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Abstract: Gluconobacter oxydans are widely used in industrial due to its ability of oxidizing
carbohydrate rapidly. However, the limited gene manipulation methods and less of efficient gene editing
tools impose restrictions on its application in industrial production. In recent years, the clustered
regularly interspaced short palindromic repeats (CRISPR) system has been widely used in genome
editing and transcriptional regulation which improves the efficiency of genome editing greatly. Here we
constructed a CRISPR/dCpfl-mediated gene transcriptional repression system, the expression of a
nuclease inactivation Cpfl protein (dCpfl) in Gluconobacter oxydans together with a 19 nt direct
repeats showed effective repression in gene transcription. This system in single gene repression had
strong effect and the relative repression level had been increased to 97.9%. While it could be applied in
multiplex gene repression which showed strong repression ability at the same time. Furthermore, this
system was used in the metabolic pathway of L-sorbose and the regulatory of respiratory chain. The
development of CRISPR transcriptional repression system effectively covered the shortage of current
gene regulation methods in G. oxydans and provided an efficient gene manipulation tool for metabolic

engineering modification in G. oxydans.

Keywords: Gluconobacter oxydans; L-sorbose; gene editing; CRISPRi

AN B EWERRFF A (Gluconobacter oxydans)
J— P 2 QB W, R T B R A R
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regularly interspaced short palindromic repeats,

CRISPR) [ IZAFTE TR, J&—Fh7E K Wk
e R SR e BT R GE, T TP
DNA AR, i F 118 CRISPR R4 K%
BB MR, BN R, FIERMA
LIV R ST RPN IWN) 70 oo RN o =N
PEFF & (Corynebacterium glutamicum)!™ | W%
T U AT Cas9 M, Cpfl FE )
TN AR, BT A B A i
pre-crRNA T AT E 454 tractRNA, 80 F T 4F
SE TR I R A g T Cpfl B ALY 2 4
A R AN BUN S AR BT RN
DNA 87 4]fE /1 B9 Cpfl # 14 (dead Cpfl ,
dCpfD)!'™, J5 &7 crRNA 151 5 R 45 & Z IR
L E AV AT SIS B IR 2 s o O

RTS8 s A A A W TR A R % R DR )
R, ARBE5E 1 P8 2R3 R B BT X T 95 B G 307 A
(Francisella novicida U112)*f) Cpfl & (i 4k
4 dCpfl Y, FFAEA M % PR AT & P ot AT
ik SRIG X dCpfl AR A T H crRNA 1Y
KR, #R5T dCpfl AR P E A FE
AR, A T E T e A A
WEBZ AT R ) CRISPR T4 (CRISPR interference,
CRISPRi) R4, SLHL T X Ak 4 A5 HE B AT i 1Y
FEDEE sl o feJa, FATEIHZ CRISPR-
dCpfl RGN 1AL A MR AT I L- 1L 2R
R 5 U sE Th A G SRR R Rk, IR
GE T 3K BEBL DR Y B A 77 AR R

WL

1.1 JRFL. B#RFAS|4)

AALE AR AT I WSH-003 1E A H & 1
PR, F T8 1 3R A s i) s KGRI IM109
FHT BRI 14 ;. pBBRIMCS-5 T dCpfl & 1
1323k p2-1 T crRNA FIZEGE 3k

&B: 010-64807509

PCR S¥iE T AY TR (B BOARA
A B M A MR A R FR A G . AT
BB . MR R TG ER 1-4
1.2 #ExFE

LB 5323 10 g/L S 4N, 10 g/L HE A,
5 g/L BEREARE Y

INFEEER R L. 80 o/L ILALEE, 12 g/L [
BESEEHC

[ R 355 5 S &SNS TN 20 g/L BERE B

POAERWE N RIFEEEK 100 pg/mL; KK
2 100 pg/mL,
1.3 EFEMEMEXIRATE

— A TORE R AR T A TR (B B
P34 BR2S ] 5 PCR i . DNA marker I3 FH g 50345
MERE (Vazyme) AR A RA R HA A
W B 254 Ak 2= R A R\ (938 ah)
14 RAKBEHKRGE

