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W OE: [86] R TARE > HAFEH Ms-PPE61 5 Ms-Vec £ 7 B4k 5k 2 5%&5‘4%1%6 FLE A
7, ARR A R B i /E MAPK/NF-kB 12 5 18 3 69 0% /47 41 K F, FFIR 50 B & RAW264.7
mies K mAL B T AL £ 7. [ %] #E Ms-Vec 72 Ms-PPE61 # #k, &%ﬁ;xw&\ik%ﬁ}é—ﬂ
ANET @i'i SDS. H,0, & #F T A2, # 0 R F B E &8 FH & F R £ 1L (colony-forming unit,
CFU); dxER#$)E 1-48h 9mhe, «‘kﬂiﬁé} J| Western blotting 4% |13 5 i #4547 & 4 T & A K
F; )ﬂ Ms-Vec #= Ms-PPEG1 & ¥k o 3 & & RAW264.7 40 /e, 24 h 4= 48 h, 5K BBk % 7% o X 36
(enzyme-linked immunosorbent assay, ELISA)#& ] £ /& #F IL-6. TNF-a & IL-1B &9 K & ; 44 A
GraphPad Prism 7.0 47, #4T ANOVA 7;%/\#& P<0.05 A 2%. [4R] PCR 4R 2T, Ms-PPE6]
KB &4, Ms-Vec LB &4, Z oLzl fER7%48 E4FKF—2, Western blotting 2 =
Ms-PPE61 & iA % 42 kDa 49 Flag @5 5-%& &, Ms-Vec LA E 8. RAR GRS S5 HILE K
AFH 204, Western blotting 45 R 2 = 40 I/t #4712 % @ GroES & Ms-Vec A= Ms-PPE61 & /R + 394
%31k, 4 Flag 47569 B 9% & X4 /£ T Ms-PPE6] #m i B2, FE BR M 41 (pH 3.0) T4 22 3 h B
Ms-PPE61 #) 7% £ 2 % & T Ms-Vec (P<0.000 1), 6 h #= 9 h B £ 2 % £ F(P>0.05); 7 0.2% SDS
LM TFAE 3. 64 9h B Ms-PPE6] 9 4 7% 3 8 % & T Ms-Vec (P<0.000 1); H,0, 43 /5 3 h
#2 6 h, Ms-PPE61 &4 % &4, 2 % 2 T Ms-Vec (P<0.000 1). Western blotting 42| & 7=, Ms-PPE61
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48 p-p38 A= p-ERK f£ 2 # 48 h 0t B F 41K, IkB-a f£ &0 &34 % F Ms-Vec 8. ELISA 4] 2
T, Ms-PPE61 #8 TNF-o #9453k /K-F 48 24 h #= 48 h Bf L B & £ F(P>0.05), 1L-6 £ 24 h #= 48 h &
2 F 1K T Ms-Vec £8(P<0.000 1), IL-1B 4 48 h if 2 F 1K T Ms-Vec £8(P<0.01). [4£1 PPE61 =T
W iR ELARLYE AT A AT B . SDS A H,0, Mrif ¢ & % 46 ), i@ i F i p-p38 #= p-ERK #9 &
ik . B IkB-a 89 &1k k37 4] MAPK #= NF-xB 15 5@ 3%, &£V E% @ F IL-6 #9556(24 h
Fo 48 h ¥) R F) B IL-1B 494036 (48 h %), {22F TNF-a #9453k L R F 7w .

