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WE. BN AAWEEFEF AN S ITHE PipD & G 09 4 Fe i RAAL, A 1T H A8 X B R 6597 Fe I W 09 BT R SR AL 22
WRIE, Tk 1B NCBI 308 & K200 11 3R 8o f A J45 2290 17 1 (Salmonella typhimurium) ATCC 14028S 474 H 4
STM14_1240 2 B #4945 82 5 5 A R % #4458 PipD 89 £ A 8% 5 7], i ProtParam . ProtScale SignalP 4.1 Server, TMHMM
Serverv.2.0 Netphos 3.1 Server NetNGlyc—1.0 . NCBI BLAST SOMPA SWISSMODEL,ABCpred.SYFPEITHI #= UniProt % %
WAZ B F T AR R4 Y ITH PipD B & e BALW R FRAKFE 25K SRR SRR & dE AL B M =
BLEM ZHLEM B WA R AL T @K R AN B R & FUR ST 547, Z5R  PipD 2 & 520 NEIRBR 21,09 F KK
8,0 T RA CosHusaNmOrnSi, AR 5-F T 58.4 kDa, il 5 0.5 % 7.34, Ig/E 8 80 67.81,F 3 F K R 440508,
PipD & @ RAT 5 A9, R 35~57 BB B AL B4 1 ANKEH 23 NAABR 5%, B TH RS , 7 PipD & &4
H 57 MEEBRALIL B A 1 AAERAGAE & PipD B G AL MA RN K E S B 36.35%, KR o #ak B IR B A S A
& 15.77%.3.27%.44.62%, Tl PipD & & T & 22 A~ B 28 iR B 3R A AL, 17 A CTL 2@ etk HokAife 30 A Th safet % &
1%, PipD & &5 AKX H BCLA3 SCRN2 f» MRPL4 #) % A5 %& & B R M55 4 29% . 24.6%F= 31.8%, Bl R4EEAK, 4518 PipD
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Bioinformatics Analysis of PipD Protein Structure and Epitope of Salmonella Typhimurium PipD
SONG Xiao—rui'2LIU Yu—chun',DING Cong'.JIA Rui',LI Rui—jing',MA Jia—yue',LI Li—feng'
(Henan International Joint Laboratory of Children’s Infectious Diseases',Department of Otorhinolaryngology Head and Neck Surgery?,
Children’s Hospital Affiliated to Zhengzhou University,Zhengzhou 450000,Henan,China)
Abstract: Objective To predict and analyze the structure and antigenic epitopes of Salmonella PipD protein by bioinformatics methods, and to provide a
theoretical basis for the diagnosis and treatment of Salmonella-related diseases and the development of vaccines.Methods The nucleotide sequence of
Salmonella typhimurium ATCC 140288 standard strain STM14_1240 gene and the amino acid sequence of its encoded protein PipD were obtained by
NCBI database. Bioinformatics tools such as ProtParam, ProtScale, SignalP 4.1 Server, TMHMM Serverv.2.0, Netphos 3.1 Server, NetNGlyc-1.0, NCBI
BLAST, SOMPA, SWISSMODEL, ABCpred, SYFPEITHI and UniProt were used to predict and analyze the physicochemical properties, hydrophilicity
and hydrophobicity, signal peptide, transmembrane region, phosphorylation site, glycosylation site, domain, secondary structure, tertiary structure, B
cell epitope, T cell epitope and protein homology of Salmonella typhimurium PipD protein.Results PipD was a hydrophilic protein composed of 520
amino acids, the molecular formula was CagsHpN721075016, the theoretical relative molecular mass was 58.4 kDa, the theoretical isoelectric point was
