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Supplementary Material 

Methods 

Mice 

Unless otherwise stated, mice were bred at the University of Sydney (Camperdown, Australia). 178.3 mice 

(originally provided by Drs. W. Health and M. Hoffman, Walter and Eliza Hall Institute, Melbourne, Australia) 

express the transgenic MHC class I molecule H-2Kb ubiquitously, under the control of its own promoter, on 

a B10.BR (H-2k) background. Des-TCR mice were provided by Dr. Patrick Bertolino. Des-TCR mice express 

an alloreactive TCR, which recognises the peptides KVITFIDL, KVLHFYNV and KIITYRNL restricted by H-

2Kb. Des-TCR is identifiable by a clonotypic mAb (Désiré). Des-RAG mice (CD45.1+) were obtained by 

crossing Des-TCR mice with Ptprca/a Rag1-/- mice, also on a B10.BR (H-2k) background. These mice were 

obtained from Dr. Barbara Fazekas at the University of Sydney. OT-I mice carry a TCR which recognises 

the peptide SIINFEKL presented by H-2Kb. OT-I were crossed with Rag1-/- mice to create the OT-I-RAG 

line. These mice were provided by Patrick Bertolino, and were bred at the Centenary Institute. C57BL/6JArc 

(H-2b) and BALB/cArc (H-2d) mice (herein termed C57BL/6 and BALB/c) were purchased from the Animal 

Resources Centre, Perth, Australia. B6.Kd mice(1) express an H-2Kd transgene ubiquitously on a C57BL/6 

(H-2b) background. B6.Kd mice were originally developed by R. Pat Bucy at the University of Alabama 

(Tuscaloosa, Alabama, USA) and were provided by Dr Robert Fairchild, Cleveland Clinic (Cleveland, Ohio, 

USA). B6.Kd mice were backcrossed for 4 generations to C57BL/6JArc, prior to use. Tap1KOHep mice were 

generated based on the conditional-ready strain 09400, C57BL/6N-Tap1<tm2a(EUCOMM)Hmgu>/Ieg, 

developed as part of the European Conditional Mouse Mutagenesis programme (EUCOMM)(2). Mice 

heterozygous for the Tap1tm2a allele on the C57BL/6N genetic background were obtained from the 

European Mutant Mouse Archive, based at Helmholtz Zentrum. These mice were backcrossed to 

C57BL/6JArc for 3 generations, then intercrossed with FLPo deleter (B6.129S4-

Gt(ROSA)26SORtm2(FLPo)Sor/J) mice(3) (imported from the Jackson Laboratory, Bar Harbor, ME) to generate 

mice carrying the Tap1tm2c (floxed) allele. FLPo was bred out by backcrossing to C57BL/6JArc (2 

generations), following which the mice were crossed to Albumin-Cre mice (B6.FVB(129)-Tg(Alb1-
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cre)1Dl r/J)(4), provided by Dr Patrick Bertolino. Tap1KOHep mice are homozygous for the floxed Tap1 allele 

(Tap1tm2c) and have one copy of Cre, which is expressed exclusively in hepatocytes resulting in 

hepatocyte-specific deletion of the floxed Tap1 allele. Genotyping and genetic background testing was 

performed on earpunch tissue, isolated hepatocytes or spleen by Transnetyx (Cordova, TN, USA). The 

genetic background of Tap1KOHep and Tap1fl/fl control mice was at least 91.3% C57BL/6J (91.3-97.9%) 

and these mice did not reject syngeneic skin grafts from C57BL/6JArc donors (not shown). Further 

characterisation of this strain is shown in Figure 4 and Supplementary Figure 5. Animals were randomly 

allocated to treatment groups. Male and female mice aged between 8 and 12 weeks were used in this 

study. Male mice were used unless stated otherwise. At the termination of each experiment, tissues were 

collected under general anaesthesia. Frozen tissues were stored at -80°C.  

Skin Transplantation 

Full-thickness grafts of 1x1 cm2 tail skin from donor mice were applied to the dorsum of anaesthetised 

recipient mice following excision of a 1x1 cm2 area of skin to accommodate the donor skin graft. The graft 

was fixed using cyanoacrylate tissue adhesive (Dermabond, Ethicon, catalogue# ANX12) and bandaged. 

Mice received analgesia with buprenorphine (Temgesic, Schering-Plough, 0.05 mg kg-1 s.c.), prophylactic 

ampicillin (Alphapharm, 100 mg kg-1 s.c.) and 0.5 ml of warmed saline. The bandage was removed 7-10 

days later and the grafts were monitored frequently for up to 100 days post-transplant. 

Isolation of leukocytes from skin grafts 

Skin grafts were collected from recipient mice and the subcutaneous tissue was removed. They were 

sectioned into 4 mm2 pieces and washed with HBSS (Lonza, catalogue #10-543F) supplemented with 0.5 

mM EDTA (MilliporeSigma, catalogue # E6758) and 10% FCS, followed by incubation with 15 mL of HBSS 

supplemented with 5 mM CaCl2 (MilliporeSigma, catalogue #C5670), 1 mg/mL Collagenase D 

(11088866001, Roche) and 10% FCS for 1 hour at 37°C while shaking at 150 rpm. Digested tissue was 

gently pushed through a 70 µm nylon mesh strainer. Dissociated cells were washed with RPMI/FCS2 

medium, resuspended in 15 mL PBS and then mixed with 9 mL of isotonic Percoll PLUS (Cytiva, catalogue 
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#GE17-5445-01). Following centrifugation at 500 g for 15 minutes (room temperature) floating debris and 

excess solution were aspirated and the cell pellet was resuspended in RPMI/FCS2 medium.  

 

Histology and immunostaining 

For immunohistochemical staining, OCT-embedded frozen tissues were cut into 6μm thick sections. 

Sections were allowed to air dry for 1 hour at room temperature (RT) prior to fixation in acetone for 8 minutes 

at RT. Sections were blocked with 20% normal mouse serum (MilliporeSigma, catalogue# M5905) and 5% 

normal porcine serum (Thermo Fisher Scientific, catalogue# 31890) for 20 minutes at RT and stained with 

FITC-conjugated primary antibodies or the corresponding isotype controls (listed in Supplementary Table 

5) for 30 minutes at RT. Sections were then incubated with horseradish peroxidase-conjugated rabbit-anti-

FITC secondary antibody before development with diaminobenzidine (DAB) substrate chromogen system 

(Dako, catalogue# K3468). Sections were counterstained in Mayer’s hematoxylin solution (MilliporeSigma, 

catalogue# MHS16) for 2 minutes and mounted with Fronine safety mount No.4 (Thermo Fisher Scientific, 

catalogue# FNNII068). Tissue processing and H&E staining were performed by the Histopathology 

Laboratory, Discipline of Pathology, Sydney Medical School. For H&E staining, 5μm thick sections from 

formalin-fixed paraffin-embedded tissues were used. 

 

Hybridoma antibody production and purification 

Hybridoma cell lines SF1-1.1.10 (anti-H-2Kd), K9-178 (anti-H-2Kb), Y3 (anti-H-2Kb/Kk) and 28.14.8s (anti-

H-2Db) were cultured in either RF5 or RF10 in a roller bottle (cat # CLS431134, Corning) at 37°C, 5%CO2. 

Both cells and supernatant were harvested when the optimal density of 1-2×108 cells was reached and the 

supernatant was passed through a 0.22 µm filter (cat #CLS431097, Corning). The Profinia Protein 

Purification System (Bio-Rad) was used for hybridoma supernatant antibody purification. Here, a Protein A 

agarose affinity column captures IgG, which is then eluted using 0.1 M citrate buffer (pH 3.0) before being 

passed over a desalting column to recover the purified antibody in PBS.  
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Immunoaffinity Purification 

Around 1×108 purified hepatocytes from 4-5 mice were pooled per sample. Hepatocytes were lysed in 0.5% 

IGEPAL, 50 mM Tris (pH 8), 150 mM NaCl and protease inhibitors (Roche cOmplete Protease Inhibitor 

Cocktail; Merck, catalogue# 11836145001). Spleens, skin grafts (d7 post-transplant) or tail skins from 5 - 9 

donors were pooled per sample. Spleen and skin samples were ground in a Retsch Mixer Mill MM 400 

under cryogenic conditions and then lysed in 0.5% IGEPAL, 50 mM Tris (pH 8), 150 mM NaCl, and protease 

inhibitors. Lysates were incubated for 1 hour at 4°C, then cleared by ultracentrifugation (40,000 rpm, 30 

min) and MHC complexes were isolated from supernatant by immunoaffinity purification using solid-phase-

bound monoclonal antibodies SF1-1.1.10 (anti H-2Kd), K9-178 (anti H-2Kb), Y3 (anti H-2Kb/Kk) and 28.14.8s 

(anti H-2Db) as described previously. Peptides were dissociated from the MHC with 10% acetic acid. For 

purified hepatocyte and spleen samples, the mixture of peptides, class I HC and β2m was fractionated on a 

4.6 mm internal diameter × 100 mm monolithic C18 column (Chromolith SpeedROD; Merck Millipore, 

catalogue# 1021290001) using an ÄKTAmicro RP-HPLC (GE Healthcare) system, running a mobile phase 

consisting of buffer A (0.1% trifluoroacetic acid; Thermo Fisher Scientific) and buffer B (80% acetonitrile, 

0.1% trifluoroacetic acid; Thermo Fisher Scientific), 1 mL min−1 with a gradient of B of 2–40% over 4 min, 

40–45% over 4 min and 45–99% over 2 min, collecting 500 μL fractions. Peptide-containing fractions were 

either unpooled or combined into pools, vacuum-concentrated and reconstituted in 0.1% formic acid 

(Thermo Fisher Scientific) for mass spectrometry analysis. For tail skin samples, the mixture of peptides, 

class I HC and β2m was purified using Millipore 5 kDa Amicon centrifugal units (Human Metabolome 

Technologies; catalogue# UFC3LCCNB_HMT) in 0.1% trifluoroacetic acid. Peptides were extracted and 

desalted from the filtrate using ZipTip C18 pipette tips (Agilent Technologies, catalogue# A57003100K) in 

a final buffer of 30% acetonitrile, 0.1% trifluoroacetic acid. Peptide samples were vacuum-concentrated and 

reconstituted in 0.1% formic acid for mass spectrometry analysis. 

 

Mass Spectrometry 

Reconstituted peptides were trapped on a 2 cm Nanoviper PepMap100 trap column at a flow rate of 15 min 

using a RSLC nano-HPLC. The trap column was then switched inline to an analytical PepMap100 C18 
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nanocolumn (75 μm x 50 cm, 3 μm 100 Å pore size) at a flow rate of 250 nL/min using an initial gradient of 

2.5% to 7.5% buffer B (0.1% formic acid 80% ACN) in buffer A (0.1% formic acid in water) over 1 min 

followed with a linear gradient from 7.5% to 32.5% buffer B for 58 min followed by a linear increase to 40% 

buffer B over 5 min and an additional increase up to 99% buffer B over 5 min. Survey full scan MS spectra 

(m/z 375–1800) were acquired in the Orbitrap with 70,000 resolution (m/z 200) after the accumulation of 

ions to a 5×105 target value with a maximum injection time of 120 ms. For Data Dependant Acquisition 

(DDA) runs, the 12 most intense multiply charged ions (z ≥ 2) were sequentially isolated and fragmented 

by higher-energy collisional dissociation (HCD) at 27% with an injection time of 120 ms, 35,000 resolution 

and target of 2×105 counts. An isolation width of 1.8 m/z was applied and underfill ratio was set to 1% and 

dynamic exclusion to 15 sec. For Data Independent Acquisition (DIA) runs, the MS1 survey scan and 

fragment ions were acquired using variable windows (Supplementary Table 6) at 35,000 resolution with an 

automatic gain control (AGC) target of 3e6 ions.   

 

Validation of peptide identification using retrospectively synthesised peptides  

We validated the identity of a panel of peptides by comparing chromatographic retention and MS/MS 

spectra of synthesised peptides (GL Biochem, Shanghai) with those of the corresponding eluted peptides. 

