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873 Supplementary Figure 3 — DENV derived pMHCs shift the endogenous pMHC pool

874 a) Log2 transformed pMHC relative abundance in control (x-axis) vs. DENV infected
875 (DENV2+) cells (y-axis) across both bio-replicates. Unfiltered dataset plots are on top,
876  bottom plots represent only pMHCs found in both bio-replicates. DENV pMHCs (DENV?2)
877 are highlighted in red. b) Distribution of log2 transformed abundance (y-axis) across
878 pMHCs ranked in decreasing order of abundance (x-axis) in control and DENV infected
879 cells. pMHCs whose rank changes were within the first quartile in grey, and those
880 significantly up or down-regulated are shown in orange and blue respectively. Examples
881 of each category - unchanged (black diamonds), up (orange diamonds) and down-
882 regulated (blue diamonds) pMHCs in control and DENYV infected datasets are highlighted
883 and labeled with gene symbol of corresponding source proteins and the percentile change
884 in abundance ranks following infection. c) Distribution of change in percentile rank (x-
885 axis, ARank) in control and DENYV infected cells colored according to the direction of fold
886 change after infection. Y-axis represents the change in rank before and after infection
887 calculated as a percentile rank - (Rank of ARank). DENV pMHCs (DENV2) are highlighted
888 in red. d) Percentage of unigue pMHC in each dataset categorized based on their
889 predicted binding affinities to endogenous Raji alleles and their measured relative
890 abundance in control (blue) and DENV infected (orange) datasets. pMHC were
891 categorized based on their minimum binding rank (%) across the Raji HLA alleles
892 calculated by netMHC as ‘strong’ (</= 0.5%), ‘weak’ (</=2%) or ‘none’ (>2%). Abundance
893 levels of the pMHCs were deemed ‘high’ if they were in the top 25" percentile, ‘med’ if
894 they were between 25" and 60t percentile and ‘low’ if below the 60t percentile. pMHCs

895 not detected in a dataset were deemed ‘none’. e) Boxplots contrasting relative pMHC
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896 abundance (Logl0 abundance) derived from control and DENV infected (DENV2+) Raji
897 cells. Pairs of plots represent relative abundances in control and DENV infected datasets
898 for all pMHCs; those identified in both control and infected states; pMHCs exclusive to
899 either state; and the twenty-five highest and least abundance pMHCs. Pairs of datasets
900 with significantly (p<0.001, Wilcoxon Signed Rank test, n=2) different means, are

901 indicated (*).

902 Supplementary Figure 4
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903

904 Supplementary Figure 4 — Proteome changes poorly predict pMHC repertoire shifts

905 Log2 fold change of proteins upon infection calculated from TMT reporter ion abundances
906 in the proteome (x-axis) versus changes in their corresponding pMHCs. pMHCs from
907 source proteins significantly (p < 0.01) suppressed (Log2 FC <1) or induced (Log2 FC >
908 1) upon DENV infection are highlighted in green and red respectively. DENV-derived

909 pMHCs are highlighted in red.
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912 Supplementary Figure 5 — Structural features of the DENV polyprotein impact the

913 viral pMHC repertoire

914 a) pMHC normalized abundance (y-axis) plotted against the source protein abundance
915 (x-axis) in the tryptic proteome of infected cells normalized to account for number of tryptic
916 cleavage sites. This plot suggests that viral source protein abundances poorly correlate
917 with corresponding pMHC levels. b) Proteome (dark red) and pMHC (light red)
918 abundance (y-axis, right) of each DENV polyprotein component (x-axis) and their
919 predicted hydropathies represented as the GRAVY score (see methods) (blue) (y-axis,
920 left) shows that protein hydropathies do not sufficiently explain protein or pMHC levels
921 measured by LC-MS. c) Scatter plots of pMHC (orange) and proteome (red) hydropathies
922 (x-axis) and their normalized log-transformed abundance quantify the modest or lack of
923 correlation between protein hydropathies and their proteome or pMHC abundances
924  respectively. d) Correlation between residue conservation using the AAcon score on the
925 Jalview platform and pMHC abundance shows that residue conservation correlates
926 modestly with presentation propensity. e) Distribution of a-helix and B-sheet derived
927 pMHCs (71 in this study) across the DENV polyprotein was from the reported secondary
928 structure features in the UniProt entry of a polyprotein homolog (see methods) and
929 suggests a bias towards presentation of alpha helix structures versus beta sheets. Y-axis
930 represents relative abundance of peptides across each polyprotein component f) Contour
931 plot contrasting the density (abundance) of alpha helices (top) and beta sheets (bottom)

