Supplementary file 
Direct recognition of an intact foreign protein by an  T cell receptor
Catarina F. Almeida1*, Benjamin S. Gully2*, Claerwen M. Jones2, Lukasz Kedzierski2,9, Sachith D. Gunasinghe2,3, Michael T. Rice2, Richard Berry2, Nicholas A. Gherardin1, Trang T. Nguyen2, Yee-Foong Mok4, Josephine F. Reijneveld5,6,7, D. Branch Moody5, Ildiko Van Rhijn5,6, Nicole L. La Gruta2, Adam P. Uldrich1#, Jamie Rossjohn2,8# & Dale I. Godfrey1#

1Department of Microbiology & Immunology, Peter Doherty Institute for Infection and Immunity, University of Melbourne, Melbourne, Victoria 3010, Australia.

2Infection and Immunity Program and Department of Biochemistry and Molecular Biology, Biomedicine Discovery Institute, Monash University, Clayton, Victoria 3800, Australia

3European Molecular Biology Laboratory (EMBL) Australia Node in Single Molecule Science, School of Medical Sciences, University of New South Wales, New South Wales, Australia.

4Melbourne Protein Characterisation Platform, Bio21 Molecular Science and Biotechnology Institute, 30 Flemington Rd, The University of Melbourne, Melbourne, Victoria 3010, Australia.

5Division of Rheumatology, Inflammation, and Immunity, Brigham and Women’s Hospital, Harvard Medical School, Boston, MA 02115, United States.

6Department of Infectious Diseases and Immunology, Faculty of Veterinary Medicine, Utrecht University, Utrecht, 3584 CL, The Netherlands.

7Stratingh Institute for Chemistry, University of Groningen, Groningen, 9747 AG, The Netherlands.

8Institute of Infection and Immunity, Cardiff University School of Medicine, Heath Park, Cardiff CF14 4XN, UK.

* These authors contributed equally.

# These authors jointly supervised this work. 
E-mail: Jamie.rossjohn@monash.edu, godfrey@unimelb.edu.au, auldrich@unimelb.edu.au
9 Current address: Department of Microbiology and Immunology, at the Peter Doherty Institute for Infection and Immunity, University of Melbourne, Melbourne, Victoria 3000, Australia 



Supplementary file- table of contents
5 Tables
Supplementary Table 1 Exact P values derived from one-way ANOVA analyses
Supplementary Table 2 X-ray crystallography data and refinement statistics 
Supplementary Table 3 Contacts between 4D4 TCR and R-Phycoerythrin 
Supplementary Table 4. Sequence variation at the PE-TCR epitope
Supplementary Table 5. List of primers used in the study

12 Figures
Supplementary Figure 1 Identification of fluorochrome reactive T cells
Supplementary Figure 2. PE activates cells expressing the 1C5H TCR. 
Supplementary Figure 3. 4D4 is not activated by CD1d.
Supplementary Figure 4. Single molecule analyses of TCR and CD3 clustering
Supplementary Figure 5. Sedimentation velocity analysis of 4D4 TCR and PE
Supplementary Figure 6. Steady state affinity measurement of the interaction between soluble 4D4 and PE
Supplementary Figure 7. Expanded surface plasmon resonance of the 4D4 TCR and CD1d
Supplementary Figure 8. Overall architecture of the PE monomer 
Supplementary Figure 9. Estimation and visualization of the evolutionary conservation at the PE-TCR epitope
Supplementary Figure 10. 4D4 TCR+ retrogenic cells are DN and bind PE
Supplementary Figure 11. 4D4 TCR+ retrogenic cells respond to SAV-PE
Supplementary Figure 12. Gating strategies used for flow cytometric analysis and cell sorting  






Supplementary Table 1 Exact P values derived from one-way ANOVA analyses

	Figure
	Measurement 
	Comparing sample pair
	Exact P value 
	Star notation

	Figure 2F
	TCR clusters
	4D4-(ICAM-1) vs 4D4-(ICAM-1+PE)
	4.17751E-38

	****

	
	
	2C12-(ICAM-1) vs 2C12-(ICAM-1+PE)
	0.9999

	ns

	
	
	VII68-(ICAM-1) vs VII68-(ICAM-1+PE)
	0.9999

	ns

	
	
	4D4-(ICAM-1) vs 4D4-(ICAM-1+CD1d-α-GalCer)
	0.9998

	ns

	
	
	2C12-(ICAM-1) vs 2C12-(ICAM-1+CD1d-α-GalCer)
	4.17751E-38

	****

	
	
	VII68-(ICAM-1) vs VII68-(ICAM-1+CD1d-α-GalCer)
	0.9999

	ns

	
	Total TCR cluster area
	4D4-(ICAM-1) vs 4D4-(ICAM-1+PE)
	4.17751E-38

	****

	
	
	2C12-(ICAM-1) vs 2C12-(ICAM-1+PE)
	 
0.9977

	ns

	
	
	VII68-(ICAM-1) vs VII68-(ICAM-1+PE)
	0.9999

	ns

	
	
	4D4-(ICAM-1) vs 4D4-(ICAM-1+CD1d-α-GalCer)
	0.9998

	ns

	
	
	2C12-(ICAM-1) vs 2C12-(ICAM-1+CD1d-α-GalCer)
	4.17751E-38

	****

	
	
	VII68-(ICAM-1) vs VII68-(ICAM-1+CD1d-α-GalCer)
	0.9999

	ns

	
	TCR localizations per cluster
	4D4-(ICAM-1) vs 4D4-(ICAM-1+PE)
	0.8305

	ns

	
	
	2C12-(ICAM-1) vs 2C12-(ICAM-1+PE)
	0.2509

	ns

	
	
	VII68-(ICAM-1) vs VII68-(ICAM-1+PE)
	0.9878

	ns

	
	
	4D4-(ICAM-1) vs 4D4-(ICAM-1+CD1d-α-GalCer)
	0.2711

	ns

	
	
	2C12-(ICAM-1) vs 2C12-(ICAM-1+CD1d-α-GalCer)
	0.9807

	ns

	
	
	VII68-(ICAM-1) vs VII68-(ICAM-1+CD1d-α-GalCer)
	0.9995

	ns

	Figure 2F
	pCD3ζ clusters
	4D4-(ICAM-1) vs 4D4-(ICAM-1+PE)
	4.17751E-38

	****

	
	
	2C12-(ICAM-1) vs 2C12-(ICAM-1+PE)
	0.9999

	ns

	
	
	VII68-(ICAM-1) vs VII68-(ICAM-1+PE)
	0.9999

	ns

	
	
	4D4-(ICAM-1) vs 4D4-(ICAM-1+CD1d-α-GalCer)
	0.9999

	ns

	
	
	2C12-(ICAM-1) vs 2C12-(ICAM-1+CD1d-α-GalCer)
	0.0001

	 ***

	
	
	VII68-(ICAM-1) vs VII68-(ICAM-1+CD1d-α-GalCer)
	0.9999

	ns

	
	Total pCD3ζ cluster area
	4D4-(ICAM-1) vs 4D4-(ICAM-1+PE)
	4.17751E-38

	****

	
	
	2C12-(ICAM-1) vs 2C12-(ICAM-1+PE)
	0.9999

	ns

	
	
	VII68-(ICAM-1) vs VII68-(ICAM-1+PE)
	0.9999

	ns

	
	
	4D4-(ICAM-1) vs 4D4-(ICAM-1+CD1d-α-GalCer)
	0.9999

	ns

	
	
	2C12-(ICAM-1) vs 2C12-(ICAM-1+CD1d-α-GalCer)
	0.0004

	***

	
	
	VII68-(ICAM-1) vs VII68-(ICAM-1+CD1d-α-GalCer)
	0.9999

	ns

	
	pCD3ζ localizations per cluster
	4D4-(ICAM-1) vs 4D4-(ICAM-1+PE)
	0.2280

	ns

	
	
	2C12-(ICAM-1) vs 2C12-(ICAM-1+PE)
	0.0658

	ns

	
	
	VII68-(ICAM-1) vs VII68-(ICAM-1+PE)
	0.3556

	ns

	
	
	4D4-(ICAM-1) vs 4D4-(ICAM-1+CD1d-α-GalCer)
	0.0001

	***

	
	
	2C12-(ICAM-1) vs 2C12-(ICAM-1+CD1d-α-GalCer)
	4.17751E-38

	****

	
	
	VII68-(ICAM-1) vs VII68-(ICAM-1+CD1d-α-GalCer)
	0.9999

	ns

	Figure S3
	TCR clusters
	4D4-(ICAM-1) vs 4D4-(αCD3/28)
	4.17751E-38

	****

	
	
	2C12-(ICAM-1) vs 2C12-(αCD3/28)
	4.17751E-38

	****

	
	
	VII68-(ICAM-1) vs VII68-(αCD3/28)
	4.17751E-38

	****

	
	Total TCR cluster area
	4D4-(ICAM-1) vs 4D4-(αCD3/28)
	4.17751E-38

	****

	
	
	2C12-(ICAM-1) vs 2C12-(αCD3/28)
	4.17751E-38

	****

	
	
	VII68-(ICAM-1) vs VII68-(αCD3/28)
	4.17751E-38

	****

	
	TCR localizations per cluster
	4D4-(ICAM-1) vs 4D4-(αCD3/28)
	0.1957

	ns

	
	
	2C12-(ICAM-1) vs 2C12-(αCD3/28)
	0.0071

	**

	
	
	VII68-(ICAM-1) vs VII68-(αCD3/28)
	0.2293

	ns

	Figure S3
	pCD3ζ clusters
	4D4-(ICAM-1) vs 4D4-(αCD3/28)
	4.17751E-38

	****

	
	