The PKL files of the synthetic and eluted peptides were exported from PEAKS X plus studio software. To 

evaluate the similarity between two spectra, we predicted all b- and y-ions for each sequence and then 

extracted the intensity for each ion (with a fragment mass error tolerance of 0.02 Da). The Pearson 

correlation coefficient and the corresponding p-value between the log10 intensities of identified b- and y-

ions in the synthetic and sample-derived spectra were calculated. The closer the correlation coefficient to 

1, the greater identity between paired spectra. All tested peptides were found to have a p-value of less than 

0.05. 
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Supplementary Figure 1. Amino acid sequences for the SCT-Kb-SIIN, SCT-Kb-KIIT, SCT-Kd-SYFP and 

HC-Kd-YCAC constructs. 

 

Supplementary Figure 2. Expression of SCT-Kb-peptide in mouse hepatocytes is robust and 

persistent. 

B10.BR mice were inoculated with AAV-SCT-Kb-KIITYRNL (A) or AAV-SCT-Kb-SIINFEKL (B). On days 2-

100 post-inoculation, tissues were collected for analysis (n=3/interval). Representative immunostained 

(IHC) and H&E images show transduced liver sections (200 µm). Robust expression of H2-Kb was present 

through day 100 post-inoculation. Histologic examination of the liver sections was normal. Levels of 

aspartate aminotransferase (AST) and alanine aminotransferase (ALT) did not increase significantly from 

baseline in mice treated with AAV-SCT-Kb-KIITYRNL (one-way ANOVA, p = 0.4 for AST and p = 0.21 for 

ALT) or in mice receiving AAV-SCT-Kb-SIINFEKL (one-way ANOVA, p = 0.13 for AST and p = 0.02 for ALT, 

due solely to a decrease in ALT on d4). Minimal infiltration with cells expressing the markers CD4, CD8, 

CD11c or CD19 was detected. Mean ± SEM are shown, scale bar = 200 µm. 

 

Supplementary Figure 3. Recognition of SCT peptide-MHC ligands in vitro and in vivo. 

(A) RMA-S cells were pulsed with different concentrations of the peptides KIITYRNL (Pcid2318-325), 

SIINFEKL (OVA257-264) or AAAAFAAL (synthetic negative control), or were untreated. Stabilisation of H-2Kb 

surface expression was assessed by flow cytometry following staining with a conformation-dependent anti-

H-2Kb mAb (clone Y3). (B) Flow plots shown are representative of three independent experiments. Peptide 

concentrations required to achieve equivalent H-2Kb surface expression levels were determined. (C) RMA-

S cells were transiently transfected with constructs encoding SCT-Kb-KIIT, SCT-Kb-SIIN and SCT-Kb-AAAA 

using a Lonza-AMAXA Nucleofector 2b. Transgene expression was assessed by flow cytometry (as above) 

24 hours after transfection. Flow plots shown are representative of three independent experiments. (D) The 

proportion of cells secreting IFN-g upon recognition of their cognate antigen was determined using ELISPOT 

assays. Splenocytes from Des-RAG or OT-I-RAG mice were cultured with irradiated stimulators; RMA-S 

pulsed with selected peptides or expressing SCT constructs after transient transfection. SCT recognition 



 

 

 

7 

by cognate TCRs mirrored recognition of the native H-2Kb-peptide complex. SCT constructs were 

recognised in a peptide-specific manner in vitro. Data from two independent experiments with a total of n = 

3 biological replicates per group are shown. (E) Des-RAG lymphocytes were labelled with CFSE, adoptively 

transferred into recipient mice and recovered from the recipient liver two days later. Some recipient mice 

were treated with AAV encoding SCT-Kb-KIIT or SCT-Kb-SIIN prior to adoptive transfer, as shown. (F) Flow 

cytometry analysis of CFSE-labelled Des-RAG lymphocytes demonstrates peptide-specific activation and 

proliferation of adoptively transferred CD8+ Des-RAG T cells upon encounter with their cognate antigen in 

the liver, confirming that recognition of the SCT-Kb-KIIT ligand in vivo was analogous to that of the native 

pMHC complex. Data from three independent experiments with a total of n = 3 biological replicates per 

group are shown. (D, F) Mean ± SEM are shown, one-way ANOVA in conjunction with Sidak’s multiple 

comparison test: ns, not significant; *p < 0.05, ** p < 0.01, *** p < 0.001, **** p < 0.0001.  

 

Supplementary Figure 4. Recognition of SCT-Kb-KIIT in a polyclonal alloreactive population. 

(A) Inoculation with SCT-Kb-KIIT vector not only activates a clone of transgenic Des-RAG T cells bearing 

the cognate receptor, but also activates a proportion of the polyclonal T cell repertoire of normal B10.BR 

mice. B10.BR mice were primed against allogeneic H-2Kb (178.3 skin graft). Approximately 30 days post-

graft rejection, some of the primed or naïve B10.BR mice were inoculated with AAV-SCT-Kb-KIIT. Liver 

leukocytes were analysed on day 7 post-inoculation. (B) Activated CD8+ T cells, defined as CD44+PD-1hi, 

increased in number following priming or transduction with SCT-Kb-KIIT, with a further increase in primed 

mice receiving SCT-Kb-KIIT. (C-D) Inoculation of naïve or primed B10.BR mice with AAV-SCT-Kb-KIIT 

generated populations of activated (CD44+PD-1hi) CD8+ T cells which bound Kb-KIITYRNL dextramers 

specifically. Dextramers of the syngeneic pMHC Kk-EEEPVKKI were used as negative controls. Data from 

one representative experiment (from n = 3) is shown in (C), while two independent experiments with a total 

of n = 3 biological replicates per group are shown in (B, D). Data are presented as mean ± SEM, statistical 

analysis involved two-way analysis of variance (ANOVA) in conjunction with Tukey’s multiple comparison 

test, *p < 0.05, ** p < 0.01, *** p < 0.001, **** p < 0.0001).  
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Supplementary Figure 5.  Characterisation of Tap1KOHep mice. 

(A) Gating strategy for determination of Kb expression on the surface of hepatocytes, liver leukocytes and 

splenocytes of Tap1KOHep and Tap1fl/fl mice. (B) Genotyping PCR performed by Transnetyx shows the 

presence of the Albumin-Cre transgene in hepatocytes, liver leukocytes and spleen from Tap1KOHep mice 

(above). Because Cre activity is restricted to hepatocytes, the recombined Tap1 sequence specifically 

detected by the L1L2-Bact-P EX probe is only amplified in hepatocytes and not other tissues from 

Tap1KOHep (below). Data from one experiment with a total of n = 5 biological replicates per group are 

shown. (C) Genetic background analysis was undertaken by Transnetyx. Tap1KOHep and Tap1fl/fl control 

mice were at least 91.3% C57BL/6J (91.3-97.9%). Data from one experiment with a total of n=5 biological 

replicates per group are shown. (D) AST and ALT levels are comparable between Tap1KOHep and floxed 

littermate control mice (n = 3). (B-D) Mean ± SEM are shown. (E) H-2Kb is expressed at normal levels in 

the spleen, thymus and lymph node of Tap1KOHep and Tap1fl/fl mice (scale bar = 100µm, representative 

images from n = 3). (F) H-2Kb is absent from the hepatocytes of Tap1KOHep mice, but detectable on other 

liver cells (scale bar = 40µm, representative images from n = 3). Panel F shows the individual stains for 

each marker, followed by the merged images. Merged images were also included in Figure 4 as panel D. 

 

Supplementary Figure 6. Features of H-2Kd-associated peptides. 

The length distribution for H-2Kd-associated peptides eluted from transduced hepatocytes in each of four 

vector/strain combinations is shown in panel (A). Peptides eluted from C57BL/6 mice expressing Kd-HC 

are predominantly nonamers – this preference was less strong for the peptide repertoires of hepatocytes 

expressing Kd-YCAC. (B-D) Gene Ontology annotations of the source proteins associated with eluted 

peptides were analysed using the PANTHER classification system. Function classification analysis and 

statistical over-representation tests were performed. (B) Cellular component and biological process 

analysis of source proteins corresponding to the same hepatocyte peptide repertoires shown in (A). (C) 

Analysis of the source proteins giving rise to the H-2Kd and Kb-associated peptide repertoires of transduced 

hepatocytes, donor skin grafts and donor spleen. (D) A number of Gene Ontology terms were enriched or 

depleted when hepatocyte source proteins from AAV-HC-Kd-YCAC-transduced Tap1KOHep mice were 
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compared with those from AAV-HC-Kd-treated C57BL/6. The most striking enrichment was in terms 

associated with mitochondria and mitochondrial metabolism. Significant enrichment was also found for the 

cellular component terms endoplasmic reticulum, extracellular region and cytoplasm. 

 

Supplementary Figure 7. Expression of AAV-SCT-Kd-SYFPEITHI and AAV-HC-Kd-YCAC is strong 

and durable. 

(A) C57BL/6 mice were inoculated with AAV-SCT-Kd-SYFPEITHI iv. On days 2, 4, 7, 14, 28 and 100 post-

inoculation, tissues were collected for analysis (n = 3 at each interval). Representative IHC and H&E images 

show transduced liver sections. Robust expression of H-2Kd was present through day 100 post-inoculation. 

Histologic examination of the liver sections was normal. Levels of AST and ALT did not increase significantly 

from baseline (one-way ANOVA, p = 0.14 for AST and p = 0.11 for ALT in mice inoculated with AAV-SCT-

Kd-SYFPEITHI). Minimal infiltration with cells expressing the markers CD4, CD8, CD11c or CD19 was 

detected. (B) Liver function tests remained within the normal range in mice transduced with AAV-HC-Kd-

YCAC (here shown on d7 post-inoculation, n = 3). (A, B) Mean±SEM are shown. Other expression data for 

this vector are shown in Figure 4. (C) Expression of H-2Kd persisted in transduced livers through to at least 

d100 following B6.Kd skin transplantation in all vector/strain combinations (scale bar = 200 µm, 

representative images from n = 6).  

 

Supplementary Figure 8. Validation of the identity of eluted peptides. 

The identity of a panel of eluted peptides was validated by comparing chromatographic retention and 

MS/MS spectra with those of the corresponding synthetic peptides. (A) Representative spectra for three 

pairs of synthetic and eluted peptides. (B) Pearson correlation coefficients (r) between the log10 intensities 

of identified b- and y-ions in the synthetic and sample-derived spectra are shown. Error bars represent the 

95% confidence intervals. The corresponding p-value was < 0.05 for each peptide pair. 
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Supplementary Figure 9. Tetramer Staining of alloreactive T cell populations. 

(A) Gating strategy for identification of alloreactive T cells using a 5-tetramer panel. Here, CD4+ T cells are 

used as a specificity control for CD8+ T cell staining. The proportion of CD8+ and CD4+ T cells staining with 

the tetramer panel is shown for (B) combined secondary lymphoid organs, (C) liver leukocytes and (D) skin 

graft-infiltrating cells on the protocol days indicated. Data from experiments with a total of n = 3 biological 

replicates per group are shown in (B-D). Data are presented as mean ± SEM. 

 

Supplementary Figure 10. CD8+ T cell subsets of liver leukocytes and combined secondary 

lymphoid organs. 

