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Phagocytosis with macrophages provides a specialized mechanism for regulated ingestion and intracellular destruc-
tion of bacteria. Bacteria are first engulfed by endocytosis into a phagosome. The fusion of phagosomes and lysosomes
releases toxic products that kill most bacteria and degrade them into fragments. Debris from dead bacteria is then
released by exocytosis. However, some bacteria that survive within host phagocytes have evolved strategies to escape the
bactericidal mechanisms associated with phagocytosis: i) antiphagocytosis (Yersinia) , ii) escaping from the phagosome
into cytoplasm (Listeria), and iii) remodeling their phagosome by inhibiting the maturation of phagosomes (Salmonel-
la, Mycobacterium, Legionella) . In this review, I first summarize various strategies by bacteria to avoid phagocytosis by
emphasizing the steps that have been subverted by bacteria. Then, I highlight the mechanisms for surviving phagocytosis
by Salmonella, with a focus on the induction of macrophage-apoptosis and modulation of membrane traffic in host cells.
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Fig. 1. Intracellular Bacteria (Listeria monocytogenes)
Phagocytosed by Macrophage
Observations by Electron microscopy were at 10 min (A) and 120 min
(B) after infection.
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Fig. 2. Bacterial Strategies for Escaping the Bactericidal
Mechanisms by Macrophage
Pathogenic bacteria that survive within host phagocytes have evolved
mechanisms of survival by remodeling their phagosome (Salmonella,
Mycobacterium, Legionella, Brucella) or by moving out of the phagosome
(Listeria) . Yersinia has evolved an exquisite method for antiphagocytosis.

RNT 7y IV —ANTHET 5 Z ENAEETH 5.
IHIHLHEOHREMEATIE, 7077y —207
NE— X ZHIHT 286, 77 TU VY — LD
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2. Yersinia BHE : v~/ 077 —COEEHA:
#[HEY 5 (Antiphagocytosis)

D27 EMETE MOEREZERT 2Dl
Yersinia pestis (XX N&), Y. pseudotuberculosis
(R MEAERZTEE), Y. enterocolitica BRIV =7)
D3BEETHD. Y. pestist, /TN EINT
RIEREEL, iy 2 INRE2M4 L TR > /NH
WCADIRRZ bERIL, S S5ITMIGEXN T
ARZEEIT. MiXZ MIRRUERERICI > THil
Z%. —J} Y. enterocolitica & Y. pseudotuberculo-
sis 13, HHRUZBERL/KICEDREOIZED A X
N0, BENSEAL, INA IV BGREIE D
DINEIORIZOTy—YOHRTHEEEL, BRI
Y NG R A EH# 2T, Y. enterocolitica |3 &
FHEERNEEL THEINTVS, Z0oX5iIcT)L
DT 3 WIS R REE N R B8, /O
Ty —VAREIAT—T I LHHEEIZ, LED 70
kbp D75 A2 RICHEET HHEELETH (Yop
virulon) IZX->THEZ5INS. YOP I, Yer-
sinia outer membrane protein DIETH 5. FH L)
IFIMEICRET 2EHE CTHLHEEZEAGNTIDHA
PIWT=D, OBICHWERETH D EN5ho
7=. Yop virulon ¥ Yop T 7 = 7 ¥ —EHETNS
ERRNICERET 2451 7 U piEEDOERT %
I—RLTW3. Y5 A7 I fribEEl, MEo
RTFRTUR> - NE - S EZ2 BE L 2 EE RS
o CGEEBMAR) 1R L Tl E i Lz — R
VB RN SRR S N, < DU T LRMEEIE M
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rO7y—YIRARINLEOL, BREKMEEZ TR
F—7 LU CHEY 2MIRNG EE 2 BT 50, FE
BRI —7HEMIARZO DITHL TEIILA
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Fig. 3. Schematic Representation of Translocation of Bac-
terial Proteins into Cytoplasm of Eukaryotic Cells by the
Type III Secretion Apparatus

Known positions of established and hypothetical proteins in Sa/monella
type III secretion apparatus are diagrammed. OM: bacterial outer mem-
brane, IM: bacterial inner membrane.

BwmAInI7 /75 —EHODOH O YopE, YopT,
YopO, YopH IZE > THZH6 3N 5.