932 inthe DENV polyprotein (right) and the pMHCs (left).
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933 Supplementary Figure 6

(a)

(6]
o

m parental mpan B35 mB35only

H
o

N w
o o

-
o

% abundance (stacked)

o

(b)

% abundance
- N w S {42
o o o o o o

pr M E NS3 NS4A NS5

C NS1 NS2A NS2B 2K NS4B
DENV2 protein

—
O
-~
w
o

N
o

-
o

%unique peptides

o]

, B0 - = il |II III s _=n II Il .m. "l I|I
pr M E NS1 NS3 NS4A NS5

NS2A NS2B S4 2K NS4B
DENV2 protein

(d)

fraction of peptides
(arbitratry units)
m

934 | || parental [7] B35 only

61


http://dx.doi.org/10.1101/471821
http://creativecommons.org/licenses/by-nc/4.0/

bioRxiv preprint first posted online Nov. 19, 2018; doi: http://dx.doi.org/10.1101/471821. The copyright holder for this preprint
(which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-NC 4.0 International license.

935 Supplementary Figure 6

936 a) DENV pMHCs of parental (blue), B*35+endogenous (orange) Raji cells and B*35-only
937 (grey) pMHCs mapped across the DENV polyprotein. Y-axis represents the stacked
938 relative abundance of peptides spanning each residue. b) Percentage distribution of
939 summed unique pMHCs from parental (blue), B*35+ endogenous Raji cells (orange)
940 compared to the B*35-only pMHCs (grey) for each viral protein. c) Percentage distribution
941 of summed pMHC abundance from parental (blue), B*35+ endogenous Raji cells (orange)
942 compared to the B*35-only pMHCs (grey) for each viral protein. d) All 9-11 mer peptides
943  predicted by netMHC to bind (< 5000 nM) B*35 (grey) to Raji HLAs are plotted below
944  (light green) to reveal predicted binding hotspots. Y-axes represent relative number of

945 peptides deemed binding spanning any given residue.
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946  Supplementary Figure 7
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948 Supplementary Figure 7 — HLA-binding affinity is a poor predictor of presentation

949 propensity.

950 a) Correlation between DENV pMHCs’ predicted binding affinity (x-axis) and pMHC
951 abundances (y-axis). Binding affinities represent percentile ranks of the dissociation
952 constants for each pMHC (nM, lowest value for Raji endogenous HLA). Relative
953 abundances were normalized to total DENV pMHC and percentile ranks were calculated.
954  The correlation coefficient is indicated b) Correlation between DENV protein lengths (x-
955 axis) and number of unique corresponding pMHCs (y-axis) from parental Raji cells
956 (orange) and epitopes in IEDB (green). Correlation coefficients are indicated for each
957 dataset. c) Stacked columns (to 100%) representing relative protein length (top), pMHC
958 abundances (middle) and unique IEDB epitopes (bottom) summed protein-wise for DENV

959 proteins.

960 Supplementary Table 1

961 (a) List of all proteins in the TMT experiment

962 (b) Significantly modulated pathways inferred from proteome

963 Supplementary Table 2

964 (a) List of Induced and Suppressed self-epitopes in DENV infected Raiji cells (FC, p-value,

965 IPA pathway information);

966 (b) All pMHC from control and DENYV infected cells.

967 (c) Significantly modulated pathways inferred from pMHC data
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968 Supplementary Table 3

969 List of all DENV epitopes isolated —columns to indicate (1) all the experiments they were
970 isolated in, (2) predicted (or experimentally established) restriction, (3) Empirical binding
971 data - A*03 and B*35 MHC and (4) Average conservation of residues across DENV

972 peptides

973 Supplementary Table 4

974  Frequency of response against for every peptide across tested samples including positive

975 (CMV), negative (HIV) controls as tested in ELISpot and tetramer staining assays.