(A) Rejection of a primary or secondary skin graft is accompanied by the loss of naïve CD8+ tetramer-

positive cells within the liver leukocyte population, and a shift of the majority of CD44+ cells from CD62L+ to 

CD62L-.  Inoculation of primed mice with AAV-Kb results in almost total loss of CD62L- cells. The complete 

timecourse for this experiment is depicted here - some parts of panel A are also shown in Figure 12A. (B) 

Similar trends are observed in the CD8+tet+ cells from combined secondary lymphoid organs, but in this 

case there is never a complete loss of naïve or antigen-experienced CD62L+ cells. The secondary lymphoid 

organs were pooled in order to estimate changes in the total number of CD8+tet+ cells under different 

transplant conditions; inclusion of both draining and non-draining lymph node groups for the liver and skin 

grafts means that some CD8+tet+ T cells which do not recirculate to/from these sites are mixed with the 

recirculating cells. For both the liver leukocytes and the SLOs, changes in the phenotype of CD8+tet+ cells 

were partially or completely obscured within the bulk CD8+ population. Expression of KLRG1, CD69 and 

CXCR6 was determined for the CD44+CD62L- cells from the liver (C) and SLOs (D). (A-B) representative 

flow plots from experiments with a total of n = 3 biological replicates per group. (C-D) Data from experiments 

with a total of n = 3 biological replicates per group are shown. Data are presented as mean ± SEM. (C) The 

complete timecourse for this experiment is shown here - some parts of panel C also appeared in Figure 

12B. 
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Supplementary Figure 11. Expression of coinhibitory receptors by bulk and tetramer-positive CD8+ 

T cells from liver or combined secondary lymphoid organs. 

Expression of PD-1, TIGIT, Tim-3 and LAG-3 was determined for tet+ and bulk CD8+ T cells in a model of 

secondary skin graft rejection or tolerance. Modest upregulation of PD-1 was noted in the CD8+tet+ liver 

leukocytes (A) and SLOs (B) at all intervals following graft rejection. In contrast, induction of tolerance upon 

inoculation of recipient mice with AAV-Kb was accompanied by strong expression of all coinhibitory ligands, 

with expression of LAG-3 and Tim-3 declining to baseline by protocol d84. Changes in the phenotype of 

CD8+tet+ cells were much less obvious within the bulk CD8+ populations. (A-B) representative flow plots 

from experiments with a total of n = 3 biological replicates per group. (A) The complete timecourse for this 

experiment is depicted here - some parts of panel A are also shown in Figure 12C. 

Supplementary Table 1. Complete list of identified peptides 

Supplementary Table 2. Common subset of peptides presented by H-2Kd 

1083 Kd-binding peptides were identified in either or both replicate samples from C57BL/6 hepatocytes 

transduced with AAV-HC-Kd, B6.Kd donor skin grafts or B6.Kd donor spleen. Features of the common 

peptides are listed. 

Supplementary Table 3. Common subset of peptides presented by H-2Kb 

880 Kb-binding peptides were identified in either or both replicate samples from B10.BR hepatocytes 

transduced with AAV-HC-Kb, 178.3 donor skin grafts or 178.3 donor spleen. Features of the common 

peptides are listed. 
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Supplementary Table 4. Tetramer screening of alloreactive CD8+ T cells 

100 peptides were selected for evaluation of immunogenicity by pMHC tetramer staining of activated 

alloreactive CD8+ T cells. Peptide characteristics and screening results in three different responder 

populations are shown. Values given for peptide screening results are the mean and the range (min-

max). Peptides recognised by > 5% of activated (CD44+PD-1hi) CD8+ T cells are indicated in red. 

 

Supplementary Table 5. List of Antibodies used in this study 

 

Supplementary Table 6. Variable Window widths used for DIA acquisition 
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Supplementary Figure 1

SCT - single chain trimer

Leader sequence----peptide----linker1(2C)----β2m----linker2----heavy chain H-2Kb/H-2Kd (Y84C)

SCT-Kb-SIINFEKL
(amino acid)
MARSVTLVFLVLVSLTGLYASIINFEKLGCGASGGGGSGGGGSIQKTPQIQVYSRHPPENGKPNILNCYVTQFHPP
HIEIQMLKNGKKIPKVEMSDMSFSKDWSFYILAHTEFTPTETDTYACRVKHASMAEPKTVYWDRDMGGGGSGGG
GSGGGGSGGGGSGPHSLRYFVTAVSRPGLGEPRYMEVGYVDDTEFVRFDSDAENPRYEPRARWMEQEGPEY
WERETQKAKGNEQSFRVDLRTLLGCYNQSKGGSHTIQVISGCEVGSDGRLLRGYQQYAYDGCDYIALNEDLKT
WTAADMAALITKHKWEQAGEAERLRAYLEGTCVEWLRRYLKNGNATLLRTDSPKAHVTHHSRPEDKVTLRCWAL
GFYPADITLTWQLNGEELIQDMELVETRPAGDGTFQKWASVVVPLGKEQYYTCHVYHQGLPEPLTLRWEPPPST
VSNMATVAVLVVLGAAIVTGAVVAFVMKMRRRNTGGKGGDYALAPGSQTSDLSLPDCKVMVHDPHSLA

SCT-Kb-KIITYRNL
(amino acid)
MARSVTLVFLVLVSLTGLYAKIITYRNLGCGASGGGGSGGGGSIQKTPQIQVYSRHPPENGKPNILNCYVTQFHPP
HIEIQMLKNGKKIPKVEMSDMSFSKDWSFYILAHTEFTPTETDTYACRVKHASMAEPKTVYWDRDMGGGGSGGG
GSGGGGSGGGGSGPHSLRYFVTAVSRPGLGEPRYMEVGYVDDTEFVRFDSDAENPRYEPRARWMEQEGPEY
WERETQKAKGNEQSFRVDLRTLLGCYNQSKGGSHTIQVISGCEVGSDGRLLRGYQQYAYDGCDYIALNEDLKT
WTAADMAALITKHKWEQAGEAERLRAYLEGTCVEWLRRYLKNGNATLLRTDSPKAHVTHHSRPEDKVTLRCWAL
GFYPADITLTWQLNGEELIQDMELVETRPAGDGTFQKWASVVVPLGKEQYYTCHVYHQGLPEPLTLRWEPPPST
VSNMATVAVLVVLGAAIVTGAVVAFVMKMRRRNTGGKGGDYALAPGSQTSDLSLPDCKVMVHDPHSLA

SCT-Kd-SYFPEITHI
(amino acid)
MAPCTLLLLLAAALAPTQTRASYFPEITHIGCGASGGGGSGGGGSIQKTPQIQVYSRHPPENGKPNILNCYVTQFH
PPHIEIQMLKNGKKIPKVEMSDMSFSKDWSFYILAHTEFTPTETDTYACRVKHASMAEPKTVYWDRDMGGGGSG
GGGSGGGGSGGGGSGPHSLRYFVTAVSRPGLGEPRFIAVGYVDDTQFVRFDSDADNPRFEPRAPWMEQEGPE
YWEEQTQRAKSDEQWFRVSLRTAQRCYNQSKGGSHTFQRMFGCDVGSDWRLLRGYQQFAYDGRDYIALNEDL
KTWTAADTAALITRRKWEQAGDAEYYRAYLEGECVEWLRRYLELGNETLLRTDSPKAHVTYHPRSQVDVTLRCW
ALGFYPADITLTWQLNGEDLTQDMELVETRPAGDGTFQKWAAVVVPLGKEQNYTCHVHHKGLPEPLTLRWKLPP
STVSNTVIIAVLVVLGAAIVTGAVVAFVMKMRRNTGGKGVNYALAPGSQTSDLSLPDGKVMVHDPHSLA

MHC (+YCAC mutation)

Leader sequence----heavy chain H-2Kd (Y84C, A139C)

HC-Kd-YCAC
(amino acid)
MAPCTLLLLLAAALAPTQTRAGPHSLRYFVTAVSRPGLGEPRFIAVGYVDDTQFVRFDSDADNPRFEPRAPWME
QEGPEYWEEQTQRAKSDEQWFRVSLRTAQRCYNQSKGGSHTFQRMFGCDVGSDWRLLRGYQQFAYDGRDYI
ALNEDLKTWTAADTCALITRRKWEQAGDAEYYRAYLEGECVEWLRRYLELGNETLLRTDSPKAHVTYHPRSQVD
VTLRCWALGFYPADITLTWQLNGEDLTQDMELVETRPAGDGTFQKWAAVVVPLGKEQNYTCHVHHKGLPEPLTL
RWKLPPSTVSNTVIIAVLVVLGAAIVTGAVVAFVMKMRRNTGGKGVNYALAPGSQTSDLSLPDGKVMVHDPHSLA

