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Research progress in the mechanisms of interactions between
Chlamydia and mitochondria
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Abstract: Chlamydia is a genus of prokaryotic microorganisms that lies between viruses and
bacteria, strictly parasitizing eukaryotic cells and possessing a unique developmental cycle.
Based on the characteristics of intracellular growth, Chlamydia can interact with multiple
organelles in host cells to promote its own growth and replication. Mitochondria,
multifunctional organelles in cells, not only serve as the metabolic center and energy factory but
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also are involved in various biological processes, playing an important role in the defense
against pathogen invasion. Chlamydia infection is closely related to mitochondria. Studies have
shown that Chlamydia relies on the mitochondrial metabolism of host cells to obtain energy and
affects mitochondrial functions by changing mitochondrial protein composition and regulating
mitochondrial dynamics, apoptosis, reactive oxygen species, etc. This article reviews the
interaction mechanisms between Chlamydia and mitochondria in host cells.

Keywords: Chlamydia; mitochondria; apoptosis; mitochondrial dynamics; reactive oxygen species

A AR S — 28 T L PN A A Y =2 TR
SRR, H TR BT A R B0 A R A 3
45 Y0 IR 4K J5 44 (Chlamydia trachomatis, Ct) ., fiili
R A A (Chlamydia pneumonia, Cpn)Fil% s Hh
A A (Chlamydia psittaci, Cps)!", Hr Ct &
W OLEE IR, AT RECHE VIR . W PR A
T R R b L A 2 e S Y I Ah, Ct
& [A) CFL Sk oK 9% B (human  papilloma  virus,
HPV)30CE $its & A R R I 2, g kA
?@%Eﬁ%ﬁﬁﬁﬁ(human immunodeficiency virus,
HIV)E G L& R N Z M, Cpn Al 5 0P
W T PR AN S R . AR 4%, a2 )L
P M AN E A — R R R, I S sh Pk AR A Ak 1Y
KR JEAT P, Cps T EAE S 2RAL TR AL,
Al RS ME g s N2, SBULBS . K
SRR,

A AR ELAG UR R 3 R, DA A
TR [RIIE X AAAE, RIS
P B B G M [ (elementary body, EB)FI =1L il
T M Y &2 B AR A (reticulate body, RB)!', EB
ANffEFAME, &2 RN EERRA
L TR B A, I TE R IA N L RB, Z
J& RB it — 32805 X L EB, £id 2
%L, EB TEAE 3 41 M 2L s A R AT 5 R
T, B RGSH  AF BR R — 5 kR,
R Y A 56 UM N AR S, A A T ARG
i EACHOR R BOZ R AN E FR W T, [a] i) 5 2L
B E 15 ik db b g A, Rk A

FAET HAZA M P ARUZ A g, d2ani
AT A, AR AL A ATP Y 2
JiF . BERR g A0 A B SRR O A, R
LA ) r ] A BT R AN [a] B A 45
o, HERESE . IR ERREEENRY
FUIL IR H., ORI TE AN R 22
PEBZEY IR THLH AL T o, 025
FALIR RS S T AR PR TR,
R T 20 L G R A5 A A S R T
LR B I TP 22 S REAFIE , ol RN A AR
Qe ZAOAR( 1), A SO A JEUA S fig 400
SR AR ELAE FIBILR] ) BIF5E 2E R EA T 2508

