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Supplemental figures 

 

Figure S1: Generation of stable producer cell lines for the production of retroviral particles for transduction. 
Gibbon ape leukaemia virus (GALV) producer cells were transfected with the retroviral vector MP71 containing the 
respective transgenic TCR. The supernatant containing retroviral particles was used to transduce RD114 producer cells, 
resulting in a stable genomic integration of the TCR coding sequence. The resulting stably transduced RD114 cells 
were then enriched by flow cytometry cell sorting based on TCR surface expression. (A) Transduction rates of RD114 
cells were determined by flow cytometry through intracellular (black bars) or surface staining (white bars) of the murine 
constant b-domain (mTRBC) of each TCR. The examples shown here include TCRs where surface staining was either 
possible or unsuccessful. (B) In producer cells showing little to no TCR surface expression, transient transfection 
(transf.) with the murine CD3 δγεζ-chains (mCD3) prior to enrichment increased and stabilized TCR surface expression 
sufficiently for cell sorting.  
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Figure S2: Co-culture of TCR-transduced T cells with partially HLA-matched B-LCLs to determine MHC class 
II restriction. T cells were transduced with TCRs 1F6C61, 3G3preS9, S123S21, 1F1S17 and 1D4P774 and co-cultured at an 
E:T of 2:1 with partially HLA-matched B-LCLs, pulsed with 1 µM of the respective peptide (w/ peptide, black bars) or 
without peptide (w/o peptide, white bars). TNF-a secretion was determined via ELISA after 16 hours of co-culture and 
is shown relative to values from co-culture with donor B-LCLs. Data points represent mean values ± SD from triplicates. 
TCR clone names are indicated at the top left of each graph. The respective MHC II alleles of each B-LCL are 
summarized in Table S2.
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Figure S3: Kinetics of cytotoxicity of TCR-transduced CD4+ and CD8+ T cells. CD4+ (red) or CD8+ (blue) TCR-
transduced T cells were co-cultured for 24 hours with single MHC II transfectant fibroblasts pulsed with 1 µM peptide 
(w/ pep) at different effector to target (E:T) cell ratios: 1:1 (dark color), 0.3:1 (medium color), or 0.1:1 (light color) or 
without peptide (w/o pep) at an E:T ratio of 1:1 (grey). Cytotoxicity was assessed via the adherence of target cells 
measured through electrical impedance and is given as a cell index normalized to the starting point of each co-culture. 
Considering the technical requirements of this assay, only TCRs were included, for which adherent single MHC II 
transfectant fibroblasts were available. Data points were acquired every 30 minutes for 24 hours and represent mean 
values from triplicates. Endpoint cytotoxicity data are shown in Figure 7. Square boxes at the top left of each graph 
indicate peptide specificities. Mock-transduced T cells served as an additional negative control and no killing was 
observed after 24 hours of co-culture (data not shown).  
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Supplemental tables  

Table S1: Characteristics and sequences of peptides used for stimulation. Left side: Peptides from this study used 
for stimulation of PBMC of donors 1 and 2. Specificities for which TCRs were isolated are highlighted in bold. Binding 
affinities (IC50) to HLA-DR1 and HLA-DR13 as predicted via the NetMHCIIpan 3.2 algorithm.1 Predicted binding 
cores to DR1/DR13 are overlined/underlined in peptide sequence. IC50 values <50 nM or <500 nM are considered 
strong or weak binders, respectively. Right side: Literature review with therein published epitopes, corresponding HLA 
alleles and references.2-11 Amino acid overlaps with peptides from this study are double underlined. n.d.= none 
determined.
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Table S2: MHC restriction analysis for TCRs 1F6C61, 3G3preS9, S123S21, 1F1S17 and 1D4P774 using partially HLA-
matched B-LCLs. B-LCLs which induced cytokine secretion in TCR-transduced T cells solely in the presence of the 
corresponding peptide are labeled as “specific”. B-LCLs which induced cytokine secretion both in the presence and 
absence of peptide and higher than the donor B-LCL unloaded control are labeled “unspecific”. No cytokine secretion 
in the presence or absence of peptide is labeled “negative”. MHC molecules shared exclusively among “specific” B-
LCLs and the original donor’s B-LCLs (underlined) are marked in grey for each TCR.  

 
(Table S2 continued on next page) 
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(Table S2 continued)  
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Table S3: Characteristics of the specific peptide:MHC complex identified for each TCR. Left side: Overview of 
MHC restrictions for each TCR as identified in Figure 3, Figure S2 and Table S2. Right side: Binding affinities of HBV 
peptides to their restricting MHC allele predicted via the IEDB MHC-II binding prediction tool 
(http://tools.iedb.org/mhcii/), with IC50 values from recommended algorithms NetMHCIIpan or NN-align. In addition, 
binding affinities were measured by an MHC-ligand binding assay.12  
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Table S4: Summary table of TCR characterization. Transduction (transd.) rates in % of CD4+ T cells and vector 
copy number (VCN) as an average number of integrates per cell (avg./cell) are indicated for a representative cell batch. 
MFI of TCR+ populations in flow cytometry from four independent transductions is normalized (norm.) to mean of 
each experiment. The recognition of processed (proc.) antigen is scored according to TNF-a secretion in co-culture 
with B-LCLs: low (<100 pg/ml), medium (100-200 pg/ml) and high (>200 pg/ml). The number of recognized HBV 
genotypes (Gt) by each TCR is given as a number of four (x/4) genotypes tested: A/B/C/D. Functional avidity is 
specified as EC50 in nM calculated from proliferation assays with peptide titration. CD4+IL-2+ cells and CD8+GrzB+ in 
% of TCR+ T cells are listed representative for cytokine secretion. Cytotoxicity endpoint values for CD4+ and CD8+ T 
cells after 24 hours of co-culture are indicated in % relative (rel.) to the unloaded control. n.d.= none determined; EC50 
could not be calculated when a plateau of maximum response was not reached and cytotoxicity could not be determined 
when matching single MHCII-transfectant adherent target cell lines were not available.  
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Supplemental methods 

