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inhibiting the fusion of endosome-lysosome fusion in mouse macrophages. Methods Twelve C57 mice were randomly divided into
control group and L. pneumophila infection group (n=6 each). After anesthesia, an equal volume of physiological saline or
L. pneumophila solution was administered nasally. Body weight changes were monitored for 3 consecutive days, and the lungs were
extracted to assess injury. Hematoxylin and eosin (HE) staining and immunohistochemical staining were performed to observe the
pathological characteristics of lung tissue in both groups. Transcriptome sequencing was utilized to analyze differentially expressed
genes (DEGs) and associated signaling pathways in lung tissues. Mouse bone marrow macrophages (BMDM:s) were isolated and co-
cultured with L. pneumophila, with infection status confirmed by immunofluorescence staining. Transcriptome sequencing was
employed to analyze DEGs and enriched related signaling pathways before and after infection. Core genes involved in the post-
infection signaling pathway were identified, and the consistency of their mRNA expression levels in vivo and in vitro was verified using
RT-qPCR. The expression of relevant proteins was detected by Western Blotting, and bacterial proliferation assays were conducted to
evaluate the intracellular replication of L. pneumophila. Results Compared with control group, the body weight of mice in
L. pneumophila infection group significantly decreased (P<0.001) on the second and third day post-infection. Edema and red hepatoid
degeneration were observed in both left and right lung tissues, with lesion areas spreading from the hilum to the lung periphery. HE
staining revealed increased inflammatory cell infiltration in the alveolar spaces, thickening of alveolar septa and increased fibrin
exudation in L. pneumophila infection group. Immunohistochemistry results showed a significant increase in myeloperoxidase (MPO)
activity in the lung tissue infected mice (P<0.001). Transcriptome sequencing identified 2550 DEGs, with 1444 up-regulated genes
and 1106 down-regulated genes. KEGG enrichment analysis indicated that these DEGs were mainly involved in pathways related to
tumor necrosis factor, rheumatoid arthritis, Rap1, PI3K-Ak, and phagosome pathways. Immunofluorescence results showed in vitro
proliferation of L. pneumophila within mouse BMDMs. Transcriptome sequencing identified 2550 DEGs, including 1677 up-regulated
genes and 873 down-regulated genes. KEGG enrichment analysis showed that enrichment in pathway related to transcription
dysregulation in cancer, PI3K-Akt and phagosome pathways. Thirteen core genes, including tubulin B1 (Tubb1), were identified from
the overlap between mouse lung tissue and BMDMs. RT-qPCR results demonstrated a significant decrease in Tubb1 expression in
both lung tissue and BMDMs infected with L. pneumophila (P<0.001). Western Blotting results revealed significant decreases in Rab7,
Tubbl, and LAMP2 protein expression (P<0.05), and increases in iNOS and MPO expression (P<0.05). Intracellular proliferation
experiments indicated that L. pneumophila gradually increased within BMDMs over time. Conclusion The potential mechanism of
L. pneumophila infection in mouse macrophages involves the down-regulation of Rab7/Tubb1/LAMP2 which inhibits the endosome-
lysosome fusion.

[Keywords] Legionella pneumophila; tubulin beta 1; endosome-lysosome fusion; transcriptomics; macrophages

VAT TR 2l AR 2 B B A e, E
SR N B R AN IT AT e M A KA H k&
AP T 8 60 ZFh, 2450% LA E ATl AE0m; H
rh g fifi 45 1A T4] (Legionella pneumophila, L. pneumophila)
BURTERGER, ROLERATIE . HUR A DO BE A
ARAG VL 5 14 7 L S e 2 AR g i 2= 41
[EREE S IDRRReaY i W R &2 €1 € S R i brspi S
R, WA 5%~309%'7, ¥ WS HLAEE X LR A
(M LU B S RAE S ™, FEd # b,
A= Wl 9 A I 2% 31 77 I /MAK (phagosome) ;- P
TG, B AR W A W 5 RS G 300 ) P
MARRERRE, JFSIERHARRES, AR R
A WV A g0 g s 4 AT B T BEL DT 5 /)
PR N BUB M I, T R AR
AT Wit/ IR JI A R T P g il 4% AT T SRR g ) B0
PLHIAE B, BRI B I A=A s . — 7
TETJ5 PSR 5 P S 7 e/ IV L5 PR /IR DA B
FrWE/IMA, FRRATE s 55— 5T B2 N TP L
— A B 25 A 19 %% il (legionella-containing vacuole,
LCV), A2 22 ik, g i 2 ] ml5d o IV 7Y