XHRiF: LS HATHE; PPE6Ll; Mi4/E A; MAPK 15 5@ %% ; NF-xB 12 5@ 3%

Expression of PPE61 enhances stress tolerance and regulates
MAPK/NF-kB signaling of Mycobacterium smegmatis
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Abstract: [Objective] To compare the stress tolerance of recombinant Mycobacterium smegmatis
strains Ms-PPE61 and Ms-Vec under different external stress conditions, investigate the activation/
inhibition levels of the mitogen-activated protein kinase (MAPK)/nuclear factor (NF)-«B signaling
pathway following their infection of macrophages, and explore differences in inflammatory
cytokine expression after infection of RAW264.7 cells. [Methods] Ms-Vec and Ms-PPE61 were
constructed and cultured to the logarithmic growth phase before being subjected to acidic, SDS,
and H,O, conditions. Colony-forming units (CFUs) were measured at different time points.
Proteins were extracted from cells collected 1-48 h post-infection (hpi), and the expression levels
of signaling pathway marker molecules were determined by Western blotting. The interleukin
(IL)-6, tumor necrosis factor (TNF)-a, and IL-1P concentrations in the supernatants of RAW264.7
cells infected with Ms-Vec and Ms-PPE61 were measured by ELISA at 24 hpi and 48 hpi.
GraphPad Prism 7.0 was used for analysis of variance of the data, and P<0.05 was considered
significant. [Results] PCR revealed the presence of a target band in Ms-PPE61 but not in Ms-Vec.
Coomassie brilliant blue staining confirmed consistent protein loading. Western blotting showed
that Ms-PPE61 expressed a ~42 kDa Flag fusion protein, while Ms-Vec did not. Ultra-high-speed
centrifugation was performed to separate the components of M. smegmatis. Western blotting
revealed that the cytoplasmic marker protein GroES was expressed in the cytoplasmic fractions of
both Ms-Vec and Ms-PPE61, while the Flag-tagged target protein was exclusively present in the
cell wall of Ms-PPEG61. After treatment under acidic conditions (pH 3.0) for 3 h, the survival rate of
Ms-PPE61 was higher than that of Ms-Vec (P<0.000 1), while the survival rate showed no
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significant difference after treatment for 6 h and 9 h (P>0.05). After treatment with 0.2% SDS for
3, 6, and 9 h, the survival rate of Ms-PPE61 was higher than that of Ms-Vec (P<0.000 1). Similarly,
after H,O, treatment for 3 h and 6 h, the survival rate of Ms-PPE61 was higher than that of Ms-Vec
(P<0.000 1). Western blotting showed that the Ms-PPE61 group had significantly lower p-p38 and
p-ERK levels at 48 hpi and higher IkB-a levels at all time points than the Ms-Vec group. ELISA
results indicated no differences in TNF-a secretion between the Ms-PPE61 and Ms-Vec groups at
24 hpi and 48 hpi (P>0.05), while the Ms-PPE61 group had lower IL-6 levels at 24 hpi and 48 hpi
(P<0.000 1) and lower IL-1p level at 48 hpi (P<0.01) than the Ms-Vec group. [Conclusion] PPE61
can enhance the tolerance of recombinant Mycobacterium smegmatis to acidic, SDS and H,O,
stress, inhibit the MAPK and NF-«B signaling pathways by down-regulating the expression of
p-p38 and p-ERK and up-regulating the expression of IkB-a, and reduce the secretion of IL-6
(significantly at both 24 h and 48 h) and IL-1f (significantly at 48 h) in macrophages, but has no
significant effect on the secretion of TNF-a.

Keywords: Mycobacterium tuberculosis; PPE61; stress; MAPK signaling pathway; NF-«xB

signaling pathway

25 ¥ 9 (tuberculosis, TB)A&— Fl i 45 4% 40 B
¥ B (Mycobacterium tuberculosis, Mtb) 5| & 1) 15
Qe PR PR, 32 58 O T S AL 1 5 | A i
Git%, (B2 IR YL B e T Ak A A AT AT 4120
E#SM. 2024 4R, AR R DA 41 21 (world
health organization, WHO) & ffi ) { 4= BR 45 1%
i & (Global tuberculosis report 2024)), 2023 4f
TB /584 5k%Y 125 5 ANFET:, FFH 1080 71
BRI, AN, Tz 2R £ i 25
PR B DL 5 N 28 G S5 Bk B 9 B (human
immunodeficiency virus, HIV) 3G i 4 1% 7= 4=
PE—2B N TR AR R, RAKE
7% Mtb B9 A& I ALl I LA I Ry S AE T 8 0
BURIT A RIS
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Pro-Glu (PE) #1 Pro-Pro-Glu (PPE) J¥ %] Ifij 15 44 ;
PE ZJGEA 96 IO, MR S Bk 52 7 471
f) 2% 5 Af 43 N PE-only M1 PE-PGRS W % Ji% ;
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[ C A5, PPE FIRARIE C Ko ¥
RE RG24 SRR % . PPE-SVP (24
b1, 300-500 v & FEMR %54 Gly-X-X-Ser-Val-Pro-
X-X-Trp #£F) PPE-MPTR (23 i, C K
Ui & 24 Asn-X-Gly-X-Gly-Asn-X-Gly 4 %t
F, [EbE 5 EE,  GCCGGTGTTG %)™
PPE-PPW (10 Mh 51, C KA 44 MEsFa
2, & A Pro-X-X-Pro-X-X-Trp #11 Gly-Phe-X-
Gly-Thr J¥ 91 3 7) LA S fe s — 4> C R 45 5
JP 4 TR R AT R (12 S 1 )P

