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Supplementary Figure 1 | TCR TRBV usages and NY-ESO-14).7-HLA-B*07:02

tetramer dissociation assay. (a) Distinct TCR V 3 usage was found in four NY-ESO-1¢¢.72-

HLA-B*07:02-specific CDS" T cell clones. The panel of 24 TCR V j3 -specific monoclonal

antibodies used in this study (currently available commercially) does not cover the entire

naturally occurring TCR V 8 gene products as the human TCR J locus contains 54 V 3

gene segments. The KFJ15 clone was not stained by any of these TCR V f3 -specific

monoclonal antibodies and its TCR V 3 chain usage was subsequently determined by DNA

sequencing results. (b) NY-ESO-14.72-HLA-B*07:02 tetramer dissociation assay showed

variable avidities of the four CD8" T cell clones. Dissociated tetramer from bound TCR

during the dissociation at 37 °C was ‘captured’ by the added anti-HLA-B7 monoclonal

antibody to prevent tetramer rebinding.
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Supplementary Figure 2 | Antigen specificity of KFJ4, KFJ5, KFJ15 and KFJ37 TCRs.
Systematic alanine-scanning study revealed different TCR recognition patterns in four NY-
ESO-160.72-HLA-B*0702-specific CDS8" T cell clones. Single alanine substituted NY-ESO-
160-72 peptides (A2-A6 ESO) (a) and A7-A13 ESO peptides (b).
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Supplementary Figure 3 | Investigating the differential CD8 co-receptor dependency of
the KFJ4, KFJS, KFJ15 and KFJ37 TCRs during activation. Four different experimental
settings were set up to measure the sensitivity of CD8" T cell clone responses to CD8 co-
receptor. CD8 co-receptors of T cells were blocked in the first two experimental groups with
anti-CD8 monoclonal antibody. T cells were then stimulated with different NY-ESO-1¢.72
peptide concentrations in the presence or absence of HLA-B*07:02" antigen-presenting cells
(APCs). The next two experimental groups were treated the same way without blocking CDS8

co-receptor.
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Supplementary Figure 4 | Expression and function of parental and TCR transduced

SKW3 cells. (a) Cell lines expressing the KFJ4 (TRAV13), KFJ4 (TRAV26), KFJ5, KFJ15,



KFJ37 and LC13 TCRs expressed green fluorescent protein, GFP (a marker gene in the TCR-
pMIG expression construct) and CD3 surface receptor. Parental SKW3 cells lacked
endogenous TCR « and 3 chains, and therefore no TCR:CD3 complexes were expressed on
the cell surface. LC13, a well-characterised TCR specific to EBNA-3A339.347-HLA-
B*08:01, %™ was included as a study control. (b) A second independent retroviral
transduction experiment was performed for KFJ4 (TRAV13), KFJ4 (TRAV26), KFJ37 and

LC13 TCRs, with consistent results obtained for up-regulation of the T cell activation marker

CD69 (c).
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Supplementary Figure 5 | Plasticity of the KFJS TCR complementarity determining

regions. (a) Overview of the KFJ5 TCR-NY-ESO-1¢0.7.-HLA-B*07:02 complex with the
KFJ5 TCR binary with the TCR « and B-chains coloured lighter and darker shades of green
and red, respectively. The HLA-B heavy chain and ;-microglobulin molecules are shown as

light and dark grey, respectively. Overlay of the CDR « (b) and CDRJ (¢) loops of the KFJ5



TCR show the plasticity of the interface upon NY-ESO-1¢0.7.-HLA-B*07:02 recognition. (d)
The overview of the TCR interface further highlights the plasticity of the KFJ5 TCR. The

complementarity determining region (CDR) loops are coloured as follows; CDR1 « light
blue, CDR2 « green, CDR3 « teal, CDR1p orange, CDR2f red, and CDR3j yellow over the
HLA-B*07:02 binding groove with the NY-ESO-1¢.72 peptide shown as black stick
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Supplementary Figure 6 | Gating strategies used for all FACS analyses and cell sorting.




