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Schematic representation of the L-arginine biosynthesis pathway and regulation of nitrogen metabolism
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T E AN AR R AT, GInk A
NIRRT A EENE SR R EN,
TERACHTE 7 9 4% vl 3 R T sl B R L, (H
GInK LBt # FF I b 5 U AR Tl B 26 R AR DL
W, IR, 45 SRR M1 A A U
I OCHE NH, "2 44, B4 T 7T DL ok 25 R I
ik (GDH) 1 45 24 Ik Jic 5 7 B /4% 24 R & 1L I
(GSIGOGAT) M sk iz ik NH, AR M A A R 4y
S YRR, BUMIPY NHHRE R T
5 mmol/L i, NH,"Loewk 4z i =g R 1k,
JEEJR NH, WIS #E 1 mol/L 1 2- 1% — R L I
A4k 1 mol/L i NADPHY!, Y4 IR BRI, B
NNH M EE/NF 1 mmol/L B, NH, 8 A 2 i
i 5 B R A AR 6 T 1Y) [ AR AR DB A 2
BRUOL, A R AR N R e LK R
J b R EE AR, Ul AR B 1 GInK W]
RBTE L-KE SR A i & B E A . (AT
K GInK 7E L-KE 2R A i B A FH R ok
DA o
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AT Bl s S B — Ak LASEIR AR, LK
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3 PILE 545 S 11 GInK 1 LK E R4 1 iy
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pull-down 256 KA HEAN NH, %R B &, UESE
GInK fRA A fiE it 5 AmtR 454, Smsliih bt
PRXT NH, BIEREL; i — 245G RT-gPCR 3 # Fif
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1. ALWATARERR R
Table 1.  Strains and plasmids used in this study

Strains/Plasmids Characteristics Source
Strains

E. coli BL21 (DE3) Host for gene expression Invitrogen
C. crenatum SYPA5-5 A paradigm strain of amino acid production Our lab
Plasmids

pXMJ19 Shuttle vector, His-tag, ChI® Our lab
pXMJ19-gIinK A derivative of pXMJ19, harboring the wild-type gInK gene This study
pXMJ19-dCas9 A derivative of pXMJ19, harboring the dCas9 gene This study
pDXW10 Shuttle vector, His-tag, Km® This study
pDXW10-sgRNA A derivative of pDXW10, harboring sgRNA This study
pK18mobsacB Suicide plasmid carrying sacB for selecting double crossover in C. crenatum, Km~® Our lab
pK18-glnKarm Construct used for in-frame deletion of ginK This study
pGEX-6p-1 Expression vector, GST-tag, Amp® Our lab
pGEX-6p-1-cc/cgginK A derivative of pGEX-6P-1, harboring the C. crenatum/C. glutamicum gInK gene, respectively This study
pET28a-cc/cgamtR A derivative of pET28a, harboring the C. crenatum/C. glutamicum amtR gene, respectively Our lab

ChIR indicates resistance to chloromycetin; Km® indicates resistance to kanamycin; Amp" indicates resistance to ampicillin.

F2. AMRATAZBISIY
Table 2. Primers used in this study
Primers Primer sequences (5'—3’)
PXMJ19-gInK F1 CCCAAGCTTAAAGGAGGACAACC ATGAAACTCATCACCGCAATTGTCAAG
PXMJ19-gInK R2 GCTCTAGATTAGTGGTGGTGGTGGTGGTGAAGGGCTGCTTCGCCG

PK18-gInK F1 CGCGGATCCTCGGCAAGCGAAAGACGTTTG

PK18-gInK R1 GCTGGATTATTCATAAGTTTGATCGTCTCCTTCAAAAAGACATTCGG
PK18-gInK F2 TCTTTTTGAAGGAGACGATCAAACTTATGAATAATCCAGCCCAGCTG
PK18-gInK R2 CGCAAGCTTTTCCTGAATGCAAAACCTGTGCG

Pdcas9-F1 AAGTATTCCATTGGCCTGGCTATCGGCACCAATTCTGTGGGT
Pdcas9-R1 GAAAGACTGAGGGACGATGGCGTCCACATCGTAATCAGAGAGACGG
Pdcas9-F2 ATCGTCCCTCAGTCTTTCCTGAAAG