R4 PE/PPE SR KM T RE M A BIHG, 0
Z IR 3 B 5 1 32 - DR AR R R A G
WA S . BT B A M AR S P10
PE/PPE 5 [ RE A3 5 43 BT T 78 B I 20 i N K
DA T AEGRE ST 61, PPE44 (Rv2770c¢)
F PE13 ] 4 i ik 2 ST 1T 78 W 240 At 9 B AR
pH. SDS. H,0, % /Hhif 5 F F M AFis %, H
Ms-Rv2770c B EEMERE 98, BEVS T Wi fesE T
Jf 3 TL-6 1 IL-12 p40 AyZk112 Mtb PPE60
i TLR2 AR P 75 2 T A 2 R 240 L i 2
755 Thl F1 Th17 fRE i, Wos it HAE MTB
BEW I L B L Ak, 2 Bl PPE E H
(PPE31/PPE68)FI 1 ' PE & [1(PE35) % M AT 1
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FE/NRARN B AR B SeEEMDL Hy, T
PE/PPE #1518 4 BIAHEAER, EAI101E
kG R AR 1 B ) PRl o PR

M Mtb B R . AR AR K B EA
g, WFIE T A6 % 4 B 3 8 1 305 19 52 56
FIFR . WL, AR5k H YR kR R
(Mycobacterium smegmatis, Ms)#E 17525, B J&
— PP A K RSO I R, REIE AR AR
e A g = LN 7 I D0 W= A (B
PEUSY TR 65 A% 1 7 7 35 TR A Ay B AL A A7
9,

A WF 5 B A T Mtb Rv3532 5E A 4 5 19
PPE61 [, b ff A R ZE AWM EA R
i pMV261-PPE61 5 75 itk pMV261 53 Jill % 4k
BRI, M Ms-PPE61 1 Ms-Vec
2 MREAIRAR, MRS

1R

1.1 ZHE. 4HREANS[47

Ms g A LW s A9 R A R A
RAW264.7 i LI ] H R B 40 M2 .

M GenBank H & )45 4% /0 B FF B H37Rv £k
Rv3532 ST, ARG ATt LiE
SR 55| A EcoR IRV &5 5'-tgcagaatt
cATGGATTACAAGGATGACGACGATAAGTTCA
TGGATTTCGCGATGCTTC-3' /N5 FEE N EcoR 1
PBUNAL s RS FRHUEREL) ; T )
55| A Hind MEEYIAL A, : 5'-cgataagett TCACC
CGCCCGAGAGTGGACG-3' (/INE £}k Hind 111
BONAL s RS F MRS . 513 h 4k
TAEY) TR B A FRA A A .

1.2 EHFE

THO 85 35 3. 4.7 g/L THO 5% 3% by oK,
0.05% I:7-80, 10% OADC (0.85% FEALEN, 2%
HIHIHE, 5% FIMIE A, 0.003% o A LA
F10.06% JHIR), TR

RAW264.7 4 i35 5535 . e DMEM 1%

7% 3 (500 mL) /1 i A 50 mL Jii 4 1L ¥ (fetal
bovine serum, FBS), &%),
1.3 FEFIFNEE