(a) Gating strategy to sort NY-ESO-1¢0.7,-HLA-B*07:02 tetramer positive CD8" T cells from
in vitro NY-ESO-1(55-72) peptide stimulated melanoma patient’s PBMC for single cell
cloning, as described in methods section. (b) Gating strategy to determine the specific TCR
VB usage in different NY-ESO-14¢.72-HLA-B*07:02-specific CDS8" T cell clones as shown in
Supplementary Fig. 1a. (¢) Gating strategy to determine the percentage of IFN-y producing
CDS8" T cells following in vitro stimulation, as shown in Fig. 1a, le, 1f & 2a and
Supplementary Fig. 2 & 3. (d) Gating strategy to determine the CD69 up-regulation in TCR
transduced SKW3 cells following co-incubation with NY-ESO-1.72 peptide-pulsed or non-
pulsed APC, as shown in Fig. 1d and Supplementary Fig. 4. (e) Gating strategy to determine
the percentage of NY-ESO-1¢0.72-HLA-B*07:02 tetramer positive CDS8" T cells, as shown in
Fig. 1b & 1¢ and Supplementary Fig. 1b.



Supplementary Table 1 | contacts table between KFJ37 TCR and NY-ESO-1¢0.7-

HLA-B*07:02
KFJ37 TCR NY-ESO-14.7.-HLA- Bond Type NY-ESO-1¢¢.7 Bond Type
B*07:02
CDRl1a Thr30 Glul63, Glul66, Trpl67 VDW
Asn31-N§2, 041 Arg62-NHI, Ng, H, VDW
Trpl67-Nel, Arg62,
Glul63, Trpl67
Tyr33-OH Alal58-0, Tyr159-N, H, VDW His6-N¢2, His6 H, VDW
Glul63-O¢l, Alalss8,
Tyrl59, Glul63
FWa GIn55-Ne2 GInl155 VDW His6-0 H
CDR2a  Tyr57 Glyl162, Glul63 VDW
Lys58-NC Glul61-0O H
CDR3a Vall07 His6, Gly7 VDW
Aspl108-0481, 082, Arg62-NHI1, NH2, Ng, Salt bridge, His6-N, Gly7-N, His6, VDW
(0] Arg62 VDW Gly7
GIn109 Arg62, GIn65, Tle66 VDW
CDRI1B Leu30 Glu79 VDW
Ser31 Ala9 VDW
FWp Tyr40-OH Gly8-0, Gly8, Ala9 H, VDW
CDR2pB Tyr56 GIn75, Glu79 VDW
Asn57-No2 Arg78-NH2, Glu79-O¢1, H, VDW
Arg78, Glu79
Glu59-O¢l, Oe2 Arg78-NH1, NH2, Ne, Salt bridge, H,
GIn75-Ne2, Glu22, VDW
GIn75, Arg78
Glu60-O GIn75-Ne2, GIn75 H, VDW
FWp Arg66-Ng, NH2 GIn75-O¢l, Ala72, H, VDW
GIn75, Thr76
CDR3f Serl07-Oy Ala9-N, Gly8, Ala9 H, VDW
Gly108 Alal0, Ala9, Alal0, VDW
Serl1
His110 Alal53 VDW
Ser113-0O Glul55-0¢l, Oe2, H, VDW Pro5-0, Gly8-N, Ala9- H, VDW
Gluls5 N, Pro5, Gly8, Ala9,
Alal0O
Asnll4 GIn158 VDW Pro5, His6, Gly7, Gly8, @ VDW
Alal0O
Glulls Gly8 VDW
GInl16-Ng2 Gly7-0, Gly7 H, VDW

Atomic contacts were determined with the CONTACT program from the CCP4i

suite.®¥°Y Hydrogen bonds (H) are defined as 3.5 A or less. Salt bridge interactions
are identified at 4.5 A or less and van der Waals (VDW) interactions were defined as
non-hydrogen bonds at distances of less than 4 A.



