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Construction and application of an inducible CRISPR-Cpf1/dsDNA dual-plasmid gene editing
system in Corynebacterium glutamicum
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(1.College of Agriculture, Henan University of Science and Technology, Luoyang 471000, China;
2.College of Biotechnology, Tianjin University of Science and Technology, Tianjin 300457, China)

Abstract: Aiming at the problems of low efficiency of gene editing and time-consuming operation in Corynebacterium glutamicum, the Cpfl was ex-
pressed using the inducible promoter PrpR-PrpD2, the recombination and cleavage events were separated, and a high-efficiency inducible CRISPR-
Cpfl/dsDNA dual-plasmid gene editing system was established. The gene editing efficiency of the dual-plasmid gene editing system was statistically
calculated by comparing the expression effects of Cpfl protein with constitutive and inducible promoters. Finally, using C. glutamicum ATCC 13032
without L-serine production as starting strain, a high-producing L-serine recombinant strain was constructed using this system. The results showed that
the gene deletion efficiency of the inducible CRISPR-Cpf1/dsDNA dual-plasmid gene editing system was (66.67+1.53)%, and the gene integration efficiency
was (14.29+1.50)%, both of which were significantly higher than those of the constitutive promoter group (P<<0.05). In addition, an high-producing
L-serine recombinant strain SW-3 was successfully constructed using the inducible CRISPR-Cpf1/dsDNA dual-plasmid gene editing system with an
L-serine yield of 10.51 mg/L, which indicated that the inducible CRISPR-Cpf1/dsDNA dual-plasmid gene editing system was feasible in the metabolic
engineering modification of C. glutamicum, and it would have far-reaching significance in accelerating the process of metabolic engineering modifi-
cation of C. glutamicum and promoting its application in the research and development of amino acids and other high value-added products.
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18 A 4 & R 2 FT 1 A9 CRISPR-Cpfl 2 [H 4 48 & 4 1 %
BT All-in-one FL B RAR X, RICKE Cpf1 25 CRISPRAZ Ak
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1.1 ## 5 XA
111 EA 5 Bk

K ¥ 1 (Escherichia coli)DH5a . C. glutamicum ATCC
13032 (WT) .C. glutamicum WT A cgl1890: . kan (M-2) |
C. glutamicum WT AxyLA: :kan(M-3) .C. glutamicum WT
A cgll890: : kan'(S-1) | C. glutamicum WT Acgl1890. . kan*
(X-1) ALY = PR

Jit ki PEC .,pXMJ19 . pEC-Ptuf-Cpfl ,pXMJ19-Pj23119-
crRNA | pXMJ19-Pj23119-crRNA A xyLA | pXTuf-Cpfl-cr-
RNAxyLA: :kan-xyLA”": Zlgiy/ﬁiﬁﬁ o
1.12 314

ARSI EE G IR,

F1 AHARFAATESY
Table 1 Main primers used in the study

519 J¥ 51 (5'-3") it D) A 1
PRP-1 ggcaaatattctgaaatgagctgGAATTCCAATGGAGTGGATGACTGCTTCG EcoR 1
PRP-2 AGTCTTTTTTGGGGTGGCCTTTTAGTTGAGGAGTTGGACAGGG
PRP-3 CCCTGTCCAACTCCTCAACTAAAAGGCCACCCCAAAAAAGACT
PRP-4 tctagaggatccccgGGTACCGGCTGGAATGTGACTCCTTCTC Kpnl

