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THAREI L. Amm T Cas9 &G 6 5 R A F MBS AATE P AT IRE 69T A REAT
ALY, MRS T Cas) O EZAMTHEELRL. [B 6] HanREREITS, FIBE
EHEREAM B Cas) HA AL, BRILATAMRG TN, [F%] RIESRF AT AT KT
SAATH A 4 TR K-F I, LSBT TALKTNMsE BDGP (https:/www.fruitfly.org/seq
tools/promoter.html), ik P JR MR AT, AMIRA LK E K E G 1E A RE KRB xR LA 5%
B AT, FFRA TR RE M RET RS Cas9 BE e kA, [4R] FFT 23 MR AKRE
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M, FILT Cas9 BALZHAMTOEELA, [44] EZ T HoHMFE LY-1 WBRBEXTIHE,

e B AR T 32 CRISPR/Cas9 A A A R ey M A X428 A B A4 L2 T RAFeg A ah,

KBEF: S HATH; WIRM KA, CRISPR/Cas9; HWEM4E R LEG; AR AKXERAE

e [EEEANAITI(2019YFA0905300); TR T TAE; s m BOBEARHIR L 55 2% % 11 58 42 (JUSRP221025)

Supported by: National Key Research and Development Program of China (2019YFA0905300); Qing Lan Project in Jiangsu
Province; Fundamental Research Funds for Central Universities of China (JUSRP221025)

*Corresponding author: E-mail: lihui@jiangnan.edu.cn

Received: 2021-11-25; Accepted: 2022-02-24; Published online: 2022-03-31



3268 (YIS Gk Microbiol. China

Endogenous expression elements of Mycobacterium sp. LY-1:
screening and application in reducing Cas9 toxicity
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Abstract: [Background] Mycobacterium sp. LY-1 has become a dominant strain in industrial
production because of its ability to metabolize natural phytosterols into important steroid drug
intermediates. CRISPR/Cas9 as an efficient gene editing technology is the key to improving the yield
and traits of industrial strains through metabolic engineering. However, due to the toxicity resulted from
the high expression of Cas9 and the few available expression elements that have been reported in
Mycobacterium, the moderate expression of Cas9 protein in Mycobacterium is greatly limited.
[Objective] The endogenous expression elements were selected to activate the expression and reduce the
toxicity of Cas9. [Methods] We used the online Berkeley Drosophila Genome Project (BDGP) to predict
the endogenous expression elements from the transcriptome data of Mycobacterium genes in literature
and available studies. The intensity of each expression element was assessed with enhanced green
fluorescent protein as the reporter, and the expression of Cas9 protein was initiated with the expression
elements of different intensities. [Results] Twenty-three expression elements with different expression
intensities were obtained. The medium and weak expression elements reduced the toxicity of Cas9 to
Mycobacterium sp. LY-1 and realized the moderate expression of Cas9 in the strain. [Conclusion] The
endogenous expression element library of Mycobacterium sp. LY-1 was established, which laid a good
foundation for the subsequent construction of CRISPR/Cas9 tools and the expression regulation of key

enzymes in Mycobacterium.

Keywords: Mycobacterium; endogenous expression elements; CRISPR/Cas9; enhanced green fluorescent
protein; gene expression and regulation
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Cloning Kit, i#MEREA YR A IRAF; R
AR Z N EZ-10 #1380 DNA glifbidinl g, A4 T4&
Yy TR R B A PR ] 5 4 T JTORE/ 1)
& BB PGS DNA [EIScit 75 & A A e 3
N4 DNA $EBGAT & (B 0 AR, b ilsEsn e
Py TRRABRA A . B {UF C100 PCR Y,
Bio-Rad Al ; Z J16ERHFFR{Y , Molecular Devices
Aw] EAMPOEET, JURRM(EIE) ARG R
)y WO R BIMEE, Leica A7]; Wl
A%, BD A+,
113 3R RE R

WF5E BT 519118 H CE Design Ff41% i1, 5l
WA FR S HN I 1 FoR , 51403 s as ik AE Rk
BICHHA PR A G