PLJE k. pBBRIMCS-5 NAH, LA
PB-F/PB-R A5y, Zt:1b1%%] pBBRIMCS-5
H B DA LR Cpfl SA#iAR, DL CPF-F/CPF-R
JE1Y, PEIRE] Cpfl B DAL AR IR
FF A WSH-003 JEH 20 S #idi , DL 2703-F/2703-R
JEIY, PR ST DNA B p2703; it —
A B IR R & %45 B Uk pBBR1IMCS-5-
p2703-Cpfl., dCpfl. dCpfl(D917A) FI dCpfl
(E1006A) L5255 4 917-F/917-R. 1006-F/
1006-R #y#, D) p2-1 Bk h#ia, LA p21-F/p21-R
HEY, LR p2-1 FE. L5l
MCH-F/MCH-R R 5|9 #5415 2] mCherry H£H
DNA R Bt DLVEAL I ERRAT I WSH-003 X
PRI A AR, S 2514 0295-F/ 0295-R | 0365-F/
0365-R, 2564-F/2564-R | 2703-F/ 2703-R , 22-F/
22-R. 49-F/49-R. 126-F/126-R. 516-F/516-R .
1416-F/1416-R, 1626-F/1626-R. 1837-F/1837-R
F1123-F/123-R 38455 5 3+ DNA J Bt p0295.,
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Table 1 Plasmids used in this study
Plasmids Characteristics Sources
p2-1 E. coli-G. oxydans shuttle plasmid Lab storage
pBBRIMCS-5 E. coli-G. oxydans shuttle plasmid Lab storage
pBBRIMCS-5-p2703- pBBRIMCS-5 with promoter p2703 to express Cpfl This study
Cpfl
pBBRIMCS-5-p2703- pBBRIMCS-5 with promoter p2703 to express dCas9 This study
dCas9
pBBRIMCS-5-p2703- pBBRIMCS-5 with promoter p2703 to express dCpfl1(D917A, E1006A) This study
dCpfl
pBBRIMCS-5-p2703- pBBRIMCS-5 with promoter p2703 to express dCpfl(D917A) This study
dCpf1(D917A)
pBBRIMCS-5-p2703- pBBRIMCS-5 with promoter p2703 to express dCpfl1(E1006A) This study
dCpf1(E1006A)
p2-1-p0295-mCherry  p2-1 with promoter p0295 to express mCherry This study
p2-1-p0365-mCherry ~ p2-1 with promoter p0365 to express mCherry This study
p2-1-p2564-mCherry  p2-1 with promoter p2564 to express mCherry This study
p2-1-p2703-mCherry  p2-1 with promoter p2703 to express mCherry This study
p2-1-p22-mCherry p2-1 with promoter p22 to express mCherry This study
p2-1-p49-mCherry p2-1 with promoter p49 to express mCherry This study
p2-1-p126-mCherry p2-1 with promoter p126 to express mCherry This study
p2-1-p516-mCherry p2-1 with promoter p516 to express mCherry This study
p2-1-p1416-mCherry  p2-1 with promoter p1416 to express mCherry This study
p2-1-p1626-mCherry  p2-1 with promoter p1626 to express mCherry This study
p2-1-p1837-mCherry  p2-1 with promoter p1837 to express mCherry This study
p2-1-p1941-mCherry  p2-1 with promoter p1941 to express mCherry This study
p2-1-pJ23119-mCherry p2-1 with promoter pJ23119 to express mCherry This study
p2-1-p2703-mCherry-  p2-1-p2703-mCherry with promoter pJ23119 and crRNA19 targeting S7N locus  This study
pJ23119-19-S7N
p2-1-p2703-mCherry-  p2-1-p2703-mCherry with promoter pJ23119 and crRNA23 targeting S7N locus  This study
pJ23119-23-S7N
p2-1-p2703-mCherry-  p2-1-p2703-mCherry with promoter pJ23119 and crRNA36 targeting S7N locus  This study
pJ23119-36-S7N
p2-1-p2703-mCherry-  p2-1-p2703-mCherry with promoter pJ23119 and crRNA targeting S1 locus This study
pJ23119-S1
p2-1-p2703-mCherry-  p2-1-p2703-mCherry with promoter pJ23119 and crRNA targeting S2 locus This study
pJ23119-S2

(5

http://journals.im.ac.cn/cjben
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(E=B))

Plasmids Characteristics Sources
p2-1-p2703-mCherry-  p2-1-p2703-mCherry with promoter pJ23119 and crRNA targeting S3 locus This study
pJ23119-S3

p2-1-p2703-mCherry-  p2-1-p2703-mCherry with promoter pJ23119 and crRNA targeting S4 locus This study
pJ23119-S4

p2-1-p2703-mCherry-  p2-1-p2703-mCherry with promoter pJ23119 and crRNA targeting S5 locus This study
pJ23119-S5

p2-1-p2703-mCherry-  p2-1-p2703-mCherry with promoter pJ23119 and crRNA targeting S6 locus This study
pJ23119-S6

p2-1-p2703-mCherry-  p2-1-p2703-mCherry with promoter pJ23119 and crRNA targeting S6N locus This study
pJ23119-S6N

p2-1-p2703-mCherry-  p2-1-p2703-mCherry with promoter pJ23119 and crRNA targeting S7 locus This study
pJ23119-S7

p2-1-p2703-mCherry-  p2-1-p2703-mCherry with promoter pJ23119 and crRNA targeting S7N locus This study
pJ23119-S7N

p2-1-p2703-mCherry-  p2-1-p2703-mCherry with promoter pJ23119 and crRNA-23 targeting S7N locus This study
pJ23119-S7N-23

p2-1-p2703-mCherry-  p2-1-p2703-mCherry with promoter pJ23119 and crRNA-36 targeting S7N locus This study
pJ23119-S7N-36