Pdcas9-R2 CAGGCCAATGGAATACTTTTTATCCATTAGTTG

P6p-1-gInK F1 CGCGGATCCATGAAACTCATCACCGCAATTGTCAAG

P6p-1-gInK R2 CGCGAATTCTTAAAGGGCTGCTTCGCCG

SigA-RT F/R GCGTCGTCTGTGAAATCCCG/CGCCATTGGTGTTCCTCCTG
GInA-RT F/IR CGAGCATCACTGAAAACGCC/GCAACCTGGGGTGTATCTAATCG
GItD-RT F/R GTTGTCATCATCGGTGGCGG/GTGCGGAAGAGGTTGGGGTA
GItB-RT F/R TGGCTTCTGAATCGGGAGTGT/AGTACGCTTTACGACGCTCTCC
GDH-RT F/R TGGTCATCAACCCAAGGCAC/GGAAAAGGACCCTCATTACGCT
AmtR-RT F/R CTCGTCAAAAGTCCGTGCTCAA/GCGATTGATTGGGTTCCATAAGA
GInD-RT F/R CCAGCACTTGGGATAACAGCC/TTCTGAGCAGGGCAAAAATAGC
AmtB-RT-F/R TTCGGAACCTTGGGTGTCGT/GCAAAGATACCTGCGATGGACTG
GInK-RT-F/R ACCGCTATCGTCAAGCCGTT/CCAAATCCCTGGGTTTCGGT
ArgC-RT-F/R GCGTTACCGCAGAACAGGCT/ACTGCTTGGGTTTGTGGCTGT
ArgJ-RT-F/R GACTGTCGGCGGAATGGG/ACGGTGTCATTGGTGGAGGTT
ArgB-RT-F/R CAAGGGTGGTTTCCGTGTGAC/CGGAGGTTCCCACAGCGTAA
ArgD-RT-F/R ATGCCAAGCGGTGTGGAGTT/AAGATAGCAGCCACATCCGTTG
ArgF-RT-F/R TCACAGATGGGTAAGGGCGAG/GAGTTCACCAGCGGCACAGT
ArgG-RT-F/R GGTTGAGGACCGTCTCGTGG/TTGTCCAGGTCACGGATACGA
ArgH-RT-F/R CAGGCAAGACCCACTTCCAG/TTGTCCAGGTCACGGATACGA

Restriction sites are shown in underlined parts.

actamicro@im.ac.cn
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1.3 BEFESHERZME

KRIGHERA LB ¥E3e4E (EEWR 109/L, B2
FREEY) 5 /L, 54640 10 g/L, pH 7.0)F 37 °C
T 180 r/min #EATE TR BEGEEFTECR T LBG K
FEH (EMME 10 g/L, FEEHEEW) 5 /L, SAL4N
10 g/L, #7%54% 7 g/L, pH 7.0)F 30 °C T 180 r/min
PEATRESR s R ERE R Rl TR L (A M 120 g/,
BB 4 B 10 g/L, (NH,),SO, 0.04 g/L ,
MgSO,-7H,0 0.02 g/L, KH,PO, 1 g/L, FeSO4-7H,0
0.02 g/L, MnS0,0.02 g/L, CaC0O520 g/L, pH 7.0)
FAF 5-L RBER R FIF 55 S% . R IR 3= (R
ZBE 150 /L, FoKH 20 g/L, (NH,),S0,0.04 g/L,
MgSO,-7H,0 0.02 g/L, KH,PO, 1.5 g/L, FeSO,-7H,0
0.02 g/L, MnSO, 0.02 g/L, pH 7.0)/1 T 5-L k&
WERTE™ LHKG2IR, 5-L KA kS ROk 14]
BE TG 0 5 S RT-qPCR 40T i 5 37 56 CGXII ik
ARG (BB 50 g/L, FeSO,-7H,00.01g/L, JR
%5 g/, MnSO,-H,0 0.01 g/L, KH,PO, 1 g/L,
K,HPO, 1 g/L, ZnSO,-7H,0O 0.001 g/L, CuSO,
0.0002 g/L, MgSO,-7H,0 0.25 g/L, NiCl,-7H,0
0.0002 g/L, (NH4),SO, 0.04 g/L, 3-Afififg 42 g/L,
H:¥1% 0.0002 g/L, CaCl, 0.01 g/L, J5ILZEMR
0.0003 g/L, pH 7.0).

1.4 S5 HEEFFIE SYPAS-5 gInK it Rk bk H 2

PLBEG T B SYPAS-5 JE [KI 4] DNA A#sid
FH514) PXMJI19-gInK F1/R1 X (K gInK #E1 7414
(3 2). (IR GIVEADIEE Hind 111 F1 Xba | X4~
B RIZAR pXMILO FEATREEY], SR RIS
1) ginK Fr Bt 5 pXMI19 AR 7% 4% , AL E. coli
BL21(DE3) & Z 5410, LB Bk (F&EEHER
50 mg/mL)HE5E 12 h, TR pXMJI19-gInK

2 Hind 111 1 Xba | BUEFDI SIS , 5 Uk pXMJIL9
Syl A SYPAS-5 Az A i farf, MCFA b3k
YEPAYERE AL 7351 0.5 mmol/L IPTG 533k, i
FEERET 4°C B.O0WEERA, 371 0.1 mol/L pH
7.4 1) PBS 28 Ml Pk I AT, I FH A A S
R B B3 A FRAE i T X L1 T SDS-PAGE
ST LAREIE gInK 2 SRR TR Ce-gInK A EE AL Y]
15 SR SYPAS-5 ginK BRI MR A 2

P EUEE 5 FEAT B SYPAS-5 JE[H 4] DNA, 31U
I 2] DNA M, PCR ¥ 1455 gink JL[H
Bl 3 iR/ S o A i R R B A7
PK18-gInK F1 #il PK18-gInK R1, T Jif [F] JEF 4 1
fi 5144 PK18-gInK F2 il PK18-ginK R2 (%
2). R LA B RNEE AR, PK18-gInK F1 Fil
PK18-gInK R2 5|4y, ifiid B S EA PCR 345 H
[l EL4e ginK KL[R ) DNA H B ginKarm, K345
7 B B A B glnKarm 5 % B R B o3k K
pK18mobsacB i# %, ¥k KM B IM109 &z
A, BEEUTOREEEDI 50 IE B 4 SOk pK18-gInKarm
S AR LT . 48 G UE B A AR T 1 B 4 TR
pK18-gInKarm Fifi 5 9 17 k. 2 5l 5 B #1174 SYPAB-5
o, TED RIRE R IR P A TER — K ik
SRIG LA LBGS H5552E (FHE K 10 g/L, B HY)
5g/L, S ALk 10 g/L, # %5 8% 10 g/L, JFEHE 100 g/L,
pH 7.0)#E4 T PR e, f 280 12645 31 gInK {2k 28
AEMREE R EEAT I Ce-AgInK K gInK J8 R fi 4 1 1
TR RS DO R 20 J5 384T PCR 3R UEFFINY, LAE
S gInK FEBR AL o
1.6 BEFEIERI NH, BHREE