7.34, the fat solubility index was 67.81, and the average hydrophilic coefficient was —0.508. PipD protein had no signal peptide sequence, and contained
a transmembrane helix with a length of 23 amino acids at its 35-57 amino acid residues, which belonged to transmembrane protein. It was predicted
that PipD protein contained 57 phosphorylation sites and 1 glycosylation site. The secondary structure of PipD protein was mostly random coil,
accounting for 36.35%, followed by a-helix, B—sheet and B—turn, accounting for 15.77%, 3.27% and 44.62%, respectively. It was predicted that PipD
protein could form 22 B cell dominant epitopes, 17 CTL cell dominant epitopes and 30 Th cell dominant epitopes. The homology of PipD protein with
human genes BCLA3, SCRN2 and MRPL4 was 29%, 24.6% and 31.8%, respectively.Conclusion PipD protein is a hydrophilic protein with good
thermal stability. There are multiple B cell and T cell epitopes, which have low homology with human host proteins and are not prone to cross—
immune reactions. It can be used as a candidate protein for serological diagnosis and vaccine of Salmonella typhimurium.
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VP11 H (Salmonella ) J&—Fh T 22 A9 N & IR
LA TE RS R, R IE Y r KR
YIEHE , v N A2 R EL S, e
FHg I [ BRI E 96 FE UAE 55 2 M. A
VDT TR R Y i B AR 2, N T 1Bl A
il e B2 YR TTR R JR GE S I A DGR
B 542 281 b Bz 40 RN 7 5 200 B P 25 A7 52
WITHABURARE I EEARE T W1 808 5
(Salmonella pathogenicity islands, SPI Vg R 3k
,SPI-1 Fl SP1-2 J& Vb '] B 4 1~ fi 5 2 1) B0
B4, SPI-1 4% =X R4 (type three
secretion system, T3SS)—1 JEVP T AR NHIE I K 24
LT AT 59, SPI-2 4T 1 = B4 W R 5
T3SS-2 J& Vb1 THR 7 W 40 i v &2 4 F 2R 49 i J e
Fr btz 78, T YR TTE00 5 Gt I R AV 1T RS
o P v A T, AR 9 AVD 1 BT AR 0O 1L v
B BAGFEVD T ATCC 14028S BBk R A1 KE, 1
Z A YE B2 TR R FEV TR SPI-59 | —
A5 BAGFEYD TSR I RAEAH DG B ) 6
STM14_1240 FIZmA%EE I PipDU- 253547 F0 4347 , 1#F
— A5 B L5 M PR R LA B AR BRAGFE VDT R 3L
it B R RT REDIRE , VD T A JC B 11297 F
PE T A SR BRI IR
1 &REH®
1.1 PipD IR 4115 2 1t NCBI GeneBank
B EARBUR A VP T T (Salmonella enterica sub—
sp. enterica serovar typhimurium)ATCC14028S #5 ifE
PRIk STM14_1240 3 [H BAZ R 7 51 S He g 2 (4
PipD M2 3T 4. PipD 2 7 GenBank (¥ /%
WL 818 5 NC_016856.1, (AR
FE9)8% 55 WP_000760228.1, PipD & [ 4 i K&
STM14_1240 4K 1563 bp, 1 T B GFELDTTH#
14028S FH FRBEER 40 1) 3729722~3731284 i -, 4 fis
520 4~ 2 K 'R , GenBank #( & & B PipDh 4 1 Y
FASTA #% 0B FF U . >MPAKNIAGSITFSV
SNPGSIHPIMRYSVGTFMKKYLAFAVTLLGMGKVIA
CTTLLVGNQASADGSFIIARNEDGSANNAKHKVIHP
IAFHQQGEYKAHRNNFSWPLPETAMRYTAIHDFDT
NDNAMGEAGFNSAGVGMSATETIYNGRAALAADP
YVTKTGITEDAIESVILPVAQSARQGAKLLGDIIEQK
GAGEGFGVAFIDSKEIWYLETGSGHQWLAVRLPAD
SYFVSANQGRLRHYDPNDNANYMASPTLVSFAKKQ
GLYDPARGEFDFHQAYSQDNKNDTTYNYPRVWTL

