,
2 S R R NN AN e Y A e 1 S W R U
ST EIFPREIEAEALT 5 (5) A PCR IR P56
WE, PRAFEAEE, TR

1.5 EFFE

PEAE AL FEECH A AR R R,
1% FEMp e 2 @ R W AR K I g,
30 °C. 200 r/min }%3% 8-10 h,

24 TRALARIG % . UG AR 1.5% 1R &
R EAeW R N 2 mL 1 24 FLIRFLML, 30 °C,
400 r/min 553% 22-24 h,

ARG S - B ICH YR A ORI Y TR R 2
2 pHm s, 30 °ClHIRE SR 22-24 he

Fh-FH:3%. F 8 mL JCBE /K F&Hm LA
&, 1% MR E 100 mL — % F TR 3%
J, 30°C, 120 v/min @35 5F 5-7 he $£E, #%
2% PR —SOPP PR HE 2 100 mL g Fh
TR FREET, 30°C, 120 r/min ¥53% 6-7 h,

5L RTERERNEI L AR S L R EEREH )

SRR N 25 L, W R e
10%-20% ¥R 2 R IR, PR n %
HA 320 r/min, A EEREE R 30 °C, f 2K
¥ pH Fa @ 1E 7.520.2, 4 KBy BOw & 45 1
20% LA b, PEmRB B AR HITE 10% LU, 3
AR A 6-10 h, AT B R H bR Y
ik, FEAME 11-15 h B A N = 70-100 /L,
21-25 h A BN 2 40-70 g/L, &% 32 he
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1.6 A%

B 1 mL B BORG BE 20 £, AR A 7R G
OB 600 nm Z5 A4 T WA A v B 5 BB
TR A5, (8 HBR R R G 588 nm,
KK 645 nm Z5AF N INESOEIRE . HE
5 TR A () PR .

Fb B i =7 Hi B/ ODeoo )

o-JEN T R T A T R E AR Y
o-TE R B A L, Gl 3,5- RS I KR (3, 5-
dinitrosalicylic acid, DNS)3:il & Al J& P FE H B
3R JE O DL 14 000 r/min 2540 5 min Y8
10 mL #2400, JFH PBS 33 1 X,
BERUTIESIE T 1 mL PBS, 4°CTF 200 W By
HESEA IR 10 min, BRI 12 000 r/min 2.0
20 min, BB RN R B PR A . il o
A 1.8 mL 1% RIS TETER Y, 40 °CoK A Tk
5 min; JIA 0.2 mL % B¢ J5 Mg, W L5,
40 °CH5 i )i 10 min; SZEFfIIA 1.5 mL DNS i
FILAE RN, 7K 5 min, BHIGEARZE 10mL,
M 540 nm bW GAE . X FEZE AN 0.2 mL i AN
1.5 mL DNS &7 (K IG B, FFA1 1.8 mL iKY,
LA 25 T [ ALt Y 0 R (T ok TR v 38 JRAR
BT HE) e TEALARUE ARG . A R AR
S A Q)R

B (U/mL)=[ (4 gme—Ax) <K*NV(ex V) (2)
WOCHE s K AbRHEITZRLR A EIE (mg/A); N B
FH B FR BEAEEL ¢ N OV R E] (10 min); VIR
AR Z2 HOIA R B AR FH(0.2 mL)

FMART BN E RSN TRl
PR R 7 B FR A B BT S a0 vk L
14 000 r/min Y 10 mL 2 22 % 4% 4T 14 40 it
1 mol/L HCl H &R, FHl ot ub B miee., T
WY . & 7 min, 7K# 3 min, F ¥k 7 min,
VKECS mine VK RS, WA =28
Kpei, it 4°C. 5000 r/min Z5.00 3 min Yg
£ INAGE =N ER(HPLC 20) 31 #4700 5 min,
Bt Jo FE AL LA 14 000 r/min 5.0 10 min, {506

SEREE I FIE W 475 nm AMIWOGME . 5
SLRPRER R LR, & EEBRy g R
T, REERMTEMA R EMAXGTR,
AL 2 B (ng/mL)=[ (A g b) <N Vs <V ) (3)
K A g N ERERWICRE 5 b MARUE 2L
P N REFERRBAEEG V g W PR IBOR SR
H(1 mL); &k APREIERRIER; Vg K EER
IR HUREARFR(10 mL).

