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by cryo-electron microscopy. The protein bS22 is located near the decoding center of the 30S subunit,
and the protein bL37 is located near the peptidyl transferase center of the 50S subunit. Since these two
proteins bind to conserved regions of the ribosome targeted by antibiotics, it is speculated that they
might affect the binding of related drugs to these targets. Therefore, we knocked out the genes encoding
these two proteins in wild-type Mycolicibacterium smegmatis mc°155 through homologous
recombination, and then determined the growth curves of these mutants and their sensitivity to related
antibiotics. The results showed that compared with the wild-type strain, the growth rate of these two
mutants did not change significantly. However, mutant AbS22 showed increased sensitivity to
capreomycin, kanamycin, amikacin, streptomycin, gentamicin, paromomycin, and hygromycin B, while
mutant AbL37 showed increased sensitivity to linezolid. These changes in antibiotics sensitivity were
restored by gene complementation. This study hints at the possibility of using ribosomal proteins bS22

and bL37 as targets for drug design.
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Figure 1 Ribosomal proteins bS22 and bL37%. (A) The position of bS22 and bL37 in the ribosome of M.
smegmatis (PDB: 5061). (B) The structure and location details of bS22 (PDB: 5061). (C) The structure and
location details of bL37 (PDB: 5060). (A—C) Protein bS22 and bL37 are highlighted in bright red, 23S rRNA
is shown in bluish violet, 16S rRNA is shown in gray, 5S rRNA is shown in pink, mRNA is shown in rose red,
tRNA is shown in yellow, and other ribosomal proteins are shown in green.
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) H BBI Life Science), if%Afb& Ml (0.3 g/L,
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THE (R B ARAR), HTEHEMA TH9
SRR THI0 [ ARG 7 3E

PrAER: RIREZR (kanamycin, Kan), 5%
& (streptomycin, Str). JK K% Z (gentamicin,
Gen) M AAETAY TR (B BARAF;
BN EHE  (ampicillin, Amp) . B K F £
(amikacin, Amk), E2JE# &R (paromomycin, Par),
1% % B (hygromycin B, HygB) IJ [ BBI Life
Science; Fl|Z3MEf% (linezolid, LZD) Wy H FifFZ
SEMRAAE R A PR A 7] ; Bl 35 (capreomycin,
Cpm) W 7 #130 BAERI b B EABR A w5 B
JHFHI %5 2R (apramycin, Apra) W H Sigma 2\ F] .
1.1.3 FENHE

SW-CJ-2F Hfb#ES (RNE i & H
BRAF]), HZ-9211K fHIRFEFRIEIR (LR
FERIR B A ), GNP-9080 7Y 7k 5 1 Ik
B (R R LA R, 5415D
SR HEE.OHL (Eppendorf), 5804R 2 e
ZRES.OHL (Eppendorf), H#E PCR {Y (Eppendorf),

Table 1 Plasmids used in this study

Plasmids Relevant characteristics Sources

pXL1 ori p15A, OBTI int, Kan®, $C31 _attB and attP, SacB Lab stock

pXL2 ori p15A4, $C31 int, Apra®, TG1_attB and attP, SacB Lab stock

pXL3 ori p15A4, TGI int, Hyr®, BT1 _attB and attP, SacB Lab stock

pXL12 OC31 int, Apra®, ori p154, oriM® Lab stock

pCQl1 pXL12 derivate, TGI int, Hyr®, ori p154, oriM™ This work

pCQ9 pXL1 derivate, Kan®, SacB, Amp®, $C31_attB and attP, upstream and downstream homologous This work
fragment of mc?155 MSMEG_0945 (gene bS22), used to delete gene hS22

pCQ10 pXL1 derivate, Kan®, SacB, Amp®, $C31_attB and attP, upstream and downstream homologous This work
fragment of mc®155 MSMEG 1916 (gene bL37), used to delete gene HL37

pCQl11 pXL2 derivate, §C31 int, Apra®, Amp®, TG1_attB and attP, SacB, upstream and downstream homologous ~ This work
fragment of mc? 155 MSMEG 0945 (gene bS22), gene bS22, used to complement gene bS22

pCQ12 pXL2 derivate, $C31 int, Apra®, Amp®, TG1_attB and attP, SacB, upstream and downstream homologous This work

fragment of mc® 155 MSMEG 1916 (gene bL37), gene bL37, used to complement gene bL37

http://journals.im.ac.cn/cjben
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Table 2  Strains used in this study

