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Protein sequences

Purple indicates a 6x His Tag, glycine-serine (Gi®ers are underlined, green indicates a TEV-
cleavage site, red indicates a mutation, blue atdi SpyTag (13aa), orange indicates KTag (10aa).
IgG1 Fc constructs are preceded by a BM40 secretgnal sequence. Full-length antibody heavy and
light chains are preceded by a 19-mer signal pegfdKLPVRLLVLMFWIPASLS) to direct their
secretion.

SpyLigase

MSYYHHHHHHDYDGQSGDGKELAGATMELRDSSGKTISTWISDGQVKDFYLYPGKYTFVET
AAPDGYEVATAITFTVNEQGQVTVNGKATKGGSGGSGGSGEDSATHI

SpyLigase EQ

MSYYHHHHHHDYDGQSGDGKELAGATMELRDSSGKTISTWISDGQVKDFYLYPGKYTFWOT
AAPDGYEVATAITFTVNEQGQVTVNGKATKGGSGGSGGSGEDSATHI

Fc-SpyTag

A GSEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVNMVSHE
DPEVKFNWYVDGVEVHNAKTKPREEQYASTYRVVSVLTVLHQDWLNGKEYKCKVSNKALP
APIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEVESNGQPENNYK
TTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSEPGGSGGSEH
IVMVDAYKPTK

Native IgG1 glycosylation at N297 has been elimgdaby introducing a N297A mutation.

Fc-KTag

A GSEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVMVSHE
DPEVKFNWYVDGVEVHNAKTKPREEQYASTYRVVSVLTVLHQDWLNGKEYKCKVSNKALP
APIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVE/ESNGQPENNYK
TTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSEPGGS

GY

Native IgG1 glycosylation at N297 has been elimeddby introducing a N297A mutation. An
additional dipeptide GY was attached to @#erminus of KTag.

C225-SpyTag-HC

QVQLKQSGPGLVQPSQSLSITCTVSGFSLTNYGVHWVRQSPGKGLEWLGWISGGNTDYNTP
FTSRLSINKDNSKSQVFFKMNSLQSNDTAIYYCARALTYYDYEFAYWGQGTLVTVSAASTKG
PSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAQSSGLYSLSSV
VTVPSSSLGTQTYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGPSVFLFPPKPKD
TLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLH
QDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKIQVSLTCLVKGF
YPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGN\EESVMHEALHN
HYTQKSLSLSPGKGSGGSEHIVMVDAYKPTK
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C225-SpyTag-LC

DILLTQSPVILSVSPGERVSFSCRASQSIGTNIHWYQQRTNGSPRLLIKYSESISGIPSRFSGSGS
GTDFTLSINSVESEDIADYYCQONNNWPTTFGAGTKLELKRTVAAPSVFIPPSDEQLKSGTAS
VVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLRADYEKHKVY
ACEVTHQGLSSPVTKSFNRGECGSGGIG IVMVDAYKPTK

Trastuzumab-SpyTag-HC

EVQLVESGGGLVQPGGSLRLSCAASGFNIKDTYIHWVRQAPGKGLEWVARIPTNGYTRYAD
SVKGRFTISADTSKNTAYLOMNSLRAEDTAVYYCSRWGGDGFYAMDYWGQG LVTVSSAS
TKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHPAVLQSSGLYSL
SSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPPKSCDKTHTCPPCPARLGGPSVFLFPP
KPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQWSTYRVVSVL
TVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDETKNQVSLTCL
VKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQGNVFSCSVMHE
ALHNHYTQKSLSLSPGGSGGSEHIVMVDAYKPTK

