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1 Introduction

This document supplements the paper, ‘Enhancing in silico protein-based vaccine discovery for
eukaryotic pathogens using predicted peptide-MHC binding and peptide conservation scores’. It contains
a compilation of Toxoplasma gondii proteins that are expected to make promising vaccine candidates. These
proteins are used as the primary benchmark dataset to test proposed classification strategies presented in the
paper.

There is currently no commercial subunit vaccine against Toxoplasmosis despite decades of research and
millions of dollars spent [1]. However, the literature is full of examples of proteins observed to induce immune
responses in animal models and therefore represent the type of proteins ‘likely’ to be worthwhile vaccine
candidates. A level of caution is still warranted here because it is difficult to judge from published studies the
expected efficacy of the candidates. We can only know for certain that candidates are truly worthwhile after
testing in several target hosts. It is also difficult to make quantitative comparison of claimed protection levels in
the studies because of differences in mouse models, ages of mice at the time-point of infection, vaccine delivery
routes, adjuvants, vaccination and infection doses, parasite culture systems, challenge strains, and
immunogenicity assessments [2]. For example, a candidate observed to poorly perform may give the desired
protection with a different adjuvant or vaccine delivery route. Collectively, these studies indicate that the exact
type and intensity of response and the immune correlates of protection are still unknown [2] but the typical type
of candidate has a common theme. That is, the candidates are predominantly proteins that are naturally exposed
to the immune system, such as membrane-associated proteins namely GPI-linked surface antigens (termed
SAG), surface antigens known as SAGI-related sequences (SRS); and secreting proteins from specialized
secretory organelles: micronemes produce MIC proteins that are involved in recognition of and adhesion to the
host cell; rhoptries produce ROP proteins that drive the installation of the parasite inside the host cell; and dense
granules produce GRA proteins that are involved in the maturation of the parasitophorous vacuole (PV) [3].
Three developmental stages of 7. gondii (tachyzoite, bradyzoite and sporozoite) interact with the host immune

system [1]. Therefore bradyzoite antigens (BAG) are also included in the compilation as likely candidates.
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This document is in three parts: 1) Table S2-1, comprising the compiled proteins that are expected to be
likely vaccine candidates with columns for Gene name, UniProt ID, Protein description, Epitope experimental
evidence, Study publication reference, Machine learning (ML) classification probability for vaccine candidacy
using random forest algorithm, Peptide conservation classification using predicted peptide-MHC binding and
amino acid conservation scores, and Comments; 2) a brief description of some of the protein types listed in
Table S2-1; and 3) Table S2-2 and S2-3, showing experimental epitopes and MHC binding information related
to proteins in Table S2-1.

Some candidates in Table S2-1 have the words ‘no evidence’ instead of a study publication reference. This
means that there is currently no publication to support the protein as a vaccine candidate. However, these
proteins in question are included as likely candidates because they belong to gene families in which there are
members that do have supporting immunogenic evidence. The gene families that encode 7. gondii proteins [4] —
SRS domain SAGI-like: SAGI1, SAG]1-related sequence 6, SAGl-related sequence 3, SAG3, SAG5D, BSR4,
SAGS5A, BSR4-related antigen; SRS domain SAG2-like: SAG2 (P22), SAG2B, SAG2C, SAG2D, SAG2E;
Mucins and parlogs: GRAS, BAG Protein, GRA2; TRAP family: MIC2, MIC6, MICS; EFG-like domain-
containing: MIC3, MIC6, MIC7, MIC8; TSP1 domain-containing: MIC2; Apple domain-containing: MIC4;
ROP nomenclature rhoptry proteins: ROP1, ROP2, ROP4, ROP5, ROP6, ROP§, ROP10, ROP12, ROP13,
ROP14, ROP15, ROP16, RON1, RON2, RON3, RON4, Rhoptry neck protein 4-like protein; and GRA
nomenclature dense-granule proteins: GRA1, GRA3, GRA4, GRAS5, GRA6, GRA7 (p29), GRAS8, GRAY,
GRAIO0. A universal vaccine formulation is expected to ultimately be a cocktail of immunogenic proteins that
occur in multiple strains and multiple life cycle stages. Suitable adjuvants are equally important components to
the formulation.

