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Abstract: [Objective] To reveal the function of PE PGRS15 from Mycobacterium tuberculosis.
[Methods] A recombinant Mycolicibacterium smegmatis strain heterologously expressing
PE PGRS15 (MS-PE PGRS15) was generated. The colony morphology, cell surface
morphology, and envelope structure were observed by a plating method, a scanning electron
microscope, and a transmission electron microscope, respectively. The localization of
PE PGRSI15 was detected by the cell fractionation assay. The resistance of the recombinant
strain to environmental stresses and antibiotics was measured by the killing curve method and
micro-broth dilution method. The permeability and fatty acid profile of the cell wall of the
recombinant strain were determined by dye uptake assay and gas chromatography-mass
spectrometry, respectively. The functions of different domains of PE_ PGRS15 were analyzed by
protein truncation and fusion experiments. [Results] PE PGRS15 was located on the cell
envelope of MS-PE PGRS15. MS-PE PGRS15 showed altered colony morphology, envelope
structure, and cell wall fatty acid profile, with noticeable increase in resistance to multiple
environmental stresses and antibiotics. The dye uptake experiments with ethidium bromide and
Nile red suggested that the cell wall of MS-PE_ PGRS15 was more impermeable than that of the
control strain. The PGRS domain of PE_ PGRS15 affected mycobacterial cell wall permeability
and stress resistance, while the PE domain was involved in the transport of the protein to the cell
surface. [Conclusion] PE PGRS15 was present in the cell wall fraction of MS-PE_PGRS15 and
influenced cell wall permeability and colony morphology, ultimately enhancing the resistance of
recombinant M. smegmatis to stresses.

Keywords: PE PGRS15; Mycolicibacterium smegmatis; stress resistance; cell wall permeability;
overexpression
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7~ T PE_PGRS15 & [ HAK Y RE , ik — P45
Z PE_PGRS WK HHE1E Mtb A3
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Tween 80 MPUAERSEW AL TAY TR(EHE)
ety A B2y 7. BCA Protein Assay Kit, F#7
Myc PiiRIE B L3R = RAEYHE ARG RAFA
HMHESE R S A ) 59 U )T (carbonyl cyanide
3-chlorophenylhydrazine, CCCP)Il H Jt 5t 2 3K
FERHEA WA A BREIE N IR . %G M
B DNA B4 A A3 EERALE)OA
BRI A H BE A HOR AL ) A R A BokE
PR . B & BT His BRIl
B R AR ) A BRA /516 i
DRI 7 359 F b 7S A AR SR R A BR A W]
PR A wl SE i oAt S 36 A0 24 | E
M= REWHARGBRA A5 AT
1.2 HHRNANEROGERIERZHE
AR LI ERIER 1, BEEY
FEAR A Mtb 5256 2 AR iRk H37Rv Y EERI4H . 97
#% PE_PGRS15 @KL M514°4 261-15FL-For
1 261-15FL-Rev, 41 PE PGRS15 I PE 454
B(LLFFR 1SPE)RISI¥h 261-15FL-For #l
261-15PE-Rev, 471 PE _PGRSI15 ) PGRS %5t
(LA IR 15PGRS) 51 ¥1h 261-15PGRS-For #il
261-15FL-Rev, ¥ 3% PE_PGRS33 1Y PE Z5f4sy (DA T
FK 33PE)5 4914 261-33PE-For £l 261-33PE-Rev.,
Sefdi A 261-33PE-For Fil 33-150verlap-Rev 5479
14 33PE FrBx, [AIHEA 33-150verlap-For #i
261-15FL-Rev 5|41 1 15PGRS HBf; Pl
& PCR H A% 33PE 1 15PGRS Bl & KK (VAR
PR 33PE-15PGRS), 5144 261-33PE-For
H1261-15FL-Rev., PCR j”#)5 pMV261 J5ifi 435l
FH EcoR 1 1 Hind NLFEAT A f5 , F T4 %4
it BT 3% 7 A A W A EE A SORE ;PN EE
ki r AL A M. smegmatis B2 A, AR MR Y
FAH . M. smegmatis X H A R FET 7THO 7
PREEFRIE, RIRHRIN 0.2% (RFRE0 H i, 0.2%
R EO M A FER 0.05% (RFE 4L
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Table 1 Primers used in this study
Primers Sequences (5'—3") Restriction
sites
261-15FL-For GCGGAATTCATGTCGTATGTATTGGCGAC EcoR 1
261-15FL-Rev CGCAAGCTTTCACAGATCCTCTTCAGAGATGAGTTTCTGCTCGCCGGGTTGGCCGGCG  Hind III
261-15PE-Rev CTGAAGCTTTCACAGATCCTCTTCAGAGATGAGTTTCTGCTCGATCAGGGGGCGCCCG  Hind III
261-15PGRS-For CGTGAATTCGGCAACGGCACCAATGGTG EcoR I
261-33PE-For CGCGAATTCATGTCATTTGTGGTCACG EcoR I