	2C12-(ICAM-1) vs 2C12-(αCD3/28)
	4.17751E-38

	****

	
	
	VII68-(ICAM-1) vs VII68-(αCD3/28)
	4.17751E-38

	****

	
	Total pCD3ζ cluster area
	4D4-(ICAM-1) vs 4D4-(αCD3/28)
	4.17751E-38

	****

	
	
	2C12-(ICAM-1) vs 2C12-(αCD3/28)
	4.17751E-38

	****

	
	
	VII68-(ICAM-1) vs VII68-(αCD3/28)
	4.17751E-38

	****

	
	pCD3ζ localizations per cluster
	4D4-(ICAM-1) vs 4D4-(αCD3/28)
	4.17751E-38

	****

	
	
	2C12-(ICAM-1) vs 2C12-(αCD3/28)
	4.17751E-38

	****

	
	
	VII68-(ICAM-1) vs VII68-(αCD3/28)
	4.17751E-38

	****



Supplementary Table 2 X-ray crystallography data and refinement statistics
	
	4D4 TCR-Phycoerythrin
8U0Y (https://www.rcsb.org/structure/8U0Y)
	Phycoerythrin
8U0F (https://www.rcsb.org/structure/8U0F)

	Data collection
	
	

	Temperature (K)
	100
	100

	Space group
	P622
	H3

	Cell Dimensions
	
	

	a, b, c (Å)
	221.8, 221.8, 139.3
	186.6, 186.6, 59.4

	α, β, γ (°)
	90, 90, 120
	90, 90, 120

	Resolution range (Ã)
	96.04 - 3.00 (3.16 - 3.00)
	55.77 - 2.07 (2.18 - 2.07)

	Rpim1
	11.4 (48.4)
	12.9 (68.50)

	I/σ(I)
	7.4 (2.1)
	6.9 (2.4)

	Wilson B-factor
	46.71
	19.67

	CC1/2
	96.5 (40.7)
	96.4 (20.9)

	Completeness (%)
	99.9 (100.0)
	99.8 (99.8)

	Redundancy
	8.4 (7.9)
	3.9 (3.6)

	Total observations
	341,315 (46,368)
	183,634 (24,296)

	Unique observations
	40,827 (5,859)
	46,942 (6,827)

	Refinement
	
	

	Rfactor2
	25.7
	19.8

	Rfree3
	26.9
	25.1

	No. of atoms
	5908
	5748

	Protein
	5675
	5036

	Ligand
	215
	430

	Water
	18
	282

	Ramachandran plot (%)
	
	

	Most favoured
	95.58
	98.66

	Allowed
	3.48
	1.34

	Outlier
	0.00
	0.00

	B-factors
	
	

	Protein
	55.72
	21.11

	Ligand
	39.31
	28.00

	Water
	30.39
	28.14

	R.m.s deviations
	
	

	Bond lengths (Å)
	0.019
	0.007

	Bond angles (°)
	2.060
	1.326

	
	
	



1Rp.i.m = hkl [1/(N-1)]1/2 i | Ihkl, i - <Ihkl>| / hkl <Ihkl>
2Rfactor = ( | |Fo| - |Fc| | ) / (  |Fo|) 
3Rfree = 5% of data were used for the Rfree calculation 
Values in parentheses refer to the highest resolution bin


Supplementary Table 3 Contacts between 4D4 TCR and R-Phycoerythrin 

	
	4D4 TCR residue
	PE α subunit
	Type

	CDR1a
	Arg37-Ne,NH2
	Asp57-Od1,Od2
	Salt

	
	Arg37
	Lys53, Asp57, Tyr83
	VDW

	
	Thr28 
	PΕB (linked to Cys139)
	VDW

	CDR3a
	Glu107-Oe2
	Lys53-Nz 
	H

	
	Glu107
	Lys53
	VDW

	
	Ser110
	Ala50
	VDW

	
	Phe111-O 
	Lys53-Nz
	H

	
	Phe111 
	Glu49, Lys53
	VDW

	
	Asn112
	Glu49
	VDW

	
	
	
	

	CDR1b
	Asp30-Od1
	Asn80-Nd2
	H

	
	 
	 
	

	CDR3b
	Phe108
	Asn80
	VDW

	
	Arg109-NH2,Ne
	Glu49-Oe1,Oe2
	Salt

	
	Arg109
	His48, Glu49, Lys53, Asn80, 
	VDW

	
	Trp110
	Glu49, Val52, Lys53, Asn80, Tyr83, Arg84, Asp87
	VDW

	
	Trp110-N
	Asn80-Od1
	H

	
	Val111
	Gln76, Ile79, Asn80, Tyr83
	VDW

	
	
	
	



Hydrogen bond (H bond) interactions are defined as 3.5 Å or less. Salt bridges were identified at 4.5 Å or less and van der Waals (VDW) interactions were defined as non-hydrogen bonds at distances of less than 4 Å. CDR: complementary determining regions. 


Supplementary Table 4. Sequence variation at the PE-TCR epitope | Multiple Sequence alignment of ~150 bacterial species of PE α-chains.

	
	
	overall alignments
	
	Alignment to TCR epitope
	
	
	

	Uniprot ID
	
	start
	end
	E-value
	
	44
	
	
	
