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Methods 

Cell receptor quantification (qFlow)  

Cells were first stained with Fixable Viability Stain 510 (BD Horizon). Cells were then 
incubated with an antibody against the target protein directly conjugated to PE. The following 
primary PE-conjugated antibodies were used: rat anti-mouse EphA2 (clone 233720; R&D 
Systems), mouse anti-human EphA2 (clone 371805; R&D Systems), mouse anti-human Nectin-4 
(clone 337516; R&D Systems, cross reactive with mouse Nectin-4), and mouse anti-human PD-
L1 (clone 29E.2A3; Biolegend). Receptors were quantified by flow cytometry using PE 
Fluorescence Quantification Kit (BD Quantibrite) according to the manufacturer instructions.   

Multimer binding to human CD8+ T cells  

CD8+ T cells were isolated from human PBMC using MACS CD8 T cell isolation kit (Miltenyi) 
according to manufacturer instructions. CD8+ T cells were pre-activated with anti-CD3 (clone 
OKT3, Biolegend) for 24 hours. Activated CD8+ T cells were then incubated with AF-488 
labeled multimer for 1 hour in RPMI1640 +10% FBS media at 37°C, 5% CO2. Cells were 
washed and labeled with a Fixable Viability Stain 510 (BD Horizon), followed by surface 
antibody staining with anti-CD8a-BV785 (clone RPA-T8, Biolegend) and anti-CD137-PE-Cy5 
(clone 4B4-1, Biolegend) antibodies. Cells were fixed and run on a BD FACSCelesta Cytometer. 
Events were analyzed in FlowJo v10. Single, live cells, CD8+ cells were gated on CD137+ and 
CD137- populations. The AF-488 MFI of each population was measured.  

Phage display and affinity maturation 

Method as described previously (15, 16). In brief, phage libraries bearing Bicycles of differing 
loop lengths and cyclized with TATA scaffold were used in phage panning against CD137 
(Acrobiosystems, 41B-H5227) that had been randomly chemically tagged with biotin. Phage 
bearing Bicycles that bound to CD137 were subsequently identified and sequenced before 
binding sequences were subjected to affinity maturation to generate structure-activity 
relationship data and improved affinity. Customized phage libraries were constructed based on 
binding sequences with a combination of residues fixed from the original plus residues that were 
randomized and subjected to further rounds of affinity panning against CD137 as before. 

Protein Expression and Purification for Crystallography 

An expression construct consisting of human CD137 extracellular domain residues 24-160 with 
an insect gp64 signal sequence, C-terminal His6 tag and mutations C121S, N138D and N149D 
was synthesized, cloned into pFastBac-1 and baculovirus generated with the Bac-to-Bac® 
system (Invitrogen) using standard methods. The construct was expressed in insect cell line 
Spodoptera frugiperda (Sf9) as follows: 900 mL cultures of log phase Sf9 cells at ~ 2.0 x 106 
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density were infected with 2 mL of P1 virus and incubated at 27 °C, 190 rpm for 72-96 hours. 
Cells were pelleted by centrifugation and the supernatant processed. 

Supernatant was buffer exchanged and concentrated into 20 mM HEPES pH 7.8, 200 mM NaCl, 
10 mM imidazole (Buffer A) using a Proflux system (Amicon) with a 10 kDa cut-off cartridge.  
For IMAC affinity chromatography the concentrated and buffer exchanged supernatant was 
loaded onto His-Select® Ni2+ resin (Sigma) and the resin washed with approximately 20 
column volumes (CV) of Buffer A. Protein was eluted from the resin into 20 mM HEPES pH 
7.8, 200 mM NaCl, 400 mM imidazole (Buffer B). The eluate was concentrated using a 10kDa 
cut-off spin concentrator and the sample was run on a S-200 Superdex 16/60 column in 20 mM 
HEPES pH 7.8, 200 mM NaCl, 5 % glycerol (Buffer C) and the peak fractions collected.  
Samples were analyzed for purity by SDS-PAGE and Coomassie InstantBlue™ gel stain. 
Fractions containing CD137 protein were pooled and concentrated to approximately 10mg/ ml 
for crystallization studies using a 10 kDa cut-off spin concentrator. All purification steps were 
carried out at 4°C.    

Protein Crystallization 

Purified CD137 protein at 10 mg/ml was mixed with Bicycle peptide at a molar ratio of 1:1 or 
1:2 and incubated for 60 minutes on ice. Initial crystal screening of the co-complex was 
performed by the vapor diffusion, hanging-drop method using commercially available sparse 
matrix screens. A mosquito® liquid handler (sptlabtech) dispensed either 100 nl: 100 nl or 200 
nl: 100 nl of the co-complex: screen. Further optimization of crystal hits was screened at a larger 
volume (1-2µl drops) in 24-well plates using the hanging drop method. All initial and 
optimization screening was performed at both 4°C and 20°C. Diffracting crystals were obtained 
from buffer condition 1.5 M LiSO4 monohydrate, 0.1 M sodium acetate trihydrate, pH 4.6 at 
20°C containing a 2:1 ratio of the buffer: co-complex. Crystals for data collection were harvested 
in the above condition supplemented with 20 % glycerol and flash cooled in liquid nitrogen. 

Data Collection and Structure Determination 

A complete X-ray diffraction dataset was collected from a CD137/BCY10916 co-crystal using 
synchrotron radiation (beamline i03, Diamond Light Source, UK). A total of 1800 diffraction 
images were collected exposing the crystal to monochromatic X-ray (λ=0.9763Å) for 0.01s 
during an oscillation of 0.10° (for each image). Full datasets were processed by the automatic 
expert system Xia2 (pipeline 3dii) in cubic space group P4232 and provided acceptable statistics 
(TABLE S1).  

The CD137/BCY10916 co-complex structure was solved by molecular replacement with the 
program PHASER (33,34) selecting the chain C from PDB 6MI2 as the search monomer. A 
single copy of the protein was placed with confidence (refined TFZ of 21.45). According to 
Matthews coefficient two complexes were expected in the asymmetric unit (AU, solvent content 
43.1%) however, even forcing the molecular replacement, only one copy was placed (solvent 
content 71.6%). The obtained solution from the molecular replacement was visually inspected 
with COOT (35). Analysis of the crystal packing highlighted that even with one molecule in the 
AU a lattice is formed which can sustain a crystal. Moreover, the calculated maps (both 2mFo-
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DFc and mFo-DFc) displayed no unaccounted electron density consistent with a missing CD137 
protein. The only unaccounted map present was consistent with the shape and dimension of the 

Bicycle peptide BCY10916. Dictionaries for the Bicycle were obtained with the program 
ACEDRG (36) using a 2D-formula of the ligand as input (the latter was drawn using Lidia, a 
graphical user interface for ligand design). The obtained molecular replacement solution was ad-
hoc modified to place the Bicycle in COOT and refined with REFMAC5(37, 38). Further cycles 
of model building and refinement were carried out until satisfactory statistics were obtained. The 
final model was analyzed using MolProbity(39) and deposited to the PDB. Data collection and 
refinement statistics for the deposited structure were tabulated (Table S1) and structural figures 
generated using Discovery Studio Visualizer 2019 (Dassault Systèmes BIOVIA). X-ray 
Crystallography data that support the findings of this study have been deposited in the 
Worldwide Protein Data Bank (wwPDB) with the accession code 6Y8K. 

Fluorescence polarization (FP) competition assay 

Epitope mapping of the huCD137-specific Bicycle peptide was determined by fluorescence 
polarization (FP) competition experiment using the fluorescently labelled CD137 binding peptide 
BCY640 as the tracer.  

The competitor agonists hCD137L (R&D systems), Urelumab sequence identical antibody 
(Biocytogen) and Utomilumab sequence identical antibody (in-house) were diluted in assay 
buffer 20mM HEPES, 150mM NaCl, 0.05% P20, pH7.5 to a top concentration of 1000 nM. The 
huCD137 protein (AcroBiosystems) was diluted to 500 nM final concentration in the assay. 
Finally, the fluorescent tracer peptide BCY640 was added at 1 nM.  Measurements were 
conducted on a BMG PHERAstar FS equipped with an FP 485 520 520 optic module at 25°C 
with 200 flashes per well and a positioning delay of 0.1 second. Each well was measured every 5 
minutes for 60 minutes. The gain was set in a well containing tracer without target protein. The 
mP-values at the end of the 60 minutes read were plotted against concentration of the agonists 
using Graph pad prism.  

Surface plasmon resonance (SPR) direct binding assays 

Immobilization of streptavidin: For some SPR binding experiments streptavidin was 
immobilized on a XanTec CMD500D or a CM5 chip (GE Healthcare) chip using standard 
amine-coupling chemistry at 25°C with HBS-N (10 mM HEPES, 0.15 M NaCl, pH 7.4) as the 
running buffer. Briefly, the carboxymethyl dextran surface was activated with a 7 min injection 
of a 1:1 ratio of 0.4 M 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide hydrochloride 
(EDC)/0.1 M N-hydroxy succinimide (NHS) at a flow rate of 10 µl/min. For capture of 
streptavidin, the protein was diluted to 0.2 mg/ml in 10 mM sodium acetate (pH 4.5) and 
captured by injecting 120µl onto the activated chip surface. Residual activated groups were 
blocked with a 7 min injection of 1 M ethanolamine (pH 8.5):HBS-N (1:1). 

CD137: SPR experiments were performed on a Biacore T200 to determine the ka (M-1s-1), kd 
(s-1) and KD (nM) values of peptides binding to human CD137 protein. Recombinant human 
CD137 (R&D systems) was resuspended in PBS and biotinylated using EZ-Link™ Sulfo-NHS-
LC-LC-Biotin reagent (Thermo Fisher) as per the manufacturer’s suggested protocol. The 
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protein was desalted to remove uncoupled biotin using spin columns into PBS. Streptavidin was 
immobilized onto a XanTec CMD500D chip and biotinylated CD137 in PBS/0.05% Tween 20 
captured to a level of 800-1800 RU. A dilution series of the peptides were prepared in 
PBS/0.05% Tween 20 with a final DMSO concentration of 0.5%.  The top peptide concentration 
was 500nM or 10µM with 6 further 3-fold (500nm), or 2-fold (10µM) dilutions in PBS/0.05% 
Tween 20. The peptides were injected over the chip at 25°C at a flow rate of 90µl/min with 60 
seconds association and 100-600 seconds dissociation. After each cycle, a regeneration step 
(10µl of 10mM glycine pH 2) was employed.  Data were corrected for DMSO excluded volume 
effects.  All data were double referenced for blank injections and reference surface using 
standard processing procedures and data processing and kinetic fitting were performed using 
Scrubber software, version 2.0c (BioLogic Software). Data were fitted using mass transport 
model allowing for mass transport effects where appropriate. 

OX40: SPR experiments were performed on a Biacore T200 to determine the ka (M-1s-1), kd (s-
1) and KD (nM) values of peptides binding to human OX40-Fc protein. Biotinylated peptides 
were captured onto Biacore streptavidin (SA) chips using SA-biotin capture method within the 
immobilization wizard provided in the Biacore T200 control software. The peptides were diluted 
in Biacore running buffer (PBS-P+) to a final concentration of 50 nM. Briefly, the steps involved 
in the SA-biotin capture within the immobilization wizard on the Biacore instrument are washing 
the flow cell with 3 x 60 s injections of 1M NaCl, 50 mM NaOH to pre-condition surface for 
capture of biotinylated peptide. Biotinylated peptide (BCY10549) dissolved to 50 nM in PBS-P+ 
is injected over the flow cell 2 (Fc-2) until the target capture level (approximately 65 RU) is 
reached (using the “aim for” function in the wizard). Characterization of the binding of the 
human OX40-Fc (Acro Biosystems) to surface captured BCY10549 was performed using multi-
cycle kinetics. Briefly, a single concentration of the human OX40-Fc to be tested was injected 
over the flow cells of the SA chip at 50 μl/min for 60 s. Biacore running buffer (PBS-P+) was 
then flowed over the chip for 90 s at 50 μl/min to measure the dissociation. The chip was 
regenerated using a 30 s injection of regeneration solution (10 mM glycine, pH 2). This cycle 
was then repeated in turn for each subsequent concentration of the human OX40-Fc protein. The 
concentrations of OX40-Fc tested were 3.9, 7.8, 15.6, 31.25, 62.5, 125, 250, and 500 nM. The 
binding data was analyzed using the Biacore T200 evaluation software v3.Data was recorded for 
the binding of the analyte (OX40 proteins) flowing over the control flow cell (Fc-1) and the flow 
cells with the captured BCY peptides (Fc-2, Fc-3 and Fc-4).The data from the control flow cell 
was subtracted from the flow cell with captured BCY peptides to provide “2-1”, “3-1” and “4-1” 
reference subtracted binding data. The control sample of Biacore running buffer was subtracted 
from the “2-1”, “3-1” and “4-1” binding data to control for any drifts in baseline throughout the 
experiment. The data was analyzed and fitted to kinetic binding models (two state binding 
model) to calculate binding characteristics of the interactions. 

Nectin-4: SPR experiments were performed on a Biacore 3000 instrument to determine the ka 
(M-1s-1), kd (s-1), KD (nM) values of peptides binding to recombinant human Nectin-4 protein. 
The protein was randomly biotinylated in PBS using EZ-Link™ Sulfo-NHS-LC-LC-Biotin 
reagent (Thermo Fisher) as per the manufacturer’s suggested protocol. The protein was 
extensively desalted to remove uncoupled biotin using spin columns into PBS. Streptavidin was 
immobilized on a CM5 chip (GE Healthcare) and biotinylated Nectin-4 in PBS/0.05% Tween 20 
captured to a level of 1,200-1,800 RU. A dilution series of the peptides was prepared in 
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PBS/0.05% Tween 20 with a final DMSO concentration of 0.5%.  The top peptide concentration 
was 100nM with 6 further 2-fold dilutions.  The peptides were injected over the chip at 25°C at a 
flow rate of 50µl/min with 60 seconds association and dissociation between 400 and 1,200 
seconds depending upon the individual peptide.  Data were corrected for DMSO excluded 
volume effects.  All data were double referenced for blank injections and reference surface using 
standard processing procedures and data processing and kinetic fitting were performed using 
Scrubber software, version 2.0c (BioLogic Software). Data were fitted using simple 1:1 binding 
model allowing for mass transport effects where appropriate. 

EphA2: SPR experiments were performed on a Biacore T200 instrument to determine ka (M-1s-
1), kd (s-1), KD (nM) values of peptides binding to recombinant human EphA2 protein. EphA2 
was biotinylated with EZ-Link™ Sulfo-NHS-LC-Biotin for 1 hour in 4mM sodium acetate, 
100mM NaCl, pH 5.4 with a 3x molar excess of biotin over protein. The degree of labelling was 
determined using a Fluorescence Biotin Quantification Kit (Thermo) after dialysis of the reaction 
mixture into PBS. For analysis of peptide binding, was used with. Streptavidin was immobilized 
on a XanTec CMD500D chip and biotinylated EphA2 in PBS/0.05% Tween 20 was captured to a 
level of 500-1500 RU using a dilution of protein to 0.2µM in buffer. A dilution series of the 
peptides was prepared in PBS/0.05% Tween 20 with a final DMSO concentration of 0.5% with a 
top peptide concentration was 50 or 100nM and 6 further 2-fold dilutions.  The peptide solutions 
were injected over the chip at 25°C at a flow rate of 90µl/min with 60 seconds association and 
900-1200 seconds dissociation. Data were corrected for DMSO excluded volume effects. All 
data were double referenced for blank injections and reference surface using standard processing 
procedures and data processing and kinetic fitting were performed using Scrubber software, 
version 2.0c (BioLogic Software). Data were fitted using simple 1:1 binding model allowing for 
mass transport effects where appropriate. 

