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Bioinformatics analysis of Toxoplasma gondii calcinetin
ZHANG Jing'?, TIAN Xiao-wei'”*, MEI Xue-fang'®, ZHANGZhen-chao'?, LI Xiang-rui'**, WANG

Shuai'® (1. Department of Pathogenic Biology . School of Basic Medical Scineces . Xinxiang Medical University »
Xinxiang s Henan 453003, China ;2. Xinxiang Key Laboratory of Pathogenic Biology ,» Xinxiang Medical University ;
3. College of Veterinary Medicine s Nanjing Agricultural University)

Objective Bioinformatics method was used to predict the structural characteristics, immunogenicity and
antigenicity of Toxoplasma gondii calreticulin (TgCRT). Methods The physical and chemical parameters,hydrophil-
ic/hydrophobic properties and signal peptides of TgCRT were predicted by ProtParam,ProtScale and SignalP;Colis, TM-
HMM and KinasePhos3. 1 were used to predict the coiled coil, transmembrane domain and phosphorylation sites; SOPMA
and Phyre2 were used to predict the secondary and tertiary structures, DNAStar was used to analyze parameters such as
surface accessibility; ABCpred,Syfpeithi and DNAStar were used to predict B and T cell epitopes. Results TgCRT pro-
tein contained 578 amino acids with a relative molecular weight of 64. 186 07 X 10°, a molecular formula of
Cogi1 Hisio Ngop Ogs7 Sig s a theoretical isoelectric point (pI) of 5. 69. The instability index was 55. 50, the hydrophobic value
was 85. 45,and the total average hydrophilicity index was —0. 321, which certificated TgCRT was unstable and hydrophil-
ic protein. Meanwhile, it was a transmembrane protein without signal peptide and contained 44 phosphorylation sites,in-
cluding 31 serine phosphorylation sites,11 threonine phosphorylation sites and 2 tyrosine phosphorylation sites. One site
formed a coiled coil region;In the secondary structure,alpha helices and beta folds accounted for 42. 21% and 11.42% re-
spectively, beta turns and random colis accounted for 3. 81% and 42. 56 % ,respectively. High-grade sections of flexibility,
hydrophilicity and surface accessibility were evenly distributed along the peptide chain. There were 23 B cell antigen
epitopes,21 restricted CTL cell epitopes and 10 restricted Th cell epitopes.  Conclusion TgCRT protein contains multi-
ple potential B and T cell epitopes with immunogenicity and antigenicity,and can be used as a candidate protein for vaccine
against Toxoplasma gondii infection,
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% Protparam TEZ /07 .78 TgCRT i 578 N4
SETRAG B, A X5 F B fE R 64,186 07 X 10°, 4y F 200
Cogit Hisig Ngoy Ogsr S0 BB AEHL 51 (pD 24 5. 69, L L
fof S LR S ECH 83, IF AL far Z LR B A 71 AR
FRER 55. 505 BLKAE (g i & 80 85. 455 S 5E K
PEFEEC —0. 321, by e AR DU 2 1 R SRR L T T
HA,

2 TgCRT EBME . BKEDH

B 0 RN R 19 (BRIAH 9) B, Protscale #i
EDE R TgCRT #7715 2 A K Ve 43 fH (scare ™
1. 5) U, Fe i AR A T 55 549 o 45 2 IR 4% B Ak 4318
2. 774 AR WG AL T 45 568.569 1K & 2 . 75 2 MR ik
Fhb A E N —3. 253 (& D

Expasy®

Home | Contact
ProtScale

ProtScale
User-provided sequence:

10 20 30 40 59 60
NSANRTPCHS AVPGLSSTSV SSRLSFSILA LLTFVALHTL LPDLPRSAFS RAPSPSHARC

70 80 90 100 110 120
SAGPRSLGSE SASSAALLFA AAALPDFSEE ASFSRERGEE DDVIQDDQVE EREEDLLLUQ

130 140 150 160 170 180
KAATAGGQST QARPAADLEP QRQAGEVHGP GDSPGDNSRA VRLLQLRREA AEVLQSRIKD

0 0 ) 0 0 240

VFETHEKLEF VEPGNIDGIL FODTFODNFL EKGVWVPSAD PKFQGRVSVE TRSAAVIAGE

250 260 270 280 290 300
KNLVHQDNRK FHGVARRLSP PIKDTLKEHF VFQYELLQTR PLTCGGGYVK LLDFPEEQSL

0 0 0 0 0 360

KKFNHLTDYL VNFGPDICGD SHVVHFILKV YNPVTKEVTE HRLDAPPRLT PSPLSNLLTL

370 380 3% 400 410 420
VIKPDDTFEI LIDGSVVRQG SLLKDNVPPL QPAKTLLVGH EAEADSRDEA ETKKAAASGI

430 0 50 0 0 80
PNPAYFKLER AHRLRNINAV AMELWTVECG TAFDNLIFAK SIDAARAFAK KTFENRRVKE

490 500 510 520 530 540
EELRRELDAV HLVVREEFAE KQRALDAEFE EAEASSSPSV LDRLTVALQQ NVEATGLSPF

550 560 570
FLAALAVSVY CLLLLCCGRK RRRTPPPRTQ NEEEKKKR
SEQUENCE LENGTH: 578
Using the scale Hphob. / Kyte & Doolittle, the individual values for the 20 amino acids are:
Ala: 1.800 Arg: -4.500 Asn: -3.500 Asp: -3.500 Cys: 2.500 Gln: -3.500
Glu: -3.500 Gly: -0.400 His: -3.200 Ile: 4.500 Leu: 3.800 Lys: -3.900

Net: 1.900 Phe: 2.800 Pro: -1.600 Ser: -0.800 Thr: -0.700 Trp: -0.900
Tyr: -1.300 Val: 4.200 : -3.500 : -3.500 : 0,490

Weights for window positions 1,..,9, using linear weight variation model:

1 2 3 4 5 6 7 9
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
edge center edge

ProtScale output for user_sequence

. f n
W W U\WW\' Wﬂ\ w \ﬂ W \
3 |

Position
The results of your ProtScale query are available in the following formats:

« Image in GIF-format

« Image in Postscript-format

« Numerical format (verbose)

« Numerical format (minimal, to be exported into an external application)

BN Expasy is operated by the SIB Swiss Institute of Bioinformaics | Temns of Use  Back fo the top

T Al Ay R R R I AN R S K M AR 4 IR A R 7R K o, 1

HRREKE .,
1 TgCRT & B K3 Bk &2 47

Notes: The horizontal axis atands for the position of amino acid.
and the vertical axis stands for the score of hydrophilicity(The positive
value indicates hydrophobicity, and the negative valueindicates hydro-
philicity).

Fig. 1 Hydrophilicity and hydrophobicity of TgCRT
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3 TgCRT ERHES KT

SignalP-5. 0 Server Wil TgCRT {5 5 Ik, 45 5
R, TgCRT LA55 MK, mAE M B & 1 (& 2)
4 BERERBIGLSTN

NetPhos 3. 1 23 #7 TgCRT B A4 &, & I i% 5
& A 44 BRI 1A A, o 22 & e s R Ak A7 A5 31
AR R BRI S 11 A4 B R R B R Ak 7 4 2
(A 3,

Summary of 1 predlcted sequences from Eukarya £
v escrgon or e o age
Predicted proteins

protenype Signat pepuce (seisP) omer

T A8 Al Ay B R R L Y\l S T B A
B 2 TgCRT 15 S Rk fi s Ui
Notes: The horizontal axis stands for the position of amino acid.

and the vertical axis stands forprobability score.

Fig. 2 Prediction of the signal peptide site in TgCRT

DTU Health Tech

NEWs | EDUCATION | RESEARCH | COLLABORATION | SERVICESANDPRODUCTS  ABOUTUS

® ..