	90

	>UPI001B321DF2
	785
	913
	1.10E-11
	
	LDRNRETLVKASADYALATDSSL--------TFPG--GSADSQEKIKRFHGNIDDYI

	>A0A0N8KNT6
	
	2
	159
	1.10E-25
	
	LTDSRERIVKEAGNQLFQKRPDV--------VSPG--GNAFGEEMTATCLRDMDYYL

	>A0A524RMR6
	
	1
	161
	1.10E-29
	
	LTAKADSLVNGAAQAVYSKFPYT--------TQMQGPTYASTPEGKAKCARDVGYYL

	>A0A6P1AIJ9
	
	1
	161
	1.10E-30
	
	LTQKSSDLINGAANAVYNKFPYT--------TQMQGPQYAADQRGKDKCSRDIGHYL

	>Q2JT28
	
	2
	159
	1.10E-33
	
	LSSRAEELVRGATEAVYAKFPYT--------TQPGGQCH--TQAGKDKCARDVRHYL

	>A0A6P0RHS9
	
	1
	163
	1.10E-71
	
	LGGNLDAVAQEAYNACIQKYGYL--------NNPG--EANSTDTFKKKCLRDVKHYL

	>A0A1E2WQ33
	
	1
	163
	1.10E-73
	
	LAAGIDNVAKEAYDAAFKKYPYL--------TQEG--EAGATQVKKDKCLRDIKHYL

	>A0A1Y9TLZ2
	
	1
	163
	1.10E-91
	
	LASNHEAVVKEGGDACFSKYSYL--------KNPG--EAGENAEKISKCYRDVDHYM

	>A0A345UAL1
	
	1
	163
	1.10E-94
	
	LANNHEAVVKEAGDACFAKYSYL--------KNAG--EAGENQDKINKCYRDLDHYM

	>A0A0U1Z5D8
	
	1
	105
	1.20E-17
	
	LTSKADSRTSGAAQAVYNKFPYT--------TQMQGPNYAADDRGKQKCVRDIGYYV

	>A0A219T6T8
	
	1
	105
	1.20E-20
	
	LTNKAQSLIDGAADAVYQKFPYT--------TQMQGANYASDSRGKSKCARDIGYYL

	>P11394
	
	1
	161
	1.20E-29
	
	LTSKADSLVNGAAQAVYSKFPYT--------TQMEGSNYSATPEGKAKCSRDVGYYL

	>UPI0018811DD2
	1
	161
	1.20E-30
	
	LTGKADSLCSGAAQAVYNKFPFT--------TNTPGPNYAADQRGKDKCVRDIGYYL

	>A0A1Q4RJ27
	
	3
	162
	1.20E-31
	
	LSGKAQSLAEAAANAVYQKYPYT--------TQLQGPNYASDARGKQKCVRDIGYYL

	>A0A6M0SBC0
	
	1
	161
	1.20E-60
	
	LAGNYDAVAQEAVDAIYKKYPSG----------QG--RDMDAGTQKEKCKRDIVHYL

	>A0A2T1E003
	
	1
	163
	1.20E-75
	
	LAAGIDAVAKEGYDACIKKYPYL--------NNAG--EANETQVKKDKCMRDIKHYL

	>A0A1C9CEB0
	
	1
	163
	1.20E-95
	
	LASGHEAVVKEGGDACFAKYSFL--------KNPG--EAGDSQEKINKCYRDVDHYM

	>Q7SIG0
	
	1
	163
	1.20E-97
	
	LASNHEAVVKEAGDACFGKYGYL--------KNPG--EAGENQEKINKCYRDIDHYM

	>D7DY32
	
	2
	159
	1.30E-26
	
	LTDNRESIVKQAGNQLFQKRPDV--------VSPG--GNAYGQEMTATCLRDLDYYL

	>A0A1C0V626
	
	1
	161
	1.30E-29
	
	LTTKADSLVSAAVQAVYGKFPYT--------TQMNGANYASTQTGKDKCARDVGYYL

	>A0A846FN76
	
	1
	161
	1.30E-30
	
	LTEKASALTTGAADAVYKKFPYT--------ITMSGPNYASSQTGKDKCVRDIGYYL

	>P50032
	
	1
	161
	1.30E-32
	
	LTNNAQSLIDGAAQAVYQKFPYT--------TTMQGSQYASTPEGKAKCARDIGYYL

	>UPI001C4068C1
	3
	162
	1.30E-34
	
	LTKNQDALVKGAVQAVFKKFPYV--------TQPGEKGYGDS--NQAKCARDIGYYL

	>A0A024CH87
	
	1
	164
	1.30E-53
	
	LSANYDAIAQRAVDAVYTQYPNG--------ATGRQPRQCAT-EGKEKCKRDFVHYL

	>A0A560LAI4
	
	1
	163
	1.30E-76
	
	LAAGFDKVVQEAGDACFKKYPYL--------KQAG--EAGENQVKTDKCYRDIAHYL

	>A0A0U1Z2T2
	
	1
	105
	1.40E-17
	
	LTNKADSLVSGAAQAVYNKFPYT--------TQMQGNNYASDERGKNKCSRDIGYYL

	>UPI0016810A17
	2
	131
	1.40E-23
	
	LTENRERIVKQSGNQLFQKRPDI--------VSPG--GNAYGQEMTATCLRDMDYYL

	>W0FL96
	
	1
	161
	1.40E-28
	
	LTAKADTLVNGAAQAVYTKFPYT--------TQMQGPNYSATPEGKAKCSRDIGYYL

	>A0A350Y7R7
	
	1
	161
	1.40E-30
	
	LTAKSQSLIDGAANAVYSKFPYT--------TQMQGANYASSPEGKAKCARDIGYYL

	>A0A1Z1MJF3
	
	1
	161
	1.40E-30
	
	LTSSAQRLITSASQAVYTKFPYV--------TQMPGPTYASSAIGKAKCARDIGYYL

	>A0A0P7Z253
	
	22
	183
	1.40E-53
	
	LNAGIDKVAQEAYDAAFKKYPYLKNDAKNGVKNNG--EAGGSPAKQDKCLRDIKHYL

	>Q117G1
	
	1
	161
	1.40E-62
	
	LASNYDAVAQEAVDAIYAKYPSG----------SG--KDIGAEVQKSKCKRDIVHYL

	>A0A1L9QLL3
	
	1
	163
	1.40E-71
	
	LSGNVDAVAQEAYDACIKQYPYL--------NNSG--EANSTDTFKAKCLRDIKHYM

	>A0A4D9CDK6
	
	2
	160
	1.50E-25
	
	LNENRERIVKQSGNQLFQKRPDV--------VSPG--GNAYGQEMTATCLRDIDYYL

	>A0A6M0EKM6
	
	1
	161
	1.50E-29
	
	LTQKSQSLIDGAAQAVYSKFPYT--------TQMQGPNYASSPEGKAKCARDIGYYL

	>K9WFS1
	
	1
	161
	1.50E-30
	
	LSSNADRLAQGAAQAVYNKFPYT--------TQMQGNNYAADQRGKDKCVRDIGYYL

	>W0FKT2
	
	1
	161
	1.50E-31
	
	LTAKADALVNGAAQAVYTKFPYT--------TQMQGANYAASAEGKAKCSRDVGYYL

	>A0A0A2BIV5
	
	1
	154
	1.50E-46
	
	LSIYIDKYTSAALDQVYGVGIY-------------------DQANKDKCARDINHYL

	>A0A563VSD5
	
	1
	163
	1.50E-71
	
	LAANLDQVAQEAYDACIKKYSYL--------NNQG--EANSTDTFKSKCLRDIKHYM

	>Q9F3Z0
	
	1
	100
	1.60E-14
	
	LSQKSQSLIDGAAQAVYNKFPYT--------TTMQGPNYASTAVGKAKCARDIGYYL

	>UPI0008F9E470
	
	1
	161
	1.60E-30
	
	FTENGQKWAEAAAEHVYKKFPYT--------TQMEGPQYASTPEGKSKCVRDINNYL

	>A0A0G2HM33
	
	1
	164
	1.60E-53
	
	LASNYDAVAQEAVDAVYKVNPQG--------NLGRQPRVCDT-EGKDKCKRDFVHYL

	>UPI001BEE4266
	
	1
	163
	1.60E-92
	
	LANNYEAVVKEAGDACFSKYSYL--------KNSG--EAGDTSEKVAKCYRDIDHYL

	>UPI000EFC38A5
	1
	161
	1.70E-26
	
	LSKNADSLVDGAAQAVYKKFPYT--------TQMEGNNFASNSSGKAKCARDIGYYL

	>UPI001CCF56FA
	1
	161
	1.70E-28
	
	LASKADSLADGAANAVYQKFPYT--------TQTQGANYASDARGKAKCVRDIGYYL

	>U9VUI4
	
	1
	161
	1.70E-33
	
	LSGKADSLCSGAAQAVYSKFPFT--------TTTPGPSFASDQRGKDKCVRDIGYYL

	>Q36699
	
	1
	161
	1.70E-33
	
	LTNNAQSLITSAAQAVYSKFPYT--------TQMPGPAYASSAVGKAKCARDIGYYL

	>Q9TLS7
	
	2
	128
	1.80E-23
	
	LTDNRERIVKQAGQQLFQKRPDI--------VSPG--GNAYGEEMTATCLRDLDYYL

	>UPI0014612D66
	1
	161
	1.80E-29
	
	LSENADSLVDGAAQAVYQKFPYT--------TQMQGDNYASTPEGKAKCARDIGYYL

	>A0A4D6WZ74
	
	1
	161
	1.80E-29
	
	LTNNAPRLITGAAQSVYTTFPYV--------TQMAGPTYASSAIGKAKCARDIGYYL

	>A0A235IWF5
	
	3
	162
	1.80E-30
	
	LSANAQRLTEGAAQAVYNKFPYT--------TQQQGPNFASDSRGKGKCVRDVGYYL

	>UPI001A0D292F
	1
	161
	1.80E-30
	
	LAAKANDLANGAANAVYQKFPYT--------TQMQGPNFASDQRGKDKCVRDIGYYL

	>K9Q0C3
	
	1
	161
	1.80E-31
	
	LSASSSSLITGAANAVYSKFPYT--------TSTPGPTYASSAVGKEKCARDIGYYL

	>UPI000B49D3A2
	1
	163
	1.80E-67
	
	LGGNIDGVAKEAYEACIKKYGYL--------NDEG--QPHSTPVFKEKCSRDIKHYM

	>A0A4D6WNW6
	
	1
	163
	1.80E-96
	
	LAGNHEAVVKEAGDACFAKYSYL--------KNSG--EAGDSQEKINKCYRDIDHYM

	>A0A1G4NSU5
	
	1
	163
	1.90E-101
	
	LAGNHEAVVKEAGDACFAKYSYL--------KNPG--EAGDSQEKVNKCYRDIDHYM

	>A0A0C2QKX8
	
	3
	162
	1.90E-29
	
	LSKKAQSLAEAAANAVYQKFPYT--------TQLDGPNYASSSTGKAKCVRDVGYYL

	>A0A6I5NV04
	
	1
	161
	1.90E-61
	
	LSGNYDAVAQEAVDAIYSKYPNG----------QG--RDMDAGTQKEKCKRDIVHYL

	>A0A6B3MHM7
	
	1
	163
	1.90E-71
	
	LAGNIDAVAKEGYDACIQKYPYL--------NDSG--EANSTPVFKEKCQRDIKHYL

	>A0A1Z1MLB4
	
	1
	164
	1.90E-94
	
	IGCNYESVVKEGGDACFSKYPYL--------KNAG--EAGDSQEKINKCYRDIDHYM

	>P00315
	
	1
	159
	1.00E-27
	
	LTDNRERIVKQAGDQLFQKRPDV--------VSPG--GNAYGQEMTATCLRDLDYYL

	>P07122
	
	1
	161
	1.00E-29
	
	LTEKASSLASGAANAVYSKFPYT--------TSQNGPNFASTQTGKDKCVRDIGYYL

	>A0A4D6X5J9
	
	1
	163
	1.00E-95
	
	LSENHEAVVKEAGDACFTKYSYL--------KSQG--EAGENIEKVNKCYRDIDHYM

	>A0A6P0YMW2
	
	1
	161
	2.10E-27
	
	LTEKSKSLIDGAAQAVYNKFPYT--------TTTQGPNYASTPTGKSKCARDIGYYL

	>A0A326QHQ3
	
	3
	162
	2.10E-30
	
	LTANADALVNGAAQAVYNKYPYT--------TQQQGSNFASTPRGKEKCARDIGYYL

	>A0A0C2QDI9
	
	3
	162
	2.10E-33
	
	LTSNAQRLIDGATQAVYQKFPYT--------TQYNGPQYAADSRGKSKCARDVGHYL

	>A0A0D6AE85
	
	1
	163
	2.10E-71
	
	LAANLDAVAKEAYDAAIKKYSYL--------NNAG--EANSTPTFKEKCLRDIKHYL

	>UPI0014090A8C
	1
	161
	2.20E-28
	
	LSSKANSLAEGAANAVYQKFPFT--------TQMSGSNYASTPEGKAKCVRDIGYYL

	>A0A1T4ZKP7
	
	1
	161
	2.20E-30
	
	LSAKSDSLISGAAQAVYNKFPYT--------TSLQGPNYASTERGKAKCARDIGYYL

