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Accumulation of Malonyl-CoA in E. coli Promoted by CRISPRi/ddCpf1

HONG Xulin, JIA Xiao, XIAOYi
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Abstract: Malonyl-CoA is an important precursor for the synthesis of plenty of valuable chemicals
such as food and health products. The synthesis of malonyl-CoA has been a potential bottleneck in
the production of target metabolites in E. coli. To solve this problem, this research aimed to promote
accumulation of malonyl-CoA in E.coli through CRISPR interference (CRISPRi). Firstly, a
malonyl-CoA biosensor was constructed to achieve fast and visible detection of the intracellular
malonyl-CoA. Secondly, a CRISPRi/ddCpfl system was constructed to repress gene transcription
via ddCpfl (inactive Cpfl). And we attempted the fusion of Gp2 and ddCpfl (CRISPRi/ddCpfl1-Gp2)
and RNA polymerase. The results showed that Gp2 contributed a certain transcriptional inhibition
effect, however, it seriously affected the growth. Finally, the CRISPRi/ddCpf1 system was applied to
inhibit with a dual ctRNA array, targeting acetaldehyde dehydrogenase & 3-oxoacyl-acyl carrier

WKimBH: 2021-07-28

HEEWMAB . BE“T = H"H AR E (2018YFA0901200,2019YFA0904800) 5 I iff 3¢ 8 K 2% T i 11 4] 3 H (SL2020MS028) .

FEAEEE: B BRA981—) B W R G LS AR R, 32 R PR G B 43 T OT OGS A W HOR B T R B BRI
A A ESE . E-mail :yi_xiao@sjtu.edu.cn

A& S Lt £ 20 2021 EE A0 BE 128



RESEARCH ARTICLE

HONG Xulin,et al: Accumulation of Malonyl-CoA in E. coli Promoted by

CRISPRi/ddCpf1

protein synthase Il genes and 3-oxoacyl-acyl carrier protein synthase I & succinyl-CoA synthetase

genes, greatly enhanced malonyl-CoA content in E. coli.
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Fig. 1 Diagram and the plasmid of malonyl-CoA biosensor

R1 R-BHEAWEEHFHF

Table 1 Sequences of malonyl-CoA responsive promoters

J231 TTGACATTAGTACCTGATACTAATATAATATTAGTACCTGATACTAACTAGT

1232 TTGACATTAGTACCTGATACTAATATAATACTTAGTACCTGATACTAATAGT

J233 TTGACATTAGTACCTGATACTAATATAATACTTTAGTACCTGATACTAAAGT

J234 TTGACATTAGTACCTGATACTAATATAATACTATTAGTACCTGATACTAAGT
J12 TTAGTACCTGATACTAATTGACATTAGTACCTGATACTAATATAATACTAGT
J24 TTGACATTAGTACCTGATACTAATATAATACTAGTTTAGTACCTGATACTAA
J2 TTGACATTAGTACCTGATACTAATATAATACTAGT

TE ML 940K FapR 455 0, -35 F1-10 XB i T % Zedr i

2.2 WA A £YERIFHIER 1 mmol/L .10 mmol/L ) IPTG 55 ACC id % ik | %

h T RN B A AR AL A Y D RE R A M PN A T R A TR BESE hn, DA S A
i pSTa—ace AL ik ace FE R AR IE TN — Bt 4 g TG RER M ZEAE S . T K 21 2 58 S AE AT 0D,
AR UL 2, % pAJK-RFP pSTa-ace Tk (W A YE RESIE AR A IPTG 5 S W i T (9 4 X} 5¢
K 1(b) A1 2(b)) ¥4k E. coli BL21(DE3), 45l SAE, ARARN BRI A AR W15 IR A e R il 2
K 0.1 pwmol/L.1 pmol/L .10 pmol/L 100 wmol/L . (WL 3), J12 £ EREs Bl By, fERAH
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T 5.83 1%, JRLESLE SR 1233 LWL IR AT,

— 1
LA A “ LECTN [ ree [

() REPDGAEL IR B TN — LA s AV L

T7 RBS

(b) pS7a-acclFki

RBS : B Ml A4 25 4 oL 1 5 ori: 52 1 21 5 ace - WA A R AL
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Fig. 2 Functional verification of malonyl-CoA biosensor
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Fig. 3 Response curves of different malonyl-CoA

biosensors
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RGERIRE LA, BEXS Py SR B T IA R RIER IR

RFP 3 M %1t T 4 4> erRNA (UL 4) .p-T .p-NT,
R-T .R-NT, 343 1 ¥0 1] Py, J 8 F RO BEA B AR A
PR FIHE 0] RFP BE DR PR AR 55 AEBIMRBE . LA9EE
B Sk FIWE CRISPRi/AACpf1 2 48 IRUR .