65


http://dx.doi.org/10.1101/471821
http://creativecommons.org/licenses/by-nc/4.0/

bioRxiv preprint first posted online Nov. 19, 2018; doi: http://dx.doi.org/10.1101/471821. The copyright holder for this preprint
(which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-NC 4.0 International license.

976 Experimental Procedures

977  Virus Stock

978 DENV-2 infectious clone 16681 was a gift from K. Kirkegaard. DENV-2 from infectious
979 clone 16681 was adapted to HAP1 cells through serial passaging. Viral whole-genome
980 sequence analysis revealed three coding mutations compared to the original clone 16681:

981 Q399H in the envelope protein (E), L180F in NS2A and S238F in NS4B.

982 Plasmid constructs and genetic transductions

983 The cDNA sequence of full-length HLA-B*35:01:01:01:01 was synthesized (IDT) with 25
984  bp of overlapping vector sequence on either end and cloned into pLenti-CMV-Puro-DEST
985 (wl18-1, a gift from Eric Campeau) at the EcoRYV sites using Gibson assembly (NEB). A
986 two-step PCR was used to insert an N-terminal FLAG tag downstream of the signal
987 peptide. Lentivirus produced in HEK293FT-cells was used to transduce Raji cells
988 overnight. Transduced cells were selected by treatment with puromycin (1 pg/ml,

989 InvivoGen) for 7 days.

990 Cell culture and viral infection

991 A B-lymphocyte cell line (Raji cells) overexpressing the viral entry receptor DC-SIGN (gift
992 from Dr. Eva Harris, UC Berkeley) with and without HLA-B*35:01 overexpression were
993  cultured in T175 flasks in RPMI medium supplemented with 5% Fetal Bovine Serum and
994  1x Penicillin/Streptomycin and L-glutamine, in two replicate experiments. The cells
995 expanded to achieve 5e8 cells. One-half (2.5e8 cells) of these were infected with DENV-

996 2 infectious clone 16681 at MOI of 5 and co-harvested at 27 hpi with the control cells. The
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harvested cells were washed twice with 1XPBS, flash frozen in liquid nitrogen and stored

at -80°C until use.

Flow cytometry analysis

Harvested Raiji cells were washed in 1xPBS, fixed with 4% paraformaldehyde for 10 mins
at room temperature. The cells were washed again and stored in 1xPBS at 4°C until
further analysis. For the detection of DENV NS1, cells were permeabilized in methanol
for 30 mins at —20°C and then washed in FACS buffer (PBS, 2% FBS, 1 mM EDTA). The
primary antibodies used were an anti-MHC class | (clone W6/32, Genentech), mouse
IgG2a isotype control (Biolegend), anti-NS1 (Abcam), mouse IgG1l isotype control
(Biolegend) and anti-FLAG (Sigma). Goat anti-mouse IgG-AlexaFluor647 (LifeTech) was
used as a secondary antibody. The MHC staining was performed for 20 mins at 4°C at
1/100 dilution with 1/100 goat serum. The secondary antibody was used at 1/1000 for 20
mins at 4°C. The DENV anti-NS1 antibody was used 1/50 with 1/100 goat serum for 105
mins on ice followed by 1/1000 secondary and 1/100 goat serum for 1 hr on ice. All FLAG
staining was performed at an anti-FLAG dilution of 1/100 and rat serum for 20 mins at
room temperature and 1/1000 secondary with 1/100 rat serum for 20 mins at room

temperature.

Multiplexed whole cellular proteome analysis

Multiplexed quantitative analysis of the whole cell proteome was carried out using isobaric
tandem mass tag (TMT) labeling of two replicate samples of control and DENV infected
parental Raji cells. A portion of the harvested cells (1e’ cells) from each sample were

lysed for 15 mins in a bath sonicator on ice using a buffer (1 mL/1e’ cells) containing 8 M
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1019 Urea, 100 mM NaCl and 25 mM Tris (pH 8.2), supplemented with Protease and
1020 Phosphatase inhibitor cocktail tablets (Roche). The cell debris was pelleted by
1021 centrifugation at 2500xg at 4°C and soluble protein was collected from the supernatant

1022 and quantified using the BCA protein assay kit (Thermo Scientific).

