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Abstract: The bioinformatics analysis tools of SignalP, PSORT-B, Cell-Ploc, TMHMM, Phobius,
LipoP and PRED-TMBB were used to screen putative surface-exposed or exported proteins for vaccine
candidate antigens among three Shigella genome sequences of Shigella flexneri 2a strain 301, S. flexneri
2a strain 5b8401 and Shigella sonnei strain Ss046. As results, 96, 158 and 107 ORFs, putatively coding
a series of lipoproteins, B-barrel outer membrane proteins and secreted proteins, respectively, were
identified from these genome sequences. Among these ORFs, a total of 63 ORFs were conserved in all
of these three genomes. In conclusion, bioinformatics methods could be used as an assistant tool in
screening candidate antigens for the development of Shigella vaccines. The results might provide an

useful basis for further studies of novel Shigella vaccines.
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Table 1 General features of the Shigella genomes

Strains and related Host o r1 in Length of the Piisiisiig

plasmids & genomes (Mb)
: i B i

Shigella flexneri Jemt—atsl 4.6000 4176
2astr. 301 (1984)

Plasmid pCP301 0.2200 263

Sigellajlesnerl sfro Btk 4.6000 4114
) . AT

Shigella sonnei i Tﬁ: (123 4.8000 118

$5046 (50 4F:4%)

Plasmid pSS_046 0.2100 238
pSS046_spA 0.0084 5
pSS046_spB 0.0052 8
pSS046_spC 0.0021 1

1.2 7%

1.2.1 EEiEEyURTEG: AR R P A — i
O3 TR AR, 0PI AT SR A 1 B AT 0 i k-

(1) N SignalP 3.0 Server (http://www.cbs.dtu.
dk/services/SignalP)X} if 5 ORF #4715 5 pk i),
bz SR RS INCIS IR

(2) 4 4  PSORT-B!"(http://www.psort.org/
psortb) Fl  Cell-Ploc!'(http://www.csbio.sjtu.edu.cn/
bioinf/Gneg) ¥ & A {55 BT 5 ORF AT 1%
IR A o, R A T AMIKEL B B LA
Fo o Wb B LA AR 1

(3) i i TMHMMU(http://www.cbs.dtu.dk/
servicessTMHMM) Al Phobius!*(http://phobius.sbc.
su.se)ffii FR Z KBS A 1, DLHERR o-8RBEIE X 10 5
N

(4) % FRGHGEE] % ORF 4351 i LipoP!"(http:/
www.cbs.dtu.dk/services/LipoP) fl PRED-TMBB!'®
(http://biophysics.biol.uoa.gr/PRED-TMBB) % 51| Hi i
HE A B-A TR A

(5) X} A. B. C R HHiEE]H) ORFs #1TiC
Geme o, HEBR GBS e A LR B AL R AR A PR
ORF, Jf AT ORF Bkt 5 s T ML AN 43 04
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HEEH.
1.2.2 RS A ClustalX v1.81 X158
e = I B e S B B Y e g = B S B A
GULLXT, 4307 3 Fk AP IC TR B bk 5 i e bt e iy
[] A

AR 1 PR .

2 ZR5HH
2.1 ESHOH

ERKE S. flexneri 2a301 #£ .S. flexneri 568401
BRI S. sonnei Ss046 bk 4= I [ 41 73 51| Gt 4439 4114
4470 FEE . BRI GOLD $d i L py R4 /e
%), i SignalP 3.0 Server ¥fiX 13023 /> ORF 317
Hidden Markov f#&I(HMM)Z3:#7. LA NP_708110
Bl(E 2A), HEA—MES TS, BYINLSEE N
Ui 21-22 NEIEFR Z ] (NA-AE), W45 RS, 3
PG RE B 653, 691 F1 680 FliiE H EA(H