GETTG HELP

DTU HEALTH TECH VACANT POSITIONS ATOTU  FOLLOW US ON

HEALTH TECH

[ » [in]

B3 EEEMBBRLBIGFLRSHT
Fig. 3 Prediction of the phosphorylat sites in TgCRT

S 25 il N8 e T
2 Colis 4387, TgCRT H A FH EAH 1 AEBALA
TE 1% 45 1 022 it 235 44 ( Coils) Wi ) (I 4)

Coils output for UNKNOMN

T T T T T
windou=14
window=21
1k windou=2g —— |
0.8 [
0.6 - —
0.4
0.2 - 1
, o MG ¥ ]
L L L L L
] 100 200 300 400 500 600

T Ay e B 1 ke B il A 0 1) P
B 4 TgCRT & B Coils Tl &5 R
Notes: The horizontal axis atands for the position of amino acid.
and the vertical axis stands for the propensity index.

Fig. 4 Prediction of the coils for TgCRT

6 BRI

FFH TMHMMServer v. 2. 0 T, & B 2~42
{7 V55 536~558 1 & LR ] RE MBS X, [ Ik TgCRT
Al RE M i AR 1 (B 5)

TMHMM result
HELP with output formats

# VEBSEQUENCE Length: 578

# VEBSEQUENCE Number of predicted TMHs: 2

# WEBSEQUENCE Exp number of AAs in TMHs: 39.97958
# WEBSEQUENCE Exp number, first 60 AAs: 18.06821

# VWEBSEQUENCE Total prob of N-in: 0. 83685

# WEBSEQUENCE POSSIBLE N-term signal sequence
WEBSEQUENCE THHIO. 0 inside i 19
WEBSEQUENCE TMHIOE2. 0 Thhelix 20 42
WEBSEQUENCE TIEOER. 0 outside 43 535
WEBSEQUENCE THHIO2. 0 Thhelix 536 558
WEBSEQUENCE TMHIO2. 0 inside 559 578

TMHMM posterior probabilities for WEBSEQUENCE

probability
o ©o o
» o [

o
[

o

]

# plot in postscript, script for making the plot in gnuplot, data for plot

200 300 400 500

transmembrane

inside

outside

L B A S R A R R REMEAR .
5 TgCRT &AM B R &M ST
Notes: The horizontal axis atands for the position of amino acid.
and the vertical axis stands for the score.

Fig.5 Prediction of the transmembrane in TgCRT

7 Z=EHREHm

2 SOPMA 73 #fr, TgCRT HH A 244 2
MRk 5 S S5 o 18 (Hh) L 5 ey 42, 21% 566 4
HIELMIEIES S BT E (Ee) . A 11.42% ;22

MRAFERBRFES S -5 M (To, R 3.81%;
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246 PNEIEEMRIRIES 5T & #h (Co s el
42.56% (& 6), & fHl Phyre2 il TgCRT & H# =
REER FEF R cljhnA 8L, 274 A SR IE I OF
SR A7 %) T3 o B B s PF AR DL 100 %6 B AT B
B (E D,

PRABI-GERLAND
RHONE-ALPES BIOINFORMATIC POLE GERLAND SITE
Insttute of Biol in Chenistry

—_——S

prabi

e e et

- .
S ©

TE 6 L0 B A IR o BRE BT B B4 AR L JE AL
il
B 6 TgCRT ZHW_RLEHMTN
Note:Blue,red,green and purple presented alpha helix, beta folds,
beta turn and random coil, respectinedly.

Fig. 6 Prediction of the secondary-structure in TgCRT

Model (left) based on template c1jhnA
PDB header:chaperone

Chain: A: PDB Molecule:calnexin;
PDBTitle: crystal structure of the lumenal
domain of calnexin

PDB Entry: PDBe RCSB PDBj

Confidence and coverage
Confidence:  p{J L7 Coverage: m
274 residues ( 47% of your sequence) have
been modelled with 100.0% confidence by the
single highest scoring template.