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



3270

(DGX7ES ik

Microbiol. China

%1 PCRI|¥IEE

Table 1 The primers for PCR

5|4 Primers

5974 Primer sequences (5'—3')

261-P04810-EGFP-F
261-P04810-EGFP-R
261-P10585-EGFP-F
261-P10585-EGFP-R
261-P10665-EGFP-F
261-P10665-EGFP-R
261-P10760-EGFP-F
261-P10760-EGFP-R
261-P10825-EGFP-F
261-P00068-EGFP-R
261-P04700-EGFP-F
261-P04700-EGFP-R
261-P04825-EGFP-F
261-P04825-EGFP-R
261-P04895-EGFP-F
261-P04895-EGFP-R
261-P10590-EGFP-F
261-P10590-EGFP-R
261-P10970-EGFP-F
261-P10970-EGFP-R
261-P11010-EGFP-F
261-P11010-EGFP-R
261-P25915-EGFP-F
261-P25915-EGFP-R
261-P25925-EGFP-F
261-P25925-EGFP-R
261-P04690-EGFP-F
261-P04690-EGFP-R
261-P26180-EGFP-F
261-P26180-EGFP-R
261-P09240-EGFP-F
261-P09240-EGFP-R
261-P26490-EGFP-F
261-P26490-EGFP-R
261-P07820-EGFP-F
261-P07820-EGFP-R
261-P06810-EGFP-F
261-P06810-EGFP-R
261-hsp60-EGFP-F
261-hsp60-EGFP-R
261-P10760-Casf-F
261-P10760-Casf-R
261-P06810-Casf-F
261-P06810-Casf-R
261-P25915-Casf-F
261-P25915-Casf-R
261-P10970-Casf-F
261-P10970-Casf-R
261-P00068-Casf-F
261-P00068-Casf-R
261-P26490-Casf-F
261-P26490-Casf-R
261-P09240-Casf-F
261-P09240-Casf-R
261-P26180-Casf-F
261-P26180-Casf-R
261-P07820-Casf-F
261-P07820-Casf-R

taccagatctttaaatctagaGTCAAACGACAGTTTCAGTGGCG
geecttgetcaccatggatccTTAGATTGCCTTCCCACGTGTC
taccagatctttaaatctagaGAATTAACTTGGCAACTGGACAAG
geecttgetcaccatggatccCTGGAATCCATTTCTTCGGTCA
taccagatctttaaatctagaGCCGCGCTGGGCACCTTC
geecttgetcaccatggatccCCCCACTAACTCCTCACAAAACTAG
taccagatctttaaatctagaCCCGCCTTTGCGCAGGTA
geccttgetcaccatggatccGCGCCGACCACCTCCTGC
taccagatctttaaatctagaGAACGCATCGATTTCTTTACTGTAA
geccttgetcaccatggatccGACGCCGATGTAGTTCACTTCA
taccagatctttaaatctagaCGCCGGGTTCGATTCACG
geecettgetcaccatggatccGGCAGTCAGAGTATCGCGGT
taccagatctttaaatctagagCCAGGCGGGCCGCTGTGT
geccttgetcaccatggatccTGCGCTCAACGCACTTCG
taccagatctttaaatctagaGATAGACCTGAGTTCTCACCTGGTT
geccttgetcaccatggatccGCAGACCGCGTTACCTTCAC
taccagatctttaaatctagaCCGTGGATTTACTCACCGGTA
geccttgetcaccatggatccCAGAATCTCATCTCGCCCGA
taccagatctttaaatctagaTCACAAAATGTTTGCGTGACCG
geecttgetcaccatggatccGTGCCGGTCTTCTCTGGCTA
taccagatctttaaatctagaGGGCGCGTCTTGGCGTTT
geecttgetcaccatggatccGTTCTGAATAACATTTCTGAAATTCCC
taccagatctttaaatctagagCAACGGGCATGGGCGGTA
geccettgetcaccatggatccGGGATCTCGTTTCTCAGGCC
taccagatctttaaatctagadCGTGACCTGGAACAAAGCAGT
geecettgetcaccatggatcc TTGCTTGTGGCACGGGAC
taccagatctttaaatctagaGTTCGGCGAATGCGGACC
geecettgetcaccatggatccGACGGGAATCCTACCTTGTGTG
taccagatctttaaatctaga AGCCAGCAATGCTTGAAACAA
geecettgetcaccatggatccGAAGCCAGGCTAGAACACGTTT
taccagatctttaaatctagaCGGCGGCTGGGGCCCCAC
gcccttgetcaccatggatccGTCGGCTCCTTTGATCGGG
taccagatctttaaatctagagCCTAGACAGAGATTAGAACACGTTACG
gceccttgetcaccatggatccGGCTGGACCCTTTCTTCACTC
taccagatctttaaatctagaGGGGCGGTCCCTGCCAGT
gcccttgetcaccatggatccAGGACCACCTCCGAAGATGTC
taccagatctttaaatctagaCCGACCAGGCAAAACAGCT
gcccttgetcaccatggatccTTGTCCCGCGGCGTTGCG
ggccaagacaattgeggatcc ATGGTGAGCAAGGGCGAGG
gacatcgataagettgaattc TTACTTGTACAGCTCGTCCATGCC
ccgtggegeggeegeggtaccCCCGCCTTTGCGCAGGTA
gtacttcttgtccatgaattcGCGCCGACCACCTCCTGC
ccgtggegeggeegeggtaccCCGACCAGGCAAAACAGCT
gtacttcttgtccatgaattc TTGTCCCGCGGCGTTGCG
ccgtggegeggeegeggtaccCAACGGGCATGGGCGGTA
gtacttcttgtccatgaattcGGGATCTCGTTTCTCAGGCC
ccgtggegeggeegeggtaccTCACAAAATGTTTGCGTGACCG
gtacttcttgtccatgaattcGTGCCGGTCTTCTCTGGCTA
ccgtggegeggccgeggtacc ATCCGCACCGGCGGTGCG
gtacttcttgtccatgaattcGACGCCGATGTAGTTCACTTCA
cegtggcgcggecgeggtaccCCTAGACAGAGATTAGAACACGTTACG
gtacttcttgtccatgaattcGGCTGGACCCTTTCTTCACTC
cegtggegeggeegeggtaccCGGCGGCTGGGGCCCCAC
gtacttcttgtccatgaattcGTCGGCTCCTTTGATCGGG
ccgtggegeggecgeggtaccAGCCAGCAATGCTTGAAACAA
gtacttcttgtccatgaattcGAAGCCAGGCTAGAACACGTTT
ccgtggegeggecgeggtaccGGGGCGGTCCCTGCCAGT
gtacttcttgtccatgaattc AGGACCACCTCCGAAGATGTC
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1.14 IEFRESEREH