261-33PE-Rev
33-15overlap-For

AGTAAGCTTTCACAGATCCTCTTCAGAGATGAGTTTCTGCTCGATCAGTGGGCGCCCCA Hind 1II
GCGCCCACTGATCGGCAACGGCACCAATG

33-150verlap-Rev  CATTGGTGCCGTTGCCGATCAGTGGGCGC

The underlined lines represent the restriction sites. The italics represent Myc (human c-Myc proto-oncogene) epitope tag.

Tween 80, 7EXFFFEH AR, AN 20 pg/mL 1
RIBEE =R By I Bk &%
1.3 Western blotting #& | EHE QAR X

B IR EAE K I B 41 M. smegmatis,
VEP IR T 22 P[50 mmol/L Tris-HCl
(pH 8.0). 300 mmol/L NaCl, 1 mmol/L PMSF %
1 mmol/L DTT]H', #K F 7 30 min (TS5 s,
B 5 s, 30%I5), BE.OIUE B (7 BCA
Protein Assay Kit I 5A¥ 4 8 R BE o HUAH [R] BT
) 24 L 2R A R A T o B IR ) R TN s T e
%E it B YK (sodium dodecyl sulfate polyacrylamide
gel electrophoresis, SDS-PAGE)/Hr, KikE i #
2 B 9 LM (polyvinylidene fluoride, PVDF)E[]
PR b, BB Mye Pridaiil 2 & 3Rk .
14 THESRSBREENEREM

M. smegmatis .4 ifl 5324 53 2 5L 5 275 SC
BR[11] A7 o B0 W B 0 2502 K i 2 24
M. smegmatis, P& IFHE T 22 ok, WS
WERE . 3 000xg 5.0 30 min, |3 R 44l 24
f# W (whole cell lysates, WCL), # WCL 7£
27 000xg 5.0 J1 F UKL .0 60 min, TLIERD N
41 L BE 2H 43 (cell wall fraction, CW), ] F i) F 3
BV A7 241 Jit B R 20 9 5% 2H 49 (cell membrane and
cytosolic fractions, CM+Cy). Frf &.0 4 5

TE 4 °C T 58 il B[R] 5T & 1Y &5 41 40 FF it e A T
Western blotting 73 #7. M. smegmatis 1 N I
GroEL £ 1 & — P A BRI, 7T LAgE$T His
PREEHUATEIN2Y, DR ok FLAE A 415 Y 5 7R
HH
1.5 HEiKihZeryaHl

¥ EZH M. smegmatis 73 J135 55 T H & R
FERI 0.5%H 3, 0.2%#Z5 4 FIl 0.05% Tween
80 Y 7THY 1iFRHe)sIEA R IR ELASIN 0.05%
Tween 80 [ il K5 7R FE)H, JRHEAL IR ODeoo [
F£250.02, f£ 70-80 h BB N, HHFE 6 h
5 12 h IO, e ehilERK 4.
1.6 BEEMSHUE

W HE N EE A R VR AT T THL0 [EARRE IR
37 °C 1557 5-6 d M FHERS HIALY B 75 E1 THARE.
1.7 AEBENARMAREES

BSOS B K I E 4 M. smegmatis,
VeI TR T 2.5%)% [ e b [ e ok, &
W IR IG Y SRR Ab 3 BRI BT R T
Lhig, BEFEfmnE Em4E, FEusdnit,
1.8 EHTBEEMERMA G IR (cell envelope)
5

B ISR B KA E 2H M. smegmatis,
PRI E T 2.5% )8 ¥ [ W P [T € 10 min,
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PR, HARRASEET 5 min, 1%BEE R Y
{6, 3 min, HARREBT 15 min, FEWEFAR,
1.9 EfEHENEN