1 REEREKREAEE B 4K

LRMZ M N Z O Re i gs, BEaE
V2 B gt e Am Ve R 8 B o, Horp K
A3 8 T A% S TR G s, A0 T o R R S
i 1 A [A] Y 26O 1A S 1) )7 41 (mitochondrial
targeting sequences, MTS) ) v B LA, M52
M £ 7 1A A T REN . 20 B G A 2 P i
RIf) MTS, TGS A0S B 1R 51 4% (3 sl 4
B RRR R, 5B R AR B AT,
Dimond %3 o A= 1) (5 S8 2 0k 143 ik 5
FE T Ct R4 vh 35 T P RN Zh e 1Y MTS,
IERIA 5 AAFERGEEE 1(CT132, CT529.
CT618. CT642 Fll CT647)f) MTS 7& Hela 4 i
HR R e A B AR . S5 Ak, o CT529,
CT618 il CT642 H 1712 38 1 VP HR A S5 111 AU 43
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W ZA S (type 111 secretion system, T3SS)/7 i £ 15
FAMLT, 10 T3SS JRA A S 15 F A [ 5
B AL AT SRORA JEAR AT 23 i 2 1 = A
o rh 5 4R & A HAEAH EAEH . Dimond B S
SBUNSIN 2 DO e A e P B N LR ) e
B R GO R 1 AL AR 1, R AR T AR I
Yudl | fE A2 IR A L 2k AR TP 29 125 AV 3=
AR E R EEE, X E AP AT
TGRS /A AHOC R 5 RIS, A7 82 A
5 AR I TE A2 B A M g e b AR g i, Hop
KZBE AP T 7 25 40 M3 R
BG4, TEZ L AR I R A I R
HEH, A 37 MR A, X
Z 5 THMMAT . RNA 25680, s—%
B AR i A Sk e 2 5 B30T 32 40 6 5 o ) 8 1 R 6
B KRR AN S s E R R
M A JFARRE /X WA MTS 74 1 45 1 48 1) £k hE
&, FIRERIREDRANE, LIRNEE
Y iz FACET DI RE 3 A R AR ER N Lok 4
PLONTE A ) Y 52 0 AR S A SR T B4 AR
2 REARBEREE LK

A EARTESE AR R o, U ) B P 2R 0
Dy A B B SE /0 3] 1.04 Mb, iz B
Y B = A AT IR SR DG ARGl B IR oy 2 7
MHE AN BEHET T R &4 ATP UTP Fl GTP
IR A6 B, 58 UM T 18 32 i M SRR
AR Fisher 251" 1& BLVD IR A JF K BAT 2
AT PR ¥% iz fA——Nptl Fl Npt2, BI&ETEN
ATP/ADP 5 {vifiififk ATP Fl ADP fy%6de, J5
A KT R A8 R AT 38 I A R AR R AT
MR, (451200 R BE A8 DA 1 3 20 il rh B 345
RETE, DA E AR FR e A . 2ok
IR E AR AL & B ATP B 0, PR N
FLZ A B <fE e )M YR IR AR R R AR Lk

A 57 # MG F2 B R R 22— & i AR A
ATP (I, Liang &0 THFZE Ct X418 410
JL ) RE S AR, 40 RS R (1 h) Rk
RN EBs 4ME AL RBs JEFF UG43 2405 (12 h),
FHEMLARNT IR 530 71 528 3= A Ab3H Hela 2001,
TSR ATP A8, G53RR, AR ARG
M R R A LB AR R RGN T 69%,
FLRAAATURN T 76%—84%, AR JFAA A & il 32 %)
SR, TR 12 h e, AR GeR AR I
TR, AMIERABIENT 39%-42%, LA R
& EBs XTERARLAR =25 1Y ATP A AR 5R 1AM 1
TR YL L] . Chowdhury 25U 1 TGk pd
5 % (anhydrous tetracycline, AHT) /5 5 Ui Bk
Hela 4t jfd h RiAK F1-FO-ATP Jig (I FH 2ok (4 25
R HL S i A ATP & B0 F1B WL, BF5T & 1%
2 5% A AT 2 U 1% 35 25 35 v L9 o A
st , ECATP 2URII D, TEX R A AR5
T, WIRREENERKZREmm, DR
FEPIFRIA LR R ATP A JFR IE & & b2t
R4
AT, SORLARNE R FLAZ AL ) 2R
M, DMK O, i == 4 ATP, 4 O, %
TR, B ATP AR 0N Sk (A S AL B IR
b5 e 28 A TR A, AR L, A IR BUE  ATP
1) >k 5 AL Bl 5 PR 5 O, 5 it 1 R T & AR AR
Thapa ZFPMF 58 T AN O, e (21% O, Fl 2% O,)
T, Ct Xtk ATP RyMME L HARPLE],
ST BRI RE S Mtd-HEp-2 41, I & IAE
TEH AR EE T, Mtd-HEp-2 4 i Ct A=K
Z R EAE], MEERMT, CtARKRZEIM
AP, BT IE R AT, CHRE T EhRE
PELRRIE R ATP HRUR . BE4h, NADPH A4k
fit(NADPH oxidases, NOXs)HH NOX4 i (1) 7% 1
SR AR BB 1 AN N 2 5 S i R T 2R
FilA= 42 ATP, Hid NOX4/MAPK {553 & n]
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WM RELRARIIRE, DAZERE ATP AURRELAL)
Thapa 20/ NFHE RNA (small interfering RNA,
siRNA)FL 4 20 it P i NOX4 , I il p38 MAPK
R AL BEAR A, SR BOR, AT A,