PrCpfl-1 ggtacceggegatcc ATCGTGTGGTACCATGTGTGGA

PrCpfl-2 tgectgeaggtcgac TCTAGATTAGTTATTGCGGTTCTGGACAAA Xbal
PMS500-1 aaatattctgaaatgagctgTTGACAGCTAGCTCA
PM500-2 tetcatccgecaaaacagcc AATGGTAGTGAACTACCGTCCCTT
PQ500-2 tetcatcegecaaaacagccCGCGATTTACTTTTCGACCTC
S-1 ggaatttctactgttgtagat GTCAACGCTCCTCGCATTGCTGAAGTTTGAGACCACCATTGTTGCT
197A-2 GTTCAAGCAAATGGATCTCTAATTAAGCCAGATCCATCCACACAGC
197A-3 GCTGTGTGGATGGATCTGGCTTAATTAGAGATCCATTTGCTTGAAC
S-10 tecgecaaaacagectctagaTGAAACTCACGAGTGAGGTCGA
ACB-1 ggaatttctactgttgtagat AAGGTAACGGCATTGGGGTGTTCTTGAATCCTGAAAGCTTCCAGG
ACB-2 GTTTTCCTTCGGATCTAAACGATCTCAAACGTCAGGGAATACGACAC
ACB-3 GTGTCGTATTCCCTGACGTTTGAGATCGTTTAGATCCGAAGGAAAAC
ACB-4 GACGGCCATTCTGGCTCATTGTATGTCCTCCTGGACTTCGTG
ACB-5 CACGAAGTCCAGGAGGACATACAATGAGCCAGAATGGCCGTC
ACB-6 GAAGTCGGTCATGTCTTCCTCCTTTITTAAGCCAGATCCATCCACACA
ACB-7 TGTGTGGATGGATCTGGCTTAAAAAGGAGGAAGACATGACCGACTTC
ACB-8 GAATAATCCCCGCAGCACCTTTAACGACGCGCCCTCAGGGGAAACATGGCGAAGAACTGGAACCATG

ACB-9

CCCTGAGGGCGCGTCGTTAAAGGTGCTGCGGGGATTATTC
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ACB-10 tecgecaaaacagectctagaGTGTTAAAGCCGTACCGCTAAC
CBI ggaatttctactgttgtagat ACGACGCGCCCTCAGGGGAAACATAAAGGAGGAAGACATGACCGACTTC
CB2 GAGCCTTCAGAGCCTTCGGGGCGAAGAACTGGAACCATG
CB3 CATGGTTCCAGTTCTTCGCCCCGAAGGCTCTGAAGGCTC
CB4 GAGTTCAGTCATAAAGTTTCCTCCTTTTTACTTCCTTGCAAAACCGCC
CBS GGCGGTTTTGCAAGGAAGTAAAAAGGAGGAAACTTTATGACTGAACTC
CB6 GAATAATCCCCGCAGCACCTTAGGCATTGGTCAATGGAACG
CB7 CGTTCCATTGACCAATGCCTAAGGTGCTGCGGGGATTATTC
ZH-1 TGCCTGCAGGTCGACTCTAGAGACTAGTGGGGGTTTCTGCTGTT Xbal
ZH-2 CTTTCTACGTGTTCCGCTTCCTCCTGGCGATAGGTGTCAAGAATTCG
ZH-3 GAATTCTTGACACCTATCGCCAGGAGGAAGCGGAACACGTAGAAAG
ZH-4 ATAGCGTGGTTGGCGAAGTTTTTACGCTTCGCCAACGCCAGTGCCTCACCATTTTCCACCATGATATTCG
ZH-5 CTGGCGTTGGCGAAGCGTAAAAACTTCGCCAACCACGCTAT
ZH-6 TACGAATTCGAGCTCGGTACCAATGGTAGTGAACTACCGTCCCTT
JS-1 CTTCTTTCAACGGTGTGGAAATT
Jsac CCGTTTAAGGCATTGAAGCAT

T FRIGARR BV AL, R 51 W % KB, /NG 7 REAU SR [ IRV

1.1.3 #Fx#

Jigi 0> 45 ¥ (brian heart infusion, BHI) [l {4 3% 35 5% . 35 5
T A Y E ARG BR A ]

TR FE L0, B ATI35.0 o/l , K 330.0 mL/L, %
FEYS5.0 g/L, 5 A1 K % §220.0 mL/L, B — 040 1.5 g/L,
TRIREE0.5 g/L, 47k B, 1.0 mg/L, Hi R £k 10 mg/L , 5 F2 4
10 mg/L, A4 %02 mg/L,pH 7.1~7.3 121 C&AF F i 678
YK 20 min,

