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Abstract Chlamydia trachomatis is an obligate intracellular bacterium that undergoes differentiation, repli-
cation, and re-differentiation within host cells to complete its developmental cycle. C. trachomatis has a unique bipha-
sic developmental cycle that comprises two functionally and morphologically distinct forms. The first form called EB
(elementary body), is infectious but non-replicative, can entering a host cell by endocytosis. Within 6-8 h post infec-
tion, the EB differentiates into a metabolically active, non-infectious but replicative RB (reticular body). RB replicates
via multiple rounds of binary fission and then re-differentiates to an EB. The newly formed EB is then released and
is ready to infect new host cells. C. trachomatis possesses a small chromosome of 1.04 Mb, encoding approximately
900 proteins including several regulatory factors. The early genes are transcribed at first few hours of infection, as well
as genes transcribed at mid-cycle playing critical role during RB replication, while late genes are activated at RB-EB
differentiation. The regulatory mechanism of gene expression in C. trachomatis is complex, involving transcription

factors and o factors. Regulators controls gene expression by sensing environmental changes and metabolic signals to
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ensure that C. trachomatis adapts to different growth conditions. C. trachomatis could be able to enter the “persistent”

state at an adverse growth condition, in which RB stopped dividing and enlarged its size. Infectious EB is generated

when the growth conditions are recovered. This review summarized the main events during the C. trachomatis devel-

opmental cycle and the regulatory mechanisms that governing each stage at the transcriptional level. In addition, this

study explained the mechanism by which transcription factors regulate C. trachomatis gene expression to adapt for

extracellular survival environmental changes.
Keywords

regulation

POIRAR JF AR S AR S A J& rh 2 22 51 i N SR VD IR AN
AR B P PR SR, R A T SR A RS A
SR M POIRAR SR BAG 3AN A, A AE VDR
LEW) A Fh (trachoma biovar). VLS5 Ik EL A 27 i (lympho
granuloma venereum, LGV)F1 4258 T8 A ) 2% # (genital
tract biovar)®. R¥E I ZAMEH [ (major outer mem-
brane protein, MOMP) ) ANF], X3/ Fh 343 9194
M%7 (A B/Ba. C.D/Da. E.F. G/Ga. H. I/Ia. J. K.
L1. L2, L2afIL3)", IfjERA~CHI IR, D~K5]
BT R G050, L1~L3 5] E bk e P 28 i

VO R AR SR AAR & —Fo L P 20 g P A P o 22 B
BN, B MERUE R B . 0, JFiK(elemen-
tary body, EB)tE7EME EAMMsL, sl N A 1E it
NFEIEE R A R N e b, AT EAT A5 3R IR S, 1%
BB AR NIRRT B3, EBAE ALK N BB K
B AR FE KT RAA (reticular body, RB), 1%L
ERRN S — AL S , RBEEGLIRAR N BL—7)
R AT R E . Zid5~650 7735, RBIA
LR AR N AL G EB, L FE N EE IRk . ¥
105 IEBIZET S, I e ORI 4E i 4k, 44 Bk gy
S B R B A - 4m T AR VD IR AR A 4 i AR Ko
FERTR AR, B Ry BRI B
M EBHE Al 3= 40 i 30 5 — AL S RO R, 78
T RBEEAT 7> 2L ], I 2 RB¥: AL EBJf 5%
LTI B o FEVDIRAR SR AR K B F BB A~
B B e sk (R G B A R], /D HEE R 7E EB I
GerE F RN S 05— IR RIE, £170% 5 P8 72 B e
JUANNE eI IG 3RS, I HRF SR IRK E A K E
JE AR AR A0, — 43 FE R FERBF 4K N EBIN 32X,
AR 5B O T 37— 70 B R 7 EB Sk
I 225 e BIEFE I, £E 73 85 1) EBAI RBH RN 21 1)
FEDRA BT AR, UE B VD AR AR 5L Ak (1) 85 [R] 4 s i 48
KRB Mok, WIRAKJFEAA R & & R E 1L

Chlamydia trachomatis; developmental cycle; gene transcription; environmental adaptability;

LSRR, IR SK R 1 5 RNA SR & i [F] 2
VO HRAR JF A4 1y A= K

TEEF R = AR KT, WIRAR AR
KB IARATEL, TR K H R W I RB. X Fh
S A KA T 5 DNA S A L R ik
AR, M-S A REAH IR R TG 5C 12, FL I ]
Zh AR JFL A T EE A VR S AHOC B H DnaK. GroELA
GroES, VAR N EU S AR 8 1, AR K &
JE F T B T I PR A A 2% A 5 1319 R R R ) A
ST DNAREIEHER e S (K1 W AR DR )
e S S e S DR A B O . Rt , YD IRAR R
PR B SE R Rk T T EBMRBIIIE W & B A HEAE
H, gEmoe Hegi ik & AT s Hah, 16 4
MRy T2 (interferon-y, TFN-y){iE 32 Wl s fz -2,3- %00
Al 1(indoleamine-2,3-dioxygenase 1, IDO1)HJAE K, %
Bl e AR N 1 (iR, S EUDIRAR SR TGk
U 2 (2R, AT RBAE K32 BIF04H, 5t
NFFRIRE, 2R AT

AT SRR g IR Vb IR AR SR AR 1) B R K H
FH IR HE R 3 s i I Fe e, DR ID MR AR SR A4 1
T A TP i S AL R SR BN A B AR 5 9F
08 3 VR 4 e R SR ) AR HE RO, T A VD IR AR R
A ) A R R MR R4 T

1 PIRKIRKRAE R

L1 PREREFHFERR

LL1 Rak IDIRA AR S — R AEA s SRR,
JEAAREHE S AR . AT R, (BT GRE T,
FEVDIRA S AL Mt A7 120 EBIRRRRLN (AR
21903 mm). EFEESMRE. BEEE, h
T2 B 4 AR ERE B 1 Hot AR HetBRH R i BA HESR AR
H, H stz m LU U, A% AT 20 A i 25 o0
7, IXREE BV S AR K A BB B AT O R



RIS POURAR R AR R B R PR T

2997

(152, £ EBIIANHBE o LT AAELERRRNE, 1AM
BA RSN, D IO I — Mo A A
B B S5t . W IRAR A B SR B &
PR ER 2 15T (F245 OmpA. OmcBAI OmcA), iX 4
EHEP T2 WA Z N i, fisEa
JREEMREE . MeAh, FEAMNE N R BA NS
HEE M (F 252 OmeB), XA W) T-4ERF EBAE1E E 41/
HMERRE R, I A R BN EBREAT W= 44, Bt
FE R T e AR R A NI, Foe 2O
[ EEZ28 50 nm!, X 88 SER L 4y 45 B 9P I
%, MEBRIILEMZ)30 nm, £ E A e frt, H#
X B HUEEAR [1) FEES AL, T 403 FEVD T B T 73 -
4 (type three secretion system, TTSS)] “E1oIR 745 #4122,
FIELD% 2128 B 1 4 i E bR 4 1) JI6E 2 11 BE 1K) dime
ER B AR R IHRIE , 15T b TTSSH & A 1)
Tk ALK I A A IncfE TTSSHE 72
FAE O H IAE B IR TS b A HB 2R AR IS BB AT B
IncH H 2 TTSSHES), RUAtAT 195 HH 2516 : EBLAZ
BAPSTE A TTSS, 74 feft EBAITE F 40 MAH BAF