B X B KA B4 M. smegmatis,
PESRIFEET THO Bigrdhh, ARG ODeoo
HZZ 0.02, K I 4 3 XA [A] e 07 4544 1
R R ARORE 0 R L o B S W) R Y
SDS. H,O, FI & B i Ab ¥ 8 . 12 F1 24 h,
DL R FAS [ A B2 BR A 25 A A0 B 6 ho DA I
2 TR RT AN [R] F J7 4% A2 F B T) A0SR ) e,
H A HITE 0.075% SDS. 10 mmol/L H,0,.
500 pg/mL A EEEK pH 5.0 MIFRYE S 1F T 4b 21
8-24 h. EHBEXHULA R WA E LKL S
WESCHR[ 13137 5
1.10 EFHEXE ZRIEUEREITEN

2 RN B AR B A UM RN 545 S /)
P & ¥ (minimal inhibitory concentration, MIC),
TR B A BT AE 2R MIC {27 SCHR[14]
AT o X B K W (ODgoo 294 0.8) ) E 2H I8
JHE W T 2 5x10° CFU/mL, 433 i Heepoin AR
Wb, DL 2 SRR, T 37 °C
FESTE 3 dJE, SRIRE, fLATCH] B4l
R AE K VR BE B Az B A 2R MIC fEL.
1.11 2 40 A B2 58 i 14 A 4G

MR AK 2, %% (ethidium bromide)F1JE & 21 (Nile
red) B 43 ) FEL AR A 000 240 B %o 2 7K AR 7K
AL A P B R R R 4 7110 ol
MR RIWEA R, EEIFEETE 0.05%
Tween 80 F1 25 mmol/L % 28 b 09 B IR 9% b £h 145
& (phosphate-buffered saline, PBS)H . ¥ 100 uL
2 TR TR B TR A B 96 FLue B, 43T fL
FRANINZAHR BE N 2 pg/mL YRALZBEE 2 pmol/L
e & 2. S BV H 2 D e B An SR I 2 1A
KR AL S B2, BB UL 545 nm, &
SR 600 nm; Kl Je B 200, 1% E ORI
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KN 540 nm, KPP 630 nm. S E Gk}
1) & AR e a2 BIAMEAR s, FERE Ak 2,
BT LI E LT, Rl AL IE N
0.625 pg/mL M AMFR KR FPEMSIF Ccccp, H
23 SR AR
1.12 BEREREE 2 4f

W EA RS B R, B0 BUER:
A, RR2FHREIEERNARAE, #1705
DT B 7 £ 53
113 HUHFESH

i | GraphPad Prism 5 #A{F3E17 5011244
Mr, Z410 25 50 SR L 2= 2534,
i —2 I NP EL R Students” t K,
P<0.05 WZEFAGIEE L. RZEBIURIRME
{i# 2% (standard deviation, SD).

2 XRS50

2.1 PE_PGRS15 EfFHMEREFELT
BEHEMNEEESRMBEIRE

fdi ] PCR J7 1:9" 3% pe_pgrsl5 3t A (K &
1 821 bp), FRAGFK/NEMAY HFIEFE(E 1A).
MS-PE_PGRS15 H 24 i ik 2 50 kDa i H i 45
1, T MS-pMV 7 25 W AT 4571 (8 1B), 3t
BH AR A R T o ST 200 I 43 2 3 5 S B 0 3]
PE_PGRS15 Efi T MS-PE_PGRS15 HAHH N
IEELL /(] 1) AR BN, 1 Fik Kt
AT REXTfE FERE A, TR R A
AT S TR — AT RE, K MS-pMV &f
# Al MS-PE_PGRS15 EA W B HRTEE
B R M AR 2 b, g5 R BIR RSB
PE_PGRSI15 A0 E 241 1 72 K: SR L b i A= K
(K 1D, 1E).

PIIRALEE T TH10 AR R EAEK 5 d Y
MS-pMV 25 # 5 fil MS-PE_ PGRS15 B4 # , &
W HEEEEZETE . frH 2B g 4



R | AR, 2023, 63(12) 4649

¥
wa ¥ W
b 75—l WCL CM+Cy CW
P ;
— e PE_PGRSI5
2000 e
50—
Lo e GroEL
500 371
a-Myc
D -o- MS-pMV E -~ MS-pMV F
4 - & MS-PE_PGRSI5 1.5 - MS-PE_PGRSI15
3
1.0
s :
0.5
1
& 1 I | ) t—ar—BrS 1 MS-PE _PGRS15
0 20 40 60 80 0 20 40 60 -
Culture period (h) Culture period (h)