PD-L1: SPR experiments were performed on a Biacore T200 to determine ka (M-1s-1), kd (s-1), 
KD (nM) values of peptides binding to recombinant human PD-L1 protein (R&D systems). PD-
L1 was biotinylated with EZ-Link™ Sulfo-NHS-LC-Biotin for 1 hour in 4mM sodium acetate, 
100mM NaCl, pH 5.4 with a 3x molar excess of biotin over protein. The binding affinity of PD-
L1 binding Bicycles were determined by single cycle kinetics with a reversible Biotin Capture 
Kit chip (Biacore, CM5-based). Streptavidin was captured to a level of 3,100 RU reversibly on 
each channel (GE Healthcare) followed by capture of 390RU of biotinylated PD-L1 (8 min at 12 
ug/mL at 5 uL/min). The running and sample buffer used was PBS-P+, pH 7.4 with 0.05% 
Tween 20, 0.5% DMSO at 25°C.  6 M guanidine-HCl, 250 mM NaOH for 1 min was used for 
regeneration between cycles. The Flow and injections scheme were as follows: Single cycle 
injection, 50 µL/min, 1 min contact time, dissociation 400 sec. Double reference method used for 
analysis.  Reference channel contained the identical level of streptavidin. A dilution series of 
peptide was prepared at a top concentration of 200 nM with 1/3 dilutions. Data processing and 
kinetic fitting were performed using Scrubber software, version 2.0c (BioLogic Software). Data 
were fitted using simple 1:1 binding model allowing for mass transport effects where 
appropriate. 

Cross-reactivity and specificity determination:  Cross-reactivity and specificity of Bicycle 
binders to orthologs and paralogs were determined using SPR as described above either (a) 
capturing biotinylated protein and injecting Bicycle  (as described above for CD137, Nectin-4 
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and EphA2) or (b) capturing biotinylated Bicycle and injecting protein (as described above for 
EphA2, OX40). 

General Bicycle peptide synthesis 

Bicycle peptides were synthesized as previously described (15, 40). Briefly, linear peptide was 
synthesized on Rink amide resin using standard Fmoc (9-fluorenylmethyloxycarbonyl) solid 
phase peptide synthesis, either by manual coupling or using a Gyros Protein Technologies 
Symphony X automated peptide synthesizer.  The peptides were cleaved from resin using TFA 
cleavage cocktail containing appropriate protecting group scavengers and peptides were 
precipitated with diethyl ether and dissolved in 50:50 acetonitrile/water. The crude peptides were 
then cyclized with either 1,3,5-Triacryloylhexahydro-1,3,5-triazine (TATA) or 1,3,5-
Tris(bromomethyl)benzene (TBMB) at ∼1 mM concentration peptide with 1.3 equivalents 
scaffold, using ammonium bicarbonate (100 mM) as base.  Once complete, the cyclisation 
reaction was quenched using N-acetyl cysteine (10 equivalents).  The solutions were lyophilized 
and purified by RP-HPLC. Peptide fractions of sufficient purity and correct molecular weight 
(verified by either MALDI-TOF or HPLC and LC-MS) were pooled and lyophilized. Bicyclic 
peptides synthesized for this work in listed in table S2 and S3.  

 

Preparative HPLC conditions for purification 

  

The multimeric and tumor-targeted immune cell agonists were purified using preparative HPLC 
setup was as follows: 
Column: Phenomenex Gemini-NX C18 5um 110A 150 X 4.6 mm 
Instrument: Agilent 1260 HPLC 
 
The mobile phase used are described in the table below: 

Method Mobile Phase  

TFA 
Mobile phase A: 0.1% TFA in H2O  
Mobile Phase B: Acetonitrile 

Basic  
Mobile phase A: 10 mM NH4HCO3 in H2O 
Mobile Phase B: Acetonitrile 

AcOH 
Mobile Phase A: 0.5% (v/v) AcOH in H2O 
Mobile Phase B: Acetonitrile 

 

Synthesis of multimeric CD137/OX40 agonists 

 

BCY9931 : 

O=C(CCOCC(COCCC(NCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCC
OCCOCCOCCOCCOCCOCCOCCOCCOCCOCCN1N=NC(CCC(N[C@H](CCCCNC(C2=CC(
C(O)=O)=C(C=C2)C(C3C=C4)=C(C=CC(N)=C5S(=O)([O-])=O)C5[O]C3=C(S(=O)([O-
])=O)C4=[NH2+])=O)C(NC[C@@H](C(N)=O)NC([C@H](CSCCC6=O)NC([C@H](CCCC)N
C([C@H](CC7=CC=C(O)C=C7)NC([C@H](CCC8)N8C([C@H](CC(O)=O)NC([C@H](C)NC(
[C@H](CC9=CC=CC=C9)NC([C@H](CSCCC%10=O)NC([C@H](CC%11=CC=C(O)C=C%1
1)NC([C@H](CCC(N)=O)NC(CNC([C@H](CCC(O)=O)NC([C@H](CCC(O)=O)NC([C@H]([
C@H](CC)C)NC([C@H](CSCCC(N%12CN6CN%10C%12)=O)NC([C@H](C)NC(C)=O)=O)=
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O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=C1)=O)(COCCC(NCCOCC
OCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOC
COCCOCCOCCN%13C=C(CCC(N[C@H](CCCCN)C(NC[C@@H](C(N)=O)NC([C@H](CSC
CC%14=O)NC([C@H](CCCC)NC([C@H](CC%15=CC=C(O)C=C%15)NC([C@H](CCC%16)
N%16C([C@H](CC(O)=O)NC([C@H](C)NC([C@H](CC%17=CC=CC=C%17)NC([C@H](CS
CCC%18=O)NC([C@H](CC%19=CC=C(O)C=C%19)NC([C@H](CCC(N)=O)NC(CNC([C@
H](CCC(O)=O)NC([C@H](CCC(O)=O)NC([C@H]([C@H](CC)C)NC([C@H](CSCCC(N%20
CN%14CN%18C%20)=O)NC([C@H](C)NC(C)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O
)=O)=O)=O)=O)=O)=O)=O)N=N%13)=O)COCCC(NCCOCCOCCOCCOCCOCCOCCOCCO
CCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCN%21N=NC(C
CC(N[C@H](CCCCN)C(NC[C@@H](C(N)=O)NC([C@H](CSCCC%22=O)NC([C@H](CCC
C)NC([C@H](CC%23=CC=C(O)C=C%23)NC([C@H](CCC%24)N%24C([C@H](CC(O)=O)N
C([C@H](C)NC([C@H](CC%25=CC=CC=C%25)NC([C@H](CSCCC%26=O)NC([C@H](CC
%27=CC=C(O)C=C%27)NC([C@H](CCC(N)=O)NC(CNC([C@H](CCC(O)=O)NC([C@H](C
CC(O)=O)NC([C@H]([C@H](CC)C)NC([C@H](CSCCC(N%28CN%22CN%26C%28)=O)NC
([C@H](C)NC(C)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=
C%21)=O)NCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOC
COCCOCCOCCOCCOCCOCCOCCN%29N=NC(CCC(N[C@H](CCCCN)C(NC[C@@H](C(
N)=O)NC([C@H](CSCCC%30=O)NC([C@H](CCCC)NC([C@H](CC%31=CC=C(O)C=C%31
)NC([C@H](CCC%32)N%32C([C@H](CC(O)=O)NC([C@H](C)NC([C@H](CC%33=CC=CC
=C%33)NC([C@H](CSCCC%34=O)NC([C@H](CC%35=CC=C(O)C=C%35)NC([C@H](CCC
(N)=O)NC(CNC([C@H](CCC(O)=O)NC([C@H](CCC(O)=O)NC([C@H]([C@H](CC)C)NC([
C@H](CSCCC(N%36CN%30CN%34C%36)=O)NC([C@H](C)NC(C)=O)=O)=O)=O)=O)=O)
=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=C%29 

 
 

 Step 1: 

 

To a solution of compound 1 (4-pentynoic acid, 2 g, 20.4 mmol) in DCM (50 mL) was added 
EDCI (1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide, 7.82 g, 40.8 mmol) and compound 
2 (N-hydroxysuccinimide, 2.58 g, 22.43 mmol, 1.1 eq). The mixture was stirred at 25-30 °C 
for 1 hr. TLC (Eluent: Petroleum ether: Dichloromethane = 0:1, Developing Reagent: 
Bromocresol green, Rf = 0.44) indicated compound 1 was consumed completely and one 
new spot formed. The reaction mixture was then concentrated under reduced pressure and 
purified through flash silica gel chromatography (ISCO®; 40 g SepaFlash® Silica Flash 
Column, Eluent of 0~50% Ethyl acetate/Petroleum ether gradient @ 40 mL/min) to give 
compound 3 (2.8 g, 66.8% yield) as a white solid. 
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Step 2: 

To a solution of compound 4 (D-Lys(Boc)-OH HCl, 200 mg, 707.3 µmol) and compound 3 
(151.8 mg, 778.0 µmol) in DCM (10 mL) was added DIEA (457.0 mg, 3.54 mmol, 616 uL). 
The mixture was stirred at 25-30 °C for 2 hrs. LC-MS showed desired mass was detected 
(observed m/z, [M+Na+], 349.2). The reaction mixture was concentrated under reduced 
pressure to remove solvent to give a residue. The residue was purified by prep-HPLC (Basic 
condition) to give compound 5 (200 mg, 77.9% yield, 90% purity) was obtained as a white 
solid after lyophilization.  

 

Step 3: 

 

To a solution of compound 5 (20 mg, 61.28 µmol) in DMF (5 mL) was added N-
hydroxysuccinimide (HOSu, 8.46 mg, 73.53 µmol), compound 6 (BCY7732, 134.9 mg, 
61.28 µmol), EDCI (14.10 mg, 73.53 µmol) and DMAP (4-Dimethylaminopyridine, 2.25 
mg, 18.38 µmol). The mixture was stirred at 25 °C for 2 hrs. LC-MS showed desired mass 
was detected (Calculated MW: 2509.83, observed m/z [(M-Boc)/5+H+] 482.3) and the 
reaction mixture was purified by prep-HPLC (Basic condition) to give compound 7 (95 mg, 
37.85 µmol, 61.7% yield) as a white solid after lyophilization.  

Step 4: 
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To a solution of compound 7 (95 mg, 37.85 µmol) in DCM (5 mL), TFA was added. The 
mixture was stirred at 25 °C for 0.5 hrs. The reaction mixture was concentrated under 
reduced pressure and purified by prep-HPLC (Basic condition). Compound 8 (60 mg, 24.90 
µmol, 65.8% yield) was obtained as a white solid (Calculated MW: 2409.71, observed m/z: 
[M/2+H+] 1205.3, [M/3+H+] 803.8) after lyophilization 

Step 5: 

 

 

To a solution of compound 9 (Tetraacid, CAS # 35638-19-8, 40 mg, 94 µmol) in DMF (1 mL) 
was added HOBt (56 mg, 414.45 µmol, 4.40 eq), EDCI (80 mg, 417.32 µmol, 4.43 eq) and 
DIEA (73.09 mg, 565.51 µmol, 98.50 µL, 6.0 eq). Compound 10 (Azido-Peg23 amine, CAS # 
749244-38-0, 420 mg, 382.06 µmol, 4.05 eq) in DMF (1 mL) was added dropwise. The mixture 
was stirred at 20 °C for 12 hrs. The mixture was purified by prep-HPLC (TFA condition) to give 
compound 11 (225 mg, 100% purity, m/z: 1583.89 [M/3+H+]) as a white solid after 
lyophilization. 
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To a solution of compound 8 (60 mg, 24.9 µmol, 5.0 eq) and compound 11 (23.6 mg, 5.0 µmol, 
1.0 eq) in DMF (5 mL) was added CuI (23.71 mg, 124.5 µmol, 24.9 eq). The mixture was 
stirred at 25 °C for 16 hrs under N2 atmosphere. The desired m/z was detected in HRMS 
(Calculated MW: 14388.41, observed m/z: 14388.59). The residue was purified by prep-HPLC 
(TFA condition) to give BCY9297 (6.3 mg, 95.30%) as a white solid after lyophilization. 

 

Step 7: 

 

 

 

A solution of BCY9297 in DMF (370 µL, 1 mM, 0.37 µmol) was added to a solution of NHS 
ester of Alexa Fluor 488 in DMF (Click Chemistry Tools, 370 µL, 1.5 mM, 0.56 µmol). DIPEA 
(25µL) was added and the mixture stirred at room temperature overnight. The solution was 
diluted up to 10mL using 6M guanidinium hydrochloride and purified using semi preparative 
RP-HPLC, then lyophilized to give BCY9931 (Calculated MW: 14906, observed m/z: 
1657.23[M/9+H+], 1864.32 [M/8+H+])  as a yellow solid (0.35 mg, 6.3%).  

BCY9932: 
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O=C(CCOCC(COCCC(NCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCN1N=NC(CCC(
NC[C@H](C(N)=O)NC([C@@H](CSCCC2=O)NC([C@@H](CCCC)NC([C@@H](CC3=CC=
C(O)C=C3)NC([C@@H](CCC4)N4C([C@@H](CC(O)=O)NC([C@@H](C)NC([C@@H](CC
5=CC=CC=C5)NC([C@@H](CSCCC6=O)NC([C@@H](CC7=CC=C(O)C=C7)NC([C@@H](
CCC(N)=O)NC(CNC([C@@H](CCC(O)=O)NC([C@@H](CCC(O)=O)NC([C@@H]([C@@H
](CC)C)NC([C@@H](CSCCC(N8CN2CN6C8)=O)NC([C@@H](C)NC(C)=O)=O)=O)=O)=O)
=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=C1)=O)(COCCC(NCCOCCOCCOCCOC
COCCOCCOCCOCCOCCOCCN9C=C(CCC(NC[C@@H](C(N)=O)NC([C@H](CSCCC%10=
O)NC([C@H](CCCC)NC([C@H](CC%11=CC=C(O)C=C%11)NC([C@H](CCC%12)N%12C([
C@H](CC(O)=O)NC([C@H](C)NC([C@H](CC%13=CC=CC=C%13)NC([C@H](CSCCC%14
=O)NC([C@H](CC%15=CC=C(O)C=C%15)NC([C@H](CCC(N)=O)NC(CNC([C@H](CCC(O
)=O)NC([C@H](CCC(O)=O)NC([C@H]([C@H](CC)C)NC([C@H](CSCCC(N%16CN%10CN
%14C%16)=O)NC([C@H](C)NC(C)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O
)=O)=O)=O)N=N9)=O)COCCC(NCCOCCOCCOCCOCCOCCNC(C%17=CC(C(O)=O)=C(C=
C%17)C(C%18C=C%19)=C(C=CC(N)=C%20S(=O)([O-])=O)C%20[O]C%18=C(S(=O)([O-
])=O)C%19=[NH2+])=O)=O)NCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCN%21N=
NC(CCC(NC[C@H](C(N)=O)NC([C@H](CSCCC%22=O)NC([C@H](CCCC)NC([C@H](CC
%23=CC=C(O)C=C%23)NC([C@H](CCC%24)N%24C([C@H](CC(O)=O)NC([C@H](C)NC([
C@H](CC%25=CC=CC=C%25)NC([C@H](CSCCC%26=O)NC([C@H](CC%27=CC=C(O)C=
C%27)NC([C@H](CCC(N)=O)NC(CNC([C@H](CCC(O)=O)NC([C@H](CCC(O)=O)NC([C@
H]([C@H](CC)C)NC([C@H](CSCCC(N%28CN%22CN%26C%28)=O)NC([C@H](C)NC(C)=
O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=C%21 

Step 1: 

 

A mixture of compound 12 (Tetraacid, CAS # 35638-19-8, 200.0 mg, 471.3 µmol, 1.0 eq), 
compound 13 (Boc-NH-Peg5-NH2, CAS # 189209-27-6, 179.3 mg, 471.3 µmol, 1.0 eq), EDCI 
(99.4 mg, 518.4 µmol, 1.1 eq), DMAP (63.3 mg, 518.4 µmol, 1.1 eq), HOBt (70.0 mg, 518.4 µmol, 
1.1 eq) were dissolved in 10 mL and then DIEA (304.5 mg, 2.36 mmol, 410.4 µL) was added. The 
mixture was stirred at 15-25 °C for 2 hrs under N2 atmosphere. LC-MS showed one major peak 
with desired mass (calculated MW: 786.86, observed m/z: 787.2 [M+H+]) was detected. The 
reaction mixture was concentrated under reduced pressure and was purified by prep-HPLC (TFA 
condition) to give compound 14 (45 mg, 57.19 µmol, 12.1% yield) as a yellow oil. 