BB, EEMAZO RhoA, Rac-1, Cded2 %D
Rho family small GTPase IZflfHlEN/=7 7 F &
BREDZTIVFUBKROBHBENMERD> TV
7,9 YopE, YopT, YopO i3y 3 #1% small GTPase
HERLTY 7 F o BOBEZHET S LITX
DIV ICABRIEZS5 A%, YopE &
GAP (GTPase activating protein) & L T GTP Jilizk
S % % fiiE X 8 C, Rho family & H 2 A5 4 Y
(GDP # &) 129 %. ” Rho family & 13, COOH
Ui CHIFLEREICY > —3 N TWwadH, YopT i
cystein protease i 1t & £F > T COOH i i/t £ % Y] Wr
52 EITXD GTPase ZEMHIET L TL X
9.8 YopO & autophosphorylating serine-threonine
kinase {2 H L, G- 77 F>E /< —, RhoA,
Rac-1 IZ#EET 2. ZOMEITARMEICEEL T
WBH, FLWATZZXLAZIAHTSH . YopH
1358 /172 PTPase (protein tyrosine phosphatase) T,
focal adhesion [AJ® focal adhesion kinase (FAK) %

p130Cas Z il V) > (b9 % Z &1T K O Al fa—Hi e
HBE G ZREXIE 5. 19 Focal adhesion 1,
ST RN UTHBASN Y B Y Y 7 X SRS
(POF>TATADE) DBHEATLHHATHO,
RN 7 FIIVREDORR &85, ZZITRIEYT %
focal adhesion kinase (FAK) = p130Cas Z13%) 1
W< oFos U VB zZATHD, U
SIS NIZXRTF REN L THOG T EREEL,
U FIREEMNNT S, BEMETIE v— 1%
MMEANDOHEEE L TBRIN, ERNTEI T —
FUEOMBANAT R v I X EDEERGT EEAS
NTWa, LEnXSiZ, YOPIZL-> T o7
7 — AN D > 7 F)ARE R DR EL S 7=k
X077 —VR3EEARTDIRNERDEEAS
NnNTns,

2-2. YOP ([CLDRERKOMHE &L T K-
ADFEE  YoplJ/YopP L, /707y —TIT&k
% TNFa O & bR 5 D TL-8 DB i % 5
DEGTRIESCEIHT S, ZOBHRE, —ED
Bt D H 158 22 B 7o R B[R 7 NF-xB {§P£1b
BHECEDSBDOTHD, HENAST— I YopJ
/YopP @ cysteine protease {EMEIZ & % IKKBS DAIE
L 5% 5.0 YopJ/YopP 13 MKKs (MAPK kin-
ases) iEMEZHET % Z £12L D MAPKs (mitogen-
activated protein kinases) &z 70w 7 L THIE
INEBEELR T OREZHET 5. £ Yopl/
YopP 1%, MAEEICHEIET % BID % casapse-3 &
casapse-7 DY &R T Z Lick->TvrO7 7 —
YR RAEEETS.P ZDLXSIT Yop i
REIATLAEYHET D LD, T ZTOD
AARNT ORI EICEE R EE 2R 2TEERS
n5s.

3. Listeria B¥&E : 7 7 3"/ — LBROHKE—H
FRE A~ H

UZA7 U7 @MEIZIA < BRAFICHMT 58, &
MY 2 i 2 9 B I Listeria monocytogenesis
RSN S., BERAEMICEVEVAENZEZL, B
BN S RA L THNETHEgE L CRUiE S BEERN 2% 2
FIEE Y. iECIIBREREE I U TRESE
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3-1. MREADIRYy—7TLHEE UZX51
T DIAT =T, Ty IV —LEICEEE S
ZTHIREARET 2D THS (Fig. 2). Th
ZRJEEIC T 2 OMGaR BICHEIET D08 E L T3
(Listeria pathogenicity island-1: LIPI-1)®{Z 21— R
INHEAETHD, TOHRLNEREZRZTON
hly 8= F Y O LLO (listeriolysin O) Tdh 5.
LLO |d 58 kDa O HHEHET, 257 I /DT
7 FIVEFI AU X 41 56 kDa OB H'E & L THrilk
I35, hly 3 SLO (streptolysin: Streptococcus py-
ogenes DYEIMFE) < PFO (perfringolysin O: Clos-
tridium perfringens DYRI13E) ZDOXFT T LT
WOEATHAL AT 0—-)UKELHREEEHE
CDTX (cholesterol-dependent pore-forming toxin)
DEET EHFEMEATE W, 19 CDTX 13— 1 M A i
JLZFa0—)LiIZEELTHYIY—ERD, £
20—30 nm QEEEESL 2L THET L 2 &n
5, UZAFUTZILLOIICKD 773V —AKICE
BOAZRT, MlmEAKETEEZ5N5.