p2-1-p2703-mCherry-  p2-1-p2703-mCherry with promoter pJ23119 and crRNA targeting S8 locus This study
pJ23119-S8
p2-1-p2703-mCherry-  p2-1-p2703-mCherry with promoter pJ23119 and crRNA targeting S9 locus This study
pJ23119-S9

p2-1-p2703-mCherry-  p2-1-p2703-mCherry with promoter pJ23119 and crRNA targeting Sball locus  This study
pJ23119-Sball

p2-1-p2703-mCherry-  p2-1-p2703-mCherry with promoter pJ23119 and crRNA targeting Sbal2 locus  This study
pJ23119-Sbal2

p2-1-p2703-mCherry-  p2-1-p2703-mCherry with promoter pJ23119 and crRNA targeting Sbal3 locus  This study
pJ23119-Sbal3

p2-1-p2703-mCherry-  p2-1-p2703-mCherry with promoter pJ23119 and crRNA targeting Sba21 locus  This study
pJ23119-Sba2l

p2-1-p2703-mCherry-  p2-1-p2703-mCherry with promoter pJ23119 and crRNA targeting Sba22 locus  This study
pJ23119-Sba22

p2-1-p2703-mCherry-  p2-1-p2703-mCherry with promoter pJ23119 and crRNA targeting Sba23 locus  This study
pJ23119-Sba23

p2-1-p2703-mCherry-  p2-1-p2703-mCherry with promoter pJ23119 and crRNA targeting Sslcl locus This study
pJ23119-Sslcl

p2-1-p2703-mCherry-  p2-1-p2703-mCherry with promoter pJ23119 and crRNA targeting Sslc2 locus This study
pJ23119-Sslc2

p2-1-p2703-mCherry-  p2-1-p2703-mCherry with promoter pJ23119 and crRNA targeting Sslc3 locus This study
pJ23119-Ssle3

p2-1-p2564-mCherry- p2-1-p2703-mCherry with promoter p2564 express mCherry, promoter p3022 Lab storage
p3022-EGFP-p2703-CFP express EGFP and promoter p2703 express CFP

p2-1-p2564-mCherry-  p2-1-p2564-mCherry-p3022-EGFP-p2703-CFP with promoter pJ23119 and This study
p3022-EGFP-p2703-CF crRNA targeting Sm. Se. Sc locus

P-pJ23119-Sm-Se-Sc

p2-1-p2703-mCherry-pJ2 p2-1-p2703-mCherry with promoter pJ23119 and crRNA targeting Sball . Sba21, This study
3119-Sball-Sba21-Sslel gqic1 1ocus

p2-1-p2703-mCherry-  p2-1-p2703-mCherry with promoter pJ23119 and crRNA targeting Sbo3 locus This study
pJ23119-Sbo3

p2-1-p2703-mCherry-  p2-1-p2703-mCherry with promoter pJ23119 and crRNA targeting Sbd locus This study
pJ23119-Sbd

&B: 010-64807509 B<: cjb@im.ac.cn
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Table 2  Strains used in this study

Strains Characteristics

Sources

Co

Cl1

C2

C3

C4

C5

Co6

Cc7

C8

C9

C10
C11
C12
C13
Cl4
C15
Cl16
C17
C18
C19
C20
C21
C22
C23
C24
C25
C26
C27
C28
C29
C30
C31
C32
C33
C34
C35
C36
C37
C38
C39
C40
C41
C42
C43
C44
C45
C46

Industrial strain G. oxydans WSH-003

CO with plasmid pPBBR1IMCS-5-p2703-Cpfl
CO with plasmid pBBR1MCS-5-p2703-dCas9
CO with plasmid p2-1-p0295-mCherry

CO with plasmid p2-1-p0365-mCherry

CO with plasmid p2-1-p2564-mCherry

CO with plasmid p2-1-p2703-mCherry

C0 with plasmid pBBRIMCS-5-p2703-dCpfl

C0 with plasmid pBBRIMCS-5-p2703-dCpf1(D917A) and p2-1-p2703-mCherry-pJ23119-S7N
CO with plasmid pPBBR1IMCS-5-p2703-dCpf1(E1006A) and p2-1-p2703-mCherry-pJ23119-S7N

C7 with plasmid p2-1-p2703-mCherry-pJ23119-S7N
C7 with plasmid p2-1-p2703-mCherry