 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) J Immunother Cancer

 doi: 10.1136/jitc-2020-001762:e001762. 9 2021;J Immunother Cancer, et al. Upadhyaya P



 

 

13 
 

Step 2:

 

To a solution of compound 14 (20.0 mg, 25.42 µmol, 1.0 eq), compound 15 (Azido-Peg10-amine, 
CAS # 912849-73-1, 53.5 mg, 101.67 µmol, 4.0 eq) in DMF (0.5 mL) was added HATU (28.03 
mg, 73.71 µmol, 2.9 eq) and DIEA (19.7 mg, 152.51 µmol, 26.6 µL, 6.0 eq). The reaction mixture 
was stirred at 20°C for 16 hrs. LC-MS showed one main peak with desired m/z was detected 
(calculated MW: 2312.68, observed m/z: 1156.9 [M/2+H+]). The reaction mixture was diluted with 
1 mL H2O, then purified by prep-HPLC (TFA condition) to give compound 16 (40 mg, 68.05% 
yield) as a colorless oil. 

 
Step 3: 

 

To a solution of compound 16 (40.0 mg, 17.30 µmol) in DCM (0.75 mL) was added TFA (385.0 
mg, 3.38 mmol, 0.25 mL). The reaction mixture was stirred at 15 °C for 2 hrs.  LC-MS showed 
one main peak with desired m/z (Calculated MW: 2212.56, observed m/z: 1106.38 [M/2+H+]). 
The reaction mixture was diluted with 20 mL DCM then concentrated under reduced pressure five 
times to move TFA and yielded compound 17 (30 mg, 13.56 µmol, 78.4% yield) as a white solid. 
The reaction mixture was used for next step directly without further purification.   
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Step 4: 

 

A mixture of compound 17 (30 mg, 13.56 µmol, 1.0 eq), BCY7741 (123.74 mg, 54.24 µmol, 4.0 
eq), CuI (41.25 mg, 216.59 µmol, 16.0 eq) was dissolved in DMF (20 mL, solvent was degassed 
and purged with N2 for 3 times), and stirred at 15 °C for 2 hr under N2 atmosphere. LC-MS showed 
desired m/z (calculated MW: 9057.19, observed m/z: 1510.2 [M/6+H+], 1294.3[M/7+H+], 
1132.5[M/8+H+], 1006.8[M/9+H+]). The reaction mixture was diluted with 2 mL H2O and purified 
by prep-HPLC (TFA condition) to give BCY9295 (18 mg, 1.99 µmol, 53.6% purity, 14.66% yield) 
as a white solid after lyophilization. 

 

Step 5: 
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A solution of BCY9295 in DMF (90 µL, 10 mM, 0.9 µmol) was added to a solution of the NHS 
ester of Alexa Fluor 488 in DMF (Click Chemistry Tools, 90 µL, 15 mM, 1.35 µmol). DIPEA 
(16µL) was added and the mixture stirred at room temperature for 1 hour. An additional 90µL of 
AF488 solution in DMF (15mM) was added and the mixture stirred overnight. The solution was 
diluted up to 10mL using 6M guanidinium hydrochloride and purified using semi preparative 
RP-HPLC, then lyophilized to give BCY9932 (calculated MW: 9574.7, observed m/z: 1596.68 
[M/6+H+]) as a yellow solid (1.1 mg, 12.8%).  

 

BCY7340 

 

Step 1: 

 

A solution of BCY7077 in DMF (1mL, 11.1mM, 11 µmol) was added to a solution of Boc-
AHDA-[Peg23-N3]2 (247µL, 20mM, 4.95 µmol) and the resulting mixture purged with N2 for 5 
minutes. In a separate tube, a solution of CuSO4.5H2O (165µL, 200mM, 33 µmol) was mixed 
with a solution of ascorbic acid (1.1mL, 200mM, 220 µmol). Both mixtures were combined and 
allowed to react for 1 hour. The reaction mixture was diluted up to 9mL with 50mM EDTA 
solution and purified using preparative RP-HPLC. Fractions containing pure product were 
collected and lyophilized to give compound 18 (19 mg, 2.9 µmol, 92%) as a while solid 
(calculated MW: 6894.9, observed m/z: 1724.65 [M/4+H+], 1378.89 [M/5 +H+], 
1149.70[M/6+H+).  

 

Step 2: 
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Compound 18 (19 mg, 2.9 µmol) was dissolved in 1mL 1:1 DCM/TFA and the mixture stirred 
for 1 hour. Solvents were evaporated under a stream of N2, the residue dissolved in 6M guanidine 
hydrochloride and then purified using preparative RP-HPLC. Fractions containing pure product 
were pooled and lyophilized to give compound 19 (calculated MW: 6794.9, observed m/z: 
1698.84 [M/4+H+], 1359.47 [M/5 +H+], 1133.14[M/6+H+) as a white solid (15.9 mg, 2.4 µmol, 
83% purity).  

 

Step 3: 

 

A solution of compound 19 in DMSO (25µL, 24.7mM, 0.62 µmol) was mixed with a solution of 
fluorescein-NHS ester (Thermo Fisher, CAS # 76608-16-7, 30µL, 50mM, 1.5 µmol) and DIPEA 
(2.5µL, 14.3 µmol, 23 equiv) was added. After 2 hours, the mixture was diluted to 10 mL using 
6M guanidine hydrochloride and purified by preparative RP-HPLC. Fractions containing pure 
product were pooled and lyophilized to give BCY7340 (calculated MW: 7153.12, observed m/z: 
1431.15 [M/5+H+] and 1192.97 [M/6+H+]) as a yellow solid (93% purity). 

 

BCY7750 

O=C(NCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCN1N=NC(CCC(NC[C@@H](C(N
)=O)NC([C@H](CSCCC2=O)NC([C@H](CCCC)NC([C@H](CC3=CC=C(O)C=C3)NC([C@H
](CCC4)N4C([C@H](CC(O)=O)NC([C@H](C)NC([C@H](CC5=CC=CC=C5)NC([C@H](CS
CCC6=O)NC([C@H](CC7=CC=C(O)C=C7)NC([C@H](CCC(N)=O)NC(CNC([C@H](CCC(O
)=O)NC([C@H](CCC(O)=O)NC([C@H]([C@H](CC)C)NC([C@H](CSCCC(N8CN2CN6C8)=
O)NC([C@H](C)NC(C)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)
=C1)CCOCCN(CCOCCC(NCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCN9N=NC(C
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CC(NC[C@@H](C(N)=O)NC([C@H](CSCCC%10=O)NC([C@H](CCCC)NC([C@H](CC%11
=CC=C(O)C=C%11)NC([C@H](CCC%12)N%12C([C@H](CC(O)=O)NC([C@H](C)NC([C@
H](CC%13=CC=CC=C%13)NC([C@H](CSCCC%14=O)NC([C@H](CC%15=CC=C(O)C=C%
15)NC([C@H](CCC(N)=O)NC(CNC([C@H](CCC(O)=O)NC([C@H](CCC(O)=O)NC([C@H](
[C@H](CC)C)NC([C@H](CSCCC(N%16CN%10CN%14C%16)=O)NC([C@H](C)NC(C)=O)=
O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=C9)=O)CCOCCC(NCCOC
COCCOCCOCCOCCOCCOCCOCCOCCOCCN%17N=NC(CCC(NC[C@@H](C(N)=O)NC([
C@H](CSCCC%18=O)NC([C@H](CCCC)NC([C@H](CC%19=CC=C(O)C=C%19)NC([C@H
](CCC%20)N%20C([C@H](CC(O)=O)NC([C@H](C)NC([C@H](CC%21=CC=CC=C%21)NC
([C@H](CSCCC%22=O)NC([C@H](CC%23=CC=C(O)C=C%23)NC([C@H](CCC(N)=O)NC(
CNC([C@H](CCC(O)=O)NC([C@H](CCC(O)=O)NC([C@H]([C@H](CC)C)NC([C@H](CSC
CC(N%24CN%18CN%22C%24)=O)NC([C@H](C)NC(C)=O)=O)=O)=O)=O)=O)=O)=O)=O)
=O)=O)=O)=O)=O)=O)=O)=O)=O)=C%17)=O 

 

Step 1: 

 
 

To a solution of compound 20 (Tri(carboxyethyloxyethyl)amine, CAS # 1381861-95-5, 100 mg, 
235.63 µmol, 1 eq) in DMF (1 mL) was added EDCI (200 mg, 1.04 mmol, 4.43 eq), HOBt (140 
mg, 1.04 mmol, 4.4 eq) and DIPEA (185.50 mg, 1.44 mmol, 0.25 mL, 6.09 eq), followed by 
compound 15 (500 mg, 949.45 µmol, 4.03 eq) in DMF (1 mL) dropwise.  The mixture was 
stirred at 25-30 °C for 12 hrs. The reaction mixture was purified by prep-HPLC (TFA condition) 
to give compound 21 (385 mg, 148.75 µmol, 63.13% yield, 95% purity) as a light yellow oil 
(calculated MW: 1891.22, observed HRMS: 1891.11). 

 

Step 2: 
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To a solution of compound 21 (4 mg, 2.12 µmol, 1 eq) and BCY7741 (30 mg, 13.15 µmol, 6.22 
eq) in DMF (1 mL) was added CuI (6.00 mg, 31.73 µmol, 15 eq).  The mixture was stirred at 25-
30 °C for 1 hr under N2 atmosphere. The reaction mixture was concentrated under reduced 
pressure and purified by prep-HPLC (TFA condition) to give BCY7750 (calculated MW: 
8735.8, observed m/z: 1748.22 [M/5+H+], 2184.94 [M/4+H+]) as a white solid (7.3 mg, 6.85e-1 
µmol, 32.41% yield, 82.02% purity) after lyophilization. 

 

BCY7751 

O=C(NCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCN1N=NC(CCC(NC[C@@H](C(N
)=O)NC([C@H](CSCCC2=O)NC([C@H](CCCC)NC([C@H](CC3=CC=C(O)C=C3)NC([C@H
](CCC4)N4C([C@H](CC(O)=O)NC([C@H](C)NC([C@H](CC5=CC=CC=C5)NC([C@H](CS
CCC6=O)NC([C@H](CC7=CC=C(O)C=C7)NC([C@H](CCC(N)=O)NC(CNC([C@H](CCC(O
)=O)NC([C@H](CCC(O)=O)NC([C@H]([C@H](CC)C)NC([C@H](CSCCC(N8CN2CN6C8)=
O)NC([C@H](C)NC(C)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)
=C1)CCOCC(COCCC(NCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCN9N=NC(CCC(
NC[C@@H](C(N)=O)NC([C@H](CSCCC%10=O)NC([C@H](CCCC)NC([C@H](CC%11=C
C=C(O)C=C%11)NC([C@H](CCC%12)N%12C([C@H](CC(O)=O)NC([C@H](C)NC([C@H](
CC%13=CC=CC=C%13)NC([C@H](CSCCC%14=O)NC([C@H](CC%15=CC=C(O)C=C%15)
NC([C@H](CCC(N)=O)NC(CNC([C@H](CCC(O)=O)NC([C@H](CCC(O)=O)NC([C@H]([C
@H](CC)C)NC([C@H](CSCCC(N%16CN%10CN%14C%16)=O)NC([C@H](C)NC(C)=O)=O
)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=C9)=O)(COCCC(NCCOCCO
CCOCCOCCOCCOCCOCCOCCOCCOCCN%17N=NC(CCC(NC[C@@H](C(N)=O)NC([C@
H](CSCCC%18=O)NC([C@H](CCCC)NC([C@H](CC%19=CC=C(O)C=C%19)NC([C@H](C
CC%20)N%20C([C@H](CC(O)=O)NC([C@H](C)NC([C@H](CC%21=CC=CC=C%21)NC([C
@H](CSCCC%22=O)NC([C@H](CC%23=CC=C(O)C=C%23)NC([C@H](CCC(N)=O)NC(CN
C([C@H](CCC(O)=O)NC([C@H](CCC(O)=O)NC([C@H]([C@H](CC)C)NC([C@H](CSCCC(
N%24CN%18CN%22C%24)=O)NC([C@H](C)NC(C)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=
O)=O)=O)=O)=O)=O)=O)=O)=C%17)=O)COCCC(NCCOCCOCCOCCOCCOCCOCCOCCOC
COCCOCCN%25N=NC(CCC(NC[C@@H](C(N)=O)NC([C@H](CSCCC%26=O)NC([C@H](
CCCC)NC([C@H](CC%27=CC=C(O)C=C%27)NC([C@H](CCC%28)N%28C([C@H](CC(O)
=O)NC([C@H](C)NC([C@H](CC%29=CC=CC=C%29)NC([C@H](CSCCC%30=O)NC([C@
H](CC%31=CC=C(O)C=C%31)NC([C@H](CCC(N)=O)NC(CNC([C@H](CCC(O)=O)NC([C
@H](CCC(O)=O)NC([C@H]([C@H](CC)C)NC([C@H](CSCCC(N%32CN%26CN%30C%32)
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=O)NC([C@H](C)NC(C)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=
O)=C%25)=O 

Step 1: 

 

To a solution of compound 9 (100 mg, 235.63 µmol, 1 eq) in DMF (1 mL) was added EDCI (200 
mg, 1.04 mmol, 4.43 eq) and HOBt (140 mg, 1.04 mmol, 4.4 eq) and DIPEA (185.50 mg, 1.44 
mmol, 0.25 mL, 6.09 eq), then compound 15 (500 mg, 949.45 µmol, 4.03 eq) in DMF (1 mL) 
was added dropwise.  The mixture was stirred at 25-30 °C for 12 hrs.  The reaction mixture was 
purified by prep-HPLC (TFA condition) to give compound 22 (385 mg, 148.75 µmol, 63.13% 
yield, 95% purity) as a light yellow oil m/z (MW: 2458.85 observed m/z: 1229.40 ([M/2+H+])). 

 

Step 2: 
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To a mixture of compound 22 (4 mg, 1.63 µmol, 1 eq) and BCY7741 (29.67 mg, 13.00 µmol, 
7.99 eq) in DMF (0.5 mL) was added CuI(6.2 mg, 32.6 µmol, 20 eq). The mixture was degassed 
and purged with N2 for 3 times, stirred at 25-30 °C for 1 hr under N2 atmosphere. The reaction 
mixture was concentrated under reduced pressure and purified by prep-HPLC (TFA condition) to 
give BCY7751 (calculated MW: 11584.99, observed m/z: 1931.87 [M/6+H+], 2318.00 
[M/5+H+]) as a white solid  (5 mg, 1.74e-1 µmol, 22.85% yield, 86.1% purity) after 
lyophilization. 