Release of EB

>
S LS
~
’.)}'
Yol
on
=
Continued RB division and
RB-EB differentiation >
7
4
3 24 h

@

F R PR R FE R .
1.1.2 Bk RARTERENTE A0S, F bt
WNESITEIR RERE AT SR ROIRARCT, R AR
TRAERAEBA YR XA BRRIA L R, BRY
N1 mm, 5B AR, AR ERORCR, B TREL
(LTRIRAZIR 20, 5 ik oo P 1 2R 1) A% R T ot
F RO, RS BT IR RE 7T, BN AL, 2L
FH AR BV . HAR T 7 5 IUTTSS I “kTHR
GERL, ZEEN SR IEAR R B “ER G54 A4, B
Hom s 2, PORARTE R B R A 0 IR Btk AT
TRV, T EARARE T 0 R B
1.2 PERKER % B BHEIRI N
12,1 WRRRRLH AHFH  IEWETOTR,
MRIEVD IRAC SRR K AR, B N L 8]
B3N B (). R EAEEBIE S5k 15 41
FEE— Ak

AT I SN YD HR AR A L
A2 2B FIRENTE SR A ML o 3 I T B
Bh 2R, A R A T Bk E A [R] 3 4 Al 6 e 4T i 2 11

Attachment and entry
of EB

Differentiation of EB
into RB

Replication of RB

@

d Host cell nucleus

Differentiation of
RB mnto EB

IOHRAR S5 TR 5000 ANEB 5 T 1 = 41 Bl R0 N A TR BIEBIMIRBI AL o %0 P 75 ZE6~8/NF o HR I = AR 2 RBHEAT — 51
ZLBH, WG )5 6~8/IN (hour post infection, hpi) FF 4 $120~24 hpifi s . RBIHEBRIE:ALAR EE MW T 4G, 120 72 b — 3 RBE AL REB I F B¢
T, 53 50— By RBEREE /) AL IEB o AZJMURE R 77 LU R e S 40~48 /N 45 3

The early stage begins with attachment and entry of EB to host cell, and ended by the transition of EB to RB. This process usually takes 6-8 h. The

event of mid-stage is RB replicated by binary fission, which starts from 6-8 hpi (hour post infection) and ends at 20-24 hpi. The conversion of RB to EB

means the entering of late stage. In this period, some RBs transform to EBs and are then released, while others continue to divide and convert to EBs to

release. This unusual developmental cycle ends at 40-48 hpi.

Bl PERRERE R T RN R EZHRZIRESE T 9,201122%0)

Fig.1 The main process at three stages of the Chlamydial trachomatis developmental cycle (modified from references [9,20])
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Fig.2 Gene expression profiles at three stages of the C. trachomatis developmental cycle
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FHHAN AR E A, AR KA R A

HH IR TR 1) 5 A — AN TR AL 5% S Rl 7 ChxR
(1% S, 12 B TRV HRAR SR A4 1) AR 3R 08
K% . ChxRAVIRAFAIEMA OmpR/PhoB —2H 4y
RGP RN T, SIS 2S N Y E
SSRGS, WA BN AR . ChxRAN[H]
T H AR OmpR/PhoB A IR 5 K -1, SR 1 id A7
IR TR IR R , DA 75 BB IR A 3k mT % A8 BTG
R R 1. ChxRAEBA BERACIE LT, fER A
TR SR A, f 456G B R 31X 1) 5'-WHGAWNH-
N3.s-WHGAWNH-3'(W=A/T, H=C/A/T, N=G/C/A/T)]
HE A, TR R s . BT Sk
B ChxREZ 115 ompF ompC. infA. tufA. oppA-
CctO84H chxRA5 I RE DR R i 3351, LA 32 JL s i) ik
HIE TR . ChxRA BTV IR AR JF A K
G AR T A, s R E A R
4 B LA P I B DR R e SRR AR UIE FL I E 6 A K

NrdRAFITrpR ¥ 35 K71 7 RBIY HE Hij 1A o2,
HHTVPIRAC A4 2 L M B N T, DNARIRNA S /5
(k% B RSB e AU B3R A . VIR A SR AR ] &
FCTP, {H/EATP. GTPAIUTPZ: Hofth = B R A% WAL 7
I (nucleoside triphosphates, NTPs) H & M\ 1i T4l 35
RO, T A i A DU 36 T A W A TR SR el M =
Y AL SR AT 1) = R AL W A% R e A N i S8 A% B 1%
TR =R (ANTPs), N DNAS 8T 9, VO IRAR i
PR IIAZRERZ T IR AL R B ) nrd ABERYN T-4W A% , NrdR2E
HEE SR T A BT X, FRAH RO, it

AJ DL, NrdR ] BE 1 544 Py e sk A e AU i P A A%
PEAZE IR 5 DNAK i BT 75 0 it e B A% R T 1)
ST, TrpRAEZW Kb IR A S AR R 2 SE TR /K T 1 1)
A1, ER3.3.
223 WRRBAREIARETORAE B E
YRR AHE AR, B A RO, TTSS
oy Ror b BYEE O, AR N, MR R RIA
R LuAFI LtuB LA Rz — 56 H Al 10 25 1 70 S R (P
2)o HrR 28N IEIA] (FE A ZH 1 3.1%)7E 40 hpiZe 47 KE 5
PERIE, R K ZHRBOFHE N NEGANEEB. hetAF]
hetBAETE R G R AN IR IA B 7, B AT T gm s v iR
KIFAAE AR, H/ERBHIEBHEAL 5N F U
REER 20, FESE IRFRAL I RE Y, TR
JEAZ IR AN B A S A 1K (outer membrane complex,
OMC). M HAFED omcAF] omeBIRRGHI M E 2K s
FEOMER [, ‘BAI15  E T OME [ (OmpA)MH BLAE
M RZE Y. OMSE &) 22 M A R TE
J Iz AN RS N T I R )
K] (ct780H1 c178 3) 4wttt 4AUIE £ 1 — it S K lg, 1
I AES 5 PTE A 2 0 A i R . A
L3575 35 25 1 g 5 TR (mip AR mip BY R IB 55 W, I 4 i (e
OME &MY it B FUK R FH M EE E i 7. OM
A S B T S OmeB AR I U IE 52 i 2
FERPE G R KRN T o R, — g 3 5 [H 2w D
(1155 1 5 72 OM B A W IR T Fle AN R 2 LA T P 1)
TEF, OME &4 B YL EB K J& 1) B D IR

B A3 TR 2 T DAAE VD AR AR B A F) & 8 L A J5
WL SR 0 AR AE S RN A 3k 1 32 B R R AE T
EuofE FAMATE . Buokk (12 R AL A [ ik =4 7,
75 EBIER YL G LRI FF AR IK , 4 — L ng 1) L R ik
R, Bl 7RI, TRV RRAR S5k N i &
FIE Buofii, B 1 #0073 6 B 3 R e s gl o) A A, 3568
3 HR I IR ()2 S B S i, (PR AR A5 PR R Buos®
TV VD HRAK S A% F A DR PR S A AR N R 5T 120
2 W B PR 7E RBFE 46 EB & WAl fi# B Buo 411
H1? ATREMTARERLEIIN R AR IRA T 745 3, Euo
TR TR RS 1NN A RIERIA , 75 8 hpifif H5&
R EIA R e, 2 f5 H RIS EEWT %, (£ E M
WA HATA BB, Buoik F/K A VD AR A JE A Y
RS A0 R B A5 32 2 2 BH 38 o I S 22 DR g s, e
WIRRA LLRIE . ) —FiaT e AL R A7 7R 3L
PRI RHEA , A8 Buo MR ARG 45 1A A 27 X 3 15 H
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K, IR TR RO IRk .