7H9, BD /Aw); HE-80, SALEN. HiAiHE,
RK3¥F /Al ; Anti-Flag-antibody . Phospho-p38
MAPK. Phospho-p44/42 MAPK (Erk1/2). IxkBa
(L35A5) Mouse mAb, Cell Signaling Technology
/N5 Anti-GroES, Abcam ZAF]; Anti-TUBA4A
(TUBAL) antibody . 4-IfLiE FHEEH . of H AL A
(FIHF), Sigma-Aldrich A% ; iR, A= TAEWT
e (L 98) B A PR 2 7] 5 A IL-1B ELISA 37
& . N TNF-o ELISA &7 & . A IL-6 ELISA i
Mg, FERURBHL P E)ABRA A
1.4 ERAHRSRATEE

1.4.1 ZEzoRtEEEERE

W S5 K% A3 ROFF IR FP T THO S5 3R 5L rh 1 57
% O0Dg=0.8-1.0, HL 10 mL & 3 200xg &5 .L»
10 min J5 3 W, 13 000 r/min &5 .[> 5 min,
80 °C4:J&@ A 20 min, —80 °CAEAK 1 h J5 =R E
30 min @fifk, FCA-80°C, 1h/GHUETEIR
JiCE 30 min, SRJ5T-80 °Cid 7 ; H 250 uL
SET ¥ B &, HIA 50 uL A HfE, 37 °Cidik s
A 10 pL #FEE R A, 37 °CH#E 30 min;
JIA 250 pL 2 A K W0, 55 °CHEE 2 h;
ANERB /AR AEE, ZEED S ming
16 000xg Z5.0> 10 min, HUIJZ/KH; A 0.1 fF
RFLR) 3 mol/L BSR4 (pH 5.2), 0.7 ARG
PIBE, R5), —20 °CHUET 1h; 4°C, 16 000xg
B0 30 min, FF BVE; AIA 1 mL 70% CBEER
2 WJm TR, A 50-100 pL ddH,O ik, Kk
J&, 20 °CIRAF-
1.42 9 HATE PPE61 EERYY 18

DLGERZ A3 A AT T H37Ry JE R 2H Jteibz , fii
M 11 551991 PPE61 2K . PCR &
WAKZ (50 puL): 2xPrimeSTAR GC buffer 25.0 L,
dNTP mixture 4.0 pL, [, FI#519/(10 pmol/L)
£ 1.25 uL, PrimeSTAR HS DNA polymerase
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(2 mmol/L) 0.5 uL, DNA #i#k 0.5 uL, ddH,O
17.5 uLo PCR [ 451 : 98 °CHilZE 4 5 min;
98 °CAr 1 10s, 65°CiR kK 5's, 72 °CHEfH 90 s,
3L 30 NMEA; 72 CCLALEM S min. Al 8 H A
DNA gk i) Srb A e i
1.4.3 B

FH BRAIEN VI Hind TIFD EcoR T pMV261
JORL AT U], AT 2R (50 uL): Hind 1T
2.0 uL, EcoR 1 2.0 uL, pMV261 (986 ng/uL)
1.02 pL, ddH,O 44.98 pL. F& M i Bc 6l )5 T
37 °CW¥H 4 ho FH T4 ZEHEBEK P ) PPE6]
S 5 V) 5 WA R Ba(pMV26 1) 17 % 4% .
N 3 452 7 W 3 3 A N R AT TR RS2 A 2
IR A T LB AR . BRHERER TR VR UE AT TR
PCR, BHMERFEEA T A9 TR (L) B A PR
/NSRS | B 1 i 5 S D o i O
18 1 B 4 B pM V261 Al pMV261-PPE61 it
i AN HEYR o0 BOFT T2 S AL, JE i) PCR
¥ UE, HEHC PPE6T AT #4 A M B B AR 9
KEEFR, 435 20 E 4 R 73BT I Ms-Vee il
Ms-PPE61 .
1.5 FRHABES R EIER

W 5 2H B Ms-PPE61 £ Ms-Vec 43 1l 3 Fh T
7 Kana ) 7H9 55 H ., 37 °C . 100 r/min
i F8 2 ODgpp=0.3. F5-H /5t 35 21 X0 %04 K
) T TR L 9 i A3 THO 85 35 ik rh Ak 2 B 5
B3 5 4 B Ms-PPE61 fil Ms-Vec FEIK 15 3% &
ODg0=0.3 .
1.6 Western blotting &1