 

BCY8947 

O=C(NCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCN1N=NC(CCC(NCCCC[C@H](C
(N2[C@@H](CCC2)C(N[C@@H](CC3=CC=C(O)C=C3)C(N[C@@H](CSCCC4=O)C(N[C@
@H](CC5=CC=CC=C5)C(N[C@@H](C)C(N[C@@H](CC(O)=O)C(N6[C@@H](CCC6)C(N[
C@@H](CC7=CC=C(O)C=C7)C(N[C@@H](CCCC)C(N[C@@H](CSCCC8=O)C(N[C@@H]
(C)C(N)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)NC([C@H](CCC(O)=O)NC([C@H]9N
(C([C@H](CC(C)(C)C)NC([C@H](CSCCC(N%10CN4CN8C%10)=O)NC(C)=O)=O)=O)CCC
9)=O)=O)=O)=C1)CCOCC(COCCC(NCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCN
%11N=NC(CCC(NCCCC[C@H](C(N%12[C@@H](CCC%12)C(N[C@@H](CC%13=CC=C(
O)C=C%13)C(N[C@@H](CSCCC%14=O)C(N[C@@H](CC%15=CC=CC=C%15)C(N[C@@
H](C)C(N[C@@H](CC(O)=O)C(N%16[C@@H](CCC%16)C(N[C@@H](CC%17=CC=C(O)C
=C%17)C(N[C@@H](CCCC)C(N[C@@H](CSCCC%18=O)C(N[C@@H](C)C(N)=O)=O)=O)
=O)=O)=O)=O)=O)=O)=O)=O)=O)NC([C@H](CCC(O)=O)NC([C@H]%19N(C([C@H](CC(C
)(C)C)NC([C@H](CSCCC(N%20CN%14CN%18C%20)=O)NC(C)=O)=O)=O)CCC%19)=O)=
O)=O)=C%11)=O)(COCCC(NCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCN%21N=N
C(CCC(NCCCC[C@H](C(N%22[C@@H](CCC%22)C(N[C@@H](CC%23=CC=C(O)C=C%2
3)C(N[C@@H](CSCCC%24=O)C(N[C@@H](CC%25=CC=CC=C%25)C(N[C@@H](C)C(N[
C@@H](CC(O)=O)C(N%26[C@@H](CCC%26)C(N[C@@H](CC%27=CC=C(O)C=C%27)C(
N[C@@H](CCCC)C(N[C@@H](CSCCC%28=O)C(N[C@@H](C)C(N)=O)=O)=O)=O)=O)=O
)=O)=O)=O)=O)=O)=O)NC([C@H](CCC(O)=O)NC([C@H]%29N(C([C@H](CC(C)(C)C)NC(
[C@H](CSCCC(N%30CN%24CN%28C%30)=O)NC(C)=O)=O)=O)CCC%29)=O)=O)=O)=C%
21)=O)COCCC(NCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCN%31N=NC(CCC(NC
CCC[C@H](C(N%32[C@@H](CCC%32)C(N[C@@H](CC%33=CC=C(O)C=C%33)C(N[C@
@H](CSCCC%34=O)C(N[C@@H](CC%35=CC=CC=C%35)C(N[C@@H](C)C(N[C@@H](C
C(O)=O)C(N%36[C@@H](CCC%36)C(N[C@@H](CC%37=CC=C(O)C=C%37)C(N[C@@H]
(CCCC)C(N[C@@H](CSCCC%38=O)C(N[C@@H](C)C(N)=O)=O)=O)=O)=O)=O)=O)=O)=
O)=O)=O)=O)NC([C@H](CCC(O)=O)NC([C@H]%39N(C([C@H](CC(C)(C)C)NC([C@H](C
SCCC(N%40CN%34CN%38C%40)=O)NC(C)=O)=O)=O)CCC%39)=O)=O)=O)=C%31)=O 
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To a solution of compound 22 (150.0 mg, 61.0 µmol, 1.0 eq), BCY8928 (543.8 mg, 245.2 µmol, 
4.02 eq), and THPTA (Tris(3-hydroxypropyltriazolylmethyl)amine, CAS # 760952-88-3, 26.5 
mg, 61.0 µmol, 1.0 eq) was dissolved in t-BuOH/H2O (1:1, 6 mL, pre-degassed and purged with 
N2 for 3 times), and then CuSO4 (9.8 mg, 61.0 µmol, 1.0 eq) and sodium ascorbate (VcNa, 24.2 
mg, 122.0 µmol, 2.0 eq) were added under nitrogen. The pH of this solution was adjusted to 8 by 
dropwise addition of 0.2 M NH4HCO3 (in 1:1 t-BuOH/H2O), and the solution turned to light 
yellow. The reaction mixture was stirred at 40 °C for 16 hr under nitrogen. The reaction mixture 
was concentrated under reduced pressure and purified by prep-HPLC (TFA condition), resulting 
in BCY8947 (230 mg, 18.28 µmol, 29.96% yield, 95.82% purity) was obtained as a white solid 
after lyophilization (calculated MW: 11329.12, observed m/z: 1133.6([M/10+H+]), 
1029.2([M/11+H+]). 

 

BCY12019 

[H]N[C@H](C(N[C@H](C(N[C@@H](CC(C)C)C(N[C@H](C(N[C@@H](CO)C(N1CCC[C@
H]1C(N[C@H](C(N[C@H](C(N[C@H](C(N2CCC[C@H]2C(N[C@@H](CC(C)C)C(N[C@@
H](CC(N)=O)C(N[C@H](C(N[C@H](C(N[C@H](C(N[C@@H](CCCCNC(CCC3=CN(CCOC
COCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCO
CCOCCOCCOCCNC(CCOCC(COCCC(NCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOC
COCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCN4N=NC(CCC(NCCCC[C
@@H](C(N)=O)NC([C@@H](NC([C@@H](NC([C@@H](NC([C@H](CC(N)=O)NC([C@H]
(CC(C)C)NC([C@H]5N(CCC5)C([C@@H](NC([C@@H](NC([C@@H](NC([C@H]6N(CCC6
)C([C@H](CO)NC([C@@H](NC([C@H](CC(C)C)NC([C@@H](NC([C@@H](N[H])C)=O)C
SCCC(N7CN8CN9C7)=O)=O)=O)CC%10=CC=C(O)C=C%10)=O)=O)=O)CSCCC9=O)=O)C
C%11=CNC%12=C%11C=CC=C%12)=O)CC%13=CN=CN%13)=O)=O)=O)=O)CC(O)=O)=O
)CSCCC8=O)=O)C)=O)=O)=C4)=O)(COCCC(NCCOCCOCCOCCOCCOCCOCCOCCOCCO
CCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCN%14N=NC(CCC(N
CCCC[C@@H](C(N)=O)NC([C@@H](NC([C@@H](NC([C@@H](NC([C@H](CC(N)=O)N

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) J Immunother Cancer

 doi: 10.1136/jitc-2020-001762:e001762. 9 2021;J Immunother Cancer, et al. Upadhyaya P



 

 

22 
 

C([C@H](CC(C)C)NC([C@H]%15N(CCC%15)C([C@@H](NC([C@@H](NC([C@@H](NC([
C@H]%16N(CCC%16)C([C@H](CO)NC([C@@H](NC([C@H](CC(C)C)NC([C@@H](NC([
C@@H](N[H])C)=O)CSCCC(N%17CN%18CN%19C%17)=O)=O)=O)CC%20=CC=C(O)C=C
%20)=O)=O)=O)CSCCC%19=O)=O)CC%21=CNC%22=C%21C=CC=C%22)=O)CC%23=CN
=CN%23)=O)=O)=O)=O)CC(O)=O)=O)CSCCC%18=O)=O)C)=O)=O)=C%14)=O)COCCC(N
CCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCC
OCCOCCOCCOCCOCCN%24N=NC(CCC(NCCCC[C@@H](C(N)=O)NC([C@@H](NC([C
@@H](NC([C@@H](NC([C@H](CC(N)=O)NC([C@H](CC(C)C)NC([C@H]%25N(CCC%25
)C([C@@H](NC([C@@H](NC([C@@H](NC([C@H]%26N(CCC%26)C([C@H](CO)NC([C@
@H](NC([C@H](CC(C)C)NC([C@@H](NC([C@@H](N[H])C)=O)CSCCC(N%27CN%28CN
%29C%27)=O)=O)=O)CC%30=CC=C(O)C=C%30)=O)=O)=O)CSCCC%29=O)=O)CC%31=C
NC%32=C%31C=CC=C%32)=O)CC%33=CN=CN%33)=O)=O)=O)=O)CC(O)=O)=O)CSCCC
%28=O)=O)C)=O)=O)=C%24)=O)=O)N=N3)=O)C(N)=O)=O)C)=O)CSCCC%34=O)=O)CC(
O)=O)=O)=O)=O)=O)CC%35=CN=CN%35)=O)CC%36=CNC%37=C%36C=CC=C%37)=O)C
SCCC%38=O)=O)=O)=O)CC%39=CC=C(O)C=C%39)=O)=O)CSCCC(N%40CN%34CN%38
C%40)=O)=O)C 

 

 
 
A mixture of compound 11, BCY11607 (18.5 mg, 8.63 µmol, 4.1 eq.), and THPTA (3.7 mg, 
8.42 µmol, 4.0 eq.) was dissolved in t-BuOH/H2O (1:1, 2 mL, pre-degassed and purged with 
N2 for 3 times). CuSO4 (21.0 µL, 0.4 M, 4.0 eq.) and sodium ascorbate (42.0 µL, 0.4 M, 8.0 
eq.) were added under N2. The pH of this solution was adjusted to 8 by dropwise addition of 
0.2 M NH4HCO3 (in 1:1 t-BuOH/H2O). The reaction mixture was stirred at 40 °C for 4 hr, 
when LC-MS showed one main peak with desired m/z (calculated MW: 13347.41, observed 
m/z: 1213.83([M/11+H]+). The reaction mixture was concentrated under reduced pressure to 
remove solvent and purified by prep-HPLC (TFA condition) to obtain BCY12019 (8.2 mg, 
0.54 µmol, 25.9% yield, 88.8% purity) as a white solid after lyophilization. 
 

1.1 Synthesis and characterization of tumor – targeted immune cell agonists (TICAs) 

BCY9173 
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O=C([C@H]1N(C([C@@H](C)NC([C@H](CCC(O)=O)NC([C@@H]2N(C(C(CC(C)(C)C)NC(
[C@H](CSCCC(N(C3)CN(C(CCSC[C@@H](C(N[C@@H](CC4=CC=CC=C4)C(N[C@@H](
C)C(N[C@@H](CC(O)=O)C(N5[C@@H](CCC5)C(N[C@@H](CC6=CC=C(O)C=C6)C(N[C
@H]7CCCC)=O)=O)=O)=O)=O)=O)N8)=O)CN3C(CCSC[C@@H](C(N[C@@H](CNC(CCO
CCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCN9N=NC(CCC(NCCC(N(C)CC(N(
C)CC(N(C)CC(N(C)CC(N(C)CC(N(C)CC(N(C)CC(N(C)CC(N(C)CC(N(C)CC(N[C@@H](C)
C(N[C@@H](CCCCNC(N)=N)C(NC(CC(O)=O)C(N[C@@H](CSCCC(N%10CN%11CN%12
C%10)=O)C(N%13C[C@H](O)C[C@@H]%13C(NC(CC(C)C)C(NC(C(NC(CC(N)=O)C(N%1
4C(CCC%14)C(NC(CC(C)C)C(N[C@H](C(NC(CC(C)C)C(NC(CC%15=CN=CN%15)C(N%16
C(CCC%16)C(N[C@@H](C(NC(C(N[C@@H](CCCCNC(N)=N)C(N[C@@H](CSCCC%12=
O)C(N)=O)=O)=O)CC%17=CNC%18=C%17C=CC=C%18)=O)CC(O)=O)=O)=O)=O)=O)CSC
CC%11=O)=O)=O)=O)=O)C(C)C)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)
=O)=O)=O)=C9)=O)C(N)=O)=O)NC7=O)=O)=O)NC(C)=O)=O)=O)CCC2)=O)=O)=O)CCC1)
N[C@@H](CC%19=CC=C(O)C=C%19)C8=O 

Step 1: 

 

BCY9172 (520 mg, 248.16 µmol, 1 eq) and compound 23 (Azido-Peg12-NHS ester, CAS # 
1108750-59-9, 370 mg, 499.47 µmol, 2.01 eq), were dissolved in DMF (5 mL). DIEA (48.11 
mg, 372.24 µmol, 64.84 µL, 1.5 eq) was added and then the mixture was stirred at 30°C for 12 
hr. LC-MS showed one main peak with desired m/z (calculated MW: 2721.12 observed m/z: 
1360.9 ([M/2+H]+)) was detected. The reaction mixture was purified by prep-HPLC (TFA 
condition) and compound 2 (284 mg, 101.10 µmol, 40.74% yield, 96.87% purity) was obtained 
as a white solid after lyophilization. 

 

Step 2:  

 

 

 

This reaction was performed in two independent containers in parallel. In each container, 
Compound 24 (100 mg, 36.75 µmol, 1.0 eq) and BCY6169 (120 mg, 36.78 µmol, 1.0 eq) were 
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first dissolved in 10 mL of t-BuOH/H2O (1:1), and then CuSO4 (0.4 M, 91.9 µL, 1.0 eq), VcNa 
(0.4 M, 183.8 µL, 2.0 eq) and THPTA (0.4 M, 91.9 µL, 1.0 eq) were added. Finally, 1 M 
NH4HCO3 was added to adjust pH to 8. All solvents were degassed and purged with N2 for 3 
times. The reaction mixtures were stirred at 40 °C for 16 hr under N2 atmosphere. LC-MS 
showed compound 2 was consumed completely and one main peak with desired m/z (calculated 
MW: 5983.85 observed m/z: 997.6600 ([M/6+H]+) and 1197.2300 ([M/5+H]+)). The reaction 
mixtures were purified by prep-HPLC (TFA condition) and BCY9173 (218 mg, 34.97 µmol, 
47.58% yield, 96% purity) was obtained as a white solid after lyophilization. 

 

BCY10000 

 

NC([C@@H](NC([C@@H](NC([C@H](C1)N(C([C@H]2N(CCC2)C([C@H]([C@H](O)C)NC
([C@H](CO)NC([C@@H](NC([C@@H](NC([C@H](CCCCNC(N)=N)NC([C@@H](NC([C@
@H](NC([C@H](NC([C@H](CC3=CC=CC4=C3C=CC=C4)NC([C@H]5N(CCC5)C([C@@H]
(NC(CN(C(CN(C(CN(C(CN(C(CN(C(CN(C(CN(C(CN(C(CN(C(CN(C(CCNC(CCC6=CN(N=
N6)CCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCC(NC[C@@H](C(N)=O)N
C([C@H]7NC([C@H](CCCC)NC([C@H](CC8=CC=C(O)C=C8)NC([C@H](CCC9)N9C([C@
H](CC(O)=O)NC([C@H](C)NC([C@H](CC%10=CC=CC=C%10)NC([C@H]%11NC([C@H](
CC%12=CC=C(O)C=C%12)NC([C@H]%13N(C([C@@H](C)NC([C@H](CCC(O)=O)NC([C
@@H]%14N(C(C(CC(C)(C)C)NC([C@H](CSCCC(N(C%15)CN(C(CCSC%11)=O)CN%15C(
CCSC7)=O)=O)NC(C)=O)=O)=O)CCC%14)=O)=O)=O)CCC%13)=O)=O)=O)=O)=O)=O)=O)
=O)=O)=O)=O)=O)=O)C)=O)C)=O)C)=O)C)=O)C)=O)C)=O)C)=O)C)=O)C)=O)C)=O)CSCC
C%16=O)=O)=O)=O)CC(O)=O)=O)CSCCC(N%17CN%18CN%16C%17)=O)=O)CCSC)=O)=
O)CC(O)=O)=O)CC%19=CNC%20=C%19C=CC=C%20)=O)=O)=O)=O)CC1O)=O)CC%21=
CNC%22=C%21C=CC=C%22)=O)CSCCC%18=O)=O 

 

This reaction was performed in two containers in parallel. In each container, Compound 24 (142 
mg, 52.18 µmol, 1.0 eq) and BCY8846 (157 mg, 51.74 µmol, 1.0 eq) were first dissolved in 10 
mL of t-BuOH/H2O (1:1), and then CuSO4 (0.4 M, 130.5 µL, 1.0 eq), VcNa (0.4 M, 261.0 µL, 
2.0 eq) and THPTA (0.4 M, 130.5 µL, 1.0 eq) were added. Finally, 1 M NH4HCO3 was added to 
adjust pH to 8. All solvents were degassed and purged with N2 for 3 times. The reaction mixtures 
were stirred at 30 °C for 12 hr under N2 atmosphere. LC-MS showed compound 24 was 
consumed completely and one main peak with desired m/z (calculated MW: 5755.54, observed 
m/z: 959.60 ([M/6+H]+) and 1151.55 ([M/5+H]+)) was detected. The reaction mixtures were 
purified by prep-HPLC (TFA condition) and BCY10000 (314.9 mg, 51.99 µmol, 49.82% yield, 
95.03% purity) was obtained as a white solid after lyophilization 
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BCY10572 

 

O=C(N1CN(C(CCSC[C@@H](C(N[C@@H](CCSC)C(N[C@@H](CCCCNC(N)=N)C(N[C@
@H](CC(O)=O)C(N[C@@H](CC2=CNC3=C2C=CC=C3)C(N[C@@H](CO)C(N[C@@H]([C
@@H](C)O)C(N4[C@@H](CCC4)C(N5[C@@H](C[C@@H](O)C5)C(N[C@H]6CC7=CNC8
=C7C=CC=C8)=O)=O)=O)=O)=O)=O)=O)=O)=O)NC9=O)=O)CN(C(CCSC[C@@H](C(N%1
0[C@@H](CCC%10)C(N[C@@H](CC%11=C(C=CC=C%12)C%12=CC=C%11)C(N[C@@H]
9CC(O)=O)=O)=O)=O)NC(CCOCCOCCOCCOCCOCCN%13N=NC(CCC(NCCCC[C@H](C(
N%14[C@@H](CCC%14)C(N[C@@H](CC%15=CC=C(O)C=C%15)C(N[C@@H](CSCCC%
16=O)C(N[C@@H](CC%17=CC=CC=C%17)C(N[C@@H](C)C(N[C@@H](CC(O)=O)C(N%
18[C@@H](CCC%18)C(N[C@@H](CC%19=CC=C(O)C=C%19)C(N[C@@H](CCCC)C(N[C
@@H](CSCCC%20=O)C(N[C@@H](C)C(N)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)
NC([C@H](CCC(O)=O)NC([C@H]%21N(C([C@H](CC(C)(C)C)NC([C@H](CSCCC(N%22C
N%16CN%20C%22)=O)NC(C)=O)=O)=O)CCC%21)=O)=O)=O)=C%13)=O)=O)C1)CCSC[C
@@H](C(N)=O)NC6=O 

 

Step 1: 

 

BCY8116 (60 mg, 27.62 µmol, 1.0 eq) and compound 25 (Azido-PEG5-NHS ester, CAS # 
1433996-86-1, 12.0 mg, 27.75 µmol, 1.0 eq) were first dissolved in DMSO (1 mL), then DIEA 
(5.4 mg, 41.43 µmol, 7.22 µL, 1.5 eq) was added to the mixture. The reaction was stirred at 30 
°C for 12 hr. LC-MS showed one main peak with desired m/z (MW: 2489.82. observed m/z: 
1245.1700 ([M/2+H]+)) was detected. The reaction mixture was concentrated under reduced 
pressure and purified by prep-HPLC (TFA condition). Compound 26 (48 mg, 19.28 µmol, 
69.80% yield, 100% purity) was obtained as a white solid after lyophilization. 

