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Research Progress of Main Virulence Factors in Salmonella

LIU Li-hui' CHU Jin-hua' SUI Yu-xin' CHEN Yang' CHENG Gu-yue" *
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Residues in Foods, Huazhong Agricultural University, Wuhan 430070 )

Abstract:  Salmonella is one of the most common foodborne pathogens and is one of the leading causes of bacterial gastroenteritis
worldwide. Its serotypes are numerous, more than 2 600 ones have been reported, and different serotypes of Salmonella have different
pathogenicity in humans and animals. Its pathogenicity is closely related to virulence factors. In this paper, the main virulence factors,
secretion systems and/or virulence genes encoded by Salmonella and their functions are systematically introduced, the relationship between
virulence genes and virulence is further analyzed, and the feasibility of whole genome sequencing ( WGS) in predicting virulence levels
is also discussed. It is conducive to exploring the mechanism of interaction between various virulence factors and the host in Salmonella, to
understanding salmonellosis at the genetic level and facilitating the control of Salmonella at the source, thus providing new ideas for the
prevention and treatment of salmonellosis.
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MEER, FEAGHNRHFEIET. TR HET.
ZirEs N (UEEBAEEE ). RGN
T, AR TV TIRE F L0 8 DL &
F 2B 10 43 1 R GE M/ g ) 9 e TR, IR0
W T EFEEAMF (WGS) Fyb ] K s 716 a]
e, AT T AT ICEE b & e g R RAH oG
FERAESOR T 0 o FRAEAVE R, (- MRSk B
VT TR B

1 PIRESHNBRENEF

Wl KW B 1 B (Salmonella pathogenicity
island, SPI) j&—Bt & A8 AHCIEE W, AoE
M FYfk B DNA FB . BETPHIE, B4k
24 A SPLWFFEE #9 )9 SPI-1-SPI-6 LA}z SPI-19 (
1), Hrr, 515G p B w1 2 N6 T SPI-1
FISPI-2 . HAY) SP1I 2 5V01 TR TER £ A
FEE . HEBRIE . BEMEERI ., ZEhuL R 2
T4 B ke & JR A5 g A
1.1 SPI-1

SPI-1 K/NHK 43 kb, &4 47 N, 43910
iwABCEFGHI] . spaOPQRS. sicAP. iacBP. iagB.
sitABCD | sprAB. prgHIJK. orgABC. avrA. sipABCD .
sptP . sopABDD2EE2 V) )¢ hilACD. H:A7 31 ANEEH
Y it — Ff 101 754 3 36 22 8¢ (type 111 secretion system,
T3SS ) T3SS1,f445 19 4~ T3SS KL (spaOPQRS .
inwACGJI, prgHIJK . sipBCD . orgAB) F112 /> T3SS
BN R CavrA | sipABCD | sptP Fl sopABDD2EE?2 ).,
T SPI-1 WYL A 47 T SPI-1 P ( 41 hilACD
invk ), A B DL T SPI-1 4 (Ul risA. barA . sirA .
estA | leuO FfiZ 55 ). HHTHE ST R E BOW )
4R S T 5 45 22 HLIs R i B I 3L A awrd
iacB. invB. sicA. sicP. sipABC. sptP, ‘EATi# S
SR A TG FAUML, 51K IE R IE K5 S B A
MR Tt B Vb R B ) (R 1),

H AT, &4 %0 SPI-1 3L A Sh E R K25,
Lerminiaux 25 ') % B SPI-1 TS33 4750 & 11 SopD
N Z RG-S ME AR EER, FEBTYITK
PR ERIRG LU E R R . BEAh, X SPI-1
AR I T R B R AR — e . AT R B
SPI-1 MK TETE TR T loid XHATENT T lon B

T BRAGFEID T ER X /N U b K 20 A A AR Ao
PRI %4 00 A S A BTN glnd S 3t A
SiZ . hilA F hilD 7KF-R5E SPI-1 AHSCRUN HE R 4
ik, U sopA. sopB. sopD Fl inoF ' [EIE R
S NIy AR S S SPI-1 B IR T A 52 . AR AR
B e — P ECE 1 SPI-1 IR, Al 40 1 E
T AR BRI ik F sipB
FIFIRMEIRID T TIRBE N R a L1 =0
B3 EE LA — 2 B 24 [l kb SE 5 v R B
F LT WIS, T sipA. sipB. sipC. hilA F1
hilD PR, I TR SPI-1 ik i B g2 i
BA 2 e b ARG a] REXTYD ] BRI Y
i AL HAT SR A R Y HOR RS, 2
ARSI R IE 259
1.2 SPI-2