2

QHQFNPHLDTVVSEGETFPVFLTPITKISVAAVKNA
LRNHYQGTSHDPY ASHNPQEPWRPISVFRTQESHI

LQVRPKLPQAIGNVEYIAYGMPSLSVYLPYYQGMR
HYQPGDDKGTDRASNDSTYWTFRTLQTLVMQDYN
AFAPDVQHAWKTFEQQTAKQQYKMEQSYLRLYAS
HPKEAQRLLONFEDKTMQNAQTLARRLTNNIITTM
TYRTDMKYHFSSTQP

1.2 PipD & B IEARBAL M504 12 H Expasy-
ProParam .43 #7 PipD £ H 1 F A B Ak 24 4 ik
i H Expasy—ProScale T E.43T PipD & H B 3£ 51 /K
Rtk

1.3 PipD & FIM{E 5 K SRS X B IR Th o7 o5, A 2
A AR SF BT [ SignalP4.1 Server T.H
T 434 PipD £ A5 5 BT 51 s (A TMHMM
Serverv.2.0 T ELHM PipD & 1 A5 X ; i FH Net—
phos 3.1 Server T HHil| PipD £ FH i) BI85 B R 1L
A 5 5 8] NetNGlye —1.0 T E 7l PipD & 1
RPBEBELAL A 255 W ] NCBI BLAST % 424:330 PipD #5
FIA PRSI

1.4 PipD & ME5 T {HFH SOPMA T H43#r
PipD 2 0 G2 #0 Sl s il SWISS MODEL
THXF PipD 85 1) = S E5 AT 40 B FTAs

1.5 PipD & H PR LA M 4 4 ABCpred Fl
SYFPEITHI T H.75ill PipD & (/Y B 4001 T 40 il
PR R

1.6 PipD £ 1A [FEVEPE 3BT Af A UniProt X3k 43
Bt PipD & [ 1 [RIJEPE

28R

2.1 PipD fH MFEARB AL 8T Expasy-
ProParam T.E.Xf PipD 4 [ 1Y 3 A 21 Ak P B i 47
oA, R RS PipD EHR S TR N
CasosHa063N 7210750516, H1 8088 A JFL 41 1l , BRISAHXF 43
TR 58.4 kDa, UG HL 5K 7.34, 7E PipD &
F SR AL, R FR (Ala) R (Thr) (222
% (Ser) b7 HL#R =, 509l 5 9.8% .7.5%F11 6.5%; Ferhify
B A R (R AR R+ &R ) s 1E FL o] ()
RIETR O 2R+ 2= 1R ) Bt 34 47 A~ PipD 2
P 7 I L 30 40 19X LT A0 i o S 56 e ) 2 3 0
30 h, IEMAIETE BN 67.81, AR ETEECH 43.37, A
FaxE i1t Expasy—ProScale T_E.X PipD £ H )
FEFKEEIE T R, PipD 8 (A ESE Y SE KT
H-0.508, ARG /3 I KAE N 2.6, Fe/IMER-2.822,
J& T HA RIS &N, WA 1,



537 B 4

BE2ffE B

Vol. 37 No.4
Feb. 2024 EYEEE

2024 £ 2 H Journal of Medical Information
ProtScale output for user_sequence 22 PlpD % r__‘ E"J %‘%Hk \E%:EJ%IZ \%ﬁé{t/fj)ﬁ \%E’f‘t
? Hphob. / Kyte & Dadlittle BLERSFO T i SignalP 4.1 Server Xf PipD
2 EHIATHHAFR D AEN 0.192, FI PipD HAAR
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FESMITHI(E 2), (fH TMHMM Serverv.2.0 T.H
TMFE PipD 5 2 35~57 M AFMA A 1 1K
FEh 23 WES RIS E (8] 3). Netphos 3.1 Server il
PipD A 22 22 A RBER AL AL 22 DI R
BERRALAL AR 13 AER IR LA (8] 4) ., Net-
NGlyc—1.0 Tl PipD & 1A 1 AMWEIEALAT 5, A7

200 200 500 T4 101 f7, HE% K 63.49% (& 5). W NCBI
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NethGlyc 1.0: predicted N-glucosylation sites in Sequence
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Conserved domains on [lcl|Query_903] View @

pipD - 3729722: 3731284 MW: 58411.02

Protein Classification hud

dipeptidase( domain architecture ID 10008715)
dipeptidase from the peptidase C69 family, which cleaves dipeptides with a free C-terminus

Graphical summary [RFE R E i al show extra options » L
1

o ) = 200 =0 s = ] 10 ETa——
Query seq.