SRF A, & i eI E 4 ORFs 1 14.71%
(653/4439).16.80% (691/4114)F1 15.21% (680/4470).
2.2 T4 RETE S K SR AE S BRI 43 4T

XF 2024 A AE S KT S ORF 45 &
PSORT-B Al Cell-Ploc #7478 [ 21k W41 g % {57 53
Mo 53R, S. flexneri 2a301 ¥RV ENL T AME . il
Shek W E FEAA 120 FOME: 77; KAk
33; WE: 10), 73 AMFIRENI 350 182 F(73; 99; 10)
F1 124 Fi(84; 29; 11), it TMHMM A1 Phobius X
XU TR EAT o-I2 RS BRI AMAT, 3 bk 20 I HERR T
5.8 fl 5 Fh o-BBUE LM ES IR E M . B 2B A1 2C
43514 NP_709330 ) TMHMM F1 Phobius 434, Hif
HINE] 3 A IRGERS R, (0GR X A5 B AR T A,
T J ARG Ml 0 7 T 455 R 2 AU e 5 Ak
I, # TMHMM B0l 25 1 MBS BEIX H) ORF, %
I B4 7 885 S DX A7 1 N iy 70 NSk =2 46, FRATTA
HEWTH Ry oW 5 R R 1

[ All ORFs in three Shigella genomes ]
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Fig. 1 Bioinformatics-based approach to vaccine candidate antigens screening

http://journals.im.ac.cn/wswxtbcn

© PERFERMEDA AT SHESE http://journals. im. ac. cn



ZERIAE R Bk i e A B TR R v o e

A Cleavage prob.—

1.0 n-region prob.—
h-region prog.—
08 c-region prob.
0.6
o NP..708110
5 =
A 04r¢ Signal peptide probability:1.000
Cleavage site: 21-22
0.2
0.0
[MKVKVLSLLVPALLVAGAANAAEVYNKDGNKLDLYGKVDGLHYF SDDKSVDGDQTYMRLGFKGETQVTDQ
0 10 20 30 40 50 60 70
Position
B 12
L |
1.0
N\ |
038 e [
2z ‘ | \
= ) il | NP_709330
§ 0.6 " i | Number of predicted TMHs: 3
3] I Tmhelix: 2-24
04 ‘ Tmhelix: 34-52
1 Tmhelix: 59-81
0.2 i |
ll i
0 ‘ . . .
50 100 150 200
Transmembrane— Inside— Outside —
C 1.0—‘
208
]
8
g 06 NP_709330
) Signal: 1-17
= 04 Transmem: 33-52
5 Transmem: 59-78
B
3 027
=W
O
100 150 200
Transmembrane — Cytoplasmic Non cytoplasmic —
Signal peptide —

1031
20
15 [ e SpIT
o P NP_706745
Spll score = 14.6077
Cleavage = 18-19
S LLLSA|CTTVT
10 20 30 40 50 60 70

0 CEECICEEC] O T T -
EVI

NB  (H (E ) B N N N .
DY  OEECEET OO OO - OO

1.00

0.50

0 10 100 150 200 250 300 350
PRED-TMBB, 2003

x

xieeeeee

s
T

4

v

]
3
v
8
13
L
A
£

¢ . e0eeee
N

2 RIEMEMEMEEEDN
Fig. 2 Screening candidate antigens by bioinformatics methods
Note: A: SignalP; B: TMHMM; C: Phobius; D: LipoP; E-F: PRED-TMBB.

23 BRER. pRAEBREAISMEERD
%3

Zoad IR Jr RIS AR T ORF i LipoP #i
PRED-TMBB 35l #E47 Jg 85 1A B4l B 125 58 4 14 1Y)
Sl W 2D R NP_706745 it itk A, HEHD
AT N B 18-19 P2 B2 Z [Al(LLLSA-CTTVT),
2E 1 2F > PRED-TMBB 4381 NP_708110 (14}
7R T 1% ORF Ztith 1) B-Hf ) 5 52 11 A 47 B HE R L)
K —HEZER T . B )5, FE S. flexneri 2a301 B AL
TE] 21 Fhls & A 67 B B-AMBUES B 1, 1 S,
flexneri 5b8401 #EH1 U] &y 25 F1 67 1, S. sonnei Ss046

R 435020 29 F1 72 B AN AR SRS 8 1R
B-H 7R 5 2R 1 ) ORF, H: S o F M 40 ) mT 4
R R A, 3 BRI R B BN 8
66 Fi1 6 Fii,
24 [EiRMSH

BATFIH ClustalX XTI E A A . B-AE 7Y
W5 AR VR W A D 3 e b S a3 A T ) R
PEREFI LR, XFEA 80%Lh E AR H F51A
FE AR 1 25 R R WIGHE R AY 361 4~ ORF R
R AR RIEYE, 88.37% (319/361) Ay e JFAE
FRLL BB R TP 2 B, o a5 20 Rl &

© FERFERMEMARTATIKSHIEST http://journals. im. ac. en
http://journals.im.ac.cn/wswxtbcn