SPI-2 K/ Jg 40 kb, A7 72 ASER Y 4
1 ssaBCDEGHIJKLMNOPQRSTUV . ssrAB . sscAB.
sseABCDEFGHIJKIK2K3 . pipBB2 . steABCDE . sifAB.
slrP . srgk | cigR. sspHIH2 . srf]. gtgAE. gogB.
sopDD2 . spiC. sppBCD . urABCRS Lk ¢ 7 A~ I 6
K BB TT R B 52 HE orf32. orf48. orf70. orf242.
orf245. orf319. orf408. Hr A 54 AL G Iy —
AN IR 430 R 45 T38S2 7, A% 20 4~ T3SS 45y
It A (ssaBCDEGHIJKLMNOPQRSTUV ), 32 /> T3SS
R i e (sseFGHIJKIK2K3 . pipBB2. steABCDE .
sifAB . slrP. srgE . cigR. sspHIH2 . srf]. gtgAE.
gogB . sopDD2. spiC. sppBCD ), 2 /> T3SS I 5L H
(ssrAB)o  HRTTES V0 1] EC TR B0 1 A S D7 THHUF
R Z BN ssaBE . sscAB. sseLFG. ur, EA15
AR5 | 18 T2 4 B PRI AL B R A0 PN ) A3 M
A K. AT R, 1R A AL DT
QB 75 SP1-2 B[R Bl T 5 W 200 P s Dt A4 %
P NOX2 B ML FRIBURTEYE, AT DksA |
DnaJ il DnaK 2 [ 9B IEEE 77,

DIAE R BF TS 2B, V01T PR 0 g 1 i 55 1
SPI-2 H Y sseL JERIUIAHDG, BOLR DT TIRE
PAEAlT ssel FEIDN, T 0 AR A58 B VB 1) EG R )
BRI Y TSR RS, AN
IR PETF LA AL, Pérez-Morales 25 12 JiE 52 SPI-2
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Table 1 Salmonella pathogenicity island and encoded secretion system, major gene, and gene function

HIB  TWERS -8 95 e 230K
SPI Secretion system  Major gene Function Reference
SPI-1 T38S1 iacB SUDTTIRE A G T b K A5 A % [2]
Associated with host epithelial cell invasion and enteropathy
avrA A 58 R R | 5 S A0 1 L L A 1 AN B R e T T [3]

Inhibit the activation of proinflammatory factor, induce apoptosis, and promote intestinal

epithelial cell proliferation and tumor formation

sipA SAENARA I HEdE caspase-3 FOFLTE FIBRIL [3]
Associated with intracellular invasion and promote activation and release of caspase-3

sipB PEREVPT TGS S0 caspase-1 MOBEIANMIAGPA T . Rk TL-18 AL [3]
Promote Salmonella-induced caspase-1-dependent apoptosis and the release of IL-18

sipC HTTRER SRR A g s R A 1L (3]
Associated with translocated proteins in Salmonella, and promote pathogen internalization

sptP WS EAAE AL PEUEVD T T IRBTEAE T4 N A2 i) [3]
Destroy host cellular actin cytoskeleton, and promote Salmonella intracellular replication

sopA B3 {7 R e, 2 R AR A/ B AR [4]
E3 ubiquitin ligase, ubiquitinating bacterial and/or host cell substrates

sopEl VB D A WU B LA SR T AR RIS A s R E IR, fE AT R [5]

Induce rapid actin cytoskeletal rearrangement, membrane ruffling, and subsequent pathogen

macropinocytosis, and facilitate bacterial invasion

sopk2 Cded2 F S IERSAZ TR S ] 7 (il SPI-1-TTSS ) [6]
Guanine nucleotide exchange factor for Cde42 ( via SPI-1-TTSS )

invB HifF SopA 5 HARSE PRI 55 it [7]
Maintain the stability and translocation of SopA protein

sicA YR FHEAB InvF (93520 [8]
Maintain the activity of chaperone InvF

sicP HARI T SicP K& SptP 2 14> THH1R (9]
Tts encoded protein SicP is a chaperone of the SptP protein

SPI-2 T3SS2 ssrB ARG SsrB H# F BTG AARER H-NS A S0 1EH [10]