IEHASSRET CtL2 AR 32 3 W&,
WS R TR AR T T SRR AR ) ATP
TEA S A A K B v B4R A B SrF B

3 REMREEEAES N F

AR JE—Fh S BB A AR A, Sty
S T il 53 2R A R 2R A N 45 1) Bl 25
i, XY F ISR LARAR D) 1%, Sk
3l 15 S5 Al RS B ARG, FRZEACI .
e R ik v R R AR AU, A
R UK 1 2 B R IR AN TR R AR T A E
RE I8 1) AR SRR B g 2 Dk sk S i i B, LA
Tt 7S BAE, Ul BISORAR Bl ) 2 7 4 TR Sk e
AR AR BRI, R R R 5 Y
—AH oy

I I 22 TAF 5% 3 B A Dt 1A AT I ) 2R 1R
57717, Chowdhury %" FlE @ miRNA
W 7 35 B 58 U0 TR A Dt A J e Sk NI 8 ok 7Y
JZ 4 ffl (human umbilical vein endothelial cells,
HUVECs) miRNA FATEAY00, &I miRNA £
K& miRNA-30c-5p 3 L, miRNA-30c-5p
A R p53mRNA #IHI A F1Rs, M
W T T i LR AR AR 2 R g R ——3h
M*EH 1 (dynamin-related protein, Drp1)7E4k
RARRIM P FRIRFNREE , B Lok ir2L .
13RIk Drpl MUFT T REL KRR, i)™
52 A VD IR A T A4 1) 2B K R R g Ay
4o KA, Chowdhury ZEUHA KB, 5 A YL
YHMTZAR LG, VD IR A i A B 1) 44 s 2 A7 1
/AR LRI, T B EORL AR BN I I h
WM 4, T ZRn AR 5 Lok A T 0 3 4 0

ATP 5 BURE S B UIAHOC, X XA A4 Yy 38 5 22
R EE L RIVPIRA AR AT 38 o A i A 5l )
2 XG0 TE 3 40 A Y R B e B BRI, Bl
Ja, AFHEPHE— T T Ct&YE Hela 4 i
P ZRAR RIS, & PR I R 1 g 1
53 AT SRR LE AR BT RN 5 . %2 8 R BV IR
A D A B g B RT3 A 75 5 PR R AR T (cycelic
adenosine monophosphate, cAMP)Jt5, T/
T Drpl 225 MR A% FE(S637) R Ak LA LKL {4
FEAR, PTBR LR A il 25 1 BN R B ALl
Tl A R AT PP A SR AR A 3G AR . Ak, IR
HH 2R b7 14 20 402 5 Bh 40 L 0 = A S B 3R 1Y

Drpl VE R FEMARAR I RE N, LG 2
B SFAE RN ASMES AT, BXise T
4 Drpl AYFRIKIE RIS RIk Drpl 4B K, Hjoiy
M A0 M R T A RE T, A TS B mT g 1 41
Drpl 2615500 BT kA 724, DT bk G
TR AR R 327 LB — 2 U A
Jir AR AT 3 2ok A 2 b A B g 2 SRy LA R A
PRACE RIS Hit, THA R AR LR 4
BN 125 0 3 1 R AT B RIR T A R AR
FERR AT, (R B FHLGIE A T — 20T .

