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Abstract: [Objective] To explore the effect of SRNA Mpr5 of Mycobacterium tuberculosis (M. th) on
[Methods]
Mycolicibacterium smegmatis (M. smeg) strain (M3-Atc) overexpressing the SRNA Mpr5 from M. th

stress resistance of Mycobacterium and host cell physiology. The recombinant
was developed. The wild-type M. smeg (T1-Atc) which was transformed with an empty plasmid (pSI)
was used as control. The in vitro growth status and colony morphology of these two strains were
observed. The resistance of the recombinant strain to hypoxia, starvation, and 0.02% sodium dodecyl
sulfate was investigated. M3-Atc was used to infect the human non-small-cell lung cancer A549 cell
line and the proliferation in the cells was detected with the spread plate method. Meanwhile, the
physiological structure changes of the cells were observed based on immunofluorescence staining.
[Results] The in vitro growth and colony morphology of M3-Atc were similar to those of the wild type.
The anti-surfactant ability of M3-Atc was significantly improved at 4 h (P<0.05). In the case of
starvation, colony number of M3-Atc was smaller than that of the wild type at the early stage (2—12 h)
(P<0.05). In the instance of hypoxia, colony number of M3-Atc was larger than that of the wild type in
0-3 days (P<0.05), and the growth rate was lower than that of the wild type after 3 days. Mpr5
overexpression failed to affect the infection to epithelial cells and the cytotoxicity, but reduced the early
intracellular survival rate and proliferation. [Conclusion] Overexpressing Mpr5 influences the response
of Mycobacterium to hypoxia and starvation and changes its ability to infect epithelial cells, which may

finally affect the pathogenicity.

Keywords: Mycolicibacterium smegmatis; SRNA Mpr5; A549

2020 4F, 7TEREVERINZAA 990 7 AH4E HEAMRYSE . SHAL RNA GEERXT LS

gk, FETNEL 130 J1 o S5 (OR T8
it 9 1) B — IR L IR S R 1 55 — RBERM g%
SRR R (Mycobacterium tuberculosis, M. th)5
FONZEAE T 09 K S [R] JE AL A 50 IR RE 8 K
JE A RO TE B R G g R R
M1 AE SR A% RNA K HER bR 52 2% 10 3 17 1 sk
L4, SVF AR B 1 A [l B B R 1
F AT BRI T RNA G 1 815 40 R 0 2 o
B . mRNA FEPEak4efs DNA I 508
RIEAER . HAE FBLI AL HE RNA MR AL |

DNA A EAEAY, sRNA BEEREZH—4
WATPE RNA, 78 M. th 3 W 25 A A2 16 5 2R ad
R KRG R EENERY ., KZHENT,
SRNA S i 4 F R R ek 0, 75 Bl 40 B Xt
AW AR PR B S5 AR A M R N, TR R
I 1 5 B BT

A Mk, AR 9 4~ sSRNA 7E M. tb
Hgl SE R B UE', H AT /NS 43 1) A B ) RE
FEATHLE SR R, [FIE, —28 sSRNA 7EA[H
M. b WERIEWAARFER DGR, Fla Mer7 7

http://journals.im.ac.cn/actamicrocn



2852

Liu Hanmei et al. | Acta Microbiologica Sinica, 2022, 62(7)

H37Rv #H NS sRNA, 7E CDC1551 #H
W 4% 2 A~/NEFT, sSRNA 7] 5 mRNA A5
HAMECR R AELINEE, 40 6C sSRNA s C Fhalt
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DIE#E5 RNA RA B TR,
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1.1 BEHRFAFIK
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TERES) pSI ) BamH 1 F1 Hind 114 /5 8] 5
PRI A Ty 51 1 8 1 S50 f FR e ATk B A AR
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FR(M. Smeg::Mpr5, M3-Atc), [F]if HL&; pSI 28 %
A5 B A= B eV S R BR B R (T 1-Ate) o
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RNA (~20 pg), JFfidat«—H1ia il i Bk ([H]
Western blotting) % #% 2|47 1E HL A9 JE el o K
R4 Ah 32 B (1 200, TETH 2 WK, 1 1K),
SRIGTE TR AC T W(50% % . 0.1% SDS., 5x
FPEERRENER . 2xDenhardt % . 0.1 mg/mL f
fiokf DNA)H, 42 °C 2438 fY EHiAesE 2 he B
BE RNA #REME 4 H Y RNA I AME, B3H&
T7 promotor HIGI¥I(FE 1), 435 VLEE % 0T
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Table 1 Primer information

Primer name

Primer sequence (5'—3")

5S-F GTTACGGCGGTCCATAGCGG

5S-R(T7) TAATACGACTCACTATAGGGGTGTTCGGCGGTGTCCTACT
Mpr5-F CGACCAGCGGGGGATGGC

Mpr5-R(T7) TAATACGACTCACTATAGGGCGCTACGATCTGCCTGGCCTC

T7 promoter sequence is underlined.