 

Step 2: 

 

This reaction was performed in two independent containers in parallel. In each container, 
Compound 26 (10 mg, 4.02 µmol, 1.0 eq) and BCY8928 (9 mg, 4.06 µmol, 1.01 eq) were first 
dissolved in 2 mL of t-BuOH/H2O (1:1), and then CuSO4 (0.4 M, 10.1 µL, 1 eq), VcNa (0.4 M, 
20.2 µL, 2.0 eq) and THPTA (0.4 M, 10.1 µL, 1.0 eq) was added. Finally, 0.4 M NH4HCO3 was 
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added to adjust pH to 8. All solvents were degassed and purged with N2 for 3 times. The reaction 
mixtures were stirred at 30 °C for 4 hr under N2 atmosphere. LC-MS showed compound 26 was 
consumed completely and one main peak with desired m/z (MW: 4707.40. observed m/z: 
1568.29 ([M/3+H]+) and 1176.83 ([M/4+H]+) was detected. The reaction mixtures were 
concentrated under reduced pressure to remove solvent to give a residue. The residue was 
purified by prep-HPLC (TFA condition). BCY10572 (21 mg, 4.46 µmol, 55.7% yield, 97.51% 
purity) was obtained as a white solid after lyophilization. 

 

BCY10575 

 

O=C(N[C@H](CC(O)=O)C(N[C@@H](CSCCC(N1CN2CN3C1)=O)C(N4[C@@H](C[C@@H
](O)C4)C(N([C@@H](CC(C)C)C(N[C@@H](C(C)C)C(N[C@@H](CC(N)=O)C(N5CCC[C@
H]5C(N[C@@H](CC(C)C)C(N[C@H](C(N[C@@H](CC(C)C)C(N[C@H](C(N6CCC[C@H]6
C(N[C@H](CC(O)=O)C(N[C@@H](CC7=CNC8=C7C=CC=C8)C(N[C@@H](CCCCNC(N)=
N)C(N[C@@H](CSCCC3=O)C(N)=O)=O)=O)=O)=O)=O)CC9=CN=CN9)=O)=O)CSCCC2=O
)=O)=O)=O)=O)=O)[H])=O)=O)=O)C(CCCCNC(N)=N)NC([C@@H](C)NC(CCOCCOCCOC
COCCOCCN%10C=C(CCC(NCCCC[C@H](C(N%11[C@@H](CCC%11)C(N[C@@H](CC%
12=CC=C(O)C=C%12)C(N[C@@H](CSCCC%13=O)C(N[C@@H](CC%14=CC=CC=C%14)
C(N[C@@H](C)C(N[C@@H](CC(O)=O)C(N%15[C@@H](CCC%15)C(N[C@@H](CC%16=
CC=C(O)C=C%16)C(N[C@@H](CCCC)C(N[C@@H](CSCCC%17=O)C(N[C@@H](C)C(N)
=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)NC([C@H](CCC(O)=O)NC([C@H]%18N(C([
C@H](CC(C)(C)C)NC([C@H](CSCCC(N%19CN%13CN%17C%19)=O)NC(C)=O)=O)=O)CC
C%18)=O)=O)=O)N=N%10)=O)=O 

 

Step 1: 

 

To a solution of BCY9594 (65 mg, 27.07 µmol, 1 eq) and Compound 25 (12.0 mg, 27.75 µmol, 
1.02 eq) in DMSO (1 mL) was added DIEA (5.25 mg, 40.61 µmol, 7.07 µL, 1.5 eq). The mixture 
was stirred at 25-30 °C for 2 hr. LC-MS showed one main peak with desired m/z (calculated 
MW:2718.13 observed m/z: 906.04([M/3+H]+) and 1359.07([M/2+H]+) was detected. The 
reaction mixture was concentrated under reduced pressure and purified by prep-HPLC (TFA 
condition). Compound 27 (42.6 mg, 15.67 µmol, 57.89% yield, 100% purity) was obtained as a 
white solid after lyophilization. 

 

Step 2:  
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Compound 27 (20 mg, 7.36 µmol, 1.0 eq), BCY8928 (17 mg, 7.67 µmol, 1.04 eq), and THPTA 
(0.4 M, 18.4 µL, 1.0 eq) were dissolved in t-BuOH/H2O (1:1, 2 mL, pre-degassed and purged 
with N2 for 3 times), and then CuSO4 (0.4 M, 18.4 µL, 1.0 eq) and VcNa (0.4 M, 36.8 µL, 2.0 
eq) were added under N2. The pH of this solution was adjusted to 8 by dropwise addition of 0.2 
M NH4HCO3 (in 1:1 t-BuOH/H2O), and the solution turned light yellow. The reaction mixture 
was stirred at 25-30 °C for 12 hr under N2 atmosphere.  LC-MS showed Compound 27 was 
consumed completely and one main peak with desired m/z [calculated MW: 4935.71, observed 
m/z: 1234.59 ([M/4+H]+) and 987.71([M/5+H]+)] was detected.  The reaction mixture was 
directly purified by prep-HPLC (TFA condition). BCY10575 (12 mg, 2.37 µmol, 32.27% yield, 
97.67% purity) was obtained as a white solid after lyophilization. 

 

BCY10581 

 

O=C([C@H]1N(C([C@@H](C)NC([C@H](CCC(O)=O)NC([C@@H]2N(C(C(CC(C)(C)C)NC(
[C@H](CSCCC(N(C3)CN(C(CCSC[C@@H](C(N[C@@H](CC4=CC=CC=C4)C(N[C@@H](
C)C(N[C@@H](CC(O)=O)C(N5[C@@H](CCC5)C(N[C@@H](CC6=CC=C(O)C=C6)C(N[C
@H]7CCCC)=O)=O)=O)=O)=O)=O)N8)=O)CN3C(CCSC[C@@H](C(N[C@@H](CNC(CCO
CCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCN9C=C(CCC(NCCCC[C@@H](C(
N)=O)NC(CN(C(CN(C(CN(C(CN(C(CN(C(CN(C(CN(C(CN(C(CN(C(CN(C)C([C@@H](NC([
C@H](CC(C)C)NC([C@@H](NC([C@H](CC(C)C)NC([C@H](CCCCN)NC([C@H](CCC(N)
=O)NC([C@@H](NC([C@@H](NC([C@H]([C@H](O)C)NC([C@H](CC(C)C)NC([C@@H](
NC(CNC([C@@H](NC([C@H](CO)NC([C@@H](NC([C@H](CCCCN)NC([C@@H](NC([C
@H](CO)N)=O)CC(O)=O)=O)=O)CSCCC(N%10CN%11CN%12C%10)=O)=O)=O)C)=O)=O)
CC%13=CNC%14=C%13C=CC=C%14)=O)=O)=O)CCSC)=O)CSCCC%11=O)=O)=O)=O)=O
)CC%15=CN=CN%15)=O)=O)CSCCC%12=O)=O)=O)C)=O)C)=O)C)=O)C)=O)C)=O)C)=O)
C)=O)C)=O)C)=O)=O)N=N9)=O)C(N)=O)=O)NC7=O)=O)=O)NC(C)=O)=O)=O)CCC2)=O)=
O)=O)CCC1)N[C@@H](CC%16=CC=C(O)C=C%16)C8=O 

 

 

Compound 24 (12 mg, 4.41 µmol, 1 eq) and BCY10044 (14.08 mg, 4.41 µmol, 1eq) were 
dissolved in 2 mL of t-BuOH/H2O (1:1), and then CuSO4 (0.4 M, 11.02 µL, 1 eq), VcNa (0.4 M, 
22.05 µL, 2 eq) and THPTA (0.4 M, 10.04 µL, 1 eq) were added. Finally, 1 M NH4HCO3 was 
added to adjust pH to 8. All solvents were degassed and purged with N2 for 3 times. The reaction 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) J Immunother Cancer

 doi: 10.1136/jitc-2020-001762:e001762. 9 2021;J Immunother Cancer, et al. Upadhyaya P



 

 

28 
 

mixture was stirred at 30 °C for 4 hr under N2 atmosphere. LC-MS showed one main peak with 
desired m/z (MW: 5912.84, observed m/z: 985.90 ([M/6+H]+) and 1183.28 ([M/5+H]+)). The 
reaction mixture was concentrated under reduced pressure and purified by prep-HPLC (TFA 
condition). BCY10581 (9.3 mg, 1.47 µmol, 33.36% yield, 93.541% purity) was obtained as a 
white solid after lyophilization. 

 

BCY11022 

O=C(NCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCN1N=NC(CCC(NCCCC[C@H](C
(N2[C@@H](CCC2)C(N[C@@H](CC3=CC=C(O)C=C3)C(N[C@@H](CSCCC4=O)C(N[C@
@H](CC5=CC=CC=C5)C(N[C@@H](C)C(N[C@@H](CC(O)=O)C(N6[C@@H](CCC6)C(N[
C@@H](CC7=CC=C(O)C=C7)C(N[C@@H](CCCC)C(N[C@@H](CSCCC8=O)C(N[C@@H]
(C)C(N)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)NC([C@H](CCC(O)=O)NC([C@H]9N
(C([C@H](CC(C)(C)C)NC([C@H](CSCCC(N%10CN4CN8C%10)=O)NC(C)=O)=O)=O)CCC
9)=O)=O)=O)=C1)CCOCC(COCCC(NCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCN
%11N=NC(CCC(NCCCC[C@H](C(N%12[C@@H](CCC%12)C(N[C@@H](CC%13=CC=C(
O)C=C%13)C(N[C@@H](CSCCC%14=O)C(N[C@@H](CC%15=CC=CC=C%15)C(N[C@@
H](C)C(N[C@@H](CC(O)=O)C(N%16[C@@H](CCC%16)C(N[C@@H](CC%17=CC=C(O)C
=C%17)C(N[C@@H](CCCC)C(N[C@@H](CSCCC%18=O)C(N[C@@H](C)C(N)=O)=O)=O)
=O)=O)=O)=O)=O)=O)=O)=O)=O)NC([C@H](CCC(O)=O)NC([C@H]%19N(C([C@H](CC(C
)(C)C)NC([C@H](CSCCC(N%20CN%14CN%18C%20)=O)NC(C)=O)=O)=O)CCC%19)=O)=
O)=O)=C%11)=O)(COCCC(NCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCN%21N=N
C(CCC(NCCCC[C@H](C(N%22[C@@H](CCC%22)C(N[C@@H](CC%23=CC=C(O)C=C%2
3)C(N[C@@H](CSCCC%24=O)C(N[C@@H](CC%25=CC=CC=C%25)C(N[C@@H](C)C(N[
C@@H](CC(O)=O)C(N%26[C@@H](CCC%26)C(N[C@@H](CC%27=CC=C(O)C=C%27)C(
N[C@@H](CCCC)C(N[C@@H](CSCCC%28=O)C(N[C@@H](C)C(N)=O)=O)=O)=O)=O)=O
)=O)=O)=O)=O)=O)=O)NC([C@H](CCC(O)=O)NC([C@H]%29N(C([C@H](CC(C)(C)C)NC(
[C@H](CSCCC(N%30CN%24CN%28C%30)=O)NC(C)=O)=O)=O)CCC%29)=O)=O)=O)=C%
21)=O)COCCC(NCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCN%31N=NC(CCC(NC
CC(N[C@@H](CSCCC(N(C%32)CN(C(CCSC[C@@H](C(N[C@@H](CCSC)C(N[C@@H](
CCCCNC(N)=N)C(N[C@@H](CC(O)=O)C(N[C@@H](CC%33=CNC%34=C%33C=CC=C%
34)C(N[C@@H](CO)C(N[C@@H]([C@@H](C)O)C(N%35[C@@H](CCC%35)C(N%36[C@
@H](C[C@@H](O)C%36)C(N[C@H]%37CC%38=CNC%39=C%38C=CC=C%39)=O)=O)=O
)=O)=O)=O)=O)=O)=O)NC%40=O)=O)CN%32C(CCSC[C@@H](C(N)=O)NC%37=O)=O)=O
)C(N%41[C@@H](CCC%41)C(N[C@@H](CC%42=C(C=CC=C%43)C%43=CC=C%42)C(N[
C@@H]%40CC(O)=O)=O)=O)=O)=O)=O)=C%31)=O 

Step 1: 
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Compound 22 (4.8 mg, 1.95 µmol, 1.0 eq.), BCY11016 (4.1 mg, 1.76 µmol, 0.9 eq.), and 
THPTA (1.0 mg, 2.0 µmol, 1.0 eq.) were dissolved in t-BuOH/H2O (1:1, 1 mL, pre-degassed and 
purged with N2 for 3 times), and then CuSO4 (10.0 µL, 0.4M, 2.0 eq.) and VcNa (0.4 M, 5.1 µL, 
2.0 eq.) were added under N2. The pH of this solution was adjusted to 8 by dropwise addition of 
0.2 M NH4HCO3 (in 1:1 t-BuOH/H2O), and the solution turned light yellow. The reaction 
mixture was stirred at 40 °C for 4 hr, till LC-MS showed one main peak with desired m/z 
(calculated MW: 4782.46, observed m/z: 1196.1 ([M/4+H]+). The reaction mixture was then 
concentrated under reduced pressure and purified by prep-HPLC (TFA condition). Compound 28 

(2.7 mg, 0.56 µmol, 27.3% yield, 94.5% purity) was obtained as a white solid after 
lyophilization. 

Step 2: 
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Compound 28 (2.7 mg, 0.6 µmol, 1.0 eq.), BCY8928 (5.3 mg, 2.38 µmol, 4.0 eq.), and THPTA 
(0.9 mg, 2.1 µmol, 3.5 eq.) were dissolved in t-BuOH/H2O (1:1, 1 mL, pre-degassed and purged 
with N2 for 3 times), and then CuSO4 (0.4 M, 6.0 µL, 4.0 eq.) and VcNa (0.4 M, 6.0 µL, 4.0 eq.) 
were added under N2. The pH of this solution was adjusted to 8 by dropwise addition of 0.2 M 
NH4HCO3 (in 1:1 t-BuOH/H2O), and the solution turned light yellow. The reaction mixture was 
stirred at 40 °C for 4 hr under N2 atmosphere. LC-MS showed one main peak with desired m/z 
(calculated MW: 11435.19, observed m/z: 1143.2([M/10+H]+). The reaction mixture was 
concentrated under reduced pressure and purified by prep-HPLC (TFA condition). BCY11022 

(1.9 mg, 1.0 µmol, 23.2% yield, 94.6% purity) was obtained as a white solid after lyophilization.  