FEFE 2 B RISCAR A A, R & A B I A
FIH RIPA LM 08 phf 24 20 L, fifi ] BCA &
kR & SR W . B S, R AR A TR
100 °CH#¥ 7 10 min, i FH 45 84 11 BTk T SDS-
PAGE MUK, HIUKESHE, M« =HRA kT
BERE, REFENEE R 270 mA, 120 min, R4S
WG 5% AR 7E SR T &6 1 h, INA—
P, 4°CE W . F TBST WAL, FINAL
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N BT E o mdE . BRI AR ROt
LoRIUN Sl S P i
1.7 FHARSFEATE IR E L 5T

G355 5% 50 mL ARG 43 AFF R Ms-Vee
F1 Ms-PPE61, i 1300 r/min &5.0> 2 min W 4E
YNPATE A, FH PBS PRIk 2 i, & T-80 °CIHAT .
PR EET 10 mL PBS 1, 100 W 75 3 s {5
5s 3 10 min [57K¥ . WK 4 °C. 3 000 r/min &
O 10 min, 25 R 45 1 14 11 A0 At K 2 R R
3 B A A A0 M SR AR . WA A A A R
4°C. 27000 r/min &5.0> 2 h, JUTERD M 400 RELH
B2 R (= 2L S 9N 1 O 5 s S ST
4°C . 100 000 r/min 5.C> 2 h 43125 2 A B2 R0 41 it
5o HF 4N RE O PBS PR 1k . KA S
10% —SALRUTTENRAE, FH 80% MRS .
1.8 FEHAESRTFEEEINEES
FHETHERER

S22 SCHR[ 1919 77 1500 2t 5 20 k35 20 B A AT
FERFE S 250 T AR ST, IEARYE SIS Ol
AT T etk . #4 EZH B Ms-PPE61 5 Ms-Vec 43
IR B XA, B 7HO 853 JH%E ODgy &
0.3, B 10 mL & 4 000 r/min 5.0 10 min J5 3
Y&, FH 20 mL 7HY VeI E Lo B e R
HET pH 3.0 i 7TH9 1, B B4 10 mL #iK
Hn A 200 pL 10% SDS E 0.5 mol/L H,0,, R
SIJGA A BB, BT 37 CREIREE R, 7
BT 0. 3. 6. 9h U, BEEMBGIRM T
Kana Y LB “FAHr, 37 °CA & 5% 3 d J5it5k
[EN
1.9 FHABRES RATE AL

B RAW264.7 ZRMILL 5x10°/FLAY 25 BERERD T
12 fL# (1 mL DMEM/fL), 37 °C. 5% CO, 53¢
12-14 ho B X800 A4 B 41 L3R /0BT 3 Ms-Vece
F1 Ms-PPE61 T 4 000 r/min % > 10 min, fH
PBS (% 0.025% SDS)¥ti% /5 #E 2T 5 mL DMEM
(JC FBS FIXUIT), ME ODgo IFHEEZE 0.2, FF
1B 10 f5fike. UYL E(multiplicity of infection,
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MOID)=20:1 (4T : L W 20 ) s RAW264.7 4 ffd
JrdksEEE 3%, 4 h B, A 37 °C PBS PRI 40
3L EBRMIANA, BEJS AR 20 pg/mL KK
52 ) DMEM (FCRUL) 5 77 LUK KE% B8 M7 -
1.10 ELISA #&:

Fiz B 3 g b I S P 34, T ELISA
Al @RI R 5= Fig ey IL-1. TNF-a 1 IL-6,
BRI ODaso (B, TSR 4 M R 51
K-
L11 HIESH