VANDANAZE UV 55t 5 K IR AL I R s
WAEVD IR A JF AR B4, JUH 2 EBIA) RBHJ AL
AHEZEEH . EBMRBAMUAERD . G, BT
WL R AEITHA XA, AL RS EAE -
EB# L, TMRBAEIE R, 15 3= 40 M id i =2 v
H (reactive oxygen species, ROS)KHEA AAZ F97 Ji
ARSI, T R AR 2 Rt S AL BRI ¥
MR A JiR A B AT 0 S A Bl ot 2 o 2 1 008 T il Y
C(alkyl hydroperoxide reductase subunit C, AhpC)H]
I, 2B — A 2- R R R A e S
1B RIE AhpCAZIARBI i, {H4: FERBIEB
AR SEIR A=, T Rk 12 P 5 S D IR AR S A )
AR TR, SECEER, U ZEB
FHSRIE A B3 L3Ik, FFEHEEBH ™ AETI(1&13)

3 PERKIRE L B B HREIE

IOIRA B4R 2 P LAREAR et L4, JF HL 91k
BB, £ T 2 P R 2K AT R R R A A
B ARSI, AR TS 3 0 IR K
EIH. HATRIL, FEEINFEN LR i i b A
ARJFARTTAE A R 2E N —Fh T i < i R
A&, I, X RpRR RS A R A AR,
RJEANI R T AR L H BERE . BAN, Y HRAC R
PRI E IR AL . A RRKT . &R
KAV B TR AR RS TR R B RE I, T

H— e e R 75 B R e s e m s LR §
JAHI (3 IXEEER T — Ll IR AR R R K
H RN EA R, —W0 RS 5K E
HE— A E A,
3.1 RN EFERBE

TE AR AN b Bz 41 ff v A= K I A SR Ak AT DA
MILIER R B B AR N —Fp “Re 8 RS 1E
HhFEER R E XOR B IE TR W] 5 IR A AR,
ARG B R. FHEHASRIRB?. XA
SE RIS ), TR 25 5 BRI 3R T L mT A Ry T 1 K
JMEEB, XEE SRR OEEHE R TE, /8
FREhZ . PERIEEIRYY, B 2 TE 0 R B
AR OIRAS o BT AR AR R A 1) R
DA AR SR ) 20 i . 7 ) B N T AR I 1 T
G 2 AN [, BT S i RBEE Y HEASAH ]
3.1.1 FHEEFIRGKIHG MANIREA!
MATSUMOTO M4 ik G4 B8 )l PAAK 5448 [ L9294H Jifw
FEFR1E 200 ng/mLT & & 11/ . EBIA] RBAH 4L
ARBHEAT , (H T W IR G EB AR SR YL - 4%
1, RE A RATR T ST R BoR
IEH RBUSA K, (HA R R AE 0%, JEH
AR, FESRERIRB. —HHMGBEFR, &1
— B AR R )5, RBYK ST IE & K/, T b T 4 2
Z4Wa5E | FEIFE4L NEB.  E4h, GALASSOAIMANI-
REVOSIESE, YL T HeLadl il () B8 88 oK SRR TE 5
TR AP 8 7 b T R iR 6~91 .

Gene transcriptional regulation: GrgA, DNA supercoiling

egulation of environmental adaptation: HrcA, amino acid/iron level

Global regulator
R

— Activation
— Inhibition

/

Attachment and  Differentiation of

Replication of RB

\

Differentiation of Release of EB

entry of EB EB into RB RB into EB
=) — @ — @ - @ —
Early stage Mid-stage Late stage

\_/ T

Tnes ChxR DKsA ng4\\Euo Clp cchfch

Antioxidant

Regulators involved in one or several process

B3 PIRRRAELERRIEEE T

Fig.3 The regulatory factors of the C. trachomatis developmental cycle
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YEBPUERMPUA TS, BABYGPER EBIRE IEH
A, T B 2R A0 I e R G
3.1.2 FHREIFNy3| AR HE”  BELLAND
S VML AE HeLat fi A8 K D HR AR S5 44 (I35 AL D)
B FRAEA IFN-y 85 72 2k, 3 HOG gk A7 4 Jk (R i
KA. SREM, R ERBHITFZ 2 5IEMHAR
WS ARR R B B2 5 DNABEMEH. &
IR B E AN AR R A B SE R . BeAb, 58 A UK
ZAKEEIE . MRy 5. RBE|EBS IkEE{LAIEBIH
DNA%ER A G ZE R (B A 2R RIE KRR,
I3 8 B PR T 7K Y- T
3.1.3 SAFHZ I RGRINFG”  JLTFIAR
JiF R A2 1 5 Bk BOME DG 1 &2 R e R AR R AR AT
LV B N B R A Bk T 2 gk N L 30 A 48 I
BEAT RS, VO IRA JFE AR A A . 7F Gy D AR AR 5
& (ME A E)F HEC- 1B IN NEREE G771, TR —
FHEPIRFRF SRR IR G o FEARFRB /N AR A4 o B
RB, BIAER R FE R, REDHEGETT, FEAEL
HIPR IR FE A RFAE . 22 BRI TR 4D FE L A
HEREE O, AT LAY 3 RBIIRS H i AN
A YL RE /I IFEB®Y,
3.2 EFETEELXEEH

YRR SR R SE R 205/, T HLAE VD R A SR AR 1
RE R ARIE IR T, X g KT
EHRNAR A EE FIR IR AR JF AR A KM, H Al
RILIE 5 (#5375 CteC. ChxR. DksA.
DcrA. Euo. GrgA. HrcA. PhoU. YebC. YtgR
& WS EAS 5 IRAR FE ARG R A & I F
— ANFAR R, AL LR R E A
FEH . RNASEGEFI oK 7R 5 45 & 3L 8 3 3
TIX, WIRAKFEARR oH 1A 31K 666, 02841
654, o662 LE W1, A 45 & KLI80%H A=K i
BT, o284 A A R WK R 2 1, 054X S
R B AR (R TR 233 R 8 R A AR S IR 1 3R
W TN, A LLFURLER [ (PgpdFl PgpS) AU BE
Eclpip A= E=gINE JPS YN Al E e S NI B 3PS
3.2.1 GrgA-Euo-HrcA#EM %  GrgAR /2l
RILAPIDIRAR AR AR 1 K 1, 5 0661 62845 5,
T P35 0 FIR AR B A (18) R 4 6 AT B s B2 1] 3).
Grg AT N 71 & R IE 23 W35 s v IRAR S5 (1) 1F
WRE . BRI : AR/, EBlA RBIT
HAGIESE , I HRB 2480, SEUER E A IG

YR EBF AL RO ™. ik grgd 2L H 5, RBAS
AN, AL EBRE D 4, GrgARTAERFIDIRAK
JEA R REVE A BB A, (E AR AT ™,
fEAF—HE A2, GrgAID n] B S HASE K] euo AN m it £
PR R R 7 15 R AreA o ewos? 37 R EE A
Euo ] $ 1| M 2 R o 73205, DL ORUE VD BRAR 5 4
HIR B IR U B R AT R L, GrgATER
B A AR IE KT I B f i W P, 2 B TR,
B2 KR E WG ) grgA ks el B3R = B 7 AR g A B0
PR, BATHEAE VD IRA S 35, B — ORI AR
GrgAH H B /G HIEBuot A HFRIA, (ALK i 1)
(RS2 R LR ek, I H ROl k4] Grg AR — 24
MR R i L3RR . Buo il Grg AP AN A2 R 71
kX A 7y 2 TV IR AR JFE AR B K A R, ORAE
EBEIRBIVFALITR AT . 5148, Grg A Hus—# 7
e SRR HHE R P e 5