K FASEER K 1CS-5000" 55 (0 1 A% I 4% 14 Bk
FrFRat B A NH, 5 B &, HAKSHCR : lonPac

http://journals.im.ac.cn/actamicrocn
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CS12A /3B (4 mmx250 mm) -5 lonPac CG12A £
P4 (4 mmx50 mm), 34 20 mol/L H LA
FiE 1 mL/min, BE] 15 min, AR 30 °C,
HEREARFR 25 plo AERL TRy X . BERR 4 h B
800 L FEIARE IR M, 12000 r/min &.0» 10 min, U
2 B3 F 0.22 pm yg e el

1.7 RNA [K#2£E# RT-gPCR

WG BRI gInK i FRIB T #k Ce-gInK, fil
BRItk Ce-AginK | S51LTE PR Ce-kd/gInK 1 H; A 1
Pk Cc5-5 43l F COXIN FeA 3= 5 30 °C.
180 r/min %37 12 h J5 , B 2 mL #£4% , Fil RNAprep
Pure Cell/Bacteria Kit (DP430) iz 7] £ (Tiangen
Biotech, China)$ Bt 40 14 & RNA, F ] HiScript® 11
Q RT SuperMix for gPCR (+gDNA wiper) (R223-01)
£ (Vazyme Biotech, China)ikfy s &% #H15
gk cDNA, FEFIF StepOnePlus #¢)G:EHE PCR
1% (Applied Biosystems)#£47 RT-gPCR 434, Ik
I sigA BEPRVE NS LR B T E i . BUAIRES
14 CchamQ™ Universal SYBR® qPCR Master Mix
(Q311)ik5 & UL B AT, S 2542 : 95°C 30 s
95°C 10's, 60°C 30's, 40 Mg#; 4R/ 95°C 155s,
60°C 60 s, 95°C 15 s, > H YRR BT T 3
WY EE, RS BEER . &5
27 TP IR S A X AR KT . AR R T Y
RT-gPCR 5145410 2 Fizs.

18 AP K L-KEE R & BUH S REiHE Dl 2

BERRAT A gInK i F kR Ce-gInK, @iBR
itk Ce-AgInK ., 551L I #k Ce-kd/ginK A H; & [k
Cc5-5 £ F-Huii fbJmHFh 2 10 mL 19 LBG K57 Jik
H, 30 °C fHilRFE IR 180 r/min 1537 18 h 5 LA
1% R B Rl L5 12 5 50 mL ) COXIN B 35 3k i 57
5h &, MAZHE 0.5 mmol/L /) IPTG, 5T

actamicro@im.ac.cn

30 °C fEIRFE K T 180 r/min #5353 10 h, FES:45 K
J& 4 °C USRI MR A M . R Il 2 GDH
GS il GOGAT RS LA K L-Ks & BRA st b
X gt HE (NAGSDM® | OATHT | NAGKM |
ACOATI®! o1l - AsP  ALDON iy it %
(1), W vk S BRSOk . 75 22 R I 0l A4 22
TG Jiie 5 i Tt T 5 00 (Y SR 3G P IR S R R A
A PR G 5 A R N ) T ) S Ty
22 Bk [22].
1.9 FBHAKESNES GST Pull-Down L % 5E
GST Pull-Down 555 () B AA#:AE 0 3R 2

Pierce™ GST Protein Interaction Pull-Down Kit
(Thermo Scientific, China)ifi Bl 7. 1S M
R 1.4 AR GST-GInK flG & 1, Krali
{LJ5 ) GST-GInK #l His-AmtR 17 TBS Z& i
¥ (25 mmol Tris-HCI, 0.15 mol/L NaCl, pH 7.2)
T 4°C BT LA 51 22 B A S LA e
Jok Kz ks . 1 F Pierce™ Coomassie Plus (Bradford)
Assay Kit (Thermo Scientific, China)5¢m4lifkf5
GST-GInK FI His-AmtR 2 [ B AIIE o (A ohEs
LI BRI - R 150 ug 1Y GST-GInK EH
e BRAFHY 50 L B4 Dt T KSR A G e
JRRGEETEERAS LT 4°CHE 2h b5
Fi[E] GST-GInK 25 154 bt H BRSO N e e bt i
IRAPITH A 150 pg (1 His-AmtR 2 14210k
H 2 h, WELHGH TBS Z ik & i vk & -
WA EY 5 WLABR AR 4 6, FRF S
B4 A ME A RYEN Tk, B 10 pL GST
pull-down P& FEA T FIHL UK S0, HLDKAS 31
B T 5 22 Western blotting 43 #7 A il
GST-GInK 5 His-AmtR M5 & 1500, HARSZE 7
1525 3CHK[23].
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110 BHGEATR AR LAFEREEII 4 R K
BESRH I 2

1.10.1 PEEAYERIME . PR EIER , WELE
L2 Uh 66T (UNICOTM-UV2000) fi W5 Y
k1 562 nm Ak FIEG(E, 40 OD M AT E >
7] () 5% £ & ODs6,=0.375 g/L DCW,