SR 4 #4148 FH GraphPad Prism 8.0 %417k
o f 2 . S5 2098 % 78 4 mean+SEM
(n=3). f# H unpaired r-test o{ #& one-way/two-
way ANOVA followed by Tukey’s test X} Z #5711
Gt oatr. P<0.05 WAfFAE R EER

bp M&

Anti-Flag-antibody

1200 bp

42 kDa

2 BEREQN

2.1 PPE61 EBRAEEHIHFHATE A
RIETHh

Mtb PPE61 K 2R 1200 bp, 1%KL
Ut 1) B 14 K /INT Ry 42 kDao ASHIF5E L A4
#2 PREAEGE R, 4309008 Ms-Vee il
Ms-PPE61, HZH T Ms-Vec #EH pMV261 JFki,
B S I3 1 X BB # 5 T 4H P Mis-PPE61 8 Ay
pMV261-PPE61 H 4 it ki, Rt R ik A Flag
PR PPE61 HAYEE . PCR 45 R BR, LI
)ik PPE61 1% H 41 B (FHAEXT B B9 Mitb JE A
BRI LR & . Ms-PPE61 7EAHIR]
SrEWAT R, 4500 K/NESH 1200 bp (& 1A),
A A 0 P R B L 5 JE K R Bl PPE61., Ms-Vec
FIJC DNA AR Y BAPEXT B (- T 457 . iE—2F

E1 Mtbh PPECIERAEEAHIHESRTERIRIE. A: PCRIGI L HEY5 /0 AT 5 Ms-Vec 5 Ms-PPE6 1

HEPPEGIHEIN ; B: Western blotting %o iiF 5 21 Hik 35 730 B HF I Ms-Vee 5 Ms-PPE6 1 HPPPE6 1 45 [ (1) 4%k 5 C:
% Bl sp i 0 N A BER SR T I Ms-Vec 5 Ms-PPE6 1 _E R —2.

Figure 1 Expression of the PPE61 protein from Mycobacterium tuberculosis in recombinant Mycobacterium
smegmatis. A: PCR verification of the PPE6] gene in recombinant Mycobacterium smegmatis Ms-Vec and
Ms-PPE61; B: Western blotting to verify the expression of the PPE61 protein in recombinant Mycobacterium
smegmatis Ms-Vec and Ms-PPE61; C: Coomassie brilliant blue staining to show equal sample loading of

recombinant Mycobacterium smegmatis Ms-Vec and Ms-PPE61. M: Protein marker.
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ik Western blotting 5255 E5E, Ms-PPE61 GBS
ik — KN Ky 42 kDa BUHAA Flag frZsm H
B, BHMEXT BB R Ms-Vee A KI5 PPE61
HAMFRIKE 1B). H SRk ass RN,
Ms-Vec Fll Ms-PPE61 8 1 A — (] 10).
IRZE R FEN], Mtb PPE61 INFEHEG /AT
Rk,
2.2 PPE61 ERAEEHRIBREASEATE T
ELLHT

et FF V8 5 v S O LR Ak T e A K
Ms-Vec #l1 Ms-PPE61 iX 2 #f 5 2H & 19 41 fitd 26 47
PEAT /0B, B2y 5 M A0 B RE R 41 A T 4 4
I HoHR JE 5 I A 5xloading buffer 4b i 1 BE
ff o SR A L RE 2R P RN 40 R 5 B 1 AT SDS-
PAGE, iz Rtk Anti-Flag Il GroES, i
ik Western blotting #fi 5& PPE61 £ [ 7E B35 43
FT 1 v B S0 20 6 5 57 o 40 R BB iC 2 1 GroES
TE Ms-Vec Fl Ms-PPE61 A4 2 g Jii 20 3 vh 24045
ik, T AR %5 8K [ Anti-Flag {776 T 5 4 6
Ms-PPE61 1) 41 it B 2H 43 (8] 2), X % W] PPE61
5 R A A R RE A G
2.3 PPE61 S EHAAHFA R EEATE
TS 8 IR

J itk — T i PPE61 X Ms 77 1% (14 5% i,
Mz T 5 2 k-3 43 BT Ms-Vee 1 Ms-PPE61
TEFRVE(pH 3.0). R 1% 14 7] SDS 3 4 Ak 7
H,0, 2510 T AR B[] &S/ CFU, 4600 40 B4 1

Cell wall Cytoplasm
o o
v QQQ) O Q@

A& &8
¥ ¥y ¥
Anti-Flag-antibody ‘ .