Strains Relative characteristics Sources
Escherichia coli F~ mcrA A(mrr-hsdRMS-mcrBC) ®80lacZAM15 AlacX 74 recAl endAl Invitrogen
DHI10B araD139A(ara, leu)7697 galU galK A rpsL nupG
Mpycolicibacterium Wild-type Lab stock
smegmatis mc?155
AbS22-Kan® me? 155AMSMEG 0945, bS22 gene was knocked out, Kan®, $C31_attB and attP This work
AbL37-Kan® me? 155AMSMEG 1916, bL37 gene was knocked out, Kan®, $C31_attB and attP This work
AbS22-Apra® AbS22-Kan® derivate, harboring pXL12 This work
AbL37-Apra® AbL37-Kan® derivate, harboring pXL12 This work
AbS22 AbS22-Apra® derivate, without pXL12 This work
AbL37 AbL37-Apra® derivate, without pXL12 This work
C-AbS22-Apra® AbS22-Kan® derivate, complement gene bS22 (MSMEG_0945), $C31 int, Apra®, This work
TG1 attB and attP
C-AbL37-Apra® AbL37-Kan® derivate, complement gene bL37 (MSMEG_1916), $C31 int, Apra®, This work
TG1 attB and attP
C-AbS22- Hyr® C-AbS22-Apra® derivate, harboring pCQ1 This work
C-AbL37-Hyr® C-AbL37-Apra® derivate, harboring pCQ1 This work
C-AbS22 C-AbS22-Hyr® derivate, without pCQ1 This work
C-AbL37 C-AbL37-Hyr® derivate, without pCQ1 This work

SIS E i PCR {X CFX96™ (Bio-Rad), Hi,
ZEfLIL (Bio-Rad), 4376t 1T (Eppendorf),
NanoDrop 2000 (Thermo Fisher Scientific),
Synergy™ 2-Z IIHERFFRIY (BioTek), Tanon-2500
DNA BER R (i REEFHA R AR,
Tanon EPS 100 %Y DNA HLJk{Y ( F1 KEERME
AR/ F]), Scientz-48 Eiil & H AW EERS (T
B2
1.2 7H&
1.2.1  FRhitiiE

A5 FORL AL i 5 A b 45 R BLid ik PCR 9
BARAS, BT EI Y RIS nER 3 s,
] ClonExpress™ II/MultiS One Step Cloning
Kit (W [ B 50 v MEE A D BB A BR 2 )
JCBE vE R A I B b, i MR UL ] 5 e il 34 4
RN R, ZIEHEH - YIRI] CaCly 5L
ZRHHTE DH10B B2 S 4 o 5 524015
)5 B BRI AT =N BT A R b RR
MR, AN ERLWRE N 50 pg/mL, K

&: 010-64807509

FERAWTL N 100 pg/mL, [iEER B LWEN
150 pg/mL) A9 2xYT [E A8 725 b o555,
PRHCT-HR b BH M v B TR 7 B R 8 5 2 X 500 O
FHEUTRL, 5 20K Hh IO R B AR
YIRhH A B A58 BT, DAR O B A 8 1) o
K45 b B R 6 HLG SR AE o
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A A P B A B R LT R A
Y35 o3 BT B R L i A (R AR AR AR AR
¥ : Bio-Rad 2 mm, S HKE.: HIE
2.5kV, HBH 200 Q) #AA HERE T
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) B R TR, R Rl I S5 DR A — BB R i o A — %
OC31 arr P B RABE RPuPEAR L 5L &
(# 2 LIRO) . Ry T HEBR I PTIE bR 10 3 R S5 2
SRS, BT ARAT I AR AR T e A A
Hik-3J5 3 AS A A T SR 52 1) F oriM™ FGC31 A
ML (gC31 int) BYIR MR pXL12, HF
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x3 AARFAARSIY
Table 3 Primers used in this study