AR 20 A FF T L R 4 WA AR, PCR o 5
PR SNE FHR Mpr5 sRNA FINZ 58 rRNA
FEH TP, PR AR S 15 B B AR W R AR il
#) RNA (ffi 15 Biotin-16-UTP Y NTP mix %}
RNA #£17 Biotin #31c). W EPZEFrid RNA £
B2 10 ng/mL)7S NI 3] 2% 58 175 W (50% I e
0.1% SDS. SxFFEMRAEL W . 0.1 mg/mL i
AT DNAY, TRl 10 44 28 47 1 Je e s 5
BRI A, 42 °C BN ERERE LR
(16-24 h), Z4%8)5, TEER BB ZH 147
BERRENEE KA 0.1% SDS Bt B 136 IR Hh vk %
30 min. SRJEHFMEE 25 0.2xFFERENFN 0.1%
SDS IR, 60 °C Pt 20 min, ¥k 2 1K,
A ARG = K D3308 bt kot kA Ehrid
RGN 9] B 1 B 45 B e T B
1.5 HAEEKIMERERERLSNE

W52 I35 23 B MC? 155 B9 A4 BT Bk T1
DL Mpr5 i Rk I HEYR T kR M3 78 THY9 (5
0.05% Tween80 FI 10% ADC)H 37 °C 1535 2 %}
B HA(ODeoo M 1.0-1.5) 0 BF K ODgoo V2 1,
DL 1:100 %48 A& 100 mL 7HO 55 55 A9
i, —ZMmAJCK U E (500 ng/mL), —4
A, 37 °C k¥R EFE 4 h B ODeoo
AR o OB BB (ODeoo A 1.0—1.5)F6 B 55
FETF TH10 [ SR |37 °C Bl B 5% 2-3 d
Joi, AR BB AR B VR T A T IR
1.6 MEHFEEE

B F B ERR T1 A1 M3 235184 1:100 F542 A
A 10 mL 7TH9 ¥R SLmpkasg b, FeHmA

500 ng/mL Jo/K Y3 3R 4K 2 Eh 1 (ODgoo H
1.0-1.5), {E# Ui, PBS ¥k 3 i )5 1 PBS £
ODgoo A 1.0, UL 1:50 #8: A5H PBS (%A
0.05% Tween80, 500 ng/mL Atc)f¥ 50 mL £
R, 37 °CHRIRKEFR, &4 3. 18, 30, 42,
52 h B 500 pL TR 10 F5 40 BERR B A T 7H10
BIfARRE SR I, 37 °C FIEESE 2-3 d )5, it
CFU, WYL SAE T 405 0 A KR

] b4 VER R 1050 HLfil3E A 0.02%
SDS ) 7TH9 (&4 0.05% Tween80, 10% ADC
A1 500 ng/mL Atc)f¥) 50 mL T+, 37 °C #%
PREESFE, &4 0.5, 2. 4 h B 500 uL K 10
fERBEERRRE, WA T TH10 AR FR3E |, 37 °C
BIERIE 2-3d )5, 31 CFU, 2 1% 57 il
(A 20 B BE 451493 1 T T A P A AR L

] AR R 10 50 LBl A THO (%
A 0.05% Tween80,10% ADC Fil 500 ng/mL Atc)
H, IRAE LI 600 uL 404551 600 pL 90
EP &, 48 FEITBE, 37 °C #IKEF, %
AFE 1, 3.5, TdE1EHEI 10 7586 Rk,
WA THI10 AR FRIE |, 37 °C I E KR 2-3d
&, 3 CFU, WPRA )T 4w i AR K S O o
1.7 ERAMIRE