 

BCY11027 

O=C(NCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCN1C=C(CCC(NCCCC[C@H](C(
N2[C@@H](CCC2)C(N[C@@H](CC3=CC=C(O)C=C3)C(N[C@@H](CSCCC4=O)C(N[C@
@H](CC5=CC=CC=C5)C(N[C@@H](C)C(N[C@@H](CC(O)=O)C(N6[C@@H](CCC6)C(N[
C@@H](CC7=CC=C(O)C=C7)C(N[C@@H](CCCC)C(N[C@@H](CSCCC8=O)C(N[C@@H]
(C)C(N)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)NC([C@H](CCC(O)=O)NC([C@H]9N
(C([C@H](CC(C)(C)C)NC([C@H](CSCCC(N%10CN4CN8C%10)=O)NC(C)=O)=O)=O)CCC
9)=O)=O)=O)N=N1)CCOCCN(CCOCCC(NCCOCCOCCOCCOCCOCCOCCOCCOCCOCCO
CCN%11C=C(CCC(N[C@@H](CSCCC(N(C%12)CN(C(CCSC[C@@H](C(N[C@@H](CCSC
)C(N[C@@H](CCCCNC(N)=N)C(N[C@@H](CC(O)=O)C(N[C@@H](CC%13=CNC%14=C
%13C=CC=C%14)C(N[C@@H](CO)C(N[C@@H]([C@@H](C)O)C(N%15[C@@H](CCC%1
5)C(N%16[C@@H](C[C@@H](O)C%16)C(N[C@H]%17CC%18=CNC%19=C%18C=CC=C
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%19)=O)=O)=O)=O)=O)=O)=O)=O)=O)NC%20=O)=O)CN%12C(CCSC[C@@H](C(N)=O)N
C%17=O)=O)=O)C(N%21[C@@H](CCC%21)C(N[C@@H](CC%22=C(C=CC=C%23)C%23
=CC=C%22)C(N[C@@H]%20CC(O)=O)=O)=O)=O)=O)N=N%11)=O)CCOCCC(NCCOCCO
CCOCCOCCOCCOCCOCCOCCOCCOCCN%24C=C(CCC(NCCCC[C@H](C(N%25[C@@H
](CCC%25)C(N[C@@H](CC%26=CC=C(O)C=C%26)C(N[C@@H](CSCCC%27=O)C(N[C@
@H](CC%28=CC=CC=C%28)C(NC(C)C(N[C@@H](CC(O)=O)C(N%29[C@@H](CCC%29)
C(N[C@@H](CC%30=CC=C(O)C=C%30)C(N[C@@H](CCCC)C(N[C@@H](CSCCC%31=O
)C(N[C@@H](C)C(N)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)NC([C@H](CCC(O)=O)
NC([C@H]%32N(C([C@H](CC(C)(C)C)NC([C@H](CSCCC(N%33CN%27CN%31C%33)=O)
NC(C)=O)=O)=O)CCC%32)=O)=O)=O)N=N%24)=O 

Step 1: 

Compound 21 (22.0 mg, 10.58 µmol, 1.0 eq) and BCY11015 (26.0 mg, 34.72 µmol, 1.1 eq) were 
dissolved in 2 mL of t-BuOH/H2O (1:1), and then CuSO4 (0.4 M, 26.4 µL, 1.0 eq), VcNa (4.2 
mg, 21.2 µmol, 2.0 eq) and THPTA (4.6 mg, 10.58 µmol, 1.0 eq) were added. 1 M NH4HCO3 
was added to adjust pH to 8. All solvents were degassed and purged with N2 3 times. The 
reaction mixture was stirred at 30°C for 16 hr under N2 atmosphere. LC-MS showed one main 
peak with desired m/z (calculated MW: 4143.75, observed m/z: 1040.50 ([(M+18]/4+H]+), and 
1381.27([M/3+H]+)). The reaction mixture was purified by prep-HPLC (TFA condition) and 

Compound 29 (11.0 mg, 2.50 µmol, 23.66% yield, 94.26% purity) was obtained as a white solid 
after lyophilization. 

Step 2: 
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Compound 29 (5.5 mg, 1.33 µmol, 1.0 eq) and BCY8928 (5.9 mg, 2.66 µmol, 2.0 eq) were 
dissolved in 2 mL of t-BuOH/H2O (1:1), and then CuSO4 (0.4 M, 10.0 µL, 3.0 eq), VcNa (1.0 
mg, 5.05 µmol, 3.8 eq) and THPTA (1.0 mg, 2.30 µmol, 1.7 eq) were added. Finally, 1 M 
NH4HCO3 was added to adjust pH to 8. All solvents were degassed and purged with N2 for 3 
times. The reaction mixture was stirred at 35°C for 16 hr under N2 atmosphere. LC-MS showed 
one main peak with desired m/z (calculated MW: 8578.91, observed m/z: 1430.6([M/6+H]+)). 
The reaction mixture was purified by prep-HPLC (TFA condition) and BCY11027 (2.8 mg, 0.32 
µmol, 24.5% yield, 91.71% purity) was obtained as a white solid after lyophilization. 

BCY11617 

 

O=C(N1CN(C(CCSC[C@@H](C(N[C@@H](CCSC)C(N[C@@H](CCCCNC(N)=N)C(N[C@
@H](CC(O)=O)C(N[C@@H](CC2=CNC3=C2C=CC=C3)C(N[C@@H](CO)C(N[C@@H]([C
@@H](C)O)C(N4[C@@H](CCC4)C(N5[C@@H](C[C@@H](O)C5)C(N[C@H]6CC7=CNC8
=C7C=CC=C8)=O)=O)=O)=O)=O)=O)=O)=O)=O)NC9=O)=O)CN(C(CCSC[C@@H](C(N%1
0[C@@H](CCC%10)C(N[C@@H](CC%11=C(C=CC=C%12)C%12=CC=C%11)C(N[C@@H]
9CC(O)=O)=O)=O)=O)NC(CCOCCOCCOCCOCCOCCN%13N=NC(CCC(NCCCC[C@H](C(
N[C@H](CCC(N)=O)C(N[C@@H](C(N[C@@H](C(N[C@@H](C(N[C@@H](C(N[C@@H](
C(N%14CCC[C@H]%14C(N[C@@H](C(N[C@@H](C(N[C@@H](C(N[C@@H](C(O)=O)C)
=O)CSCCC%15=O)=O)CCCC)=O)CC%16=CC=C(O)C=C%16)=O)=O)CC(O)=O)=O)C)=O)C
C%17=CC=CC=C%17)=O)CSCCC%18=O)=O)CC%19=CC=C(O)C=C%19)=O)=O)NC([C@
@H](CCC(O)=O)NC([C@@H](CCC(O)=O)NC([C@H](NC([C@H](NC([C@H](NC(C)=O)C)
=O)CSCCC(N%20CN%15CN%18C%20)=O)=O)[C@H](C)CC)=O)=O)=O)=O)=C%13)=O)=
O)C1)CCSC[C@@H](C(N)=O)NC6=O 
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Compound 26 (as described in the  synthesis of BCY11616; 5 mg, 2.01 µmol, 1.0 eq.), 
BCY11506 (5.2 mg, 2.21 µmol, 1.1 eq.), and THPTA (1.0 mg, 2.30 µmol, 1.1 eq.) were 
dissolved in t-BuOH/H2O (1:1, 1 mL, pre-degassed and purged with N2 for 3 times), and then 
CuSO4 (0.4 M, 5.0 µL, 1.0 eq.) and VcNa (0.4 M, 5.0 µL, 1.0 eq.) were added under N2. The pH 
of this solution was adjusted to 8 by dropwise addition of 0.2 M NH4HCO3 (in 1:1 t-
BuOH/H2O), and the solution turned light yellow. The reaction mixture was stirred at 40 °C for 2 
hr under N2 atmosphere. LC-MS showed one main peak with desired m/z (calculated MW: 
4828.45, observed m/z: 1206.97 ([M/4+H]+) and 965.91 ([M/5+H]+)). The reaction mixture was 
filtered and concentrated under reduced pressure and purified by prep-HPLC (TFA condition), 
and BCY11617 (3.2 mg, 0.63 µmol, 31.37% yield, 95.05% purity) was obtained as a white solid 
after lyophilization.  

 

BCY12141 

O=C(N[C@@H](CSCCC(N(C1)CN(C(CCSC[C@@H](C(N[C@@H](CCSC)C(N[C@@H](CC
CCNC(N)=N)C(N[C@@H](CC(O)=O)C(N[C@@H](CC2=CNC3=C2C=CC=C3)C(N[C@@H]
(CO)C(N[C@@H]([C@@H](C)O)C(N4[C@@H](CCC4)C(N5[C@@H](C[C@@H](O)C5)C(
N[C@H]6CC7=CNC8=C7C=CC=C8)=O)=O)=O)=O)=O)=O)=O)=O)=O)NC9=O)=O)CN1C(C
CSC[C@@H](C(N)=O)NC6=O)=O)=O)C(N%10[C@@H](CCC%10)C(N[C@@H](CC%11=C
(C=CC=C%12)C%12=CC=C%11)C(N[C@@H]9CC(O)=O)=O)=O)=O)CCOCCOCCOCCOCC
OCCOCCOCCOCCOCCOCCOCCOCCN%13N=NC(CCC(NCCCC[C@@H](C(N)=O)NC([C
@@H](NC([C@@H](NC([C@@H](NC([C@H](CC(N)=O)NC([C@H](CC(C)C)NC([C@H]%
14N(CCC%14)C([C@@H](NC([C@@H](NC([C@@H](NC([C@H]%15N(CCC%15)C([C@H
](CO)NC([C@@H](NC([C@H](CC(C)C)NC([C@@H](NC([C@@H](N)C)=O)CSCCC(N%16
CN%17CN%18C%16)=O)=O)=O)CC%19=CC=C(O)C=C%19)=O)=O)=O)CSCCC%18=O)=O
)CC%20=CNC%21=C%20C=CC=C%21)=O)CC%22=CN=CN%22)=O)=O)=O)=O)CC(O)=O)
=O)CSCCC%17=O)=O)C)=O)=O)=C%13 

Step 1: 

 

BCY8116 (25.0 mg, 11.51 µmol, 1.0 eq.) and compound 23 (9.0mg, 12.08 µmol, 1.0 eq.) were 
dissolved in MeCN/H2O (1:1, 1 mL), and the pH of this solution was adjusted to 8 by dropwise 
addition of NaHCO3 (0.1 M). The reaction mixture was stirred at 25 °C for 2 hr. LC-MS showed 
one main peak with desired m/z (MW: 2798.19, observed m/z: 1399.5 ([(M/2+H+])) was 
detected. The reaction mixture was concentrated under reduced pressure and purified by prep-
HPLC (Basic condition). Compound 30 (16.7 mg, 5.73 µmol, 49.79% yield, 96.00% purity) was 
obtained as a white solid after lyophilization.  

Step 2: 
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Compound 30 (16.7 mg, 5.97 µmol, 1.0 eq), BCY11607 (14.5 mg, 6.56 µmol, 1.1 eq.) and 
THPTA (0.4 M, 15 µL, 1.0 eq.) were dissolved in t-BuOH/H2O (1:1, 1 mL, pre-degassed and 
purged with N2 for 3 times), and then CuSO4 (0.4 M, 15 µL, 1.0 eq.) and VcNa (0.4 M, 30 µL, 
2.0 eq.) were added under N2. The pH of this solution was adjusted to 8 by dropwise addition of 
0.2 M NH4HCO3 (in 1:1 t-BuOH/H2O), and the solution turned light yellow. The reaction 
mixture was stirred at 40 °C for 2 hr under N2 atmosphere. LC-MS showed compound 30 was 
consumed completely and one main peak with desired m/z (calculated MW: 4947.65, observed 
m/z: 1650.6([M/3+H]+), 1237.6([M/4+H]+), 990.0([M/5+H]+),) was detected. The reaction 
mixture was filtered and concentrated under reduced pressure to give a residue. The crude 
product was purified by prep-HPLC (TFA condition), and BCY12141 (9.0 mg, 1.74 µmol, 
29.17% yield, 95.70% purity) was obtained as a white solid after lyophilization.  

BCY12491 

 

O=C(N[C@H](CC(O)=O)C(N[C@@H](CSCCC(N1CN2CN3C1)=O)C(N4[C@@H](C[C@@H
](O)C4)C(N[C@@H](CC(C)C)C(N[C@@H](C(C)C)C(N[C@@H](CC(N)=O)C(N5CCC[C@H
]5C(N[C@@H](CC(C)C)C(N[C@H](C(N[C@@H](CC(C)C)C(N[C@H](C(N6CCC[C@H]6C(
N[C@H](CC(O)=O)C(N[C@@H](CC7=CNC8=C7C=CC=C8)C(N[C@@H](CCCCNC(N)=N)
C(N[C@@H](CSCCC3=O)C(N)=O)=O)=O)=O)=O)=O)CC9=CN=CN9)=O)=O)CSCCC2=O)=
O)=O)=O)=O)=O)=O)=O)=O)C(CCCCNC(N)=N)NC([C@@H](C)NC(CCOCCOCCOCCN(C
COCCOCCOCCN%10N=NC(CCC(NCCCC[C@H](C(N%11[C@@H](CCC%11)C(N[C@@H
](CC%12=CC=C(O)C=C%12)C(N[C@@H](CSCCC%13=O)C(N[C@@H](CC%14=CC=CC=
C%14)C(N[C@@H](C)C(N[C@@H](CC(O)=O)C(N%15[C@@H](CCC%15)C(N[C@@H](C
C%16=CC=C(O)C=C%16)C(N[C@@H](CCCC)C(N[C@@H](CSCCC%17=O)C(N[C@@H](
C)C(N)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)NC([C@H](CCC(O)=O)NC([C@H]%1
8N(C([C@H](CC(C)(C)C)NC([C@H](CSCCC(N%19CN%13CN%17C%19)=O)NC(C)=O)=O)
=O)CCC%18)=O)=O)=O)=C%10)CCOCCOCCOCCN%20N=NC(CCC(NCCCC[C@H](C(N%
21[C@@H](CCC%21)C(N[C@@H](CC%22=CC=C(O)C=C%22)C(N[C@@H](CSCCC%23=
O)C(N[C@@H](CC%24=CC=CC=C%24)C(N[C@@H](C)C(N[C@@H](CC(O)=O)C(N%25[
C@@H](CCC%25)C(N[C@@H](CC%26=CC=C(O)C=C%26)C(N[C@@H](CCCC)C(N[C@
@H](CSCCC%27=O)C(N[C@@H](C)C(N)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)NC
([C@H](CCC(O)=O)NC([C@H]%28N(C([C@H](CC(C)(C)C)NC([C@H](CSCCC(N%29CN%
23CN%27C%29)=O)NC(C)=O)=O)=O)CCC%28)=O)=O)=O)=C%20)=O)=O 

 

Step 1: 
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To a mixture of compound 31 (N-(acid-PEG3)-N-bis(PEG3-azide), CAS # 2182602-17-9, 60.0 
mg, 96.2 μmol, 1.0 eq) in DMF (3 mL) was added DIEA (12.4 mg, 96.2 μmol, 16.8 μL, 1.0 eq) 
and HATU (38.4 mg, 101 μmol, 1.05 eq) and the mixture stirred for 5 min. Then BCY9594 (243 
mg, 101 μmol, 1.05 eq) was added to the mixture and stirred at 40 °C for 16 hr under nitrogen. 
LC-MS showed one main peak with desired m/z. The reaction mixture was purified by 
preparative-HPLC to give compound 32 (154 mg, 48.1 μmol, 50.0% yield, 94.0% purity) as a 
white solid after lyophilization. Calculated MW: 3006.48, observed m/z: 1002.8 [M/3+H]+, 
1504.4 [M/2+H]+ 

 

Step 2: 

 

Compound 32 (56.0 mg, 18.6 µmol, 1.0 eq.), BCY8928 (83.0 mg, 37.2 µmol, 2.0 eq.) and 
THPTA (17.0 mg, 39.1 µmol, 2.1 eq.) were dissolved in t-BuOH/H2O (1:1, 1 mL, pre-degassed 
and purged with N2 3 times), and then CuSO4 (0.4 M, 94.0 µL, 2.0 eq.) and VcNa (15.0 mg, 74.5 
µmol, 4.0 eq.) were added under nitrogen. The pH of this solution was adjusted to 8 by dropwise 
addition of 0.2 M NH4HCO3 (in 1:1 t-BuOH/H2O), and the solution turned light yellow. The 
reaction mixture was stirred at 40 °C for 3 hr under nitrogen. LC-MS showed one main peak 
with desired m/z. The reaction mixture was concentrated under reduced pressure and purified by 
prep-HPLC (TFA condition). BCY12491 (59.2 mg, 7.79 µmol, 41.81% yield, 97.9% purity) was 
obtained as a white solid after lyophilization. Calculated MW: 7441.63, observed m/z: 1861.1 
([M/4+H]+), 1489.0 ([M/5+H]+). 