R T 2ok 7 v 7 7 A e R 40 B R R T
FEER 12 000 r/min B.0> 10 min, B 75 BGE
AR, AR AR B AR DN K T VR R A b
W RE s WU TR A A 8, (4ot
THED 572 nm 4 N AE .

GIERR AR - B W L VR B — A AL
F L-HE R EETE 0-1.0 g/L 2 [8), 18 im0
H €8, 3% (HPLC) A il FL ik B . HPLC A& I 5 FH
Agilent ZORBA XSB-Aq (250 mmx4.6 mmx5 pm)
s . WA A A 0.01 mol/L KH,POy,
KOH i pH % 5.3; JishtH BAH: ZJF. HEER
AR 5:3:1 (LIRS, ZBR)E pH 2 5.3, 29M6
MK 254 nm, A& 35°C, J#iHk 1.0 mL/min,
BBV

FAUEAGI . RER 12 000 r/min £5.0> 10 min,
B35 B — A A R A MU B 7E 0-1.0 g/L
Z 6], i HPLC g il ¥ )& . F] Aminex
HPX-87H (300 mmx7.8 mmx5 pm) {4 i%4E; sh
A4 5 mmol/L FiffiliR; /MG AR 210 nm,
FER 55 °C, Wi M 0.6 mL/min, FALHRAGTHE
WA (DTS

A A =L - TR < T WEVR R S AR R A < 100% (4)

2 HER5W®

2.1 T EVAIEHEEN P AL S BT
SRy 1 2 G R A T T R DR A Pl T S TR

FEBE ., mAE G Rk Mk s,

ST HR PRSI %EF 5 CgNSFinder (10

el 2 B H ORI % 2 GitHub, BE4% -
https://github.com/LANNXXX/CgNSFinder; 75 1F
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Python ff B2 B 58 AR L )5, T
kg AT B IUY), 2P a8 G T EREAF
FUfRHT . BRI RS BRI, S S R0 5 v
RMEERGT AT HE. 17 CgNSFinder - 15 i
A AT S R HE R TR 42 3L R 4 FASTA SCA (GCF_
000011325.1_ASM1132v1_genomic.fna), %1
FH T EE contig Aa bR & | $ B L A7 o1 1 i) 32
JE 9115 S 2 AR S CDS 148 FASTA
SCF(eds_from genomic.fna), %3 Ffbr ik
DL A7 B L e Sl 7 1) S DA A, A
LBIC R FNWT 5 ek 4 B bR de it =, il
FRAT i A SR 2 0 e Y 8, SR PR 4
¥ A BN g T A S B BT EE(E 1): (1) T
TR BN B AE 5 1 (hypothetical protein) )3 [ [X.
B, BUETREAR MR AE B R A X Bl (2) %2
SRAGERE AN 55 > — A AR S R A B e B, M
e 2 (07 i L X 9 9 X Ty e i PR 3k T
MR A 5 R MR BR R AR KR ; 3) wE X
IR0 K 500-1 500 bp (BRINRME), 1%
[ 11 5 oMb A R 3 A5 i A D 9 80 U1 4
Waae, eI A Bodl ASCR 5 3 4 X
SEPENS2, (4 BEoRAGERE A AT M3 1000 bp P4
) G+C &l 40.0%-60.0%, ZBREKIEA A
PR A AT T 4 B N 2 2 GHC 35 5 (54.2+10)% 1

W HRE . & LiRZZE0E, L3R 96 4~
AE [R]Ah 3l 2 v 2R Y | ARIRARAE . K AT 5
HNESR N b M A AN, f s B A
LR Aebs . 5307 1a] Je 3751 G+C &84
(T F 15 % ScienceDB, 4’5k 31253.11.
sciencedb.j00231.00056). Lk dnad PR Ry & K 20
R LR A5, WA P P A7 A 4 R DR A o A IR
By X (K 2), A XBURES IR 11X 84
2X 53X 84, 4X 560, 5IX 134,
61X 61,
2.2 &Rk MR R SEIE FRAE S ik