32. A—FT77C—0REE TydV—Lp
St L7z U X7 U 73R E Z i CHll i e T He5E
FTHIENTEEN, MEETHEIZE D THRS
TLHRETIIRY., BEZMIEE KRS OHD
72DICHA— b7 7 ¥ — EIEIN S MR N E U 5 R
RERELTWS. Y &, WABYMENAF -~
7 V—7%EH U THIIE IR A U 7208 R 2
U, BREZITO ZENHSNITEIN/. 19 I 5ITH
flel & THIGE S B Listeria'” 2 FRFIHE I A— K7 7
kN BHEEEZE RO TV D EW D FERNHR N
TRINs-.

3-3. FHRREANBE) & MM REILK U AT
U734 ARDOMRICK> THETHZIENTES
7%, WIBOFEBIL37°C TRIHI I NS0, BHE
MIENTIEES TBEEIT S I ENTERWN, £
ZTU A5 YU 74 LIPI-1 IZHEIET % actA i+
DEY) ActA Zfi> THEDF- 7 7 F EGZRE
I, InzE#fNEL TBHZARRICL TNnS,
ActA IZER DR ICHEZ R > THRE SN, 2D C
K DEKPEEL S THKICY > —3NTWwa. N
KUZIET 7 F 2% Arp2/3 ~NOEEITHATRBL S
A%, 21398 E D VASP (vasodilator-stimulated
phosphoprotein) 7' ~7 1 1) > (profilin : 7 7
FURBERE) SHATAIHMNNHS. N5 E

EHELTY 2 F > OEGNEID, Arp2/3 037
DF2T4TAhE7OR) 7§52 EITKD
HARICWDYD T Ay hTFAIVDERIND, £
DHEEG, HESAEMLE THRDIEEIND I LITX
O THISHEE ) 215, MilNZE< SHEESNTY
%19 MmN = B8 U 72 IS e — B 2 o TRE
PN E AU TR ZILRT DI ENTED.
N %[ EEICT % #E i F1% LIPI-1 ICfFES % plcB
(L FF—tEIET), mpl(Zn- A0 70F5T7 —
Y#ET) % THD. Zn- A¥O70577 —E0HE
FEIATA > 70577 —tIiZL > T Pro-PleB 2%
eI > FF—ED U U IEEEE B DR WS
FEENREEIN TR —EBE 280, Bz &
BRI RTDHEZEAELNTND, 20