1032 R X R 2010, Vol.37, No.7

SHRSEREEEEAHINE ML EEIRERERETR

Table 2 List of predicted common vaccine candidate antigens in the genomes of three Shigella strains

HEEHS HEFS
- N T
PEE!?’@E: Accession number P ﬁ(‘;my;ﬂ;%ﬁ Accession number P })T‘Hyjiﬁ;%ﬁ
TOINYPE “"0na301  S/5b8401  S5046 redicted function "o 301 /508401 S5046 redicted function
R NP_706347 YP_ 688001 YP 309452 Hypotheticalprotein NP 708344 YP 689956 YP 311450 Eg?;gfe‘i’l‘l“er membrane
Lipoproteins Peptidoglycan-associated Outer membrane protein
NP _ 706493 YP_ 688153 YP_ 309684 outer membrane NP 708351 YP_689963 YP 311457 assembly complex sub-
lipoprotein unit YfgL
NP 706816 YP 688293 YP 309729 Putative pectinesterase NP 708453 YP 690247 YP 311614 ﬁgzﬁg‘:e‘i’l‘l‘t“ TR
NP_706745 YP_ 688382 YP 309828 Putative lipoprotein NP_708646 YP 690304 YP_ 311843 Putative lipoprotein
NP 706828 YP 688437 YP_309885 ;’gi‘;ﬁe G EESS NP_708734 YP 690396 YP 312047 Murein transglycosylase C
NP_707543 YP 689136 YP 310450 EF;?;KC outer membrane  \ip 08048 YPp 690536 YP_312103 Putative glycosylase
NP_707576 YP 689174 YP 310417 Murein lipoprotein NP_709855 YP 691422 YP 312991 ©utative outer membrane
efflux protein MdtP
NP 707956 YP 689551 YP 311006 ©Uative polysaccharide  \ip 509000 vp 601474 YP 312941 Hypothetical protein
- - = export protein - - -
Putative function in
NP_708228 YP 689829 YP 311281 Lipoprotein precursor NP_706906 YP 688517 YP_309959 exopolysaccharide
production
NP_708283 YP 689893 YP 311386 Hypothetical protein NP_706997 YP 688616 YP 310059 [ 1agellar basal body
L-ring protein
kR . Long-chain fatty acid
PR NP_706122 YP_687749 YP_30921¢ OULer membrane protein i 500795 vp 689827 YP 311278 outer membrane
#=HH - - - assembly factor YaeT - - a
transporter
B-barrel outer \ip 766041 vp 687869 YP 309301 Ouiermembrane - \p go0045  yp 600448 YP 311992 Outer membrane channel
membrane - - - phosphoporin protein E - ~ = protein
Profeins  \p 706299 YP 687953 YP_309399 Outer membrane NP_709164 YP_690743 YP 312315 Ouler membrane porin
- - - protein Tsx — - = HofQ
NP 706439 YP 688093 YP 309537 Outer membrane NP 709458 YP 691165 YP 312391 Lutative ferric
- - = receptor FepA = - - siderophore receptor
NP_706488 YP 688148 YP 309690 ©utative homeobox NP_709540 YP_691092 YP_312672 Cutative major fimbrial
protein subunit
NP_706492 YP_ 688152 YP 309685 Hypothetical protein NP 709627 YP 691007 YP_ 312752 Phospholipase A
vitamin B12/cobalamin
NP_706543 YP_688202 YP 309628 Hypothetical protein NP _ 709770 YP_ 691345 YP 312887 Outer membrane
transporter
NP_706848 YP 688458 YP 309906 Outer membrane protein F NP_709925 YP 691505 YP_313184 Hypothetical protein
NP_706879 YP_688492 YP_309933 Outer membrane protein A NP_709978 YP_691554 YP_313120 Hypothetical protein
NP_706951 YP 688570 YP 310013 Curlin minor subunit NP_710099 YP 691669 YP 313214 Hypothetical protein
Flagellar basal body
NP_706993 YP 688610 YP 310053 P-ring biosynthesis NP_706680 YP 688322 YP 309764 Hypothetical protein
protein FIgA
NP_707165 YP_688780 YP_ 310813 Outer membrane protein W NP_707513 YP_ 689108 YP 310480 Hypothetical protein
NP_707332 YP 688931 YP 310326 Hypothetical protein NP_709977 YP_691553 YP_313121 Hypothetical protein
NP_707597 YP 689199 YP 310559 Hypothetical protein NP_706865 YP_688478 YP_ 309918 l};‘;?;;e il
NP_707620 YP_689221 YP 310581 Futativeoutermembrane i 00715 yp 60818 yp 311269 Putative minor fimbrial
= - = porin protein = = - subunit
NP_706647 YP_689335 YP 310683 Futative membrane NP_708219 YP 689822 YP 311273 Futative fimbrial-like
- - = protein precursor - - - protein
NP_707731 YP_690125 YP 311287 Fuative membrane NP_706692 YP 688334 YP 309776 Ouicr membrane
- - = protein precursor - - = protein X
NP 707819 YP 689425 YP 311316 [utative outermembrane 1y 500005 vp 688644 YP 310090 Hypothetical protein
porin protein C precurser
NP_708110 YP_689709 YP 311155 Overmembraneporin b 757097 yvp 69504 yp 311048 utative fimbrial-like
- - - protein C - - = protein
NP_708114 YP 689713 YP 311166 Hypothetical protein NP_707514 YP 689109 YP_ 310479 xsg’;a“e'a”"mted
NP_708136 YP 689737 YP_311191 Hypothetical protein NP_709326 YP_ 690880 YP 312619 Putative lipase
SR . -
Secreted  NP_706515 YP 688173 YP 309662 E;‘(i‘;ge il
proteins