Rk ST ) fige 326 v PR A S AT O A
HRIE, RHFRWE T —DF Poy. A EEH
mKate J Ty WS B 5 & (K 2A), TR
T PR R 2R IR B A N A TR R AR K
Mgk . AR LA 5 i B AT E
DAPEAl g3 rh PR AL s TR R AR R 52 e . R
B SR AR AS FE PR ) Rk T

PRI e S EL N VAW R Y VAT ST
HRAE 96 MBI M AEFE AL 6 143 X 143 tL
BIPEATREMLIBERL , PRUESS 4> KB 55 b 5
gt R —B0(FE 1), DARIAS [ 35 PR 20 47 ‘B ik
TE AL ST B B ROR | Al AR KRR R
MIRZ . WE 2C Fras, 7F 24 AMESE A,

XX
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Gene length IK288
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Gene function
screening

Flank GC content
screening

Candidate neutral
sites list

Bl ETHENF A SERETE D AR iR

Figure 1

P4 actamicro@im.ac.cn, 7 010-64807516

Screening workflow of neutral sites in Corynebacterium glutamicum based on computational platform.
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Figure 2 Genomic distribution of candidate neutral sites and schematic diagram of knock-in strain construction.

A: Schematic diagram of reporter gene expression cassette; B: Genomic distribution of 24 candidate neutral sites;

C: Double exchange positive rate of candidate neutral sites (n=3, SEM/SD); D: Relative fluorescence intensity of

reporter gene expression at different candidate neutral sites in Corynebacterium glutamicum (n=3, SEM/SD); E:

Maximum bacterial concentration (ODgg) of knock-in strains and wild-type strain (n=3, SEM/SD).

wAﬂiﬁmé%ﬁwh Horp 6 AN 75%,

gk SRR 2Bk A S LA R R A
mﬁoﬁﬁﬂAﬁ%ﬁﬁﬁinh¢%w®fm
E 5 K R E (ODgoo) o B A= BU TR R Y ODjso0=
6.63+0.14, FTAMIAEK ODgoo ¥I7E 6.0-7.25 Z
[E], JrA M B S B A R AR ) AR K 25 57/
T 10% (&1 2E)o PR JUT 356 A5 o %o AR 14 A=

KA, [RINHERR T A2 AR 5 IR R 25
G
R o Ao 1 e PR 2 Dl I 5 A 573 Ar (T

3C), 24 AT A TS = XA NS3 7 5 kb
BEGHR FE B = M (9 9224217) au., 1 T4 X B,
NSI8 7 xiFAK H(2 269£86) au., FOLFIRIRIEE

SEIRE] 437 4%, HANLHE AT 2 400-3 500 a.u.
Z I BARAN[AI S 2 B) Y Rk o B A7 R 25 5%
TR B0 A o5 18 23R 5 B A X — 2, XA
o5t UL 2 WH S ) 66 DR A o B %o P PR A6 s A 3 A T
PERZMEL/N

FESE SR 43 A 1 pg/mL F1 2.5 pg/mL
CEAMEIH ] 5 pgmL)RH A% E, WF5E AR
DNA 7 i BERHE AR B X6T P 67 0 2 DM 3Rk i 3
B R (22 hRYsZI . DIREA 705 cgl1787
YERBAPEXT IR, BPAE BRI RR(WT)VE A BT R
RN P e s ut DO L L VAR N S E 5PN
TPEVEFT AT & B, DNA G B85 72 B R 8
WA R R ZEOP A S TR R fip
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x1 FEREHREPELSER
Table 1 Experimental characterization of candidate neutral site information (=3, SEM/SD)

Neutral site

Serial number

Integration efficiency/%

Fluorescence signal intensity/a.u.

CGL RS15570 NS1 83.33
CGL RS01760 NS2 58.33
CGL RS03085 NS3 88.89
CGL RS06795 NS4 69.44
CGL RS07375 NS5 63.89
CGL RS08395 NS6 61.11
CGL RS08425 NS7 72.22
CGL RS08555 NS8 30.56
CGL RS08770 NS9 61.11
CGL RS08775 NS10 58.33
CGL RS08920 NSI11 86.11
CGL RS08965 NS12 91.67
CGL RS09045 NS13 72.22
CGL RS09110 NS14 58.33
CGL RS15680 NS15 47.22
CGL RS09215 NS16 38.89
CGL RS09220 NS17 77.78
CGL RS09255 NS18 47.22
CGL RS09260 NS19 36.11
CGL RS10525 NS20 50.00
CGL RS11375 NS21 55.56
CGL RS12030 NS22 61.11
CGL RS12035 NS23 69.44
CGL RS13560 NS24 75.00