A study to be highlighted here is by Che and colleagues [5]. The study involved a comprehensive proteomic
analysis of membrane proteins in 7. gondii. In brief, three proteomics strategies were used: one-dimensional gel
electrophoresis liquid chromatography-tandem mass spectrometry (1D gel LC-MS/MS), biotin labelling in
conjunction with 1D gel LC-MS/MS analysis, and a novel strategy that combined three-layer ‘Sandwich’ Gel
Electrophoresis (TLSGE) with multidimensional protein identification technology (MudPIT) [5]. The
transmembrane protein clusters identified in the study were deposited in the Einstein Biodefense Proteomics
Research Center (http://toro.aecom.yu.edu/cgi-bin/biodefense/main.cgi) and the data provided to ToxoDB
(http://ToxodB.org), which is part of EuPathDB. Only proteins identified by all three strategies and having one
or more predicted transmembrane segments were included in Table S2-1. The experimental evidence for the
epitope and MHC binding information in Table S2-3 and S2-3 was extracted from the Immune Epitope
Database Analysis Resource (IEDB): http://www.iedb.org/.
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Table S2-1. A list of proteins used in the benchmark dataset

Gene Name UniProt ID Protein Description Epitope Study ML Peptide Comments
evidence publication classification conservation
reference Probability classification
(%)
GRA1 P13403' Dense granule protein 1 YES [6,7] 79.3 YES Signal peptide
GRA2 P13404' Dense granule protein 2 [8] 83.2 YES Signal peptide
GRA3 B6KEUS' Dense granule protein 3 YES [5,9,10] 79.1 NO Contains 2 to 3
transmembrane helices +
N-terminal secretory
signal
GRA4 Q27002' Dense granule protein 4 YES [11] 80.8 NO Signal peptide +
transmembrane helices
GRAS Q07828' Dense granule protein 5 YES [5,12] 76.4 YES Signal peptide
GRAG6 Q27003l Dense granule protein 6 YES [13-15] 83.2 NO 2 * transmembrane
helices
GRA7 000933’ Dense granule protein 7 YES [13,14,16,17] 76.2 YES Signal peptide +
transmembrane helices +
PTM.
GRAS8 QIU4T9 Dense granule protein 8 [5,18] 62.1 YES 100% ident with Q9GSE9
- P35 surface antigen
GRA9 B6KHS2 Dense granule protein 9 No evidence 40.0 YES
GRA12 BS5STSF4 Dense granule protein 12 No evidence 51.2 YES
GRA14 B5STVES Dense granule protein 14 No evidence 63.3 YES
GRA15 V4Z7A0 Dense granule protein 15 No evidence 66.7 YES
ROP1 Q04151 Rhoptry protein [19,20] Signal peptide
QO06AK3 Rhoptry antigen, putative (ROP2) [11,21-23]
ROP4 AT7UDCS8 Secretory rhoptry 4 [11,24]
ROPS A4L9V1 Rhoptry protein 5 [25]
ROPSLA [6YLU4 Rhoptry protein 5-like A [25,26] 40.1 YES
Q5RZZ6 ROP6 No evidence 61.9 YES
B6E132 ROP7 protein No evidence 47.1 YES
ROPS8 BOQMZ2 Rhoptry antigen [5,27] 40.1 NO Possibly a true negative
P36 QIGVI6 P36 protein (ROP9) [28] 44.8 YES
ROP10 A4GWXT7 Rhoptry protein 10 No evidence 80.4 NO
ROP11 M9UUR3 Rhoptry protein 11 No evidence 454 NO
ROP12 Q45WB2 Rhoptry protein 12 No evidence 59.5 NO
ROP13 Q45WB1 Rhoptry protein ROP13 [29] 475 YES

Abbreviation: PTM = post-translational modification

!Protein manually annotated and reviewed in UniProtKB. All other proteins are automatically annotated and not reviewed in UniProtK.

2 ORF name — a name temporarily attributed to an open reading frame (ORF) by a sequencing project.
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Gene Name UniProt ID Protein Description Epitope Study ML Peptide Comments
evidence publication classification conservation
reference Probability classification
(%)

TGVEG_211290? B9QHX6 Rhoptry protein ROP15 No evidence 37.5 NO Possibly a true negative
ROP16 B9QAPS5 Rhoptry protein ROP16 [17,30] 474 YES
ROP17 B6KBS8S Rhoptry protein ROP17 YES [31] 41.2 NO
ROP18 Q2PAY2 Rhoptry kinase family protein [5,32-34] 29.0 YES
RONI1 Q45WA9 Rhoptry neck protein 1 [5,35-37] 82.4 NO
RON2 B6K V60! Rhoptry neck protein 2 [5,38] 40.0 YES Transmembrane helix
RON2L2 B6KLP1' Rhoptry neck protein 2-like [39] 54.5 NO

protein 2
RON3 Q45WA7T Rhoptry neck protein 3 [5,35,36,40] 46.1 NO
RON4 B6KJ32' Rhoptry neck protein 4 [41] 80.1 NO Signal peptide
RONS5 V47524 Rhoptry neck protein 5 [42,43] 22.7 NO
TGGT1_306060> S7UI99 Rhoptry neck protein 8 [5,35,36]
RON11 M4PVL7 Rhoptry neck protein 11 [44] 30.0 NO
MIC1 000834' Micronemal protein 1 YES [5,45] 81.9 YES Signal peptide
MIC3 V4YNDS8 Microneme protein MIC3 [46,47] 84.9 YES Signal peptide
MIC4 QYXZH7' Micronemal protein 4 [48-50] 87.6 NO Signal peptide
MIC5 P90611 Micronemal protein No evidence 424 YES
MIC6 QYXYH7' Micronemal protein 6 [51,52] 89.1 YES Signal peptide +

