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Abstract: Legionella pneumophila (L. pneumophila) is a distinct model for pathogen-host interaction research.

Its unique secretion systems as well as the structures and functions of their substrate effectors are the research
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hotspots in the field of pathogenic microorganism. Type II secretion system (T2SS) plays a major role in promoting

bacterial survival in the environment and in human hosts, and Legionella secretion pathway (Lsp) is a typical T2SS in

Gram-negative pathogens. This review briefly summarizes the research progress of L. pneumophila T2SS and its

substrate effectors, emphasizing on their structures and functions, so as to provide in-depth understanding of the

function and mechanism of T2SS in Gram-negative pathogens.

Keywords: Legionella pneumophila; type II secretion system,; effector; structures and functions

B2 AR a2 7 FhER
I R G (-IX B RA R0 A H (effector) A
240 T A Hh S A I AP IR S el R A U, e
I1 U533 A St (type 11 secretion system, T2SS)
MR ZEAEEARR, F2E 2R
BRI St BEE 3 T2SS [o) 4 PP AL/ 2400
iz Z Ry R AEE Y A B AN S
N — RN AESS, s % ) . LA
B IO AL e A 2, A (1
T2SS F L ATEAL L ] (Proteobacteria), 4
o, By 18433, T2SS fir YR L6
BANEEER | RS A A SO0 B 1 (R — LT
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BT R AR T

1 HHERE

1976 4¢3 [¥ PR L AN Reh Ay 221 A
TN S AV R AERPIGE SN, e 3EA 34 A
TS, HEGIE T AMTE KRG 1977 4,
32 [ $ f TB7 75 A 0 (Centers for Disease
Control and Prevention, CDC)JFF2%Z MK A
(T 2255 8t — Bh AN TR, w44 R ZE AT A R
(Legionnaires’ disease bacterium, LDB); {XK4F,
% E CDC ¥ LDB IE:fy4 N Legionella
pneumophila (L. pneumophila), i3 & a v i i

RPLHR N ZEH 5 (Legionnaires’ disease)® ', 4
4 L. pneumophila B A I HE G e I Y
NGRS, A P2 = g NI 20 210
B W 2 R b iz At 1, 5 By i A R
B — il 5 T R ) A SRR 9 s —— D % I o A
(Pontiac fever)!"> ", ZE A f& — Flr LA &8 55 25
(A Al ek 3 S8 9 L R PR M & 1 /N Ik ek T )
JER S SRR, AT A M
EIER, B A, H. MEFEEZR
Gt P W v e —Fh AR i g R A
FERI R 2SR G, To] B A
W 3-5 d BpAT [ A,

L. pneumophila iy 14 5 4L 1Y = 22 1G4
IR, I AETE T RARIR K IR RN T K S5k
AT DAFE D AR S (AN BRTK B it HO PR PR 27 A A 2
B, FEBCAAIE R —ER 4, L. pneumophila
N CEE Y IR RO AT Bzl O
(Legionella-containing vacuole, LCV)ikkEfg 3=
2 B %) P A WV FH (endocytosis)! 2!, HAEfE
i B P A AR A R A B A B B &N
(replicative phase, 7F 70 & FRIEN T DI85
AR HRFIE ) AL 3% 1 (transmissive phase, 1§ &
A B SRR AR S A ) R AL e, A
FiE st Mman e, g0 7 X — B B AL R
FefE E AT kIR, AR TR — FE A R L
iﬁﬁ)[zo,zz-zﬁt]o

L. pneumophila BA &1 TR R GiAE N B
FIFEATRNE, HATE 4% EH L. pneumophila
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TR 6 FISEIURY ST R SE: 111, IVA | IVB,
V R VI BUMIRRSE, Hrp 1 BRI RSE(T2SS)
F1IVB B3 2 45 (T4BSS) 5 L. pneumophila i
otk 2 I AH 642 L. pneumophila [ T4BSS
B Dot/Iem 7B FRSE, TH5TH 300 Z RN EH
ik NfE EMOTERE T, XFT L. pneumophila
TET A 18 F AN 2R A7 . 5 RN B5Ohs Pk A
A[ /261 T2SS Bl Legionella secretion pathway
(Lsp), XTIk m7EFREE M AL TE Erh a4
FEJ7 T R OCHE B, ¥ K 4 it D R A 45 4 2
L. pneumophila 7EAIG R T A 4 , JE L oK [ )5 e
ME RIS =, BHR, Eshissh il &
Hb3RE G R G B AR TR,