 Supplementary Figure 1. 
Amino acid sequences for the SCT-Kb-SIIN, SCT-Kb-KIIT, SCT-Kd-SYFP and HC-Kd-YCAC constructs. 
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Supplementary Figure 2.  
Expression of SCT-Kb-peptide in mouse hepatocytes is robust and persistent. 
B10.BR mice were inoculated with AAV-SCT-Kb-KIITYRNL (A) or AAV-SCT-Kb-SIINFEKL (B). On days 2-100 post-inoculation, tissues 
were collected for analysis (n = 3 /interval). Representative immunostained (IHC) and H&E images show transduced liver sections 
(scale bar: 200 μm). Robust expression of H2-Kb was present through day 100 post-inoculation. Histologic examination of the liver 
sections was normal. Levels of aspartate aminotransferase (AST) and alanine aminotransferase (ALT) did not increase significantly from 
baseline in mice treated with AAV-SCT-Kb-KIITYRNL (one-way ANOVA, p = 0.4 for AST and p = 0.21 for ALT) or in mice receiving 
AAV-SCT-Kb-SIINFEKL (one-way ANOVA, p = 0.13 for AST and p = 0.02 for ALT, due solely to a decrease in ALT on d4). Minimal 
infiltration with cells expressing the markers CD4, CD8, CD11c or CD19 was detected. Mean ± SEM are shown. 
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Supplementary Figure 3. 
Recognition of SCT peptide-MHC ligands in vitro and in vivo. 
(A) RMA-S cells were pulsed with different concentrations of the peptides KIITYRNL (Pcid2318-325), SIINFEKL (OVA257-264) or 
AAAAFAAL (synthetic negative control), or were untreated. Stabilisation of H-2Kb surface expression was assessed by flow cytometry 
following staining with a conformation-dependent anti-H-2Kb mAb (clone Y3). (B) Flow plots shown are representative of three 
independent experiments. Peptide concentrations required to achieve equivalent H-2Kb surface expression levels were determined. 
(C) RMA-S cells were transiently transfected with constructs encoding SCT-Kb-KIIT, SCT-Kb-SIIN and SCT-Kb-AAAA using a Lonza-
AMAXA Nucleofector 2b. Transgene expression was assessed by flow cytometry (as above) 24 hours after transfection. Flow plots 
shown are representative of three independent experiments. (D) The proportion of cells secreting IFN-  upon recognition of their 
cognate antigen was determined using ELISPOT assays. Splenocytes from Des-RAG or OT-I-RAG mice were cultured with irradiated 
stimulators; RMA-S pulsed with selected peptides or expressing SCT constructs after transient transfection. SCT recognition by 
cognate TCRs mirrored recognition of the native H-2Kb-peptide complex. SCT constructs were recognised in a peptide-specific manner 
in vitro. Data from two independent experiments with a total of n = 3 biological replicates per group are shown. (E) Des-RAG 
lymphocytes were labelled with CFSE, adoptively transferred into recipient mice and recovered from the recipient liver two days later. 
Some recipient mice were treated with AAV encoding SCT-Kb-KIIT or SCT-Kb-SIIN prior to adoptive transfer, as shown. (F) Flow 
cytometry analysis of CFSE-labelled Des-RAG lymphocytes demonstrates peptide-specific activation and proliferation of adoptively 
transferred CD8+ Des-RAG T cells upon encounter with their cognate antigen in the liver, confirming that recognition of the SCT-Kb-
KIIT ligand in vivo was analogous to that of the native pMHC complex. Data from three independent experiments with a total of n = 3 
biological replicates per group are shown. (D, F) Mean ± SEM are shown, one-way ANOVA in conjunction with 6LGDN·V multiple 
comparison test: ns, not significant; *p < 0.05, ** p < 0.01, *** p < 0.001, **** p < 0.0001.  
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Supplementary Figure 4. 
Recognition of SCT-Kb-KIIT in a polyclonal alloreactive population. 
(A) Inoculation with SCT-Kb-KIIT vector not only activates a clone of transgenic Des-RAG T cells bearing the cognate receptor, but 
also activates a proportion of the polyclonal T cell repertoire of normal B10.BR mice. B10.BR mice were primed against allogeneic H-
2Kb (178.3 skin graft). Approximately 30 days post-graft rejection, some of the primed or naïve B10.BR mice were inoculated with 
AAV-SCT-Kb-KIIT. Liver leukocytes were analysed on day 7 post-inoculation. (B) Activated CD8+ T cells, defined as CD44+PD-1hi, 
increased in number following priming or transduction with SCT-Kb-KIIT, with a further increase in primed mice receiving SCT-Kb-KIIT. 
(C-D) Inoculation of naïve or primed B10.BR mice with AAV-SCT-Kb-KIIT generated populations of activated (CD44+PD-1hi) CD8+ T 
cells which bound Kb-KIITYRNL dextramers specifically. Dextramers of the syngeneic pMHC Kk-EEEPVKKI were used as negative 
controls. Data from one representative experiment (from n = 3) is shown in (C), while two independent experiments with a total of n = 
3 biological replicates per group are shown in (B, D). Data are presented as mean ± SEM, statistical analysis involved two-way 
analysis of variance (ANOVA) in conjunction with 7XNH\·V multiple comparison test, *p < 0.05, ** p < 0.01, *** p < 0.001, **** p < 
0.0001).  
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Supplementary Figure 5. 
Characterisation of Tap1KOHep mice. 
(A) Gating strategy for determination of Kb expression on the surface of hepatocytes, liver leukocytes and splenocytes of Tap1KOHep 
and Tap1fl/fl mice. (B) Genotyping PCR performed by Transnetyx shows the presence of the Albumin-Cre transgene in hepatocytes, 
liver leukocytes and spleen from Tap1KOHep mice (above). Because Cre activity is restricted to hepatocytes, the recombined Tap1 
sequence specifically detected by the L1L2-Bact-P EX probe is only amplified in hepatocytes and not other tissues from Tap1KOHep 
(below). Data from one experiment with a total of n = 5 biological replicates per group are shown. (C) Genetic background analysis 
was undertaken by Transnetyx. Tap1KOHep and Tap1fl/fl control mice were at least 91.3% C57BL/6J (91.3-97.9%). Data from one 
experiment with a total of n = 5 biological replicates per group are shown. (D) AST and ALT levels are comparable between 
Tap1KOHep and floxed littermate control mice (n = 3). (B-D) Mean ± SEM are shown. (E) H-2Kb is expressed at normal levels in the 
spleen, thymus and lymph node of Tap1KOHep and Tap1fl/fl mice (scale bar = 100µm, representative images from n = 3). (F) H-2Kb is 
absent from the hepatocytes of Tap1KOHep mice, but detectable on other liver cells (scale bar = 40µm, representative images from 
n = 3). Panel F shows the individual stains for each marker, followed by the merged images. Merged images were also included in 
Figure 4 as panel D.
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Supplementary Figure 6.  
Features of H-2Kd-associated peptides. 
The length distribution for H-2Kd-associated peptides eluted from transduced hepatocytes in each of four vector/strain combinations 
is shown in panel (A). Peptides eluted from C57BL/6 mice expressing Kd-HC are predominantly nonamers – this preference was less 
strong for the peptide repertoires of hepatocytes expressing Kd-YCAC. (B-D) Gene Ontology annotations of the source proteins 
associated with eluted peptides were analysed using the PANTHER classification system. Function classification analysis and 
statistical over-representation tests were performed. (B) Cellular component and biological process analysis of source proteins 
corresponding to the same hepatocyte peptide repertoires shown in (A). (C) Analysis of the source proteins giving rise to the H-2Kd 
and Kb-associated peptide repertoires of transduced hepatocytes, donor skin grafts and donor spleen. (D) A number of Gene Ontology 
terms were enriched or depleted when hepatocyte source proteins from AAV-HC-Kd-YCAC-transduced Tap1KOHep mice were 
compared with those from AAV-HC-Kd-treated C57BL/6. The most striking enrichment was in terms associated with mitochondria and 
mitochondrial metabolism. Significant enrichment was also found for the cellular component terms endoplasmic reticulum, extracellular 
region and cytoplasm. 
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Supplementary Figure 7. 
Expression of AAV-SCT-Kd-SYFPEITHI and AAV-HC-Kd-YCAC is strong and durable. 
(A) C57BL/6 mice were inoculated with AAV-SCT-Kd-SYFPEITHI iv. On days 2, 4, 7, 14, 28 and 100 post-inoculation, tissues were 
collected for analysis (n = 3 at each interval). Representative IHC and H&E images show transduced liver sections (scale bar: 200 
μm). Robust expression of H-2Kd was present through day 100 post-inoculation. Histologic examination of the liver sections was 
normal. Levels of AST and ALT did not increase significantly from baseline (one-way ANOVA, p = 0.14 for AST and p = 0.11 for ALT 
in mice inoculated with AAV-SCT-Kd-SYFPEITHI). Minimal infiltration with cells expressing the markers CD4, CD8, CD11c or CD19 
was detected. (B) Liver function tests remained within the normal range in mice transduced with AAV-HC-Kd-YCAC (here shown on 
d7 post-inoculation, n = 3). (A, B) Mean ± SEM are shown. Other expression data for this vector are shown in Figure 4. (C) Expression 
of H-2Kd persisted in transduced livers through to at least d100 following B6.Kd skin transplantation in all vector/strain combinations 
(scale bar: 200 μm, representative images from n = 6).  
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Supplementary Figure 8. 
Validation of the identity of eluted peptides. 
The identity of a panel of eluted peptides was validated by comparing chromatographic retention and MS/MS spectra with those of 
the corresponding synthetic peptides. (A) Representative spectra for three pairs of synthetic and eluted peptides. (B) Pearson 
correlation coefficients (r) between the log10 intensities of identified b- and y-ions in the synthetic and sample-derived spectra are 
shown. Error bars represent the 95% confidence intervals. The corresponding p-value was < 0.05 for each peptide pair. 
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Supplementary Figure 9.  
Tetramer Staining of alloreactive T cell populations. 
(A) Gating strategy for identification of alloreactive T cells using a 5-tetramer panel. Here, CD4+ T cells are used as a specificity control 
for CD8+ T cell staining. The proportion of CD8+ and CD4+ T cells staining with the tetramer panel is shown for (B) combined secondary 
lymphoid organs, (C) liver leukocytes and (D) skin graft-infiltrating cells on the protocol days indicated. Data from experiments with a 
total of n = 3 biological replicates per group are shown in (B-D). Data are presented as mean ± SEM. 
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Supplementary Figure 10. 
CD8+ T cell subsets of liver leukocytes and combined secondary lymphoid organs. 
(A) Rejection of a primary or secondary skin graft is accompanied by the loss of naïve CD8+ tetramer-positive cells within the liver 
leukocyte population, and a shift of the majority of CD44+ cells from CD62L+ to CD62L-.  Inoculation of primed mice with AAV-Kb results 
in almost total loss of CD62L- cells. The complete timecourse for this experiment is depicted here - some parts of panel A are also 
shown in Figure 12A. (B) Similar trends are observed in the CD8+tet+ cells from combined secondary lymphoid organs, but in this case 
there is never a complete loss of naïve or antigen-experienced CD62L+ cells. The secondary lymphoid organs were pooled in order 
to estimate changes in the total number of CD8+tet+ cells under different transplant conditions; inclusion of both draining and non-
draining lymph node groups for the liver and skin grafts means that some CD8+tet+ T cells which do not recirculate to/from these sites 
are mixed with the recirculating cells. For both the liver leukocytes and the SLOs, changes in the phenotype of CD8+tet+ cells were 
partially or completely obscured within the bulk CD8+ population. Expression of KLRG1, CD69 and CXCR6 was determined for the 
CD44+CD62L- cells from the liver (C) and SLOs (D). (A-B) representative flow plots from experiments with a total of n = 3 biological 
replicates per group. (C-D) Data from experiments with a total of n = 3 biological replicates per group are shown. Data are presented 
as mean ± SEM. (C) The complete timecourse for this experiment is shown here - some parts of panel C also appeared in Figure 12B. 
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Supplementary Figure 11. 
Expression of coinhibitory receptors by bulk and tetramer-positive CD8+ T cells from liver or combined secondary lymphoid 
organs. 
Expression of PD-1, TIGIT, Tim-3 and LAG-3 was determined for tet+ and bulk CD8+ T cells in a model of secondary skin graft rejection 
or tolerance. Modest upregulation of PD-1 was noted in the CD8+tet+ liver leukocytes (A) and SLOs (B) at all intervals following graft 
rejection. In contrast, induction of tolerance upon inoculation of recipient mice with AAV-Kb was accompanied by strong expression of 
all coinhibitory ligands, with expression of LAG-3 and Tim-3 declining to baseline by protocol d84. Changes in the phenotype of 
CD8+tet+ cells were much less obvious within the bulk CD8+ populations. (A-B) representative flow plots from experiments with a total 
of n = 3 biological replicates per group. (A) The complete timecourse for this experiment is depicted here - some parts of panel A are 
also shown in Figure 12C. 
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VF 
VQ

YLYR
VF 

8 
54.4 

0.175 
134087.343 

N
O

 
4096700 

YES 
699490 

YES 
Q

80Y44 

VQ
YVLPR

L 
VQ

YVLPR
L 

8 
12.3 

0.04 
 

YES 
9579900 

YES 
13573000 

YES 
Q

62245 

VR
VFFSG

L 
VR

VFFSG
L 

8 
49 

0.15 
 

YES 
 

YES 
 

YES 
Q

66JV4;Q
80YR

9 

VSA
PYG

R
I 

VSAPYG
R

I 
8 

94.8 
0.3 

287908.192 
YES 

 
YES 

 
YES 

Q
5SQ

X6;Q
7TM

B8 

VSD
A

FQ
K

L 
VSD

AFQ
KL 

8 
65.8 

0.2 
 

YES 
 

YES 
69105 

YES 
Q

9C
Q

K3 

VSFPFG
K

I 
VSFPFG

KI 
8 

7.5 
0.02 

222697.252 
YES 

2848300 
YES 

 
YES 

Q
6N

S46 

VSFTYR
YL 

VSFTYR
YL 

8 
1.9 

0.01 
6218700 

YES 
186290000 

YES 
623610000 

YES 
Q

920Q
4 

VSIIFC
EA

V 
VSIIFC

(+119.00)EAV 
9 

31.1 
0.09 

61857.1016 
N

O
 

2759500 
N

O
 

163030 
N

O
 

Q
91V37 

VSIQ
FYH

L 
VSIQ

FYH
L 

8 
2.5 

0.01 
 

YES 
26313000 

YES 
36751000 

YES 
Q

5H
8C

4 

VSISFK
SL 

VSISFKSL 
8 

4.4 
0.01 

1055582.87 
YES 

1602200 
YES 

3360500 
YES 

Q
3U

H
A3 

VSLD
G

YFH
L 

VSLD
G

YFH
L 

9 
35.9 

0.125 
225182.443 

N
O

 
3580500 

YES 
 

YES 
Q

8BG
Z3 

VSLK
YA

H
M

 
VSLKYAH

M
(+15.99) 

8 
2.5 

0.01 
122190 

N
O

 
410630 

YES 
2438000 

YES 
P46664 

VSM
D

FVQ
R

F 
VSM

D
FVQ

R
F 

9 
49.8 

0.15 
183179.601 

N
O

 
 

YES 
 

YES 
Q

921L5 

VSN
A

FVR
L 

VSN
AFVR

L 
8 

7 
0.02 

 
YES 

 
YES 

 
YES 

Q
9D

483 

VSPEFH
TL 

VSPEFH
TL 

8 
7.2 

0.02 
423962.654 

YES 
457930 

N
O

 
 

