Supplementary Materials

Supplementary Figures

Supplementary Fig. 1: TRBC1/TRBC2 homology
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a, Homology between human TRBC1 and TRBC2. Numbering according to constant region of proteins (TRBC1, UniProtKB - P01850 and TRBC2, UniProtKB - A0A5B9) Corresponding positions of amino acids from the β chain of the A6 TCR used in this study are also shown. b, Overlay of TCR proteins containing the αβ1 (orange) or αβ2 (blue) chains showing almost complete overlap with the exception of the Asn119/Lys120 and Lys119/Asn120 for TRBC1 and TRBC2, respectively (dashed circle). Central and right panels show surface analysis of TCRαβ1 and TCRαβ2, showing very comparable surface charge (blue>positive and red>negative) and hydrophobic patch (green) distribution.


Supplementary Fig. 2: Affinity profile of Jovi-1 derived clones
[image: ]
Affinity (KD = M) of in silico-derived HuJovi-1 mutants towards TRBC1 and TRBC2. Orange = KFN (Mut3); blue = HuJovi-1; grey = HuJovi-1 mutants with mutations on positions 26, 27, 28, 31, 32, 94, 96, 97 and 98 of the heavy chain (KABAT). When kinetic could not be measured, value was fixed at 1e-4.


Supplementary Fig. 3: Identification of HuJovi-1 variants with increased TRBC2 binding affinity using phage display.
[image: ]
a, Detailed selection strategy for TRBC2 enrichment from structural design phage library. For each panning strategy, the selection antigen is shown in green and the deselection antigen is shown in red. Δ indicates depletion. Round one input titers are shown while output titers are shown for round two. b, Representative phage ELISA output from two panning strategies. Left: 1425 was selected for TRBC2 with no pressure for TRBC1, while 1427 was selected under selection pressure from TRBC1 for both rounds one and two. 


Supplementary Fig. 4: Molecular interface between KFN and TRBC1.
[image: ]
a, Close-up view of the interactions between the TRBC1 and the CDRs of the KFN Fab (PDB ID 7AMR). The TCR β-chain is colored in pink, the heavy chain is colored in light green. Residues Asn119 and Lys120, of the TCR β-chain, and Lys28, Phe32 and Asn96 are shown as stick representations. b, Electron density of the CDRs around the epitope of the TCR. The TCR β-chain is colored in pink while the heavy and light chains are colored in green and grey, respectively.


Supplementary Fig. 5: Kinetic binding profiles of Jovi-1 and KFN antibodies to TRBC1 and TRBC2.
[image: ]
a, Kinetic profiles of HuJovi-1 and KFN for TRBC1 and TRBC2 measured by SPR according to a 1:1 Langmuir model. b, Reverse kinetic profiles of chip immobilized TRBC1 and TRBC2 against huJovi-1 and KFN IgG, to determine avidity impact on the interaction (Bivalent analyte fit).


Supplementary Fig. 6: Solubility and stability of TRBC1 and 2 antibodies.
[image: ]
Solubility (a) and stability (b) of HuJovi-1 and KFN antibodies in IgG format. c, Solubility of HuJovi-1 and KFN antibodies in scFv-Fc format. Summary of stability parameters in the two antibody formats.



Supplementary Tables
Supplementary Table 1: X-ray data collection and refinement statistics.
	
	HuJovi-1/TRBC1
	HuJovi-1/TRBC2
	KFN/TRBC2
	KFN/TRBC1

	Resolution (Å)
	54.44–2.64 
(2.69–2.64)
	47.8–2.35 
(2.43–2.35)
	43.4–2.42 
(2.46–2.42)
	45.7–1.95
(2.13–1.95)‡

	Wavelength (Å)
	0.9282
	0.9795
	0.9795
	0.9762

	Space group
	C2
	C2
	C2
	C2

	Unit cell (Å)
	a=117.4 
b=91.1
c=125.3 
β=93.8
	a = 114.5
b = 91.8
c = 123.4
β=94.6
	a = 114.8
b = 91.2
c = 123.3
β=94.1
	a = 115.7
b = 91.0
c = 123.3
β=93.9

	Completeness (%)
	99.9 (99.8)
	99.6 (96.8)
	99.9 (97.8)
	ellipsoidal: 93.8 (87.8)
spherical: 53.7 (11.6)

	Redundancy
	6.1 (6.3)
	5.1 (4.3)
	5.0 (5.1)
	5.7 (4.9)

	No. of observations/unique reflections
	237 232 (38805)
	267 467 (52746)
	242 685 (48522)
	287 266 (49996)

	<I/σ(I)>
	9.9 (0.93)
	8.3 (1.0)
	7.0 (1.1)
	10.4 (1.5)

	CC(1/2) (%)
	99.8 (62.5)
	99.6 (71.2)
	99.0 (71.3)
	99.6 (52.4)

	Rmerge(I) (%)
	11.8 (166.9)
	13.2 (122.8)
	17.5 (165.9)
	12.5 (101.8)

	Rmodel(F) (%)
	23.9 (47.4)
	20.1 (23.2)
	18.0 (23.7)
	17.9 (29.4)

	Rfree(F) (%)
	28.9 (46.9)
	24.9 (26.2)
	22.5 (31.7)
	22.5 (21.7)