1023 Protein disulfide bonds were reduced with dithiothreitol (5mM final concentration) at 56°C
1024  for 30 mins and alkylated with iodoacetamide treatment (15mM final concentration) for 1
1025 hrin the dark. Protein digestion was carried out overnight at 37°C using MS-grade trypsin
1026  (Promega, 1:200 w/w) following dilution of Urea concentration to 1 M. The digest was
1027 quenched using 0.5% v/v trifluoroacetic acid and the peptides were desalted using C18-

1028 solid phase extraction and vacuum dried in a centrivap coupled to a cold-trap (Labconco).

1029  Multiplexed TMT quantification was carried out as previously described®®. Briefly, 100 ug
1030 of dried peptides from each sample were resuspended in 50 mM Na-HEPES buffer (pH
1031  8.5) containing 30% anhydrous Acetonitrile. TMT reagents 126, 127N, 127C, 128N were
1032 added to tryptic peptides from control/DENV infected parental Raji samples and incubated
1033  for 1hr at room temperature. The reactions were quenched with 0.3% v/v hydroxylamine
1034  and then acidified with formic acid to achieve a pH of 2. A small, equal volume (2 pL) of
1035 each sample was combined and assessed by mass spectrometry to establish reporter
1036 ion intensity ratios. Adjusted amounts (where applicable) of the samples were mixed to
1037 achieve a 1:1:1:1 ratio, purified by C18 solid phase extraction and dried down. Dried
1038 peptides were fractionated by high pH reverse phase (HPRP) chromatography on an off-
1039 line Agilent 1200 HPLC system using a C18 Extend column (Agilent). The 96 fractions
1040 collected were pooled as previously described® to result in 12 concatenated samples,

1041  which were dried down and purified by C18 solid phase extraction. Purified peptides were
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1042  stored at -80°C prior to LC-MS analysis. Four other samples were included in the initial
1043 TMT labeling and LC-MS analysis for a total of eight labeling conditions per result file,

1044  although data from these were not used or presented in this study.

1045 Preparation of cell lysates for immunoprecipitation

1046  Frozen cell pellets from uninfected (control) and DENV infected Raji cells were thawed
1047 onice and lysed with buffer (1 mL/1.25x108 cells) containing 1% CHAPS, 20 mM Tris and
1048 150 mM NacCl (pH 8), supplemented with protease inhibitor cocktail (Roche), HALT (1x
1049 final concentration) and PMSF. Lysis was performed by incubating on ice for 20 mins with
1050 gentle vortexing every 5 mins. The cell lysates were transferred into 1.5 mL tubes
1051 (Eppendorf) and centrifuged at 16,000xg for 20 mins at 4°C to remove cellular debris and
1052 the supernatant was pre-cleared for 1 hr at 4°C using Protein-A Sepharose beads (GE

1053 Healthcare).

1054 MHC-| peptide complex (pMHC) immuno-precipitation

1055 Immunoprecipitation of the pre-cleared supernatant was performed using a pan-MHC-|
1056 antibody (W6/32, Genentech) coupled to Protein-A sepharose beads, on a rotating
1057 platform for 12 hrs at 4°C. The captured pMHC-I were eluted from the Protein-A
1058 Sepharose beads using 10% acetic acid and filtered using a 10 kDa cut-off filter to
1059 separate the peptides from the MHC-I molecules. Eluted peptides were vacuum dried in
1060 a centrivap coupled to a cold-trap (Labconco), re-suspended in 5% formic acid and

1061 desalted by binding to the C18 resin for solid phase extraction as previously described®s.
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1062 B*35 FLAG immunoprecipitation

1063 Anti-FLAG antibody-magnetic bead complexes (Sigma) prepared per manufacturer’s
1064 instructions, were added to clarified cell lysates and incubated overnight on a Hula mixer
1065 (Thermo) at 4°C. Unbound protein from the lysate was washed off the beads using 1xTBS
1066 at room temperature on a Hula mixer. The captured B*35 pMHC-I were eluted from the
1067 anti-FLAG beads using 10% acetic acid and filtered using a 10 kDa cut-off filter to
1068 separate the peptides from the MHC-I molecules. Eluted peptides were vacuum dried,

1069 resuspended in 5% formic acid and desalted as described above.