1.10.2 HEFEEERNE . BUEERR, BO05
W35 , R F A 045 18638 SBA-40C (LI R B R
A= Wbt e ) e A T

1.10.3 L-AFEBREENME : BE LR OG
B, RARIR OB AR IE LR B
FEdE, NI (9/L): NaOH 40, HZEMHp-1E N
80, XMt 0.5 mL, Ll E 3FHLHE 1 mL =
B, FEANA 100 pL F B e 1Y & R, 30 °C
K 20 min J5 T Asao A0 E TR 1A

2 HRFAH

21 BEBRBTE SR EAREHEEER
amtR, amtB. gInK A1 ginD [RJ¥EH: 31

SERTHESE R, BREREFFE T, PN 554
FH 1 GInK (CgGInK)ii ) 5 [l — ) 7 I i
iz  AmtB (CgAmtB) Fl it # % #% B GInD
(CoGIND)IL[FIVERT, 2 55 N A4, X4
1 FE A 7 B FE S E T AmtR (CgAmMtR) /141
BOL MR RG ERFT R, PN S S S EN
GInK (CcGInK)XJ E AR S L-K5 2R G U 520
A 5T T S X 4 AR AT TR Corynebacterium
glutamicum ATCC 13032 FI 4l 5 # #F # C.
crenatum SYPAS-5 #:4)F amtB-gInK-gInD Zwft i)
FEA DL R amtR BEP Ay [P T T 434 (B 2).
ik 3 frn, W ER XA, ZAFIRAKF L,

CcamtB-CeglnD (3805 bp)

|
ATCC 13032 _/

CgamtB CgglnK  CgglnD

CgamtR

CcamtB-CeginD (3811 bp)
|

DTranscriptional regulator AmtR

DTransportcr AmtR

-P[l signal transduction protein GInK

C. crenatum
SYPAS-5

CcamtR CcamtR CeglnK

SO D -

CeginD

.Adcnylyl transferase GInD

2. AEBEBETESHERETERNAEHEXERE antR, amtB. gInK # gInD #9531

Figure 2.

Structure analysis of amtR, amtB, gInK and gInD between C. glutamicum and C. crenatum.

#x3 PEREFESHEETERAEHEXER amtR, amtB, gInK #0 gInD BRI 145 #7

Table 3. Homology analysis of amtR, amtB, gInK and gIinD between C. glutamicum and C. crenatum
Gene Gene size/bp Protein Homologous gene Homologous protein
CcamtR 669 CcAmtR (22.66 kDa) CgamtR (669 bp, 98.80%) CgAmtR (22.64 kDa, 99.02%)
CcamtB 1317 CcAmtB (45.59 kDa) CgamtB (1317 bp, 80.79%) CgAmtB (45.41 kDa, 81.00%)
CcglnK 339 CcGInK (12.11 kDa) CgglnK (339 bp, 83.78%) CgGInK (12.25 kDa, 92.86%)
CcglnD 2079 CcGInD (76.10 kDa) CgglnD (2079 bp, 73.26%) CgGInD (75.98 kDa, 82.07%)

The percentages in “Homologous gene” and “Homologous protein” indicated the homology between CcamtR, CcamtB, CcglnK, and
CcglnD and CgamtR, CgamtB, CggInK, and CggInD at the nucleotide and amino acid levels, respectively.