YES 
Q

7TM
K6 

VSPLFQ
K

L 
VSPLFQ

KL 
8 

4.7 
0.01 

14781000 
YES 

50370000 
YES 

81709000 
YES 

Q
68FL6 

VSPR
LTFL 

VSPR
LTFL 

8 
30 

0.09 
2920371.93 

YES 
81597000 

YES 
16639000 

YES 
P36371 

VSPTLYK
Q

L 
VSPTLYKQ

L 
9 

15.8 
0.05 

110770 
YES 

 
YES 

 
YES 

Q
3TC

H
7 

VSQ
K

FTSI 
VSQ

KFTSI 
8 

26.9 
0.08 

449710.477 
N

O
 

 
YES 

1396200 
YES 

Q
3U

C
V8 



VSQ
YYPK

L 
VSQ

YYPKL 
8 

10.1 
0.03 

901060 
YES 

198170000 
YES 

61723000 
YES 

Q
3TEA8 

VSR
SPSLL 

VSR
SPSLL 

8 
409 

0.9 
111432.374 

N
O

 
 

YES 
 

YES 
Q

7TPV4 

VSTK
FEH

L 
VSTKFEH

L 
8 

13.1 
0.04 

1105754.12 
YES 

4105400 
YES 

8420600 
YES 

B2R
XC

1 

VSVEYTEK
M

 
VSVEYTEKM

 
9 

225.2 
0.6 

215977.888 
YES 

8288800 
YES 

1585500 
YES 

O
35130 

VSVEYTEK
M

 
VSVEYTEKM

(+15.99) 
9 

225.2 
0.6 

2140200 
YES 

3635600 
YES 

21084000 
YES 

O
35130 

VSVSFPH
F 

VSVSFPH
F 

8 
26.2 

0.08 
216270.034 

N
O

 
6365000 

YES 
 

YES 
Q

3U
1V6 

VSVSFR
VL 

VSVSFR
VL 

8 
7.8 

0.02 
292037.193 

N
O

 
 

YES 
 

YES 
Q

8BG
28 

VSYK
N

PSL 
VSYKN

PSL 
8 

34.3 
0.1 

129837.589 
N

O
 

4433500 
YES 

1540800 
YES 

Q
920B9 

VSYK
VD

N
L 

VSYKVD
N

L 
8 

10.1 
0.03 

389185.563 
N

O
 

1072100 
YES 

 
YES 

Q
8K284 

VSYK
YSK

V 
VSYKYSKV 

8 
2.7 

0.01 
389460 

YES 
392460 

N
O

 
2141500 

YES 
Q

07113 

VSYLFSH
V 

VSYLFSH
V 

8 
1.8 

0.01 
6238600 

YES 
72119000 

YES 
57394000 

YES 
Q

9D
7G

0:Q
9C

S42 

VSYQ
FPK

L 
VSYQ

FPKL 
8 

2.1 
0.01 

 
YES 

 
YES 

 
YES 

Q
924W

7 

VSYQ
H

A
FL 

VSYQ
H

AFL 
8 

2.3 
0.01 

488858.076 
N

O
 

2562900 
YES 

 
YES 

Q
9W

V70 

VSYW
FD

Q
R

F 
VSYW

FD
Q

R
F 

9 
12.4 

0.04 
4160552.28 

N
O

 
12934000 

YES 
 

YES 
P54751 

VTFER
VEQ

M
 

VTFER
VEQ

M
 

9 
169.8 

0.5 
96236.8736 

N
O

 
 

YES 
 

YES 
Q

923J1 

VTFIYQ
K

L 
VTFIYQ

KL 
8 

3.2 
0.01 

311520 
YES 

 
YES 

1571800 
YES 

Q
8C

963 

VTIH
YN

K
L 

VTIH
YN

KL 
8 

14.6 
0.05 

358973.744 
YES 

911080 
YES 

911290 
N

O
 

Q
62083 

VTIK
YSK

L 
VTIKYSKL 

8 
5.5 

0.015 
95111.1367 

YES 
557520 

N
O

 
 

YES 
Q

8BG
F7 

VTN
EFVH

I 
VTN

EFVH
I 

8 
123.1 

0.4 
398331.688 

N
O

 
1464500 

YES 
 

YES 
Q

9C
Q

R
6 

VTPEG
YA

H
L 

VTPEG
YAH

L 
9 

12 
0.04 

 
YES 

 
YES 

 
YES 

Q
9Z2V5 

VTVD
FSK

L 
VTVD

FSKL 
8 

15.3 
0.05 

179060 
YES 

5524900 
YES 

2485700 
YES 

Q
6N

VF4 

VTVN
FR

K
L 

VTVN
FR

KL 
8 

9.4 
0.03 

 
YES 

1145400 
YES 

323300 
YES 

Q
6N

ZJ6 

VTW
R

VTN
L 

VTW
R

VTN
L 

8 
11 

0.03 
551300 

YES 
17765000 

YES 
5214500 

YES 
P10404 

VTYESR
K

L 
VTYESR

KL 
8 

52.3 
0.175 

 
YES 

 
YES 

 
YES 

Q
9C

Y00 

VTYH
G

FPN
L 

VTYH
G

FPN
L 

9 
7.1 

0.02 
1450564.61 

YES 
17522000 

YES 
23925000 

YES 
O

08760 

VTYSFR
Q

SF 
VTYSFR

Q
SF 

9 
15 

0.05 
218920 

YES 
11649000 

YES 
 

YES 
Q

8R
0S2:Q

5D
U

25 

VTYSK
PR

L 
VTYSKPR

L 
8 

32.9 
0.1 

122440 
YES 

1344900 
YES 

 
YES 

Q
9C

PQ
8 

VVA
EFG

R
I 

VVAEFG
R

I 
8 

114.7 
0.3 

756050 
YES 

 
YES 

 
YES 

Q
8BXC

6 

VVD
IFR

K
L 

VVD
IFR

KL 
8 

142.8 
0.4 

3052460.99 
YES 

 
YES 

 
YES 

P51791;Q
61418;Q

9W
V

D
4 



VVVD
YG

TR
L 

VVVD
YG

TR
L 

9 
69.6 

0.2 
48278.1434 

YES 
 

YES 
211140 

YES 
P27046 

VVYA
VR

N
L 

VVYAVR
N

L 
8 

5.5 
0.015 

 
YES 

3012500 
YES 

 
YES 

P28658 

VVYIYH
SL 

VVYIYH
SL 

8 
2.6 

0.01 
738520 

YES 
14886000 

YES 
11521000 

YES 
Q

8C
D

15 

VVYIYK
EH

F 
VVYIYKEH

F 
9 

39.8 
0.125 

320480 
YES 

11815000 
YES 

 
YES 

Q
5XG

71 

VVYIYR
Q

I 
VVYIYR

Q
I 

8 
4.4 

0.01 
1625151.22 

YES 
1835600 

YES 
 

YES 
Q

62417 

VVYSYH
YL 

VVYSYH
YL 

8 
2.3 

0.01 
307478.097 

N
O

 
6055000 

YES 
 

YES 
O

08811 

VVYTPW
SN

L 
VVYTPW

SN
L 

9 
10.4 

0.03 
1218300 

YES 
11204000 

YES 
399990 

YES 
Q

78PG
9 

VW
IR

N
IQ

L 
VW

IR
N

IQ
L 

8 
441.2 

1 
106270 

N
O

 
 

YES 
 

YES 
Q

8R
1T4 

VW
IYN

SQ
L 

VW
IYN

SQ
L 

8 
283.7 

0.7 
73188.4813 

N
O

 
2340600 

YES 
1708200 

YES 
Q

8BR
G

6 

VW
LEA

A
R

L 
VW

LEAAR
L 

8 
61.9 

0.175 
6873617.22 

YES 
17261000 

YES 
 

YES 
Q

91YR
7 

VW
YR

VIQ
I 

VW
YR

VIQ
I 

8 
155.6 

0.4 
4804832.17 

YES 
23428000 

YES 
 

YES 
P17427 

VW
YR

VLQ
I 

VW
YR

VLQ
I 

8 
209.6 

0.6 
4804832.17 

YES 
23428000 

YES 
 

YES 
P17426 

VYYR
K

PLL 
VYYR

KPLL 
8 

95.2 
0.3 

38638.0959 
N

O
 

647450 
N

O
 

861790 
N

O
 

Q
02053 

YA
M

IYR
N

L 
YAM

(+15.99)IYR
N

L 
8 

8.9 
0.025 

1935371.6 
YES 

1009700 
YES 

95412 
YES 

P23804 

YA
M

IYR
N

L 
YAM

IYR
N

L 
8 

8.9 
0.025 

1504007.9 
YES 

2494400 
YES 

 
YES 

P23804 

YA
YSFK

YL 
YAYSFKYL 

8 
4.6 

0.01 
232902.894 

N
O

 
4247800 

YES 
6003600 

N
O

 
Q

62383 

YG
YEH

ILTL 
YG

YEH
ILTL 

9 
127.1 

0.4 
221563.724 

N
O

 
1725900 

YES 
 

YES 
Q

9D
2N

9 

YG
YH

FPEL 
YG

YH
FPEL 

8 
10.8 

0.03 
2092200 

YES 
44736000 

YES 
3081300 

YES 
Q

9D
6Z1 

YN
FQ

YISL 
YN

FQ
YISL 

8 
7.8 

0.02 
1744400 

YES 
8064300 

YES 
195380 

YES 
Q

8K2C
8 

YN
W

R
YK

N
L 

YN
W

R
YKN

L 
8 

9.2 
0.025 

528473.109 
N

O
 

4153100 
N

O
 

897640 
YES 

Q
8C

FQ
3 

YQ
FVYQ

N
L 

YQ
FVYQ

N
L 

8 
6.3 

0.015 
438764.731 

N
O

 
2842200 

N
O

 
1895500 

N
O

 
Q

5N
C

I0 

YSLVYQ
A

L 
YSLVYQ

AL 
8 

7.3 
0.02 

130382.929 
N

O
 

5381600 
YES 

 
YES 

Q
8BSP2 

YSPA
YA

H
L 

YSPAYAH
L 

8 
5.6 

0.015 
3701493.12 

YES 
5109700 

YES 
7457600 

YES 
O

09012 

YSPEFK
G

Q
I 

YSPEFKG
Q

I 
9 

498.2 
1.1 

1354467.97 
YES 

6545500 
YES 

1048500 
YES 

Q
8C

IE6 

YTFVYR
VL 

YTFVYR
VL 

8 
14.1 

0.04 
428130.607 

YES 
2060000 

YES 
 

YES 
Q

62136 

 



Supplem
entary Table 4 

    
PEPTID

E 
N

U
M

B
ER

 
Sequence 

Length 
H

-2K
b 

IC
50 

(nM
) 

Product of 
Spectral 
Intensity 
Values 

Found 
in D

IA
 

C
D

44
+ PD

-1
hi 

M
ale B

10.B
R

 
C

D
44

+ PD
-1

- 

M
ale B

10.B
R

 
C

D
44

+ PD
-1

hi 
Fem

ale 
B

10.B
R

 

C
D

44
+ PD

-1
- 

Fem
ale 

B
10.B

R
 

C
D

44
+ PD

-1
hi 

M
ale B

A
LB

/c 
C

D
44

+ PD
-1

- 
M

ale B
A

LB
/c 

PEPTID
E 1 

SN
YLFTKL 

8 
2.4 

8.67E+27 
YES 

19.5 (18.1-22.1) 
0.5 (0.2-1.1) 

14.6 (10.3-17) 
0.1 (0.1-0.2) 

20.7 (17.3-26.2) 
1.1 (0.6-1.7) 

PEPTID
E 2 

ATLVFH
N

L 
8 

6.9 
6.86E+25 

YES 
7.1 (2.6-11.6) 

0.2 (0.1-0.2) 
4.6 (4-5.6) 

0.1 (0-0.1) 
17.8 (14.4-22.9) 

2.3 (1.9-2.9) 

PEPTID
E 3 

VG
PR

YTN
L 

8 
4.6 

1.53E+26 
N

O
 

12.2 (10.8-14.5) 
0.2 (0.1-0.3) 