3 Z 55 (type IV secretion system, T4SS) 4301 Wi
PEE FAM TR BH A MA S, RN
JoT D A R 1 3 W /YL R LCV R A, 2 T bk 5 %
ARG, (AL RS

ASHIF 5 R FH W it 42 AT R R /N BRI e 4 A A
I8 Ao e S 2 I o A R i S Y 25 S R AR SR
(differentially expressed genes, DEGs); & H| KEGG &
AR AT At A N AN IA 2 5 A W/ MAR TR AR 1Y)
H——& 25 B, (tubulin beta 1, Tubbl)FERH, IR
JH RT-qPCR Fll Western blotting #1755 UE, & 7£ 4 )
HF 5 W A 2 32 R Tubb 1 78 18 i 47 P B J e vh 9 1
PRALIEE, HBAZE ER IR B A

1 MRERE

L1 R Shuik E o e 75 R - (M-CSF,
P00085) . it EEBUIE (BCYE, LA7680)0 A LA
FHRF DR ABR A TRIAKE-JHZL(HE, BSBA-
4027). DAB ' {0 (zL1-9017) W) H AL 52 P A2 e 45 1
VI ARG BRA T ; 1 F4/80(ab6640) . it E AL W) i
(myeloperoxidase, MPO; ab208670) Fll L. pneumophila



R A 4R 20254E2 028 0 Hisod: ol

UK (ab20943) I [ HE [F] Abcam 24 7] 5 HLI BEIAR A5
i & H 1(LAMP1; AG2482). GAPDH(AF2811).
Rab7 & [ (AF2458) . 15 T — AL A & i (iNOS;
AF7281). B4 % 11 (B-tubulin; AF2835)JiiAk,
R A6 W B (HRP) A7 i 1L = 4T % IgG(H+L)
(A0208), HRP f5ic L *FE Pt/ Bl IgG(H+L) (A0216),
Alexa Fluor 488 Fric Ll S£- 41 /)N Bl IgG(H+L) (A0428) Fll
Cy3 bric L E4i % 1gG(H+L) (A0516) I [ L i34 25 K
W R A BRZA 5 T Rab1(11671-1-AP) . LAMP2
(66301-1-1g) FiAR My B 25 [F Proteintech 23 7l . 45 5%
A7 £ PrimeScript™ RT reagent kit(RR037A) 14 [ H 7%
TaKaRa Bio /A #] . Nucleospin RNA 2 Ht it 5| &
(740984) 14 [ 75 [£] Macherey-Nagel /A 7 .

1.2 LW 504 12 HifE cs7BL/6) /N BL(8~
10 JEI%) W B 7 5 BB} R SE I Bl ) v o0 [ SR 55 3l )
HETEVFRTIES . SCXK(77)2020-0001], Bl HL A X
R 2H 55 08 i 22 A P SRR 2 (n=6) . IFAETCR 28 i 5 4
AR IRSR . AR B S50 T Rk T B ERR
SR 5 2 5 2HEE(2020-334)

1.3 ik

1.3.1  AHRKEFR WEN LA 1R (L. preumophila serogroup
1, No.35133, F[E ATCC 4= ¥ybnifi i 95 b0 7
BCYE B IR FH 37 CHiFE3d ), 4%FhF 10 ml
BCYE VR RS FR 3, THEIK | 35 °C . 230 r/min K}
FE16h, RS o AR

132 /NRURGY  RBE, WEI A ARG 2 )N BUE
T Vi S YK A O i 4 1A PR 30 (1107 CFU/ H),
X HRZH /)N B8 B TE 30 wl AR BRER K . BEJS 4L 3 d
WD/ BRAREE SRR (B By . S IB PRI
N IREEEE) o

1.3.3 ARG AE DEKESOE, BUH A,
FHPBS thse, BT 4% 2R PR 2 24 he #
FECREK . A, Yk, fTHEY(M,

1.3.4 Gl b g kN R 2 MPO TR HE
200 b Je A 7 sl s R AB R, 3% it AL R
RELIRT Py VM i S AL B, PBS VRT3 UK, FFYK S min,
HIA MPO —$i(1:400), 4 CHFFid”, PEEEMA
HRP B 41 (1:1000), 37 CHFH 30 min, PBS LA
JE T IUETECH A9 DAB WU, BN LS, IR
BEEAE, MAZERIRAKPL B SRIG AR YL
83 min, BREESEEMIK, H)aHTHERIEE R, H
Image] #4155 MPO FEPETH AR T 43 L