NAR/NT I s 40 AS49 55371 DMEM K%
FH (& 10% FBS K& 0.1 mg/mL penicillin #l
streptomycin)H, &40 2 W5, FRBEHIRT 24 1L
W, 9L 2x10° 4~;596 FLARN FEL 10° 4,37 °C,
5% CO, }i5% 24 h 2582 MiEE, T1 )2 M3 # MOI
25 MR, BRI SR 3
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SEALANAL, FHANRIRE AL 500 ng/mL Ate) i BE
AR g R Y 2 h J5 25 B, 4K PBS
WEFLBRE/INOD A, 35 2 3 J5 R R B 238 (AR
i 20 png/ul) A 2 h i, 25 B3, PBS YRk 2 i,
B—41 24 fLARFEHMISALFINA 500 pL 0.1%
TritonX-100 Z¢4H1 10 min Ji7, WRKETIREH 40
BURFE oy, W E 1.5 mLEP &, JH PBS %
10 5B FER BRI T AL, PRAG AN ARROR . H
AR BFLAMIN AR BUT BE BE SRR G 57, FAs
[Fi) SRR i ) o R A A LD b, 3 PN 2 R 8 5
fE 1. LS 12 h F1 24 h & HC 1 A4 96 FLARTR
CCK-8 (?Eﬁt &)Ul B R, A 20 BT o
1.8 4 A S & o S A )

fZYe 12 h )5, F 1 mL 4%2 5 H g [
FE VRS E 15 min, AF PBS ¥E 3 ¥k, 1 1 mL
0.1% TritonX-100 fi X 10 min, Z{A&F PBS ¥t 3
Y5 1 5% BSA EH] 1 h. %Mﬁﬂ PBS ¥ 3 &
Je FAH R 2 PR X A M A T e fe, S ey
AR R R . F-actin (1:200)%% {040 it B 2264
A, TR, Rakfandt; Z0-1
(1:200) 4 (B 20 i K 35 i e 1, AL T4t 5 40
ML AL, REEEIE; B & DAPL 1
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Low Range
ssRNA Ladder

1 M. Smeg::Mpr5 i3 RiZIE
Figure 1

M3-Atc
= bp - -
80 bp

55 rRNA

B FIE R, DAPI Q@ gnfus, Sisassit,
Y8 55 0 AE OGS R 2 B B (Olympus FV
3.000) T MEATI I
1.9 SHitEAZE

% GraphPad prism 8.0.2 #4317 %45 4k
PR gt ot 2 Az EEER
WHCR A T K5 (-test), 28 Z 10 AY i &
PE 22 5 R W R 7 2 43 #T (two-way
ANOVA), Mo Hr25 R P>0.05 Fm LG it#2
S, 1M P<0.05 BfRRNASI#25, P<0.001
A BT 2E R

2 BER504

2.1 Mpr5 ZFRIERFESHE KA UE

M T Mpr5 P4 h Beal s, &M E
RT-PCR B0 iiF H e 8 5 n] REAFFE R iR 22, Ahif
FEM T Northern Eflii(Northern blotting), I uEJG
JK PURR K T3 3k Mpr5 ) M. Smeg::Mpr5(M3)
Flas P A= FUF BA(T1), 58 E 1 R, Bn
Mpr5 #b Rk iy, MR R ICK AR R
SRIB I BORLA] REAAAE %35, Al W Mpr5 2
2 E i) M3 AbA5 #27 1Y) Northern 2438 E[1ii .

(©)

T1-Atc M3  M3-Atc

Mpr5

Validation of M. Smeg::Mpr5 overexpression. A: Low range ssRNA Ladder, 1 pg/lane, 2.0% TBE

agarose gel; B: 5S rRNA’s Northern blotting result, 5S is the internal reference rRNA in M. smeg; C: The

result of the Mpr5’s Northern blotting.
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2.2 Mpr5 FREAZMMELYE S AT ER
TN ERKREERES

R B R TAEWREE R Ate S, W
ERAMER GO, 255 TRl F R R vk L 4 2
WAMAESHFWE THRMERKRY L ES
(Kl 2A), #2825 FRATH R 500 ng/mL 1
Atc i T AR T 5250, Forh 23 208 A B 4y
KAFRE A4 N Tl-Ate, 338520 Hbky
£ h M3-Atc. [RIBHARSMER S5 L R 2 HIE
BB RSN K 2R BT R E 2Z S . M3-Ate 7F
THI0 ARG FRIE | 37 °C Bl &R % 2-3 d )&,
FE 5 AR AR e TR IS TR A . 455
WK 2B B~ , M3-Atc fil T1-Atc 5 FAH M HEE
TEATCH B, AR L F , #8345
23 MEFEMER