SRR, crRNA 8 1m) J 3l 5~ XIS, p-T1
p-NT1 [+ X %€ Y6 A A ddCpf1-M1 525 21 v 43 51
TRET 89.7%F1 88.0%, TE ddCpf1-M2 5245 241 v 43
ST RET 79.7%F 87.8%, £ ddCpfl-M1-M2 555
A5 T 91.8%A1 87.0% (WLIE 5), AT UL, %
AR08 2 1 ddCpf1-M1 . ddCpf1-M2 F1 ddCpf1-M1-
M2 X} p-T1 ,p-NT1 A 8 K B i LT R ROR
H TG 18 8 ) B B B IR B B 14 AR A B B 4 i
iR, X 5 DR R T8 A A AT 45 SR — 30, 24 crRNA
#81) RFP 3 R-T1 . R-NT1 9 A X} % ) i 7€
ddCpf1-M1 52 %0 20 th 43 5 T K& T 47.6% F1 2.2% ,
R-T1 A XS 98 Y AE 4 ddCpfl-M1-M2 SLEG 4L R
BT 57.4% (WK 5), v UL, # ) RFP A& B A
ddCpf1 9 PR /N T30 ) )5 3+ XU i
P&, X T CRISPRi/ACpfl %5, crRNA I jf] &
PR 223K 1 e Bl X ] LI ARAS g i JE RS JRAICR
2.4 CRISPRi/ddCpfl-Gp2 R 193

TEN A, H dCas ARG H ALYy e 102
— AN UL SR AT S E AL dCas9 Rl G B
FIH9 221 CRISPRoff 25 1 AT LhR¢ A H R 5 PE b 0 ER
B R A I G dCas9 FEE s+
(I Kox1 #J KRAB &5 #958) , 78 A2 FE £ 40 i vh
SRR E A BN A, R T dCas B G A
£ CRISPR Difg b v 1™, Ak 24306 T g
A ddCpfl B H R G, i1k CRISPRi/ddCpfl %
Gl S DI RE

98 K B0, Wk A AR TR 2 2 i Y Gp2 2 P vl LA
FEAIK RNA SRABEXT 5 27 X3 DNA B R J) 52
A AW, SZ R K, T 0 R e e SR
R K ddCpf1-M1 Al Gp2 0l 4 17 il 75 3k
(WK 6(a)), ¥EFEHK H Enterobacteria phage BA14 .
Enterobacteria phage T3 Enterobacteria phage KI1F
F1 Klebsiella phage K11™) Gp2 & , 38 o % ¥
(Ala-Ala,AA), 43l7E ddCpfl-M1 9 N 35 Fl C ¥
HEAT RG22 3K (CRISPRi/AACpf1-Gp2) , WL 6(b) .,

KW, KT Enterobacteria phage BA14 1)
Gp2 HEH, EAEF N Gp2-AA—ddepf1-M1 H 525
B AH X OGH N BE T 36.1% .0Dgw B BE T
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Fig. 4 Design of gene inhibition based on CRISPRi/ddCpf1
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Fig. 5 Gene inhibition by CRISPRi/ddCpf1
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AA-Gp2 2565 20 B A AT 2 G T RE T 19.5% 0D
TFET 63.5%; %I T Enterobacteria phage K1F 1)
Gp2 1, Gp2-AA—ddepf1-M1 525 £ 1 A1 X 26 5
fH FFET 37.4% ODgy FFET 44.9% ,ddepfl -M1-
AA-Gp2 SE5 20 WA X 2 G T BE T 24.2% 0Dy
TFET 34.2% ;% F Klebsiella phage K11 1 Gp2 &
F1,Gp2-AA—ddepf1-M1 5255 41 (19 A0 % 52 0 1H F B
T 21.0% .0ODgy FFET 51.9%,ddepf1-M1-AA-Gp2
S5 2H (AR X S G AE T FE T 30.8% 0D T FE T

65.1% (W& 7), AU, 4 Ff Gp2 & HH — 2 Ml
SEH L ST AE, A RIE Gp2 LKA,
ODg ¥ I FFEAK . X AT RESE K Gp2 S F R A
AT B TE— R LT KA R A K
FCiF, S 2 CRISPRi AYMRAL
2.5 &3t CRISPRi/ddCpf1 # A 1R # X B #F &
W EtE A MARR

CRISPR T4t Al LT 8 3 i 7 53% DT i 4
R FRIR N TR R AT R PN B A 5
B, AL ddCpf1 AU AE R (D91TA-E1006A) #%: T
CRISPRi/ddCpf1 XUHE s & 4t , ¥ it T CRISPR array
(W2 2) [ B8 A B B cadhE (G5
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Fig. 6 Transcriptional inhibition of CRISPRi/ddCpf1-Gp2
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Fig. 7 Gene suppression of four Gp2 proteins
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% 2 CRISPRi/ddCpfl & FE % R &l &Sk CRISPR array 5 3
Table 2 Sequences of CRISPR array in CRISPRi/ddCpf1 gene transcriptional inhibition system

SEIG 20 CRISPR array J¥%1 (5'-3")
AATTTCTACTGTTGTAGATAGCGACATTAGTAACAGCCATAATTTCTACTGTTGTAGATTGACCGGACTGG
adhE/ fabF
GCATGTTGT
AATTTCTACTGTTGTAGATAATGAAACGTGCAGTGATTACAATTTCTACTGTTGTAGATCCTGATATTCATG
fabB/sucC
TAAGTTCA
W B
180 |
3B B BE-ACP 160 -
Sabl fabh 140 -
W‘Eﬂ g Wik &-ACP BRI IE-ACP 120
fabF/fabB fabG a 100 |
ﬂdhE o
Zﬁﬁﬁ r\ BT E-ACP / 80
60

reren ULy | 7= mm&A ddCpfl al

| <= array 2017
RABHEA <— RHAR L

sucC

(a) CRISPRi/ddCpf1 I [ i K 7~ 55 P

[HPEXI I adhEfabF  fabB/sucC
(b) CRISPRi/ddCpf 1Ml (i 3t I — EAT R A AL 5
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