transmembrane helix
MIC7 V47917 Micronemal protein 7 No evidence 754 YES
MICS8 D8UY22 Micronemal protein 8 [53-56] 84.6 YES
MIC9 QI9BIM6 Micronemal protein 9 No evidence 80.8 YES
MIC11 Q8IT73 Microneme protein TgMIC11 [23,57] 32.0 YES
MIC13 BOLUH4 Microneme protein 13 [58,59] 76.9 NO Signal peptide
MIC15 QI1PA41 Microneme protein 15 No evidence 36.7 YES
B3VQI5 Microneme protein 16 No evidence 58.4 YES
V4Z8E3 Microneme protein 17a No evidence 57.7 YES

PLP1 V5BCLO Perforin-like-protein 1 [60] 60.9 YES
NTP1 Q27895" Nucleoside triphosphate hydrolase [61] 78.5 NO

2
Tglb.2380c Q1JSB4 Gpi-anchored surface bsr4-related No evidence 64.5 YES

antigen
Tglb.2350c Q1JSB6 Gpi-anchored surface bsr4-related No evidence 61.0 YES Signal peptide

antigen

Abbreviation: PTM = post-translational modification

!Protein manually annotated and reviewed in UniProtKB. All other proteins are automatically annotated and not reviewed in UniProtK.

2 ORF name — a name temporarily attributed to an open reading frame (ORF) by a sequencing project.
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Gene Name UniProt ID Protein Description Epitope Study ML Peptide Comments
evidence publication classification conservation
reference Probability classification
(%)
Tgla.0200 QLITJ4 Gpi-anchored surface bsr4-related No evidence 47.0 YES
antigen

SAG1 P13664 SAGI protein (P30) YES [11,22,62-65] 27.6 YES Signal peptide
SRS2 015695 SAGI]-related sequence 2 [66-68] 54.8 YES
SAG2 B6KD48 Surface antigen 2 [69-71] 62.3 YES
SAG2 QI95NF7 Surface antigen P22 [69-71] 65.8 YES
SRS-6 QI9NH12 SAGI]-related sequence 6 [72] 63.2 YES
Tglb.1210 QI9XYHO SAG2 related antigen SAG2B [73,74] 55.6 YES

QI9XYH1 SAG2 related antigen SAG2C [73-75] 584 YES

E21PQ4 SAG3 (P43) [76] 50.5 YES
SAG5B 015728 Surface antigen 5B [77] 66.6 YES
SAG5D Q6WAXS SAG-related sequence SRS36B [78] 63.0 YES
TGVEG_321480? B9QQK9 SAG-related sequence SRS12B No evidence 69.5 YES
TGVEG_320240> V5B1T6 SAG-related sequence SRS15B No evidence 62.8 YES
TGVEG_320180> V47799 SAG-related sequence SRS16C No evidence 50.9 YES
TGVEG_2585502 B9PL31 SAG-related sequence SRS28 No evidence 529 YES
TGVEG_2334502 B9Q4G2 SAG-related sequence SRS29A No evidence 69.5 YES
TGVEG_2805802 B9QPN9 SAG-related sequence SRS35B No evidence 53.4 YES
TGVEG_4403202 V47JGS5 SAG-related sequence SRS36C No evidence 57.3 YES
TGVEG_267140> V5BDHS SAG-related sequence SRS38B No evidence 56.9 YES
TGVEG_224790> B9Q7L4 SAG-related sequence SRS40A No evidence 50.5 NO
TGVEG_224760> B9Q7L3 SAG-related sequence SRS40E No evidence 55.7 YES
TGVEG_296640> V4Z72B8 SAG-related sequence SRS48E No evidence 59.9 YES
TGGT1_20713»02 S7VYKO SAG-related sequence SRS49A No evidence 51.2 YES
BAGS5 Q26999 Bradyzoite antigen [79,80] 54.0 YES
SAG4 P90612 Bradyzoite surface protein [81] 51.0 YES Signal peptide
pgam2 QIKSE9 Phosphoglycerate mutase 2 (EC [82,83] 46.8 YES 100% identity with

54.2.1)

S7UKZ1 (pgaml)

Abbreviation: PTM = post-translational modification
!Protein manually annotated and reviewed in UniProtKB. All other proteins are automatically annotated and not reviewed in UniProtK.