CO with plasmid p2-1-p22-mCherry

CO with plasmid p2-1-p49-mCherry

CO with plasmid p2-1-p126-mCherry

CO0 with plasmid p2-1-p516-mCherry

CO0 with plasmid p2-1-p1416-mCherry

CO with plasmid p2-1-p1626-mCherry

CO with plasmid p2-1-p1837-mCherry

CO with plasmid p2-1-p1941-mCherry

CO with plasmid p2-1-pJ23119-mCherry

C7 with plasmid p2-1-p2703-mCherry-pJ23119-S7N-23
C7 with plasmid p2-1-p2703-mCherry-pJ23119-S7N-36
C7 with plasmid p2-1-p2703-mCherry-pJ23119-S1
C7 with plasmid p2-1-p2703-mCherry-pJ23119-S2
C7 with plasmid p2-1-p2703-mCherry-pJ23119-S3
C7 with plasmid p2-1-p2703-mCherry-pJ23119-S4
C7 with plasmid p2-1-p2703-mCherry-pJ23119-S5
C7 with plasmid p2-1-p2703-mCherry-pJ23119-S6
C7 with plasmid p2-1-p2703-mCherry-pJ23119-S7
C7 with plasmid p2-1-p2703-mCherry-pJ23119-S8
C7 with plasmid p2-1-p2703-mCherry-pJ23119-S9
C7 with plasmid p2-1-p2703-mCherry-pJ23119-S6N

C7 with plasmid p2-1-p2564-mCherry-p3022-EGFP-p2703-CFP-pJ23119-Sm-Se-Sc
C7 with plasmid p2-1-p2564-mCherry-p3022-EGFP-p2703-CFP

C7 with plasmid p2-1-p2703-mCherry-pJ23119-Sball
C7 with plasmid p2-1-p2703-mCherry-pJ23119-Sbal2
C7 with plasmid p2-1-p2703-mCherry-pJ23119-Sbal3
C7 with plasmid p2-1-p2703-mCherry-pJ23119-Sba21
C7 with plasmid p2-1-p2703-mCherry-pJ23119-Sba22
C7 with plasmid p2-1-p2703-mCherry-pJ23119-Sba23
C7 with plasmid p2-1-p2703-mCherry-pJ23119-Sslcl
C7 with plasmid p2-1-p2703-mCherry-pJ23119-Sslc2
C7 with plasmid p2-1-p2703-mCherry-pJ23119-Sslc3

C7 with plasmid p2-1-p2703-mCherry-pJ23119-Sbal1-Sba21-Sslcl

C7 with plasmid p2-1-p2703-mCherry-pJ23119-Sbo3
C7 with plasmid p2-1-p2703-mCherry-pJ23119-Sbd

Lab storage
Lab storage
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This Study
This Study
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Table 3

Promoters used in this study

Promoters

Sequences (5'—3") Sources

p2703

p2564

p0365

p0295

p22

p49

p126

p516

pl4al6

p1626

TGGTAGCAGATGTGGAGAAATATCCGCAGTTCCTGCCATGGTGTGTCAAGGCGACCATCAAG This study
TCCCAGACAGAGCAGGAACTTGTGGCAGAATTGACCATTGGGTTCGGTCCTTTTCGGGAAAC
CTTCACCAGCCGTGTCACACTTGAGCGTCCCTCACGCATTCGAGTGCGCTACGAGAAGGGGC
CTTTTCGGTATCTGAACAATGTCTGGACGTTCACGCCGGATCCGCGGGGTTGCCTGGTAGATT
TCTTCGTGGACTTCGAGTTTCGATCCCGTCTGCTGCAGAATGCAATGGGTGTGGTGTTCAATG
AGGGTGTTCGCCTGATGGTCTCCGCTTTCATCAAGCGGGCCCGGGACATTTATGGCGTGCAG
ACTGCTCAGAGCCGTACACCCCAACCCGGATTATCCTGATCGAAAGATAAATTTCGTAATATG
TTATGAACCATTCGGCGTACGGACCGTTTCAGGCCCAACCACCGAATGGTGTTATGAAAGGA