2 CEHERE T2SS

Haie g% et 2=/ 63 FERAR, Hrp
32 A R B BUR M, W H gRAS T2SS 3k
DRI 76 2 P R i v e B AR~ Y B il 22 A 7 T2SS

A 12 PO E 4 (T2S C. D, E, F. G,
H. I.J. K. L. MAlO) (45HBRIILE 1),
A[53R A ASEE A (1) TR E) R F2s [
HMEE (outer membrane, OM) “/r b Z L, /& H T2S
D & AR — TR, R arid SME A
—AfLEPY 2) — 4 T2SCL F. L MM 4l
A N JESF- 5 (inner membrane platform, 1M),
Hh T2S C # % OM“H W FE LB (3) T2S E
NRIKZ GV R—F IR ATPase, #4535
M & &, ot R AR R0 4 —A4
1 70 201 i ) 5 A9 4R A B (pseudopilus), H/NAY
A E&E M T2S H. 1. J K #H5 KM #E B &
F T2S G 4N MR 2R G50, B T H IM
V-5 5 OM “4rWh 28 £ AH T A F ™ A8 8 3 N
JE RPN T2s O = —Fh IM BKREE, 7EME T E
B 1 2H % A B T o U 9 kAT SRk
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The structure model of T2SS in L. pneumophila.
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T2SS It SRR Y E LA AT 2 L 5T
IR T2SS IR S IM -5 . /il Z AL R
B Z ) A A B Al T RS B 5
ATP 7K fi# 5K 8y 1] 200 i S0 IR 53 10 5 3 23325420
— i FEATRRAL 3 AR SRR 1 R Sl
i: general secretory pathway (Sec) translocon™*a§

twin-arginine translocation (Tat) system j& 45147

P53k IM I E A 40 B 0 A BT 2 8], AR 5 IR )
P, ARG S L = R G (T HE S O R AT
HRAL), FeJhH T2SS #ig @i 41 OM “4
WFEALTN, T2SS B R 43 WL AT g 2 A
Jo 2 8] o Y 2 1 5N ) A% 15 B T2SS B,
B T2S C #1128 DRG], SRJEFIFAE IM 4k
A RYRERE, R B FE G FE B0 I P HOK P R
Ji¢(Archimedes screw){f: 325 [ il of OM “43
MR AL R LA TS S 4 K 2R
K EASHMBPYESFH, @ Sec
translocon ¥4z A T2SS™,  H R & I #ENg
fi§ C (phospholipase C, PLC)Z KA 51 PlcA (5
—~ twin-arginine motif)F1 PPlase (the putative
peptidyl-proline cis/trans-isomerase) LirB (7%
—~ twin-lysine motif)il il Tat @42 o 41
L,

3 WERE T2SS WKWK N EH

L. pneumophila Philadelphia-1 (%% 3%)
FATHER R JR32 FE A A Y15 B 250t
#W] T2SS /04 73 MBCEMIRY), BN A1E
SF AN I T B A A A A R . GE
o XF B 4 £k Philadelphila-1 130b 5 T2S F €745
RS IR DI IR (A A B . S I B
Yk B2 2# 5T, UESE Philadelphila-1
130b AR H 2 /DA 26 o b2 1A AR T
2SS WL 1,

30 MMEEAMSE

B TS ISP 77 K = b9 ARk
B UEH T2SS AR, I A S B B 450
WER I . AR M iE, FRATH
L. pneumophila T2SS JIEYI & 1143 = K2k,
3.1.1 fg