2 ORF name — a name temporarily attributed to an open reading frame (ORF) by a sequencing project.
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2 Description of protein types from Table S2-1

Host cell invasion is the key element in the pathogenesis of Toxoplasmosis. A tachyzoite invades a host cell
first by recognising host-cell surface receptors via by a family of highly abundant surface antigens (e.g. different
glycoproteins, SAGs. SRSs) on its cell membrane, and then secreting proteins in a regulated and sequential
progression from specialized secretory organelles in the apical complex [5]. Firstly, microneme proteins (MICs)
are released to form an attachment between the apical tip of the parasite and the host cell plasma membrane (i.e.
parasite-host cell adhesion). The initial attachment is randomly orientated and the tachyzoite repositions to
attach its apical end against the host. Immunodominant surface antigens such SAG-related sequence 2 are
involved in the attachment [84,85]. Apicomplexans are extremely polarised because secretion from the apical
complex is required for invasion. Entry is through a restricted attachment called a moving junction that joins the
parasite pellicle with the host. Secondly, proteins (ROPs) are secreted by rhoptries through the protruding
conoid to initiate invagination of the host cell membrane. The tachyzoite penetrates by pulling the moving
junction posteriorly along its pellicle. The formation of a parasitophorous vacuole (PV) membrane is created by
the inversion of the host membrane as the tachyzoite penetrates in [86]. Then, proteins (GRAs) are secreted
sequentially from the dense granule organelles after the parasite is fully within the PV. Mercier and colleagues
provide a comprehensive review on dense granules in the context of 7. gondii [87]. The dense granule proteins
are abundantly expressed in the PV and recent data suggest that some of these proteins could be involved in
building an intravacuolar membranous nanotubular network [87,88]. The exact function of this elaborate
network remains unclear but is currently believed to be used to extract nutrients from the host cell. The parasite
is able to shelter, grow and replicate, and utilize components from the host for its survival whilst enveloped
within the PV. The release of proteins from the three secretory organelles in a sequential progression implies
that their release is governed by separate signals defining distinct phases of intracellular parasitism. Upon
invasion of host cells the parasite is able to partially evade the humoral and cell-mediated immune response by
altering the expression and secretion of immunomodulatory cytokines or by altering the capability of immune
cells. The parasite needs the survival of the host in order to develop. So in effect the parasite exists in a delicate
balance of inducing and suppressing the host’s immune response [89].

The following describe some of the important candidate protein types in more detail although in no
particular order of importance, and are grouped into three sections: membrane-associated, secreted and

miscellaneous.

2.1 Membrane-associated proteins

SAG1, SAG2, and SAG3 are tachyzoite glycosylphosphatidylinositol (GPI)-anchored surface molecules
[90] involved in host cell attachment and invasion [91] and are antigenically immunodominant [67]. SAG1/P30
was shown to elicit both humoral and cellular immune response [92] and is therefore a leading candidate for
vaccine development [93] but is tachyzoite stage-specific. Using liposomes as adjuvant, purified SAG1/P30 was
shown to provide protection of mice from a fatal 7. gondii infection [62]. In another study, immune splenocytes
from mice immunized with P30 appeared to lyse peritoneal macrophages infected with 7. gondii [64]. Mice

primed with recombinant influenza virus and boosted with a recombinant adenovirus encoding SAG2 elicited
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both humoral and cellular immune responses specific for SAG2 [71]. A compound DNA vaccine encoding 7.
gondii antigens SAG1, SAG3 with CTXA(2)/B gene was shown to effectively enhance the humoral and cellular
immune response and prolong survival time in vaccinated mice [76].

The surface of T. gondii is coated with developmentally expressed, GPI-linked proteins structurally related
to SAGI. Collectively, these surface antigens are known as the SRS (SAG1-related sequences) superfamily of
proteins [94]. SRS2 [85] is localised on both bradyzoites and tachyzoites [95]. The SRS2 protein is involved in
the host cell invasion process [96] and polyclonal and monoclonal antibodies directed against it were shown to
inhibit invasion of placental ovine trophoblasts in vitro [97]. SRS domain containing proteins are present in
large numbers on the parasite surface and facilitate the invasion of multiple host and cell types [94]. They are
considered to be extremely immunogenic in Toxoplasma [23].

RON proteins originate from the neck of the rhoptries. All RON proteins have been demonstrated to be
present at the moving junction between the apex of Apicomplexa and the host cell membrane that moves along
the parasite and serves as support to propel it inside the host cell [35]. The moving junction assembly is initiated
by injection of RONS into the host cell, where RON2 spans the membrane and functions as a receptor for apical
membrane antigen 1 (AMAL1) on the parasite [38]. The proteomics Che study included them as members of
transmembrane proteins. Interestingly, the five prediction programs in the paper typically indicate RONs as both

membrane-associated and secreted.

2.2 Secreted proteins

GRA proteins are involved in the cellular invasion process. Dense granules are secretory vesicles that play
a major role in the structural modifications of the parasitophorous vacuole (PV) in which the parasite develops
[98].