1070 Liguid chromatography coupled with tandem mass spectrometry

1071 De-salted MHC peptides from the W6/32 and FLAG pulldowns and from TMT
1072 experiments were re-suspended in sample buffer containing 0.1% Formic acid. Samples
1073  were separated by capillary reverse-phase chromatography on an 18 cm reversed-phase
1074  column (100 um inner diameter, packed in-house with ReproSil-Pur C18-AQ 3.0 m resin
1075 (Dr. Maisch)) over a total run time of 160 min using a two-step linear gradient with 4—25%
1076  buffer B (0.2% (v/v) formic acid, 5% DMSO, and 94.8% (v/v) acetonitrile) for 120 min
1077  followed by 25-40% buffer B for 30 min using an Eksigent ekspert nanoLC-425 system

1078 (SCIEX, Framingham, Massachusetts, USA).

1079 Three injections were made per MHC peptide sample to utilize multiple fragmentation
1080 modes (HCD (higher-energy collisional dissociation) or CID (collision-induced
1081 dissociation)). The third injection was performed with CID including singly charged
1082 species. MS data were acquired in data-dependent mode with the full MS scans collected

1083 inthe Orbitrap mass analyzer with a resolution of 60,000 and m/z scan range 340 — 1,600.
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1084  The top ten most intense ions were then selected for sequencing and fragmented in the
1085 Orbitrap mass analyzer at a resolution of 15,000 (full width at half maximum). Data-
1086 dependent scans were acquired from precursors with masses ranging from 700 to 1,800
1087 Da. Precursor ions were fragmented with a normalized collision energy of 35% and an
1088 activation time of 5ms for CID and 30 ms for HCD. Repeat count was set to 2 and
1089 fragmented m/z values were dynamically excluded from further selection for a period of

1090 30s. The minimal signal threshold was set to 500 counts.

1091 For TMT-labeled peptides, full MS scans were acquired in the Orbitrap mass analyzer
1092  with resolution 60,000 at 340 — 1,600 m/z. Unassigned charge states were rejected and
1093 the top 20 most intense ions with charge states >2 were sequentially isolated for MS/MS
1094 analysis using CID fragmentation. A minimal signal of 500 was required, the normalized
1095 collision energy was set at 35%, and the fragmented peptide masses were collected in
1096 the ion-trap. Dynamic exclusion was enabled with a repeat count of 1 and the repeat
1097  duration set to 30 s. MS2 fragment ions were further subjected to HCD fragmentation with
1098 multinotch MS3%2 to yield the reporter ions from the TMT reagent which were then

1099 analyzed in the orbitrap of the mass spectrometer.

1100 The mass spectrometry proteomics data have been deposited to the ProteomeXchange

1101 Consortium via the PRIDE®* partner repository with the dataset identifier PXD010280.

1102 Generation of custom proteome sequence databases

1103 A custom database was built comprising sequences from the human proteome UniProtKB
1104 including Swiss-Prot and TrEMBL databases (version May 2015), translated DENV-2

1105 genome sequence (clone 16681) and common contaminant protein sequences included
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1106 (for example, Staphylococcus protein A). The DENV polyprotein genome sequence was
1107 translated into its corresponding protein sequence using the ExPASy translate tool

1108 (https://web.expasy.org/translate/) from the Swiss Institute of Bioinformatics. Reversed

1109 ‘decoy’ protein sequences were appended to the database for ‘target-decoy’ error

1110 estimation®>.

1111  Analysis of cellular proteomes Tandem Mass Taq (TMT) data

1112 TMT data were analyzed with ProteomeDiscover version 2.1.0.81 (Thermo Fisher
1113  Scientific) and SEQUEST-HT with the following settings: the parent mass error tolerance
1114 was set to 20 ppm. and the fragment mass error tolerance to 0.6 Da. Strict trypsin
1115 specificity was required, allowing for up to two missed cleavages. Carbamidomethylation
1116 of cysteine was set as fixed modification and oxidation of methionines as a variable
1117 modification. The minimum required peptide length was set to seven amino acids. All
1118 spectra were gueried against the human database containing DENV and contaminant
1119 sequences as described above. A false discovery rate of 1% was required at both the
1120 peptide level and the protein level, calculated as the g-value by the Percolator algorithm?®8,
1121  For each protein group, summed peptide reporter ion intensities were used to estimate

1122 total protein abundance.