 

BCY12759 

NC([C@H](NC([C@H](NC([C@@H](CCCC)NC([C@H](NC([C@H]1N(CCC1)C([C@H](NC
([C@H](NC([C@H](NC([C@H](NC([C@H](NC([C@@H](CCC(N)=O)NC([C@@H](CCCC
NC(CCC2=CN(N=N2)CCOCCOCCOCCOCCOCCC(N[C@H](C)C(NC(CCCCNC(N)=N)C(N[
C@H](CC(O)=O)C(N[C@@H](CSCCC(N3CN4CN5C3)=O)C(N6[C@@H](C[C@@H](O)C6)
C(N[C@@H](CC(C)C)C(N[C@@H](C(C)C)C(N[C@@H](CC(N)=O)C(N7CCC[C@H]7C(N[
C@@H](CC(C)C)C(N[C@H](C(N[C@@H](CC(C)C)C(N[C@H](C(N8CCC[C@H]8C(N[C@
H](CC(O)=O)C(N[C@@H](CC9=CNC%10=C9C=CC=C%10)C(N[C@@H](CCCCNC(N)=N)
C(N[C@@H](CSCCC5=O)C(N)=O)=O)=O)=O)=O)=O)CC%11=CN=CN%11)=O)=O)CSCCC
4=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)NC([C@@H](CCC(O)=O)NC([C@@H](
CCC(O)=O)NC([C@H](NC([C@H](NC([C@H](NC(C)=O)C)=O)CSCCC(N%12CN%13CN%
14C%12)=O)=O)[C@H](C)CC)=O)=O)=O)=O)=O)CC%15=CC=C(O)C=C%15)=O)CSCCC%
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14=O)=O)CC%16=CC=CC=C%16)=O)C)=O)CC(O)=O)=O)=O)CC%17=CC=C(O)C=C%17)=
O)=O)CSCCC%13=O)=O)C)=O 

 

Compound 27 (25.0 mg, 9.20 μmol, 1.0 eq), BCY11506 (21.50 mg, 9.20 μmol, 1.0 eq) and 
THPTA (4.0 mg, 9.20 μmol, 1.0 eq) were dissolved in t-BuOH (0.5 mL) and H2O (0.5 mL) (all 
solvents were pre-degassed and purged with N2 for 3 times), and then CuSO4 (0.4 M, 23.0 μL, 
1.0 eq) and VcNa (0.4 M, 46.0 μL, 2.0 eq) were added to the mixture. NH4HCO3 (0.2 M, 92.0 
μL, 2.0 eq) was added to the mixture until pH is 8. The mixture was stirred at 30 °C for 2 hr 
under nitrogen. LC-MS showed one main peak with desired m/z (Calculated MW: 5055.79, 
observed m/z: 1012.0 [M/5+H]+, 1264.5 [M/4+H]+, 1686.2 [M/3+H]+). EDTA (0.5 M, 20 μL) 
was added to reaction mixture. The reaction mixture was purified by prep-HPLC (TFA 
condition) to give BCY12759 (13.6 mg, 2.60 μmol, 28.3% yield, 96.6% purity) as a white solid 
after lyophilization.  

 

BCY13626 

NC([C@@H](NC([C@@H](CCCCNC(N)=N)NC([C@H](NC([C@@H](NC([C@@H]1N(CC
C1)C([C@H](NC([C@@H](CC(C)C)NC([C@@H](NC([C@@H](CC(C)C)NC([C@@H]2N(C
CC2)C([C@@H](CC(N)=O)NC([C@@H](C(C)C)NC([C@@H](CC(C)C)NC([C@@H]3N(CC
(O)C3)C([C@@H](NC([C@H](NC([C@@H](CCCCNC(N)=N)NC([C@H](NC(CCOCCOCC
OCCN(CCOCCOCCOCCN4C=C(CCC(NCCCC[C@H](C(N[C@H](CCC(N)=O)C(N[C@@H]
(C(N[C@@H](C(N[C@@H](C(N[C@@H](C(N[C@@H](C(N5CCC[C@H]5C(N[C@@H](C(
N[C@@H](C(N[C@@H](C(N[C@@H](C(N)=O)C)=O)CSCCC6=O)=O)CCCC)=O)CC7=CC
=C(O)C=C7)=O)=O)CC(O)=O)=O)C)=O)CC8=CC=CC=C8)=O)CSCCC9=O)=O)CC%10=CC
=C(O)C=C%10)=O)=O)NC([C@@H](CCC(O)=O)NC([C@@H](CCC(O)=O)NC([C@H](NC([
C@H](NC([C@H](NC(C)=O)C)=O)CSCCC(N%11CN6CN9C%11)=O)=O)[C@H](C)CC)=O)
=O)=O)=O)N=N4)CCOCCOCCOCCN%12C=C(CCC(NCCCC[C@H](C(N[C@H](CCC(N)=O
)C(N[C@@H](C(N[C@@H](C(N[C@@H](C(N[C@@H](C(N[C@@H](C(N%13CCC[C@@
H]%13C(N[C@@H](C(N[C@@H](C(N[C@@H](C(N[C@@H](C(N)=O)C)=O)CSCCC%14=
O)=O)CCCC)=O)CC%15=CC=C(O)C=C%15)=O)=O)CC(O)=O)=O)C)=O)CC%16=CC=CC=
C%16)=O)CSCCC%17=O)=O)CC%18=CC=C(O)C=C%18)=O)=O)NC([C@@H](CCC(O)=O)
NC([C@@H](CCC(O)=O)NC([C@H](NC([C@H](NC([C@H](NC(C)=O)C)=O)CSCCC(N%1
9CN%14CN%17C%19)=O)=O)[C@H](C)CC)=O)=O)=O)=O)N=N%12)=O)C)=O)=O)CC(O)=
O)=O)CSCCC%20=O)=O)=O)=O)=O)=O)=O)=O)CSCCC(N%21CN%22CN%20C%21)=O)=O
)=O)CC%23=CN=CN%23)=O)=O)CC(O)=O)=O)CC%24=CNC%25=C%24C=CC=C%25)=O)
=O)CSCCC%22=O)=O 

Step 1: 
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Compound 31 (48.6 mg, 77.94 µmol, 1.05 eq) and HATU (29.9 mg, 78.65 µmol, 1.05 eq) were 
dissolved in 0.5 mL of NMP, then DIEA (30.3 µL, 174.25 µmol, 2.3 eq) was added and the 
mixture was stirred at 25°C for 6 min. Then BCY13234 (178 mg, 74.14 µmol, 1.0 eq) was 
added. The reaction mixture was stirred at 25°C for 0.5 hr. LC-MS showed one peak with 
desired m/z (calculated MW: 3006.48, observed m/z: 1503.9 ([M/2+H]+) and 1002.8  
([M/3+H]+)). The reaction mixture was purified by prep-HPLC (TFA condition) and compound 
33 (137mg, 45.57 µmol, 61.46% yield) was obtained as a white solid after lyophilization.   

Step 2: 

 

Compound 33 (137 mg, 45.6 µmol, 1.0 eq) and BCY11506 (215 mg, 92.0 µmol, 2.0 eq) were 
dissolved in 4 mL of t-BuOH/H2O (1:1), and then CuSO4 (0.4 M, 228 µL, 2.0 eq), VcNa (37 mg, 
192.2 µmol, 4.0 eq) and THPTA (40 mg, 92.0 µmol, 2.0 eq) were added. Finally, 0.2 M 
NH4HCO3 was added to adjust pH to 7. All solvents were degassed and purged with N2 3 times. 
The reaction mixture was stirred at 25°C for 8 hr under N2 atmosphere. LC-MS showed one 
main peak with desired m/z was detected (calculated MW: 7681.76, observed m/z: 1281.3 
([M/6+H]+)). The reaction mixture was purified by prep-HPLC (TFA condition) and BCY13626 
(145.5 mg, 17.83 µmol, 39.12% yield, 94.12% purity) was obtained as a white solid after 
lyophilization. 

BCY8854 

NC([C@@H](NC([C@@H](NC([C@H](C1)N(C([C@H]2N(CCC2)C([C@H]([C@H](O)C)NC
([C@H](CO)NC([C@@H](NC([C@@H](NC([C@H](CCCCNC(N)=N)NC([C@@H](NC([C@
@H](NC([C@H](NC([C@H](CC3=CC=CC4=C3C=CC=C4)NC([C@H]5N(CCC5)C([C@@H]
(NC(CN(C(CN(C(CN(C(CN(C(CN(C(CN(C(CN(C(CN(C(CN(C(CN(C(CCNC(CCC6=CN(N=
N6)CCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCOCCC(NC[C@@H](C(N)=O)N
C([C@H](CSCCC7=O)NC([C@H](CCCC)NC([C@H](CC8=CC=C(O)C=C8)NC([C@H](CCC
9)N9C([C@H](CC(O)=O)NC([C@H](C)NC([C@H](CC%10=CC=CC=C%10)NC([C@H](CS
CCC%11=O)NC([C@H](CC%12=CC=C(O)C=C%12)NC([C@H](CCC(N)=O)NC(CNC([C@
H](CCC(O)=O)NC([C@H](CCC(O)=O)NC([C@H]([C@H](CC)C)NC([C@H](CSCCC(N%13
CN7CN%11C%13)=O)NC([C@H](C)NC(C)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=O)=
O)=O)=O)=O)=O)=O)=O)=O)C)=O)C)=O)C)=O)C)=O)C)=O)C)=O)C)=O)C)=O)C)=O)C)=O)
CSCCC%14=O)=O)=O)=O)CC(O)=O)=O)CSCCC(N%15CN%16CN%14C%15)=O)=O)CCSC

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) J Immunother Cancer

 doi: 10.1136/jitc-2020-001762:e001762. 9 2021;J Immunother Cancer, et al. Upadhyaya P



 

 

38 
 

)=O)=O)CC(O)=O)=O)CC%17=CNC%18=C%17C=CC=C%18)=O)=O)=O)=O)CC1O)=O)CC
%19=CNC%20=C%19C=CC=C%20)=O)CSCCC%16=O)=O 

 

Step 1: 

 

To a solution of BCY8234 (a peptide identical to BCY8846 except for the absence of a PYA 
moiety; 300 mg, 102 µmol, 1.0 eq) in DMA (3 mL) was added DIEA (52.5 mg, 406 µmol, 70.8 
µL, 4.0 eq) with stirring for 10 min. Then (2,5-dioxopyrrolidin-1-yl) pent-4-ynoate (25.8 mg, 
132 µmol, 1.3 eq) was added and the mixture was further stirred at 20 °C for additional 16 hr. 
LC-MS showed BCY8234 was consumed completely and one main peak with desired m/z 
(calculated MW: 3034.43, observed m/z: 1011.8 ([M/3+H]+), 1517.0 ([M/2+H]+)) was detected. 
The reaction mixture was purified by prep-HPLC (Basic condition) to give compound BCY8846 
(290 mg, 95.6 µmol, 94.1% yield) as a white solid after lyophilization.  

 

Step 2: 

 

To a solution of compound 34,  (250 mg, 388 µmol) and HOSu (67.0 mg, 583 µmol) in DMA 
(4.5 mL) and DCM (1.5 mL) was added EDCI (89.3 mg, 466 µmol) with stirring at 20 °C for 16 
hr. Separately, BCY7732 (855 mg, 388 µmol) was dissolved in 5 mL of DMA and to it was 
added DIEA (186 mg, 1.44 mmol, 250 µL) with stirring for 10 min. The two reaction mixtures 
were combined and stirred at 20 °C for additional 5 hr. LC-MS showed one main peak with 
desired m/z (calculated MW: 2827.19, observed m/z: 943.3 ([M/3+H]+). The resulting reaction 
mixture was purified directly by prep-HPLC (TFA condition) to give compound 35 (621 mg, 200 
µmol, 51.6% yield, TFA salt) as a white solid after lyophilization. 

 

Step 3: 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) J Immunother Cancer

 doi: 10.1136/jitc-2020-001762:e001762. 9 2021;J Immunother Cancer, et al. Upadhyaya P



 

 

39 
 

 

 

To a solution of BCY8846 (234 mg, 77.1 µmol, 1.0 eq) in DMF (5 mL) was added compound 35 

(220 mg, 77.8 µmol, 1.0 eq), followed by ascorbic acid (Vc, 0.80 M, 963 µL, 1.0 eq) and CuSO4 
(0.80 M, 289 µL, 0.3 eq). The mixture was stirred at 20 °C for 2 hr. LC-MS showed one main 
peak with desired m/z (Calculated MW: 5861.59, observed m/z: 837.9 ([M/7+H]+), 977.6 
([M/6+H]+), 1173.3 ([M/5+H]+)). The reaction mixture was purified by prep-HPLC (TFA 
method) to give compound BCY8854 (292 mg, 46.8 µmol, 60.8% yield, 95.9% purity, TFA) as a 
white solid after lyophilization.  
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 Supplementary Figures 

 

Fig. S1. Discovery and Optimization of CD137 binding Bicycle. The parental CD137 Bicycle 
(BCY586) was identified using phage display and was found to have a KD of 795 nM. Affinity 
maturation using tailored phage libraries led to an improved sequence (BCY592) with a KD of 41 
nM measured by surface plasmon resonance (SPR) which was taken forward for medicinal 
chemistry optimization. Substitution at certain positions with non-natural amino acids generated 
the lead monomer Bicycle BCY7965, with a KD of 4 nM (n = 2) as determined by SPR. 
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Fig. S2. Multimerization is required for agonism. (A) Schematic structures of a fluorescent 
(AF488) CD137 Bicycle tetramer (BCY9931), a fluorescent (AF488) CD137 Bicycle trimer 
(BCY9932) and a fluorescent (AF488) CD137 Bicycle dimer (BCY7340). B) and C) CD137 
expression on primary human T cells was induced by treating with anti-CD3 antibody. 
Fluorescent dimer (BCY7340), trimer (BCY9932), tetramer (BCY9931) or fluorescent 
monomeric EphA2 Bicycle (BCY215) were incubated with T cells and binding assessed by flow 
cytometry. D) Jurkat cells expressing human CD137 coupled to a luciferase reporter gene were 
treated for 6 hr with CD137L and  fluorescent versions of CD137 Bicycle dimer (BCY7340), 
trimer (BCY9932) or tetramer (BCY9931) as indicated and activity read out as reporter gene 
product activity. Data reported are from one experiment. E) Jurkat cells expressing human OX40 
coupled to a luciferase reporter gene were treated for 6 hr with OX40L and Bicycle tetramer 
(BCY12019) as indicated and activity read out as reporter gene product activity. Data are mean / 
s.d. (n=3 replicates).   
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Fig. S3. Anti-tumor activity of a multimeric CD137 Bicycle agonist (BCY8947) correlates 

with increase in tumor infiltrating CD8+ T cells.  (A) Plasma concentration of BCY8947 after 
9.9 mg/kg iv dosing in naïve CD-1 mice. Table inset shows the corresponding BCY8947 PK 
parameters. (B) Tumor growth in mice bearing MC38 tumors following daily i.p. dosing with 
BCY8947 and biweekly (BIW) dosing of anti-CD137 antibody (urelumab analog, n=6/cohort; * 
p<0.05, **p<0.01, 2way ANOVA). (C) The effect of BCY8947 and anti-CD137 treatment on 
tumor infiltrating T cells (CD3+CD45+ cells, left panel) and CD8+ T cells (CD8+CD3+CD45+ 
cells, right panel) at the end of the study on D20. (D) Correlation between CD8+ T cell 
proportion of tumor infiltrating CD45+ immune cells (%CD8+CD3+ cells of CD45+ cells) and 
tumor volumes (% of tumor volume at the beginning of the treatment) at the end of the 
experiment on D20. Circles show individual tumor data points and line is a linear fit to the data. 
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Fig. S4. Functional activity of tumor-targeted immune cell agonists (TICAs) 