BT s g N EREE , FEARA. DL
BB F: K 0.02% SDS X JLFP g 40 T 55 5%
T1-Atc fl M3-Atc, FLHE 2 Fl B Ak 1) 14 5 AE
3BT Mpr5 50 BFF I HPTR  C R . K 3A
WoR, 2 MEEPCRAEERIGEIAE 0.5-2.0 h
VIR 2SN, 4h BT B E 2R, M3-Atc
HFIT AR T1-Ate A2 0.5 1%, %
B A Mprs (40 28 2 i H0 2 D 1 R g )
Weog, AT 2 A TS I RS A

(A) (B)

-+ TI
= T1A-200
-+ T1A-500
-+ M3
-+ M3A-200
-»- M3A-500

0 20 40 60
th

2 M. Smeg::Mpr5 BRI ERK B R ERS

7£ PBS YUEBEAI 25 E 3B &R
T1-Atc BB RIGFERE J1 3= T M3-Atc
M, Hrh 3, 18, 42, s2h WA BEMEESR, 3h
i T1-Atc ZH AR S AS £ L M3-Ate 4 5 24
1.0 f%, 18h =29 0.5 1%, 42/52h =29 0.25 1%,
HR A 45 4 38 LA AT LA ) T1-Ate A7EAS AT
¢ M 206 J [B) ¥ 0T DAAE TR 3951, 1 M3-Atc
HATE 3 h AEKSZEH], 18 h AR,
30-52 h [ EEA R AEREAATE , D AT BB Mpr5 (1)
i RIRAF TR E W G, P AE
BRI — AR R I A K T RS,
18 h A 5 B 4 A ] B2 ol T4 N LA R A AT T
AT IR E SR

FEARAABL A, 25 4N & 3C 2R, M3-Atc
2 0-3 d ABALFHEFEIRAS, 3-5 d &b FAERK I
R, J5 5-7 d FEANIER M T1-Ate 41 0-3 d
ST A AR, 37 d e 5 . Hirp
1-3d WA AWRBEES, 1K M3-Atc 4
FIASABAE R LE T1-Atc HE 2 1.0 5,3 d Bf 4
2.2 fi5, M3-Atc 41 AR AE KL & T3 B4,
X FhAE KA HAE 3 d JETHR . 2 Mprs (93
F B LR 73 BT R AE AR SRR R ) R A
HAR#, X AL 3T gE S A S FE
IRNTITRIE]

T1-Atc

Figure 2 In vitro growth and colony morphology of M. Smeg::Mpr5. A: In vitro growth curves (ODggo) of
T1 and M3 in 7H9 without anhydrotetracycline (Atc) and with 200 ng/mL and 500 ng/mL Atc; B: Colony
morphology of T1 and M3 on 7H10 containing 500 ng/mL Atc, taken with a macroscopic zoom microscope.
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z
2

Change fold
CFU change fold

t/h i/d

3 M. Smeg::Mpr5 7£ 0.02% SDS. YUERIEEE AN THEKIER

Figure 3 Growth of M. Smeg::Mpr5 under 0.02% SDS, starvation and hypoxic stress. A: CFU of each strain
was calculated after 0.02% SDS treatment; B: CFU of each strain was calculated after PBS starvation
treatment; C: CFU of each strain was calculated after hypoxia treatment. The ordinate in the figure represents
the fold change of CFU relative to 0 h at each time point. *: P<0.05, **: P<0.01; ***: P<0.001; ****;
P<0.000 1, two-way ANOVA. Each plant was performed with three parallel groups under each stress model, and
the error bar is shown as the standard deviation of the three parallels. Each experiment was repeated three times.