S

You may wish to submit your sequence to
Phyrealarm. This will automatically scan your
sequence every week for new potential
templates as they appear in the Phyre2 library.
Interactive 3D view in JSmol

For other options to view your downloaded
structure offline see the FAQ

Image coloured by rainbow N —» C terminus
Model dimensions (R): X:52.117 ¥:54.312 Z:73.589

7 TgCRT EHM=RKEH
Fig.7 The tertiary structure of TgCRT

8 TgCRT ZEERIFEHKE EHERKRE A K1
TgCRT & A7 17E 2 Ak 2% K 1k T8 085 v 1 X 3,
W X I 2 R T AR, S PR R A O R A K
2 1) 1 DX, o 2 Xl R A it A & 1 LRI,
BRI TFHRPAR L A5 & AR A ] Kb
DI Gl A T Ay R, T SRS G (B8,
DL BS54, B B AN BT R 2 A Y T B

m.w. 216564, ch. +1.91, pl 11.05 {19 AA}
Page 1of 1

o
r n
25 50 75 100 125 150 175 200 225 250 275 300 325 30 I}5 400 425 450 475 500 525 50 575

8 Hydrophilcity Pl - Kyte-Doolttle

8 Fiexiie Regons

A @ posigeric Index - Jameson-Wolf

A

Beta, Amphipathic Regions - Eisenberg

T« Al Ay 2 R A A N Ry A O S B
B8 TgCRTEHMEFM .FEKE . KRERAREM B HERERA
Notes: The horizontal axis atands for the position of amino acid.
and the vertical axis stands for the score of relevant parameters
Fig. 8 Flexibility, hydrophillcity, surface accessibillity
and B cell epitopes of TgCRT

9 TgCRT EAHMEAERN

9.1 TgCRT Za® Bamimkitx HH AB-
Cpred 55 #5100 B 240 M 3= 07 I 4K 45 40 4T HE ¥ (3R
D, Wi TegCRT 41 b #) 23 A~ 15 4 #8 i 39 14
0.8, kKM T m AN 0. 95", BRY
DNAstar H R #& Jameson-Wolf J5 32 Tl i bt Jit 458 %k
103 85 v X B, AT B v ) — Bk L TR R E — 25 2
R KM R T R AR S A S IR AE
NI A7 B T REPE

9.2 TgCRT &w# T Mok &4z FJH Syl
peithi 7ER T, PEFE S 36 HLA-A % 0201 (FR
PE CTL 40 £ A0 434 i FLE S 21 B, TgCRT A7
21 ANBREIME CTL F A7 (F 2) 5 £S5 3 W HLA-
DRB1 * 0401 (BRI Th 40 460 247 . i S R 25
if, TgCRT 4 10 Al ¥ Th # A1 (F 3,
zE 0 5 DNAstar H Rothbard-Taylor J5 % Ml AMPHI
TELEA W) TgCRT A T 40 Ml h e 3= 60 2 A 5
R —8E Y (| 9,