	>A0A2T2S0Z5
	
	1
	161
	2.20E-30
	
	LTQKSQQLIDGAANAVYQKFPYT--------TQMQGPQYASDQRGKAKCSRDIGHYL

	>UPI00036DB837
	1
	163
	2.20E-66
	
	LGNNLDAVAKEAYDACITKYPYL--------NDSG--EANSTPTFKEKCARDIKHYM

	>P29947
	
	1
	163
	2.20E-96
	
	LAGNHEAVVKEAGDACFAKYAYL--------KNPG--EAGENQEKINKCYRDVDHYM

	>B8HKY3
	
	3
	162
	2.30E-28
	
	LNSKAQSLADAAANAVYQKFPYT--------TQLQGPNYASDARGKAKCVRDIGYYI

	>A0A1X9PV15
	
	1
	161
	2.30E-32
	
	LTINAQKLITGAAQSVYTKFPFT--------TQMPGSAYAASAIGKAKCARDIGYYL

	>Q1AH87
	
	1
	130
	2.30E-75
	
	ISAGHEGVVKEAGDACFAKYPYL--------KTAG--EAGDSQEKVNKCYRDIDHYI

	>A0A832M4V5
	
	3
	162
	2.40E-30
	
	LSNRAQSLAENAANAVYQKFPYT--------TQLQGPNYASDARGRAKCVRDIGYYL

	>A0A8J7DVQ1
	
	1
	161
	2.40E-30
	
	LASKADGLVSGAANAVYSKFPYT--------TQMEGANYAADQRGKDKCARDIGYYL

	>UPI001FCD3995
	1
	161
	2.40E-32
	
	LTGNAQTLITGAAQAVYNKFPYT--------TQMAGPCYASSAIGKAKCARDIGYYV

	>A0A6H1TXB0
	
	1
	161
	2.40E-34
	
	LTSNSQRLVDGAAQAVYNKFPYT--------TTMQGANYASTETGKAKCSRDIGYYL

	>A0A8J7B6W3
	
	1
	163
	2.40E-69
	
	LAGNLDAVAKEAYDACIKKYPYL--------NDSG--QANSTETYKSKCLRDVKHYM

	>A0A2R4QM19
	
	1
	108
	2.50E-22
	
	LTSNAQRLVDGAANAVYQKFPYT--------TQQAGNNMASDARGKSKCARDIGYYV

	>A0A1C9CAH8
	
	1
	161
	2.50E-31
	
	LTSNAQRLITGAAQAVYNKYPFT--------TQMSGPAYASSAIGKAKCARDIGYYL

	>A5GJ03
	
	1
	164
	2.50E-55
	
	IAQNYDAIAQRAVDAVYTQYPNG--------ATGRQPRQCAT-EGKEKCKRDFVHYL

	>UPI0019F6591C
	
	1
	161
	2.60E-30
	
	LTENAQRLIEGAANAVYAKFPYT--------TTTPGPQYASTPTGRAKCARDIGYYL

	>UPI001A0FC7DB
	1
	161
	2.60E-31
	
	LTDKASSLVDGAAQAVYNKFPYT--------TQMQGPNYASSSEGKSKCARDIGYYL

	>K7VYG8
	
	1
	161
	2.60E-33
	
	LTANAQKLIDGATSAVYSKFPYT--------TSTPGNQFAADSRGKAKCARDVGHYL

	>E0U6T2
	
	1
	163
	2.60E-69
	
	LAGNLDAVAKEGYDAAIRKYPYL--------NENG--EANSTPVFKEKCLRDIKHYL

	>P72509
	
	1
	161
	2.70E-30
	
	LTSKADSLISGAAQAVYNKFPYT--------TQMQGPNYAADQRGKDKCARDIGYYL

	>A0A1Z1M810
	
	1
	161
	2.70E-32
	
	LTNNAQKLITNAAQAVYTKFPYT--------TQMPGPAYASNAIGKAKCARDIGYYL

	>A0A1Z1M580
	
	1
	164
	2.70E-92
	
	LAENYEAVVKEAGDACFKKYPYL--------KNED--EAGGSQEKLAKCYRDIDHYM

	>A0A0U1Z2U2
	
	1
	105
	2.80E-20
	
	LTQNADSLASGAAQAVYSKFPYT--------TQMQGPQYAADQRGKDKCVRDIGYYL

	>A0A6M0RLM1
	
	1
	161
	2.80E-28
	
	LTKNADSLVNGAAQAVYQKFPYT--------TQMQGNNYASTPEGKAKCSRDIGYYL

	>A0A6M0B2R4
	
	1
	161
	2.80E-62
	
	LASNYEAVAKEAVDAVYAEFPDG----------VS--KGCTPEVRKDKCLRDVTTYL

	>UPI001FCCD93C
	1
	163
	2.80E-88
	
	LASNYEAVVKEAGDACYAKYSYL--------KNSG--EAGENQEKINKCYRDIDHYL

	>A0A0U1Z8V5
	
	1
	105
	2.90E-19
	
	LTSKADSLVSGAAQAVYNKFPYT--------TQMSGPNYAADQRGKDKCARDIGYYL

	>A0A2W7A289
	
	1
	161
	2.90E-28
	
	LSSKAQNLADGAANAVYQKFPYT--------TSMQGNNFASTPEGKAKCVRDIGYYV

	>A0A433VDC7
	
	3
	162
	2.90E-29
	
	LSNKAQSLAEGAANAVYQKFPYT--------VQLPGPNYAADPRGKSKCVRDIGYYL

	>UPI001A0169D8
	1
	161
	2.90E-29
	
	LGEKSASLAEGAANAVYQKFPYT--------TSMQGPNFASTPVGKAKCVRDIGYYL

	>A0A1Z4JJZ6
	
	1
	161
	2.90E-31
	
	LTANANSLASGAANAVYQKFPYT--------TTMSGPNYASTQTGKDKCVRDIGYYL

	>A0A6B3NK54
	
	1
	163
	2.90E-72
	
	LGGNLDAVAKEAYDACIQKYPYL--------NNSG--EANSTDTFKEKCQRDIKHYM

	>A0A1D2P2M0
	
	186
	295
	2.00E-12
	
	-----TALAEAAGDTALVAHPEL--------KNPG--GVATSPENIHQFYGDIEDFL

	>A0A1J0AGD4
	
	1
	161
	2.00E-29
	
	LTAKSDQLINQAAQAVYSKFPYT--------TQMQGNEYASDERGKAKCARDIGYYL

	>A0A1Z4J9F1
	
	3
	162
	2.00E-31
	
	LSSKAPSLAEAAANAVYQKFPYT--------TQLQGPNYASDARGKSKCVRDIGYYL

	>Q7M7F7
	
	1
	161
	2.00E-39
	
	LTSNADSLVKGAVQEVYNKFPYL--------TQPGQMGYGDT--NQAKCARDISHYL

	>A0A1C9CHN9
	
	1
	163
	2.00E-97
	
	LASNHEAVVKEAGDACFGKYPYL--------KNAG--EAGSSQEKVNKCYRDIDHYM

	>A0A2W4VZH8
	
	3
	162
	3.10E-32
	
	LTAKADSLVAGAANAVYSKFPYT--------TSTSGPNYASTQTGKDKCARDIGYYL

	>A0A8J7JX08
	
	1
	161
	3.10E-33
	
	LTNNAQKLIDGAANAVYQKFPYT--------TQQQGANFASDSRGKSKCSRDIGYYL

	>P28559
	
	1
	162
	3.10E-90
	
	ISAGHEGVVKEAGDACFAKYTYL--------KTSG--EAGDSQDKVNKCYRDIDHYM

	>K9Z642
	
	2
	159
	3.20E-26
	
	LTGARERIVKEAGDRLFQKRPDV--------VSPG--GNAYGEEMTATCLRDMDYYL

	>A0A2N5JP95
	
	1
	161
	3.20E-29
	
	LSANANNLANAAANAVYQKFPYT--------TTMQGPNYASTQVGKDKCVRDIGYYL

	>A0A166VXB3
	
	1
	162
	3.20E-35
	
	LAVYHDAIVRDAGDSVLQRYETP--------RPART-VGVGSPEPLSQGYREIDRYL

	>E0UA88
	
	2
	160
	3.30E-25
	
	LTGARETIIKQAGDRLFQKRPDI--------VSPG--GNAYGEEMTATCLRDMDYYL

	>A2CBW2
	
	1
	154
	3.30E-50
	
	LASGIDNVTADALKAVYSDGKY-------------------DLATRDKCARDINHYL

	>A0A261KTU6
	
	1
	163
	3.30E-73
	
	LGGNLDAVAQEAYDACIKKYSYL--------NNAG--EANSTDTFKSKCLRDIKHYM

	>A0A3C1M4H1
	
	1
	161
	3.40E-30
	
	LTESADRLTQAAAQAVYNKFPYT--------TSMQGPNYASTQVGKDKCVRDIGYYL

	>A0A2T2RRT1
	
	1
	161
	3.40E-31
	
	LTQKSQQLIDGAANAVYQKFPYT--------TQTQGPQYASDQRGKAKCSRDIGHYL

	>B8PUW9
	
	1
	124
	3.40E-70
	
	LSAGYEGVVKEAGDACFTKYPYL--------KNAG--EAGDTQEKVSKCYRDIDHYL

	>K9QGQ3
	
	2
	160
	3.50E-28
	
	LTDNRERLVKQAGDQLFQKRPDV--------VSPG--GNAYGQELTATCLRDLDYYL

	>A0A2I8AB27
	
	3
	162
	3.50E-30
	
	LSKKASSLAEGAANAVYQKFPYT--------TNTPGSNYASSQTGKDKCVRDIGYYL

	>L8M8F4
	
	1
	119
	3.50E-47
	
	-AGNIDNVAQEAYNACIKKYSYL--------NDAG--QANSTQTFKDKCLRDVKHYL

	>A0A845Y6E8
	
	1
	161
	3.60E-31
	
	LTQNADSLINGAAQAVYSKFPYT--------TQQQGPNYASSEVGKAKCSRDIGYYL

	>A0A4D6WZJ8
	
	1
	161
	3.60E-31
	
	LTNNAPRLITGAAQAVYQKFPFT--------TQMPGPTYASSAIGKAKCARDIGYYL

	>A0A2K8WQ76
	
	1
	161
	3.60E-31
	
	LTENAQRLVDGAANAVYSKFPYT--------TSTPGANYASTSEGKAKCSRDIGYYL

	>A0A7C3ZVS4
	
	1
	161
	3.60E-33
	
	LTNNASRLTEGAAQAVYNKFPYT--------TSMTGPNYASTSTGKAKCARDIGYYL

	>I0B8Q0
	
	1
	105
	3.70E-21
	
	LTGNAQRLTEGAAQAVYNKFPYT--------TSMQGPNYASTETGKQKCSRDISYYL

	>P35796
	
	1
	161
	3.70E-30
	
	FSNNGKKWAEAAANHVYQKFPYT--------TQMSGPQYASTPEGKSKCVRDIDHYL

	>K9VXL0
	
	1
	161
	3.70E-33
	
	LTNNAQKLTDGAANAVYQKFPYT--------TQQQGPNFSSDSRGKGKCARDIGYYV

	>A0A2R4QLN0
	
	1
	101
	3.80E-14
	
	LNSKASSLASGAANAVYQKFPYT--------TSMEGPSYASSQVGKDKCVRDIXYYL

	>UPI000346FA2C
	1
	161
	3.80E-32
	
	LTSKADGLISGAAQAVYNKFPYT--------TQLQGPNYASTQTGKDKCARDIGYYL

	>B8PUX7
	
	1
	124
	3.80E-74
	
	LGGNHEAVVKEAGDACFTKYPYL--------KNSG--EAGDSQEKINKCYRDIDHYM

	>UPI001688D0F1
	2
	132
	3.90E-22
	
	LTLSRDRIIKEAGKELFQKRPSL--------VSPG--GNAYGKEMTATCLRDMDYYL

	>A0A0V7ZBL6
	
	1
	161
	3.90E-29
	
	LTNNADRLINGAAQAVYQKFPYT--------TQMQGANYASTPEGKAKCARDIGYYL

	>UPI001688CB13
	
	1
	161
	3.90E-30
	
	LASKSNSLAQGAANAVYQKFPYT--------TQMQGANYAADQRGKDKCVRDIGYYI

	>A0A1Z1M0G7
	
	1
	163
	3.90E-93
	
	LGSNYEAVVKEAGDACFAKYSYL--------KNSG--EAGESQEKIAKCYRDIDHYM

	>P07325
	
	1
	158
	3.00E-27
	
	LTENRERIVKQAGDQLFQKRPDV--------VSPG--GNAYGQEMTATCLRDLDYYL

	>A0A1Z1MGW9
	
	1
	163
	3.00E-91
	
	LSGNYEAVVKEAGDACFAKYPYL--------KNAG--EAGDTQEKVAKCYRDVDHYM

	>A0A164BXQ8
	
	1
	161
	4.10E-29
	
	LTAKGDALVNGAAQAVYTKFPFT--------TQMEGSNYASTTEGKAKCSRDIGYYL

	>UPI001687F6FD
	2
	162
	4.10E-31
	
	LTDNAQRLIDGAAQAVYQKFPYT--------TQQQGSNFASSPEGKAKCARDIGYYL