8.1 (6.7-9.7) 
0.1 (0.1-0.1) 

6.7 (5.8-8.1) 
1.2 (1-1.6) 

PEPTID
E 4 

R
TYTYEKL 

8 
9.4 

1.78E+25 
YES 

8.4 (7.7-9) 
0.2 (0.1-0.3) 

8 (7.1-8.6) 
0.1 (0.1-0.1) 

16.2 (13.2-17.7) 
0.6 (0.4-0.8) 

PEPTID
E 5 

IN
FD

FPKL 
8 

6.2 
1.41E+26 

YES 
9.1 (5.2-15.1) 

0.1 (0-0.1) 
2.8 (1.5-4.3) 

0.1 (0.1-0.1) 
5.4 (2.9-9) 

0.8 (0.3-1) 

PEPTID
E 6 

SVYVYKVL 
8 

6.7 
1.25E+25 

YES 
11.9 (9.8-13.3) 

0.3 (0.2-0.4) 
10.1 (8.3-12) 

0.1 (0-0.1) 
13.9 (10.1-21.4) 

0.7 (0.2-0.9) 

PEPTID
E 7 

VN
VD

YSKL 
8 

26 
2.21E+25 

YES 
2.9 (1.3-3.7) 

0.2 (0-0.4) 
2.7 (1.7-3.9) 

0.1 (0.1-0.1) 
4.3 (2.1-7.2) 

2.2 (0.5-3.4) 

PEPTID
E 8 

ASYEFVQ
R

L 
9 

4.2 
2.89E+24 

YES 
0.6 (0.5-0.9) 

0.2 (0.1-0.2) 
1 (0.8-1.3) 

0.1 (0.1-0.1) 
1 (0.5-1.6) 

1.4 (0.4-2.1) 

PEPTID
E 9 

H
IYEFPQ

L 
8 

7.9 
3.85E+24 

YES 
7.9 (5.6-9.5) 

0.2 (0.1-0.2) 
6.9 (2.7-9.9) 

0.1 (0-0.1) 
5.2 (1.8-8.6) 

0.6 (0.4-0.8) 

PEPTID
E 10 

VAFD
FTKV 

8 
10.6 

6.15E+23 
YES 

6.1 (3.1-10.7) 
0.2 (0.1-0.2) 

2.2 (1.4-2.9) 
0.1 (0-0.1) 

4.1 (1-8.9) 
1.7 (1-2.3) 

PEPTID
E 11 

TSVR
FTQ

L 
8 

5.3 
3.36E+23 

YES 
2.2 (1.2-3.6) 

0.1 (0.1-0.2) 
1.7 (1.4-1.9) 

0 (0-0.1) 
3.6 (2.7-4.6) 

1.5 (0.9-2) 

PEPTID
E 12 

AVVAFVM
KM

 
9 

339.2 
2.74E+23 

YES 
0.4 (0.2-0.5) 

0.3 (0.2-0.5) 
0.6 (0.5-0.6) 

0.4 (0.3-0.5) 
0.6 (0.5-0.7) 

0.2 (0.1-0.3) 

PEPTID
E 13 

SAYEFYH
AL 

9 
2.8 

1.99E+23 
YES 

2.8 (1.4-5.5) 
0.2 (0.2-0.2) 

1 (0.6-1.7) 
0.1 (0-0.1) 

2.2 (0.2-6) 
0.9 (0.5-1.4) 

PEPTID
E 14 

SVIKFEN
L 

8 
7.1 

2.26E+23 
YES 

2.6 (1-5.7) 
0.1 (0.1-0.1) 

1 (0.4-1.6) 
0.1 (0-0.2) 

1.3 (0.5-1.9) 
1.4 (1.1-1.7) 

PEPTID
E 15 

SG
YD

FEN
R

L 
9 

14.2 
6.01E+22 

YES 
0.6 (0.6-0.6) 

0.1 (0.1-0.2) 
0.5 (0.3-1) 

0 (0-0) 
0.4 (0.1-0.6) 

1 (0.3-1.5) 

PEPTID
E 16 

VSFTYR
YL 

8 
1.9 

7.22E+23 
YES 

5.4 (2.9-9.7) 
0.4 (0.3-0.5) 

10 (7.9-13.5) 
0.1 (0.1-0.2) 

11.2 (7.8-16.6) 
2.2 (1.5-3) 

PEPTID
E 17 

ISFKFD
H

L 
8 

2.7 
2.31E+23 

YES 
1.6 (1.3-1.9) 

0.1 (0-0.1) 
1.6 (0.8-2.6) 

0.1 (0-0.1) 
2.3 (2.1-2.5) 

0.9 (0.6-1.1) 

PEPTID
E 18 

R
N

YSYEKL 
8 

11.6 
9.41E+22 

YES 
6.7 (6.2-7) 

0.1 (0.1-0.1) 
7.6 (6-8.6) 

0.1 (0.1-0.2) 
17.5 (12.4-23) 

0.6 (0.3-0.8) 

PEPTID
E 19 

SG
YKFG

VL 
8 

4.6 
6.19E+22 

N
O

 
0.5 (0.4-0.7) 

0.1 (0.1-0.2) 
1.2 (0.9-1.8) 

0.1 (0-0.1) 
3.3 (2.3-3.9) 

0.3 (0.1-0.4) 

PEPTID
E 20 

VG
FD

YKER
L 

9 
37.1 

5.11E+23 
YES 

2.1 (1.1-3.4) 
0.1 (0.1-0.2) 

5.1 (1.9-6.8) 
0.1 (0.1-0.1) 

0.9 (0.2-2) 
0.7 (0.5-1.2) 

PEPTID
E 21 

SSPKFSEL 
8 

9.3 
8.97E+22 

N
O

 
2 (0.7-4.3) 

0.1 (0-0.1) 
0.7 (0.4-1.1) 

0.1 (0-0.1) 
1.1 (0.7-1.8) 

0.9 (0.7-1.3) 

PEPTID
E 22 

ASPEFTKL 
8 

20.9 
1.03E+23 

YES 
1.1 (1-1.4) 

0.1 (0-0.2) 
1 (0.6-1.2) 

0.1 (0.1-0.3) 
2.9 (2.3-4) 

1.4 (1.1-1.9) 



PEPTID
E 23 

ATQ
VYPKL 

8 
118.9 

1.17E+23 
YES 

3.1 (1.7-4.2) 
0.2 (0.2-0.2) 

4.1 (3.2-5.3) 
0.1 (0-0.2) 

7.1 (6.3-7.7) 
0.7 (0.2-1.2) 

PEPTID
E 24 

SG
LKYVN

V 
8 

14.6 
7.07E+22 

YES 
3.1 (1.8-5.1) 

0.2 (0.2-0.3) 
2 (1.4-3.1) 

0.1 (0.1-0.2) 
3.7 (3.2-4) 

2.2 (1.7-2.4) 

PEPTID
E 25 

Q
IIPFKTL 

8 
139.6 

2.57E+23 
YES 

1.9 (0.8-2.5) 
0.2 (0.1-0.3) 

2.5 (1.5-3.5) 
0.2 (0.1-0.3) 

1.9 (1.8-2) 
0.8 (0.5-1.1) 

PEPTID
E 26 

ATR
SFPQ

L 
8 

37.4 
2.00E+22 

YES 
1.8 (0.6-3.5) 

0.1 (0-0.1) 
1.1 (0.5-1.7) 

0 (0-0.1) 
11.3 (5.7-18.1) 

0.1 (0-0.2) 

PEPTID
E 27 

SG
YIYH

KL 
8 

4.8 
4.96E+21 

YES 
13.5 (9.7-16.8) 

0.4 (0.3-0.5) 
8.1 (5.8-11.1) 

0.1 (0.1-0.2) 
23.5 (14.4-29.5) 

0.5 (0.2-0.9) 

PEPTID
E 28 

VSPLFQ
KL 

8 
4.7 

6.08E+22 
YES 

3.1 (1.3-5.3) 
0.2 (0.1-0.2) 

3 (2.3-4) 
0.1 (0-0.1) 

15.4 (6.5-23.7) 
0.5 (0.3-0.8) 

PEPTID
E 29 

Q
SIAFISR

L 
9 

13.5 
8.84E+22 

YES 
2.6 (1.2-4.8) 

0.5 (0.4-0.5) 
3 (2.4-3.9) 

0.3 (0.1-0.4) 
0.8 (0.4-1.3) 

0.8 (0.5-1.1) 

PEPTID
E 30 

SSYTFPKM
 

8 
3.4 

4.75E+21 
YES 

5.4 (3.3-8.2) 
0.2 (0.2-0.3) 

3.1 (2-5) 
0.1 (0-0.1) 

9.6 (7.1-12.4) 
0.2 (0.1-0.3) 

PEPTID
E 31 

VSQ
YYPKL 

8 
10.1 

1.10E+22 
YES 

2.3 (2-2.5) 
0.1 (0.1-0.1) 

6.3 (4.5-7.5) 
0 (0-0) 

12.5 (3.8-21.8) 
0.2 (0.2-0.3) 

PEPTID
E 32 

Q
SIEFSR

L 
8 

5.5 
2.19E+22 

YES 
1.7 (1.1-2.1) 

0.1 (0.1-0.1) 
2.9 (1.3-5.6) 

0.1 (0-0.1) 
0.7 (0.5-1) 

0.4 (0.3-0.6) 

PEPTID
E 33 

SG
ID

FKQ
L 

8 
68.8 

8.01E+21 
YES 

1 (0.8-1.2) 
0 (0-0.1) 

2.9 (0.4-7.1) 
0 (0-0) 

0.2 (0.2-0.3) 
0.2 (0.1-0.4) 

PEPTID
E 34 

AVLSFSTR
L 

9 
20.1 

3.24E+22 
YES 

4.8 (3.3-5.6) 
0.7 (0.6-0.9) 

6.5 (4.1-10.5) 
0.2 (0.1-0.3) 

0.7 (0.4-1.2) 
0.8 (0.6-1.2) 

PEPTID
E 35 

VG
PR

YTQ
L 

8 
6.8 

3.41E+22 
N

O
 

3.9 (1.9-5.8) 
0.1 (0-0.1) 

8.5 (4.6-12.5) 
0 (0-0) 

3.1 (1.4-4) 
0.1 (0-0.1) 

PEPTID
E 36 

R
N

YEYLIR
L 

9 
11.9 

3.28E+22 
YES 

2 (1.6-2.2) 
0.2 (0.1-0.3) 

2.8 (1.2-5.4) 
0 (0-0.1) 

0.3 (0.2-0.4) 
0.3 (0.2-0.6) 

PEPTID
E 37 

VAYKFPEL 
8 

2.6 
1.56E+22 

YES 
0.9 (0.6-1.3) 

0.1 (0-0.1) 
3.7 (2.5-5.4) 

0 (0-0) 
1.9 (0.6-3.5) 

0.6 (0.2-0.9) 

PEPTID
E 38 

LQ
YEFTKL 

8 
10.8 

7.90E+22 
YES 

1 (0.6-1.8) 
0 (0-0.1) 

2.8 (0.9-6) 
0 (0-0) 

6.1 (1.1-8.6) 
0.3 (0.2-0.4) 

PEPTID
E 39 

VSYLFSH
V 

8 
1.8 

2.58E+22 
YES 

4.4 (4-5.1) 
0.1 (0.1-0.1) 

7.3 (4.1-13.5) 
0 (0-0) 

8.5 (3.9-13.6) 
1.8 (1.1-2.6) 

PEPTID
E 40 

SAFSFR
TL 

8 
3.3 

4.94E+22 
YES 

5.2 (4.5-6.4) 
0.4 (0.3-0.5) 

6.1 (4.6-9.1) 
0.1 (0.1-0.2) 

19.4 (13.3-22.9) 
3.1 (2.8-3.2) 

PEPTID
E 41 

SN
YH

FYSSI 
9 

3.9 
2.15E+21 

YES 
1.2 (0.9-1.4) 