4. YILEAXTEME: 773/ —LDOUETY
> LHBRRAETE

P ERTEMER, SETHEOFERE (F] :
Salmonella enterica serovar Enteritidis, S. enterica
serovar Typhimurium) F 7 ZJEDRKE (S. en-
terica serovar Typhi }xTX S. enterica serovar Para-
typhi) 5% & ¢ 2000 Fk 28 I AR/R @M - i
BBEORITH S, F 7 AEFHFER EEZ LI
BIfE T B AER] 1600 5 ADFERE L, 60 5 ADIELTAH
WMESINSEERERIED 1 DTH5H. DMNETIT
BERIFIH D S #ERIE £ T, F/M, BOT0FRAEMN
HONTM, EAEKEDRM EE &I
U7z, 1990 FEARLARR IS AR [ 100 FEREE D AT H
LM, TOFEEAEDPEHNS DAL TH 5.
FEF T AN ER TREFIEFRICR DL WETE
ThD, BFEBLIIER 1/ 3000 TAICEDEED
nTns,
HRENEEYSCHRKICE D ERENZEIL,
/NI RE R B BRI /S TIVAR D M Mg & > T
MAKICIRAT S, TO%, EhOXrO07 57—
BEINDM, 7077 —PREEEE A —
T UTHIRNTEET 2. FEAEDOMENYILE
*71%, BREEY >NEiox 07y — 2 THEM
L, TZIHEEOVBRZEITH, F7AWEI< Y
077 —2I@lENExF) ONEZRKTIHITA
0, HlESCEECEFEL, S siIclMoxror
7 —NTHEL CTEER2GREE (F 7 )
EEIERIT. BHELTITHILERTITIREEMEIC
%2 10 HDIEIHEELRTEE (Salmonella pathogen-
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icity island: SPI) MEHINTWVWBMN, 2D ZDH T
X077 —PREEBNS DT A =TI Rb %
B FIEEIT SPI2 (39.7kbp) ICI—REINTW
%.2 —75 SPI1 (39.8kbp) LOJFEEMLRTIT LK
MfENSDRAEYIZOT 7 —=YDT R =2 Xk
HEICR 595,829 SPI1 & SPIR2 #hFhicd— R
INDEHRNY T N EARWS XA T L (Fig.
NICK - TEMMRICT Y = 7 ¥ —EHZEAL,
MRS RE 2 SEEL U ORI 2 F 4 9 5.

41. A>T b7 749 7BE  HILEX
FJIRARINZDL, 773V —LORAEEEE
ftEd, 77yaV—54 UV —L@EGEHEEL,
Ty dV—AL&UETY LT, ZOHTHEIHET
H5ZEMAEETH S, FIEXRTEIYIZ7OT 77—
N T SCV (Salmonella-containing vacuole) & I
N5/NMIZEENTHEL TS (Fig. 4).

WHEOMEZRVANE 7 7 IV —A41%, TR
V—LED—HOREZRETHRAL, BHEMIZUY
V—LhEMELUTHZHLT 2 (Fig. 5(A). £7
ML By —LE@MELT, Rabs (RRAEMED
K> ¥ & GTPase C, MM TO/NEDTTE %Rk
TEI HHEHYE) < Transferrin receptor (TR : k5
T EEHE Transferrin D2 AK) 2#157 5.
X 512, TransGolgi Network Hi kDB % & D14
BT RY—AEDRAIZED Rab7, M6PR (man-
nose 6-phosphate receptor protein), Lgp (lysosomal
glycoprotein) F D5 Tz #1559 20, TD—HT
Rabs 2k 5. T, W77 2ia DMK R
% 3% %> vacuole OEEME(LIZEI 59 % vATPase %z &

Fig. 4. Salmonella-containing Vacuoles in Macrophages
Vacuolar membranes (arrows) are closely associated with the majority
of bacterial cells.

DUV —LE@EL, TOFTHENMNEEINS.
ZOMEIE, A>TINTT 1w s UNEFEDR
WERP D RHOMEEROIRT I EICKD, NES
NZEFEOEH T TFIMIENZ BB HHH8) ST
I Tng, 2520

BEEKROYIVERXTENET S SCV I, Rabs
ETRZEEBL TWLZENSGHIT D RY—L4E&
DGR ERICEE TS EEDNS (Fig. 5
(B)). T®D# SCV X Lgp # &3 %A%, Rab7 %
M6PR IR SN/ &5, early SCV DI HL
INZDE, ATIT2RTT 1w II3H#ITT 2N
BT BY = ANORIATRITKD > TNDS
EEDOLND YD Z DL DL THEKS 7= Inter-
mediate SCV XU VY — LA ELRIETHIENTE
T, FEERELTSCVNOHILER TR Z KN
5ZEMTED., ZNSOBEICIISPR T =Y
Y —EANBETH DN, £ THIIMHINT

(A) (B)