MS-pMV

MS-PE_PGRS15
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Figure 1 PE _PGRSI15, a cell wall-associated protein, alters the colony morphology of Mycolicibacterium
smegmatis. A: PCR amplification of the pe_pgrsl5 gene from Mtb H37Rv genome. B: Western blotting
demonstrated the heterologous expression of Myc-tagged PE_PGRS15 protein in recombinant M. smegmatis.
C: Proteins from whole cell lysates (WCL), cytoplasmic membrane and cytoplasm (CM+Cy), and cell wall
(CW) from M. smegmatis expressing PE_ PGRS15 were separated by SDS-PAGE and detected by Western
blotting. Cytosolic GroEL was detected as a cytoplasmic control. D: The growth of MS-pMV and
MS-PE_PGRS15 at 37 °C in Middlebrook 7H9 liquid medium was monitored by determining ODgqg at 6 h or
12 h intervals. E: The growth of MS-pMV and MS-PE_PGRSI15 at 37 °C in Sauton’s medium was monitored
by determining ODggo at 6 h or 12 h intervals. F: MS-pMV and MS-PE_PGRSI15 strains were grown at 37 °C
on 7H10 agar without Tween 80. Pictures were taken on day 5. MS-pMV and MS-PE_PGRS15 were cultured
in 7H9 medium with 0.05% Tween 80, and at an ODgg of 0.6, the bacteria were harvested for scanning
electron microscopy (G) and transmission electron microscopy (H). Two representative images for MS-pMV
and MS-PE PGRS15 are shown. Experiments were performed three times, and similar results were obtained.
Error bars indicate the standard deviation.
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FOFFIRTEAS, BI85 W RIS B 0] () 48 4 25
¥ 5 TG R TR L O FRS TR 1F). A
R B R A VR T2 A AR AL A1 S TR R SR
T ZE A AR S A AR R B, E e
A RIEDE RS 7 T E WL 22 5 (K 1G).
SR, BHT ARG WA LI, S5XMAML,
MS-PE_PGRS15 4 i HA 8 1Y 4 17 45 14
(K 1H). VA 455K 1, PE_PGRS15 J&—4H
Mg, HRENLT M. smegmatis 1 B
TRILA KA M 254
2.2 MS-PE_PGRS15 EHEXIREE S
Bt

3 AT R AR T v B 52 4% 1) 240 40 RS 45 1
FEIZ 8 4 DA HCHT L 5 200 B P 5 R R B TR - G 3R
(1RG5 N oR =W = ol ST 7/ BN W) 4 g
FAOFER R PRI T RN, A5 E
ZLUEH] PE_PGRSI15 J&— MR HAHCE M,
A AT RES I B A XU R IR R T . R,
Skl MS-pMV %5 #7# #1 MS-PE_PGRS15 H 4
X SDS . HyO, . ¥ I il S PRk 25 A 1y iU
WA R R LR a5 R B, M
MS-pMV 2z 2 # M H , MS-PE_PGRS15 T4 # /)
FXF 0.050%7F1 0.075%09 SDS (& 2A). 5 mmol/L
F1 10 mmol/L 1) H,O, (Kl 2C). 250 pg/mL Fi
500 pg/mL ()% 1 i (& 2E) &% pH 5.0 il pH 6.0
PRSI (B 2G) It 37 o 32F— 25 (R e R4
g e RSB 25 SRt IE T MS-PE_PGRSI15
AR L MS-pMV %5 21 B N if 52 PR 4% )
(Kl 2B.2D .2F .2H). DA 455 % 8 ,PE_PGRS15
Wt - 7 T 2 A B0 S ) IR 5 ) T A7 R
2.3 MS-PE_PGRS15 EHEMIEZEM
iy 5

A3 BOME TR S50 1 20 A A0 5 45 A (0 455 4t i
FEE L2 L RE RN SRR ) — 1B R SR BRI, RERS AR K
b A 0 A 2R A 2 0 1) 40 R L P 1 i 0
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JyiE—#F5Y PE_PGRS15 [k & 5500 &
HEXPUAERMBME, R 3 FloR KR
(CRHRE . J7 7 B R KR8 2) M 3 Rl K ok
PUAE R (LG R . W R BRI ) b 3 E 20
PR ZS R, I I R A B AR ROV A T Y
MIC 8 . &5 5 B8 (3 2), 7 6 FpZikbrd £,
MS-PE_PGRS15 T 4 W 1Y Mif 24 ¥ &8t F
MS-pMV. Rt —H8uE Ll 458, 4 54l
PLE 6 FhdnAd XTI R L. 25 R E8n
(Kl 3A-3F), MS-PE PGRS15 TR M4
i 25 VL 58 T MS-pMV 25 8 H .
24 PE_PGRSI15 HMIRIEZIMEHE M
BB M R A RRER A AX