L. pneumophila "4 Z Fifili A5 T2SS ki
P, WS EENN ProA (Lpg0467). Wilg
fiti PlaA (Lpg2343)Fil PlaC (Lpg2837). Mg Wit 4n
LipA (Lpg0468)F1 LipB (Lpgl157). #m2HEin
SrnA (secreted ribonuclease A, Lpg2848), JLT
5B A0 ChiA (Lpgll16) . SOMiE 4l CelA
(Lpgl918) Kt A L AH G Lpg0406, X LEjify
(4n ProA FI SrnA)FEfEFIKE R E BT, K.
RNA FIfg % J5 o~ L. pneumophila 2 HE% 7= 4 ik
(FHER . TR . BEREL . IeIiR), festdiE
TE 16 F 40 M N I AR S B SE A5 O R Bl A 5 1Y
LCV &4t
3.1.2 R E#%ZEH(eukaryotic-like proteins)

7K - FE K ¥% #% (horizontal gene transfer,
HGT) "] fiE& L. pneumophila FR75-%4 1 & 11 i) 3
BLRAE, R A N LA A0 T AR B SR 55 )
BT, IR AR A HE A SRR A, T HARER T
FURAR R TG PEDY, SR IR 2 B I
[Hl (eukaryotic-like genes), XJ Ly {2 [ RI 2 HLAZ
2 1 (eukaryotic-like proteins), HAL & AYZEEE
25 R34 ankyrin repeats . leucine-rich repeats ,
serine/threonine kinase domains. ubiquitin-related
domains 55, XM IR HAZE FHE A RYIIEE,
Ry R Z A ar iR, J& L. pneumophila
WA AN ey E AR, L. pneumophila
T2SS EYh s 8 FREAZE N LpMap
(Lpgl119). GamA (Lpg0422). PlcA (Lpg0502).
PlcB (Lpg1455). LapA (Lpg2814). LapB (Lpg0032).
Lcl (Lpg2644)F1 LegP (Lpg2999).
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Fz 1 ERHEREGEHEK) T2SS K4St

Table | Documented T2SS substrates of L. pneumophila subsp. pneumophila str. Philadelphia-1

T2SS substrates Activity and role in infection

ProA (Lpg0467) Zinc metalloprotease; Promotes tissue destruction in lung and growth in N1 and Vv; May promote
growth in Ac; Not required for growth in A549, HL-60, U937, Wm, explanted guinea pig macrophages,
and murine lung

PlaA (Lpg2343) Lysophospholipase A; Promotes destabilization of the LCV; Not required for growth in A549, Ac, NI,

PlaC (Lpg2837)
LipA (Lpg0468)
LipB (Lpgl157)
SrnA (Lpg2848)

ChiA (Lpgl116)

CelA (Lpgl1918)
Lpg0406

LpMap (Lpgl119)

GamA (Lpg0422)
PlcA (Lpg0502)

PlcB (Lpgl455)
LapA (Lpg2814)

LapB (Lpg0032)

Lel (Lpg2644)

LegP (Lpg2999)
AmiA (Lpg0264)
NttA (Lpgl385)
NttB (Lpg2622)
NttC (Lpgl1809)

NttD (Lpg0956)
NttE (Lpg0189)
NttF (Lpg0873)
NttG (Lpgl1832)
LirB (Lpgl1962)

U937, Vv, Wm and murine lung

Phospholipase A; Promotes growth in Ac, N1, Vv and Wm; Not required for growth in A549 and U937
Monoacylglycerol lipase; Not required for growth in A549, Ac, N1, U937, Vv, Wm and murine lung
Triacylglycerol lipase; Not required for growth in A549, Ac, N1, U937, Vv, Wm and murine lung
Type 2 ribonuclease; Promotes growth in N1 and Vv; Not required for growth in A549, Ac, U937, Wm
and murine lung

Chitinase; Promotes growth in murine lung;
Wm

Endoglucanases; Not required for growth in A549, Ac, N1, U937, Vv, Wm and murine lung

Not required for growth in A549, Ac, N1, U937, Vv and

Carboxymuconolactone decarboxylase; Not determined the role in infection

Eukaryotic-like tartrate-sensitive acid phosphatase; Not required for growth in A549, Ac, N1, U937,
Vv, Wm and murine lung