Trastuzumab-LC

DIQMTQSPSSLSASVGDRVTITCRASQDVNTAVAWY QQKPGKAPKLLIYSSFLYSGVPSRFS
GSRSGTDFTLTISSLQPEDFATYYCQQHYTTPPTFGQGTKVEIKRTVAARGIFPPSDEQLKSG
TASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLLSKADYEKHK
VYACEVTHQGLSSPVTKSFNRGEC
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Figure S1. SpyLigase-mediated conjugation reactions of K-¢agtgG1l Fc with TAMRA-SpyTag.
SDS-PAGE, Coomassie staining (left panel), andeinflgiorescence (right panel) of the reduced Fc-
fluorophore conjugates. Reactions were conductéa wtreasing concentrations of SpyLigase (1, 3,
and 10 mol eq. over Fc) and 10-fold excess of TAMR#/Tag. Control reactions (Ctrl) were
performed by using 10 mol eq. of SpyLigase EQ.
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Figure S2. Size exclusion chromatography (SEC) of Spy-taggedximab and trastuzumab variants.
Antibodies were analyzed on a TSK Super SW3000naol(iTosoh Bioscience). Cetuximab wildtype
showed a monomeric peak with 99% purity whereast&gged variants showed purities of 96-99%
with only minor amounts of aggregates (2-4%).
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Figure S3. SpyLigase-mediated conjugation reactions of Sggédd cetuximab variants with TAMRA-
KTag. SDS-PAGE, in-gel fluorescence (left panatd £oomassie staining (right panel) of the reduced
cetuximab-fluorophore conjugates. Reactions wenglgoted with 3 mol. eq. of SpyLigase and 20-fold

excess of TAMRA-KTag.
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Figure $4. Hydrophobic interaction chromatography (HIC) of/Bigase mediated antibody-toxin
conjugations.
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Figure S5. Hydrophobic interaction chromatography (HIC) ofhtol reactions including SpyLigase,
Spy-tagged cetuximab, and MMAENcKTag payl&ad

S8



e TR R SRS TS TS AT Trastuzumab SpyTag HC
] 2
'“j‘:i‘:, S x Trastuzumab SpyTag HC:MMAEvcKTag (6)
g g
—— **‘J\\\“' — I — Y A
—~y R Trastuzumab SpyTag HC:MMAENcKTag (7)
20] J—\ o

Figure S6. Hydrophobic interaction chromatography (HIC) of Bgyse mediated conjugation of Spy-
tagged trastuzumab with different MMAE-KTag paylsa@onjugation of Spy-tagged trastuzumab with
MMAE-payload 6 resulted in a drug-to-antibody ratio (DAR) of abduir9 whereas conjugation of
MMAE-payload7 to the same antibody resulted in a DAR of abou#.1&njugated antibodies were
purified by protein A affinity chromatography tameve excess payload and SpyLigase.
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Figure S7. MALDI-MS analysis of intact Spy-tagged cetuximab @& Unmodified Spy-tagged
cetuximab exhibited a mass of 77783 Da [M+PH(upper panel). Spy-tagged cetuximab conjugated
to MMAE-nc-KTag payload showed a mass shift of 2627 Da to 80410 Da, itidigéhe conjugation

to two payloads (calc [M+2HP*: 2675 Da) (middle panel). Spy-tagged cetuximabjugated to
MMAE-vc-KTag payload/ showed a mass shift of 3102 Da to 80885 Da, itidigéhe conjugation to
two payload (calc [M+2H?2*: 3081 Da) (lower panel).
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Figure S8. MALDI-MS analysis of reduced Spy-tagged cetuximab@s. Unmodified Spy-tagged
cetuximab HC indicated a mass of 54485 Da [MFHupper panel). Spy-tagged cetuximab HC
conjugated to MMAE-nc-KTag paylo&ishowed a mass shift of 2735 Da to 57220 Da, itidigahe
conjugation to one payload (calc: 2675 Da) (midu@el). Spy-tagged cetuximab HC conjugated to
MMAE-vc-KTag payload’ showed a mass shift of 3116 Da to 57601 Da, itidigéhe conjugation to
one payload (calc: 3080 Da) (lower panel).
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Figure S9. LC-ESI-MS analysis of reduced Spy-tagged cetuxirABIC. Spy-tagged cetuximab HC
conjugated to MMAE-nc-KTag payloaishowed a mass shift of 2676.8 Da (average) indigdhe
conjugation to one payload (calc: 2675 Da).
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Figure S10. MALDI-MS analysis of intact Spy-tagged trastuzumabCs. Unmodified Spy-tagged
trastuzumab exhibited a mass of 75755 Da [M#2H(upper panel). Spy-tagged trastuzumab
conjugated to MMAE-nc-KTag paylo&ishowed a mass shift of 2577 Da to 78332 Da, itidigdahe
conjugation to two payloads (calc [M+ZH": 2675 Da) (middle panel). Spy-tagged trastuzumab
conjugated to MMAE-vc-KTag payloadshowed a mass shift of 3066 Da to 78821 Da, itidigahe
conjugation to two payload (calc [M+2}3": 3080 Da) (lower panel).
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Figure S11. MALDI-MS analysis of reduced Spy-tagged trastuzurmAICs. Unmodified Spy-tagged
cetuximab HC exhibited a mass of 52407 Da [MFHupper panel). Spy-tagged trastuzumab HC
conjugated to MMAE-nc-KTag paylo&ishowed a mass shift of 2697 Da to 55104 Da, itidigahe
conjugation to one payload (calc: 2675 Da) (midueel). Spy-tagged trastuzumab HC conjugated to
MMAE-vc-KTag payload’ showed a mass shift of 3094 Da to 55501 Da, itidigéhe conjugation to
one payload (calc: 3080 Da) (lower panel).
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Figure S12. LC-ESI-MS analysis of reduced Spy-tagged trastuzuAC. Spy-tagged trastuzumab
HC conjugated to MMAE-nc-KTag paylod&showed a mass shift of 2676.5 Da (average) indigat
the conjugation to one payload (calc: 2675 Da).
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Figure S13. Chemical structures of trypsin-digested conjugasites of Spy-tagged cetuximab ADCs.
Trypsin cleavage sites are indicated as red lifles.resulting fragment of SpyTag covalently linked
KTag via isopeptide bond between lysine and asigarésidues with an expected mass of 2264.1444
[M+H™*]* is shown.
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Cetuximab |