1123 Computational identification of HLA peptides from mass spectra

1124  All tandem mass spectra were queried against the custom database described above
1125 using both SEQUEST (version28.12)%” and PEAKS DB search engines (PEAKS Studio
1126 7.5, Bioinformatics Solutions)%8. Spectra were also interpreted by de novo sequencing

1127 (PEAKS Studio 7.5, Bioinformatics Solutions) to improve high-confidence peptide
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1128 identification. The ms-convert program (version 3.0.45) was used to generate peak lists
1129 from RAW data files, and spectra were interpreted with SEQUEST. RAW data files were
1130 directly imported into PEAKS Studio 7.5 and subject to default data refinement
1131 (deisotoping, charge deconvolution, peak centroiding) prior to searching with PEAKS DB
1132 and PEAKS de novo algorithms. For all searches, the parent mass error tolerance was
1133 set to 20 ppm. and the fragment mass error tolerance to 0.02 Da. For SEQUEST and
1134 PEAKS DB, enzyme specificity was set to none and oxidation of methionines and
1135 deamidation (N, Q), cysteinylation, and phosphorylation (S, T, Y) were considered as

1136 variable modifications.

1137 High-confidence peptide identifications were selected at a 1% false discovery rate with a
1138 modified version of the Percolator algorithm®, optimized for proteogenomic

1139 immunopeptide analysis as previously described36.

1140 Comparisons between MHC presentation and protein expression levels

1141 pMHC relative abundances were inferred from peak areas of corresponding peptides and
1142 normalized to the total area signal for each run. Peptides reproducibly measured in both
1143 biological replicates were used to determine which self-pMHCs were significantly altered
1144  upon infection. Log transformed peptide areas were compared using paired two-tailed t-
1145 tests (Qlucore Omics Explorer) to determine pMHCs significantly (p<0.01) upregulated or
1146  downregulated during DENYV infection. Missing data points were deemed below detection
1147  limit and imputed as the minimum value in that dataset. pMHCs were ranked in their
1148 decreasing order of relative abundance in both control and infected systems and rank
1149 changes (ARank) were compared3’ to measure which peptides accounted for the

1150 differences between the two states.
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1151 Protein abundances in the cellular proteome were inferred from reporter ion intensities in
1152 the TMT experiments. Abundances were weighted by the predicted number of tryptic
1153 cleavage sites to infer normalized protein abundance. Proteins that significantly changed
1154  during infection were determined using Qlucore Omics Explorer as described for the

1155 ligandome above.

1156 Protein and ligandome log2- transformed fold-changes were compared to determine if
1157 protein expression levels directly impacted MHC-presentation. Ingenuity Pathway
1158  Analysis was used to determine cellular pathways significantly (-log10 p-value > 1.3, right-
1159 tailed Fisher's Exact test) perturbed during DENV infection using the log-transformed fold
1160 change and p-values associated with the proteins in the proteome dataset. Pathway-level
1161 changes reflected in the ligandome data were inferred in a similar manner using the log2-

1162 transformed fold change and p-value associated with the ligandome data.

1163  Structural characterization of proteins and peptides

1164 pMHCs derived from the DENV polyprotein were mapped on to the most homologous
1165 template available in the UniProt database - DENV-2 strain Thailand/16681/1984
1166 (accession P29990) to infer sequence features. Secondary structure and disorder
1167 propensities of host- and DENV- derived peptides in the ligandome and proteome
1168 datasets were calculated using VSL26°.70 and PSIPRED"™. In-house wrapper scripts were
1169 used to run these programs and to assign the peptide disorders. Peptides were assigned
1170 to 10 bins according to the helix or disorder propensity scores assigned by PSIPRED.
1171 Visualization of these data as contour plots of helix vs. disorder propensities was

1172 implemented in Plotly (https://plot.ly) using a custom R-script.
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1173 The tertiary structure of DENV polyprotein was predicted using homology modeling on
1174 the SwissModel (swissmodel.expasy.org) platform hosted on the Expasy server (Swiss
1175 Institute of Bioinformatics). Structures were visualized and annotated on Jmol

1176  (www.jmol.org).

1177 Peptide hydropathies were calculated as the length-normalized grand average of

1178 hydropathy (gravy-calculator.de) on the Sequence Manipulation Suite’?.