1.3.5 4Bl & . g5 I A 1A TR AR A R e A
AL NRURRBEEOSE, BOB RS AR . 1 mlid
A PBS (1, pH 7.4) KA thideiy- B s 75 2] 15 4
T . W AR B VRO B 20 ng/ml HE 41/ R
M-CSF. 10% Jifi 2 L3 1 100 U/ml 75 % R -5E R R 1Y

SE# DMEM 5 FR b, JF'% 737 °C. 5% CO, K5+
iR 7 d, W3dEHR -G REE, SEVNRE
B B W 40 M0 (bone marrow-derived macrophages,
BMDMs). #4178 fili 7% 141 14 [J& Y & £ (MOT) =101 A
Jevi Z B 55 5 BMDMs (W8 it 4= P i Je e 40 )
Fids 1h, XRRA N A GEAARFRY PBS, B A e
FE (8 pg/m) 3% 1h, HPBSHIRIETRANME, Brk
i SR F AT WG A W8 il 42 AT BT, I A BT B 1
FHEF7 6he

1.3.6  PEDSGHIN  BMDMs 7E 4% 22 58 I SV T
1 [# E 15 min, FH 0.3% TritonX-100 i 1% 10 min; PBS
THVE3W, MA 8% 25 L35 8 L TE 37 CRUR IR &
30min 5, 43 %I /il F4/80(1:400). L. pneumophila
(1:400) . LAMP1(1:200). Rab1(1:200)—#7%, 4 °CH¥
B, PBSUERRSE , TSN 125 — 41 (1:500),
37 CWFH 1h, ZMOA%H DAPT YL (a ., HimE A, 2¢
DL RTAT G APV =8

1.3.7 RT-qPCR K il CD14. 1gG FC 5Z {& 4(Fcgr4) .
C ¥t 4 &K 45 ¥ 3k K% 7(Clec7a) . 1gG FC Z A& 1
(Fegrl) . HEALIHF BIGALIA G ZE A 85 11 1(Tapl) . L
B M B, (Tubbl), il /N R 2K 1 4(Thbs4) (1)
mRNA k7K i H Nucleospin RNA 7 £ #& Hfifi
ZHA S B AN A P A R RNA 2 BRI A B 5 14
YE, i/ Prime Script RT reagent kit 4 1 cDNA, 1
NCBI M i t5 |1 i LR TAEY) TR R A IR
NCIRS g W E A Sk AU R VRt S S L /s ]|
W31,

£1 RT-qPCRE|IYFH
Tab.1 Primers for RT-qPCR

HE 519175 (5'—3") Tm (°C)
1IEX: CTCCCGCCCCACCAGAGC 574
D1 X : GCCGCCGCCGTACAATTCC 57.3
IEX: AGCTTCGCCCTCTGGGTGAG 53.5
s JZ X : GCCTGGTGTGGCTGGATGTC 529
IFX: CCTGCCAGGCTCTGGGTCTC 54.1
Cleera X : AGCAGTGCCCAGCTCCCAAG 53.1
1E X : AGCCTGCGAGCCTCCATCAG 532
e XX : CCATCGCCTCCCAGGACCAG 53.7
1IEX: TGTCAGCAGCGGCAACCTTG 55.9
TaplWS$
JZ X : AGGGAACAGGCGGAGGATGC 56.6
1IEX: TTCCGCACCCTGAGGCTGAC 56.3
fubtt : CTGACCGGGAAAGCGCAGTG 56.3

” X : GTCTCTTCTCTGTGCTGCCATTAC 54.7
Thbs4
XX : GTCTCTTCTCTGTGCTGCCATTAC 55.0

Clec7a. C HUBEEE REEMIRNF W 7; Fegrl. 1gG FCZ K 1; Fegrd.
IgG FC 32 1K 4; Tapl. S ALK H ¥ B I fL M 45 & R A 15
Tubbl. & & [ beta 1; Thbs4. Ifil/IMiz 521 2 11 4




1.3.8 Western blotting £ lll Rab7, Tubbl., LAMP2,
MPO Fl1iNOS & [ E KT /3 5Pk X 4l . vg il
72 A A JER e 2 (74 i 2L 20 R 400 B AE RIPA 24 i i )
o EHPEEW 4 °C . 12 000 r/min B0 10 min, Y&
£ LW, MRS RSN EEARE., S
)28 54T SDS- 28 N M ik Jie (SDS-PAGE ) B JiE FL UK 71
21 5 % 2| PVDF & [ 5 S9% Ji AR 05k 5 L £ 1A
90 min, {4 Rab7. Tubbl, LAMP2, MPO FliNOS ¥
— A I AR B (1:1000), 4 CHEF 0. K
FTBST PE¥& 3K, HRP bRic L F4T /% 1gG Pk
(1:2000) 7E i FHFE 1 he (AL K G0 WO 2R
FIEIGEATHRE, FH Image] /-0 25 11 5 B0 Hr o