T B 7 LU, R B5100.0 /L, £ K 3£ 36.0 mL/L,
Filfa410.0 g/L, TRIK f#9526.0 mL/L , B R — SU802.6 g/L,
TR EE0.6 g/L, 4/ % B, 1.6 mg/L, FFREL 11 mg/L, i FR 4%
10 mg/L, =4 %02 mg/L,pH 7.1~7.3 121 C4A% F i 678
VK #20 min,

TR PR R BT TC T A BRSOk T R L
L3RG BEFE Sy R 2k 2 205 IR 1 pH N 6.0~7.0,

MK AR R ORI AT I DR WHE R SOR S KRB
W3R A SRR, R EFpH 2.5, I £ 90~110 C,
K A#S b, 5 H S E AL B (NaOH) Hh Al ZpH A 7.0, £ BR ok
B E A NS TR LR R S Y K
1.1.4 & A

Primer STAR HS DNA polymerase (2.5 U/pL) ,Quick-
Cut R V£ N VI (120 U/pL) : R FAEY TRA RN A
Taq®R 4 i 4% 3 & W (PCR )Master Mix ,Clone Express® II
One Step Cloning Kit: B 50 i 24t 28 4E W) TR A BRA W) 5 kL
LI DNA 7] £ . [ Omega Bio-Tek/A s KIRFE &R
(kanamycin , Kan) (% f#fr =750 1U/mg) . 4% % % (spectaco-
mycin, Spe ) (B #t =720 IU/mg) %4 % % (chloramphenicol,

Cm) (B4 =900 TU/mg) . 7 5 K3 A= W H AR A BRA w5
FREN (B2l bt R FE R A R A A5
EE DR L N W R 18

1.2 B 5&E

Mastercycler nexus PCR{X .Eppendorf Eporator F 5 §%
1BAY . 18 FE Eppendorf/A il ; GL20A B 3 3 R 25 AL . H A H
SEA RN R UV20058 21 AT U3 4 K I 25 - 5 [El Laballiance
2\ ) 5 Agilent 1200 25 & AH €38 (HPLC) A - 2 HE R R HL
(PEHARAF
13 %

13.1 FRtmES #4

K F CaClLA 5 14 1k 27 7 Ak 10 PO it o 4 ook, 1K
TR .

1 2 i ki pEC-PrpR-PrpD2-Cpf1 (A JFUkL ) #4 . LE. coli
DH5oE R 21 Jy #i 4 , PRP-1/PRP-25 PRP-3/PRP-4 15| 4]
14 PrpR-PrpD2 ) & 3L [N, FpECHTRL H B il 14 P 1) il
EcoR 15 Kpn L 47 WU OI L MEAL , PRfs 5 JL 1 5 L d 4]
T 42 3K A5 5 4 ORI pEC-PrpR-PrpD2 ; LApEC-Ptuf-Cpf1 ki
SR, PrCpfl-1/PrCpfl1-2 4514, ¥ 4 Cpf1 A9 DNA 7 B .
# 2 Ji ki pEC-PrpR-PrpD2 45 BR il 1 P4 VI it Xba 15 1) 2k
PEAE , # Cpfl U DNA A Bt 55 pEC-PrpR-PrpD24k 1 1k 2% 14 %
154845 5 41 FORLpEC-PrpR-PrpD2-Cpfl , FHl 17 5 71 3 [
MR

o 21 BT K pXMJ19-Pj23119-crRNA 14: : kan-xyLA™ (B
J5 KL ) A8 £ . LhpXTuf-Cpfl-crRNA, 14 : : kan-xyLA™ [ ki 2y
Bt ,PM500-1/PM500-2 2 5 | 19 S DNA Ji Bt (crRNA 14 :
kan-xyLA™) , ¥ pXMJI19 Jiz 47 FH B 1 ¥ 8 U1 B EcoR 15
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Kpn AT SR DI ZPE AL, P 5 5718 I DNA J B 4z
345 & 2 FROR pXMI19-Pj23119-crRNA . 4: : kan-xyLA™,
FH T 5000 55 DX 2t 8 3R 40 1 3 5 50%