T 22301 45 [CETTE 2a WA 301 #%; S5b8401: 4 [CAEB T Sb WAL 8401 #%; Ss046: AN BT 046 1.
Note: Sf2a301: Shigella flexneri 2a str. 301; Sf5b8401: Shigella flexneri 5b str. 8401; Ss046: Shigella sonnei Ss046.
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WMEEH, AMUILFRTEAET S, flexneri 2a301 #R A1 S.
flexneri 568401 #&H, HZEWIRK T 4% A FE7E 3 A
62 ANEEIT I, TRE A IZSE R 7E S SL R4 i 245
DB A, A 5 R B-Hi Y 85 548 1 7E 3
PRSI E P A7 78, H 2 BLASTp 4H#1i% 154
ORF J7 91| Z [8] I AHAUPETE 55%L) |

gi bk, A YE Bk ny i e, A1
M S. flexneri 2a301 . S. flexneri 5b8401 K1 S. sonnei
Ss046 thkaHEH A 53] T 96, 158 Fil 107 4~ ORF,
BT S — RN AR B L - 7R R A )
SRR 1, AL T — A R E YR R 1E B .
38 ORF %fith (1) 26 175 3 MR BB G 230 R AP 1
[, A 63 R bt e A [ 43 Bt vh bk & 3 1)
BHFETET 3 BREBUIC R o

3

i 1 TR e B AT A T SR R N 3 Y 170 7250
TNFET, JRITA BRI 3 . 51RETE R
A K HLBU IR 2R PR 4 W T R 1R PR 2 W 5 3L
PEWHIF AR T E R EME. H A 2E00 ]
TR R LA RE 1 A0 ) 0T o A B T 8 v i F
HillHF 20 tHhad 40 4RAR, (HLR 2B Y)Y = ik
i . BT AR ] A R B G B DB R T A R
SrEEE T ESREG S ) BRI RAE, N T32 k.
SC602 #R4E, X4 G 25 T BUAMRAS [FI R B (I8 5E
ARG AR RO LA R, (HZ M S50 8 R A M
KBV ES G e o T R R IE E AE R A
PR, IV A7 928 VA B Ay A R i i T A A B 5R
W o OISR T B T R T B R A T TR,
B — B JF A 13 5 AR S LA S N
gt e, Hopg B R AR bR AR . R
T 240 b DA 35 T B 254l AR AR 4 vh A B O adE—
RN Z T A B . AT H H, FRATN A
YIE B 2E T, BRI YUK Ladr 748 K
S 2a WAL 301 Bk, 5b WY 8401 Bk LA KRN IG
HEHE 046 PRIGRMHURE, 2408 T 0T g iy
R AR, TR R i A T ] k2P S I I
i FH 2 P BIE I 8 B