1179 Multiple Sequence Alignment of all complete DENV serotypes (1-4) sequences on
1180 UniProt was performed using BLASTp’3. Jalview’* was used to visualize aligned
1181 sequences and calculate the conservation score for each residue across the DENV

1182  polyprotein.

1183 Epitope-HLA in vitro binding assays

1184  Classical competition assays to quantitatively measure peptide binding to HLA A*03:01
1185 and B*35:01 class | MHC molecules were based on the inhibition of binding of a high-
1186 affinity radiolabeled peptide to purified MHC molecules. MHC purification and binding
1187 assays performed as detailed elsewhere?>. Briefly, 0.1 — 1 nM of radiolabeled peptide was
1188 co-incubated at room temperature with 1 uM to 1 nM of purified MHC in the presence of
1189 a cocktail of protease inhibitors and 1 uM (2-microglobulin. Following a two-day
1190 incubation, MHC-bound radioactivity was determined by capturing MHC/peptide
1191 complexes on W6/32 (anti-class I) antibody coated Lumitrac 600 plates (Greiner Bio-one,
1192  Frickenhausen, Germany), and measuring bound counts per minute (CPM) using the
1193 TopCount (Packard Instrument Co., Meriden, CT) micro-scintillation counter. In the case

1194  of competitive assays, the concentration of peptide yielding 50% inhibition of the binding
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1195 of the radiolabeled peptide was calculated. Under the conditions utilized, where [label] <
1196 [MHC] and IC50 = [MHC], the measured IC50 values are reasonable approximations of
1197 the true Kd values’®77. Each competitor peptide was tested at six different concentrations
1198 covering a 100,000-fold dose range, and in three or more independent experiments. As
1199 a positive control, the unlabeled version of the radiolabeled probe was also tested in each

1200 experiment.

1201 Exvivo IFN-y ELISPOT assays

1202 PBMCs were prepared from laboratory-confirmed DENV-seropositive donors from the
1203 Nicaraguan National Blood Bank and the Colombo National Blood Bank (SriLanka) as
1204  previously described’®. PBMCs (2x10° cells/well) were incubated in triplicates with 0.1
1205 mL of complete RPMI 1640 (Omega Scientific) supplemented with 5% human serum
1206 (Celigro) in the presence of HLA-matched peptide pools (2 upg/mL), as previously
1207 described?’. Briefly, following 20 hr incubation at 37°C, the cells were incubated with
1208 biotinylated IFNy mAb (mAb 7-B6-1; Mabtech) for 2 hrs and developed as previously
1209 described*’. Phytohemagglutinin (PHA) and A*03 and B*35 restricted CMV epitopes were
1210 used as positive control and HIV (A*03 and B*35) epitopes were used as negative

1211  controls.

1212 HLA-A*03 and B*35 tetramer staining and preparation

1213 HLA-A*03:01 and B*35:01 tetramers containing an ultraviolet-cleavable peptide’® were
1214  synthesized by the NIH Tetramer Facility. Seventeen DENV peptides were synthesized
1215 (ELIM Biopharmaceuticals). Potential HLA-A*03 or B*35-binding (predicted IC50 <

1216 500nM by netMHC3.4) binding peptides with A*03- and B*35- monomers were
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1217 exchanged, and multimerized with streptavidin-PE, APC, PECy7 or BV605 as previously
1218 described®. Peptides that bound both HLA-A*03 and HLA-B*35 with poor affinities were
1219 exchanged and multimerized to generate both A*03 and B*35 tetramers. PBMCs from
1220 three HLA-A*03 and four HLA-B*35 individuals (mutually exclusive) seropositive for
1221 DENV-2 were donated by Alessandro Sette at the La Jolla Institute for Allergy and
1222 Immunology. To determine background staining, we used T-cells from leukocyte
1223 reduction system chambers from a healthy untyped donor from the Stanford Blood
1224  Center. Tetramers generated from IEDB B*35 restricted peptides were pooled to allow
1225 multiplexing and address low donor cell numbers. Tetramer staining was performed as
1226  previously described®. HIV peptides RLRPGGKKK and NSSKVSQNY were used as
1227 A*03 and B*35 negative controls respectively, and CMV peptides TTVYPPSSTAK and

1228 IPSINVHHY were used as A*03 and B*35 positive controls.
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