Specific hits

Peptidase_C69

Superfanilies Ntn_hydrolase superfamily
PepD superfamily

[[Search for similar domain architectures | @ [Refine search | @

List of domain hits i

Name Accession Description interval  E-value

+] PepD COG4630 Dipeptidase [Amino acid transport and metabolism], 50-517 Oe+00
[+] Peptidase_C69 pramo3s77 Peptidase family C69; 50-447 0e+00
[+] C69_fam_dipept NF0335678 C69 family dipeptidase, Members of the MEROPS C589 family (subfamily 001) are dipeptidases (EC . 50-513 0e+00

E 6 PipD EBKRTFEMEIBIH

2.3 PipD ARSI f#FH SOPMA T EAMr 38 Al Expasy—-SWISS MODEL T E. il PipD # [
7R PipD 5 A o B2iE (Hh) 189 4N, 15 36.35%; =2 &5MIF vEATRIVR A, #ER GMQE ¥F4r Ny
BITE (Ee)82 1™, hi 15.77% ;8 #5 A (TO17 4,15 0.65,QMEAN {E A 0.68, 3 IF 125 700 T R4 2R 44 e
3.27% ; TEAN M (Ce)232 4, i 44.62% (K 7). (E8),

SOPMA :
Alpha helix {Hh) 3 189 is 36.35%
318 helix tog) : @ is @.2e%
Pi helix (T2 = @ is.  ©.98%
Beta bridge {BbY : 8 is  8.008%
Extended strand (E=) @ 82 is 15.77%
Beta turn (TEY: & 17 is 3.27%
Bend region (5s) = @ is.  e.98%
Random coil {Cec) = 232 iz 44.62%
Ambiguous states (?) 8 i= 9.00%
Other states 3 2 is @e.00%
T T T T
ittt
. . L .
a 188 208 3080 408

E 7 PipD &H — &5 TN
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& 8 PipD EA =G REREE

2.4 PipD & HAPLE R AL W ABCpred 4K
ETI PipD & [ AE AR 22 NI TER B A4t
JRZRA (5 H>0.8), W3 1.4 A SYFPEITHI % {4
T PipD £ & A 17 A BRI CTL # 47 (4
{5>20) F1 30 S BR &I E Th FA7 (5 H>20), W3
2.% 3.

2.5 PipD & FIREIJEHE ST #E UniProt 3 i

A PipD 1 FASTA #& NIRRT 91, Py Fh ik
Homo sapiens X PipD & [ B [A] J5PE 247 73 B e R
PipD 15 A\ 28 3£ A BCLA3 .SCRN2 il MRPLA4
i 15 1% 25 1 [ UR A 2300 Ry 29% .24.6% F1 31.8%
(1 9), [RITEPEBAR , A T K Az 28 LA i, W
Ho A IRy, AT B W T E R

% 1 PipD ZAH B AfEHRERRAA

Iy BURFAIT S BEMME  ME g BURRAIT S RAEMRME A
1 GSFITARNEDGSANNA 64~79 0.95 12 PRVWTLQHQFNPHLDT 291~306 0.84
2 DTVVSEGETFPVFLTP 305~320 0.94 13 DSKEIWYLETGSGHQW 204~219 0.84
3 YQPGDDKGTDRASNDS 404~419 0.93 14 SVYLPYYQGMRHYQPG 392~407 0.83
4 NHYQGTSHDPYASHNP 335~350 0.92 15 SNPGSIHPIMRYSVGT 15~30 0.83
5 AMRYTATHDFDTNDNA 110~125 0.92 16 TNNITTMTYRTDMKY 498~513 0.82
6 AGFNSAGVGMSATETI 129~144 0.91 17 TFEQQTAKQQYKMEQS 448~463 0.82
7 TMTYRTDMKYHFSST(Q 504~519 0.87 18 QGRLRHYDPNDNANYM 235~250 0.82
8 YQGMRHYQPGDDKGTD 398~413 0.86 19 PIMRYSVGTFMKKYLA 22~37 0.82
9 HQQGEYKAHRNNFSWP 90~105 0.85 20 IYNGRAALAADPYVTK 144~159 0.81
10 ASNDSTYWTFRTLQTL 415~430 0.85 21 DYNAFAPDVQHAWKTF 434~449 0.8
11 HILQVRPKLPQAIGNV 366~381 0.84 22 HDPYASHNPQEPW RPI 342~357 0.8