2 828+79
3416+59
9921+117
2 675+126
2 592490
3 594+152
2 627+141
3 023+22
3 032+209
3 286+190
2 579+98
2 506+41
2 478+163
2 991+101
2 570+£56
2 353+139
2 635+26
2 269+86
2 464423
2 765£77
2 710+86
2 389+32
2989491
3 257+63

A A SRR B RR (U0 NST. NS3. NS9)7E
1 pg/mL Hr A8 AT HOETR B W, 2t
RINTRFEMABR T IR RAR S T 32%; 1
2.5 pg/mL HAEE RS, FA BRI DE G BT
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Figure 3  Effects of genomic architecture on the expression activity of reporter gene at neutral sites and bacterial

growth rate. A: Specific fluorescence intensity of candidate neutral locus knock-in strains treated with different

concentrations of novobiocin (22 h) (n=3, SEM/SD); B: Fold change in specific fluorescence intensity of

candidate neutral locus knock-in strains cultured with different concentrations of novobiocin (22 h); C: Growth

rate of candidate neutral locus knock-in strains under different novobiocin concentration culture conditions (22 h)

(n=3, SEM/SD).
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change in fluorescence intensity of the above strains cultured with the burden plasmid pECXK-99E (n=3, SEM/

SD); C: Growth rates of the above strains in the blank control group and the plasmid-introduced group (n=3,
SEM/SD).

WA, BIRRIAE KR TR 0.13-0.18 h™! %Tm%m JHORE 25 240 A A ok 7 i ) A 11
ZI, TFREMREERT 50% (&1 4C), X —&55RGE AP, 00 5 e o 1A B A8 T R 5O 3R K R B 1Y

P4 actamicro@im.ac.cn, & 010-64807516



THE 5 | UZEY=ER, 2026, 66(8)

3819

ARAb s AEAE S BRI, BH X R R
PR E T 39.5% [ (7 087+42) a.u. [ &
(5 131£62) aw.], P72 R R RRAY HL e
JE I SEIITE 12%-37% Z [a], /NTF PR B
PRARMEZ RN (B 4A . 4B), LiRGEREFEN,
T T I B R AR G HE T R B AR BT 1 rp
P AN 2R R AE A SRR, (0 S
ATy 524 Ry K DR 4 197 R 2% AR 248 A Q35 ER 25 16 i)
PR .

A FEAS TRl KT v P A7 051 A B AR R K
ISR BE R, AR 24 AT RAEAL A%
BROR . FORME 2R, WwEGE . B, KRR
IR LA TSR LR 2 43 X A 10 A Hek 037 A5
A TRAR 23 0 A6 AR A0 . RERE R D- 1L AL
TR R B IR B rh e T R A, A5 R WE S FUR .
FEANRIRRIRSFAT T, A m A R RS B AR B(WT)
1 A2 K AT i 7 22 5 (1 5C) ., Horh 6 MR A
BRI R 7E TR AR P A AR K R B ol 0.23-0.3 h
HATBER A AR KRR 0.23-0.28 h 22 JH] . 11AY
Erh (A K2 0.19-0.25 h', DLILALE A
— BRI, T BRAR 14 B 2O 0 R ke A
6 000-12 000 a.u. (& 5A), #i M (11 450+
270) a.u. (NS3), H A [a] B #k [H] 25 5 AH XS #2708
LA 269 W R R — Rl R B b o e B S Ll AL R
¥, 7E 6 000-12 000 a.u. Z[0]; 178 LLRERE A 2
— B LSO E B IN, 7E 4 000-8 000 a.u.
2] o DL A0 2 A L9 i B A A AR, aE
FFIH— LA P8 A (B 5B), Hirb 7 B B
7 AL EE T ELAG e 0 ORI
WA Sz, (B AR Z 18] 25 S 7 AN TR R 451
R E DB, X — & 5 2 WA AR i G
T VAL 3 1 i 5 2 PR 2 308 AR 400 B 3 o 7 4547 1K 3] die
R
23 N EFE/EEFENEREBAE SR
EEREMX