SIRFFR LY-1 R85 (g/L): Wtk H
15.0, fiHfREN 5.4, BERE %% 0.6, Hh 2.0,
TR R IR FR; BT IE LY-1 8238
Begee(g/L): BERRRY 15.0, fEREN 5.4, BERE
B 0.6, nHiE-80 1.0, Hlh 2.0, HZR 20.0, P75
Pk 10.0, HITEATRIESZ M4 LB R iAR:
FeH(g/L): BRI 5.0, SEALEA 10.0, ZE K 10.0,
T RIGITFREREFR; LB ARSI (g/L): MRk
¥ 5.0, FALEN 10.0, I 10.0, BEH 20.0,
FHT R v K o3 B A 1A 57

KIAFFEEA LB H55%5E4F 37 °C.. 220 t/min
[ e 0 R IR 3 5 5 L 40RO TR (8 FH 43 AT 1A
Fh TR IR FEAE 30 °C, 120 r/min A& PR PR
DA

1.2 A&
1.2.1 HEETF EGFP WEREATHIREERS

PL pMV261 ki ik, &HA] BamH IFI
EcoR PRl N YTEEX AR | hsp60 ik solf s
) 2 5 B r f HE AT RUEG BT, 3R A5 21 1k 1Y
pMV261 kL LASEI = AR pTK-EGFP JitkL
J B, A A 51 % 261-hsp60-EGFP-F Al
261-hsp60-EGFP-R 4/ 14 3 5 AU 43 0,5 S 25 1
(enhanced green fluorescent protein, EGFP)%:[H .
M F 519 h s B e R 0 IR IR, R R
R i e R P L P 2 R
pMV261 Jivki 54k A0 R N %42, PR3
ZH JFkL pMV261-hsp60-EGFP, 1% 2 5 4 M
ARG B vl AT P 9 i 422 36 4 i 20 o
B FLEE AR LY-1 RSS2 54, %A
FLUE N 50 ng/mL ) Kan' $rEFA4g I ,30 °C
TEESE 4-5d, PRt . PR T4
RO RN 5E IR A rh 357, ol U X 4t A RN
SR AR AR AT R IR T I R B AR (A LR