Primer names Primer sequences (5'—3") Size (bp)
bS22-Up-F ATTAAGCATTGGTAACTCGAGCTGTGTGAGCGGCAACTTCCTGTG 45
bS22-Up-R AGACTCCGCAGTCTCCGCTA 20
bS22-Down-F CGTACAATTGGATGCGGTTGCTTTCTGCCGCGGCCGCTAG 40
bS22-Down-R CATCGGATAGATCTCCTCAG 20
bL37-Up-F ATTAAGCATTGGTAACTCGAGCTGTGCACTTTCACGTCCGGATGG 45
bL37-Up-R CCTGGTTGTCTTCTAGCCCC 20
bL37-Down-F CGTACAATTGGATGCGGTTGAATGATCCCTCCAGACGTTT 40
bL37-Down-R TTCCCGGTGGGAAACAGTGG 20
bS22-KZT-F TAGCGGAGACTGCGGAGTCTCCTGGTGTCCCTGTTGATAC 40
bL37-KZT-F GGGGCTAGAAGACAACCAGGCCTGGTGTCCCTGTTGATAC 40
KZT-R CAACCGCATCCAATTGTACG 20
bS22-SA-F CGGCTCTGAGGAGATCTATCCGATGGCTGGAGTACGACCCATCAC 45
bL37-SA-F CCGGCCCACTGTTTCCCACCGGGAAGCTGGAGTACGACCCATCAC 45
SA-R ACAGCTCGAGTTACCAATGC 20
bS22C-Up-R CGGCAGAAAGTTACTTACCG 20
bS22C-Down-F CTTACCCAGTTGGGCGGGATCTTTCTGCCGCGGCCGCTAG 40
bL37C-Down-F CTTACCCAGTTGGGCGGGATGAAGACAACCAGGTCAGGCG 40
bS22C-AZT-F CGGTAAGTAACTTTCTGCCGACGCAACCGAACTCATATGG 40
bL37C-AZT-F GGGGCTAGAAGACAACCAGGACGCAACCGAACTCATATGG 40
AZT-R ATCCCGCCCAACTGGGTAAG 20
OriM-F CAAAGGAATAGGGTGCTGGGAAACAAACCACCGCTGGTAG 40
OriM-R TCGGAATCGCAGACCGATAC 20
Hyr-TGI1-F GTATCGGTCTGCGATTCCGACTAGCTTGCAGTGGGCTTAC 40
Hyr-TG1-R CCCAGCACCCTATTCCTTTG 20
22-U-F CCGGTGACGGGATCTATGAC 20
22-D-R AGCGTGTGCTGGATGGTCTC 20
37-U-F GCTCGTGCGGAAAGCTCATC 20
37-D-R CGGCCCAGGTAGTGACATTG 20
UI-R CCAGTTACCTCGGTTCAAAG 20
D1-F GCTTGCCGAATATCATGGTG 20
U2-R CGTACGTGTCCATGCGAAAC 20
D2-F GAGGCGGGATGCGAAGAATG 20
22-G-F TGCTGGAGACCTCGTACTTC 20
22-G-R GCTTGCGATGCTTCTTCTTC 20
37-G-F CACTGCGGATGACCCGTAAC 20
37-G-R TGACCGCAAGCACTCGAAGG 20
22-X-F GGGTTGCGATGACGTCTATG 20
22-X-R CCAGAACGTCCATCAGAATC 20
37-X-F AAGCAGCACCTCGAAGAATG 20
37-X-R TGATCGCCCTCATGAACCAC 20
qPCR-sigA-F CCACCGGGAATTCGTAAGAC 20
qPCR-sigA-R CTTCACCGGCTCTTCGGTTG 20
qPCR-22-F TCATCAAGAAGCGGCGTAAG 20
qPCR-22-R GAGTTCGCCGAAGCAGCTTG 20
qPCR-37-F TCAGGCGTTGGGTCGCTTGC 20
qPCR-37-R CCAAGCGTGGCCGCAAGAAG 20

The homology arms of the plasmid construction primers are indicated in italics.

http://journals.im.ac.cn/cjben
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Figure 2  Strain construction flow chart. Step (D: using homologous recombination, the target genes on the
genome of wild-type M. smegmatis were knocked out respectively to obtain the knockout mutants with the
kanamycin resistance gene. Step @): the exit plasmid pXL12 was transferred into the knockout mutants to
eliminate the resistance gene. Step (3: using homologous recombination, the knocked-out genes were
complemented in the two knockout mutants respectively to obtain the complemented strains with the apramycin
resistance gene. Step @: the exit plasmid pCQ1 was transferred into the complemented strains to eliminate the
resistance gene. The red arrows in the figure indicate the validation primers designed in this study.
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BREBARIWIES. FEB AR, BRI
58 F B UG AChFa e SR A R IB A .