T34, HreAZZ R e B2 M B 7, tBAER B
JARIAR R . FEIEHE KR, HeA5R3) 7 IX
A CIRCE(controlling inverted repeat of chaperone expres-
sion) JCF I S [P B PP A 45 6, AT i ) AR
T A DG DR 0 7981, b IR T Ak 32 S () B PR e B
175 DnaK. GroELFIGroES, ‘B2 S 5EAMITE
AR B E BT B R 7 TR, SRIEARRIR
SR ML YA B, BT dnaKFl groE(t335 groELAN
QroES) R KAERRTE S SNih B3, BT AR R
SOFER . AT R TSN, Hre AR H BT #4
RFEHER 5 37X (1) CIRCETG I, 3 #uR et %
BTV R AN, AT VD HRAR S A4 AN 22 PR R BE 1
THETIALRIZET:PY, SR, i R S AR e 2R
FIEWIH 2 —, EATTSE A vHERA ) 44 PR ML e
B, BN EATA LA 22 E R 5. pHIE . SBFEAAE
28 2 R O (R13).

£ GrgAid 83X VP IRA S5 A euoFl hre ATV %
SRAKPHG . 7E Hre A 8 A VD IR SR A4 b gred
(R e AN S T 4R B, AL M ANE 2 4, 1M
euolfI ¥ 5 — B AN . 1E Buold & RIX P HR A 5
b grgd ()35 5 N B, AH hreA R S Ae il JE 1 22
HIE K, FEVDIRAR AR 5 B Y GrgA. Euofll
HreA 345 R 1 SR AN R I SR B B, [ A9,
FRRA R e s . 3R T I > GrgA-Euo-
Hre AT 4%, AP IRA R AARAE 1IR3 T DUAIANR] B30
SR BUR 58 B B 3
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322 DksATT At A~ 5RB# & 4| 5RB-EB44/t.  DksA
R HHERNAR GBS & R 1, 2585 1)
WU LA o YD IRAR AR I R 26 Hh dkes AL T nrd R,
S5 R0 IspA— 7 5% nrdR-dks A-Isp AT 1, I+ H.
%3 HE R [ [ R A 5~24 bpe 1ZHEINT 52 nrdRIF A
BT, DksA- 5 NrdRA I 55 145 5 KB (lipoprotein
signal peptidase, IspA)—[FZRiA, Ui DhaE SRR
WA REA K. A2 R AT R o DsA 2 DnaK 41 4]
T, IR (RNA R E S MBS X —
BB S TR 1A B Y, ABAE VD RRAR A4 e i R A IR 13
AT IhRE. FEVDIRA B A+ DksA 2 1 /£ RB-EB44 4L
IRk fe, Bl H S BT AR TR E VDR
A T AR 1) BBk R A Dks AN 2 5 B D HR AR AR 1
SHIZRH, RIS = A2 EBYS/D, 1B DksAZ SYDHRAK
JEAARBE) S ] 1 ARBR EBF: AL I F2(13) -
3.2.3 MG A % CteB/CteC T A% B B2 A 64
&S CteCre VD IRA JFAA H Al CL e I ME— XU
IHE T T R CteB/CteCH I R M T8 1, ES
AT B BRI BRI e 7 S R . CteCBARBRZ
0543 8))¥ i DNAZE & IR e % M3 e ik e P50,
{H e e 5 IR AL OF Bl SR AR A DY SR A ) SR 0 054
2, MR 2 5 g JE 2 1 R TS 73 W R G iR
FA R R IE . CteCHE ALY IRA /A RB
AN EBIIE FR R RIS R Z | AT REAE VD IR AR J5 A4 e
JHBL DR Fak i R AR FHET(EI3) . BFFEN ORI,
JR ZEE R 591 25 (1 (peptidoglycan recognition proteins,
PGLYRP)EML % CteB/CteC, 4 PGLYRP S5 VPR A
JRAA R A0 e S5 G, 251 KZ RGNS, SED
AR A S A4 R e 52 S 4| %1

RAUZE PVHI WY LLIE % 10045 BB #ff 52
DrcA(divalent cation-dependent regulator) & [ J& TV HR
AR VBRI SORE R, RNt R B T s & i fR
PP A 0, Sk, KEMEGESSE MOl o 85 1 = 42k
FATIIN  BZ  HH 45 G- DNAR 25163k, (R AS
RERE1 E DerA & 15 A e s W 1T PR, HO VD IRAR A4
R B I A R H AT MR A €. IR
525 1 PhoU(putative phosphate transport regulator), 7
REAEARRIE 2610 MRS IE R SRIE , (H B ATE A e Hod
T2 H5WIRRIGEAN K E RIS . YebCrEYD
ARAR Ji A v (1) 3 SR FHIE AN A, 78 AR 4 TR X 2
FE B AGE R/ . NICHOLSONZ: " if DNA microar-
ray FE A 21 8 AR VD BRAC JE AR I & ) B GG 44

Fik, ATES SRBEAL NEBIF IS L
3.2.4  ARMAAR I IRRBARLTE B H 0GR
YO HRAR JF A PV TE IR JTORLAT 84N JE R (pgp 1~8)F 24
ncRNAPY, Pgpl145 2810 DnaBIFI i ieligin 1, ki 2
HIFTL T 1, Pgp2. Pgp6Al Pgp8 & A< Ji A JURE 1) 2
H, R W IEVE BRI DI REME SR 1. Pgp3fefEAK
JEAR IR el B2 OB TR 1 3 M SV A R B B
Popd e i R 1, BERHE pgp 3FIKE 5 G A ¢
1) glgAZE Z A YL (AR R I 235 1, PepS R Fe kAl
R T, i — e gL R R R (I8 11, GONG
G DTS T HRAR S A ML S 2R 5 SO0 I R R 3R
B TR, Wi R s Z R R, SRR KR
W, Ut BV HRA TR AR PR SR E Ao 1 15 o A £ 5 PR A
GetOMATE DR B FE IR AR AR B R B 1. 534k,
ZHANGZE "R I Pep4itid /F ] T Euoifi2 4K J5i {4 RB
FIEBHIFEAR, IR A AL A F A H(K3).
3.3 [EBKFIFELEEER

T3 SO AR P M A 3 T B A 5 e R A% 1
M. AEER . BTEREUMASNAEK. BE
28 A A 3 o 92 T AR R B Y R AR PR g i A4
(ARG, T S A AT A () B R 2 AL 1 Sk o e e U Gk
Z NS . FIERR G = 7] 3 BUR G 15 A R v R
KIFARARZBNH], HENFFERE, f5E S
i O SRS R IR S TR R AR, dksid:
Koo il RAR A ) Arg ROBE I AL 455 2R 114 Ak P o
I gInPQIR A T IR IL, 2RI T S AR LIS H
xR, ALV IRAR JFU A T IF ARIK LRI d 7,