TTACGCA

GATACTGTTGTTCGCGCGCTGGCATCCCAGAGCCAGTTTGAAACAGGGACAACCCTGAAAG This study
CGTGGCTGTTCACAATCCAGAGAAATGCCTTTTACGAACAGCGCAGACGCTCATCCCGTGAA
CAGGAGGTCATGCAGGATTTCGAACTCGATATGCCTGTGTCGTCTGAAGCTCCCTCGATGCA
AAGCGCCAGGGACGCAGTTACGGATCTTGGTGAAATCCTCTGGAAACTGCCTGACCTTCTCC
GTGAAGCCATTATCCTGGTGGGAGCACAGGAACTTTCATACGAAGATGCGGCCTGCATCTGT
AATGTCCCTCCAGGCACCATGAAAGCCCGTGTTTCGAGAGCCCGCAGCCAACTAGCCGCTTT
GACCGAGACGGAAAATCTGAGCGAAATTCACATCTAAAAAACTGTTAAATAACGATTTTTTA
AAAAAATATAAAAAAAGATCCTCTGGATGCAACGATCCTGAAGCCTCGTTCATTGATCCCATG
AAACAGGACGAAATCAGGAGTATTTCCC
GTCACTCAGTCTGGCGATTACATTACGGGGCTGGAGCGTCTCCTGACCCGACAGAACGAAGCC This study
GAACTGGCCGCTCTGGGGGTACTGACACAGACTTTTGGGAGTCTTCTGCTGGCTCTCGCGCTG
GTCTCGGGTGCCATTGACCAGGAAGAGGCTGTCTCAGTCGCAAATGCGGATGAGCGCAAGCA
GCTTCTGGTCTGGGGCAGGGACGATGAACTGTTCCGTGTCATGACCGCGCGTGAACAGGATTC
GTCCGAAGCAATGACCTTTCTGGAGTTTTCAAGAGAGATCTGAATTTTCCGTGTGAGGCATGAT
GTTGCCATATTCGGGGCGCATCTGGCGCTGTGACAGAAAGAGATGATTAGTGACTGGCTTCTG
AGGGAAGTTAAGGCGCAATTTCCGATCTGTCCTGTAACGTCAGAGTCGAGGAAAAT
ATCTGTGCGAGGCCGAACTTCTTGAAGGCTCGCTTGATGGCGCTTTCACCCGGCTTGGGCGGC This study
GGCGGTGCATCAAGGGACTGGATCAGTCCTTCGAGGGAACCCTCACCGATACGACCGGCCTTG
GGATTGAAGCGATAGATTTTCATGGGCAAACTCAAAAAGGCAGGGCTCCCCGACCAGAGGGG
AGTACCAGACCGTTAGCGCAAACCCCCCGGGAGGGGTTGCGTGCTTTATAAGCATCTGCCGTG
AGAAAATAACAGGGGTCAGACTCGGCCTTTGATTGACAGAAGAGCTCGAGACCTGTTAGGCG
CGGGTCCACTGCCGGAAACGAGGACGTACCGGCCGGGCCATCATCGCGGGTTTCTGTACCCCG
CAGGCTCCGGTTTCTGGGTGCGCGCCCGTCCTTTCCAATTCGGGGAAGGGCCTACCGGCGCAA
CAAAACGGCTCGCCATGCAGCATGGGGCGGGCCTGATGTATGAACAGGGGTTAACCC
CTTGTTTAGGCTCCCGATTTGCCCGGTTTGGGACCTTGGATAAGCAGCATGAGACGGGAAAA This study
CGTCTTACCGCAAGAAAAATATCAGTTTTTCTAAAAAAAATGGAAATGCCCCCTTGCGTCACT
CAGCCGTGATGGGTAAACACCCACTCACCGCT
GAGATATCCTGCCCGTCTGAACACTGTATCGCAGCGTTTCGTGAATCAGCTCTTAATAGCCTG This study
TTCATTCCAAGAAGAAAAATCCTCTTCCGGAGATTGAAATATCTCTCTTGACCAAAACGCTCT
GAGAGACGATACAGCGCCTGTCTCCCCGA
GGATGTTCTCCGATACGTTGGAGAGCTCCGAAATAAAAGTCCTTGGTTGTATCAGCCAAGGC This study
GCCAGACGATCCTGGAACCTGGAGTTCAAGGCGCCGTCAACATATCCCTTCCTATATTTTCCC
TAGGCGGAAGACTCCTTAACGAGAGGGGAGGATAGAAAGGTGCGTCAGGTCAGCCCTAACA This study
GATATGACCAATGTGAAAAATGCGAAGACTGAAATCCTTCATTTTCCTTCGGATAACGTGTTG
ACACTCCGTCGGATCCCCCTTAAAAACCCGCCTCAACGCCGGGGCAGCCCGGTGGGAT
ATCATCGGGCGTTACCATTTGCATGATACGCCAACGACAGTGGGGCGGAAAAGATAATGTTC This study
GGAGATGAAAGTCAAGTGCCTGGAATGAAAATGGCATCATATTTTCATTTCTGACATTCCCCT
CTTGCGGTTGCCCGGAAAACTGGAGTATGACACCGGCGACCTAAGG
AAAAGTGCCTCCTGAAAGGGCGTTGTTCTCTCAGGTTTACGCAGGGTGTCGGAACGGGTTCT This study
CCTGATCGTGCTGCATAGCCGCACTGTTTTCGTGGAATGTTGGCAATTTTTCCCTTTTCGGGG
CTTGCCAAGAAAAAAAACGTCCGCTAGAACGCGCCTACCTCGATGGGTGC

(15%%)
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£ 3

Promoters Sequences (5'—3") Sources

p1837 GTTTTTTCGTTTTTTTATGATTTTGTGATTGACGGGTTCGGTGGGTGGTCTTATAAGCCCGTTCACCG This study
ACGCGGCGGGGCCTTCTTGGAGGGCTTGGCGGGGACGGTTTGAGACTGTGATCTTTGAAAACTGAA
TATGGAATTGGAAGGGATATGTTGGCGGCGTTTTGGTGCTGCTGGTTTTGGGATTATTGTCCTGAGAC
CTGAGTGTCGAATGTTTGGACGCTGATGTATCTTTTTGGATGCTTCAATTAAGCCTGACGTTTTTTCA
TTTGGGTTTAGAG