2 ZREM

21 BMERMEBRIELER

7E 57 A BOREYR A BB me®155 w4y il%
A bS22. bL37 HEPHERRFR pCQI9. pCQI0,
TEVS N 50 pg/mL RAREE R 1 10%FE4E -4l |
i e WE 4 A B . FERBR R AbS22-Kan® |
ABL37-Kan® 4055 A bS22, bL37 FE[H [A]4h
JERL pCQ1L, pCQI2, TEARNN 50 pg/mL FTIAHE
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BER A 10% FEME (1) - 07 BE A5 $6 T 41 1 .
PRICE A B BRI s fEEA T PCR BiE, Bk
YiRIREWE 2, 5I9FH0ER 3. 5l
B UE R SRR A R B RIS 14 U-F/UL-R,
D1-F/D-R Bl [R5V i 584t , 514 G-F/G-R %
TIE L PR R 5 0ol B 1R B0 [ e Mk 1 ] D5
RS9 U-F/U2-R, D2-F/D-R B HE[R VA
B SEH . 4 PCR Pt T s BE I LUk , 45
B4 3A-D AR, K 3A H, X HUEP AR BB RE,
1. 4 STRRAIEN bS22 M hiilk; & 3B, Xt
OB AR RGP, 1-3 S5 PRI LR BL37 B RBR o
K 3C H, XFHCERR AbS22-Kan®, 1-6 SHFRIK
FE bS22 B Pyl % . B 3D Hr, XF LGRR PR
AbL37-Kan®, 2-4 S FRAILH bL37 BT EI#D
¥R W BT R pXL12 43 A % A e BR Bk
AbS22-Kan®, AbL37-Kan®, ZEZHN 50 pg/mL fif
TAPLEE 2 A AR 0 BERH Y T AbS22-Apra®
AbL37-Apra®, KR H Bk pCQ1 43554 A [l bk
C-AbS22-Apra®  C-AbL37-Apra®, TEZSII 100 pg/mL
TN ER B SRR Ff PHE 5 C-AbS22-Hyr® |
C-AbL37-Hyr". ¥4 b FHE FEpEEF T PCR
U, 5149 X-F/X-R A FRIEBU AR 5L 1Y)
MR, SO RE LK 2, 5197500 3,
¥ PCR A T i e WEBE I HL Uk, 45 R LKL 3
E-H ZM LKL, PrikFE iSRRG PCR U351 A
BONTHU B BR AT E 0  B .

PEHLZ: PCR B uEe M 5 DX TH Bk B 2 i) o
B, A 4aal s O I o 5 3 TR (8 J5 s 7 T Ak
A T ER . ARG R, TP
B R A AR RS 3R S, R FE S Al
NEHUA TR A O AR 2P B AR, RIARTE
PR R A RS R I 3 E-H A PR,
FETCHAE R AR BRI AR K HAEDUAE R PR
TCiE A o B UE B A I AR S BORL B bR . B
2y B AR AT AN A AR T T PR DR Y R RR B
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ADbS22. AbL37 Fllal#hik C-AbS22. C-AbL37,
2.2 R RIKFIIE Ak E E B9 B R E B b

73 5 BCEY AR RUGEYG o ACFF TR WT, R
Rk AbS22, AbL37, [Al4bk C-AbS22. C-AbL37
) RNA, S5 IF AT S 980 & PCR, 45
R 4 Frs.