	>A0A1Z4R3L1
	
	3
	162
	4.20E-29
	
	LSNKAQSLSEAAANAVYQKYPYT--------TQLQEPSFAHDARGKAKCVRDIGYYL

	>K9V7C7
	
	1
	161
	4.20E-29
	
	LTSKAQSLADGAANAVYQKFPYT--------TQMQGNNFASSSTGKAKCARDIGYYL

	>UPI00034B7ADD
	1
	161
	4.20E-30
	
	LAGKANSLAEGAANAVYQKFPYT--------TQMQGNNYASTPRGKAKCSRDIGYYV

	>A0A7T1HHL9
	
	3
	162
	4.20E-31
	
	LTAKADTLVNGAAQAVYSKFPYT--------TQMQGPTYAADQRGKDKCARDIGYYL

	>K9RVW2
	
	1
	161
	4.20E-34
	
	LTSNAQSLIDGAASAVYQKFPYT--------TSLQGSQYASTPEGKAKCARDIGYYL

	>A0A6P0S9E6
	
	1
	161
	4.30E-29
	
	LTSKAETLVNGAAQAVYQKFPYT--------TQMQGPNYASTPEGKAKCARDIGYYL

	>A0A1C9CCQ4
	
	1
	163
	4.30E-91
	
	LSSNYEAVVKEAGDACFSKYGYL--------KNAG--EAGDSQEKINKCYRDIDHYL

	>G8DK94
	
	3
	103
	4.50E-17
	
	IAGKADSLASGAANAVYSKFPYT--------TSTPGSNFASTAEGKAKCVRDIGYYV

	>A0A6I5N861
	
	1
	161
	4.50E-30
	
	LTGKADSLCQGAAQAVYNKFPYT--------TQMQGPNYAADQRGKDKCVRDVGYYL

	>A0A6P0U2M7
	
	1
	163
	4.50E-62
	
	LAERLDAVAKEAGDWVLKKYPEL--------TKPD--GICDSQVKTEKCYRDLSHYL

	>A0A4D6WNS4
	
	1
	163
	4.50E-96
	
	ISGNYEAVVKEAGDACFSKYTYL--------KNGG--EAGDTQEKINKCYRDIDHYL



Estimation and visualization of the evolutionary conservation of the PE α-chain was conducted using Multiple sequence alignments and visualized using the online Consurf server78.




Supplementary Table 5. List of primers used in the study
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Supplementary Figure 1 Identification of fluorochrome reactive T cells A. Summary table showing T cell receptor (TCR) gene usage and complementarity determining region (CDR)3 regions (red indicates non-germline encoded residues) for clones isolated with unexpected specificity towards PE or APC fluorochrome components of CD1b/c/d tetramers. B. (PBMC) TCR+ cells from healthy peripheral blood mononuclear cell were bulk sorted and expanded in culture for 21 days in the presence of IL-2, IL-7 and IL-15. Plot on the left shows CD1c tetramer (Streptavidin (SAV)-PE conjugated) versus TCR on expanded cells. Clones 1C4 (black), 1C5D (orange) and 1C5H (red) were identified following single cell sorting and paired TCR analysis of expanded cells. HEK293T cells were transiently transfected with selected TCR clones and assessed for binding to CD1c tetramers (SAV-PE-conjugated) or SAV-PE alone, allowing validation of each clone’s reactivity (right plots). C. Plot on the left shows SAV-APC versus TCR V1 on expanded  T cells and identification of clone HD1APC. SAV-APC or SAV-PE staining of HEK293T HD1APC (blue) TCR-reporter line (transiently transfected, right plots). The D1G4 (CD1d-PPBF reactive, grey) TCR was included as control. D. Plot showing SAV-PE versus TCR V1 on expanded  T cells and identification of the PE-reactive clones BC14PE1 and BC14PE3.
[image: ] 
Supplementary Figure 2. PE activates cells expressing the 1C5H TCR. A. Various forms of Streptavidin (SAV)- or Neutravidin (NAV)-conjugated PE (from different suppliers) at 50 μg/mL - were assessed for their ability to activate the Jurkat cell line expressing the human  1C5H TCR (PE-reactive) or control 9C2 TCR (CD1d-reative). Non-conjugated SAV and NAV were included as controls. Anti-CD3 (10 μg/mL) was included as a positive control for stimulation. After 16h cells were stained for CD44, CD69 CD25 or CD3 surface expression. Graphs show mean fluorescence intensity fold variation to no activation +/- SEM for each marker across 3 independent experiments, each represented by individual dots.  B. Soluble SAV-PE was assessed for its ability to activate the 4D4TCR+ and control NKT VII68 TCR+ BW58 cell lines (top) or the 1C5H TCR+ and control 9C2 TCR+ Jurkat lines (bottom) in co-cultures with K562 or CD1a+ monocyte-derived DC (MoDC) lines. SAV-BV421, anti-CD3 (10 μg/mL) mAb and the CD1d-reactive TCRs (VII68 TCR+ BW58 cell line or 9C2.TCR.Jurkat) were included as controls. Graphs show CD69 and TCRβ/CD3 mean fluorescence intensity fold difference to no activation +/- SEM after 16h across 3 independent experiments, each represented by individual colour-coded dots. Source data for A and B provided as a Source Data File.
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Supplementary Figure 3. 4D4 is not activated by CD1d. A. Graphs show CD1d expression on C57BL/6 wild type (WT) or CD1d-/- bone marrow-derived DCs (BMDC), and representative Ig-PE (anti-PD-L1, CD45, CD80) capture by BMDCs.  B. 4D4.BW58 or 2C12.BW58 cells were cultured at a 1:1 ratio with BMDCs WT or CD1d-/- in the presence of purified PE (50 μg/mL) or Ig-PE (50 μg/mL), a-GlcADag (30 μg/mL), a-GalCer (400 ng/mL) or in the absence of exogenously added ligands. After 20h, the supernatants harvested for IL-2 quantification by Cytometric Bead Array (CBA). Where indicated anti-CD1d mAb (clone 1B1) was added at the beginning of culture at 10 μg/mL. Data (mean ± SEM) is from n = 5 independent experiments, each represented by a different dot (colour-matched (3 involving purified PE and 2 Ig-PE (red and blue)). C. 4D4.BW58 or 2C12.BW58 cells were cultured with plate-immobilised anti-CD3 (2 μg/mL), SAV-PE or Ig-PE (50 μg/mL) or CD1d (25 μg/mL) loaded with endogenous ligands (-Endo), a-GlcADAG or a-GalCer. After 20h IL-2 secretion was assessed by CBA. Data (mean ± SEM) is from 3 independent experiments each represented by a different dot (colour-matched to B). Source data for A and B provided as a Source Data File.
[image: ]Supplementary Figure 4. Single molecule analyses of TCR and CD3 clustering. Single-molecule imaging of TCRβ (A), or pCD3ζ (B), clustering in BW58 thymoma cells transduced with the 4D4, 2C12 or VII68 TCRs following stimulation on a supported lipid bilayer decorated with either ICAM-1 or αCD3 and αCD28. Inset bright-field images show thymoma cells used for single-molecule imaging. Scale bar: 5 µm. C. Single-molecule data were analysed using DBSCAN across three experiments with a total number of cells (shown as dots) in A for ICAM-1; 4D4 (40), 2C12 (40), VII68 (40) and for αCD3/αCD28; 4D4 (44), 2C12 (42), VII68 (42). In B for ICAM-1: 4D4 (42), 2C12 (42), VII68 (42), and for αCD3/αCD28; 4D4 (40), 2C12 (40), VII68 (42). Data were expressed as mean ± s.e.m. One-way ANOVA was used for comparing stimulation against an ICAM-1 control. ns= not significant. *P ≤ 0.05; **P ≤ 0.01; ***P ≤ 0.001; ****P ≤ 0.0001 (exact P values shown in Supplementary Table 1). The ICAM-1 negative control data, also shown Figure 2D and E, is included in this figure to enable direct comparison to the αCD3/αCD28 positive control. Source data provided as a Source Data File.