0.4 (0.3-0.4) 
2.5 (1-5.3) 

0.1 (0.1-0.1) 
0.6 (0.4-0.8) 

0.6 (0.5-0.7) 

PEPTID
E 42 

H
G

YTFAN
L 

8 
3 

1.28E+22 
YES 

1.1 (0.8-1.4) 
0.1 (0-0.1) 

2.8 (1.1-5.8) 
0 (0-0) 

15 (13.2-17) 
1.1 (0.6-2) 

PEPTID
E 43 

SG
YD

FSR
L 

8 
3.6 

7.90E+21 
YES 

1.9 (1.9-2.1) 
0.1 (0.1-0.1) 

2.4 (2-2.9) 
0.1 (0-0.2) 

4.3 (1-7.4) 
0.7 (0.7-0.8) 

PEPTID
E 44 

TAYEFAKL 
8 

2.4 
9.71E+21 

YES 
1.6 (1.4-1.8) 

0.1 (0-0.1) 
2.9 (2.2-3.6) 

0.1 (0-0.1) 
7.5 (0.7-18) 

0.7 (0.2-0.9) 

PEPTID
E 45 

VAD
KFTEL 

8 
140.9 

1.13E+22 
YES 

0.3 (0.2-0.5) 
0 (0-0) 

0.7 (0.4-1.2) 
0 (0-0.1) 

0.5 (0.5-0.5) 
0.2 (0.1-0.2) 

PEPTID
E 46 

TAFR
FSEL 

8 
3.3 

2.39E+22 
N

O
 

0.9 (0.6-1.2) 
0 (0-0) 

1.8 (1.6-2.1) 
0.1 (0-0.1) 

5.2 (1.4-9.2) 
0.7 (0.4-1) 

PEPTID
E 47 

KILTFD
Q

L 
8 

66.5 
7.62E+21 

N
O

 
2.3 (1.2-4.2) 

0.1 (0-0.1) 
3.2 (2.8-3.8) 

0.1 (0.1-0.1) 
9.3 (6.2-11.1) 

1.8 (1-2.4) 

PEPTID
E 48 

VG
YR

YETL 
8 

2.9 
7.96E+21 

N
O

 
7.8 (2.7-16.1) 

0.1 (0-0.1) 
3.9 (2.6-6.7) 

0.1 (0.1-0.1) 
4.4 (2.7-6.7) 

1.4 (0.9-1.9) 

PEPTID
E 49 

R
VAEFTTN

L 
9 

132.4 
2.10E+21 

YES 
1.5 (0.7-2) 

0.1 (0.1-0.1) 
1.2 (1.1-1.3) 

0.1 (0.1-0.1) 
0.2 (0.2-0.4) 

1.2 (1-1.5) 

PEPTID
E 50 

R
SLKFYSL 

8 
5.7 

6.97E+21 
N

O
 

3 (2.1-4.5) 
0.3 (0.3-0.3) 

2.3 (1.9-2.7) 
0.3 (0.2-0.3) 

2.2 (1.4-3.4) 
2 (1.5-2.5) 

PEPTID
E 51 

TN
Q

D
FIQ

R
L 

9 
149.4 

1.80E+21 
YES 

2.5 (1.7-3.7) 
0.2 (0.2-0.2) 

1.8 (1.4-2.3) 
0 (0-0.1) 

0.6 (0.5-0.9) 
2 (1.8-2.3) 



PEPTID
E 52 

TTYKYFAL 
8 

2.7 
#N

/A 
YES 

1.6 (1.2-2.1) 
0.1 (0-0.1) 

1.6 (0.9-2) 
0 (0-0) 

2 (1.7-2.3) 
0.5 (0.3-0.7) 

PEPTID
E 53 

VG
ITYQ

H
I 

8 
19.6 

9.52E+21 
YES 

4.3 (3.5-4.7) 
0.3 (0.2-0.4) 

4.8 (2.8-8.5) 
0.2 (0.1-0.3) 

5.3 (3.1-7.5) 
2.3 (2.1-2.5) 

PEPTID
E 54 

TAPQ
YYR

L 
8 

11.9 
6.99E+21 

YES 
4.3 (3.4-5) 

0.6 (0.5-0.7) 
3.6 (2.3-5.8) 

0.2 (0.2-0.3) 
1.6 (1.2-2.1) 

2.7 (2.6-2.9) 

PEPTID
E 55 

KN
YD

FAQ
VL 

9 
29.5 

3.14E+21 
YES 

0.3 (0.2-0.6) 
0.1 (0-0.1) 

0.4 (0.3-0.5) 
0 (0-0) 

0.5 (0.1-1.2) 
0.5 (0.3-0.8) 

PEPTID
E 56 

FAYR
FSN

L 
8 

2 
3.16E+21 

N
O

 
4.8 (1.7-7.7) 

0.1 (0.1-0.2) 
2 (1.8-2.3) 

0 (0-0.1) 
3.6 (3.1-4.2) 

0.5 (0.4-0.8) 

PEPTID
E 57 

ATYTFIQ
Q

L 
9 

7.6 
8.87E+21 

YES 
1 (0.7-1.7) 

0.2 (0-0.5) 
4.4 (2.8-6.4) 

1.8 (0-4.2) 
1.3 (0.2-2.7) 

2.7 (0.4-5.6) 

PEPTID
E 58 

SG
YKFFSL 

8 
2.6 

1.37E+22 
YES 

1 (0.7-1.3) 
0.1 (0.1-0.2) 

1.7 (0.8-2.7) 
0 (0-0.1) 

1.8 (1.5-2.2) 
0.4 (0.3-0.6) 

PEPTID
E 59 

R
AYLFAH

V 
8 

2.5 
1.79E+21 

YES 
4.9 (4.1-6.4) 

0.5 (0.4-0.7) 
6.7 (5.5-7.6) 

0.2 (0.2-0.3) 
12.6 (9.1-16.3) 

1.9 (1.8-2) 

PEPTID
E 60 

VIVR
FLTV 

8 
40 

1.15E+22 
YES 

7.3 (6.3-9.1) 
3.3 (3-3.4) 

9.3 (8.9-10.1) 
0.9 (0.6-1.1) 

7.5 (4.4-10.2) 
1.2 (0.8-1.5) 

PEPTID
E 61 

SG
YKYVG

M
 

8 
4.8 

6.63E+21 
YES 

2 (1.7-2.4) 
0.2 (0.1-0.3) 

2.6 (2.1-3) 
0.1 (0-0.1) 

7.1 (4-10.2) 
0.1 (0.1-0.2) 

PEPTID
E 62 

R
N

YQ
FD

FL 
8 

11.1 
4.42E+21 

YES 
4.1 (2.5-7) 

0.2 (0.2-0.3) 
12.9 (10.9-16.9) 

0.1 (0-0.1) 
5.9 (3.5-7.8) 

0.1 (0-0.3) 

PEPTID
E 63 

ISILYH
Q

L 
8 

3.7 
1.15E+20 

N
O

 
1.3 (1-1.6) 

0.3 (0.2-0.3) 
2.4 (2.2-2.7) 

0.1 (0-0.1) 
4.2 (2-8.2) 

0.2 (0.1-0.3) 

PEPTID
E 64 

VN
SIFQ

H
L 

8 
13.7 

1.49E+22 
N

O
 

1.3 (1.1-1.8) 
0.2 (0.1-0.3) 

3.4 (2.9-4.3) 
0 (0-0) 

7.8 (3.7-12.1) 
0.3 (0.2-0.4) 

PEPTID
E 65 

SSPH
YTTL 

8 
12.2 

7.07E+21 
YES 

3.6 (1.6-6.8) 
0.1 (0.1-0.1) 

5.5 (4.9-6.1) 
0.1 (0.1-0.2) 

7.7 (5.3-11.1) 
0.9 (0.7-1) 

PEPTID
E 66 

VG
YR

FVTAI 
9 

6.8 
8.29E+21 

N
O

 
2.5 (0.4-3.6) 

0.1 (0-0.1) 
5.8 (5.2-6.5) 

0.1 (0.1-0.2) 
3.9 (1-6.7) 

0.2 (0-0.3) 

PEPTID
E 67 

TG
PKYIH

L 
8 

26.7 
8.63E+21 

YES 
3.4 (0.5-8.9) 

0 (0-0.1) 
2.1 (1.9-2.4) 

0.1 (0.1-0.2) 
2.8 (1.8-4) 

0.4 (0.1-0.8) 

PEPTID
E 68 

VQ
YKFSH

L 
8 

2.3 
6.46E+21 

YES 
3.6 (0.9-8.8) 

0 (0-0) 
2.8 (1.7-3.9) 

0.1 (0-0.1) 
4.7 (3.4-5.4) 

0 (0-0.1) 

PEPTID
E 69 

R
VLLFSQ

M
 

8 
31.8 

1.31E+22 
YES 

0.8 (0.5-1.3) 
0.3 (0.2-0.3) 

0.2 (0.1-0.3) 
0.2 (0.1-0.3) 

0.6 (0.4-1) 
0 (0-0) 

PEPTID
E 70 

R
VLIFSQ

M
 

8 
42.3 

1.31E+22 
YES 

1.1 (1-1.3) 
0.3 (0.2-0.4) 

0.8 (0.3-1.3) 
0.4 (0.2-0.6) 

0.2 (0.1-0.3) 
0 (0-0.1) 

PEPTID
E 71 

KIFEFKETL 
9 

63.4 
4.45E+21 

N
O

 
0.5 (0.1-0.9) 

0 (0-0) 
0.9 (0.6-1.3) 

0 (0-0) 
0.2 (0.1-0.3) 

0.1 (0.1-0.2) 

PEPTID
E 72 

TTYKYEM
I 

8 
28.6 

6.70E+21 
N

O
 

3.6 (0.4-9.6) 
0 (0-0.1) 

2.2 (1.7-2.6) 
0.1 (0.1-0.1) 

13.3 (5.4-19.8) 
0.4 (0.2-0.5) 

PEPTID
E 73 

ISVSFYH
V 

8 
6 

1.12E+21 
YES 

2.7 (2-3.8) 
0.1 (0-0.2) 

2.9 (2.5-3.1) 
0.1 (0.1-0.1) 

4.4 (2-8) 
0.9 (0.4-1.7) 

PEPTID
E 74 

KN
FPFER

L 
8 

11.2 
2.52E+20 

YES 
4.9 (2.2-6.3) 

0.1 (0-0.1) 
6.3 (5-9) 

0.1 (0.1-0.1) 
16.3 (7.6-22.9) 

0.6 (0.4-0.7) 

PEPTID
E 75 

R
VYEFLD

KL 
9 

34.9 
2.66E+21 

YES 
0.6 (0.1-1.2) 

0 (0-0) 
1.3 (1-1.6) 

0 (0-0.1) 
0.3 (0.2-0.5) 

0.2 (0.1-0.3) 

PEPTID
E 76 

AFYYIH
N

L 
8 

87.6 
9.76E+20 

YES 
0.7 (0.2-1.6) 

0 (0-0) 
2 (1.9-2) 

0.1 (0.1-0.1) 
0.8 (0.4-1.6) 

0.5 (0.2-0.9) 

PEPTID
E 77 

TN
YN

FQ
YI 

8 
7 

1.28E+21 
YES 

4.1 (2.8-6.6) 
0.1 (0.1-0.1) 

3.9 (3.4-4.5) 
0 (0-0) 

8.4 (4.6-16) 
0.4 (0.2-0.8) 

PEPTID
E 78 

R
AYLFN

SV 
8 

7 
8.32E+20 

YES 
5.1 (4.2-6) 

0.1 (0.1-0.2) 
6 (3.5-7.4) 

0.1 (0.1-0.1) 
18 (13.6-21.1) 

1 (0.8-1.2) 

PEPTID
E 79 

ISAR
FVQ

L 
8 

6.4 
5.36E+20 

N
O

 
0.9 (0.6-1.1) 