Both humoral and cellular immune responses against 7. gondii was detected in sheep immunized with DNA
plasmids encoding 7. gondii GRA7 formulated in an adjuvant formulation [99]. Studies using antibodies to
immunolocalize the T. gondii dense granule protein GRA3 have shown that this protein associates strongly with
the parasitophorous vacuole membrane (PVM) i.e. GRA3 has an N-terminal secretory signal sequence and a
transmembrane domain consistent with its insertion into the PVM. GRA3 possesses a dilysine 'KKXX'
endoplasmic reticulum (ER) retrieval motif that interacts with PVM and the calcium modulating ligand of host
cell ER in the parasitism of 7. gondii [9,10]. The five prediction programs indicate that GRA3, and most other
dense granule proteins described here, are both membrane-associated and secreted. GRA2 and GRA4 are not
predicted to be membrane-associated.

MIC proteins are discharged by exocytosis during the attachment to the host cell surface to facilitate cell
invasion [100]. Many microneme proteins also contain well-conserved functional domains associated with
mainly adhesive activity (e.g. EGF-like and PAN_1 domains) and some protease activity (e.g. Peptidase_S8 and
Rhomboid) [101].

MIC3 is expressed in all three infectious stages of 7. gondii (tachyzoites, bradyzoites, and sporozoites). A
DNA vaccine encoding the MIC3 protein has been demonstrated to elicit a strong specific immune response
providing significant protection against 7. gondii infection [47].

ROP proteins are involved in a variety of cellular functions related to host cell invasion, formation of the

parasitophorous vacuole, and parasite-host cell interplay [102]. The protein combinations of rROP2 + rROP4 +
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rGRA4 and rROP2 + rROP4 + rSAG1 were shown to be very effective in the development of a high level of
protection irrespective of the genetic backgrounds and innate resistance to toxoplasmosis of the laboratory mice
[11]. A DNA vaccine encoding the ROP1 antigen of T.gondii and ovine CD154 was demonstrated to stimulate
humoral and cellular immune responses in sheep. The intramuscular injection of pROP1 only induced a Thl-
specific immune response [19]. ROP2/P64 expresses in all three life cycle stages. ROP2, is involved in invasion

of host cells, induces humoral immune response [22,23].

2.3 Miscellaneous

The following proteins were included in the benchmark dataset because they were mentioned in published
studies as possible vaccine candidates. The first notable fact about these proteins is that they are not expected to
be naturally exposed to the immune system.

Phosphoglycerate mutase (pgam) was identified using mass spectrometry as one of three main proteins in
the excretory secretory antigen (ESA) [83]. The other two proteins were MIC10 and GRA7. The study authors
conclude that these three proteins demonstrated good immunogenicity and may potentially be useful in the
development of vaccines against toxoplasmosis either used singly or in various combinations. The results shown
in Supporting Information S3 suggest that pgam is neither secreted nor membrane-associated and there is no
consensus for vaccine candidacy.

A study [60] demonstrated that protective humoral and cellular immunity against experimental
toxoplasmosis in susceptible Kunming mice was induced by a DNA vaccine encoding the perforin-like protein
1 (PLP1). Furthermore, another study [52] showed that the immune efficacy induced by DNA vaccine with
MIC6 and PLP1 was better than that induced by PLP1 or MIC6 alone. The results shown in Supporting
Information S3 suggest that PLP1 is neither secreted nor membrane-associated but there is consensus from the
peptide-MHC binding strategies.

Nucleoside triphosphate hydrolase (NTPase) is released from dense granules and accumulates as a soluble
protein in the vacuolar space [61]. A study [61] described that a recombinant form of NTPase co-administered
with the adjuvant alum induced a strong specific Thl immune response against toxoplasmosis in a murine
model. The results shown in Supporting Information S3 suggest that NTP1 is a secreted protein but there is no

consensus for vaccine candidacy.
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3 Epitope and MHC binding evidence

Table S2-2. Experimentally validated T-cell epitopes related to benchmark proteins in Table S2-1

UniProt Homolog Epitope ID Sub-sequence NCBI GI# Source Molecule Name
ID UniProt ID
(90 % Identity)
A8I7P3 000933 147936 LPQFATAAT 157824702  granule antigen protein GRA7
B5B4W9 Q07828 139759 GLAAAVVAV 195984531 dense granule antigen precursor
B5B4W9 Q07828 140659 AVVSLLRLLK 195984531 dense granule antigen precursor
B6KEUS 139746 FLVPFVVFL 308154338  Dense granule protein 3
B6KEUS8 148397 VPFVVFLVA 308154338  Dense granule protein 3
D2Y4V7 Q27003 117913 HPGSVNEFDF 283580621 dense granule antigen protein 6
D2Y4V7 139747 FMGVLVNSL 283580621 dense granule antigen protein 6
D2Y4V7 Q27003 139947 VVFVVEMGV 283580621  dense granule antigen protein 6
D2Y4V7 Q27003 140651 AMLTAFFLR 283580621  dense granule antigen protein 6
P13403 10421 DTMKSMQRDED 129322 Dense granule protein 1 precursor
P13664 1161 AESKSVII 129348 Major surface antigen p30 precursor
P13664 27248 ILPKLTENPWQ 129348 Major surface antigen p30 precursor
P13664 63089 TCPDKKSTA 129348 Major surface antigen p30 precursor
P13664 P13664 65781 TPTENHFTL 129348 Major surface antigen p30 precursor
Q27002 58128 SGLTGVKDSSS 2498423 Dense granule protein 4 precursor
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UniProt Homolog Epitope ID Sub-sequence NCBI GI# Source Molecule Name
ID UniProt ID
(90 % Identity)