pl1941 GCTGAAAACCTCGTCGGAAATCACGAAAGGCCCGGTGATCGCCGGGCAGGAAAGGGTTTTGTATCT This study
GTCCGGATGGAAGAGGACAACTCTACTCCGGAACGCTTGACAGAAACAGCCAGCGTAGGAACTAT
CAAATTCACCAT

p3022 TGTAGTACACAATACTCTCTCGTGGCGAAAGGGAACGAGTCACGGACAGTTGATACGATTATCAAG This study
TTTCTTCTGTCGGTGAACCTGCGTGAAATCAGACAGGCCGACGTTGCACGTCATGTTAAAATGACCC
CTTCGGCCTTCTCTAGGCTTTTCCTAAGAGCTACCGGAGACACTTTTACAAGTTTCGTACGTCGGTT
GCGCATCAGTCGTGCCTGCGAACTTCTTGTAACAACATCAAAGTCAGTTGGTGTTGTGGGGAGCGA
AGCAGGGTTCGGTAACCTGTCGAATTTTAATCGTATTTTTTTAGATGAAAAGCATATGACACCGCGCG
AGTATAGACGCGAAGCAAAAATGGCGCTCAATAAATTTAAGTTGCCACATTAAATTAAAGAAATATT
CTATCATGATCACAATAAAAACAAACAAGTGATTGGATGGGCTCAATTCGGTGTTATATATTAGAGCA
TAGAAGAAATAATTTTCTTCTTGATGTGTAACCAAAGAAAAATGAGGTTATCGGCAGTT

x4 AFREABISY
Table 4 Primers used in this study

Primers Sequences (5'—3)
PB-F GATATCAAGCTTATCGATACCGTCGACC
PB-R GAATTCCTGCAGCCCGGG

2703-F CCCCCGGGCTGCAGGAATTCTGGTAGCAGATGTGGAGAAATATCCGC

2703-R TGCGTAATCCTTTCATAACACCATTCGG

0295-F CCCCCGGGCTGCAGGAATTCATCTGTGCGAGGCCGAACTTCTTG

0295-R GGGTTAACCCCTGTTCATAC

0365-F CCCCCGGGCTGCAGGAATTCGTCACTCAGTCTGGCGATTAC

0365-R ATTTTCCTCGACTCTGACGTTAC

2564-F CCCCCGGGCTGCAGGAATTCGATACTGTTGTTCGCGCGCTGGC

2564-R GGGAAATACTCCTGATTTCGTCCTG

CPF-F TGTTATGAAAGGATTACGCAATGTCAATTTATCAAGAATTTGTTAATAAATATAGTTT

CPF-R GTATCGATAAGCTTGATATCTTAGTTATTCCTATTCTGCACGAAC

CAS-F TGTTATGAAAGGATTACGCAATGGATAAGAAATACTCAATAGGCTTAGATATC

CAS-R GTATCGATAAGCTTGATATCTCAGTCACCTCCTAGCTGACTCAAATC

CPF917-F TAAGTATAGCTAGAGGTGAAAGACATTTAGCTT

CPF917-R  TCACCTCTAGCTATACTTAATATATGAACATCATTTGCTT

CPF1006-F GGTTTTTGCTGATTTAAATTTTGGATTTAAAAGAGGGCG

CPF1006-R TTTAAATCAGCAAAAACCACAATAGCATTATACTCTATAACTAGC

P21-F AACCGAAGGAGGCGTCCCAAAAGGATGCCTCCTTCTTTTTGAACCTTAGAAATCCACTCCTAATCATGG
TCATAGCTGTTTCC

P21-R TTTCTCCACATCTGCTACCACTGGGTTAGCTGTTTCGGAGATG

MCH-F TAATCATGGTCATAGCTGTTTCC

MCH-R TAGTATTATACCTAGGACTGAGCTAGCTGTCAAGGATCCAGTTACTTGTACAGCTCGTCC

22-F GGTATTCAGATAATTTTTCAAGCTCCTTGTTTAGGCTCCCGATTTGCC

22-R AACTTGCTATTTCTAGCTCTAAAACTCTGCGTGATAAGAACACATAGCGGTGAGTGGGTGTTTACC
49-F AACTTGCTATTTCTAGCTCTAAAACTCTGCGTGATAAGAACACATTCGGGGAGACAGGCGCTG
49-R GGTATTCAGATAATTTTTCAAGCTCGAGATATCCTGCCCGTCTGAACAC

126-F GGTATTCAGATAATTTTTCAAGCTCGGATGTTCTCCGATACGTTGGAGAGC

126-R TATCCTCCTCGCCCTTGCTCACCATGGGAAAATATAGGAAGGGATATGTTGACGG

516-F GGTATTCAGATAATTTTTCAAGCTCTAGGCGGAAGACTCCTTAACGAGAGG

516-R AACTTGCTATTTCTAGCTCTAAAACTCTGCGTGATAAGAACACATATCCCACCGGGCTGCC
1416-F GGTATTCAGATAATTTTTCAAGCTCATCATCGGGCGTTACCATTTGC
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(B3R 4)