% 2 PipD ZEREIME CTL dfR AL

Iy BUFERAIT S I E SHE g BLIFERATH AR E SHE
1 YLAFAVTLL 35~43 27 10 ITKISVAAV 321~329 22
2 YIAYGMPSL 383~391 26 11 GMPSLSVYL 387~395 22
3 KLPQAIGNV 373~381 25 12 VTLLGMGKV 40~48 21
4 VIACTTLLV 48~56 24 13 TLLGMGKVI 41~49 21
5 TIYNGRAAL 143~151 24 14 KLLGDIIEQ 183~191 21
6 AIESVILPV 166~174 24 15 RLPADSYFV 223~231 21
7 HILQVRPKL 366~374 23 16 YNYPRVWTL 288~296 21
8 LLVGNQASA 54~62 22 17 WTFRTLQTL 422~430 21
9 ITEDAIESV 162~170 22




95 37 &5 4 BEE R Vol. 37 No.4
EYERE 2024 42 H Journal of Medical Information Feb. 2024
% 3 PipD EHMRHIM Th 4l ER A
Iy BURFAIT S AR E SHE iit5z iR F AT SR E HE
1 DSYFVSANQGRLRHY 227~241 28 16 QGEYKAHRNNFSWPL 92~106 22
2 EFDFHQAYSQDNKND 271~285 28 17 AMRYTAIHDFDTNDN 110~124 22
3 GETFPVFLTPITKIS 311~325 28 18 EAGFNSAGVGMSATE 128~142 22
4 DSTYWTFRTLQTLVM 418~432 28 19 GEGFGVAFIDSKEIW 195~209 22
5 YWTFRTLQTLVMQDY 421~435 28 20 EIWYLETGSGHQWLA 207~221 22
6 QHAWKTFEQQTAKQQ 443~457 28 21 NANYMASPTLVSFAK 246~260 22
7 PGSIHPIMRYSVGTF 17~31 26 22 HQAYSQDNKNDTTYN 275~289 22
8 YTAIHDFDTNDNAMG 113~127 26 23 TYNYPRVWTLQHQFN 287~301 22
9 SVILPVAQSARQGAK 169~183 26 24 FPVFLTPITKISVAA 314~328 22
10 GFGVAFIDSKEIWYL 197~211 26 25 QEPWRPISVFRTQES 351~365 22
11 YPRVWTLQHQFNPHL 290~304 26 26 ISVFRTQESHILQVR 357~371 22
12 WRPISVFRTQESHIL 354~368 26 27 YLPYYQGMRHYQPGD 394~408 22
13 QTLVMQDYNAFAPDV 428~442 26 28 MQDYNAFAPDVQHAW 432~446 22
14 MKKYLAFAVTLLGMG 32~46 22 29 YNAFAPDVQHAWKTF 435~449 22
15 DGSFIIARNEDGSAN 63~77 22 30 KQOYKMEQSYLRLYA 455~469 22
| AZAITS-3 L BCLA3_HUMAN Isoform 3 of BCLAF1 and THRAP3 family member 3 BCLAF3,CXorf23  Homo sapiens (Human) 3 2>« N 2]
| AZAITS-2 BCLAZ HUMAN Isoform 2 of BCLAF1 and THRAP3 family member 3 BCLAF3, CXorf23
O A2AIT® BCLAZHUMAN  BCLAF1and THRAP3 family member 3 BCLAF3, OGr23 jens (Human)
[ J3QrRM J3QRJ1 HUMAN  Secemin-2 SCRN2 Homo sapiens (Human)
[ Q9éFv2-2 % SCRN2 HUMAN Isoform 2 of Secernin-2 SCRN2 Homo sapiens {Human) ’E-‘
[ Q96FVZ & SCRNZHUMAN  Secsminz SCRN2 Homosapiens{Human) —————
o QL J3QUL7LHUMAN  Secemin-2 SCRN2 Homosapiens (Human) ~ ———+ ]
[ XERAYS XSRAYE HUMAN 395 ribasomal protein L4, mitochandrial MRPL4 Homo sapiens {Human) ’a
E 9 PipD EH KRB ERM
311t AHFFEiE 1 NCBI GeneBank 34 4R B PipD