Tts encoded SsrB protein activates transcription and relieves H-NS-mediated repression

ssaB G3Ws sseB Fll sseC T [6]
Required for the secretion of sseB and sseC

ssall AERBIFEIZ K sseB JfAd SPI-2 f T3SS #5300 [11]
Recognize the transporter sseB and controls its secretion through the T3SS of SPI-2

sscA sseC LT HITEAR [12]
Partner of the sseC translocon

sscB VBT TR B2 22TE 1 . ARSI EE A sseB AN T sseF HIFEAR [13]

Induce the continuous filament formation in Salmonella epithelial cells, its encoded protein

sscB is a partner of the effector ssel

sseC SPI-2 ¥ F [6]
SPI-2 transposon

ssel, e ERVEVER, X E A AT AR [14]
Inhibit host inflammatory effects and has killing effect on macrophages

sseFG FRDT TR (SCV ) S84 2] e /R 2% [14]
Transport Salmonella vacuole ( SCV ) to the Golgi network

ur 5 DRI U 7 A A G [15]

Associated with the production of tetrasulfate reductase
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HAE  WRS FEIRN e 30K
SPI Secretion system  Major gene Function Reference
SPI-3 - mgtCB R AL A AN N AEIE LURAERS T8 2 A % [16]
Associated with bacterial survival in host cells and the colonization of the host gut
misL. i A RS IZ T MisL [2]
Code autotransporter MisL
SPI-4 TISS siif SN AR ), S e T b R AR RN A G [2]
Host virulent in mice and cattle, associated with the adhesion and invasion of host intestinal
epithelial cells
SPI-5 - pipA FREAR 2 A R T 15 5 e 5 [17]
Stimulate signal transduction of pro-inflammatory cytokines
pipB U kinesin-1 SE42%] SCV [14]
Recruitment of kinesin-1 into SCV
pipC AN EZEPS (2]
Associated with the invasion of intestinal epithelium
sopB FAPOETIEE . SRS C . BUE T B bR bR ae [2]
Having anti-apoptotic activity, associated with intracellular replication, and impair intestinal
epithelial barrier function in the host
sigD Pk PR AR . AT TIEE L AN A A G [2, 16]
Facilitate neutrophil recruitment, have anti-apoptotic activity, and associated with
intracellular replication
sigh SLZAW S 2L PN [2]
Associated with the invasion of intestinal epithelium
SPI-6 T6SS saf A FANMRISER ML . PR IRAE | B AR 2 DI TE K, [17]
Mediate cell-cell oligomer mechanisms, and promote bacterial aggregation, colonization,
and ultimately biofilm formation
tef I IIREVE R B I A BR R . A7 BT 05 FE 1 1R) B 2 5 [18]
Encode functional pili and act as an adhesin, and contribute to colonization during typhoid
fever
SPI-19 T6SS x LN AL 2 M2 P A7 L B RSB A (2]

Associated with bacterial survival within host macrophages, colonization of chickens

T 7 FORTAIR I R ST

Note : "-" indicates no relevant secretion system

2R (1K) 5 SR VR YT TR T ssrB AE A0 6 P JER % B B A il
SPI-1 Y5, XA B T¥0 1) QT 1) 40 N AR 35 T
AL, 2020 4F, Jiang %' B 7R T SPI-2 4h—
BT IR N pagR, E AT VAL R SPI-2 Y
PP slyA BYFRIB IG5 B FE VDT T IR ER Y R G¢
Bt
1.3 SPI-3

SPI-3 /N M 17 kb, 15 sugR. rhuM . rmbA .
misL. fidl..marT . slsA . cigR . mgtB Fl mgtC 10 3,
HETTE S0 R B0 1 B AR S it s i 2 B
e RIS REIER R misL 1 mgtBC, EATSVTTIRE

FEAE 058 5 DL S AN AR TS AT G o misL 1 3%
IRHEIN T AR FEV T T IR AE D EIE B, misL Bk2R:
FEAIR T AN BT HeLa 41 A ZH B AR Z2RE S, (A
AR 0L WRRE RN, IR A Mg AR
PR 2 IR R T IR IR W IR AL T 75 1Y
2B MgtC X BERR Y% 12 BE 1 i s 2 Vb T E R 2 A
[2EE €y
1.4 SPI-4