(A-F) Jurkat-CD137 reporter cells were co-cultured with tumor antigen-expressing cells as 
indicated for 6hr and activity read out as reporter gene product activity. (A) Co-culture with 
Nectin-4-expressing cell lines (HT1376 and NCI-H292) and treatment with a Nectin-4 /CD137 
1:1 TICA (BCY10000) or an enantiomeric non-CD137 binding control (NB) TICA 
(BCY11617). Data are mean / s.d. (n=3 replicates). (B) Co-culture with Nectin-4-expressing 
(HT1376 and NCI-H292) or non expressing (PC3) cell lines and treatment with a Nectin-
4/CD137 1:1 TICA (BCY8854). Data are mean / s.d. (n=3 replicates). (C) Co-culture with PD-
L1-expressing RKO cells and treated with a PD-L1/CD137 1:1 TICA (BCY10581) or 
monomeric CD137 Bicycle (BCY3835) for 6hr. Data are mean / s.d. (n=3 replicates). (D) Co-
culture with EphA2-expressing cell lines and treatment with an EphA2/CD137 1:1 TICA 
(BCY9173) or an enantiomeric non-CD137 binding control (NB) TICA (BCY12759) for 6 hr. 
Data are mean / s.d. (n=12 replicates). (E) Co-culture with EphA2-expressing A549 cells and 
treated with an EphA2/CD137 1:2 TICA (BCY12491) or anti-CD137 antibody (urelumab 
analog) for 6 hr. Data are mean / s.d. (n=3 replicates). The data shown are representative of three 
independent experiments. (F) Jurkat-OX40 reporter cells were cultured with parental or Nectin-
4-expressing 4T1 cells and treated with a Nectin-4/OX40 1:1 TICA (BCY12141) for 6 hr. Data 
are mean / s.d. (n=3 replicates). (G) Human PBMCs (donor 228769) in co-culture with mouse 
MC38 cells, which natively express EphA2, were treated with EphA2/CD137 1:1 (BCY10575), 
1:2 (BCY12491) TICAs and enantiomeric non-CD137 binding (NB) 1:1 (BCY12759) and 1:2 
(BCY12762) TICAs. IFN levels in the culture supernatants were measured after 48 hr. The grey 
bar indicates untreated control levels. The data are reported as mean / s.d., n=3 technical 
replicates.  
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Fig. S5. Activity of EphA2/CD137 1:2 TICA is dependent on tumor antigen expression 

level. (A) EphA2 receptors density per cell were quantified by flow cytometry using PE-labelled 
Quantibrite beads. (B) Human PBMCs in co-culture with human PC-3, HT-1080, HT-1376, HT-
29, T-47D, SNU-16 and HCT-116 and mouse MC38 cells, which natively express EphA2, were 
treated with EphA2/CD137 1:2 TICA (BCY12491). IFN and IL-2 levels in the culture 
supernatants were measured after 48 hrs. The graphs represent the EC50 of 2-3 human donors 
run on separate days and the data are reported as mean / s.d. Co-cultures with T-47D and SNU-
16 cells (receptor/cell < 1000) had non-detectable IFN and IL-2 levels.  
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Fig. S6. EphA2/CD137 1:2 TICA produces anti-tumor immunologic memory and is 

dependent on CD8 T cells but not NK cells. (A) MC38#13 tumor bearing mice depleted of 
CD8+ cells and/or NK cells (D-5, D0 and D5) or treated with vehicle or isotype-control 
antibodies received 4 doses of 15 mg/kg EphA2/CD137 1:2 TICA (BCY12491) or vehicle BIW. 
(B) Survival data corresponding to panel (A), n=6/cohort, *p<0.05, **p<0.01, ***p<0.001, 
Mantel-Cox Log-rank test. (C) Flow cytometry gating scheme for CD8+ T cell and NK cell 
identification. (D) CD8 cell and NK cell cellularity in the blood was evaluated a day prior to, and 
7 days after, treatment initiation with BCY12491. Maximum of 5% of T cells (CD3+CD45+) 
were CD8+ T cells after CD8+ cell depletion. Maximum of 3% of CD3-CD45+ immune cells 
were NK cells (CD333+) after NK1.1+ cell depletion.  
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Supplementary Tables 

Table S1. Crystallographic data collection statistics for CD137 cocrystal structure with 
BCY10916 

 

PDB Accession 6Y8K 

Wavelength (Å) 0.9763 

Space group P 4232 

Unit cell dimensions a = b = c (Å) 122.470 

α = β = γ (°) 90.000 

No. of total reflections  839552    

No. of unique reflections 21496 

Resolution shells (Å)  

              Overall 40.83-2.01 

    Low 40.83-5.45 

    High 2.05-2.01 

I/σ⟨I⟩ 45.7 (2.1)* 

Rmerge (%) 4.2 (221.6)* 

Rpim (%) 0.7 (34.7)* 

Rmeas (%) 4.3 (224.4)* 

Solvent content (%) 71.6 

Vm (Å3/Da) 4.32 

No. of molecules/AU 1 
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Completeness (%)  100 (99.8)* 

Multiplicity 39.1 (41.4)* 

Rwork (%) 28.2  

Rfree (%) 31.9 

No. of atoms used in refinement 1144 

Protein/ Peptide  1064 

Ligand/ additive 49 

No. of water molecules 30 

Mean B values (Å2)  

    Protein and Peptide 67.68 

    Ligand (s)  83.86 

    Water 60.26 

RMSD  

    Bond lengths (Å) 0.0102 

    Bond angle (°) 1.800 

Ramachandran plot (%)  

    Preferred region 95.62 

    Allowed region 3.65 

    Outlier 0.73 

* Values in parentheses indicate values for the high-resolution shell 
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Table S2. Sequences of Bicycle binders and their affinities to human protein as determined by 
SPR  
 

BCY ID Sequence, Cyclization scaffold Target KD (nM) 

BCY586 ACIEEGQYCYRDMYMCA, TATA CD137 
795 ± 85 
(n = 3) 

BCY592 ACIEEGQYCFADPYMCA, TATA CD137 
40.6 

(n = 2) 

BCY3835 SDKCSAGWLTMCQKLHLCA, TATA PD-L1 
34.7 ± 4.5 

(n = 3) 

BCY6099 
[B- Ala][Sar10] 
A[HArg]DC[HyP]LVNPLCLHP[dD]W[HArg]C, 
TATA 

EphA2 
1.7 

(n = 3) 

BCY7965 [Ac]AC[tBuAla]PE[dA]PYCFADPY[Nle]CA, TATA CD137 
4.4 

(n = 2) 

BCY8116 CP[1Nal][dD]CM[HArg]DWSTP[HyP]WC, TATA Nectin-4 
0.694 ± 0.223 

(n = 4) 

BCY10467 [Ac]SDKCSAGWLTMCKQLNLCPSH, TATA PD-L1 
4.29 ± 1.21 

(n = 4) 

BCY10549 ACLYSPCWHPLNDCA[Sar6][KBiot], TATA OX40 
637 

(n = 1) 

BCY10916 [Ac]CIEEGQYCFADPY[Nle]C, TATA CD137 
8.12 ± 0.42 

(n = 3) 
 Where [1Nal] = 3-(1-naphthyl)-L-alanine, [dD] = D-aspartic acid, [HArg] = L-homoarginine, [Hyp] = trans-4-hydroxy-L- 
proline, [B-Ala] = b-alanine, [Sar10] = 10 x sarcosine, [Ac] = acetyl, [Sar6] = 6 x sarcosine, [KBiot] = N-ε-biotinyl-L-lysine, 
[tBuAla] = t-butyl-L-alanine, [dA] = D-alanine, [Nle] = L-norleucine 
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Table S3. Sequences of Bicycle binders used as controls or as building blocks for multimeric or 
tumor-targeted immune cell agonists 
 

 

BCY ID Sequence, Cyclization Scaffold Target 

BCY215 
[AF488][B-Ala][Sar10]ACPWGPFWCPVNRPGC, 
TBMB 

EphA2 

BCY3835 SDKCSAGWLTMCQKLHLCA, TATA PD-L1 

BCY6169 
[PYA][B-Ala][Sar10]A[Harg]DC[Hyp]LVNPLCLHP 
[dD]W[Harg]C, TATA 

EphA2 

BCY7077 [Ac]CIEEGQYCFADPYMCA[PG], TATA CD137 

BCY7732 [Ac]ACIEEGQYCFADPY[Nle]C[Dap], TATA CD137 

BCY7741 [Ac]ACIEEGQYCFADPY[Nle]C[Dap(PYA], TATA CD137 

BCY8116 CP[1Nal][dD]CM[HArg]DWSTP[HyP]WC, TATA CD137 

BCY8846 
[PYA][B-
Ala][Sar10]CP[1Nal][dD]CM[HArg]DWSTP[HyP]WC, 
TATA 

Nectin-4 

BCY8928 
[Ac]C[tBuAla]PE[dK(PYA)]PYCFADPY[Nle]CA, 
TATA 

CD137 

BCY9172 [Ac]C[tBuAla]PE[dA]PYCFADPY[Nle]C[Dap], TATA CD137 

BCY9594 A[HArg]DC[HyP]LVNPLCLHP[dD]W[HArg]C, TATA EphA2 

BCY10044 SDKCSAGWLTMCQKLHLC[Sar10][K(PYA)], TATA PD-L1 

BCY11015 
[PYA]CP[1Nal][dD]CM[HArg]DWSTP[HyP]WC, 
TATA 

Nectin-4 

BCY11016 
[PYA][B-
Ala]CP[1Nal][dD]CM[HArg]DWSTP[HyP]WC, TATA 

Nectin-4 

BCY11506 
[Ac][dA][dC][dI][dE][dE]K[dQ][dY][dC][dF][dA][dD][
dP][dY][dNle][dC][dA], TATA 

CD137 

non-binder 

BCY11607 ACLYSPCWHPLNDCA[K(PYA)], TATA OX40 

BCY12799 [Ac]ACIEEGQYCFADPY[Nle]C[Dap], TATA CD137 

BCY13234 
[Ac][dA][dC][dI][dE][dE]K[dQ][dY][dC][dF][dA][dD][
dP][dY][dNle][dC][dA], TATA 

EphA2 

non-binder 
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Table S4. Composition of multimeric CD137 and OX40 agonists 
 
BCY ID Tumor 

Target 

(monomer) 

Immune 

Target 

(monomer) 

Format Linker Modificatio

n 

Attachme

nt points 

BCY7340 n/a 
CD137 

(BCY7077) 
Dimer PEG10 Fluorescein 

C-terminal 
Dap(PG) 

BCY9931 n/a 
CD137 

(BCY12799) 
Tetramer PEG23 

Alexa 
Fluor™ 488 

C-terminal 
Dap(PYA) 

BCY9932 n/a 
CD137 

(BCY7741) 
Trimer PEG10 

Alexa 
Fluor™ 488 

C-terminal 
Dap(PYA) 

BCY7750 n/a 
CD137 

(BCY7741) 
Trimer PEG10 n/a 

C-terminal 
Dap(PYA) 

BCY7751 n/a 
CD137 

(BCY7741) 
Tetramer PEG10 n/a 

C-terminal 
Dap(PYA) 

BCY8947 n/a 
CD137 

(BCY8928) 
Tetramer PEG10 n/a 

D-
Lys(PYA)

4 

BCY12019 n/a 
OX40 

(BCY11607) 
Tetramer PEG23 n/a 

C-terminal 
Lys(PYA) 
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Table S5. Composition of tumor-targeted immune cell agonists 

 

 
1Format refers to the ratio of Tumor antigen binders to Immune receptor binders in the final TICA. 
2Refers to point of attachment of linker to Tumor antigen binding and Immune receptor binder respectively. nb refers to non-
binder.  

 

 
 
 
 

BCY ID 

Tumor 

Target 

(monomer) 

Immune Target 

(monomer) 

Format1 

(Tumor : 

Immune) 

Linker 

Attachment 

points2 (Tumor 

/ Immune) 

BCY8854 
Nectin-4 

(BCY8846) 
CD137 

(BCY7732) 
1:1 

SAR10
-PEG12 

N-terminus / 
C-terminal Dap 

BCY9173 
EphA2 

(BCY6169) 
CD137 

(BCY9172) 
1:1 

SAR10
-PEG12 

N-terminus /  
C-terminal Dap 

BCY10000 
Nectin-4 

(BCY8846) 
CD137 

(BCY9172) 
1:1 

SAR10
-PEG12 

N-terminus /  
C-terminal Dap 

BCY10572 
Nectin-4 

(BCY8116) 
CD137 

(BCY8928) 
1:1 PEG5 

N-terminus / 
dLys4(PYA) 

BCY10575 
EphA2 

(BCY9594) 
CD137 

(BCY8928) 
1:1 PEG5 

N-terminus / 
dLys4(PYA) 

BCY10581 
PD-L1 

(BCY10044) 
CD137 

(BCY9172) 
1:1 

SAR10
-PEG12 

C-terminus /   
C-terminal Dap 

BCY11022 
Nectin-4 

(BCY11016) 
CD137 

(BCY8928) 
1:3 PEG10 

N-term PYA / 
dLys4(PYA) 

BCY11027 
Nectin-4 

(BCY11015) 
CD137 

(BCY8928) 
1:2 PEG10 

N-term PYA / 
dLys4(PYA) 

BCY11617 
Nectin-4 

(BCY8116) 
CD137 

(BCY11506 - nb) 
1:1 PEG5 

N-terminus / 
dLys4(PYA) 

BCY12141 
Nectin-4 

(BCY8116) 
OX40 

(BCY11607) 
1:1 PEG5 

N-terminus / C-
terminal 
Lys(PYA) 

BCY12491 
EphA2 

(BCY9594) 
CD137 

(BCY8928) 
1:2 PEG3 

N-terminus / 
dLys4(PYA) 

BCY12759 
EphA2 

(BCY9594) 
CD137 

(BCY11506 - nb) 
1:1 PEG5 

N-terminus / 
Lys4(PYA) 

BCY12762 
EphA2 

(BCY9594) 
CD137 

(BCY11506 - nb) 
1:2 PEG3 

N-terminus / 
Lys4(PYA) 

BCY13626 
EphA2 

(BCY13234-
nb) 

CD137 
(BCY11506 - nb) 

1:2 PEG3 
N-terminus / 
Lys4(PYA) 
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Table S6.  %Purity and m/z of Bicycle binders determined by HPLC and MS (LC-MS or 
MALDI-TOF)   
 

BCY ID 
Calc. 

MW 
Observed m/z %Purity  

BCY215 3201.6  [M/2+H+]: 1601.64 93 
BCY586 2297.6 [M/3+H+]: 766.95, [M/2+H+]: 1150.22 84 
BCY592 2162.4 [M/3+H+]: 721.52, [M/2+H+]: 1081.91 69 

BCY3835 2343.8 
[M/4+H+]: 586.45, [M/3+H+]: 781.76, 
[M/2+H+]: 1172.22 

82 

BCY6099 3182.66 [M/4+H+]: 796.33, [M/3+H+]: 1061.35 92 
BCY6169 3262.74 [M/3+H+]: 816.4, [M/2+H+]: 1088.2 88 
BCY7077 2228.5 [M/2+H+]: 1114.52 >98 
BCY7732 2201.46 [M/3+H+]: 734.6, [M/2+H+]: 1101.4 92 
BCY7741 2281.54 [M/3+H+]: 761.4, [M/2+H+]: 1141.3 94 
BCY7965 2151.5 [M/2+H+]: 1077.05 91 
BCY8116 2172.49 [M/3+H+]: 724.9, [M/2+H+]: 1086.8 91 

BCY8846 3034.43 
[M/4+H+]: 759.27, [M/3+H+]: 1011.56, 
[M/2+H+]: 1516.77 

95 

BCY8928 2217.58 [M/3+H+]: 739.9, [M/2+H+]: 1109.2 95 
BCY9172 2095.42 [M/3+H+]: 698.85, [M/2+H+]: 1047.76 95 
BCY9594 2400.8 [M/3+H+]: 801.0, [M/2+H+]: 1200.7 91 
BCY10044 3191.73 [M/4+H+]: 798.45, [M/3+H+]: 1064.55    95 
BCY10467 2613.07  M/3+H+]: 871.95, [M/2+H+]: 1307.59     80 
BCY10549 2722.2 [M/3+H+]: 908.97, [M/2+H+]: 1361.77 97 
BCY10916 2044.3 [M/2+H+]: 1023.12 96 
BCY11015 2252.57 [M/3+H+]: 751.9, [M/2+H+]: 1127.4    93 
BCY11016 2323.65 [M/3+H+]: 774.86, [M/2+H+]: 1162.04 96 
BCY11506 2337.65 [M/3+H+]: 779.8, [M/2+H+]: 1169.3 89 
BCY11607 2149.47 [M/3+H+]: 717.2, [M/2+H+]: 1075.6 >98 
BCY13234 2400.8 [M/3+H+]: 801.2, [M/2+H+]: 1201.1 87 
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