4 REENRENBRBRAT

2 U T R DR S R R e R AR T T 2
AT T HEH UG AR SRR BHL I >, Zokiid
A PR TR R G, B EE
VT B K IR -2(B-cell lymphoma-2, Bcl-2)
FES HAb P T A A B R E I SR AT T AR
P2 Mz B HE 2 R A R R T S W
DNA it A= A R332 00380, AT Bel-2
FIGAL T2 [ Bax Ml Bak, 3% 50 Bax Fl
Bak M4 5T b ) 137 28 20 R ST B 3 SR A2
GV, SRR S G 7 M A s, AT
A FAE P T F AT CytC . Smac/DLABLO |
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HtrA2/Omi, AIF SRR Ao rh, Bk
Caspases ZRIKI N, Ji sl b AR i oy T 1
TR,

A AR L R AL H 22 A S W A1 o] P s R T
AR WG RENLAR S e R 4 A B AR AT,
AIAC NP AU EE & . IRFEIA T . CD95 (55, %
HMZEFT dsSRNA FIrifs S A 2R AR TR T o A It 44k
Juamiil e FA LR TR X R . R
fit BH-only {2 1-J5 81 Bad, Puma, Bik #
Bim PHIIPET- {5 5 158 ELARART . BB
T-% 1 Bag-1P%, K% BH-only % & 1 Bak
Al BaxP?! | JE AL NF-xB FE & T80 KA
(inhibitor of apoptosis, IAPs)Z Ji% cIAP2PY | 4%
4 T %4 B2 % B EphrinA2 % & (EphA2) 3 i
PI3K/AKT {5 538 i T Bad Lt 1371
W MAPK/ERK i i Al PI3K/AKT 38 B Fe 2
Mcl-1 932355 /5 HDM2/MDM2-p53 A H.
TR BE pS3 MREARDT . LA, BFFERIT Ct
A3 A R WA S B 5 e R AR A AR
MBS 055w APY, KA A iR
1574 [H ¥ (chlamydial protease-like activity factor,
CPAF)P V2 A< J5 1A G 5 43 6 28 i = 4 L v 79 2850
DR, TEAJEARBOR LS o & 556 A
., B AlE %) BH3-only &[40 Bik. Bim
M Puma KAEPLATIGNE, e £ & BUK 5
AR SR 2t A5 14 43 W 2 11 pORFS L B A B A T2 1%
P, il 3 EE pORFS 189 85 R A Z A4 UL Hela
gipeL, FFHPE TS50 TNF-a 0315 & B, A
BHFXT MY, pORFS R kM TR T T
29.4%, H. Bax £l Caspase-3 i) mRNA #£ik/KF
B J BEAIG o Bl 5 Bl 2245 B 58 IE S pORFS A 58
i L Fhak AR e R R T, W
HMGB1"*#i1 DJ-11% | J8# PI3K/AKT 43K
MDM2-p53 &2 Nrf2/HO-1 {7538 i
S5, HUIEET UL, AU AT A3 IS0 B 1 %R A

PR NLRA A TR A, HEARHLHIE A 5k
— L
5 RERKRL LRGSR

1% Pk % (reactive oxygen species, ROS)J&
—RERMNEE D, AfEd A E . BAEk
Yy, B ECHRE A RS LRk ROS
(mitochondrial reactive oxygen species, mtROS)%]
AP AL ROS Y 90%°, Higdftil, ROS f
VER PR —Fh B ABLE] . 2 S51EFRIE N, A
X, e s A RE R A E AR ROS 1Y
FEAE DRI T A A, Abdul-Sater 25T
KB CtgG T R4S BEVE 5 ROS WYF=2E, H.
i FR LR SME Y NOD FESZ IR Z A B X1
(NOD-like receptor X1, NLRX1)& ¢ Ct S
f ROS i3, A shRNA JLE NLRX1
FF IR A2 B 25 PR AR ROS By /=&, T Hid &
SO A AR B A A, 7870 Ul B A D 1A ] e i 2k
Kk NLRX1 /5 ROS & it { Sy, it
Sk, AR I Cpn JBYY JEAR I 45 -1 L
2 fifl (vascular smooth muscle cell, VSMC)2:
BOLRMEL A, IR E P TR BN, o
M2 5 3 ik ok £ 1 1L, (atherosclerosis, AS)J A%
FE R, T mtROS 5 5 48 i 75 5 40 i i 7 2% )
K. Zhao ZEPYL B Cpn J&YE VSMC J5 415
SRR REZEL A mtROS &t B B34,
Mito-TEMPO (mtROS 5 PEBRFDAL B ,
Cpn EYL% S (1 VSMC 1T 5% i 1 145 bl 2
fil, UL Cpn JBYLni# L mtROS fEiff VSMC
IHHEMZY AS WAL, HEEILE S
TLR2 5/ JunB/Fra-1/MMP2 {5 544 3. It
S ROSHENEHERE S50 T, 2 5 NF-«B
PI3K/AKT . MAPKs % £ 2% {5 5@ 1", Tiiik st
15 5 AR AEA AR B e 2o 72 v e 5 i Y A
M, WAL ROS TEA SRR th iR
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Ros kos 1 L 1 PREL N