SPI-4 K /N 2}y 27 kb, A1 % siiABCDEF 6 4> Ji
K. BRI ER T sk FEH, E5 1T REX
18 & F AR AR 280 0¢. Bl LB —uk
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ARSI A FANAE, U0 siiE 25 B B R0 1) ER B
A PRSI TeG I o 135 00 BE 5 v M N A 0%
i), SPI-4 Al BEHEAE 2 53 KM IBRY T R4
245 ( Type I Secretion System, TISS ), MH G,
FRUFE VDT G A I 4 /N B 101 R i s
1.5 SPI-5

SPI-5 K/INK 7.6 kb, L5 pipABCD . sopB. sig-
DE SISV T TR £ IE e A .
T AT E5E & B pipA W LLGE ok T3SS JEA 54 ML il 175
SR REVD T B R G Y B A R S
sopB FE Rl J& SPI-5 2 5 S RE A, H 4w i i
SopB & [1A] IFERMEHIRH 11 ASC S22, 00l 5 4E
AMARg A S RIS Rho-GTPases [ 2 5 A
{37 S SEAE 0 MR RN 1T SopB MR, Sigh
A DAOE R SE R ake, MRSV T R BETETE 40
H s S
1.6 SPI-6. SPI-19¥A & T6SS

SPI-6 K /N A 59 kb, H B X 2 5 5 B 1 saf A
ef SRR 2, eNA TR ER
PRI E S . SPI-19 L FUPT TR etk 1, K
/Ny 45 kb, HATIEE A AXF SPI-19 b 5L K 1 7
RGMIE. Fi4h, SPI-6 Al SPI-19 5 VI 433 R 4t
(type VI secretion system, T6SS ) YT, T6SS iy
13 ML ETT (TssABCEFGJKIM, VerG, Hep
Je ClpV ) 2% . BIH AT MLk, 465 T6SS 1) 5 4
SPI (SPI-6. SPI-19. SPI-20. SPI-21 1 SPI-22) ©
295 FAMGTE 2 600 V0T TR B L R 0,
W, BRAGFEVD T QR 7 ZE LA SPI-6/T6SS MK 11 /7 =
FRIEILLE A0 B A REAE Ml v R e -, Rk SPI-
6/T6SS H H-NS 21 25 [ UL BR, KR F R FEV ]
OB e . eAh, SPI-6 R FEVP TR
VirG #E8EH (STV) YER LTxxQ W& H E 51
— DI P B SRR E B VRN AR TE, ARV TR
T R L ok B AR P SPI-19 2174 T
A EHVD T FC A M AR R, 545 SPI-19 A48 14
YT R B AR 3 G e B 2 Y, R i T SPI-
19/T6SS 2 54545 3 Th1 H1 Th2 S0y 1 24 By 3m i,
SHOZH RS

2 HtBSHETF

BR 1 SPL, V01T 895 JIAH S HE DR iAo A 1
BARRL., WE. MEEUKBER T (F£2), Xk
B SRR WA S R 2 A B E A
21 FARKFENAFT

Wl IR W B J1 B AL (Salmonella virulence
plasmid ) spv BT K/NH 6.8 kb, | IZAAETIRIR
EE MG TTIRE S, 54 sppRABCD 5 3L,
FEG MGG, #NSEE . WITIRETEm SN
LU A e E VAR M A T A R A A 56 5 oy,
spuB FE G V0 1T IR R BORPE R VIARDE, AT LA T4
Bk R A 1, R T L 2ok 40 5 R A ok 4
TEfE FR bR R R AL, (EEvb I IR R ST
flefl
22 “MBEHNRF

TEMB G b, WX E EriH . &5l
AAEYIERIE R REHE, WA N2 BT TR
518 W bR AR EAE AR E A, HE
BT agf. bfp. pil. fim FFHEH

TEE TP T ) FRB FR E i e EH AN & A B
iy, 1 BIE BV RN) 2. PR T B
SSE Sy, S E I KSR AN ESPOY 7l i1 0k - i
PR B A 0, ORI | R B ARV
QR A F B, IR IR T I AE e R rp
AU

YOI ER T A R R L R A I B3R i AT T,
HEEAE AC, fB. fpA “5FEH . Horstmann % )
R, WEEE RS A BT B IEDTT R A
i 30 3 200 = TR T R S | R TR

AR ER A, HiE. BB SPI-1 T3SS 7E4f
YL B B LA™ G SR A 583511
IR N EGYE, B B2 bk
20 e B A B, R P T A T A R
RESH, R SPI-1 T3SS #HT AR .
23 WEE