Pathogen Salmonella

l Early SCV O
—
NS
Early endosome l
o
o ASPI2 .
Host proteins 1 —_— \ |ntermce\7late
excluded Phagosom S
™\ maturation
stalled
% Late lysosome l
| A: Z @
Digestive lysosome Lysosome

l Late SCV

>

\
o NADPH oxidase e iNOS

“

« TACO protein * vATPase =

¢ EEA1 % CathepsinD -

© Rab5 * MBPR Replicative SCV
o Rab7 o Other Rabs

Fig. 5. Proposed Model of Trafficking of the Salmonella
Vacuole in Macrophages

(A) Membrane trafficking after phagocytosis of pathogen. (B) Matura-
tion step of the Salmonella-containing vacuole (SCV). After internalization,
the bacterium is found in a nascent SCV interacting with early endosomes,
acquiring EEA1 and the transferring receptor (TFR). Then, the SCV ma-
tures to an intermediate stage characterized by the accumulation of Lgps/
rab7-vesicles likely arising from late endosomes. This leads to the formation
of a mature SCV in which the bacterium starts to replicate. Replication is
concomitant with the formation of Sa/monella-induced filaments (Sifs) .
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Wi\, T7 -/ %—0 1D SpiC KigkIE~ 7 O
Ty —TNTHEMBAREEE LS. SpiC I IEH 72 A
TR T4y T ITHBIREEORTEHEEFL
TT7 7TV —LDEAEFT TWE EZEZ 5N TN
%. SpiC OfF ERER T & U THERAER
TassC NFEIE S N7/ &M 5, SpiC Id TassC 28
SCVICHESINDDZEEET S I LITLD, SCV
VETFY TIBEO TWSEEENEZ ST
% .30 SPI2 A ¥tk ZNE 9 % SCV 21, NADPH
oxidase % INOS WEFE L T BT &M 5, SPI2 T
& SCV N D5 VIR 32 15 TR 28 K A4 & i 3 2 1%
BEEALTWSHEEZEZHNS.3D

R 3 RFfEN S 4 FFEIRRICR D &, HILERTIX
Sif (Salmonella-induced filament) & £ 1) 5 7=
BIRDIERE &R Z SCV IZ7AE 532 (Fig. 5(B)).
Sif DL & & BHITHILEFRTIE SCV N TOHEGEZ
BAlR 9 5. Sif O ALIZIZ Rab7 EH)LER D
K SifA WNBETH 5. SifA X SPR2iICIFa— R
INTWRNWDY, SPI2 0¥ A 7 Il EEH b E
KXo THEEATEINS. Sif I3 EEMETHE
REND. FILEXR TN EEMICRAT S &K
12, SCVIEEICF- 77 F D%y R T =278
FEHRIND. BEHELEZTYVF IZ, filamin iI2X D
BEES N, profillin WEG LAYV F 2/ —IT
o TEOEAIIREESN, SCV KO E, SCV
OMIINBENCB 9% Z EARBINTNS.

42. ¥7077 = TR —XFHR R
A D SPI2 BEREMN T ICFET L IR W BT, U
WERZWEI 707 7= TR —=AEFEHKL
TEDOBRFEWED S RNEREIKRT S, Z0g)H
TR b= ZAFEFITRD 2 @M O E T SPILIZ
I—REINSSipBEHTHD, EHEMEFIZ
Caspase (cysteine protease) 7 7 2 1J — D Caspase-
1 TdH 3.3 SipB I proCaspase-1 |7 E A
INnEEMILT . Caspase-1 /v 7T R TA
EROKREIESE, FILER TN TIVRIC—
RRAYITREE T 203, T OBIGRIEY >N HiSo i 7
ENBREINT2HBERIEZ S0, ULirLan
SIERER DRI B ELHRBENEE D LN 5,
Caspase-1 IV ER T D/)NA TILIRMN S 2H D
BRICKLETH S EEZ 5N, BEEMEIZIEA
< & 14 FEE D Caspase BRI N TS,
N5 O THIKEZ B 7= 59 LR FETRFIX

Caspase-3 TH 3. ZNETHINERTERIZLD
TR — ZDFEHEIZ Caspase-3 DE G0N E X
NTCEEN, REbhbhid, vxr7o077—IJHNT
SPI1 B FHIENHEMEH = 315 & Caspase-3 HVEE
mu, @ELRTHRN—ZXFEENR D EE R
L7z ¥ BILERINEGEWIIC, v~/ 7y—2
7R BF—=2 2K 0BT T ENTEEHLKRITA AR
Th5HELTH, /707y —2I3HILERT DI
JEOLE L THHEELRMETHLNS, YR
ADFEBIIFEEHICL > THEICHIEIN TS &
Ezo6Nn5.2