Eukaryotic-like glucoamylase; Not required for growth in Ac, N1, U937, Vv and Wm

Eukaryotic-like phospholipase C; Not required for growth in A549, Ac, N1, U937, Vv, Wm and murine
lung

Eukaryotic-like phospholipase C; Not required for growth in A549, Ac, N1, U937, Vv and Wm
Eukaryotic-like aminopeptidase; Promotes growth in Ac, not required for growth in A549, N1, U937,
Vv, Wm and murine lung

Eukaryotic-like Lys/Arg aminopeptidase; Not required for growth in A549, Ac, N1, U937, Vv, Wm and
murine lung

Eukaryotic-like collagen-like protein; Promotes attachment to A549, NCI-H292 and U937; Promotes
attachment and invasion of Ac and Vv; Not required for growth in Ac

Eukaryotic-like putative protease; Not required for growth in Ac, N1, U937, Vv and Wm

Putative amidases; May promote growth in A549, Ac, U937 and Vv

Predicted novel activity; Promotes growth in Ac and Wm; Not required for growth in N1, U937 and Vv
Novel C1 family cysteine; Not required for growth in Ac, N1, U937, Vv and Wm

Predicted novel activity; Promotes growth in Vv and Wm; May promote growth in Ac; Not required for
growth in N1

Predicted novel activity; Promotes growth in Ac; Not required for growth in N1, U937 and Vv
Predicted novel activity; May promote growth in Ac, NI, U937 and Vv

Novel activity; May promote growth in Ac

Novel VirK family protein; Not determined the role in infection

Putative peptidyl proline cis-trans-isomerase; Not required for growth in Ac and HL-60

Notes: Ac: Acanthamoeba castellanii; Ap: Acanthamoeba polyphaga; N1: Naegleria lovaniensis; Vv: Vermamoeba vermiformis;
Wm: Willaertia magna; Dd: Dictyostelium discoideum; A549 cell line; U937 cell line; HL-60 cell line (the data is mainly from
the reference [3]).
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3.1.3 B RMNEEH
T2SS Y id & Z AR EN TR U B
[, fw44 4 Ntt (novel type two secreted protein),
£ 45 NttA (Lpgl385). NttB (Lpg2622). NttC
(Lpgl1809). NttD (Lpg0956). NttE (Lpg0189).
NttF (Lpg0837)#1 NttG (Lpg1832), DL K—ub{
ERIEELT AmiA (Lpg0264)71 LirB (Lpg1962).
32 MMEHBSHSINEE

BARERE A5 T 10 Fl T2SS KM E
MIZEAME B (B 2), (R IR 2 11 2540 AL
TRAE LA TS 4E

L. pneumophila />4t 3 4~ AN[FAY PLAs
(phospholipases A)ZJi% (Patatin-like, PlaB-like
1 GDSL B %) 15 FpEE A, Hirp PlaA il PlaC
J&F GDSL B, i & T2SS MRS,
GDSL FEmg% 5 M LA T A-V)F 4 58
SRSF AL IR SE Ser. Gly. Asn #l His (%
WL FHEA S 1L I, 11 i V)P PlaA 2

Lpg0406
(PDB: 5DIK)

LapA (Lpg2814)
(PDB: 6ESL)

LapB (Lpg0032)
(PDB: 5GNE)

L. pneumophila H1%5— k4 Hi ok H) GDSL
g, HA 49 LPLA (lysophospholipase A)
1% P . PLA (phospholipases A)J 4 #1 g Hj i 75
PP LPLA ¥ AT RAA A B A 40 L 2 1 1
LPC (lysophosphatidyl choline)fl LPG (lysine
phosphatidyl glycerin), X 7] B8 BT 41 B 7E
LPC SRR EE , X T 275 LPC 3h5E T HY
AU TA A7 AR B JCHEESS ) plaA wilR R 1 15
Fee LI AR R T 90% 24 LPC Y I 1 i
70%—80%M) Lfi# LPG RYTEPE, I PlaA 7&k4H
T L. pneumophila 322 1 40 i LPLA A6 PER
£ LCV & il 3458 B BL , TABSS 43I ) 8 1 1 7
SdhA G0 PlaA g DIBEE M, S0 15 3
UM AIBET iR FE, G LCV AR T4 P& A7,