	No. of non-hydrogen atoms
	6858
	6768
	6806
	7539

	No. of water molecules
	20
	378
	644
	683

	Rms deviations from ideal geometry: bond lengths (Å)
	0.007
	0.008
	0.008
	0.008

	Bond angles (degrees)
	1.16
	1.05
	1.04
	1.04

	Mean B-factor all atoms (Å2)*
	85.1
	55.1
	48.0
	31.7

	Mean B-factor protein chains A,B,H,L (Å2)*
	81.8, 85.6, 87.7, 85.1
	59.2, 56.4, 54.1, 51.0
	53.5, 50.0, 45.3, 42.7
	36.0, 33.6, 29.7, 26.6

	Mean B-factor (solvent Å2)*
	54.6
	56.4
	49.9
	34.5

	Mean B-factor others (Å2)
	79.6
	-
	-
	-

	Ramachandran plot quality#
	
	
	
	

	Favored regions (%)
	94.4
	94.4
	97.5
	97.4

	Allowed regions (%)
	5.3
	5.3
	2.2
	2.3

	Outliers (%)
	0.3
	0.3
	0.3
	0.3



Figures in parentheses are for the highest resolution shell. Other relevant quality indicators can be easily extracted from the PDB file header. *Calculated with Moleman34; #calculated using a local Molprobity server35; ‡processed anisotropically with autoPROC/STARANISO. The anisotropic resolution limits were 1.85 Å, 2.3 Å, and 3.0 Å in the three principal directions of the anisotropic ellipsoid. When processed isotropically, the data gave a resolution of 2.56 Å with 100% completeness.



Supplementary Table 2: In silico mutagenesis of HuJovi-1 binding to TRBC2.
	[bookmark: OLE_LINK1]Residue
	Original
	Mutated
	δ Affinity TRBC2
	δ Affinity TRBC1
	Net δ Affinity

	H:28
	THR
	LYS
	-13.32
	-3.35
	-9.97

	H:28
	THR
	ARG
	-12.41
	-2.3
	-10.11

	H:96
	ALA
	ASN
	-11.73
	-0.62
	-11.11

	H:99
	ASN
	ARG
	-11.21
	-2.41
	-8.8

	H:35
	HIE
	TRP
	-11.2
	-3.42
	-7.78

	H:28
	THR
	HIP
	-10.93
	-15.51
	4.58

	H:99
	ASN
	TYR
	-7.98
	0.09
	-8.07

	H:100F
	PHE
	ARG
	-7.93
	-19.61
	11.68

	H:100A
	ASP
	ASN
	-6.61
	-2.24
	-4.37

	H:98
	TYR
	ARG
	-6.27
	1.33
	-7.6

	H:60
	ASN
	HIP
	-5.77
	-1.1
	-4.67

	H:100F
	PHE
	LYS
	-5.08
	-7.18
	2.1

	H:58
	GLN
	LYS
	-4.98
	0.39
	-5.37

	H:96
	ALA
	GLN
	-4.95
	-2.42
	-2.53

	H:31
	GLY
	MET
	-4.94
	1.71
	-6.65

	H:100F
	PHE
	HIP
	-4.89
	-8.78
	3.89

	H:99
	ASN
	GLN
	-4.87
	0.23
	-5.1

	H:100A
	ASP
	LEU
	-4.65
	-1.32
	-3.33

	H:31
	GLY
	LYS
	-4.64
	-1.4
	-3.24

	H:100G
	PHE
	ARG
	-4.53
	-1.56
	-2.97

	H:28
	THR
	MET
	-4.31
	4.25
	-8.56

	H:101
	ASP
	MET
	-4.18
	-6.36
	2.18

	H:28
	THR
	ILE
	-4.15
	3.96
	-8.11

	H:95
	GLY
	HIP
	-4.11
	-1.54
	-2.57

	H:60
	ASN
	TRP
	-4.1
	-1.1
	-3

	H:98
	TYR
	HIP
	-4.07
	-5.07
	1

	H:100B
	GLY
	PHE
	-4.04
	-3.27
	-0.77

	H:100B
	GLY
	ARG
	-4.02
	-2.18
	-1.84

	H:99
	ASN
	MET
	-3.77
	-0.1
	-3.67

	H:31
	GLY
	HID
	-3.54
	0.97
	-4.51

	H:52
	ASN
	PHE
	-3.49
	-0.39
	-3.1

	H:96
	ALA
	THR
	-3.42
	-1.81
	-1.61

	H:28
	THR
	TRP
	-3.36
	-1.02
	-2.34

	H:101
	ASP
	ILE
	-3.3
	-4.42
	1.12

	H:28
	THR
	TYR
	-3.23
	-0.33
	-2.9

	H:100A
	ASP
	THR
	-3.2
	-2.86
	-0.34

	H:95
	GLY
	ARG
	-3.08
	12.27
	-15.35

	H:96
	ALA
	HID
	-3.05
	-3.33
	0.28



In silico identification of Hu-Jovi-1 variants with highest affinity increase to TRBC2. Three color grading: Red = high δ affinity to TRBC2 or low δ affinity to TRBC1. Green = high δ affinity to TRBC1 or low δ affinity to TRBC2. Net δ affinity = difference between δ affinity to TRBC2 and δ affinity to TRBC1. KABAT numbering. 
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