Primers Sequences (5'—3")

1416-R TATCCTCCTCGCCCTTGCTCACCATCCTTAGGTCGCCGGTGTCATAC

1626-F GGTATTCAGATAATTTTTCAAGCTCAAAAGTGCCTCCTGAAAGGGCG

1626-R TATCCTCCTCGCCCTTGCTCACCATGCACCCATCGAGGTAGGCGCG

1837-F GGTATTCAGATAATTTTTCAAGCTCGTTTTTTCGTTTTTTTATGATTTTGTGATTGACGGG
1837-R TATCCTCCTCGCCCTTGCTCACCATCTCTAAACCCAAATGAAAAAACGTCAGGC

1941-F GGTATTCAGATAATTTTTCAAGCTCGCTGAAAACCTCGTCGGAAATCAC

1941-R TATCCTCCTCGCCCTTGCTCACCATATGGTGAATTTGATAGTTCCTACGCTGG

J23-F GGTATTCAGATAATTTTTCAAGCTCTACCGCTCGCCGCAGCC
J23-R TATCCTCCTCGCCCTTGCTCACTAGTATTATACCTAGGACTGAGCTAGCTGT
CR-F AACCGAAGGAGGCGTCCCAA

CR19-R CTACAACAGTAGAAATTACTAGTATTATACCTAGGACTGAGCT

CR23-R CTACAACAGTAGAAATTATTTACTAGTATTATACCTAGGACTGAGCT

CR36-R CTACAACAGTAGAAATTATTTAAAGTTCTTAGACACTAGTATTATACCTAGGACTGAGCT

CR-1R GGTTTCCCGAAAAGGACCGAACCATCTACAACAGTAGAAATTACTAGTATTATACCTAGGACTGGAGCT
AGCTGTCAAGGATCCAGTTACTTGTACAGCTCGTCC

CR-2R GGACGCCTCCTTCGGTTCACTCGAATGCGTGAGGGACGCTATCTACAACAGTAGAAATTACTAGTATTAT

ACCTAGGACTG

CR-3R GGACGCCTCCTTCGGTTGTCCAGACATTGTTCAGATACCGATCTACAACAGTAGAAATTACTAGTATTAT
ACCTAGGACTG

CR-4R GGACGCCTCCTTCGGTTATCGAAACTCGAAGTCCACGAAGATCTACAACAGTAGAAATTACTAGTATTA
TACCTAGGACTG

CR-5R GGACGCCTCCTTCGGTTCGGGATCGAAACTCGAAGTCCACATCTACAACAGTAGAAATTACTAGTATTA
TACCTAGGACTG

CR-6R GGACGCCTCCTTCGGTTCCTCGCCCTTGCTCACCATTGCGATCTACAACAGTAGAAATTACTAGTATTAT
ACCTAGGACTG

CR-6NR  GGACGCCTCCTTCGGTTTCCTCCTCGCCCTTGCTCACCATATCTACAACAGTAGAAATTACTAGTATTAT
ACCTAGGACTG

CR-7R GGACGCCTCCTTCGGTTACGTAGGCCTTGGAGCCGTACATATCTACAACAGTAGAAATTACTAGTATTAT
ACCTAGGACTG

CR-7TNR  GGACGCCTCCTTCGGTTATGTACGGCTCCAAGGCCTACGTATCTACAACAGTAGAAATTACTAGTATTAT
ACCTAGGACTG

CR-8R GGACGCCTCCTTCGGTTTGCATTACGGGGCCGTCGGAGGGATCTACAACAGTAGAAATTACTAGTATTA
TACCTAGGACTG

CR-9R GGACGCCTCCTTCGGTTTAGGTGGTCTTGACCTCAGCGTCATCTACAACAGTAGAAATTACTAGTATTAT
ACCTAGGACTG

CR-ballR GGACGCCTCCTTCGGTTCTCCGTCAGAGTCCTATTACCTTATCTACAACAGTAGAAATTACTAGTATTATA
CCTAGGACTG

CR-bal2R GGACGCCTCCTTCGGTTAGCAACCAAGAGGATGCCACAGAATCTACAACAGTAGAAATTACTAGTATTA
TACCTAGGACTG

CR-bal3R GGACGCCTCCTTCGGTTTGGGAAGTCGGTTTCAGCCCCATATCTACAACAGTAGAAATTACTAGTATTAT
ACCTAGGACTG

CR-ba2lIR GGACGCCTCCTTCGGTTCGTCAGGGTCCTGTTGCGGTTAGATCTACAACAGTAGAAATTACTAGTATTAT
ACCTAGGACTG

CR-ba22R GGACGCCTCCTTCGGTTAAGCGTGCGGCCCATGAGCATGAATCTACAACAGTAGAAATTACTAGTATTA
TACCTAGGACTG

CR-ba23R  GGACGCCTCCTTCGGTTCATGTGGCGCAGGACCGGGATGGATCTACAACAGTAGAAATTACTAGTATTA
TACCTAGGACTG

CR-slcIR  GGACGCCTCCTTCGGTTTTCGAAGTGTCTCGTCGCCTCATATCTACAACAGTAGAAATTACTAGTATTAT
ACCTAGGACTG

CR-slc2R GGACGCCTCCTTCGGTTATGAGGCGACGAGACACTTCGAAATCTACAACAGTAGAAATTACTAGTATTA
TACCTAGGACTG

CR-slc3BR - GGACGCCTCCTTCGGTTATTGATCTCACTTCGGTAGGCTGATCTACAACAGTAGAAATTACTAGTATTAT
ACCTAGGACTG

CR-bo3R  GGACGCCTCCTTCGGTTCATCGGTCCTGCTTTCATCATCCATCTACAACAGTAGAAATTACTAGTATTATA
CCTAGGACTG

CR-bdR GGACGCCTCCTTCGGTTGCGAGAAATAAAGCCGACAGGCCATCTACAACAGTAGAAATTACTAGTATTA
TACCTAGGACTG

*: Underlined letters indicate homologous sequence.
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Development of CRISPRi system in Gluconobacter oxydans. (A) Toxic between dCpfl and dCas9.