WHRA SR B 5 Bk B G B E g, A
L rrpRABHEI\ T3 IE MG T 40N SR IO 1
Trp B\ 7wt TrpRIFIE R T &R & B ol
5 (TrpA)FH BIF.JE (TrpB) LA K — N EZR TG [H] [X (inter-
genic region, IGR)!", TrpR 2 th 2 1 1 i 1t FH 18 £
H, 2478 ARy TR E o1k ORI, K
7399 JE A ) TrpRIE S B B 1) 8 5% 0 R A2 #E TrpA
M TrpBEIA, A& itz iR, 2R, PHRA
JEAR ) TrpR 3 B/ 4% erpRIV R 3 1, HARE B
P trpBARYJA BT o MO 2 P8 R 7 YigR
T 45 A IGR A HE TrpAFI TrpB I i, 1 IGR X
WL FARH O Z R KV 1) trpBA J& 8)) 1 % Sk 4R 1 55,
(transcriptional start site, TSS)H . X FEIE(E1S
VO RA SR AR AN (o R I R B A

I HRA AR YigR e —FPiffE 1, Eaml &
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B YtgC-YtgRE VIR G = A 1 18, kg 7 mlid ik
YtgABCD 4 & 5% BEdk NN B R 4, 440 B 1R A 1)
PR T 78NS, YIgRES & yigABCDIRA T A BhIX
PIHNZER I T RIE . 908 i 9 Bk AN R,
Y tgR IR T )3 2 XM 2, I0G 2k 25 7 i 3t
DR (R 20, LA U 4 A A1 A P9 A8k s 1 1R K- T
BRI, NICKEE M2 I T 8k B8 0t 1) £ S IR T 4%
T KR T A R I, YtgRES & trpRABER T
IIGR X, BEHNH| TrpR, [A]R 0] Trp AFI TrpB 13
ko BRE T A YRGS G AR, TrpRZH Y
Kk, [FIN 5 ForpBAW . Ok, YigR*Xf trpBA
[ 52 B L BRI T T (IR IE I YigCRZ
75 I A A4 TR IR = R WW WP 1 1T YtgRIFI 7K
Vo (R IRELZ I, YtgRIKT (K BB T TrpBA
Tk XFRE LGS SRR AL, 2=
TFa A= BN RO, R R LIRS TrpBAZRIL
BRI 2R R 2 XA AT YegRAESS H E X3
Y- DA B RN /B R R R =, B RE BRI A R A4
JSLIU B B PR DATE 28 TR B AL O IR E 9
Yo, DA R4 v BR AR SR AR IR R B HA(E13) .

4 RE

B 7 BLE A2 H TR LA, R 2 R
MR T HAhZ 5WIRR G AR K & KR R
i MARIAZE " RIF 7 R 30 5335 R 2258 7 ) IncS
(AR E VD IR A SR AR EB IR RBIIER AL, 75 BRI 98 4
JRAR R AR 1% H S BULUR YR N . 2R
BT 350 4 B IR AR IR B 1 (Ine) AR BL IR 1) B A 5
FsE AR, RINEAR AR I A RS & &
[FIFERS R CHBEVE o S A — TR FEUE ] 1 Vb HRAR 5
M ClpCid B R IA 5 EEEBIY R & e, A, Bl
NI ATPRE 1t T B0 IRAR SR AR IR & e 2% ™),
15t BA I B VA i B 1 (caseinolytic protease, Clp)th 2
5T ARG E IR . BRIV HRAR AR ) 2
2R, (RS B R R 8 T I DA S S 2 e 2 [A)
FIRPENLA], AT ARSI B AACEE 5 #4775,
BRI, AF 983 BRI 0 Va7 v FRAK i A4 Sk A
BREEME L. B E ORI IRAR AR 4 5 5
RIZH IR P21, AR A — 83 2E DR BT 23 B B Y
DIRe TR 224508 , 10757 18 IR A T 5 X e L A
FEVDIRAR JF Ak e 1 3 20 M a2 o i R HE IR, A
MR IRA SR A4 R F JE AL

(1

2]

B3]

[4]

(5]

(6]

(7

(8]

9

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

S EHK (References)

PANZETTA M E, VALDIVIA R H, SAKA H A. Chlamydia per-
sistence: a survival strategy to evade antimicrobial effects in-vitro
and in-vivo [J]. Front Microbiol, 2018, 9: 3101.

ELWELL C, MIRRASHIDI K, ENGEL J. Chlamydia cell biology
and pathogenesis [J]. Nat Rev Microbiol, 2016, 14(6): 385-400.
RODRIGUES R, SOUSA C, VALE N. Chlamydia trachomatis as
a current health problem: challenges and opportunities [J]. Diag-
nostics, 2022, 12(8): 1795.

BACHMANN N L, POLKINGHORNE A, TIMMS P. Chlamydia
genomics: providing novel insights into chlamydial biology [J].
Trends Microbiol, 2014, 22(8): 464-72.

MOULDER J W. Interaction of chlamydiae and host cells in vitro
[J]. Microbiol Rev, 1991, 55(1): 143-90.

CLARKE I N, WARD M E, LAMBDEN P R. Molecular cloning
and sequence analysis of a developmentally regulated cysteine-rich
outer membrane protein from Chlamydia trachomatis [J]. Gene,
1988, 71(2): 307-14.

HYBISKE K, STEPHENS R S. Mechanisms of host cell exit by
the intracellular bacterium Chlamydia [J]. Proc Natl Acad Sci
USA, 2007, 104(27): 11430-5.

MARTINELLI M, MUSUMECI R, RIZZO A, et al. Prevalence
of Chlamydia trachomatis infection, serovar distribution and co-
Infections with seven high-risk HPV types among Italian women
with a recent history of abnormal cervical cytology [J]. Int J Envi-
ron Res Public Health, 2019, 16(18): 3354.

BELLAND R J, ZHONG G, CRANE D D, et al. Genomic tran-
scriptional profiling of the developmental cycle of Chlamydia
trachomatis [J]. Proc Natl Acad Sci USA, 2003, 100(14): 8478-83.
NICHOLSON T L, OLINGER L, CHONG K, et al. Global stage-
specific gene regulation during the developmental cycle of Chla-
mydia trachomatis [J]. J Bacteriol, 2003, 185(10): 3179-89.
DOMMAN D, HORN M. Following the footsteps of Chlamydial
gene regulation [J]. Mol Biol Evol, 2015, 32(12): 3035-46.
HOGAN R J, MATHEWS S A, MUKHOPADHYAY 8§, et al.
Chlamydial persistence: beyond the biphasic paradigm [J]. Infect
Immun, 2004, 72(4): 1843-55.

TAN M, WONG B, ENGEL J N. Transcriptional organization and
regulation of the dnaK and groE operons of Chlamydia trachoma-
tis [J]. J Bacteriol, 1996, 178(23): 6983-90.

WILSON A C, WU C C, YATES J R, 3RD, et al. Chlamydial
GroEL autoregulates its own expression through direct interactions
with the HrcA repressor protein [J]. J Bacteriol, 2005, 187(21):
7535-42.

WYRICK P B. Chlamydia trachomatis persistence in vitro: an
overview [J]. J Infect Dis, 2010, 201 Suppl 2(Suppl 2): S88-95.
EB F, ORFILA J, LEFEBVRE J F. Ultrastructural study of the
development of the agent of ewe’s abortion [J]. J Ultrastruct Res,
1976, 56(2): 177-85.

MATSUMOTO A. Fine structures of cell envelopes of Chlamydia
organisms as revealed by freeze-etching and negative staining
techniques [J]. J Bacteriol, 1973, 116(3): 1355-63.