PRI AR A T2 e
122 SR ERNERERRE

SRR ) R A A T v T e Tk oL
AT 5 D5 2 1) 4 B0 P Vg B o 26 ) TR A PR
AL AR TR SE R 240 DNA R HUAT £
123 SREFERIETHFERIEA

2 SCERIE A A B, 5 R LY-1 168
rRNA J& AL 5 100% A9 20 A2 AT I VKM
Ac-1817D, Hi4> KEPRIZH LIAE Yy 5 Bt Jy SIS ik 1 %
SRR, 25BN 3 A X AR R ik
IR, RIS VKM Ac-1817D 4
FEZHA 1.1x10%, 2.3x10° 1 5.5%x10% bp 4b. J&
A% 25 Wy DR 1 vy B s e W B TR I 0t PT BB A
TSR (IR TTIE, BT AASEF SRR A AT B VKM
Ac-1817D ZER41X 3 4~ [X45+0.5%10° bp PIAYZEA
U 7RO R . PR E R X 4
FOFFRR LY-1 5 B G BB A T ik 43
B, RBAE LAY SRR, A 5 AFA
B ERR SRR, 3B fadAS | kstD3 |
kshB. kshA2 F hsdB, DRIHCKEE RO X 38 1) 0
VERENLFIX 5 A SERAESL N L IEdb

i 35 15 2] i 2R3k oA X ORI FH s 3l
P M v BDGP  (https://www.fruitfly.org/seq
tools/promoter.html)iE £ A% A=), PR AETF
0.8 AU HEAT TN, Fe & R i e 1 23 NPF43
1 0.8 Je DL B RIAITTIAZ O HE R P51 o AT
RN FIBAZ D FE P H)_F I EEfR 10-60 bp,
AR LGRS T ATG J, AR,
SRR N IR PEZRIB T, XA R ORAIE T ) RS
BT Il REE I Bl sk, SURT LUR IS R A B4
BCJa 3719 RBS P8R sh#e. 3B s
LY-1 FE R4 PCR Bid, %3151 9 140
WEAFFNHY 23 DB N IR PR R K ST B
Bt W RS Biki pMV261-hsp60-EGFP %
Xba 1M BamH DSUGYI#EAT BORZeMEAL , Ui a1
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W H [ F BELA 2B hsp60 ikl 3EH 41, &
Je B HE G (0 43 ROME T N P R R DT S Ak
A8 JSORE ] 8 2 20 3% 4 , R AN R 3l - IR
SISk (0 R M E AL TR 1),
1.2.4 BEEFRUENELHERRNE

V5 FA G 1 B 2 TR L R A R LY-1
o, PRIRBHPE VR TR LY-1 iR 75557
FerpE SR, /AT 23 BREEALE, R EA R 1%
PR AR T BT A a5 53R 2
X E A KW (ODgoo 76 1.0-2.0), FH£H 5256 4% &
3447, LA pMV261 25 Bk ka5 (TR hsp60
VR br o R B R T, FRRIARAE K ODgoo
9 1.5 BPEURE, 25 PBS VR & . AMBEIRIRY,
5 min, FEE 2 min J5HL 100 pL A 96 FLAH,
TiEEARSGIE K 600 nm AL I YEAE K 7E 485 nm P&
WK 535 nm RSHEKAMDOGE, DAt
JE T G5 FE /M R I ek To o 55 B B
i, SEIMRT R N IR AT SR BRI E .