Q27002 104255 SPMNGGYYM 2498423 Dense granule protein 4 precursor
Q27298 P13664 40286 LVCGKDGVK 37778533 SAGI protein
Q27298 P13664 60031 SPEKHHCTV 37778533 SAGTI protein
Q27298 65118 TLVCGKDGV 37778533 SAGTI protein
Q27298 140697 KSFKDILPK 37778533 SAGI protein
Q9BJ38 75280 YPESGPVNL 13447092 surface antigen
Q9BJ38 139742 FLLGLLVHV 13447092 surface antigen
S8F3P1 000834 139938 VLLPVLFGV 237838467  microneme protein MIC1
S8F944 000933 140739 RSFKDLLKK 237836631  dense granule protein 7
S8GBP7 139785 ITMGSLFFV 237830827 SRS domain-containing protein

10



Supporting Information S2

Table S2-3. Experimentally validated peptide-MHC I binding related to benchmark proteins in Table S2-1

UniProt NCBI GI Homolog  Epitope Sub-sequence Molecule Source Name MHC Allele Name Host Organism Name Pubmed ID
ID ID ID
90%
identity)

A8I7P3 157824702 000933 140739  RSFKDLLKK granule antigen protein HLA-A*11:01 Homo sapiens 21129215
GRA7

A8I7P3 157824702 000933 147936  LPQFATAAT granule antigen protein HLA-B*07:02 Mus musculus HLA- 22027386
GRA7 B*0702 Tg

AB8I7P3 157824702 000933 147936  LPQFATAAT granule antigen protein HLA-B*07:02 Homo sapiens 22027386
GRA7

AB8I7P3 157824702 000933 147936  LPQFATAAT granule antigen protein HLA-B*07:02 Mus musculus HLA- 22027386
GRA7 B*0702 Tg

AB8I7P3 157824702 000933 147936  LPQFATAAT granule antigen protein HLA-B*07:02 Mus musculus HLA- 22027386
GRA7 B*0702 Tg

AB8I7P3 157824702 000933 147936  LPQFATAAT granule antigen protein HLA-B*07:02 Mus musculus HLA- 24736000
GRA7 B*0702 Tg

AB8I7P3 157824702 000933 147936  LPQFATAAT granule antigen protein HLA-B*07:02 Mus musculus HLA- 24736000
GRA7 B*0702 Tg

AB8I7P3 157824702 000933 147936  LPQFATAAT granule antigen protein HLA-B*07:02 Mus musculus HLA- 24736000
GRA7 B*0702 Tg

B5B4W9 195984531 Q07828 139759  GLAAAVVAV dense granule antigen HLA-A*02:01 Homo sapiens 21095258
precursor

B5B4W9 195984531 Q07828 139759  GLAAAVVAV dense granule antigen HLA-A*02:02 Homo sapiens 21095258
precursor

B5B4W9 195984531 Q07828 139759  GLAAAVVAV dense granule antigen HLA-A*02:03 Homo sapiens 21095258
precursor

B5B4W9 195984531 Q07828 139759  GLAAAVVAV dense granule antigen HLA-A*02:06 Homo sapiens 21095258

precursor

11
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UniProt NCBI GI Homolog  Epitope Sub-sequence Molecule Source Name MHC Allele Name Host Organism Name Pubmed ID
ID ID ID
90%
identity)
B5B4W9 195984531 Q07828 139759  GLAAAVVAV dense granule antigen HLA-A*68:02 Homo sapiens 21095258
precursor
B5B4W9 195984531 Q07828 139759  GLAAAVVAV dense granule antigen HLA-A*02:01 Mus musculus HLA- 21095258
precursor A*0201/Kb Tg
B5B4W9 195984531 Q07828 140659  AVVSLLRLLK dense granule antigen HLA-A3 Homo sapiens 21129215
precursor
B5B4W9 195984531 Q07828 140659  AVVSLLRLLK dense granule antigen HLA-A*11:01 Mus musculus HLA- 21129215
precursor A*1101/Kb Tg
B6KEU8 308154338 139746  FLVPFVVFL dense granule protein GRA3 ~ HLA-A*02:01 Homo sapiens 21095258
B6KEUS8 308154338 139746  FLVPFVVEFL dense granule protein GRA3 HLA-A*02:01 Mus musculus HLA- 21095258
A*0201/Kb Tg
B6KEUS8 308154338 139746  FLVPFVVEFL Dense granule protein 3 HLA-A*02:01 Homo sapiens 20347630
B6KEUS8 308154338 139746  FLVPFVVFL Dense granule protein 3 HLA-A*02:03 Homo sapiens 20347630
B6KEU8 308154338 139746  FLVPFVVFL Dense granule protein 3 HLA-A*02:06 Homo sapiens 20347630
B6KEU8 308154338 139746  FLVPFVVFL Dense granule protein 3 HLA-A*68:02 Homo sapiens 20347630
B6KEUS8 308154338 139746  FLVPFVVEFL Dense granule protein 3 HLA-A*02:02 Homo sapiens 20347630
B6KEUS8 308154338 148397  VPFVVFLVA Dense granule protein 3 HLA-B*07:02 Homo sapiens 20347630
B6KEU8 308154338 148397  VPFVVFLVA Dense granule protein 3 HLA-B*42:01 Homo sapiens 20347630
B6KEU8 308154338 148397  VPFVVFLVA Dense granule protein 3 HLA-B*54:01 Homo sapiens 20347630
B6KEU8 308154338 148397  VPFVVFLVA dense granule protein GRA3  HLA-B*07:02 Homo sapiens 22027386
D2Y4V7 283580621 Q27003 117913 ~ HPGSVNEFDF dense granule antigen protein ~ H-2-Ld Mus musculus BALB/c 18587399