(B) Promoter of dCpfl. (C) Mechanism of dCpfl and crRNA. (D) Inactivation of different Cpfl domain
influencing on gene repression. (E) Screening of strong promoter.
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JEEE B9 G B N RAE LA T 4 RIS 3h
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Figure 2
length influencing on gene repression.
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Figure 3 CRISPRi-directed single gene repression in Gluconobacter oxydans. (A) Chosen of repression
target. (B) Different repression in promoter. (C) Different repression in coding gene. (D) Different repression

in different template.
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Figure 4 CRISPRi-directed multiplex gene repression in Gluconobacter oxydans. (A) Plasmid used in
CRISPRi-directed multiplex gene repression. (B) Different repression towards different protein. (C)

Fluorescence of repression strain C33.
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BT 3 AN INAL R S g i I R Y 5%, X 3 A4S
JI S BT 3 SRR crRNA HTHEA &
WE SA FiR, 3 A3 BFE SRR Z 8 TR
[ F2 B2 A0, T RIbR C35. C38 il C41 1Y
crRNA A7 S e B SR im s i+, it
3 M LB sldBA1. sIdBA2 F sldSLC
FIFAXT FEak i A . X 9 AN a5 A B0 1 ]

>

SRELA AR EEOR , (B AERIFRZF]
BRI, 4T 48 h (1Y L-1L B = 5 %) IR
BPRAH LI SRR (I 5B). XAl REZ Nl
D- LA AL S L-ILAYHE i #2324 1
BT A B IEFE VR . R ERATTX 3 A AY
P 58 St DR R A T [ ), 22 5 DR o) B vk
C44 1 3 P ILELEER &G sldBAL1, sldBA2 F
SIASLC Y AH X 3 3K 7K - 15 W] I8 AV 7 Xof BT ke
(Bl 5C). BRE C44 (A KB B 5 0T BE P Mk 22 55
AR (B 5D), T L-LL AV A B AR
(1 SE) o FRATTHEM , 48 A7 2 B IR A TH WSH-003
DL D-IL A I & B L- LA 9 1 72 1T R
2B T 24 A A 3 [R5

1.0 - —=-0D,,,™ L-sorbose (g/L) 120
_ 10} .
2 0.8 */{\i/{\{/i\{—i‘{ I-IOO
‘=08 =
'z S
Z R el
£.0.6 & 5
5 S 2
.204. é
B i
o
o~
0.2
005@(\%@,@\*\,«;\ 'Osb’\%qu'\,%\
VNNl aleated NN Al af Sl O
C E
1.0 mCdd il C44—Cl1
B 10 100 - C44 - Cl1
- 08 _
8 0.8 = 80
a = &8
g% S 0.6 2 60
504 o 2
o 0.4 E 40
502 0.2 )
(5]
% 0.0 0.0 0
~ sIdBA1 sldBA2 sldSLC : 12 24 36 48 12 24 36 48
t (h) t (h)

5 CRISPRi &% A F 1L ALES i S A9 &l

Figure 5 Application of CRISPRi system in repressing sorbitol dehydrogenase. (A) Single gene repression
on sldBA1, sldBA2, sldSLC. All the three genes expression level in strain C11 had been measured as control.
(B) OD and yield of L-sorbose in repression strain. (C) Multiplex gene repression on sldBA1, sldBA2 and
sldSLC. (D) Growth of multiplex gene repression strain. (E) Yield of L-sorbose in multiplex gene repression strains.
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Figure 6 Application of CRISPRi system in respiratory chain for repressing vital oxidase. (A) Schematic of
respiratory chain in Gluconobacter oxydans. (B) Single gene repression on bo; and bd. (C) Growth of
repression strain. (D) Yield of L-sorbose in repression strain.
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