http://journals.im.ac.cn/actamicrocn
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EEY\T amtB-gInK-gInD F3&[A CcamtB, CcginK
F1 CcgInD 5 CgamtB. CggInK 1 CggInD #[m]
PESY 514 80.79% . 83.78%7F/ 73.26%, CcamtR 5
CgamtR ¢ [i] J5 14 98.80% . 4 K& MR /K F I
CcAmtB (45.59 kDa) . CcGInK (12.11 kDa) .
CcGInD (76.10 kDa) il CcAmtR (22.66 kDa)'5
CgAmtB (45.41 kDa). CgGInK (12.25 kDa) .
CgGInD (75.98 kDa)#il CJAmMtR (22.64 kDa)/) [A]
PES3 5 Er ik 81.00% ., 92.86% . 82.07%71 99.02%.
GEREH, TERIE AT, T amtB-gInK-
gInD Fl%E %5 A F CcAmtR ] RE[RIFRES: 5
R LA, JLH P FESHREA
CcGInK Filf% s ¥ 1 CcAmtR AT BEAE Ry Jgkn A
DA ZRL R VA 72 A ) S R - TR P Bl U AT TR R
ARy TR AT o AN S0 3 S Hil Al i S
WESE, CcAmtR Z: 55 4AFEFTH C. crenatum
SYPAS5-5 AR & L-KS My & ., Wik, 1%
5K LA CeGInK X4, BRI AE Rl 1%
FF#i C. crenatum SYPAS-5 &AM L-k5 2 125 .
HrE A
2.2 CcGInK 5 CcAmMtR 455810
BRAMREFFET, GInK it 5284 R
SRR T AmR 454, MR AmtR X &AL
THAH O BE DR A 2 Sl i ke R A S IR A A A
Xt NH " (48 U i — 25 B UE S 14 54T BT SYPAB-5
H GInK 2 I A I sE I . AR5 R A GST
pull-down Z& [ EAE T AASMEUE T GST-CeGInK
5 His-CcAmtR W% 4, JF 5/ @A REF T
GST-CgGInK 5 His-CgAmtR 1454 15 47 L
B, WE 3-A. B. C I D flin, ZH ik 1.4
5 BBl R AP I SYPAB-5 FIAS S IR 3 4T 18
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ATCC13032 U5 glnK 4353 5474 GST pr%
() pGEX-6p-1 ZMESEFEAL . #AR1H1Y E 4
BL21 (DE3)/pGEX-6p-1-ccglnK il BL21 (DE3)/
PGEX-6p-1-cggInK S A S50 == A Y B 41 14 BL21
(DE3)/pET28a-ccamtR #1 BL21 (DE3)/pET28a-cgamtR
WAL G B E W OD 4% 0.6-0.8 FA
0.5 mmol/L IPTG F 16 °C #kf1iE S, WEHHnk
WR40 S5 64T SDS-PAGE 43 #fr. 43 B4 I ) 43
Ty 36.41-kDa FI 23.48-kDa [ S 1k 557
VLA &7 GST ARZE 11 celegginK FE A LA K4 A
His #R25 1) cc/cgamtR Jk R 78 K M T B Hh s o it
Fik, BEJE 9% GST-Cc/CgGInK A1 His-Cc/
CgAmtR PUFhEE (k47 4k (] 3-C Al 3-D) K ik
FEM g, A gE A SR GST-Ce/CgGInK F
His-Cc/CgAmMtR PiRH 4 F A iIn A F 344 150 pg,
% GST-Cc/CgGInK 5 His-Cc/CgAmtR 5256 fif
Bl 11 SR AU A GST #5 4 1
PGEX-6p-1 75 2 A Jy X i . A &1 3-E Fil 3-F A A1,
GST-CcGInK #E [ fig 15 His-CcAmtR 5 1145 54k
454, UWHITE Ccb-5 AL sk 1 AmtR )
JE GInK 25 B AR o (HHEES G B 2iss T
LB CgGInK 5 CgAmtR 454 (158 3, 43 #r
J DR AT 2 T CeGInK A& L R 1 28 72 S JiU L
5 CcAmtR i) i 45 & o B ek 55, (HOR 2 T fifi
CcGInK 5 CcAmMtR MIZ5 A fe J1iek . mas R %
B, AT P, GInK R4 nl Bl d 5 AmtR
hA, PR AR A GBI Y B SRR, IR
HEEEARWH EH Y. FE, BT NH 2
K 2R A BT A 5 45 2 R 1) FE R, GInK
RA W Reth S 5P ai v B AT B b LR 2R 1Y
B
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3. GST pull-down M E H GInK 5 AmtR B8 E{EH

Figure 3. Detection of the interaction between GInK and AmtR by GST pull-down assays. A: PCR results of
gInK gene amplification. M: DL2000 marker; lane 1,2: ccglnK; lane 3,4: cgglnK. B: Identification of
pGEX-6p-1-cc/cggInK plasmids by single and double enzyme digestion. M: DL10000 marker; lane 1: Results of
single enzyme digestion of pGEX-6p-1; lane 2,3: Results of single and double enzyme digestion of
pGEX-6p-1-ccglnK; lane 4,5: Results of single and double enzyme digestion of pGEX-6p-1-cgginK. C:
SDS-PAGE analysis of crude proteins and GST-GInK purification. M: Unstained protein ladder; lane 1: Crude
enzyme of E. coli BL21 with plasmid pGEX-6p-1; lane 2,3: Purified enzyme of E. coli BL21 with plasmid
pGEX-6p-1-ccgInK; lane 4: Purified enzyme of E. coli BL21 with plasmid pGEX-6p-1-cgginK. D: SDS-PAGE
analysis of crude proteins and His-AmtR purification. M: Unstained protein ladder; lane 1,2: Purified enzyme of
E. coli BL21 with plasmid pET28a-ccamtR; lane 3,4: Purified enzyme of E. coli BL21 with plasmid
pET28a-cgamtR. E: SDS-PAGE analysis of the interaction between Cg/CcGInK and Cg/CcAmtR detected by
GST pull-down assays. M: marker; lane 1: Interaction of CgGInK-CgAmtR detected by GST pull-down assays;
lane 2: Interaction of CcGInK-CcAmtR detected by GST pull-down assays. F: Direct binding of Cg/CcGInK to
Cg/CcAmtR detected via Western-blotting. The left panel indicated the detection of CgAmtR and CcAmtR in the
eluent of the GST pull-down assays; The right panel indicated the detection of CgGInK and CcGInK in the eluent
of the GST pull-down assays.
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2.3 BHGERFTTE ginK TRk iR R I5LERA
M

HRGE GInK FERE AT A AR LR 2E
B3 L VR R, AT 90 38 g DR el o 25 i A%
2, AR B T BRI gInK 1 Rk bk
Cc-gInK . gInK FFRE#k Ce-AgInK il gInK 554k B
¥k Cc-kd/ginK.,
231 HAEBFE gInK R BERMIE . H ]
MBS T 1.4 hrk 7k, PCR ¥ 3153 H iKY
JH gInK (339 bp, & 4-A), 3354 2 #ifk pXMJIL9
Hr, A3 FIE L4 Tk pXMIL9-gInK (& 4-B). PRI
ki pXMJIL19 Fi pXMJI19-gInK F3 ) B 58 A dii ki A AT
P SYPAS-5 H1 K15 H 4 B k. Cc-pXMJ19 Al
Ce-gInK, 5331 J5 ) R 75 s 00 {URM e J 0
BN, ARBRRESIEXSHETT SDS-PAGE 437 .
WK 4-C itk , Ce-gInK H GInK (22 ik 12 i 55
FXFHAERE Co-pXMIL9, ULHH GInK 7E4li 5 HekT
W SYPAS-5 Hr i ik .