BRICKMAN T J, BARRY C E, 3RD, HACKSTADT T. Molecular
cloning and expression of hctB encoding a strain-variant chlamyd-
ial histone-like protein with DNA-binding activity [J]. J Bacteriol,
1993, 175(14): 4274-81.

BARRY C E, 3RD, HAYES S F, HACKSTADT T. Nucleoid con-



3006

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

densation in Escherichia coli that express a chlamydial histone
homolog [J]. Science, 1992, 256(5055): 377-9.
ABDELRAHMAN Y M, BELLAND R J. The chlamydial devel-
opmental cycle [J]. FEMS Microbiol Rev, 2005, 29(5): 949-59.
NICHOLS B A, SETZER P Y, PANG F, et al. New view of the sur-
face projections of Chlamydia trachomatis [J]. J Bacteriol, 1985,
164(1): 344-9.

KIMBROUGH T G, MILLER S I. Contribution of Salmonella
typhimurium type 111 secretion components to needle complex for-
mation [J]. Proc Natl Acad Sci USA, 2000, 97(20): 11008-13.
FIELDS K A, MEAD D J, DOOLEY C A, et al. Chlamydia tra-
chomatis type III secretion: evidence for a functional apparatus
during early-cycle development [J]. Mol Microbiol, 2003, 48(3):
671-83.

CLIFTON D R, FIELDS K A, GRIESHABER S S, et al. A chla-
mydial type III translocated protein is tyrosine-phosphorylated at
the site of entry and associated with recruitment of actin [J]. Proc
Natl Acad Sci USA, 2004, 101(27): 10166-71.

GRIMWOOD J, STEPHENS R S. Computational analysis of the
polymorphic membrane protein superfamily of Chlamydia tracho-
matis and Chlamydia pneumoniae [J]. Microb Comp Genomics,
1999, 4(3): 187-201.

GRIMWOOD J, OLINGER L, STEPHENS R S. Expression of
Chlamydia pneumoniae polymorphic membrane protein family
genes [J]. Infect Immun, 2001, 69(4): 2383-9.

EVERETT K D, HATCH T P. Architecture of the cell envelope of
Chlamydia psittaci 6BC [J]. J Bacteriol, 1995, 177(4): 877-82.
TARAKTCHOGLOU M, PACEY A A, TURNBULL J E, et al.
Infectivity of Chlamydia trachomatis serovar LGV but not E is
dependent on host cell heparan sulfate [J]. Infect Immun, 2001,
69(2): 968-76.

SU H, RAYMOND L, ROCKEY D D, et al. A recombinant Chla-
mydia trachomatis major outer membrane protein binds to heparan
sulfate receptors on epithelial cells [J]. Proc Natl Acad Sci USA,
1996, 93(20): 11143-8.

CARABEO R A, HACKSTADT T. Isolation and characteriza-
tion of a mutant Chinese hamster ovary cell line that is resistant to
Chlamydia trachomatis infection at a novel step in the attachment
process [J]. Infect Immun, 2001, 69(9): 5899-904.

DAVIS C H, RAULSTON J E, WYRICK P B. Protein disulfide
isomerase, a component of the estrogen receptor complex, is as-
sociated with Chlamydia trachomatis serovar E attached to human
endometrial epithelial cells [J]. Infect Immun, 2002, 70(7): 3413-8.
MASLOW A S, DAVIS C H, CHOONG J, et al. Estrogen enhanc-
es attachment of Chlamydia trachomatis to human endometrial
epithelial cells in vitro [J]. Am J Obstet Gynecol, 1988, 159(4):
1006-14.

WYRICK P B, KNIGHT S T. Pre-exposure of infected human
endometrial epithelial cells to penicillin in vitro renders Chlamydia
trachomatis refractory to azithromycin [J]. J Antimicrob Chemoth-
er, 2004, 54(1): 79-85.

PLAUNT M R, HATCH T P. Protein synthesis early in the devel-
opmental cycle of Chlamydia psittaci [J]. Infect Immun, 1988,
56(12): 3021-5.

HATCH T P, MICELI M, SILVERMAN J A. Synthesis of protein
in host-free reticulate bodies of Chlamydia psittaci and Chlamydia
trachomatis [J]. J Bacteriol, 1985, 162(3): 938-42.

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

HATCH T P, MICELI M, SUBLETT J E. Synthesis of disulfide-
bonded outer membrane proteins during the developmental cycle
of Chlamydia psittaci and Chlamydia trachomatis [J]. J Bacteriol,
1986, 165(2): 379-85.

STORZ J, SPEARS P. Chlamydiales: properties, cycle of develop-
ment and effect on eukaryotic host cells [J]. Curr Top Microbiol
Immunol, 1977, 76: 167-214.

LEE J K, ENCISO G A, BOASSA D, et al. Replication-dependent
size reduction precedes differentiation in Chlamydia trachomatis
[J]. Nat Commun, 2018, 9(1): 45.

PETERSON E M, DE LA MAZA L M. Chlamydia parasitism:
ultrastructural characterization of the interaction between the
chlamydial cell envelope and the host cell [J]. J Bacteriol, 1988,
170(3): 1389-92.

FRIIS R R. Interaction of L cells and Chlamydia psittaci: entry of
the parasite and host responses to its development [J]. J Bacteriol,
1972, 110(2): 706-21.

ENGEL J N, GANEM D. A polymerase chain reaction-based ap-
proach to cloning sigma factors from eubacteria and its application
to the isolation of a sigma-70 homolog from Chlamydia trachoma-
tis [J]. J Bacteriol, 1990, 172(5): 2447-55.

DE LA MAZA L M, PETERSON E M. Scanning electron micros-
copy of McCoy cells infected with Chlamydia trachomatis [J].
Exp Mol Pathol, 1982, 36(2): 217-26.

BROWN A C, CHRISTIANSEN M T. Whole-genome sequencing
of Chlamydia trachomatis directly from human samples [J]. Meth-
ods Mol Biol, 2019, 2042: 45-67.

STEPHENS R S, KALMAN S, LAMMEL C, et al. Genome se-
quence of an obligate intracellular pathogen of humans: Chlamydia
trachomatis [J]. Science, 1998, 282(5389): 754-9.

WURIHAN W, WANG Y, YEUNG S, et al. Expression activation
of over 70% of Chlamydia trachomatis genes during the first hour
of infection [J]. Infect Immun, 2024, 92(3): €0053923.
WURIHAN W, ZOU Y, WEBER A M, et al. Identification of a
GrgA-Euo-HrcA transcriptional regulatory network in Chlamydia
[J]. mSystems, 2021, 6(4): e0073821.

SOLBRIG M V, WONG M L, STEPHENS R S. Developmental-
stage-specific plasmid supercoiling in Chlamydia trachomatis [J].
Mol Microbiol, 1990, 4(9): 1535-41.

BARRY C E, 3RD, BRICKMAN T J, HACKSTADT T. Hcl-
mediated effects on DNA structure: a potential regulator of chla-
mydial development [J]. Mol Microbiol, 1993, 9(2): 273-83.
CHENG E, TAN M. Differential effects of DNA supercoiling on
Chlamydia early promoters correlate with expression patterns in
midcycle [J]. J Bacteriol, 2012, 194(12): 3109-15.
SCHAUMBURG C S, TAN M. A positive cis-acting DNA element
is required for high-level transcription in Chlamydia [J]. J Bacte-
riol, 2000, 182(18): 5167-71.