Y+ MS-PE_PGRS15 541 & %) T A B #
B8 s R AR R AR 52, A 00 Y TR A T A2 B
il 5L A K 3 1 o AR BIF 5 SR F Y Rk 4 A I LA
2 R 5 A TR A R G A e AR
/~(F 4A. 4B), MS-PE_PGRSI15 i 2H %t 3¢
KA A W g oK T AL A 0 1w SEAE AR BH
.55 T MS-pMV 25 8505 1 AMHEAE R 5 1 410
il 57 CCCP I WA MUE YL BHE 2 SRIATH I & 5
(& 4C. 4D), XMW PE PGRS15 j# ¢
AV A R AN M R S A, TS S 0 24 P A HE
VER, ke384 o816 B0 358 e ) Ay it 2 Fn e AR
IO 7R

O3 AR B B JIEE 255 4 v 1 200 b BE S Pl 25 4 R
% (14 g J5i 4 o A R R S AL Y L A3 B T R
— SRR K EERR NI R , B S
R R 20 I BE AR AR B it sh M RN B 1, el
1500 BT A EL A BB 1 PR 85 T 2 o i A
FHi 24P Ak — R MS-PE_PGRS15 &
HTE B SZ AL, AR RSO 0 - B ik
FAALELER T 2 BREA B RE TR AN 2 F0 3 it 45 2R
/N 4E), MS-PE PGRS15 B4 MS-pMV
2SR P RR IR AR R AR, #AIA 32 A
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8l M * ~ 3 8 e *
=) K% — * o
£ 6l E *  E 6t = 1
=) T T =) ) *
= — 6 0™
< 4 e Q 4t T
& T gy &
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e C 4t S
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<Ll
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%
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2 PE_PGRSI15 M EHREMIAEE T ZHEN

Figure 2 MS-PE PGRSI15 cells are more resistant to stress conditions. The mid-log-phase cultures of
MS-pMV and MS-PE_PGRS15 were either treated with medium alone or subjected to SDS for 8 h (A), H,0,
for 12 h (C), and lysosome for 24 h (E) at the indicated concentrations or treated with different pH gradients
for 6 h (G). The mid-log-phase cultures of MS-pMV and MS-PE PGRS15 were incubated in 7H9
supplemented with 0.075% (W/V) SDS (B), 10 mmol/L H,0; (D), 500 pg/mL lysosome (F) and low pH (pH
5.0) (H) for the indicated time. Then, the recombinant strains were plated onto 7H10 plates by serially
ten-fold dilution, and the bacterial CFUs were counted after 3—4 d of cultivation. Data are X£s of
technical triplicate from one representative of three or more independent experiments.*: P<0.05; **: P<0.01.
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Rz 2 TRIEZEX MS-PE_PGRS15 ELHEF1 MS-pMV Z= & AY MIC &
Table 2 MICs of antibiotics for the MS-pMV and MS-PE_PGRS15 strains

Strains MIC (pg/mL)

INH VAN GEN ERY NOR RIP
MS-pMV 8 2 2 0.5 4
MS-15PE 2 2 4-8 0.5 4
MS-15PGRS 4-8 2 2 0.5 2-4
MS-PE_PGRS15 32 4-8 8 16 2.0 8
MS-33PE 8 2 2 8 0.5 4
MS-33PE_15PGRS 32-64 4 8 16 2.0-4.0 8

INH: Isoniazid; VAN: Vancomycin; GEN: Gentamicin; ERY: Erythromycin; NOR: Norfloxacin; RIF: Rifampicin.

A B C
-o- MS-pMV -©- MS-pMV -©- MS-pMV
1000 - -~ MS-PE_PGRSI15 1000 -4~ MS-PE_PGRSI15 1000 - -4~ MS-PE_PGRSI15
*
* 100
_ 100 _ 100
: ER S 10t
z 1r g I3
2 & 0.1 > L
0.1rF 0.01
0.01 1 I 1 | 0'00] Il Il 1 ] 0’1 1 1 1 ]
0 8 16 24 32 0 20 40 60 80 0 10 20 30 40
Isoniazid (ug/mL) Vancomycin (pug/mL) Gentamicin (ug/mL)
D E F
-~ MS-pMV -~ MS-pMV -©- MS-pMV
1 000'_ -4 MS-PE_PGRSI15 1000 r -4 MS-PE_PGRSI15 1 000[_ - MS-PE_PGRSI15
= * < 10 * < 10
R E o S
2z 'z 1 z 1
2 0l 2 a2
0.01 0.1 0.1
0.001 . : : 0.01 ; : : ! 0.01
0 8 16 24 32 0.0 0.5 1.0 1.5 2.0 0 20 40 60 80
Erythromycin (pg/mL) Norfloxacin (ng/mL) Rifampicin (pg/mL)