TZERF LCV Ay 52 8P PlaA (L =
RiAK(Serd6 ., Asp295 Al His298)%F FEik LCV
AR 224 % i T 40 L B FE T e AN ] b gt

PlaC 5 PlaA H 26%/1)751—EPE(sequence identity)

LpMap (Lpgl119)
(PDB: 5CDH)

NttA (Lpgl385)
(PDB: 6XTT)

NttB (Lpg2622)

NttC (Lpg1809) NttD (Lpg0956) NttE (Lpg0189) NG (Lpg1832)
(PDB: 6A0N) (PDB: 6SIT) (PDB: 4KH9) (PDB: 6L6H) (PDB: 5XTA)
2 B4y L. pneumophila Philadelphia 1 E#kH T2SS EKMEMICE DL BG5BT

protein data bank (http://www.rcsb.org/pdb/)

Figure 2 Structures summary of T2SS substrates of L. pneumophila subsp. pneumophila str. Philadelphia 1.
The structure data comes from protein data bank (http://www.rcsb.org/pdb/).
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1 46% 1 P AU (sequence similarity), 1 H_H:
A5 PER) LPLA 364E . PLA TG A GCAT
(glycerophospholipid: cholesterol acyltransferase)i
P (RP A A6 < B B 1D B2 DN — s il T 155 i B % 3
JIR R BB plaC kB B AR 0 85 5% 5 i o
PLA 538 /0 %) 20%, LPLA 43 d /> 2) 10%,
i H5E 4 T GCAT #&tk, Wit PlaC i3t
L. pneumophila 3= 4 W A GCAT {6 #:°0,
PlaC MIfEAL = BE4K(Ser37. Asp398 il His401)
o) BN BE PR R AL S T PlaC SE T C R s Y
4 2F e R 5% L (Cys343 . Cys388., Cys4l5 #il
Cys427)% T H GCAT {5 F1 PLA 1 PEZE 0T
B, AN, PlaC B9 GCAT 3G PEARHE T T2SS
15— IEYIE 1 ProA (Lpg0467), LB HL
T FTRES . FE4HMfBi, PlaC A1 ProA LAFEYE
MERTATE AFAE, h Sec RSz 41 N
BREIEAEBEAR S IR UI ] FEfA B [\, PlaC
FEIT C ARuiHY 4 2P ez iR 5k v] BB TP i —
it ; ProA il PlaC £ T2SS ¥t Ja , A @it H
N iy Hij IR 5 DI F FBEOE R A ProA, B
J& PlaC #{ALEA ProA il T3 i i s
GCAT HEPEFATRE PLA JEHECY. Qu 58 i
T PlaA W15 SRR, FHC 1 T BERIF 5T
TSE T

Lpg0406 J& F CMD (carboxymuconolactone
decarboxylase) & [15¢15, A5G R Lpg0406
R H 3 A o BRIEAL ALY CMD 0 FET
KT BN SRAR TR 548 (] 2), HARPESL
CXXC (C AR AR, X REMLEEIERE
555 CMD HHZK W AhpD 2 Y T 115 i
ZEARML, K Lpg0406 7E3hfiE 5 AhpD
FARL, FTRE EA S SRS, S 5 A
P AL

JUT B2 —Fl N- Ik 22 ) A W i K B 2R
Y, e PR B, AT B

FEBRFIAL, AN SR AL SR, L. pneumophila
LT i ChiA (Lpgl116)255 — e ok 5
T B SR YIRS T2SS BN AT, N o
SERIRES B W 5 6 F LCVM (Legionella-
containing vacuole membrane)d¥ g it 17, X XFF
B A T L AP AT SR TR R ¢ R L
T A5 A SO0 W L 3 ) b SR B L B
() 2 AR IR BTG M, DR R A K R
)2 (mucin layer) /il L. pneumophila )% %
PEPY . chiA 2848 e B W 20 i b T IE R AR
ETE i 350 ) A7 T 281 [ HAXAE S S5 AR
ok, X B ChiA REA8 (L 2F 40 B8 78 i 8 ) R 22
PSR SR b)Y, M2, ChiA J&
L. pneumophila H*— N EE K Z I EEE M .