T2 R pXMI19-Pj23119-crRNA AserA™ (B 4 ) #4)
. LIC. glutamicum ATCC 130325 R 2H J#%ifi ,S-1/197A-2
FI97A-3/S-10 5149, 4 1 F e [ U, T serA 3
FBR , # pXMI19-Pj23119-crRNA J5i K 28 Xba TH1 il 1) 2k P
b, P I 5 i S R B 4, AR AR H 4 R p XM 19-
Pj23119-crRNA A serA™ , I T 44) 2 /55 7 L- 22 % R 5 21 T A

4 TR pXMI19-Pj23119-crRNAAsdaA ; : PtufserA'C
(BJFRL ) #4) £ - DL A % R 48 FF 7 ATCC 13023 JE R 41y 58
¥t , ACB-1/ACB-2 . ACB-3/ACB-4 ,ACB-7/ACB-8 ,ACB-9/
ACB-10451%, 53 31915 bR i VR Ptuffi 5y serCH
DNA H Bt , DL BRWT- A serA 5k K 41}y B 47 , ACB-5/
ACB-6 4514, 4 HiserA", R HE ZPCRIFATF % A7 5% /7 DNA
FBEEBREN  FpXMI19-Pj23119-crRNA TR 4 Xba LHAfiff
VIR PEAL , ol L 5 o 5 B DR 2 AR A3 41 TR p XM 19-
Pj23119-crRNA A sdaA : ; PtufserA’C, J T4 & &5 77 L- 22 %,
fi 7 2 PR A

2 TR pXMI19-Pj23119-crRNA . : serCB(BJFi ki)
P EE . LA &R AT ATCC 13023 3 K 41 A B4R, CB-1/
CB-2.CB-3/CB-4 .CB-5/CB-6 .CB-7/ACB-10 4 51 ¥ , 43 4]
P18 E R U A RlserCBRYDNA A By, 2K FH B B PCRAK
13 EA4T A DNAR B B S AL H ¥ pXMI19-Pj23119-
crRNAJURL 2 Xba IHEF IR MEAL , PR I 5 & JE R 42
FRAT H AL FRLpXMI19-Pj23119-crRNA,14: : serCB, J T4
e 7 -2 S T T A TR K
132 % 5 A CRISPR-Cpf1/dsDNA W 7 kr % 4t 4k F 4 4 i £

i pEC-PrpR-PrpD2-Cpfl (A Jii 47 ) .pXMJ19-Pj23119-
crRNA-dsDNA (B Jii i ) & 37. 15 5 %I CRISPR-Cpfl/dsDNA
XU R HE [H 44 4 R 40, L6 D9 o i O DL R 1, LA O 1k
OFeHs ATURLFE AL 24 2R PEAT T, 1 #5832 S 4l it ; @1
W BIURLE A FRIERSZ S, TR AR % A8 R Pt (CmR)
(50 mg/mL)-4if % Z Pk (SpeR ) (50 mg/mL ) i BHIH; 57 5t
SR, AR AR BE A A AT 5 G B ALk 1 - A BH PR AL
1) 20T 7% XF 5 2 & A CmR-SpeR- 4 12 4 1Y BHI R 37 5L 7
B, 175 5 Cpfl 1 2 15 s OB UK 5 07 1 ) BH P % 1 1, 1 A
P PEPCRAFATIGIIE , 4K 153 H M B #E

e ‘m& AN rex
@ _> o o
crRNA design C Iutamzcum

CmR-SpeR CmR-SpeR- N A
e el e L

E1 EiriFSECRISPR-Cpf1/dsDNAX G 41 £ E 47 8 7 % I E H
HERE
Fig. 1 Gene editing process for establishment of inducible CRISPR-
Cpf1/dsDNA dual-plasmid gene editing system

133 # % i”CRISPR Cpf1/dsDNA X it 1 3 [ 47 5 2 4t
T BB AR M

A ZEQ?L'UE B FPtuffh) i) CRISPR-Cpf1/dsDNA XUk
i I X 4 4 R 48 (pEC-PtufCpfl (A k: ) pXMJI19-Pj23119-
crRNA-dsDNA (BJFi i ) ) kit B] | 3 43 3¢ 35 Cpfl 9 %R %
225 5 M CRISPR-Cpf1/dsDNA X5 v i K 24 58 25 4 1) i
Bk S S R%