ABIFFEHEBE T bl 5 2E AT R A VR 1) 3 A il
B RS R LA R A RCSC R TR SR R A 7 A 4T 3R

B IR DL R G VPAL rh PR 0 1 S TR R A fE
FI NI R 22 22T DA ER AR TR A
R KR, AE AR SOR & B A S NS3,
NS12. NS19 F1 NS24 FFIFH P, W Amy FEH
Feik, MEHERE c-cAmy1-4. WA X SRR
Mg, 30 4 /) T 4 TR PR G U8 K I M A AR AL
MZES, Hirh NS3 47 S (BERE c-Amy 1) TE K il 16
PER 137 TU/mL,  HA3 7 A5 5 TE #0153 5]
7 0.88. 0.65. 0.45IU/mL; hik— 28 vp
P IFEARIE T, DL c-Amyl1-4 JEERE, 7R
R B4 D v P A7 o5 A 3 o [ R B AR v i 2 A4
UL PoAmy FIRHTT, WIEAT S| 245 D EHL
PR c-Amy5-12. BRHGENE SR ER, 20
A G VE R TG o R T, o f R S AR
F] 2.14 IU/mL, FLAR4E DU PR c-Amyl $275 T
51.1%.

VeI T AN LT S FE N & crtBIE P4 5 U8
yge It R AE B IR PR AT IR TP A R 0L, 45
R 6B o, (1)IEHE Py 7E F PR cgl-13032
) NS3, NS12, NS19 I NS24 {1 si ik T4l
RIS IENGR crBIE, 1S3 HKE c-Lyl-4; (2) 4
AT PRI LD R 7 & i ol 184, 16.7,
102, 9.9 mg/L; )it —ikHE P, 7E W B cgl-
13032 9 NS3. NS6. NS2 FI NS10 137 s fK ik 14
2 A8 DU T AL 2 A LR erBIE, Fa#
Ptk c-Ly5-12, Fmhiglz) " mhcniid 48.4 mg/L.
RS, BEALBE SR h b S e AU
TRIFRERE TR A
24 AEBRENEBRERMAR I /Y
iAFES

R R GEVEAS A S FE L R A T
P B N FHRLRE , AN 9T LAY &R R AT 1A
ATCC 13032 MJEETER, R TRZ Lk
i LB i A B AR, My R 5 F 4L
Mo & 7 o, (1) EEMEEE#RA: 7ER K
cgl-13032 1Y) NS1 FlI NS2 43/ 543 538 i —-~ 4% Il
IysCTGIA 1 hom V™ g8 AR L IR, A A T Bk

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



3820 DING Qing et al. | Acta Microbiologica Sinica, 2026, 66(8)

—_

[\

=

(=

(=]
1

Glucose

[ Sucrose
9000 M Sorbitol

6 000

3000

Relative fluorescence intensity/a.u.

NS1 NS23 cgl1787 NS14 NS8 NS9 NS24 NSI0 NS2 NS6 NS3

B 4. Strain
= Sucrose
[0} N
5 10l ® Sorbitol s
% * ¢ b . . ¢ ¢
g 1.0 < Glucose
s °

51
8 08k
o) |
£ 0.6F . L

a i - i ™ | ]

04 1 | | | | | | 1 | |
NS1 NS23 cgl1787 NS14 NS8 NS9 NS24 NS10 NS2 NS6 NS3
C 05 Strain
Glucose
- Sucrose
0.4}

_ - Sorbitol
=
2
S
=
2
e
6]

WT NS1 NS23c¢cgl1787NS14 NS8 NS9 NS24 NS10 NS2 NS6 NS3
Strain

E5 AREIRRN P A S BN BRI RIEE M R E KRR

Figure 5 Effects of different carbon sources on the expression activity and growth rate of neutral site-knockin
strains. A: Specific fluorescence intensity of candidate neutral site-knockin strains cultured under different carbon
source conditions (22 h) (n=3, SEM/SD); B: Relative percentage of specific fluorescence intensity normalized
with sucrose and sorbitol as carbon sources, with the specific fluorescence intensity of candidate neutral site-
knockin strains using glucose as carbon source set as 100% (#=3, SEM/SD); C: Growth rate of candidate neutral
site-knockin strains cultured under different carbon source conditions (22 h) (n=3, SEM/SD).
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