L. pneumophila 43 B2 11 B 1R it 1) 305 Pk 22
D B PR RS [R) B il 5 |, e DT 4 T 42k T
A R U 21 PR R PR R RR W Lpg 1119 JLiE
M # v 4 4 LpMap (major acid phosphatase
from L. pneumophila)®®, LpMap B4 %8 ) 52 FY
A 0 5 4 38 (core  domain) A IE - 45 F4) 15
(cap domain)ZH i% 1 L7 ) HAP (histidine acid
phosphatase)ifr & 720, HHZOLEHECH apa
sandwich architecture, 7% —> BRI
R R E B FR B AE M7 51 PRHGXRXPY (X
RFAFFHILRIEIL), Arg33. His34 fil Arg37
25 LpMap 5B 6] L(+H)-H AR5
AP REIBE R A3 4 5 I T2 E 2l o B85E
R, 5T LpMap YRR SFHECT91 (1 2).,

LapA F1 LapB J2& T2SS i (1 i 4h 43 s 54
JIKHE, AT LUK B Z R N A S iR sk 3
Hp, LapA 5 L. pneumophila 54k sh¥iE &
Acanthamoeba castellanii (A. castellanii)f ] i
B A B AR (41% 049 7 31— Bt 1 60%
(A, It LapA FIAE/E IS HGT
M A castellanii ZR15 8 35 A H L R AT,
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ifii LapB & LapA & il J5 SRAS AR L RE A9 45 R0
RU4E LapA il LapB A 42%F 751 — B0 A1 59%
R SN ARRIE , (EIE i A7 FIr AN, LapB {5
W FIKfRH A Arg 5% Lys 58 3E09 K4 ; LapA J&
T4 @ A K 1) M28 K, FEMmIFKE N
K%k Leu. Phe. Tyr MUE A FAMZRETY, 4
FEINREWF S L P LapB XA MLIAH] . BibEERES
A —E IR, 0B A AR f s vk,
T HILIE 300 (151 G T oA R PR ) R R i vy
LapB MG, LB N 60%E) LapB i P4 i
=, T [FREERE  APA-LapB RYTEPEFEAR, CD
(circular dichroism)3: 5 F 4544 73 Hr £ W] LapB
) PA 254 Sali o 28 55 3 67 o5 T R I AR AL
BRI E S PA S5 H 380 G2 A8 Ak 1 7 B
Xt LapB BEE MRl R U, X e iE PERAE
#W LapB HAWTERIRNAE, Zad ek n]
RE A B Tl Hh ) e i 27

PLC J& T W8 Mt , /KA Wl — T i gt
HE R 1,2- S H I (1,2-diacyIglycerol, 1,2-DG)
R EEU!, L. pneumophila PLC F &AL
3 MG (PIA . PleB Hl PleC), — TG HA
Zo” A, Hoh PleA 1 PleB J& T2SS KK,
ifii H. PlcA f15¢ T L. pneumophila £ 70%1 53
4 p-NPPC (para-nitrophenylphosphorylcholine)7K
fife Tt 15 PO

L. pneumophila 7& A. astellanii H &2 il 45
ME], GamA (glucoamylase )t A2 ELAZ B AL il
Bl I5 HE A R I R S A, X R
L. pneumophila RENEIEMF H SR I I% T 12 A7 4E
AU 2B IR B K AR5 1, AT ke 2 40 T
FEARBE A AT

2% R I e i T 20 i 4 sk O 2 80 R 4
HREMEE ) S AE REEE VML, 1
H A REEREENE P EEEM . Lel
(Legionella collagen-like)fi % i 3 — #r BH &5+