1.3.9 RNAFMEEFSCEME >R H TRIzol i FK iR
VLA P2 EUS RNA . ] NanoDrop 2000 736G EE T
Y€ RNA ZI I 5 1, i ] Agilent 2100 Bioanalyzer
PPl RNA ST . 55 S AL A BT B DI AR 3
PR A FRA ] 58 1

1.3.10 %% 5% 40 M % A1 DEGs 23 #1 & i llumina
Novaseq 6000 RS 5 % SCHEESEATIN R, IF AR RR
150 bp W51 ; fSOAPnuke(v1.4.0)#E4 i i, £k
T P I ARAS A A Esdls o i HISAT2
S SN X, - aE T 5L R 3 GA & (FPRM) 115,
K )5 i 1 HTSeq-count ZRAF 55~ JE K 1 77 91+ 45016 .
57 R AR A (v3.2.0) % FE PR F T HEUE 4T PCA 43 HT
IR, DITATREAR R A FEE M. A58 il
JH B sp 2000 e J ey Bt A e rh L AE ) 1R B
TN (https://ngdc.cncb.ac.cn/gsub/)J?ﬁﬂ TEHURY 22 (GSA
013298).

# ] DESeq2 #% 1 #£ 47 DEGs 43 ¥, H b5 4
|log, 22 5% fi% 4 (FC)| =1 H. P<0.05 1) 3 [H 4 22 LA
DEGs. i pheatmap pREi22 il 25 57 5L R SR & -
Xf DEGs #A TR IR/, DA /R L 7E A [W] ZH Al
FEA R FRIAA S (H FH R KM ggradar L2 il K 1L
S I 957 N o 2 1 A A 2 B 3PS S = wie Y A = R v Ui =
fifi 111 David I35 % DEGs #4752 # 5E PAURIE R 20 A FF
45 (Kyoto Encyclopedia of Genesand Genomes, KEGG)
S BT, RS 1R & B (FDR) <0.05 1143 %
% H, #EAEAEEPD) ML, 3 A H R &4
ggplot2 L TR LA,

1.3.11 FEAGZEA A TTHEC H PBS ¥R R MLrp (3 55
Bped, 3 W, BALINA 1 ml JTCTE ddH,O % 40 i
10 min, 4 DTHEM 1S ml B0, S5 h1—4,
TE 2—4 5 H 45 A 900 Wl JCTH ddH,0. K5 LAk
PR S WA 158, ARSI E WL 100 pl
A 254, IR LR E R 458 . Tl
A1J5 M 45 H IS0 wl BRI S BCYE A |,
TCREIR ARSI URIK, AR 3Pk, i

Med ] Chin PLA, Vol. 50, No. 2, February 28, 2025

T35 CHi R 48 h, MR AN [ i 1) £ 1) TR 7% £X
(colony forming unit, CFU) 2l ARk

14 Goitseab s SR spss 27.0 B EHE AT SRy
Bro X TN Ha DA SRS 14 S5 bR e B0
—AL o FPRM., TR AT SRS A, D ats £
7N, WA LEECR A ka5 . P<0.0S N ZEmA G

2 & E
2.1 WA A B Y N BRI A U B 2R R g il
TR WY 2d, 3d, SXTIRAHeEe, Wi ZE A i

TG /N BRI 2 R B (P<0.001, E11A), HAS
it 257 Al 2 UK B S 4T € BFRRAS 3 728 Xk il
Il e A, HAA R A A 1B) . HE
gL R, XFRR/NRAGEZUR IliE K/ N ER, B
YA TCY K 5 0 i 4 AT B T 2 /N B AT D i s
SR . il () P R . ST YRR (B A
RURHFLR IR 1C) . REd bz R R, Sxt
PEZH bgr, Mg N2 AT P R 2 /N B 20 20 MPO [HPE
AR A 43 LB B4 =5 (P<0.001, 4] 1D).