Stimulation of PBMC 
PBMC were stimulated as described in the main manuscript. For stimulation of PBMC of donors 1 and 2, which resulted 
in identification of 17 out of the 20 TCRs, single peptides from Table S1 were used. The C61-specific T cell clone from 
donor 3 was obtained from the group of N. Gruener10 and restimulated once with 1 µM of peptide C61, which resulted 
in identification of TCR P74C61. For stimulation of donor 4, a pool of HBV core peptides was used at a final 
concentration of 2.7 µg/ml of each peptide (MDIDPYKEFGATVEL, LSFLPSDFFPSVRDL, FLPSDFFPSVRDLLD, 
RDLLDTASALYREAL, PHHTALRQAILCWGE, GRETVLEYLVSFGVW, EYLVSFGVWIR-TPPA, 
VSFGVWIRTPPAYRP, TVVRRRDRGRSPRRR), which resulted in identification of TCR CP11C113. For stimulation 
of donor 5, a pool of HBV S peptides was used at a final concentration of 11 µg/ml of each peptide 
(LVLQAGFFLLTRILT, AGFFLLTRILTIPKS, LLTRILTIPKSLDSW, FFLLTRILTIPQSLD), which resulted in 
identification of TCR S123S17.  

Identification of HBV-specific T cells clones 
96-well plates were microscopically screened for growing T cell clones. Donor-derived B-LCLs were irradiated (50 
Gy), loaded with 1 µM of the respective peptide for 2 hours at 37 C°C and then washed twice with PBS. 20 µl/well of 
each visually outgrown T cell clone was co-cultured with 5x104 peptide-pulsed or unloaded B-LCLs at 37 °C. TNF-a 
secretion via ELISA (BD) was measured after 16 hours from supernatants to determine HBV specificity.  

Analysis of TCR repertoire 
For RNA extraction from T cell clones, Trizol (Thermo Fisher Scientific) was used according to the manufacturer’s 
instructions including 1-bromo-3-chloropropane (Sigma-Aldrich) and 20 µl Linear Acrylamide (Thermo Fisher 
Scientific). RNA was reverse transcribed to cccDNA using Superscript II (Thermo Fisher Scientific). TCR chains were 
amplified from cDNA with Illustra PureTaq PCR Beads (GE) using degenerated primers, VPANHUM (5’-
TGAGTGTCCCPGAPGG2P-3’) and CA2 (5’-GTGACACATTTGTTTGAGAATC-3’) for α-chains, VP1 (5’-
GCIITKTIYTGGTAYMGACA-3’) or VP2 (5’-CTITKTWTTGGTAYCIKCAG-3’) and CP1 (5’-
GCACCTCCTTCCCATTCAC-3’) for β-chains. The sequencing results were blasted with IMGT/V-QUEST to identify 
TCR chains. When degenerated primer PCR did not give a conclusive result, PCRs were repeated with primers specific 
for the individual a- or b-variable chain as described elsewhere.13  

Cloning of TCR chains 
5' Primers including a Kozak sequence and a NotI restriction site were designed according to the variable region 
identified for each TCR. An EcoRI or BsrGI restriction site was added to the 3' primers for the constant regions: TRAC 
(TRAC-EcoRI 5’-GGAATTCTCAGCTGGACCACAGCCGCAGC-3’and TRAC1-BsrGI 5’-
CTTGTACATCAGCTGGACCACAGCCGCAGC-3’) or TRBC (TRBC1-EcoRI 5’-
TGGAATTCTCAGAAATCCTTTCTCTTGACC-3’ and TRBC2-EcoRI 5’-
TGGAATTCCTAGCCTCTGGAATCCTTTCTC-3’). TCR chains were amplified from cDNA with Phusion Hot Start 
II (New England Biolabs) and cloned separately into the retroviral vector MP71.14 Variable domains of TCRs with 
confirmed HBV-specificity were codon-optimized and synthesized at GeneArt (Regensburg), fused by a P2A element 
and substituted with murine constant domains as described previously.15 

Generation of stable producer cells  
Stable 293GP-R30 (RD114-pseudotype) producer cells were generated by transduction with cell culture supernatant 
from 293GP-GLV9 cells16 that had been transfected with TCR plasmids as described earlier.17 Producer cell lines were 
transiently transfected with the murine CD3 δγεζ chains cloned into the vector pcDNA3.1 from the vector pMIG II 
Murine CD3 WTdelta-F2A-gamma-T2A-epsilon-P2A-zeta (Addgene) using the Lipofectamine 2000 transfection 
reagent (Thermo Fisher Scientific) prior to enrichment of TCR+ cells with a FACS Aria II (BD) or a MoFlo II cell sorter 
(Beckmann Coulter). 

Prediction of peptide to MHC binding affinity  
Binding affinities of HBV peptides to the respective MHC allele were predicted using the NetMHCIIpan 3.2 algorithm 
based on 18-mers1 or the IEDB MHC-II binding prediction tool (http://tools.iedb.org/mhcii/) using the recommended 
algorithms based on 15-mers.  

MHC-ligand binding assay  
Binding affinities of HBV peptides to their restricting MHC allele were measured based on their ability to inhibit the 
binding of a radiolabeled probe peptide to the purified MHC molecule as described previously.12  
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