U IR B8R 28 0] 23 40 M 2 R i 7 R
MRS o sin JEDR 2 BT VDT TR AL —
AN EER) A T, B LGB OmpA 5
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Table 2 Major genes and functions in other virulence factors of Salmonella

FHoAb#E )y AT EEIN g 230K
Other virulence factor ~ Major gene  Function Reference
F it A " PG RN T sprABCD 15 % [44]
spo
Virulence plasmid 7 Activate the transcription of the virulence operon sppABCD
B ISEA AT ETEEPS
spvA . . . . . . [45]
Associated with multidrug resistance in bacteria
5 THE R PR . PEREVD T T IR A7 AN AR A o A2 7 [46]
spo
” Interfer with macrophage iron metabolism, and promote Salmonella survival and intracellular replication
ek N A S ME R
sprC . L [47]
Significantly promote early parenteral transmission in mice
FETRY NF-«B {553 T At B0 1 PR I R o 2
spvD Negatively regulate NF-kB signaling pathway and promote the virulence of Salmonella typhimurium [48]
serotypes
R fic HTVPT T RE BT S B 2 —AH [49]
Flagella ' Encode the phase 1 flagellar antigens of Salmonella
i b QA A BT I B 2R 1 5 AR [49]
! Encode the phase 2 flagellar antigens of Salmonella
A St VD T QA A BT B 2R 11 5 = A [49]
P Encode the phase 3 flagellar antigens of Salmonella
WE of St AR AR B . AL T A BR B AR [50-51]
aq, 50-5
Pili Encode curly clustered pili, and promote bacterial adhesion and invasion
Zithh IV AUER B | e RUMTERE B b M SR T A I
bfp Encode type IV pili, and promote the formation of adherent colonies on host epithelial surfaces early in [52-53]
infection
i IV A
pil . [52]
Encode type IV pili
e T
fim - . [50]
Impact host chemotaxis
=S 5 20 AT L ) 2 S AT O
stn [54]

Enterotoxin

Associated with integrity of bacterial membrane membranes

FIR) R 7 S 200 T 400 M6 0 4L BN e B b, I 484
S TR MR BB E 1 YRR stn 3 DR & A SR I
JIN BRI 2 DA B T P B A 33
24 HHAREENNXAZ

B 1R R 8O s g, Hi B
PRI 2 7 R P REOE R (LD, ) FlR B e
(IDsy )o VPI TR A 7 2R TR s 1 A
TAERMZER, B2 T RE N &
HEHNENGE—CHR (£3), AREZR. EHN
ARG CHIRX, HEET) MARFRSRIER TR
R A R RS LA 22 5, H— R AR B0
P, BT A RE S LR BRI / BRI

3 2EEANFTNEN

I TR B ) 2 B2 K 8 ) IR A BAE
AIZE AL, AN ] B4 L3 R A AN ] 5 B4 2 AN ]
() SPL &G, VO TR 4L . I3 &R 45 91 09
JIE 22 R DT 0 7 00 1) R T R 4 5 2 L0,
I JER A 4 JE ALY (WGS) BN B —Fl liAs
fiX, =5 FHANER S TH, 24T 23R
Sy HT T RENE