2.32 BT oInK BBREEPRIVFI RS : FiHEAS
RS 1.5 RETiA T %, PCR 4744453 ginK K
“} 800 bp #1750 bp 1 b T i[RI JEE f5 , d B S
JEff PCR A5 HEHE gInK JER Y DNA F B
ginKarm, 44 % #i{& pK18mobsacB, 15| 4]
iR pK18-ginKarm (& 5-A). HE 4kl pK18-
ginKarm 48 52 J5 4k 4B FF I SYPAB-5
W, RS R A R A B IR A rh AT A — T
SRIG LA LBGS 3G FRFEMEATRRIR 1L , G175 )i
# gInK B S8 bk . $RIE AR IE I 41 DNA,
17 PCR BGUEFEMNT, fZ ikt 3] gink
BZk 75 Bk Ce-AgInK (& 5-B).

2.3.3 iR CRISPR/ACas9 R4 My &
K ogInK 5546 B B B # B2 AR BF 98 78 SE Al
CRISPR/Cas9 ZRZimFLnti b bATek s, K45 T
i T EEAF s P R 55 A0S CRISPR/ACas9 £ 4t .
i 6-A. C. D #1E s, PABTK pXMJ19-Cas9
SRAEAR, K2 In] PCR 43415351 pXMJ19-Cas9 ki &

(Aybp M 1 2 3 4 (B) bp (C) kDa
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Figure 4. Construction and verification of the gInK overexpression strain in C. crenatum. A: PCR results of ginK
gene amplification. M: DL2000 marker; lane 1-4: gInK. B: Identification of pXMJ19-gInK plasmids by single and
double enzyme digestion. M: DL10000 marker; lane 1-5: Results of single and double enzyme digestion of
pXMJ19-gInK. C: SDS-PAGE analysis of crude proteins and His-GInK purification. M: Unstained protein ladder;
lane 1: Crude enzyme of C. crenatum SYPA5-5 with plasmid pXMJ19; lane 2: Crude enzyme of C. crenatum
SYPAS5-5 with plasmid pXMJ19-gInK; lane 3: Purified enzyme of C. crenatum SYPA5-5 with plasmid
pXMJ19-ginK.
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(B) bp

M 12 345617

10000
7000 pK18
4000 5000
2000 glnKarm 1 < Aglnk
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250
3% 100

5 $HiAEMTE gInK B FREMRBIEE S5161IE

Figure 5.

Construction and verification of the gInK deletion strain in C. crenatum. A: ldentification of

pK18-ginKarm plasmid by single and double enzyme digestion. M: DL10000 marker; lane 1-5: Results of single
and double enzyme digestion of pK18-glnKarm. B: Identification of the gInK deletion strain by colony PCR. M:
DL2000 marker; lane 1-7: Results of screening of the gInK deletion strain.
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6. $hi5%+FE CRISPR/dCas9 R4 AIHaE

Figure 6.

Design of the CRISPR/dCas9 system for gene knock down in C. crenatum. A: Strategy for construction

of pXMJ19-dCas9. B: Strategy for construction of pDXW10-sgRNA. C: Reverse PCR amplification of backbone of
pXMJ19-dCas9 vector. D: Reverse PCR amplification of dCas9 fragment. E: PCR verification of pXMJ19-dCas9

plasmid. F: PCR results of sgRNA amplification.
IR 10 oL KA A BR AN 840 37 2H 24 R [a] i 5 A%
N ERRR dCas9 M5, i[RI EH K Jr =0
MRS B AT ORI VTR TG PR dCas9 2 11 HY
pXMJ19-dCas9 ik, HZH Bkl pXMJ19-dCas9 £:
B D) B 8 5 S Ak R EEAPEATIE SYPAS-5

Bt J5 MG 3G (https://crispy.secondarymetabolites.
org/#/input) Ir 2 LA %, e HUARIE 9 PAM {37 55
F1 sgRNA %1154 gink-sgRNAF1/R1 T4 1440
i) gInK &[N sgRNA, R L8 & = 3 K
pDXW-10 |, 2 PCR il i h 3515 5 41 i ki
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pDXW10-sgRNA (/& 6-B F11 6-F). %1k 4 ki
pDXW10-sgRNA F| {5 H pXMJ19-dCas9 JFky i1t )2k
S, AT EE R AR R AP
ik gInK 554k 5825 bk Ce-kd/gInK.

PE— 25Uk ginkK 3 K B 2 76 5 4 B b
Ce-kd/gInK h a5 1k . A5t RT-gPCR HoAL
S T Hikk Ce-gIinK. Cc-AgInK., Cc-kd/ginK i1
Cc5-5 it gInK JER I REZE T, WK 7 R, 5
HR kR Ce5-5 7 gIinK iR IAKEAE L, gInK i
FIRTHE R Ce-gInK 1 gInK (1) 38 K -2 15 T2 50
B, gInK B2 28750k Ce-AgInK Hrafn 5] gink
R, XL R — I Rk Ce-ginK 1
gInK FEFE B P 323k i R bk Ce-AgInK Hr ginK
BRGNS . MAE gInK 554L Rk Ce-kd/gInK
H gInK (9 2REK T2 5.26 75, R H L
Pk Cc5-5 HH I, EZH MR Ce-kd/gInK H gInK A
S eEEL I

N
=
o

= wn
f=3 [=1
[=] [=]

Relative mRNA levels/(fold change, 2-24¢)