53 LU AR UG 2 RO AF T o bS22 BL37
FE DR Y R 3k 1 X R, DI SR KT B TE TR AR
AbS22 . ABL37 W43 5%k 32 19 35k DR ol 2 5 B ke
B, LAKHEFRR C-AbS22. C-ABL37 "h435%ti%
PR A 5 R R ) SB[l A
23 FBMHMBERKEESHEER -

TEHRT AL 1) R BR R ABS22, ABL37, LLEY
A TG A3 AR WT SRt B, I bR AE A
[F]ESF[R] 85 ODgoo, FF2HIAERHTZR (K 5),

WA AR R, R B A A% AR R
1 25 DR ) 5% % R R 1 A A B A A I
AU
2.4 ERRERA A R A B RS N

R T RGP AR R 1 R R
539923 5 W AR AR P S e L RHE i i A R
PRI, ASHIE S LB A B HEIG 43 AR B8 A %o
B, SRR T ILRMHC BT A RIS . I THEE
HE W P A R AT AR S, E A T
XS Az 22 X6 BT AR AU I 23 AR TRT A B AT TR
W MIC, 455303 4 iR,

%% MIC 4559, 78 TH10+OADC [ 1A K 5%
FEV A b 3 SIS I AS [R) A 2 A 0 Wk R B A
R, ¥4 ODeoo T Tl 7 AH [R] M JBE 1) £5 21 TR VR R A 7
o BERR RE b, FF LATCHU A 28 in A il 44 Al
YERXTRE, 255 & 6 iR .

WLEL SR 25 AT AL, ARSI AE R BT,
PP A UG RR . B AR AN [l RMR A A B A K
WA 225 . TEMINRIZS MR i P b, 5
P BT ME WT AL, AR ADL37 B4R Z 3
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Figure 3 Validation of the targeted strain construction. (A—D) PCR validation of gene knockout or complement
strains. Lane M: DL 5 000 DNA ladder; lane WT: PCR product of wild-type strain. (A) Gene bS22 knockout
verification. Lane 1-4: PCR product of strains to be verified. The PCR fragment sizes of the upstream
homologous arm, downstream homologous arm and target gene are 2 675 bp, 2 525 bp and 274 bp, respectively.
(B) Gene bL37 knockout verification. Lane 1-3: PCR product of strains to be verified. The fragment sizes of the
upstream homologous arm, downstream homologous arm and target gene are 2 741 bp, 2 811 bp and 890 bp,
respectively. (C) Gene bS22 complement verification. Lane A: PCR product of strain AbS22-Kan®; lane 1-6: PCR
product of strains to be verified. The fragment sizes of the upstream homologous arm and downstream
homologous arm are 2 596 bp and 2 319 bp, respectively. (D) Gene bL37 complement verification. Lane A: PCR
product of strain AbL37-Kan®; lane 1-4: PCR product of strains to be verified. The fragment sizes of the upstream
homologous arm and downstream homologous arm are 2 550 bp and 2 693 bp, respectively. (E-H) Left chart
shows the validation of the resistance gene elimination from the genome, lane M: DL 5 000 DNA ladder; lane -:
PCR product of strains that have not eliminated the resistance gene; lane +: PCR product of strains that have
eliminated the resistance gene. Right chart shows the verification of the exit plasmid elimination, the strains were
cultured on solid medium with or without antibiotics at the same time. (E) Verification of the elimination of 5522
knockout resistance gene. The PCR fragment sizes before and after resistance gene elimination are 2 511 bp and
567 bp. (F) Resistant gene elimination verification of L37 knockout. The PCR fragment sizes before and after
resistance gene elimination are 2 404 bp and 460 bp. (G) Resistant gene elimination verification of 5S22
complement. The PCR fragment sizes before and after resistance gene elimination are 4 510 bp and 650 bp. (H)
Resistant gene elimination verification of bL37 complement. The PCR fragment sizes before and after resistance
gene elimination are 4 379 bp and 519 bp.
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Figure 4 Verification of gene knockout or complementation at the transcriptional level. WT: wild-type
strain. (A) AbS22: gene bS22 knockout strain; C-AbS22: gene bS22 complement strain. (B) AbL37: gene bL37
knockout strain; C-AbL37: gene bL37 complement strain.
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Figure 5 Growth curves of wild-type and knockout
strains. WT: wild-type strain. AbS22: gene bS22
knockout strain; AbL37: gene bL37 knockout
strain.