4-3. YIILEXRTORERURASIEHEE Y
EXTIE, BPEOREME THEET 2 REOALYE
KB DB L T, BE LM~ 7
07 7 — BRI - MAa NG5S O 9 5 g O
FEZGHAMZA hO—)L L TW5, EiZBESLK
e E5MTHEL IV EFR T13 SPIL Ein TR
NIUEL, /NG EEREANDRARDEMT 5. —
Ji, BRMESRMET, K Mg, KU CRRRERMETI
SPR BELRTORENGFZEHEINS., 2O ENL,
SPI1 I3 & #MkT, SPRII~Y /O 77y —YNTE
WCRHIND EEZAS5N5.39 JFIEE R T OB
HIZ1E SPI WAL D fk 2 7B HF23B 5 L T
. OO EME 2SRRI EE T 2 RED
BITSEA R B RB RS DR B S 7 L &5
THIEDO A ML ZEHENBHEIN, TS IVRE
MHBICHESBDDLZEZHSNMI L TERE 9
Z ML AEHEREERNS T yRXO>&E70
T7—PIZRHIENTNS, ZZTIREEIHLNIZ
L7 Lon 7OF77—t & ClpXP 7077 —tizk
ZH)VE R ZIRIEIEFEBHEEREIC DO W TR T 5.
4-3-1. Lon 7O77—+(2&% SPI1 & SPI2 D
I MROERESMRICE, KES2D0EFE
NH5, 1 DREEEZIZEAEEZML T
JEBEVWSEHZEINT 5D SEAEDY Y1
DI ATFLAELTORETHS. B 1D1F
BEETHRECERD DR 2T 2R E D LM
MEEEAEZ0MT S EICXD, TOEHED
MR N & 2 BB e S MiE B o a0 > o —)b
SATLELTOHRETH S, MEOMBENERE
SHRD 0% LA Eix 4 D ATP (KERI 705 7 —
¥, /bbb ClpAP, ClpXP, HslVU 2 &% Clp 7
o057 —t# & Lon yOF7Y —FickniEbn T
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W5 490 pNHONETIEXRTD Lon ZRIBSH EGINCHEHE L TEEEICTY R b= 225 &
% & EEMANDRANENEL <HEMT 22 L% T ZEEHSEMNTILRZ.3D —F Lon RIEICXD
R L, Lon 3 SPI1 EBLOEA DL F 2L — SPR2 EHE DEEITBAFI SN CRFEERT —
Y —ThHodIEZHSML .4 SPI #E& TR %). L7=/M>7T, Lonld SPI1 ¥ Z£1Z SPI2 ®
DOFEBITIE, 4 DO E KT HIC, HilD, HilA, BZEIEICHE TS &2k, BPE0fL BT
InvF NEEHEZ R > TiRb-> Tnws (Fig. 6). X HIVE R T K 5 [ RIS 6 B O KRG - 22 fal i il
9" HilC, HilD 7% hilA 7OE&—4% —® LIS HZEAHERIZL TS EF A%, Lon REHKIIYY

TEHEMAZFE TS, HIA L invF 2509 XT AT HWEEME T L TNWD ZEMSTILER
D SPIl Ein T OEEfeER T & L TH. 512 TOHEEFEBICIAANRBRTTHDL EF A

InvF |X SPI1 N4t D effector EfnF DI E & 1§ L 5.3
T %, BiM&TIE, HilC, HilD 73 SPI1 £ B8 D 4-3-2. CIpXP 7077 —+H(C&d%4 75
EEREICEETDEZEZSNTNSN, bhbhid, WM AT LRBEOHRFRALG AR OK D ITHIED

Lon 7% HilC, HilD #EHEFE#M L 0fiEdT 5 Z &IT &K iR B IS S RE o mtE S, Y1 T E
DZDEHMBEZRE L, SPI FHIEEMEEA HOoWEEDO T ORI TEBEZ6NTVWS, HIHE

hRZBBICHEIL TWB I EZHLNT L9 DB & BEEFIITIZ 50 2T Bz TN E

IsiZbhbnbuITIERTREY 707 7 =TI B59 20, L¥aiore2fi3Ibodh3 DO0imEkH
BEINDEEBICSPII H#HE2ELLSE, H50D N6 5 A —RTH5 (Fig. 6). BEEDIE
FUTHZ<7OT7 7 —=INT7 KM= A5 D MITALET 5DV, fIhD, AC EIZTTHY, Fh