[image: ]
Supplementary Figure 5. Sedimentation velocity analysis of 4D4 TCR and PE. Samples were spun in an analytical ultracentrifuge at 30,000 rpm, 20°C, and monitored at a wavelength of 280 nm. Representative scans from 2 independent experiments showing PE alone (upper panel), 4D4 TCR alone (middle panel) and PE-4D4 TCR (bottom panel) are shown as open circles, with the best fits of the data to a c(s) sedimenting model shown as overlaid solid lines. Corresponding residuals to the fits are shown adjacent to each panel. Source data provided as a Source Data File.
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Supplementary Figure 6. Steady state affinity measurement of the interaction between soluble 4D4 and PE. Non-conjugated PE (Prozyme), streptavidin (SAV)-PE (BD) or SAV-APC (BD) were immobilised on a sensor chip by direct amine coupling. Separately, non-conjugated PE (Prozyme) was coupled by indirect capture using an anti-PE polyclonal antibody (pAb). Two-fold dilutions of soluble 4D4 TCR or a control NKT TCR (VII68), starting at 57μM or 98μM respectively, were passed over the chip. A) Representative sensorgrams (on the left), showing TCR binding (measured as response units, RU) over time. Dashed grey lines indicate the TCR injection intervals. B) Saturation plots show equilibrium binding (Req), which were used to determine the dissociation constant (Kd). The half-life of the complex (t1/2) was determined by kinetics analysis. Graphs shown are from one experiment. Values were achieved by applying a one site-specific binding non-linear fit. Source data provided as a Source Data File.

[image: ]Supplementary Figure 7. Expanded surface plasmon resonance of the 4D4 TCR and CD1d. Surface plasmon resonance of the 4D4, A11B8.2 and 2C12 TCR binding to immobilised murine CD1d-endo, CD1d-α-GalCer and CD1d-α-GlcADAG.  Representative sensorgrams of two-fold dilutions of the 4D4, A11B8.2 and 2C12 TCRs (100, 200 and 5μM respectively). The derived equilibrium binding curves were used to estimate the dissociation constants (Kd) for each experiment (Mean ± SEM derived from n=2 experiments). Data shown are representative of two independent experiments for the 4D4 and 2C12 TCRs, and a single experiment for the A11B8.2 TCR (N.D. = not determined). Source data provided as a Source Data File.
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Supplementary Figure 8. Overall architecture of the PE monomer. Cartoon representation of A. PE α- and B. β-chains (light red and dark red, respectively) C. Hetero-trimer and hetero-hexamer complexes of A and B.






[image: ]Supplementary Figure 9. Estimation and visualization of the evolutionary conservation at the PE-TCR epitope. A. Colourised representation from multiple sequence alignments of ~150 bacterial species of PE α-chains (see Supplementary Table 4). B. Structural mapping of the sequence conservation with the PE α-chain area recognized by the 4D4 TCR highlighted.
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Supplementary Figure 10. 4D4 TCR+ retrogenic cells are DN and bind PE. Flow cytometry analysis of gated 7AAD-CD11b-CD19- cells from bone marrow (BM), thymus, spleen, lymph node (LN), liver, lung and blood of 4D4 TCR+ retrogenic (Rg) or wild type (WT) C57BL/6 mice. (A) Percentage ± SEM of CD4 and CD8 co-receptor expression and (B) SAV-PE binding for CD45.2+ TCRβ + GFP+ Rg cells in comparison to CD45.1+ TCRβ+ GFP- cells from the same Rg mice, or CD45.2+ TCRβ+ GFP- cells from WT mice. Data in (A) are from n =12 Rg mice (acquired over 5 independent experiments for thymus and spleen, or 3 experiments for blood), n = 10 Rg mice for liver and BM (4 experiments), n = 7 Rg mice for lung and LN (3 experiments); and n = 7 WT mice (4 experiments) for spleen and thymus, n = 6 WT mice for lung, LN and BM (3 experiments), n = 4 WT mice for liver (3 experiments). Data in (B) are from n = 5 Rg and n = 5 WT mice (acquired over 2 independent experiments), with the exception of the liver which is from n = 3 Rg and n = 3 WT mice (1 experiment). Each dot represents an individual mouse. In A, triangles represent mice where CD45.1 and CD45.2 pre-gating was not included. Source data provided as a Source Data File.
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Supplementary Figure 11. 4D4 TCR+ retrogenic cells respond to SAV-PE. Streptavidin (SAV)-PE, SAV-BV421 or SAV-APC at 40 μg/mL was plate bound and assessed for their ability to activate splenocytes from the 4D4 retrogenic (Rg) mice or wild type (WT) mice. Anti-CD3 mAb (3 μg/mL) was included as a positive control for stimulation, or cells were left unstimulated (Unstim). Representative histograms (A) and (B) summary graphs ± SEM showing percentage of 7AAD–CD11b–CD19– cells that expressed CD69 or CD25 after 18 h (day 1), or that divided (day 3) for CD45.2+TCRb+GFP+ (4D4+ cells from Rg mice), CD45.1+TCRb+GFP- (recipient cells from Rg mice), or for CD45.2+TCRb+GFP- cells from WT mice. n = 5 mice, each represented by individual dots, across 2 independent experiments.  Source data provided as a Source Data File.


[image: ]
Supplementary Figure 12. Gating strategies used for flow cytometric analysis and cell sorting. A. Gating strategy to analyse TCR transduced (7AAD-CD3+ and/or abTCR+) BW58 or Jurkat cell lines. The strategy was used to assess CD1-tetramer / fluorochrome binding as well as CD69, CD25, CD44 and TCRb (or CD3 for Jurkats) MFIs as indicated in Figures 1, 2 and Supplementary Figures 1 and 2. B. Gating strategy to identify cells in 4D4 TCR retrogenic (Rg) mice or wild type (WT) mice as shown in Figure 7 and Supplementary Figures 10 and 11, and used for single cell sorting prior to TCR sequencing (Figure 7D). C. Gating strategy to analyse CD1d expression in BMDCs from C57BL/6 wild type or CD1d-/- mice in Supplementary Figure 3A. 
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TRAV-Primer Sequence Orientation
MTRAV1_Ext GGTTATCCTGGTACCAGCA Forward
mTRAV1_Int CTCCACATTCCTGAGCC Forward
MTRAV2_Ext CATCTACTGGTACCGACAGG Forward
MTRAV2_Int ACTCTGAGCCTGCCCT Forward
MTRAV3_Ext GGCGAGCAGGTGGAG Forward
mMmTRAV3_Int GCCCTCCTCACCTGAG Forward
MTRAV4_Ext TCTGSTCTGAGATGCAATTTT Forward
MTRAV4_Int GGYTYMAGGAACAAAGGAGAAT Forward
mTRAV5-1/5-4(D)_Ext [CTACTTCCCTTGGTATAAGCAAGA Forward
mMTRAV5-1/5-4(D)_Int  |ATYCGTTCAAATATGGAAAGAAA Forward
mTRAV6-1/6-2_Ext CAGATGCAAGGTCAAGTGAC Forward
mTRAV6-1/6-2_Int GGAGAAGGTCCACAGCTC Forward
mTRAV6-3/6-4(D)_Ext |AAGGTCCACAGCTCCTTC Forward
mTRAV6-3/6-4(D)_Int CAACTGCCAACAACAAGG Forward
MTRAV6-5/6-7(D)_Ext [GTTCTGGTATGTGCAGTATCC Forward
mTRAV6-5/6-7(D)_Int  |[TCCTTCCACTTGCAGAAAG Forward
mTRAV6-6_Ext AGATTCCGTGACTCAAACAG Forward
mTRAV6-6_Int ACGGCTGGCCAGAAG Forward
MTRAV7_Ext AGAAGGTRCAGCAGAGCCCAGAATC|Forward
mTRAV7_Int CAKGRCYTCYYTCAACTGCAC Forward
mTRAVS8_Ext GAGCRTCCASGAGGGTG Forward
mTRAVS8_Int AGAGCCACCCTTGACAC Forward
mTRAV9_ Ext CCAGTGGTTCAAGGAGTG Forward
mTRAV9_Int GCTTYGAGGCTGAGTTCAG Forward
mTRAV10/10a(D)_Ext |[AGAGAAGGTCGAGCAACAC Forward
mTRAV10/10a(D)_Int CTACACTGAGTGTTCGAGAGG Forward
mTRAV11_Ext AAGACCCAAGTGGAGCAG Forward
mTRAV11_Int AACAGGACACAGGCAAAG Forward
mTRAV12_Ext TGACCCAGACAGAAGGC Forward
mTRAV12_Int GGTTCCACGCCACTC Forward
mTRAV13_Ext TCCTTGGTTCTGCAGG Forward
mTRAV13_Int TGCAGGAGGGGGAGA Forward
MTRAV14_Ext GCAGCAGGTGAGACAAAG Forward
mTRAV14_Int CTCTGACAGTCTGGGAAGG Forward
mTRAV15_Ext CASCTTYTTAGTGGAGAGATGG Forward
mTRAV15_Int AYTCTGTAGTCTTCCAGAAATCAC Forward
mTRAV16_Ext GTACAAGCAAACAGCAAGTG Forward
mTRAV16_Int ATTATTCTCTGAACTTTCAGAAGC Forward
mTRAV17_Ext CAGTCCGTGGACCAGC Forward
MTRAV17_Int TATGAAGGAGCCTCCCTG Forward
MTRAV18_Ext AACGGCTGGAGCAGAG Forward
mTRAV18_Int CAAGATTTCACCGCACG Forward
mTRAV19_ Ext GCAAGTTAAACAAAGCTCTCC Forward
MTRAV19_Int GCTGACTGTTCAAGAGGGA Forward
mTRAV21_Ext GTGCACTTGCCTTGTAGC Forward
mTRAV21 _Int AATAGTATGGCTTTCCTGGC Forward
mTRAC_Ext GGCATCACAGGGAACG Reverse
mTRAC=I nt GCACATTGATTTGGGAGTC Reverse
TRDV-Primer Sequence Orientation
HuTRDV1 Ext GCCCAGAAGGTTACTCAAG Forward
HUTRDV2 Ext ATTGAGTTGGTGCCTGAAC Forward
HUTRDV3 Ext TGTGACAAAGTAACCCAGAGTTC Forward
HUuTRDV4/TRAV14Ext |[|CAAACCCAACCAGGAATG Forward
HuTRDV5/TRAV29 Ext [GCAAGTTAAGCAAAATTCACC Forward
HUTRDV6/TRAV23 Ext |TTGATAGTCCAGAAAGGAGG Forward
HUuTRDV7/TRAV36 Ext |GACAAGGTGGTACAAAGCC Forward
HuTRDV8/TRAV38-2 Ext{f CAGTCACTCAGTCTCAACCAG Forward
HUTRDC Ext CTTCATATTTACCAAGCTTGACAG Reverse
HUTRDV1 Int AGCAAAGAGATGATTTTCCTTA Forward
HUTRDV2 Int TATATCAACTGGTACAGGAAGACC |Forward
HUTRDV3 Int GGTACTGCTCTGCACTTACGAC Forward
HUuTRDV4/TRAV14 Int |AGGAAAAGGAGGCTGTGAC Forward
HuTRDV5/TRAV29 Int [CTGCTGAAGGTCCTACATTC Forward
HUTRDV6/TRAV23 Int |CGTTTGACTACTTTCCATGG Forward
HUTRDV7/TRAV36 Int |ATCTCTGGTTGTCCACGAG Forward
HuTRDV8/TRAV38-2 Int [TCTGGTACAAGCAGCCTC Forward
HuTRDC Int GATGACAATAGCAGGATCAAAC Reverse