R4 BHRESHATE MIC ME
Table 4 Determination of MIC of Mycobacteria
smegmatis

Antibiotic names MIC (pg/mL)

Linezolid 1-2
Capreomycin 4-8
Streptomycin 0.5-1.0
Kanamycin 0.5-1.0
Amikacin 0.5-1.0
Hygromycin B 16-32
Paromomycin 1-2
Gentamicin 1-2
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SRR S AP, IR S BB RR C-ABL37 YR Y
ARIEPRAE (B 6A). MHELTEFAERIE R WT,
FtR AbS22 TEI MBI R . FIBER . PPk
. ERER. WEX B, KKEXAHERN
SR B AR 2 F B R P, IR S A
PR C-AbS22 WK EFAEFIPPIREGS (B 6B). $iAR
Mif 245 SR 25 SRR, SRR T4 PR i 7E il
PR I AT A R A USRS n .
3 Wik

WK L0 TR 41 %E . R
SE LA K P T R B AT 8 AR R 2 O HE SR
FH o AT 5 78 B A B YR 43 BOFF R me®155 Higy
SRR T AE 53 BOFF TR AZ R 87 % th iy A
1 bS22., bL37 WL, EBH X A8 I X
PR R ) A AR AR R AR AT 1 . BeAh, SE A
BRI, R Ik PR A 5 DR A e IR X T TR R
B A A R R AT B SR 5

WP R AL, KR AbS22 Xt
GMER., RIB&EE. PFORRE., BRER.
WER B, KRE R MR R HUSPER
FIR ABL37 Yo 7 2% W frig 1 SO 368
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2.5d 5.0d
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HygB 16.0 ng/mL
5.0d 4.0d
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Figure 6 The knockout strains showed increased sensitivity to some antibiotics. The dilution factor of the
bacterial solution is marked on the top of the pictures, the names of the strains are marked on the left of the
pictures. The names and the concentration of the antibiotics, and culture time are marked on the bottom of the

pictures. (A) Results of AbL37 antibiotic resistance test. (B) Results of AbS22 antibiotic resistance test.

BB A rhut i 308 3V K5 R T X
L 168 rRNA $2J5E had A TR AL, AR
STAZATER A1492 (h44). A1493 (h44) il G530
(h18) LI K MR 1 S12 (Prod5) 7Effgid
FRrPECHEVET, H had ZHRLN 308 3F L X I
T HLAR IR X I 2 Rk s

QIR REE R HATE T 440
LEA%ZNY), TR 16S IRNA HYIZE had . h27.
h18 LA MEBHAE M S12, SR A1492
il A1493 MR A ML, THAZME RS .0
5 05— 11 2 %88 A - 22 [ i 7 O A X,
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WF A1492 A1 A1493 g HE, M Al
A i BRI (RNA 925 4 ok 14 0 158 g
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4 16S rRNA 1) hd4, EASHIBEE RS, X
M3 I (RNA Fl A 7S 0FEFTT, ] (RNA
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RIS IRIRZG Y, HE5 G F LT 16S rRNA
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2 EIEH R PUE R RN E R e s &
16S rRNA 1 h44, [t mRNA BHIERIIR LS,
HIR 3-G A BEAERZIAR L 856 00 5 5
HEBEAM KR EERIRERNATAEY,
HEre W )E T L4 %249 .

WM AR AR IBE S RS Wl P 0o ) A o7 R4 5E J2 1R
23S rRNA B TR U2504 . A2451 Fil C2452
e BB T, KZ25045 G 508 WARPiAE R
fiefigim et S AR aa-tRNA 2 BLRR b 55 4
SO A o7 S5 I 2 1A R,

1) % A P 0 AR o R IR P R B, R
FEMEOR R IR LA, S
23S rRNA Z5g3k V1% KL 56 55 g 2R T8 i 1
rRNA 48254, FFRLIE R FERD, A Zsmk
JE ) R FE TR A ME S AR C2452 |, FHOEmk
BRI 5 AL U2504 AHEAERT, 58 G ik
WREE RSB R0 A A D1 2E5% . LA, FIZS MBI
HATB S aa-tRNA 1) CCA Kbl , 3 1l 6
FHHPE O,

A S P B 1 3K PR A AR B T 4
AR, BB ST TR, A AL BE
YERFIE R ECAA TRE BRI R , NS5 B AR Y
AR, BN, ENTHA BR A AT, B
VI REAE X H B e 23 [B] 25 44 A RS P A 5 ),
R Z 5, AT T — RIME R SR
R IR A 3R B BB A AR T AR A

WG A SCIR R T ARBHASE T bS22,
bL37 AIREVE M2 T ZERE S, e TR
TR ST RE A S HAE R DR S HiAE R AR
wAEA, (HEARM LA Rt — 455 .
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