HE DRI R R AR 0 A R T L e Ak U vk e ¥ A SR (pEC-
PrpR-PrpD2-Cpfl) %4k 2 m Br B L Ak X-1 (C. glutamicum
WTAcgl1890: . kan*) , il 48 & A4 ATTAL Y TE AR 832 AR 4 Y
K5 BFUORL (pXMI19-Pj23119-crRNA A xyLA) #{b 2= | ik
T AR B SZ S A0, SR 5 U A T & CmR-SpeR A BHI
R KGRI 32 CCAAMF T 853724~36 h; 76 A Bl AL Bk

10~204™ HL & X 5 2 & A RAIREE Z it (KanR ) (50 mg/L)-
CmR-SpeR-TH i 11 (100 mg/L) { BHI[E {4 55 7% 3 |32 C 4
P B3 9224~36 h, Ge i1 F-H 1 5 AR K BH P A R A
TH5 I R BRI % (Kaan P Al Hh I 5 AR K 1 TR AR 2300 /B AL
P 14 B A I8 B ), A A B0 PR R R AR AR
K 8 5080 BT < BR A 8 5 B X R R S-141, T ik
i) I,
1.3.4 % % A CRISPR-Cpf1/dsDNA X 7 #r 3t B 4 4 # 4 1Y
¥ 1% 5 7 CRISPR-Cpf1/dsDNA XU k7 3 [H] 4 i 2R 4¢
L FH Bl A SRR R T A 1R 7 L2 2R, EL AR Bt R s . LA
RRWT A % B, $U0R FHBELIET B 10 7™ 9 53 i, 334 I aii 444
PR B 98 G 5 il 2 K 10 SR | ) A - R e ) T
T, PR EE P AL T serAJE R 1) Coiiy i B 197 1~ R L R T 31
DI, AP B3 B At 0 o, 49 4 T 4 TR R SW-1 5 PSP B SW-1
1) sda Ak R B 400 o) L- 22 20 1 1) 79 T 1) S 8, B B N
T34 T PtufserAtserCserB , 18 Il JG S 1Y 22 15 | Fe 24 4t
A FHRSW-3,

o 20 TR SW-3 1Y 1 2 K A At 1 35 5 0L B R A A
% 5 2R 48, B pEC-PrpR-PrpD2-Cpfl (A J§i ki ) Fl pXMJ19-
Pj23119-crRNA AserA" (B Ji ¥i ) , %% 4k 2 & W bk WT
(C. glutamicum ATCC 13032), 3k 1% SW-1 (C. glutamicum
WT-AserA™) (%5 5 51 91JS-1/S-10) ; T4 A4 F 11 175 5 7 XL
J R [R] 24 %5 22 48, Bl pEC-PrpR-PrpD2-Cpfl (A Jii K7 ) il
pXMIJ19-Pj23119-crRNAAsdaA ; : PtufserA'C(BJFikL) , ¥4k
ZESW-1, 3545 5 241 1 ¥k SW-2 (C. glutamicum WT- /A serA"”
A\sdaA ;. PtufserA'C) (%52 519 Jsac/ACB-4) ; i Jri W #4) 4
R 75 5 00U Bk DX 9 B 2R 5, BT pEC-PrpR-PrpD2-Cpfl
(AJFURL) FIpXMI19-Pj23119-crRNA, 14 : serCB(BJF Hi ) %
b 2 ¥ 2 R Pk SW-2 , 2k 45 41 1R Ak SW-3 (C. glutamicum
WT-AserA"AsdaA: : serA'CB) (% E 5| ¥ ACB-5/CB4)

FEDR G 8030 A o T 2H R R SE TR A T CmR-SpeR
HYBHIE A RS 723,32 CAAF T 559724 ~36 h; 7-F- 4 Fifi
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HLEkE 10~209~ BT V& X} 4 % & CmR-SpeR-N R &1 AYBHI
[ A R 0 )32 CA I T 159224 ~36 h, R 7% R A B
% 30 2 W (polymerase chain reaction, PCR) % i FH ¥ H £
BA PR, 4 0l 153 5 AL i 5% AN 3 BRL R B 0GR (PCREGIE B A
TEA Y S5 10 TR iR B/ ATk 226 1 TR R R ) L PR
55 F DAL 4 0 R0 ) MK