TRBV-Primer Sequence Orientation
mTRBV1_Ext TACCACGTGGTCAAGCTG Forward
mTRBV1_Int GTATCCCTGGATGAGCTG Forward
mTRBV2_Ext CAGTATCTAGGCCACAATGC Forward
mTRBV2_Int GGACAATCAGACTGCCTC Forward
mTRBV3_Ext CCCAAAGTCTTACAGATCCC Forward
mTRBV3_Int GATATGGGGCAGATGGTG Forward
mTRBV4_ Ext GACGGCTGTTTTCCAGAC Forward
mTRBV4_Int CAGGTGGGAAATGAAGTG Forward
mTRBV5_Ext GGTATAAACAGAGCGCTGAG Forward
mTRBV5_Int GCCAGAGCTCATGTTTCTC Forward
mTRBV12_Ext GGGGTTGTCCAGTCTCC Forward
mTRBV12_Int CCAGCAGATTCTCAGTCC Forward
mTRBV13_Ext GCTGCAGTCACCCAAAG Forward
mTRBV13_Int GTACTGGTATCGGCAGGAC Forward
mTRBV14_Ext GCAGTCCTACAGGAAGGG Forward
mTRBV14_Int GGTATCAGCAGCCCAGAG Forward
mTRBV15_Ext GAGTTACCCAGACACCCAG Forward
mTRBV15_Int GTGTGAGCCAGTTTCAGG Forward
mTRBV16_Ext CCTAGGCACAAGGTGACAG Forward
mTRBV16_Int GAAGCAACTCTGTGGTGTG Forward
mTRBV17_Ext GAAGCCAAACCAAGCAC Forward
mTRBV17_Int GAACAGGGAAGCTGACAC Forward
mTRBV19_Ext GATTGGTCAGGAAGGGC Forward
mTRBV19_Int GGTACCGACAGGATTCAG Forward
mTRBV20_ Ext GGATGGAGTGTCAAGCTG Forward
mTRBV20_Int GCTTGGTATCGTCAATCG Forward
mTRBV23_Ext CTGCAGTTACACAGAAGCC Forward
mTRBV23 _Int GCCAGGAAGCAGAGATG Forward
mTRBV24_ Ext CAGACTCCACGATACCTGG Forward
mTRBV24_Int GCACACTGCCTTTTACTGG Forward
mTRBV26_Ext GGTGAAAGGGCAAGGAC Forward
mTRBV26_Int GAGGTGTATCCCTGAAAAGG Forward
MmTRBV29_ Ext GCTGGAATGTGGACAGG Forward
mTRBV29 Int GTACTGGTATCGACAAGACCC Forward
mTRBV30_Ext CCTCCTCTACCAAAAGCC Forward
mTRBV30_Int GGACATCTGTCAAAGTGGC Forward
mTRBV31_Ext CTAACCTCTACTGGTACTGGCAG Forward
mTRBV31_Int CTGTTGGCCAGGTAGAGTC Forward
mTRBC_Ext CCAGAAGGTAGCAGAGACCC Reverse
mTRBC=Int GGGTAGCCTTTTGTTTGTTTG Reverse
Vector-Primer Sequence Orientation
pUC57_fwd AGGCGATTAAGTTGGGTAAC Forward
pUC57_rev CGTATGTTGTGTGGAATTGTAG Forward
pMSCV_fwd TTGAACCTCCTCGTTCGACC Reverse
pMSCV_rev CATATAGACAAACGCACACC Reverse
pET_Fwd CTAGTTATTGCTCAGCGG Forward
pET=Rev CTAGTTATTGCTCAGCGG Reverse
TRGV-Primer Sequence Orientation
HUTRGV3.5 Ext TCTTCCAACTTGGAAGGG Forward
HUTRGV7 Ext TCTTCCAACTTGCAAGGG Forward
HUTRGVA Ext GGGTCATCCTGTTTCCAG Forward
HUTRGVB Ext TGGCCTCCCAAAGTACTG Forward
HUTRGV8 Ext CCAACTTGGAAGGGAGAAC Forward
HUTRGV9 Ext CCAGGTCACCTAGAGCAAC Forward
HUTRGV10 Ext TTATCAAAAGTGGAGCAGTTC Forward
HUTRGV11 Ext GAACAACCTGAAATATCTATTTCC Forward
HUTRGV1.2.4.6 Ext| GGGTCATCTGCTGAAATCAC Forward
HUuTRGC Ext GGTGTTCCCCTCCTGG Reverse
HUTRGV3.5 Int GGTCATCTGCTGAAATCAC Forward
HUTRGV7 Int GGTCATCTGCTGTAATCACTTG Forward
HUTRGVA Int TACCTAAGGACCTGTGTAGAGG Forward
HUTRGVB Int TCCTCTTTCTATGTCCCAGG Forward
HUTRGVS Int AAAATGCCGTCTACACCC Forward
HUTRGV9 Int TGTCCATTTCATATGACGG Forward
HUTRGV10 Int CAGCTATCCATTTCCACGG Forward
HUTRGV11 Int CATATCTTGGAAGGCATCC Forward
HuTRGV1.2.4.6 Int | CCAGGAGGGGAAGGC Forward
HUTRGC Int CCCAGAATCGTGTTGCT Reverse