Supplementary Table 2 | contacts table between KFJ5 TCR and NY-ESO-1¢¢.72-
HLA-B*07:02

KFJS TCR NY-ESO-14.7.-HLA- Bond Type NY-ESO-169.7 Bond Type
B*07:02
CDRlo.  Thr30 Glul63, Glul66, Trpl67 VDW
Asn31-001 Trpl167-Nel, Arg62, H, VDW Alal VDW
Glul63, Trpl167
Tyr33 Glul63 VDW His6 VDW
FWa GIn55 His6 VDW
CDR2a  Tyr57 Arg62, Glul63 VDW
CDR3a  GIul08-O¢l,0e2  Arg62-NH1, NH2, Ng,  Salt bridge, Gly4, Pro5 VDW
Arg62 VDW
Ile109 Ala69 VDW Pro5 VDW
LeullO Ala69 VDW Pro5 VDW
Asplll GIn65, GIn65 VDW
Asn112-082 GIn65-O¢l H, VDW
Phell3 Aspb61, Arg62, GIn65 VDW
CDR3p Argl09-NHI, Ala69-0, Thr73-Oy1, H, VDW Alal0 VDW
NH2 Ala69, GIn72, Thr73
GIn110-Ne2 Glul52 VDW Alal0-0O, Alalo, Serl 1 H, VDW
Aspl113-082 His6-N¢2, His6 H, VDW

Atomic contacts were determined with the CONTACT program from the CCP4i
suite.®¥°Y Hydrogen bonds (H) are defined as 3.5 A or less. Salt bridge interactions
are identified at 4.5 A or less and van der Waals (VDW) interactions were defined as
non-hydrogen bonds at distances of less than 4 A.



Supplementary Table 3 | Monoclonal antibodies

Antibody target Clone name Source Dilution used  Host
Anti-human CD3 UCHT1 BD Biosciences 1:50 mouse
Anti-human CD8 RPA-T8 BD Biosciences 1:50 mouse
Anti-human CD69 FN50 BD Biosciences 1:50 mouse
Anti-human IFN-y 4S.B3 BD Biosciences 1:100 mouse
Anti-human TCR V1 BL37.2 Beckman Coulter 1:20 rat
Anti-human TCR V2 MPB2DS5 Beckman Coulter 1:20 mouse
Anti-human TCR Vg3 CH92 Beckman Coulter 1:20 mouse
Anti-human TCR V4 WIF24 Beckman Coulter 1:20 rat
Anti-human TCR V5.1 IMMU157 Beckman Coulter 1:20 mouse
Anti-human TCR V5.2 36213 Beckman Coulter 1:20 mouse
Anti-human TCR V5.3 3D11 Beckman Coulter 1:20 mouse
Anti-human TCR V7.1 ZOE Beckman Coulter 1:20 mouse
Anti-human TCR V7.2 Z1Z0U4 Beckman Coulter 1:20 mouse
Anti-human TCR V8 56C5.2 Beckman Coulter 1:20 mouse
Anti-human TCR V9 FINO9 Beckman Coulter 1:20 mouse
Anti-human TCR V11 C21 Beckman Coulter 1:20 mouse
Anti-human TCR V12 VER2.32 Beckman Coulter 1:20 mouse
Anti-human TCR Vf13.1 IMMU222 Beckman Coulter 1:20 mouse
Anti-human TCR Vf13.2 HI132 Beckman Coulter 1:20 mouse
Anti-human TCR Vf13.6 JU74.3 Beckman Coulter 1:20 mouse
Anti-human TCR V14 CASI1.1.3 Beckman Coulter 1:20 mouse
Anti-human TCR V16 TAMAYAL.2 Beckman Coulter 1:20 mouse
Anti-human TCR V17 E17.5F3 Beckman Coulter 1:20 mouse
Anti-human TCR V18 BA62.6 Beckman Coulter 1:20 mouse
Anti-human TCR V320 ELL1.4 Beckman Coulter 1:20 mouse
Anti-human TCR Vf21.3 1G125 Beckman Coulter 1:20 mouse
Anti-human TCR V322 IMMUS546 Beckman Coulter 1:20 mouse
Anti-human TCR V23 AF23 Beckman Coulter 1:20 mouse

All monoclonal antibody staining was performed in 50 pL of PBS