3 PE_PGRSI15 ¥MEHENINEZHMZ 6

Figure 3 Expression of PE_ PGRS15 in Mycolicibacterium smegmatis enhanced bacterial survival following
exposure to various antibiotics. The control strain (MS-pMV) and recombinant strain (MS-PE_PGRS15)
were diluted in 7H9 broth and then treated with isoniazid for 6 h (A), vancomycin for 10 h (B), gentamicin
for 6 h (C), erythromycin for 22 h (D), norfloxacin for 6 h (E), and rifampicin for 6 h (F) at the indicated
concentrations. Then, a ten-fold dilution of the bacteria was spotted on 7H10 supplemented with kanamycin,
and the MS-pMV and MS-PE_PGRSI15 bacteria were counted after 3—4 d of cultivation. Data are XS of
technical triplicate from one representative of three or more independent experiments. *: P<0.05; **: P<0.01.
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Figure 4 Modulation of cell wall permeability and fatty acid composition of MS-PE PGRS15 cells. A:
Mid-log-phase cultures of MS-pMV and MS-PE PGRS15 were incubated in PBS with 25 mmol/L glucose
and 2 pg/mL ethidium bromide for the indicated time. B: Mid-log-phase cultures of MS-pMV and
MS-PE PGRSI15 were incubated in PBS containing 25 mmol/L glucose and 2 umol/L Nile red stain. C:
Mid-log-phase cultures of MS-pMV and MS-PE PGRS15 were incubated in PBS with 25 mmol/L glucose
and 2 pg/mL ethidium bromide and co-incubated with 0.625 pg/mL CCCP. D: Mid-log-phase cultures of
MS-pMV and MS-PE_PGRS15 were incubated in PBS containing 25 mmol/L glucose and 2 pmol/L Nile red
stain and co-incubated with 0.625 pg/mL CCCP. The assay of accumulation of ethidium bromide and Nile red
over time in Mycolicibacterium smegmatis was conducted at 37 °C. E: Fatty acid composition (%) of
MS-pMV and MS-PE_PGRS15 estimated by GC/MS analysis. F: Quantification of total FAMEs extracted
from the MS-pMV and MS-PE PGRS15. G: The increased amount (%) of FAMEs in the recombinant
MS-PE_PGRSI15 strain compared with the MS-pMV control strain. Data are XxS of technical triplicate
from one representative of three or more independent experiments. *: P<0.05; **: P<0.01; ***: P<0.001.
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Figure 5 Schematic representation of the recombinant constructs used in this study. aa: Amino acids.
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Figure 6 PGRS domain of the PE PGRS15 protein affects mycobacterial cell wall permeability and stress
resistance. A: Cell fractionation experiments were performed to determine the sub-cellular localization of the
indicated proteins. WCL represents whole cell lysates, CM+Cy represents cytoplasmic membrane and
cytoplasm, and CW represents cell wall. Cytosolic GroEL was detected as a cytoplasmic control. B: The
growth of the indicated strains at 37 °C in Middlebrook 7H9 liquid medium was monitored by determining
ODgoo at 6 h or 12 h intervals. C: The growth of the indicated strains at 37 °C in Sauton’s medium was
monitored by determining ODgg at 6 h or 12 h intervals. D: Mid-log-phase cultures of the indicated strains
were incubated in PBS with 25 mmol/L glucose and 2 pg/mL ethidium bromide for the indicated time. The
assay of accumulation of ethidium bromide over time in M. smegmatis was conducted at 37 °C. The
mid-log-phase cultures of the indicated strains were either treated with medium alone or subjected to SDS for
8 h (E), H,0O, for 12 h (F), and lysosome for 24 h (G) at the indicated concentrations or treated with different
pH gradients for 6 h (H). Then, the recombinant strains were plated onto 7H10 plates by serially ten-fold
dilution, and the bacterial CFUs were counted after 3—4 d of cultivation. Data are XS of technical
triplicate from one representative of three or more independent experiments with similar results. Significant
differences (*: P<0.05; **: P<0.01) are compared with MS-pMV (two-tailed Student’s t-test).
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