TRAV-Primer  Sequence Orientation TRBV-Primer Sequence Orientation

mTRAV1_Ext

GGTTATCCTGGTACCAGCA

Forward mTRBV1_Ext

TACCACGTGGTCAAGCTG

Forward

mTRAV1_Int

CTCCACATTCCTGAGCC

Forward mTRBV1_Int

GTATCCCTGGATGAGCTG

Forward

mTRAV2_Ext

CATCTACTGGTACCGACAGG

Forward mTRBV2_Ext

CAGTATCTAGGCCACAATGC

Forward

mTRAV2_Int

ACTCTGAGCCTGCCCT

Forward mTRBV2_Int

GGACAATCAGACTGCCTC

Forward

mTRAV3_Ext

GGCGAGCAGGTGGAG

Forward mTRBV3_Ext

CCCAAAGTCTTACAGATCCC

Forward

mTRAV3_Int

GCCCTCCTCACCTGAG

Forward mTRBV3_Int

GATATGGGGCAGATGGTG

Forward

mTRAV4_Ext

TCTGSTCTGAGATGCAATTTT

Forward mTRBV4_Ext

GACGGCTGTTTTCCAGAC

Forward

mTRAV4_Int

GGYTYMAGGAACAAAGGAGAAT

Forward mTRBV4_Int

CAGGTGGGAAATGAAGTG

Forward

mTRAV5-1/5-4(D)_Ext

CTACTTCCCTTGGTATAAGCAAGA

Forward mTRBV5_Ext

GGTATAAACAGAGCGCTGAG

Forward

mTRAV5-1/5-4(D)_Int

ATYCGTTCAAATATGGAAAGAAA

Forward mTRBV5_Int

GCCAGAGCTCATGTTTCTC

Forward

mTRAV6-1/6-2_Ext

CAGATGCAAGGTCAAGTGAC

Forward mTRBV12_Ext

GGGGTTGTCCAGTCTCC

Forward

mTRAV6-1/6-2_Int

GGAGAAGGTCCACAGCTC

Forward mTRBV12_Int

CCAGCAGATTCTCAGTCC

Forward

mTRAV6-3/6-4(D)_Ext

AAGGTCCACAGCTCCTTC

Forward mTRBV13_Ext

GCTGCAGTCACCCAAAG

Forward

mTRAV6-3/6-4(D)_Int

CAACTGCCAACAACAAGG

Forward mTRBV13_Int

GTACTGGTATCGGCAGGAC

Forward

mTRAV6-5/6-7(D)_Ext

GTTCTGGTATGTGCAGTATCC

Forward mTRBV14_Ext

GCAGTCCTACAGGAAGGG

Forward

mTRAV6-5/6-7(D)_Int

TCCTTCCACTTGCAGAAAG

Forward mTRBV14_Int

GGTATCAGCAGCCCAGAG

Forward

mTRAV6-6_Ext

AGATTCCGTGACTCAAACAG

Forward mTRBV15_Ext

GAGTTACCCAGACACCCAG

Forward

mTRAV6-6_Int

ACGGCTGGCCAGAAG

Forward mTRBV15_Int

GTGTGAGCCAGTTTCAGG

Forward

mTRAV7_Ext

AGAAGGTRCAGCAGAGCCCAGAATC

Forward mTRBV16_Ext

CCTAGGCACAAGGTGACAG

Forward

mTRAV7_Int

CAKGRCYTCYYTCAACTGCAC

Forward mTRBV16_Int

GAAGCAACTCTGTGGTGTG

Forward

mTRAV8_Ext

GAGCRTCCASGAGGGTG

Forward mTRBV17_Ext

GAAGCCAAACCAAGCAC

Forward

mTRAV8_Int

AGAGCCACCCTTGACAC

Forward mTRBV17_Int

GAACAGGGAAGCTGACAC

Forward

mTRAV9_Ext

CCAGTGGTTCAAGGAGTG

Forward mTRBV19_Ext

GATTGGTCAGGAAGGGC

Forward

mTRAV9_Int

GCTTYGAGGCTGAGTTCAG

Forward mTRBV19_Int

GGTACCGACAGGATTCAG

Forward

mTRAV10/10a(D)_Ext

AGAGAAGGTCGAGCAACAC

Forward mTRBV20_Ext

GGATGGAGTGTCAAGCTG

Forward

mTRAV10/10a(D)_Int

CTACACTGAGTGTTCGAGAGG

Forward mTRBV20_Int

GCTTGGTATCGTCAATCG

Forward

mTRAV11_Ext

AAGACCCAAGTGGAGCAG

Forward mTRBV23_Ext

CTGCAGTTACACAGAAGCC

Forward

mTRAV11_Int

AACAGGACACAGGCAAAG

Forward mTRBV23_Int

GCCAGGAAGCAGAGATG

Forward

mTRAV12_Ext

TGACCCAGACAGAAGGC

Forward mTRBV24_Ext

CAGACTCCACGATACCTGG

Forward

mTRAV12_Int

GGTTCCACGCCACTC

Forward mTRBV24_Int

GCACACTGCCTTTTACTGG

Forward

mTRAV13_Ext

TCCTTGGTTCTGCAGG

Forward mTRBV26_Ext

GGTGAAAGGGCAAGGAC

Forward

mTRAV13_Int

TGCAGGAGGGGGAGA

Forward mTRBV26_Int

GAGGTGTATCCCTGAAAAGG

Forward

mTRAV14_Ext GCAGCAGGTGAGACAAAG Forward mTRBV29_Ext GCTGGAATGTGGACAGG Forward

mTRAV14_Int

CTCTGACAGTCTGGGAAGG

Forward mTRBV29_Int

GTACTGGTATCGACAAGACCC

Forward

mTRAV15_Ext

CASCTTYTTAGTGGAGAGATGG

Forward mTRBV30_Ext

CCTCCTCTACCAAAAGCC

Forward

mTRAV15_Int

AYTCTGTAGTCTTCCAGAAATCAC

Forward mTRBV30_Int

GGACATCTGTCAAAGTGGC

Forward

mTRAV16_Ext

GTACAAGCAAACAGCAAGTG

Forward mTRBV31_Ext

CTAACCTCTACTGGTACTGGCAG

Forward

mTRAV16_Int

ATTATTCTCTGAACTTTCAGAAGC

Forward mTRBV31_Int

CTGTTGGCCAGGTAGAGTC

Forward

mTRAV17_Ext

CAGTCCGTGGACCAGC

Forward mTRBC_Ext CCAGAAGGTAGCAGAGACCC Reverse

mTRAV17_Int

TATGAAGGAGCCTCCCTG

Forward mTRBC_Int GGGTAGCCTTTTGTTTGTTTG Reverse

mTRAV18_Ext

AACGGCTGGAGCAGAG

Forward

mTRAV18_Int

CAAGATTTCACCGCACG

Forward Vector-Primer Sequence Orientation

mTRAV19_Ext

GCAAGTTAAACAAAGCTCTCC

Forward pUC57_fwd

AGGCGATTAAGTTGGGTAAC

Forward

mTRAV19_Int

GCTGACTGTTCAAGAGGGA

Forward pUC57_rev

CGTATGTTGTGTGGAATTGTAG

Forward

mTRAV21_Ext

GTGCACTTGCCTTGTAGC

Forward pMSCV_fwd

TTGAACCTCCTCGTTCGACC

Reverse

mTRAV21_Int

AATAGTATGGCTTTCCTGGC

Forward pMSCV_rev

CATATAGACAAACGCACACC

Reverse

mTRAC_Ext GGCATCACAGGGAACG Reverse pET_Fwd 

CTAGTTATTGCTCAGCGG

Forward

mTRAC_Int GCACATTGATTTGGGAGTC Reverse pET_Rev  CTAGTTATTGCTCAGCGG Reverse

TRDV-Primer  Sequence Orientation TRGV-Primer  Sequence Orientation

HuTRDV1 Ext GCCCAGAAGGTTACTCAAG Forward HuTRGV3.5 Ext TCTTCCAACTTGGAAGGG Forward

HuTRDV2 Ext ATTGAGTTGGTGCCTGAAC Forward HuTRGV7 Ext TCTTCCAACTTGCAAGGG Forward

HuTRDV3 Ext TGTGACAAAGTAACCCAGAGTTC Forward HuTRGVA Ext GGGTCATCCTGTTTCCAG Forward

HuTRDV4/TRAV14Ext CAAACCCAACCAGGAATG Forward HuTRGVB Ext TGGCCTCCCAAAGTACTG Forward

HuTRDV5/TRAV29 Ext GCAAGTTAAGCAAAATTCACC Forward HuTRGV8 Ext CCAACTTGGAAGGGAGAAC Forward

HuTRDV6/TRAV23 Ext TTGATAGTCCAGAAAGGAGG Forward HuTRGV9 Ext CCAGGTCACCTAGAGCAAC Forward

HuTRDV7/TRAV36 Ext GACAAGGTGGTACAAAGCC Forward HuTRGV10 Ext TTATCAAAAGTGGAGCAGTTC Forward

HuTRDV8/TRAV38-2 ExtCAGTCACTCAGTCTCAACCAG Forward HuTRGV11 Ext GAACAACCTGAAATATCTATTTCC Forward

HuTRDC Ext CTTCATATTTACCAAGCTTGACAG Reverse HuTRGV1.2.4.6 ExtGGGTCATCTGCTGAAATCAC Forward

HuTRDV1 Int AGCAAAGAGATGATTTTCCTTA Forward HuTRGC Ext GGTGTTCCCCTCCTGG Reverse

HuTRDV2 Int TATATCAACTGGTACAGGAAGACC Forward HuTRGV3.5 Int GGTCATCTGCTGAAATCAC Forward

HuTRDV3 Int GGTACTGCTCTGCACTTACGAC Forward HuTRGV7 Int GGTCATCTGCTGTAATCACTTG Forward

HuTRDV4/TRAV14 Int AGGAAAAGGAGGCTGTGAC Forward HuTRGVA Int TACCTAAGGACCTGTGTAGAGG Forward

HuTRDV5/TRAV29 Int CTGCTGAAGGTCCTACATTC Forward HuTRGVB Int TCCTCTTTCTATGTCCCAGG Forward

HuTRDV6/TRAV23 Int CGTTTGACTACTTTCCATGG Forward HuTRGV8 Int AAAATGCCGTCTACACCC Forward

HuTRDV7/TRAV36 Int ATCTCTGGTTGTCCACGAG Forward HuTRGV9 Int TGTCCATTTCATATGACGG Forward

HuTRDV8/TRAV38-2 IntTCTGGTACAAGCAGCCTC Forward HuTRGV10 Int CAGCTATCCATTTCCACGG Forward

HuTRDC Int GATGACAATAGCAGGATCAAAC Reverse HuTRGV11 Int CATATCTTGGAAGGCATCC Forward

HuTRGV1.2.4.6 Int CCAGGAGGGGAAGGC Forward

HuTRGC Int CCCAGAATCGTGTTGCT Reverse
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