Xba 1 hsp60 BamH |

pMV261-hsp60-EGFP  [JEGEEN

\ ¢

, The genome of Mycobacterium sp. LY-1 _,

1.2.5 HWEZS Cas9 EANELHRK

KRR pMV261 1EREAR, i+
Pl o At S B AL Cas9 JEPR P51 fi 2B T
A TR (i) ey A3 BR A wl Ak 24 G B2 kL
pMV261 i) EcoR TFIl Hind RGN 5, %+
ALK Cas9 FEH VL Casf 227w, IR X 43550
TR Cas 9PV BeFEFRL_E 1) Kpn T EcoR
U DI A T Bobi e 4k , PCR 973 P10760
P06810 . P25915 & 3Rikui /¥4, P10970,
P00068 . P26490 145 3K JC 1 F1 P09240 |
P26180. P07820 553RikJCIFIF4, HA TR
#IrERE 1.2.1,

2 BERXR504

2.1 ET EGFP RIETHRERGHIIE

P EGFP ety HeY, #¢BR 1.2.1 ik
FERMAFF IM109 H ity s 85 41 kL pMV261-
hsp60-EGFP ., 4 54 JFiki pMV261-hsp60-EGFP

3

. . 3'g 3
ovasirere ¥
Expression element fragment
\
|

pMV261-PX-EGFP  |NEGEEN

El1 RiEMRETHELRRNDEE
Figure 1
name of the expression element.

Construction process of recombinant plasmid with endogenous expression element. “PX” is the
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HLFE AP LY-1 HRaR S A B bk, LA a
25 FORL pMV261 B 5 RAFE LY-1 SRR, #
L 2K A ARSI I O e 2R A R 5% o 20 7 o 1 9
RO, WE 2 Fros, SXTREAELL, FERDE
IR B R T A, B RAR TN Akl
o T LSRN 25 SRl o, S A B
PILR T IETE (E] 3). X EEH RIS @5
FTE BT R LY-1 Hlish ik, mT LR AR
i 45 Fi PR BIE 2 TR TR Y 5
22 AIEMFTRETHENFEFRISHRE
“HRM R

BPROM My 24N 670 ) sl FiRAIRE T,
HER R AR PERE 5155 80% , Fili 5 /T ORF
FEUR 0 B U DI, T 0 20 TR A S DR R
PR\ . SR P2 P90 3t %o s 156 45 38 g 2 8 T 14
KO REAI—10 X F1-35 XA T, 455 SR
O A5 A 23 A~ P IR 2 I8 O Y A7 7 41 T
SER—10 X FI-35 [X(3£ 2).

PUEE 2 fFki pMV261-hsp60-EGFP MR
539 FHAS ] () & 35 0448 46 J A 0 2 ok b 1Y)

2000
1500

> 1000

Count

500

0 1 1 L 1
-1138 0 10° 104 10°

FITC-A

Bl 3 PSFAFE LY-1 (pMV261-hsp60-EGFP)E#k A T AR 45

ZH 1 (pMV261-hsp60-EGFP)

hsp60 FILITF, IR R IR IKICIFE 3)
ZROIOCEAFRIBEH R, WNE 4 FR,
23 A PIEPERR AU B ORI R
23 SRFENRERIETHRENRIE
FERETT % 1.2.3 X BT N IR PE R R L
AR5 B BEATRAE,, Z5RUNP 5 B ik Ay
23 AFRIBTCAFIAATE 4 Ao AT
(P10760. P06810. P25915 il P04690), 15 4~

A

Bl 2 SHAFE LY-1 (pMV261-hsp60-EGFP) &tk
AR RESER A ZEXT(EMV261); B:
i 2H 1 (pM V26 1-hsp60-EGFP)

Figure 2 Laser confocal results of Mycobacterium
sp. LY-1 (pMV261-hsp60-EGFP) strain. A: Blank

control (pMV261); B: Recombinant
(pMV261-hsp60-EGFP).

400 |

1103 0 10° 104 10°

25 X IR (pMV261); B: H

Figure 3 Flow cytometry results of Mycobacterium sp. LY-1 (pMV261-hsp60-EGFP) strain. A: Blank control

(pMV261); B: Recombinant (pMV261-hsp60-EGFP).
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Table 2 Promoter characteristics analysis