24 Mpr5 BEREMFIMEELFMEE  4B),2 4AIA CFU M AR LIEM 222 0.2-0.4 15
MR IEFE RE 1 Ui BHLE 40 P A NS 0 A, MprS (i Rk

X TEWRANN, ERZA AS49 SRZH  BHF E R A xt e s BRIE . B4 bk
FEVEME AL, MEHFEAMBPREGE TS R E S 2GR LUR R T1-Ate ZH1E
BT H A SR ILRE ) o AS49 IR 4-48 h A I B 225, HAE M N S48 1 5
RN, Tl-Ate 45 M3-Atc HMAMFETC 43K 0.3 £%; 11 M3-Atc 417F 4-12 h 5t B 2205
giitez= R 4A), RAENIR AFF RS Mprs 025 03 £%, (HiXFh2Z 54 48 h w0508, KR
Pt RIRTEAFE L ESN AR A LM Mprs (845 3% 35 %5 20 B M P4 A= 17 19 5% 1 7] B
BT OB 2 MMM N AR, 1RYY 5Lt ] B9 ZE 4 M 0i %% . CCK-8 45 51 i /R
J& 12 1 48 h I} T1-Atc WARTEMINAEIGERE ST Mprs 3o 28 3K A 23 5 00 20 T % 20 I (4 55 77, 40
T M3-Atc H, HARE GBI REEZFE 3% R IFE 40).,

) B) S S C
I5r em T1-Atc _*  m[l-Atc ©
< mMi-Ae = 0 —eMiAe S 10
S © 0.8 g
e % 0.6 = 100
3 g £
Z G 04 S 50
E 0.2 =
TR T 0
TIA M3A by

4 M. Smeg::Mpr5 1R A549 BYNFRZE K40 BETE S 46

Figure 4 Detection of cell infiltration rate and cell viability of A549 infected by M. Smeg::Mpr5. A:
Detection of cell uptake rate; B: Comparison of bacterial intracellular proliferation ability, the ordinate in the
figure represents the change fold of CFU relative to 0 h at each time point; C: CCK-8 detects cell viability. *:
P<0.05, **: P<0.01; ***: P<0.001; ****: P<0.000 1, two-way ANOVA. At least three biological replicates
were conducted for each strain, and the error bar is shown as the standard deviation of the three replicates.
Each experiment was repeated three times.
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fRY 20l 12 h 5, RIS EHT A YLt 40 il
5 P UL S 56 TR AR 6 T T2 AN A BER S 1
Wi, DAPI. F-actin & Zo-1 YLt s BB LS
s S), Mg R A CCK-8 45 AR ENIE,
Mpr5 B3 3 35S 2 5% i HoeH 40 i i 2 17
3 9tk

A1) SRNA Sz ol A= 4y 4 1 v o 94 455 4%
b, 55 0N R 22— BOR
PE M. b B9 sRNA TEAE F - AR AH BAE
PR R SRR, PTRATER S T B

W AN TR RS, SE RS
(A)

5 um

15 pm

(B)

15 um
5 pm

(©)

15 um

Sum

e 1 27 SRR A A A Hp A B 20 M ) A U
X 3 Bk A Bl FIF R B XHE YT sSRNA (A
W . IRYT R IR Y 1

1C5 M1k, X M. th H sRNA {4 BRI REFI
TR A B &> . E 2R M. b it
Fik 6C Fll G2 sSRNA 2> FEAN R LT, F6 sSRNA
(3 F A R EII R M. b AR
MTS2823 F1 MTS0997 (merl1){E M. tb Whik Fik
W25 5 L AE 8 BO0 0 A K B, AR AR 7E
HEYR A R AP T8 it 2235 ML th i MprS sRNA,
SEULIR 4R FF B 7E PBS DRI A K RE
TR, BERH Mprs 95 385 00 43 AR AR S
A, RN AT BB 2 52 ) TR L PN AR SR A
RS T AR, Wik, AR IR

15 pm
5 um

15 um
5 um

5 M.Smeg::Mpr5 REMM 12 h ERIEXRALBLER

Figure 5

Immunofluorescence staining results of M. Smeg::Mpr5 infecting cells for 12 h. A: PBS-treated group;

B: T1-Atc treated group; C: M3-Atc treatment group, from left to right, DAPI, F-actin, ZO-1 and combined
imaging, where DAPI stains the nucleus, F-actin stains (1:200) cytoskeleton, ZO-1 (1:200) stain for claudin.
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B R A s g, 45 AR, MprS A9 K
IR R A A AR BE T, HE R
(12 h)ZH A A B g o e e o 4 R (s HOX 4 i 2%
FYTEHM , {H M3-Atc HE25 5 8 AS549 41 HEHBR,
7R Mpr5 (R 38 0] DA— @ RERE T REAR AN R 19
ML SETERE 1 o AR S , Bl RS i R] 14 4E K
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