ABDELRAHMAN Y M, ROSE L A, BELLAND R J. Develop-
mental expression of non-coding RNAs in Chlamydia trachomatis
during normal and persistent growth [J]. Nucleic Acids Res, 2011,
39(5): 1843-54.

RAO X, DEIGHAN P, HUA Z, et al. A regulator from Chlamydia
trachomatis modulates the activity of RNA polymerase through
direct interaction with the beta subunit and the primary sigma sub-
unit [J]. Genes Dev, 2009, 23(15): 1818-29.

STEPHENS R S, WAGAR E A, EDMAN U. Developmental regu-



RIS POURAR R AR R B R PR T

3007

[54]

[53]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

lation of tandem promoters for the major outer membrane protein
gene of Chlamydia trachomatis [J]. J Bacteriol, 1988, 170(2): 744-
50.

BAE S H, YUN S H, SUN D, et al. Structural and dynamic basis
of a supercoiling-responsive DNA element [J]. Nucleic Acids Res,
20006, 34(1): 254-61.

SINGH R, PANDEY S, SUR S, et al. PPEF: a bisbenzimdazole
potent antimicrobial agent interacts at acidic triad of catalytic do-
main of E. coli topoisomerase 1A [J]. Biochim Biophys Acta Gen
Subj, 2019, 1863(10): 1524-35.

DRLICA K. Control of bacterial DNA supercoiling [J]. Mol Mi-
crobiol, 1992, 6(4): 425-33.

SHEN L, GAO L, SWOBODA A R, et al. Targeted repression of
topA by CRISPRI reveals a critical function for balanced DNA
topoisomerase I activity in the Chlamydia trachomatis develop-
mental cycle [J]. mBio, 2024, 15(2): €0258423.

HICKEY JM, WELDON L, HEFTY P S. The atypical OmpR/PhoB
response regulator ChxR from Chlamydia trachomatis forms ho-
modimers in vivo and binds a direct repeat of nucleotide sequences [J].
J Bacteriol, 2011, 193(2): 389-98.

KOO I C, WALTHERS D, HEFTY P S, et al. ChxR is a transcrip-
tional activator in Chlamydia [J]. Proc Natl Acad Sci USA, 2006,
103(3): 750-5.

YANG C, KARI L, STURDEVANT G L, et al. Chlamydia tra-
chomatis ChxR is a transcriptional regulator of virulence factors
that function in in vivo host-pathogen interactions [J]. Pathog Dis,
2017, 75(3): ftx035.

CASE E D, AKERS J C, TAN M. CT406 encodes a chlamydial
ortholog of NrdR, a repressor of ribonucleotide reductase [J]. J
Bacteriol, 2011, 193(17): 4396-404.

AKERS J C, HODAC H, LATHROP R H, et al. Identification and
functional analysis of CT069 as a novel transcriptional regulator in
Chlamydia [J]. J Bacteriol, 2011, 193(22): 6123-31.

TIPPLES G, MCCLARTY G. The obligate intracellular bacterium
Chlamydia trachomatis is auxotrophic for three of the four ribo-
nucleoside triphosphates [J]. Mol Microbiol, 1993, 8(6): 1105-14.
TJADEN J, WINKLER H H, SCHWOPPE C, et al. Two nucleo-
tide transport proteins in Chlamydia trachomatis, one for net nu-
cleoside triphosphate uptake and the other for transport of energy
[J]. J Bacteriol, 1999, 181(4): 1196-202.

TIPPLES G, MCCLARTY G. Isolation and initial characterization
of a series of Chlamydia trachomatis isolates selected for hydroxy-
urea resistance by a stepwise procedure [J]. J Bacteriol, 1991,
173(16): 4932-40.

GEHRE L, GORGETTE O, PERRINET S, et al. Sequestration of
host metabolism by an intracellular pathogen [J]. eLife, 2016, 5:
e12552.

RUCKS E A. Type III secretion in Chlamydia [J]. Microbiol Mol
Biol Rev, 2023, 87(3): €0003423.

LIU X, AFRANE M, CLEMMER D E, et al. Identification of
Chlamydia trachomatis outer membrane complex proteins by dif-
ferential proteomics [J]. J Bacteriol, 2010, 192(11): 2852-60.
CHRISTENSEN S, HALILI M A, STRANGE N, et al. Oxidore-
ductase disulfide bond proteins DsbA and DsbB form an active
redox pair in Chlamydia trachomatis, a bacterium with disulfide
dependent infection and development [J]. PLoS One, 2019, 14(9):
€0222595.

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

FIELDS K A, FISCHER E R, MEAD D J, et al. Analysis of puta-
tive Chlamydia trachomatis chaperones Scc2 and Scc3 and their
use in the identification of type III secretion substrates [J]. J Bacte-
riol, 2005, 187(18): 6466-78.

EVERETT K D, HATCH T P. Sequence analysis and lipid modifi-
cation of the cysteine-rich envelope proteins of Chlamydia psittaci
6BC [J]. J Bacteriol, 1991, 173(12): 3821-30.

WICHLAN D G, HATCH T P. Identification of an early-stage
gene of Chlamydia psittaci 6BC [J]. J Bacteriol, 1993, 175(10):
2936-42.

ROSARIO C J, TAN M. The early gene product EUO is a tran-
scriptional repressor that selectively regulates promoters of Chla-
mydia late genes [J]. Mol Microbiol, 2012, 84(6): 1097-107.
ROSARIO C J, HANSON B R, TAN M. The transcriptional re-
pressor EUO regulates both subsets of Chlamydia late genes [J].
Mol Microbiol, 2014, 94(4): 888-97.

HAKIEM O R, RIZVI S M A, RAMIREZ C, et al. Euo is a devel-
opmental regulator that represses late genes and activates midcycle
genes in Chlamydia trachomatis [J]. mBio, 2023, 14(5): ¢0046523.
SINGH V, OUELLETTE S P. Altering the redox status of Chla-
mydia trachomatis directly impacts its developmental cycle pro-
gression [J]. bioRxiv, 2024, https://www.biorxiv.org/content/10.11
01/2024.04.26.591247v2.

WANG X, SCHWARZER C, HYBISKE K, et al. Developmental
stage oxidoreductive states of Chlamydia and infected host cells [J].
mBio, 2014, 5(6): €01924.

DE OLIVEIRA M A, TAIRUM C A, NETTO L E S, et al. Rel-
evance of peroxiredoxins in pathogenic microorganisms [J]. Appl
Microbiol Biotechnol, 2021, 105(14/15): 5701-17.

MATSUMOTO A, MANIRE G P. Electron microscopic observa-
tions on the effects of penicillin on the morphology of Chlamydia
psittaci [J]. J Bacteriol, 1970, 101(1): 278-85.

GALASSO G J, MANIRE G P. Effect of antiserum and antibiot-
ics on persistent infection of HeLa cells with meningopneumonitis
virus [J]. J Immunol, 1961, 86: 382-5.

RAULSTON T E. Response of Chlamydia trachomatis serovar
E to iron restriction in vitro and evidence for iron-regulated chla-
mydial proteins [J]. Infect Immun, 1997, 65(11): 4539-47.

BAO X, NICKELS B E, FAN H. Chlamydia trachomatis protein
GrgA activates transcription by contacting the nonconserved re-
gion of 6* [J]. Proc Natl Acad Sci USA, 2012, 109(42): 16870-5.
DESAI M, WURIHAN W, DI R, et al. Role for GrgA in regulation
of 6*-dependent transcription in the obligate intracellular bacterial
pathogen Chlamydia trachomatis [J]. J Bacteriol, 2018, 200(20):
€00298-18.