T 20 B T B 3 47 P 45 S % ] TgCRT EH 5
HLA-A%02:01 FREIVE S+ A 847 456 /e, JF B
fiEW HLA-DRB1* 0401 BRI M T 2, B E A R
LN R
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% 1 ABCpred TEFM B M % Ji B 928 00 o) b A S e B DA AR R0 3 iR R E R
Table 1  B-cell epitopes predicted from ABCpred tool
— o EhE aE T RBITTIRR TeCRT R R E B EOR
Order Epitopes sequences Start position Score *)_L MS fl%:‘ﬁ ‘l’i j’f[‘ ’% ﬁﬁ EE[ %ﬁ fim E{/\J m ﬁE ‘l'i o 3‘:‘” }EH /EE % ’f%‘
L AKSIDANKATAKKTEE OO0 QA T TCRT YOS G I
) EPQRQAGEVHGPGDSP H; 0. 03 P L TS B 5 T8 B g B 5 A B e S
3 AGGQSTQARPAADLEP 125 0.92 %3 TeCRT E [ 0 HLA-DRBI* 0401 [ Th BRFLE 4
4 SAFSRAPSPSHARCSA 47 0.89 Table 3 Analysis resultes of the potential Th cell epitopes restricted
4 DVIQDDQVEEREEDLL 102 0.89 by HLA-DRB1 * 04:01 of TgCRT
5 SFSRERGEEDDVIQDD 92 0. 88 IR 3 2 IF 14 o1 5 IME
5 CCGRKRRRTPPPRTQN 556 0.88 Order Epitopes sequences Start position Score
5 KFHGVARRLSPPIKDT 250 0. 88 1 QGRWSVETRSAAVIA 224 28
6 LWTVEGGTAFDNLIFA 444 0. 87 2 MRKFHGVARRLSPPI 248 28
6 TKEWTEHRLDAPPRLI 335 0. 87 3 VFQYELLQTRPLTCG 271 28
7 ESASSAALLFAAAALP 70 0. 86 4 LLDFPEEQSLKKFNH 291 26
7 VFETMEKLEFVEPGNI 181 0. 86 5 MSAVPGLSSTSVSSR 9 26
8 EILIDGSVVRQGSLLK 369 0. 85 6 SFSILALLTFVALHT 25 26
9 ELLQTRPLTCGGGYVK 275 0. 84 7 AVRLLQLRREAAEVL 160 26
10 PRLIPSPLSNLLTLWI 347 0. 82 8 VHFILKVYNPVTKEW 324 26
10 HGPGDSPGDNSRAVRL 148 0.82 9 PSPLSNLLTLWIKPD 351 26
11 EEREEDLLLMQKAATA 110 0.81 10 TLWIKPDDTFEILID 359 26
12 FKLEHAHRLRNINAVA 426 0. 80
12 NRTPCMSAVPGLSSTS 4 0. 80
12 VWVPSADPKFQGRWSV 214 0. 80
12 DTFQDNPLEKGVWVPS 203 0. 80 AR XY XX XXX N N :j:w,mw.,.,
12 PGNIDGILFQDTFQDN 193 0. 80 Tt B R

* 2 TeCRT EAH HLA-A* 02:01 FR$I1% CIL AR RS

] —"\.N N«'J»'\W/ \f\.‘w'w\um'lMLM‘\/\V MLW‘M

Table 2 Analysis resultes of the potential CTL cell epitopes restricted :;‘,, a,
by HLA-A 02:01 of TeCRT e it At
i i 1 O [ 7 -« —— »
wr EREL ST i % St I P 1 L
rder Epitopes sequences Start position  Score = v
1 ALAVSVVCL 544 30
2 ALHTLLPDL 36 28 . .
3 PLAALAVSV 541 28 B TCRTMTARARZGEM
4 SILALLTVAL 97 97 Fig. 9 Prediction of the Tcell epitopes of TgCRT
5 LLKDMVPPL 382 27 _—_— . . R .
6 VLDRLTVAL 520 27 TR 45 5 @R, TgCRT & (A R 35 7K 1k 3E 43 i 7
7 ALLFAAAAL 76 26 H A4 AV TE 9 B R b A 5 7R B 1 BT R R A A
» mama R R RI  ET  GTH
9 _IPSPL . 349 5
11 QLRREAAEV 165 24 WA T REMER R s 25 A S5 K L R0 o] S S5
12 VLQSRIKDV 173 2 WA TgCRT BHA B BT R A7 19 2l . R A2
13 VIAGEKNLV 236 24 s - A
4 = S pk g BL S R
; naoERNLY R TR Al b A M S DR S S
15 LLMQKAATA 117 22 HRGFE T O DL AL R, A BRI N 2 S TR Y
16 YLVMEGPDI 309 22 B.T # i) i, & W] TgCRT HA B A ¥ 1 o ik
17 NVVHFILKV 322 22
o b bk N A T 25 5. M A
" SVYHELES B LRy S s B STH LB R
19 LLVGHEAEA 396 22 (5% X#k]
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