ROS MDM2 HIF-la Bag-1 clap2
ps3 Bad Mcl-1 Bf["z
\ Ve
e ™ ”®e
= *%e

% Cytochromec ——=> Caspase3 ——=> Apoptosis

1 REGSEZNEEEERNBIE  KJEEK EBs ARE EAME, 220N FHNEERAR AR
NI BCELI IR, FFTELIR AR N e AL RB; TEAIIIN , AR T 2R i)™ £ 9 ATP, JELEA AR
Hhl 3 B NOX4/p38/MAPK {5 S i A2 447 ATP )N 5 [R] I A St 1A S48 7T 3 3o 80T 18 - 40 i TLR2 3244
JeERRLARSIMEE A7 & NLRX1 J#45 ROS #7574 eAh, A4 3 #47H miRNA-30c-5p/pS3mRNA J i fik
FR R cAMP, $815] Drpl PR ZN J72% s SRR SE PR T A2 i s il bty A R4 3 T
PI3K/AKT. MAPK/ERK . NF-kB % Z &2 M| Bak/Bax HJ#LE , T4 caspases ZRI S K I T 1 J
3, Hoh AR JF AR 11 pORFS A] 845 PISK/AKT M MAPK/ERK 4% & 470 U6 T 1 1tk

Figure | Mechanism diagram of interactions between Chlamydia and mitochondria. Chlamydia EBs invade host
cells, then form inclusion bodies through receptor-mediated endocytosis and transform into RB. Within the cell,
Chlamydia relies on ATP produced by mitochondria and maintains ATP supply by activating the NOX4/p38/MAPK
signaling pathway in an aerobic environment. Meanwhile, Chlamydia can regulate the generation of ROS by
activating host cell TLR2 receptors and mitochondrial outer membrane receptor NLRX1. In addition, Chlamydia
regulates mitochondrial dynamics by targeting Drpl through activating miRNA-30c-5p/p5S3mRNA and cyclic
adenosine monophosphate cAMP. Mitochondria are the control center of endogenous apoptotic pathways. Chlamydia
inhibits the activation of Bak/Bax through various pathways, such as PI3K/AKT, MAPK/ERK, and NF-xB, and

interferes with the caspases cascade reaction and the initiation of apoptosis. In these processes, the plasmid protein
pORFS5 of Chlamydia can regulate the anti-apoptotic activity of PI3K/AKT and MAPK/ERK pathways.
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6 REERE

g5 bk, ARIEAAE B IEM AT, WA
Xof P b B N T T AT P ok AR B R I R
B E RN, DAAIE R T B SRS R
BT B R AJEAR S 15 32 41 M 2k 1A R LA T
W4y FALEL, A B FIATIRA T A A4 1) 3
JRBL AT A T A D A R g B AT 4
o SR, A —LEEER] . RRAAJE S HA
T — 7 A B 110 BE 7 I 5 GOkl kA= Al
HAER ;SR AR SRR AT A SR R B 5
YR LR IIRE, (H LA A S A 23
N 7R R IR G VE s B WFARIE
5%, pORFS fE AR E LR # I+, seks
5 FAMEE (A F IR LR 5 S s a2,
BT BER R AR 1412 AR Ok 2
IR R L RAA D) J15% . T-5 ROS iX =&
Z WA BB MR, KRk 2aeG2Y5
THTIMAE, T ROS A A 4 i N 48 A0 1 33 Y B
B, MURREL ZABEHEERT, 15
LRLR T REBR AT S 2o R 4> 24 8 B oG, AR
A GRS 2 8 428 3 655 14 A% 0k ke AL AR B 328 1
o RSB T ERATH — I .
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