Gk

4 v
1,3- T Hhmg

l

3R LR oo > R
SerAr l PGDH < k)
3-BER RSN R
SerC l PSAT

sdaA

L-SerDH

3-BEMRLZ AR
SerB PSP

L2258 <«—> WM

N v
N J

3§ 1 H I 1% I %0 (3-phosphoglycerate dehydrogenase ,PGDH)
Wi iR 22 % R %% = W (phosphoserine aminotransferase ,PSAT) ;
Tl Wik 22 22 % W I [ ( Phosphoserine phosphatase ,PSP) ,
L-2% % % I % T (L-serine dehydrogenase,L-SerDH) ,
E2 BrfL-£29%BEABEKBISRE
Fig. 2 Modification strategies for high—producing L-serine
recombinant strain

HAH TR ARSW-3 I35 35 DR TG AL 0 TR R A 42 2 b 1 15 5%
e 32 °C 230 r/min &4 T £55512 hEODgymfH 2T A 15,
VB R 01U 5 5 Fh T W2 10% (VI V) B 2R e 32 70 T & 1
By R4, 1632 °C 230 r/minZk £ F 553760 h, 435712 hHUR:
SR 2 A0 43 56016 BE TH I 2 TR K 600 nm &b 1 W ' B2
1B (ODggo )24, FF-2R FH 155 280 AH €415 (high performance
liquid chromatography , HPLC ) X L- 2 % R 5 7S
13.5 &AL G it 247

| FiMicrosoft Excel 2018, Visio 20191 Origin 2018%%
ot dde S4Bl .
2HERSHH
2.1 # %A CRISPR-Cpf1/dsDNA S Jit 42 & B %% 4 & 489

KA AR

20 i R i S 28 CRISPR-Cpf1/ X% i 48 4% 4 4% 2
(double stranded deoxyribonucleic acid , dsDNA ) ¥ Jit Fi F
K] 2 6 2% 0 1) 5 DR 4 6 280 DL RT3 plg 13T 35 5 A
CRISPR-Cpf1/dsDNA X i A7 J [K] 4 i 2 40 114 5 IR il Bk 2
R AL 8 T 4 W CRISPR-Cpf1/dsDNA XUk K] 4 4

Y5 (P<<0.05), %5 5 4 (66.67+1.53)% . (10.00+1.50) %, ¥t
75 5 % CRISPR-Cpf1/dsDNA BT ki [ 2 5 2 4t %6 0
B () S R AR o AR D PR AT R O X N N5 S R D R N
J&i .15 3 R IR Cpf1 8 23X = E 1IE 5 Ja 8 P 1A% 1) XSUEE DN AL
ST ) F R S OR i B B IR 4 L E T T DNAE 41
v BTG S O A5 B E B i 1 TR S o [ 5 A A
T, A DA AR DU 2 B Dk 15 9% L v 1E 3 AR 2200 ) S5
A4 35 DR o RN D) Rk 37 ke B T R R R BRSO

120
1001
S
% 801
o
® 60
5
401
b
2090, .
I
AR PR

ANRVNG FhE 3R OR 25 5 i #5 (P<0.05) .
E3 HAEME SRR F X WA EERER RN
Fig. 3 Effect of constitutive and inducible promoters on the gene
editing efficiency of dual-plasmids

i 378 T AT, 35 5 5 CRISPR-Cpf1/dsDNA XU k7 5
PR 2 0 2R 9 110 5k PR3 45 3500% 3 v T4 U CRISPR-Cpf 1/
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Fig. 4 Gene editing efficiency of inducible CRISPR-Cpf1/dsDNA
dual-plasmid gene editing system in recombinant strains
SW-1 (a), SW-2 (b) and SW-3 (c) based on colony PCR
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Fig. 5 Growth curves of starting strain WT and recombinant strains
SW-3 and L-serine yield
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