CAMERY, EWREMRRGER . 2
PRI (AAETE K A e s ) ar g R e

/

SHUAR S RGEGI, N5 & B P A s
JLRE o A FCRH M TR A BUBE S5 #4 XS 3R
ST T2 50%M MK S, AN AT N AR
BRI o BRBELEHE, AMEEHZNE S B F 24
(14 B4 70 5 R 0, s DL N S I IR 2 4 T
FERE BRI . IR IR L2 B-A U 5 A AR
H, M50 E A —FERa — 2, 1
TAAE T RSHTFIT S 2T BRI, AT 3
PREB IR S AL b 4y JI 0 ¥E T 96, 158 il 107
AMEEGUR, NS — RS s & A | p-Hil
PR s W T, 5 T A4l ORFs
) 2.16% . 3.84%F0 2.39%, K K4i/IN T i £ i3 [,
AR 2L B B — 0 I X

AR T 3 2 B T G A 7 s X AR, i
TSI 2R E R B T3 2 P 3 A A I
T8 BRSO R 1) I R, A 3 et 1 — 2 98
T A R 26 Tz I TR R 2 A0 O
B SRR ) L, AR SCHRGE T 20 FPAREE L 42 Fil
B-HR LIS AR RN 1 Ao 1, BT RIE 3
PR B P AF e AR B AL 0 RR P 51 (R 2). BEAR,
Geith ZBL T —Fh B AL AR, ENMYUAE 3tk
AR TR TR R O AR, T ELAE A AT R AR 1 4 A
Hrporml3 3 T 5 AU ORF, 4 BLASTp J3 4T
FWIE 15 1> ORF JF A Z [a] (AL 5 3k 55%D I
P, 928 A REAE 28 XA RE S 36 v = A AT 1)
ROR . G VL AR B, T i 4 5 4 s 4 [w] P
G3HTAT LA 22 A0 B R B A i 1E R B .

Ying & AFI XL LUK SETF-BE XS S, flexneri 2a
2457T Bk H SRR BB R0 W v 38 T E AT 1Y
RPE IR, MR T — 2 B s i M 0 R R
FUSOL SE R EE X 2 B, AN AR A B O
IR — PR, ©f 4 FEAE S
flexneri 2a 2457T FRAY G2 SEH A2 T 5k, 45
SMIEZE 2L N T YaeT (NP_835905). AMEEH A
(NP_836665). FI i 18 & [ (NP_838556) LA M 22 %
MR 1 SepA (NP_838462). Hif 3 FliE FH7E 3 #RA
[ 1 75 B AR S, flexneri 2a301 ., S. flexneri
5b8401 Fl1 S. sonnei Ss046 #F H AR A7 7F AH L BE A =3 1)
W) 57 51 (AN 2 BE P F- YaeT: NP_706122 .
YP 687749, YP 309216; #MEHE T A: NP_706879.
YP_ 688492, YP_309933; AMEHIA S H: NP_708846 .
YP_690448., YP_311992), J5—MEMAHRS S. flex-
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neri 2a301 ik B IS 2 R IR E i SepA
(NP_858203) 1 FE MR . BRILZ4b, i8A KREHEALE
W38 B A N Rk m R D SEARA AR RS, HiL
PR 58 T3 M LA UE Ao 28 JEvE, A R A ) 2 TR
HE N TR pE Rk . B B aiAb DL R ey L
JMEARR 52

Al SR, SR AR B AR T R
G IR ) JL R o SR, A R B, 207 147
FE ) BB AR 1T 5 D o A O S 1A 2R 1 1 A 20 TR B2
NHE 5 B S R T o R SR 24 K 2R 1 1 25
TR AR A AT A ) T As b R, (HR AR Y
O3 UL R AN SR A XS 1), AR T 4 T RN

BE S RAAAAERY, ok, RATIEE ARk W40
FENHITP 454 T PSORT-B #il Cell-Ploc Wifh7E4:
T T E, 765 Hr iR e s e 25 & T TMHMM
Hl Phobius PRI ik (TS5 5 . 7648w HER MY
[FEy, MRS lwmias TA HMEA . 5, EUFE
SR 78 AT SR AP 91 DL B A
AR, XﬁﬁAFE%ﬁﬁ{F}ﬁﬁ‘fiﬂgfn%, Hony FEPE L
J0UIE 2oL J5 SR S I BRI

Lﬁl)/{J:X B W B LR BT &
VI, ALK KRS /N T S I UE 6 L s T
i B AR A, I L B AL A R X 2 S
KEN T i, IFa] LLFe o A A B AT 58 R,
[ B > AT H £ HERCE - 5 A Al

% XX #k
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