<2, Lon REEKIZFABINZDBHICH SPII FNDOELZETFHEYH FIWC,FIhD, AT OF K 53—

(A) Lon SPI1 Type lll Secretion System
negative
control PprgH
‘ Lon protease | @ prgHIJK
Sch

@ P hilA PlnvF q PsicA
hlIA \® invFGEABCIlJspaOPQRS |stcAs:pBCDA

PsigD PsopE
@ vl sigDE @ 4| sopE

sigD=sopB

(B) Activation
s 1
flgMN
fIhDC o
CIpX fljB
v fliC (Filament)
fAiDST > fliDST
i etc 28 p
ClpP— ClpXP : fliBA etc
negative
control
CIpXP preteass | Flagellar Type lll Secretion System

Fig. 6. Regulatory Mechanisms of Expression of Genes for SPI1- and Flagellum-type III Secretion Systems by Lon and ClpXP Pro-
teases
(A) Lon recognizes and degrades HilC and HilD proteins, leading to downregulation of SPI1 gene expression. (B) ClpXP recognizes and degrades FIhD,C,
transcriptional regulators, leading to downregulation of flagellar gene expression. FliZ is known to activate the expression of SPI1 regulon.
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KReELTLF oo 2RO EHE %2 2T
5. bbbk, HILERT D ClpXP KIEBREHHE
EZIERITHKRTHIEE2 AL 2 3 5ITiEE
RO EK 27 L, ClpXP %% FIhC,FIhD, # &1k
DY —=2F—=N—=IfFbBZEICKVHELF 2O
CORBEAICHE TSI EEHSNIT L.
FElLF¥FaOor oy A2 — RE N5 FLzZ 13,
WMERRICBIT2RENIAHTH 20, AidD
SPI1 O F(EHE R F HilA DEF 2 1EME{T 5 2
EMm5, ClpXP I3#iELF 202 HL T SPIL
FEEHHL TWdEEZENS. —F, ClpXP
RIEHETIE SPI2 A L NIV BEE ITHIHl & 1 /-
(RFET—¥) TE&M5, SPI1 & SPI2 O &R
HIICHROBRTTHDEFASD. £/ ClpXP KiE
BRIZ~ D 21 20 REEAMK T 5 Z &0 59
HFRBICHHEARBRKTTH 5.3

Lon % ClpXP i3~ 7 07 v — PN DR MRS 1T
FMIELUTHEINDANLZEHETH D, 4549
SPI1 Bl Z##HI L, SPI2 &% #hnX & % Hl#H K+
ELTHSZENHLNERS . ZTOXDIER
THRIOIE & A OILBLRFREL, YILERT DIFE
BIEOD > NO—)L2 AT LELTREREREA
LTW%, bbb, kORI ITHILEFR T,
ERWIICSPI ZT7 = 7 ¥ —OfERICK D~ 7 O
Ty —PIT RS = A% LIRS R ALK
5N, 707y —JI3YIVERTOEEDE &
L TRARBMIETHEZEME, TR ADH
B X)VITHA,  [RIREHTH N 5 2 7T HE
29 % SPR OFEHERT ZENBLETHS. Lon
2 ClpXP 7O 757 —1Ii2& % SPI1 & SPI2 H#HD
KW, ZOHMIZH > I/ Th %
EEAS.

5. BHYIC

ERIFER EEEORPI#ETHS., —HEBS
INDMEEIZ A Z THERIIHAITHIEZK > TWD K
DTH 5. MRAPNET LM BEHE £ O ARG D5 —
MTIEHET 2707 v — Y O EHREZ ibic T
2—7L, IHIZ~vra7y =Y EReR AN
WUEFTY T LU THREL, — /A TlaEEDREHE
a7y I OEEERMT 2%, TOEMRY
AT L0, MR D5 &8 EH O s R ERE & O
HEHOL X)) THBETEDLLDITR>TER., &£
IRBHEEAE &N 2T AR O T 2 7 — T HE I,

HELREARDERWER 200 THEIZKD H W0k
EHo TTOHIBEHE ST TELMRTHD LB
ABNS.
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