0.1 (0-0.1) 
2.3 (2.1-2.8) 

0 (0-0) 
5.5 (5-6) 

0.5 (0.3-0.8) 

PEPTID
E 80 

SAYEVIKL 
8 

56.8 
4.63E+20 

YES 
1 (0.6-1.2) 

0.1 (0-0.1) 
2.5 (1.7-3.3) 

0.1 (0-0.2) 
3.9 (1.7-5.6) 

0.2 (0.1-0.3) 



PEPTID
E 81 

LAPVYQ
R

L 
8 

17.7 
#N

/A 
YES 

1.1 (1-1.3) 
0.1 (0.1-0.1) 

2.1 (1.9-2.2) 
0.2 (0.1-0.3) 

11 (7.7-16.7) 
0.5 (0.2-1) 

PEPTID
E 82 

KG
FTFSAL 

8 
4.2 

#N
/A 

YES 
2.3 (0.8-5) 

0 (0-0) 
2.4 (1.2-4.3) 

0 (0-0.1) 
10.3 (3.9-16) 

0.2 (0.1-0.3) 

PEPTID
E 83 

VSPR
LTFL 

8 
30 

3.96E+21 
YES 

1.4 (1.1-2) 
0.1 (0.1-0.2) 

3.2 (1.3-6) 
0.1 (0.1-0.1) 

5.8 (5.3-6.6) 
0.6 (0.2-0.8) 

PEPTID
E 84 

VN
M

VPFPR
L 

9 
14.9 

8.64E+20 
YES 

2.8 (1.6-4.6) 
0.6 (0.3-0.9) 

1.6 (1.3-2.1) 
0.1 (0.1-0.2) 

2.2 (1-4.1) 
1.1 (0.9-1.4) 

PEPTID
E 85 

TN
VLFN

H
L 

8 
11.1 

7.84E+20 
YES 

0.4 (0.3-0.5) 
0.1 (0-0.1) 

0.9 (0.6-1.5) 
0.2 (0.2-0.3) 

0.3 (0.1-0.6) 
0.3 (0.3-0.4) 

PEPTID
E 86 

IG
PTYYQ

R
L 

9 
3.9 

4.04E+18 
YES 

2.1 (1.4-3) 
0.1 (0-0.1) 

2.8 (2.3-3) 
0.1 (0-0.1) 

7.4 (4.1-10.4) 
0.5 (0.4-0.8) 

PEPTID
E 87 

SVYTH
SYL 

8 
4.6 

2.27E+20 
YES 

5.9 (2.8-11.1) 
0 (0-0.1) 

6.9 (4.6-9.6) 
0 (0-0.1) 

15 (8.4-26.4) 
0.2 (0.1-0.3) 

PEPTID
E 88 

KTYQ
FLN

D
I 

9 
89.3 

2.23E+20 
YES 

0.9 (0.5-1.5) 
0 (0-0.1) 

0.9 (0.5-1.4) 
0 (0-0) 

2.2 (0.6-4.3) 
0 (0-0.1) 

PEPTID
E 89 

TSFR
YSSL 

8 
2.3 

2.34E+20 
N

O
 

1.9 (1-3.4) 
0.1 (0-0.2) 

1.2 (0.6-1.8) 
0.1 (0-0.1) 

6.3 (3.9-7.5) 
0.1 (0-0.3) 

PEPTID
E 90 

AM
YIFLH

TV 
9 

31.7 
3.31E+21 

YES 
0.7 (0.7-0.8) 

1.7 (1.2-2.1) 
0.6 (0.4-0.7) 

0.3 (0.1-0.3) 
0.8 (0.1-1.2) 

0.3 (0.1-0.7) 

PEPTID
E 91 

SG
LKYVAV 

8 
39.3 

6.19E+20 
N

O
 

2.5 (2-2.7) 
0.1 (0.1-0.1) 

1.1 (0.5-1.6) 
0.1 (0.1-0.2) 

3.1 (0.7-5.5) 
0.9 (0.6-1.1) 

PEPTID
E 92 

VN
FVH

TN
L 

8 
3.6 

1.29E+21 
YES 

3.5 (2.1-5.2) 
0.2 (0.1-0.3) 

3.8 (2.8-4.5) 
0 (0-0) 

9.6 (7.6-11) 
0.3 (0-0.5) 

PEPTID
E 93 

IFYYVQ
KL 

8 
52.7 

2.24E+21 
YES 

1.7 (0.9-2.9) 
0.2 (0.1-0.3) 

2.1 (1.9-2.3) 
0.1 (0-0.1) 

5.7 (2.6-7.6) 
0.1 (0-0.4) 

PEPTID
E 94 

IR
YFPTQ

AL 
9 

437.1 
1.12E+20 

YES 
0.4 (0.3-0.5) 

0.1 (0.1-0.1) 
0.5 (0.3-0.7) 

0.1 (0-0.1) 
0.5 (0.1-1.3) 

0.1 (0-0.2) 

PEPTID
E 95 

KN
VLFSH

L 
8 

7.9 
1.63E+21 

YES 
1.2 (0.6-2.1) 

0.1 (0-0.1) 
1.4 (1.1-1.7) 

0 (0-0) 
5.3 (2.6-7.9) 

0.3 (0.1-0.5) 

PEPTID
E 96 

SSPKFSEI 
8 

53.5 
8.97E+22 

N
O

 
0.8 (0.3-1.8) 

0.1 (0-0.1) 
0.8 (0.7-0.9) 

0 (0-0.1) 
4.1 (2.3-6.1) 

0.2 (0-0.4) 

PEPTID
E 97 

IN
FD

FN
TI 

8 
19.8 

#N
/A 

YES 
3.7 (1-6.4) 

2.4 (1.6-4) 
3.2 (2.3-4.1) 

0.4 (0.3-0.5) 
3.4 (2.7-4.8) 

0.1 (0-0.2) 

PEPTID
E 98 

KIITYR
N

L 
8 

7.5 
#N

/A 
YES 

2.2 (1.7-2.8) 
0.4 (0.2-0.5) 

3.7 (2.9-5.1) 
0.2 (0.1-0.2) 

2.1 (1.7-2.4) 
1.1 (1-1.2) 

PEPTID
E 99 

KVLH
FYN

V 
8 

52.8 
#N

/A 
N

O
 

3.5 (2.9-4.2) 
0.3 (0.2-0.4) 

4.2 (3.1-4.8) 
0.2 (0.1-0.2) 

3.4 (1.9-4.3) 
1 (0.6-1.4) 

PEPTID
E 100 

KVITFID
L 

8 
135.5 

4.55E+20 
YES 

2.7 (0.4-6) 
1.4 (0-4.1) 

1.5 (0.7-2.9) 
0.1 (0-0.1) 

3.5 (1.6-7) 
0.2 (0-0.3) 

 



Supplementary Table 5 
 

Antibodies used for IHC 
Antibody Target Clone Format Supplier Catalogue # 
H-2Kb AF6-88.5 FITC BD Biosciences 553569 
H-2Kd SF1-1.1 FITC BD Biosciences 553564 
H-2Db/H-2Kb 28-8-6 FITC BioLegend 114605 
CD4 GK1.5 FITC BD Biosciences 553729 
CD8a 53-6.7 FITC BioLegend 100706 
F4/80 BM8 FITC BioLegend 123108 
CD19 6D5 FITC BioLegend 115506 
CD11c N418 FITC BioLegend 117306 
FITC polyclonal HRP Bio-Rad 4510-7864 

 
Antibodies used for hepatocyte/RMA-S staining (flow) 
Antibody Target Clone Format Supplier Catalogue # 
H-2Kb AF6-88.5 biotin BD Biosciences 553568 
H-2Kb Y-3 purified WEHI* N/A 
H-2Kd SF1-1.1 biotin BioLegend 116604 
H-2Kb-SIINFEKL 25D-1.16 APC BioLegend 141606 
Mouse IgG2b RMG2b-1 PE BioLegend 406708 
biotin streptavidin PE BioLegend 405204 

 
Antibodies used for Des-RAG Adoptive Transfer/Screening experiment 
Antibody Target Clone Format Supplier Catalogue # 
CD4 GK1.5 FITC BD Biosciences 553729 
CD8a 53-6.7 PE BD Biosciences 553033 
CD90.2 53-2.1 PerCPCy5.5 BioLegend 140322 
CD44 IM7 APC BD Biosciences 559250 
PD-1 29F.1A12 BV421 BioLegend 135218 
Vbeta2 B20.6 PE BioLegend 127908 
CD45.1 A20 BV711 BioLegend 110730 
CD45.2 104 PerCPCy5.5 BioLegend 109828 

 
Antibodies used for multimer staining 
Antibody Target Clone Format Supplier Catalogue # 
CD8a KT-15 FITC Invitrogen MA5-16760 
CD90.2 53-2.1 PerCPCy5.5 BioLegend 140322 
CD44 IM7 APC BioLegend 103012 
CD44 IM7 BV605 BioLegend 103047 
PD-1 29F.1A12 BV421 BioLegend 135218 
CD19 6D5 PECy7 BioLegend 115520 
CD14 Sa14-2 PECy7 BioLegend 740357 
PE PE001 biotin BioLegend 408104 
APC APC003 biotin BioLegend 408004 

 
Antibodies used for transplant immune response monitoring 
Antibody Target Clone Format Supplier Catalogue # 
CD69 H1.2F3 BUV737 BD Biosciences 612793 
CD4 GK1.5 BUV805 BD Biosciences 612900 
PD-1 29F.1A12 BV421 BioLegend 135218 
KLRG1 2F1/KLRG1 BV510 BioLegend 138421 
CD44 IM7 BV605 BioLegend 103047 
Lag-3 C9B7W BV650 BioLegend 125227 
Tim-3 RMT3-23 BV711 BioLegend 119727 
CD62L MEL-14 BV785 BioLegend 104440 
CD8a KT-15 FITC Invitrogen MA5-16760 
CD90.2 53-2.1 PerCPCy5.5 BioLegend 140322 
TIGIT 1G9 PEDazzle594 BioLegend 142110 
CD14 Sa14-2 PECy7 BioLegend 123316 
CD19 6D5 PECy7 BioLegend 115520 
CD186 SA051D1 APC BioLegend 151106 
CD127 A7R34 APC/Cy7 BioLegend 135040 

 
 
 



Antibodies used for confocal imaging 
Antibody Target Clone Format Supplier Catalogue # 
CD31 PECAM-1 AF488 BioLegend 102414 
CD45 30-F11 AF647 BioLegend 103124 
CK19 EPNCIR127B purified Abcam Ab133496 
H-2Kb Y-3 purified WEHI* N/A 
Rabbit IgG Polyclonal AF750 Invitrogen A21039 
Mouse IgG2b RMG2b-1 PE BioLegend 406708 

 
Antibodies used for immunoaffinity purification 
Antibody Target Clone Format Supplier Catalogue # 
H-2Kb K9-178 purified In-house In-house 
H-2Kb/k Y-3 purified In-house In-house 
H-2Kd SF1-1.1.10 purified In-house In-house 
H-2Db 28-14-8 purified In-house In-house 

 
*Antibody core, Walter & Eliza Hall Institute, Melbourne, Australia 



Supplementary Table 6: Variable Window widths used for DIA acquisition 
  

Start End Width 

MS1 375 1000 
 

DIA 375 386.1 11.1 

DIA 385.1 398.7 13.6 

DIA 397.7 412 14.3 

DIA 411 425.4 14.4 

DIA 424.4 441 16.6 

DIA 440 457 17 

DIA 456 474.7 18.7 

DIA 473.7 493.7 20 

DIA 492.7 510.7 18 

DIA 509.7 528.8 19.1 

DIA 527.8 545.8 18 

DIA 544.8 565.7 20.9 

DIA 564.7 591.3 26.6 

DIA 590.3 616.3 26 

DIA 615.3 643.3 28 

DIA 642.3 668.3 26 

DIA 667.3 693.3 26 

DIA 692.3 851.3 159 

DIA 850 1000 150 

 