WGS 456 HoAh BE R 21 25 7 I AEWE T B IR M 0
S % T 005 T B BRI T Crouse 25 7Y
FHAS [ SR AR () 240 B A2 4 rp B 7 1) EG T 2
HESKE, Bitsa WeS, RE R H Mz 5N
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Table 3 Prevalence of Salmonella virulence genes at home and abroad and their relationship with virulence
B [H% pals A )R % SEVIIEES 23K
Reported Year ~ Country Origin Detection rate of virulence gene Relationship to virulence ~ Reference
2021 P - AR T ik FESBIEA < A | sipC. sipA. sopA. ssaB. orf319. SR [61]
(n=60) Duck embryo  pipC., misL ¥ 100% NXiiPS
Shandong FESIFRIIEN ¢ spod . spuB. spuC. spuD . spuR 35 > Positive correlation with
Province, 50% the number of virulence
China HEHEEN . sefA (38%) genes
WHTEE  stn 2N 100%
2021 R (n=27) A FFIIEN +ivA | sipA . sopB. sopE2 Fl hilA 58 S FAE SN (i ES [62]
Iran Human 100% ; sopE . ssrA il ssaR ¥ > 90% Positive association with
RN« sin > 90% virulence genes
2020 HrE - P x5 TSI 2 wrB. hilA sopB. sopA. rhuM . siik. S R p B 5 [63]
(n=55) Chicken spidH . sipA. ssel Fl sipB ¥ > 80.00% ; pipC. ssabB. PSS
Guangxi misL. prgk. rmbA. iacP. ssrA. mgtC. invH Fl orf319 Positive correlation with
Province, A 50.009%—-80.00% ; sugR . avrA . sopD il siiD M the number of virulence
China 20.00%-50.00% ; ssaQ Fl sifA >k 0.00-20.00% genes
FESITRIIEIN ¢ spoR . sprA . spoB. spuC. spuD 35 >
60.00%
2018 HiE - pgJi it FHEIEN : arA. ssa Q Fl mgt C ¥3> 90.0% ; sii D 55 SR S EAE SR [64]
(n=156) Duck F1 sop B 1> 80.0% ; sop E N 0% Positive association with
Sichuan TS FORIFE spp R > 80.0% ;5 spv B #l spv C > virulence genes
Province, 10%
China Virulence island genes : avr A, ssa Q and mgt C >
90.0% ; sii D and sop B > 80.0% ; sop E 0%
Virulence plasmid genes : spv R >80.0% ; spv B and spv C
>10% ;
2016 Bl x4 105 DEE ) Sy SEIR RIS ) BORE I - 40 0 100%, SO [65]
(n=95) Chicken 240 0%, 634K 0-100% IEAE
Britain Positive correlation with
the number of virulence
genes
2014 R - B0 FEIIEN © sopA (955% ). inv. virK. sipA. ssaB. S5 JIRERRORIZE [66]
(n=44) Chicken misL . orf319 Fl pipC 2} 0% NGBS
Heilongjiang B ERIEA . spC (68.2% ) Positive correlation with
Province, T EHH : fimA (82% ) species of virulence
China e E LA« sin (0% ) genes
2013 i — B ey FESIBIEIN ¢ sscA . sseC. sseD il sseE A 100% ; sseC 5S35 AT [67]
(n=7) Chicken (51.14%) FERIEE:
Anhui A S TR LA . spvA . spvB. spvC. spvD 1 spvR bl Correlation with
Province, 14.29% distribution of virulence
China genes
2013 RIS N ) FESIEA ¢ v, virK sipA. ssaB. misL. orf319. SRR BRI [68]
(n=44) Chicken pipC 7 100% 3 sopA (95.5% ) Positive association with
Heilongjiang S FRIIER « spuC (68.2% ) virulence genes
Province,

China
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RIS IR 33 Bk A N BE ST U0 T EC I 43 B AR # J1 K
Vi, SRS AN 2 SR AT B — 3
Mo B2EESE WGS, BT AEYIE B R U
FHR2EBE, 0 T 775 AN UPT T IR S B SL P 4 vh
(129 ANBE S FEIN, X EL DU VD G B 2 1 JE IR G
A BLIEAT T OF9E 348 7R T ELPE Y1) G TR BR R £
R R BORTE S (HPL) JfEre ™ JET i
J¥ (NGS) AR 75 A5 ARV T FQ TR AH DG 1 1
W 80 ML, Gao %57 R T —FhE )
AmpliSeq B27, AT FHFV0TT A &R i i AL 1 20w
PEFIEIEPEVD T ECBE S 1 KU P EAL . WGS ATZEZU)N
i} ERCR AR AN SE N, A T RE X A2 VA G
3Rk, SRS T2 X e oy
T WGS Jrik i FHF 1T G B 6 il 2 4 S R A 1 T
DRI AT

5 BEERE

H T C 6 BT TR 24 N85 K&
AN IR, Hodr, T3SS %15 SPI-1 1 SPI-2 A
X, TISS T BEAEAE T SPI-4 1, T6SS Hi£ 5 SPI-
6 FISPI-19 KR, T8 )18 Mo Rge o ket
AR B VDT ] FCBRE W AS [ 9 A 0 7 ORI 4544,
AR AR ) 5 L b R G TR %
ERRE, EAE R TUTTIREN 24 M8 S
TE ML 0 P A A3 A 00 27, (ELUAS [+ 0L 37 780 1) ) g
7185 22 52E A LA TG ZE 2T, i
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