6
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UniProt NCBI GI Homolog  Epitope Sub-sequence Molecule Source Name MHC Allele Name Host Organism Name Pubmed ID
ID ID ID
90%
identity)

D2Y4V7 283580621 Q27003 117913  HPGSVNEFDF dense granule antigen protein  H-2-Ld Mus musculus BALB/c 18587399
6

D2Y4V7 283580621 Q27003 117913  HPGSVNEFDF dense granule antigen protein  H-2-Ld Mus musculus B10.D2 18587399
6

D2Y4V7 283580621 Q27003 139947  VVFVVFMGV dense granule antigen protein  HLA-A*02:01 Homo sapiens 21095258
6

D2Y4V7 283580621 Q27003 139747  FMGVLVNSL dense granule antigen protein  HLA-A*02:01 Homo sapiens 21095258
6

D2Y4V7 283580621 Q27003 139747  FMGVLVNSL dense granule antigen protein  HLA-A*02:01 Mus musculus HLA- 21095258
6 A*0201/Kb Tg

D2Y4V7 283580621 Q27003 140651 AMLTAFFLR dense granule antigen protein  HLA-A*11:01 Mus musculus HLA- 21129215
6 A*1101/Kb Tg

D2Y4V7 283580621 Q27003 140651 AMLTAFFLR dense granule antigen protein HLA-A*11:01 Homo sapiens 21129215
6

D2Y4V7 283580621 Q27003 117913 ~ HPGSVNEFDF dense granule antigen protein ~ H-2-Ld Mus musculus BALB/c 20347630
6

D2Y4V7 283580621 Q27003 117913 ~ HPGSVNEFDF dense granule antigen protein ~ H-2-Ld Mus musculus BALB/c 20347630
6

D2Y4V7 283580621 Q27003 117913 ~ HPGSVNEFDF dense granule antigen protein ~ H-2-Ld Mus musculus C57BL/10 X 23818852
6 DBA/2

D2Y4V7 283580621 Q27003 117913  HPGSVNEFDF dense granule antigen protein ~ H-2-Ld Mus musculus C57BL/10 X 23818852
6 DBA/2

D2Y4V7 283580621 Q27003 117913  HPGSVNEFDF dense granule antigen protein  H-2-Ld Mus musculus BALB/c 23818852
6

P13403 129322 10421 DTMKSMQRDED  Dense granule protein 1 allele undetermined ~ Mus musculus BALB/c 18555564

precursor
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UniProt NCBI GI Homolog  Epitope Sub-sequence Molecule Source Name MHC Allele Name Host Organism Name Pubmed ID
ID ID ID
90%
identity)

P13664 129348 1161 AESKSVII Major surface antigen p30 H-2-Kk Mus musculus C3H 10569750
precursor

P13664 129348 65781 TPTENHFTL Major surface antigen p30 H-2-Ld Mus musculus BALB/c 16610929
precursor

P13664 129348 63089 TCPDKKSTA Major surface antigen p30 allele undetermined ~ Mus musculus BALB/c 18555564
precursor

P13664 129348 27248 ILPKLTENPWQ Major surface antigen p30 allele undetermined ~ Mus musculus BALB/c 18555564
precursor

Q27002 2498423 58128 SGLTGVKDSSS Dense granule protein 4 allele undetermined ~ Mus musculus BALB/c 18555564
precursor

Q27002 2498423 104255  SPMNGGYYM Dense granule protein 4 H-2-Ld Mus musculus BALB/c 18922097
precursor

Q27002 2498423 104255 SPMNGGYYM Dense granule protein 4 H-2-Ld Mus musculus BALB/c 18922097
precursor