2.2 FENT A AT B IR /N BB 2 2 DEGs (19 % 5 I
KEGG & 4511 4P Ml 421 e 3 d i/ BRIt 2
VRS BEZH /N UM S AT 1 S AL )7, A B
2 o3 b 7 18 H 3l A2 |log, FC|>1 HL P<0.05 ) DEGs 2550
A, Hop S 14444, TR 11061, ik
IR ZE MK R (K 2A. B). KEGG & 017 i
AN, S I R R E R S A N A
WA EAER . 4580 . M IRSER 7 (TNE) 55
M BRI IET 4 . Rapl {5530 % . PI3K-Akt {5
30 R A IR [ 45 (81 2C)

2.3 BBl 75 A R /N B BMDMs e e e
SRR, ST/ BMDMs YR 4R, 1
JEYL BMDMs [ FE il 2 AT R S 21 €6 . B N SR R,
Eixf IR b, g A A PR /N B BMDMSs 1T D
LI RNk AT B (0, $ o g 7 A TR
W £ B A s (161 3) o

2.4 WEAE A B L /N B BMDMs H DEGs {48 5E il
RSN B RGN BMDMs 6 h i, IR
KB I ity 7 [ B SR 2L R FR 2H 40 L 1 A7 T SR LM 5
P45 S 2 W5 B2 oM, LT H 1 2 |log, FC|
>1 H.P<0.05 ) DEGs 2550 1~, Hr FiHEEK 16774,
FUAELE 8734, Hh K Ll U FI R 2SI e (B 4A
B). KEGG & /iR, 32 B R e Hh %
SRR . PI3K-Akt {5 5 38 B R A W 1A G B SE
(Kl 4C).

2.5 PRPNANE WA S HX 21 3L R 1% 356 B K PPI o 26 4
Hq RN AN ST 45 KEGG & 0T iR,



2l

WCE A 2025228 H S0k

kK

R (g)

W i 22 P B i I () ®

e gt s
5 Fabg o &gi L

PPP S a O .

= 2% v P ;5 7,

MPO. #fiid FALG ;A W8l 42 A PR fe /s BUAR TR 25 1k
et S5XFIR4] e, **P<0.001

»\

S 20+
._;I_\‘_"/ koK
X 154
an
E o4
=
#
E S
o
S o
& P
& 8
; S
.{;l % . @&
B " ] ®

BN ; C NI HE e 65 D./NRIT41 4 MPO #e i 21

B A A R R/ Ui 2 S B R

Fig.1

5 I IN AR A W it 22 AT 7 R g /N B P 471 S 3 e #5756
HEEAEH . Tk & AR W R 1 DEGs,
IS 5 WA 50 Y 47 A Il 20 237 i 3 R 37
> BMDMs H (1) 3 R 351755 RL&] (Venn) AT LA 23T,
5 32 5 B 0 3 8 5N 13 A4S K H AR il 41 4L A
BMDMs H1 ) mRNA ik K- (K SA, B); ffixsest
PR T AL 2 PPI I 4%, o rft Thbs4 Bl Tubbl B 15
BE/L(ESC), K H GeneMANIA B ds /5 3 #r HL 54
L, HEFETAR N 32.85%, HENIA N 3.87%, Tl
4 36.66%, Il 145 26.62%(J& SD) .

2.6 RT-qPCRIGIFAR P AR I SE B AR OCIE R A4
2.5 3 3R 5K R PR A /)N BT 4H 4 i BMDMs T (Y
mRNA FE757KF, PEH mRNA 721k 7K P A 55 i 10
743K (Thbs4 . Fegrl, CD14, Tapl. Fcgrd4, Tubbl,

Pathological manifestations of lung tissue of mice with Legionella pneumophila infection
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Fig.2 Transcriptome sequencing bioinformatics analysis of lung in mice with Legionella pneumophila infection

BMDMs 5 L i oL, 53R B, S5x A L
A, Rabl 7EREAM4E AT R B 5 2188 1 (P<0.05) , Tl
LAMP1 #ik 2 5 T4 it ¢ & X (P>0.05, KI7B), FE
IS 25 AT GRT L P 8 S B 5 S S s L T 2 A R R
BMDMs 24 h N, 45 BF[R] A 3G T, 40 P g i 4 141
WE W 2 (K17C).

3 it it

I it 4 AT T e 5 e 290 PRy 494 98 2 AT R
i 58 B B EEER B, AR B AN PN A A A7 52 R
TN TR0 55 LCV 18 IE LR 5 Tl AR e e i A2 114 3k
o ASBIESE R I i 7 A1 B R e/ N U BMDM s,



MR A 202552 H28 0 Hisos 42

DAPI F4/80

piisEi

H

S

=
=

R A

LP(Ab)

100 _pm

F4/80. ELMEANMIZE E bR ; LP(AD). Povg i 4 ik
B3 s e ey o 0 o g it 22 A Bk /N B B W 20

Fig.3 Immunofluorescence identification of bone marrow-derived macrophages (BMDMs) from mice with Legionella pneumophila infection
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Fig.4 Transcriptome sequencing bioinformatics analysis of mouse BMDM:s with Legionella pneumophila infection
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