VDT R R S P A SS AR B 1) — A TR L0 3 T [
R, REAET [EEZY 9300 7 gk, 54y 15 7 ABE
T B TE VDT TR T | R B i e i DL
RN, 35 R ARV T TR A S T, #%
FEVNT TR B ST I RE, B V0 1 IR e A e g
BT IR AT A A AL AR L

oI TR B0 TR 5 U0 1100 5 dr i i 2 ) 5L
A 9, STM14_1240 (pipD ) J2&: A FEVD T SPI-5
F—AEEME SN, FifS T3SS-1 AR HE A
PipD, 5 BAGFEVT TR 5 | L W8 9 RE AN, 3l A K
M pipD 4585 1 3 PR 7E BRAG FE VD T T TR o0 B dk v 19 A7
FEAG LT DAL VD T B v A 3 B L R 3R s gk e
AU ST, A A I A3 Al B T A A B K
P 3 A A W5 8 2 T B H AR R I (1 A 25
FRZIRE AT T0IRN 2387 , A 35006 L A8 R 1
F R AL BRI AR HES

AWML T 9 K LG 3L R A A R S5 51, 1
A G B T BB /34T PipD 2R 10 25 40
PEFITIRE, 250 WoRIZ & NS A X 4 T R
58.4 kDa, FRIE 25 H1 55K 7.34, 1E PipD HH &
FRZL AL, N i T A SE R W R 9 R 22 T
AT o A, 43R 9.8% 7.5%F1 6.5% ,
ZAER F R AP E AR . PipD BRI R
30 h, $RZE A REEDURE TR N R iR
FEALNEH R BUKYES T R PipD A 244055
HIFEIK X, A R THU R R A T

G B R, Piph AR S E S IK,
TEIZR 5 35~57 @AM E & 1 KB R 23 4>
GASEIR S R E , FL B E ML IE AT 2 . PipD
A2 DI TERR IR A7 2, #5271 PipD 8 17T G
Z R, S 5G5S E, mm
PipD B &A1 AW S, 3R % 8 (o] Ve
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TERR ST A FEVD I T RIS A2 8T
TYEER R B , PipD 2R P LI i i
o LB R, HIROh a8 BT il B £, R
Wiz B A RAFRISTm G, SR TR R A
S EREER A W PipD E FA JC RN il R 2 A6
THEABSMNZXE, #2775 PipD A S TES RIS
I RUEERA AR T IS SRS & o BT
RPN T RS DT R SO 40 M Y 3%
TE 52 1A 45 5 DT80S LR B 8 17 25 2 7 14 5 R A
SEAEH, ABCpred 3K {4 F1 SYFPEITHI A4t &t
7 PipD E A 22 4> B AR ISR, 17 4> CTL
AR T AL 30 4> Th IR S, H 5 AL
16 T2 28 PRI AR A B R A 58 AR BT, R W
KA AR IR, AT A ) SR FE VD ] R
BLEEE T, W n] HT IL 22 i W DAR D 1] 1
YUAGAT (18 FAHRE MR S
L LNk, PipD SN FRMEE M, &4 BT
MMEHRERAL, BV EATHU R . AW 58 i 22 Fh A
Yol B TRXT PipD & H A BAL PE B AN 45 F D g
HEATHNAN ST, 7T R pipD 7 RAGFEVD T TR B0 i
FErb BT REDNRESR AL B IR AR B, b A 3%
F1 B FE D I TR 4 (AT 1O L, e R R B
FEVT TR BUR LR BRI S
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