HP 1D RiEoulE ke T y-35 XAI-10 X )
Gene ID Expression Function Predicted —35 zone and —10 zone (5'—3’) Score
element
G155 04810 P04810 F420-dependent oxidoreductase coenzyme ggcggctttggctggcetgtcacacatcgagtagaacaggttctaa 0.93
caatcg
G155 10585 P10585 Putative protein tggcaactggacaagatttctcagetegetggaattccactacga  0.83
ggcggegeaatact
G155 10665 P10665 Putative protein ctgttgtagcatcgacgcgtatcaatttctagaagcaattctagtttt  0.87
gt
G155_10760 P10760 Enoyl-CoA hydratase ggacttgcggaatgcactaccgataggtatacagtatgtatgtctg 0.84
ageg
G155_10825 P10825 Putative cytochrome P450 hydroxylase cgatttctttactgtaatgtttacggtaatctacttcagagcgatcgg 0.86
tc
G155 10835 P10835 Aldehyde dehydrogenase ggatgactgtaaacaattcaggctggtcggacaateggettegac 0.92
ctgtg
G155_10900 P10900 Rifampicin monooxygenase ggtettgeggcaaggeccccggggtggtgcagaategectecee  0.81
geagttc
G155 26060 P26060 Putative oxidoreductase/short-chain accgttgacaaaccggggcgeacgttccgtatagtttacccaace 0.91
dehydrogenase ggagce
G155 00068 P00068 Putative protein ttgaaaattcgctactgattgcaatcgcaaactaatgaactttgaat  0.94
cgeggeegaa
G155_04700 P04700 Long-chain fatty acid AMP ligase, cgtggatgtgattcataaggctactcaaatatagtttgetggetg  0.89
Mycobacterium subgroup FadD28
G155 04825 P04825 Putative protein acaggcttcgeataggcagtctaattagatagtctcgcaacatcg  0.80
gggat
G155_04895 P04895 Ferredoxin gtctgactggtattegtcaggtgtggtegtattctgtggetgegeg  0.91
cacg
G155_10590 P10590 Leucovorin deformylase gatttactcaccggtacatgcaattttggcaaattaggagtttcatc  0.92
att
G155_10970 P10970 Putative protein aatgtttgcgtgaccgaccgggctgegtctageatcgecaacgtg 0.95
ccaaggcgacttgtagtagcaacccgcageggggtcetgatcag
accgacce
G155 11010 P11010 The glutathione reductase-like protein ggcegttttgecgtaagegeegcetttceggeaaaattectgeecgee  0.97
NrdH required for the reduction of ggctg
ribonucleotide reductase class Ib
G155 25915 P25915 Protein EsplJ, a component of the type VII  ttgtgacaggtgggtcacccggggtceggtaaactccgeageag 0.87
secretion system ESX-1 tg
G155 25925 P25925 Proline- and alanine-rich protein EspK, a  gccctcattaaggcgatcgeaatcaatcacacaataaacacctat  0.86
component of the type VII secretion catga
system ESX-1
G155 04690 P04690 Putative protein ttcgttgccgaaacggeggggaagaacaacagaataacgeega 0.85
tagcagcgggageeg
G155 26180 P26180 Putative acetyl-CoA acetyltransferase acggcttgaccgcagatcaaaggcagtgatacatccgegettgt  0.82
FadAS5S cagagt
G155 09240 P09240 3-sterone-Al-dehydrogenase cggegggtgaccaccatcaccccattggecaagattgeggtgea 0.81
gctcac
G155_26490 P26490 3-ketone steroid-9-a-hydroxylase cttgtaatgacgggctggaccagegeaagtacgtttttgtaacatg 0.86
reductase subunit ttet
G155_07820 P07820 Rieske (2Fe-2S) domain protein gtttgggocgtcaacgtcagtcgecgegacatettcggaggtggt 0.83
cct
G155 06810 P06810 Hydroxysteroid dehydrogenase geggtttggtttgoctgceggggaggttgtacectetttaaggeee 0.80

cgca
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Figure 4 Construction of recombinant plasmid of endogenous expression element. A: 18 expression elements
predicted from 3 up-regulated regions of high transcription level in the literature; B: The predicted expression

elements of five key genes.
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Figure 5 Fluorescence intensity of EGFP expressed by endogenous expression elements in Mycobacterium sp.

LY-1.
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Figure 6 Effects of different endogenous expression elements expressing Cas9 protein on the strain in
Mycobacterium sp. LY-1. A: The colony count of recombinant bacteria expressing Cas9 protein with different
endogenous expression elements; B: The growth curve of recombinant bacteria expressing Cas9 protein with
different endogenous expression elements; pMV261: Recombinant bacteria with empty vector; P10760:
Recombinant bacteria expressing Cas9 protein with endogenous expression element P10760, the rest are the

same.
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