Mol 7 XA 5 L. pneumophila i B R4,

2 HEY R 7 A 5 N B R R R, Dt
Lcl AT 4455 L. pneumophila $£fif . [ 25 FlJE% Y if
KEIEE ST, FEHE L. pneumophila 5 H: [ 215+
Z I A AN TS, G F LR Nue &, H
RISt o AR . & 2 FR . NtA &
— PR IEESS G, e L. pneumophila
TE A. castellanii 1 Willaertia magna HH3%5E , %
KL B helical bundle structure, £l —4~ =12
JiE % (three-helix bundle)Fl— ™% B2 (a2)®'#2;
NttB &2 AN U K — Aot , S5t A
A7 A 2 B NteB 52 305 A IR 11 il 58 AR 8L Y
W& =, Bl L-domain (FZE H o-helix 41 %)
F1 R-domain (=% B-sheet ZH i) ZH A HARSF Y
WO 4E, M A NiB 5 HAZ
YLV TR 8 — A A 1 104 S R

NttC 7£ L. pneumophila 1% %% Vermamoeba
vermiformis F1 W. magna i & 71 8 2 ¢ 8 0 1
FHBA A5 W 14 achelix Fl 10 4> B-strand 4,
M) e BRI RE T AR RE, BRARSS Hy
—™ breathable internal cavity, 7] LA SR/ N3
A, WA ol Ge2s & ZRa P REE s
AT T NtD (25, (B BRI REIATE R ;
nttE X F A. castellanii 11 Hartmannella vermiformis
Wy AR Y & L. pneumophila f) B 7 V& T 28
WAL R T P, LRSS S L-like/
chair-shaped #1 & LR NG J&—F Virk-like
EA, ST BR— AR AT 44>
Bk, R — B AR JE YRR barrel-shaped
RSSO, RIMH 2, 78 26 FURPIE A, L
4 5 F(ProA . SrnA . PlaC Fl1 LapA)XJ FFi >k
SR A B G SR T Y, T LI SR B T A A
Xof B DR A G ) BT OK S 2 B SR, 3K R
L. pneumophila i) T2SS K HJE ¥ & 1 1y kAL 18
—ERE FREN TY ORME e EIEH; 7
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RO & 1 (LapA . NttA | NttC, NttD, PlaC. ProA
F1 StnA)W B AL HE T L. pneumophila 725 AE 514
i EN IR G, HEJLT- A T2SS &%
IO B [ B R 9% A48 AR A 20 if P A B I R AR
K, FBH RN B 1 D BB A7 AE B & R Uk
PEPL. BT 5 A 3 2 L. pneumophila 7 KSR 3
BrhifE 3, ik T2SS SR AR T Ak
FEE T

4 Ne5RE

ARSCFEANG T EIZER R T2SS K
SR I EE R S5 ThRE, (AJ2 T2SS R
Sy IR T AT SR P F I, i LAY 2 )
REM U MEE— 200 TR e, LR 7
BLIF R K oE TAE . W ZER B T2SS JIiK
YA S B FE ARG LRI (1) RA
LAY T2SS Rk i I 44 I 28 Fi /s HAF 2 AN [F]
SN R 2R, 8 /s R0 B 1A R R ) B = AN
Al AR B 4 7 A K S PR R el AR T AR AL s (2) A
T2SS 4] 55 T4BSS K HiAth 73 W R Ge b I) B4,
B%1% L. pneumophila A& 1A R 715K 5 (3) ELHI
) T2SS JEYE M o3 AR X M ax 26 iy
2 1) SR B A R T AL AR B ST A5 (4)
KATIEE T2SS YA T REFI1E AL Z B 5T
(R A 5 (5) L I 345 (0 550 26 1 45 40 N D) A
NS iy D T RS KR 1Y B NGNS
Wy A ) SRk G B B R BN o AT DAL
L. pneumophila 3 H: T2SS AYAFFT LR %) T B
HoAth £ b PR ST A/ R 2% F AR A EE A S

B, AR AT Tk A 7= A2 W
s il RS 1975 TR o
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