E2 PPE61EHAEEHAFSHATEFREN
Figure 2

Localization of the PPE61 protein in

recombinant Mycobacterium smegmatis.
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ERAEN . 7ERAFE 3 h J5 Ms-PPE61 HYFE IR
% E T Ms-Vee (P<0.000 1), 7EALFEYS 6 h
F1 9 h 7 Ms-Vec 1 Ms-PPE61 Ay A= K TG i 3% 2%
5(P>0.05) (B 3A). A Ms-PPE61 X K 11 1%
PR ST SZ B8 71, B Ms-Vec Fil Ms-PPE61 %
& T84 0.2% SDS Ay 85 7 3 vp b B [] B ]
Ja, g2 AMEAFMWAEKEN . SDS AbHE
Ms-Vec 1 Ms-PPE61 A 41 R A7 15 KAES 3. 6 Al
9 h ¥y T, H Ms-PPE61 HYFEIE R &5
T Ms-Vec (P<0.000 1) (¥l 3B). 7F H,0, 2bF 5
955 3. 6 F19h, Ms-PPE61 HIFFIE KA ki i
F T Ms-Vec (P<0.000 1) (K 3C), FiR%EHFE
B, PPE61 43k T Ms Mf3Zf2 . FR1m &M SDS
Fsm E Ak H,0, BIRE ST .
2.4 PPE61 ¥} MAPK. NF-xB 5 5i&
=3 0E=A

K H Western blotting 43 #1 2 > B Ak J& e
RAW264.7 48 0, 1. 2. 4. 8. 24, 48h J5
p-p38. p-ERK. IxB-a fil Tubulin K [ )3 k7K
o 5 Ms-Vec A tL, Ms-PPE61 41 p-p38 Fll
p-ERK 7EEGLAYES 1. 2. 4. 8. 24 h IfRIkIKF
T 225, 48 h Bf R IAK PR, B fbk
SR (P<0.000 1), p-JNK 23k /K FICH] i 25 5
(45 % K B 7R). Ms-PPE61 4H 1xB-a (1) 23k K
PGS 1, 2, 4, 8. 24, 8hHET
Ms-Vec 41, H7E%5 48 h B} 22 5 3 (P<0.01)
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Figure 3 Tolerance capacity of recombinant Mycobacterium smegmatis under diverse conditions. A: Growth of
Ms-Vec and Ms-PPE61 under acidic (pH 3.0) conditions; B: Growth of Ms-Vec and Ms-PPE61 under surfactant
SDS; C: Growth of Ms-Vec and Ms-PPE61 under strong oxidant H,O, conditions. ****P<0.000 1 vs. Ms-Vec at
each time point, n=3.
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Figure 4 PPEG61 inhibits the MAPK and NF-«B signaling pathways. A: Detection of proteins related to the
MAPK and NF«B signaling pathways by Western blotting; B: Quantitative analysis of Figure A. Western
blotting analysis revealed that compared with the RAW264.7 cells infected with Ms-Vec strain, the
phosphorylation levels of p-p38 and p-ERK were significantly reduced, while the expression level of IkB-a was
markedly increased in cells infected with the Ms-PPE61 strain at 48 hours post-infection. n=3, *P<0.05, **P<0.01,
and ****P<0.000 1 compared with the Ms-Vec group.
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Figure 5 Impact of recombinant Mycobacterium smegmatis on the secretion of TNF-a, IL-6, and IL-1p by host
cells. A: Level of TNF-adetected by ELISA in supernatant of RAW264.7 cells infected with recombinant bacteria
Ms-Vec or Ms-PPE61 for 24 h and 48 h, respectively; B: Level of IL-6 detected by ELISA in supernatant of
RAW264.7 cells infected with recombinant bacteria Ms-Vec or Ms-PPE61 for 24 h and 48 h, respectively; C:
Level of IL-1p detected by ELISA in supernatant of RAW?264.7 cells infected with recombinant bacteria Ms-Vec

or Ms-PPEG61 for 24 h and 48 h, respectively. **P<0.01 and ****P<(0.000 1 vs. Ms-Vec, n=3.
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