1.0 ¢
0.5
0.0
:dQc %ﬁ«\% %C\P %-&'
¥ o IS \Evb\
Qk < (/0'

&l 7. RT-gPCR 4#f gInK ZEE #k Cc-gInK. Cc-AgIinK
K Cc-kd/gInK H B9 #8 3¢ Fik K F

Figure7. RT-gPCR analysis of the expression levels
of gInK in Cc-gInK, Cc-AgInK and Cc-kd/gInK strains.
The standard deviations of the data points were
obtained from triplicate measurements and denoted by
error bars.
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2.4 GInK XSt NH, RIS 00

BFFE GInK X Bl b AT TR AU A R 5 A
M, FATESEIE T GInK X NH, W20
% A B A Ce-gInK . Ce-AgInK
Cc-kd/gInK DL Jz i & Btk Ccb-5 77 10 mmol/L
(NH,),SO, YHEA G FR B b 5 5% , 155 4 h 1800 pL
FES RIS NH sk R a . IR 8 FR,
Cc-gInK FFEH NH, 5% 8 i B AL F Ce-AgInK |
Cc-kd/gInK K JEUIR Bk Ce5-5, Ce-AgInK B fkH
NH, B9 5% B4 S8 8 5 T Ce-kd/ginK s 46 18 #k
Cc5-5, Ce-kd/gInK H1 NH," 19 5% B B 1 = T IR A 1R
Pk Cc5-5. Z5HERH, PN F5HFHET GInK IE
PR A PR AT B X NH, W s R o
25 PHESHEREN GINK WEAB K& LEER
B BB R e S e

HE— 2B fRAT GINK FEBEV AT A AR L-
ARG P RVER, AUt RT-gPCR 23Hr

12 -
I —e— Cc5-5
10 —a— Cc-glnK
—a— Cc-AglnK

—»— Cc-kd/gInK

¢(NH,")/(mol/L)
[=2Y

0 4 8 12 6 20 24

t/h
8. kI E#k Cc-gInK. Cc-AginK. Cc-kd/GInK #A
Cch-5 1557 & NH, W% B &
Figure 8. Comparison of residual NH," concentrations
of Cc-gInK, Cc-AgInK, Cc-kd/GInK and Cc5-5 strains.
The standard deviations of the data points were
obtained from triplicate measurements and denoted by
error bars.
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T BBk Cc5-5. Cc-gInK., Cc-AgInK F1 Ce-kd/ginK
tr, AACEAR G amtR, gInD, amtB, glnA,

gdh #1 gtBD DA K L-#6 2R 5 i 45 O B kA
argC. argJ, argB, argD, argF, argG #l argH 19
FESRKOF (B 1), WE 9 Fion, AHEGFH R
Cc5-5, gInK i ik itk Ce-ginK H1, #I IKCAH ¢
JE[H gInA. gltD A1 gdh B35 FilEch %,

5350 R iRk Ccb-5 ik iti 5.35 i, 5.06 fi%
T 3.33 fff; EhtizdEE AmtB FIIRTT LA A%
GInD % fi £ [K amtB il gInD AY 2 ik K43 51 1
175 A5 3.21 s LASZIR G UL A 35 rp 45 JE ]
2 TR K- 38 E 3R 1.50 £5 . 1 gInK ik 2848
Pk Ce-AgInK Hr i AT Y 28 7K 1 I 22 BUAH B 1)
e, BVEACHAROCHER & LK 2R G UM Gk (]
KRR E T (& 9), RT-gPCR LE45 %
B, PIE S5 S EM GInK IEJE#ZHA LK
TR O HEEE TR I e SR /K- o XS BE R e GRIK
F I, TRERZ I AR & LA ARG R R
G EE B TS, k25 8 B 5w AU L

=)

Relative mRNA levels (fold change, 2724

L5 2R & U H Y
2.6 PI{ES#SEN GInK MEAM K LAEER
B R BB R (5% R

PR B b U RSO ) S R T AmitB
HEAMA, IR TR AR AR (GDH), A4
BER A L (GS) ARG L (GOGAT)# AT
[l VR U, b T 20 B P SR DA B Ry L
2 ) R BERTAR P T #E— 25 B0 UE GInK X2 [7]
TEA L-KE R LS, AT AE B Pk Ce5-5.
Cc-gInK, Cc-AgInK Fl Cc-kd/ginK H1 4351 & T
GDH.GS Fl GOGAT DL K L-¥5 &R & stz 2,
W BRI (NAGSD) . 1% R 2 Tk 5 7 il
(OAT). LR ARG (NAGK)., LS AR
ZNG (ACOAT), SA ML= Wi (OTC). Ma
MR BRFATR & L (AS) IR 2RI (AL)7
AN CEERFIOREE (B 1), R 10 s, S5HkE
Bk Cc5-5 H L, Ce-AgInK B R H 45 il 15 35 1 B
Mk ik gInK J5 Xt A W] A2 BEAE . Horp
GS. GDH #il GOGAT il 5342 % 55.15% .
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9. RT-qPCR ##f GInK W &X 0 L-HEE M E M X B EREFZKEHEIE

Figure 9.