WURIHAN W, WEBER A M, GONG Z, et al. GrgA overexpres-
sion inhibits Chlamydia trachomatis growth through sigma®- and
sigma®-dependent mechanisms [J]. Microb Pathog, 2021, 156:
104917.

LU B, WANG Y, WURIHAN W, et al. Requirement of GrgA for
Chlamydia infectious progeny production, optimal growth, and ef-
ficient plasmid maintenance [J]. mBio, 2024, 15(1): €0203623.
ZHANG L, DOUGLAS A L, HATCH T P. Characterization of a
Chlamydia psittaci DNA binding protein (EUO) synthesized dur-
ing the early and middle phases of the developmental cycle [J].
Infect Immun, 1998, 66(3): 1167-73.

WILSON A C, TAN M. Functional analysis of the heat shock



3008

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

(98]

[99]

[100]

[101]

regulator HrcA of Chlamydia trachomatis [J]. J Bacteriol, 2002,
184(23): 6566-71.

WILSON A C, TAN M. Stress response gene regulation in Chla-
mydia is dependent on HrcA-CIRCE interactions [J]. J Bacteriol,
2004, 186(11): 3384-91.

LAVERDA D, KALAYOGLU M V, BYRNE G I. Chlamydial heat
shock proteins and disease pathology: new paradigms for old prob-
lems [J]? Infect Dis Obstet Gynecol, 1999, 7(1/2): 64-71.
STEPHENS R S. The cellular paradigm of chlamydial pathogen-
esis [J]. Trends Microbiol, 2003, 11(1): 44-51.

RONCARATI D, PINATEL E, FIORE E, et al. Helicobacter pylori
stress-response: definition of the HrcA regulon [J]. Microorgan-
isms, 2019, 7(10): 436.

RAMOS J L, GALLEGOS M T, MARQUES §, et al. Responses
of Gram-negative bacteria to certain environmental stressors [J].
Curr Opin Microbiol, 2001, 4(2): 166-71.

MANDEL C, YANG H, BUCHKO G W, et al. Expression and
structure of the Chlamydia trachomatis DksA ortholog [J]. Pathog
Dis, 2022, 80(1): ftac007.

CHANDRANGSU P, LEMKE J J, GOURSE R L. The dksA pro-
moter is negatively feedback regulated by DksA and ppGpp [J].
Mol Microbiol, 2011, 80(5): 1337-48.

MORETT E, BUCK M. In vivo studies on the interaction of RNA
polymerase-sigma 54 with the Klebsiella pneumoniae and Rhizo-
bium meliloti nifH promoters. The role of NifA in the formation of
an open promoter complex [J]. J Mol Biol, 1989, 210(1): 65-77.
BARRIOS H, VALDERRAMA B, MORETT E. Compilation and
analysis of sigma**-dependent promoter sequences [J]. Nucleic Ac-
ids Res, 1999, 27(22): 4305-13.

KOO I C, STEPHENS R S. A developmentally regulated two-
component signal transduction system in Chlamydia [J]. J Biol
Chem, 2003, 278(19): 17314-9.

BOBROVSKY P A, MOROZ V D, LAVRENOVA V N, et al. In-
hibition of Chlamydial infection by CRISPR/Cas9-SAM mediated
enhancement of human peptidoglycan recognition proteins gene
expression in HeLa cells [J]. Biochemistry, 2020, 85(11): 1310-8.
RAU A, WYLLIE S, WHITTIMORE J, et al. Identification of
Chlamydia trachomatis genomic sequences recognized by chla-
mydial divalent cation-dependent regulator A (DcrA) [J]. J Bacte-
riol, 2005, 187(2): 443-8.

WYLLIE S, RAULSTON J E. Identifying regulators of transcrip-
tion in an obligate intracellular pathogen: a metal-dependent re-
pressor in Chlamydia trachomatis [J]. Mol Microbiol, 2001, 40(4):
1027-36.

KEMEGE K E, HICKEY J M, LOVELL S, et al. Ab initio struc-
tural modeling of and experimental validation for Chlamydia
trachomatis protein CT296 reveal structural similarity to Fe(II)

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

2-oxoglutarate-dependent enzymes [J]. J Bacteriol, 2011, 193(23):
6517-28.

SONG L, CARLSON J H, WHITMIRE W M, et al. Chlamydia
trachomatis plasmid-encoded Pgp4 is a transcriptional regulator of
virulence-associated genes [J]. Infect Immun, 2013, 81(3): 636-44.
KHURSHID S, GOVADA L, WILLS G, et al. Chlamydia protein
Pgp3 studied at high resolution in a new crystal form [J]. IUCrJ,
2018, 5(Pt 4): 439-48.

ZHANG Q, ROSARIO C J, SHEEHAN L M, et al. The repres-
sor function of the Chlamydia late regulator EUO is enhanced by
the plasmid-encoded protein Pgp4 [J]. J Bacteriol, 2020, 202(8):
€00793-19.

LIU Y, CHEN C, GONG S, et al. Transformation of Chlamydia
muridarum reveals a role for Pgp5 in suppression of plasmid-
dependent gene expression [J]. J Bacteriol, 2014, 196(5): 989-98.
HUANG Y, ZHANG Q, YANG Z, et al. Plasmid-encoded Pgp5
is a significant contributor to Chlamydia muridarum induction of
hydrosalpinx [J]. PLoS One, 2015, 10(4): e0124840.

GONG S, YANG Z, LEI L, et al. Characterization of Chlamydia
trachomatis plasmid-encoded open reading frames [J]. J Bacteriol,
2013, 195(17): 3819-26.

SCHAUMBURG C S, TAN M. Arginine-dependent gene regula-
tion via the ArgR repressor is species specific in chlamydia [J]. J
Bacteriol, 2006, 188(3): 919-27.

FEHLNER-GARDINER C, ROSHICK C, CARLSON J H, et al.
Molecular basis defining human Chlamydia trachomatis tissue
tropism. A possible role for tryptophan synthase [J]. J Biol Chem,
2002, 277(30): 26893-903.

JOACHIMIAK A, KELLEY R L, GUNSALUS R P, et al. Purifi-
cation and characterization of trp aporepressor [J]. Proc Natl Acad
Sci USA, 1983, 80(3): 668-72.

POKORZYNSKI N D, BRINKWORTH A J, CARABEO R. A bi-
partite iron-dependent transcriptional regulation of the tryptophan
salvage pathway in Chlamydia trachomatis [J]. eLife, 2019, 8:
€42295.

POKORZYNSKIN D, HATCH N D, OUELLETTE S P, et al. The
iron-dependent repressor YtgR is a tryptophan-dependent attenua-
tor of the trpRBA operon in Chlamydia trachomatis [J]. Nat Com-
mun, 2020, 11(1): 6430.

CORTINA M E, BISHOP R C, DEVASURE B A, et al. The inclu-
sion membrane protein IncS is critical for initiation of the Chla-
mydia intracellular developmental cycle [J]. PLoS Pathog, 2022,
18(9): €1010818.

JENSEN A A, FIRDOUS S, LEI L, et al. Overexpressing the ClpC
AAA+ unfoldase accelerates developmental cycle progression in
Chlamydia trachomatis [J]. mBio, 2025, 16(1): €0287024.