Q27002 2498423 104255 SPMNGGYYM Dense granule protein 4 H-2-Ld Mus musculus BALB/c 18922097
precursor

Q27002 2498423 104255 SPMNGGYYM Dense granule protein 4 H-2-Ld Mus musculus C57BL/6 X 23818852
precursor DBA/2

Q27298 37778533 P13664 60031 SPEKHHCTV SAGI protein HLA-A2 Homo sapiens 9240420

Q27298 37778533 P13664 60031 SPEKHHCTV SAGI protein HLA-A2 Homo sapiens 9240420

Q27298 37778533 P13664 40286 LVCGKDGVK SAGI protein HLA-A2 Homo sapiens 9240420

Q27298 37778533 P13664 65118 TLVCGKDGV SAGI protein HLA-A2 Homo sapiens 9240420

Q27298 37778533 P13664 140697  KSFKDILPK SAGI protein HLA-A*11:01 Mus musculus HLA- 21129215

A*1101/Kb Tg
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ID ID ID
90%
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Q27298 37778533 P13664 140697  KSFKDILPK SAGI protein HLA-A*11:01 Homo sapiens 21129215

S8EZ84 237845283 Q27003 139947  VVFVVFMGV granule antigen protein HLA-A*02:01 Homo sapiens 20347630
GRA6

S8EZ84 237845283 Q27003 139747  FMGVLVNSL granule antigen protein HLA-A*02:02 Homo sapiens 20347630
GRA6

S8EZ84 237845283 Q27003 140651 AMLTAFFLR granule antigen protein HLA-A*33:01 Homo sapiens 20347630
GRA6

S8EZ84 237845283 Q27003 139947  VVFVVFMGV granule antigen protein HLA-A*02:03 Homo sapiens 20347630
GRA6

S8EZ84 237845283 Q27003 139947  VVFVVFMGV granule antigen protein HLA-A*02:06 Homo sapiens 20347630
GRA6

S8EZ84 237845283 Q27003 139947  VVFVVFMGV granule antigen protein HLA-A*68:02 Homo sapiens 20347630
GRA6

S8EZ84 237845283 Q27003 139747  FMGVLVNSL granule antigen protein HLA-A*02:01 Homo sapiens 20347630
GRA6

S8EZ84 237845283 Q27003 139747  FMGVLVNSL granule antigen protein HLA-A*02:03 Homo sapiens 20347630
GRA6

S8EZ84 237845283 Q27003 140651 AMLTAFFLR granule antigen protein HLA-A*03:01 Homo sapiens 20347630
GRA6

S8EZ84 237845283 Q27003 140651  AMLTAFFLR granule antigen protein HLA-A*11:01 Homo sapiens 20347630
GRA6

S8EZ84 237845283 Q27003 140651  AMLTAFFLR granule antigen protein HLA-A*31:01 Homo sapiens 20347630
GRA6

S8EZ84 237845283 Q27003 140651 AMLTAFFLR granule antigen protein HLA-A*68:01 Homo sapiens 20347630

GRA6
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S8F3P1 237838467 000834 139938  VLLPVLFGV microneme protein MIC1 HLA-A*02:01 Homo sapiens 21095258
S8F3P1 237838467 000834 139938  VLLPVLFGV microneme protein MIC1 HLA-A*02:02 Homo sapiens 21095258
S8F3P1 237838467 000834 139938  VLLPVLFGV microneme protein MIC1 HLA-A*02:03 Homo sapiens 21095258
S8F3P1 237838467 000834 139938  VLLPVLFGV microneme protein MIC1 HLA-A*02:06 Homo sapiens 21095258
S8F3P1 237838467 000834 139938  VLLPVLFGV microneme protein MIC1 HLA-A*68:02 Homo sapiens 21095258
S8F3P1 237838467 000834 139938  VLLPVLFGV microneme protein MIC1 HLA-A*02:01 Mus musculus HLA- 21095258
A*0201/Kb Tg
S8F944 237836631 000933 140739  RSFKDLLKK dense granule protein 7 HLA-A*30:01 Homo sapiens 20347630
S8F944 237836631 000933 147936  LPQFATAAT dense granule protein 7 HLA-B*07:02 Homo sapiens 20347630
S8F944 237836631 000933 140739  RSFKDLLKK dense granule protein 7 HLA-A*03:01 Homo sapiens 20347630
S8F944 237836631 000933 140739  RSFKDLLKK dense granule protein 7 HLA-A*11:01 Homo sapiens 20347630
S8F944 237836631 000933 140739  RSFKDLLKK dense granule protein 7 HLA-A*31:01 Homo sapiens 20347630
S8F944 237836631 000933 147936  LPQFATAAT dense granule protein 7 HLA-B*42:01 Homo sapiens 20347630
S8F944 237836631 000933 147936  LPQFATAAT dense granule protein 7 HLA-B*54:01 Homo sapiens 20347630
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