RT-qPCR analysis of the effect of GInK on the transcription levels of key genes in nitrogen metabolism

and L-arginine biosynthesis. The standard deviations of the data points were obtained from triplicate measurements

and denoted by error bars.
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Crude enzyme activities/(U/mL)

P
OOQ

Ce5-5
Bl Ce-glnK
Ce-AglnkK
B Cc-kd/gInK

E 10. EEHEMHEETEHEBRPENRGR LSRR E KSR TE LR
Figure 10. Crude enzyme activities of key enzymes of nitrogen metabolism-related and L-arginine biosynthesis in
recombinant strains. GS, GDH, GOGAT, NAGSD, OAT, NAGK, ACOAT, OTC, AS and AL were encoded by gInA,
gdh, gltB/D, argC, argJ, argB, argD, argF, argG and argH, respectively. The standard deviations of the data points
were obtained from triplicate measurements and denoted by error bars.

39.56%71 46.20%, L-Hi2MRG MR S b OCHERNEH)
PG-34 5 30.00% 4 45 . HiH NAGSD .ACOAT
UL ) OTC Rgi&sfmim w3, mulfem T
36.59% . 40.00%F1 50.02%., XLzt FL], Pl
FEHFEN GInK IETEE AR LEERE
R , AT AERCZSL I LR 2R A
2.7 PUESHFEA GInK Xk ETE LB
LK & BRI R

PE—EIGTE GInK X4l B FF IR ™ LK 2R
M, AWFIEE L 5-L RIERE BT T R Bk
Cc5-5. gInK i3 F A FH kR Ce-gInK., gInK il B 1 ik
Cc-AgInK il gInK 554k ##k Ce-kd/GInK & ™ L-
KR R rp & 250k, A 11-A FR, 4%
FL RS R BIfk Cc5-5 A KA —3, 19
GINK AN %l 7 B A TR AR A I s B i . 5
KRk Cc5-5 MHLL, KWERT 36 h, #5HA R
IR AE AR — 2L, LB 8 A e
R Z 2B/, LG Ce-gInK 7= L-f5 2
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AIRE 1 &858, T Ce-AgInK il Ce-kd/GInK [
PR KGR s B o 2% . niEl 11-B fi
IN, RIEEESH, Ce5-5 1Y L-KS &R~ & 38.50 g/L,
723N 0.410 g/(L-h), Ce-gInK FRAY LA 2™
o4 49.53 g/L, 7K 0.516 g/(L-h), LT &
bk, Hy= i 28.65%. 4h, Ce-gInK Lt Cc5-5
ZIMFEL) 12 g #j%iHE. Cc-AgInK £l Cc-kd/GInK
EAkh LA Ry 5200 28.90 g/L F
32.70 g/L, #H L HkE Cc5-5 Mk, H L-KiEm
& BE T143 ) F B 24.94%F1 15.07% ., X Su4k 3
B, GInK IERE BTG FEAT TR LS 2R G . 4
Br GINK IE TR L-RG 2082 & B e R AT RS2 GInK
IR LK 2R G i A rh G DR (0 2 st
K, PEMREIEES, RS LA AR Rl
1o 5 B TRl FE AT B IR T B A5 I GInD &
BAKEA B R, GInK gl 5 AmtR 454,
ffBR AmtR X ZEACEAH DG R A3, NH,p2E
sy, MR #E LS 2R 5 i
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FAFE K Cc-gInK. Cc-AgIinK. Cc-kd/GInK 5 1 k% B #k Cc5-5 & B2 i 23 E
Comparison of L-arginine production among Cc-gInK, Cc-AgInK, Cc-kd/GInK and Cc5-5 strains. A:

Glucose concentration and dry cell weight. B: L-arginine production and L-arginine productivity; Cc5-5 (filled
squares), Cc-gInK (filled triangles), Cc-AgInK (filled circles), Cc-kd/GInK (filled rhombus); The standard
deviations of the data points were obtained from triplicate measurements and denoted by error bars.
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Role of GInK in regulating nitrogen metabolism and L-arginine
synthesis in Corynebacterium crenatum

Mi Tang, Qing Wang, Taowei Yang, Xian Zhang, Meijuan Xu", Zhiming Rao~

The Key Laboratory of Industrial Biotechnology, Ministry of Education, School of Biotechnology, Jiangnan University, Wuxi
214122, Jiangsu Province, China

Abstract: [Objective] In this study, we analyzed the roles of PII signal transduction protein GInK in nitrogen
metabolism regulation and L-arginine biosynthesis in Corynebacterium crenatum. [Methods] The gInK
overexpressed, gInK deletion and gInK knock-down strains were constructed. RT-gPCR and determination of
enzyme activities were carried out to reveal the effects of GInK on the expression levels and enzyme activities of
nitrogen metabolism-related and L-arginine biosynthesis-related genes and enzymes. The changes of various
parameters during the fermentation of recombinant strains were also investigated. [Results] Overexpression of
GInK protein had a significant effect on the absorption of NH,". The expression levels and enzyme activities of
nitrogen metabolism-related and L-arginine biosynthesis-related genes and proteins have generally been
up-regulated in Cc-gInK strain. Among them, genes encoding ammonium absorption-related enzymes, such as gInA,
gltD and gdh, were significantly up-regulated with an average increase about 4.58 times. The L-arginine yield and
productivity of Cc-gInK reached 49.53 g/L and 0.516 g¢/(L-h), respectively, at the end of fermentation.
[Conclusion] Overexpression of GInK could promote the absorption of NH,", increase the expression levels of
genes and enzymes activities on the L-arginine biosynthesis pathway, ultimately increase the yield of L-arginine. It
provided guidance for the subsequent exploration of the nitrogen regulation mechanism and metabolic modification
of C. crenatum in the production of nitrogen-containing compounds.

Keywords: L-arginine, C. crenatum, nitrogen metabolism, PII signal transduction protein GInK
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