Extracted Ion Chromatogram
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Figure S14. LC-ESI-MS analysis of trypsinated Spy-tagged cehab ADCs. lons corresponding to
the conjugatedC-terminal Spy-Tag fragments with a calculated meotmpic mass of 2265.1444
(measured 755.71 [M+3H3) were extracted (boxed). The fragment was not rebsein the
unconjugated cetuximab control (upper panel).
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Figure S15. Peptide-map of trypsinated Spy-tagged cetuximab &\00@e fragment corresponding to
SpyTag covalently linked to KTag via isopeptide thdmetween lysine and aspartate residues was
partially sequence verified by LC-ESI-MSe. The itfead N-terminal part of the fragment is indicated
underlined in black.
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Figure S16. Peptide-map of trypsinated Spy-tagged cetuximab &\0@e fragment corresponding to
SpyTag covalently linked to KTag via isopeptide thdmetween lysine and aspartate residues was
partially sequence verified by LC-ESI-MSe. The gdaphe aspartate residues of the obtained y-ion
deriving from SpyTag indicated the attachment ef tAriable modification FSKR resulting from the
KTag-payload$ (middle panel) and (lower panel). This gap was not observed in theadified Spy-
tagged cetuximab control (upper panel).
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Figure S17. LC-ESI-MS quantification of unconjugated Spy-Tagpi@e fragment.Spy-tagged
cetuximab (upper panel, w/o payload) and Spy-taggtakimab ADCs (middle and lower panel) were
digested with trypsin and the signal intensitieamdonjugated Spy-Tag fragment analyzed (black.box)
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Cetuximab SpyTag HC Cetuximab SpyTag HC Cetuximab SpyTag HC Cetuximab SpyTag HC
- MMAEncK Tag + MMAEncKTag + MMAEncKTag - MMAEncKTag
- SpyLigase + SpyLigase - SpyLigase + SpyLigase

Figure S18. LC-ESI-MS analysis of reduced cetuximab LThe light chain of Spy-tagged cetuximab
(Cetuximab SpyTag HC -MMAEncKTag -SpyLigase), Spgded cetuximab ADC (Cetuximab
SpyTag HC +MMAENncKTag +SpyLigase), and control teacs without SpylLigase (Cetuximab
SpyTag HC +MMAENncKTag -SpylLigase) or without paylogCetuximab SpyTag HC -
MMAENcKTag +SpyLigase) were analyzed. No unspedaéojugation of the antibody light chain was
observed.
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Analytics of peptides and payloads
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Figure S19. RP-HPLC analysis of GSG-KTag-GY (gradient 10 ty. 80
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Figure S20. LC-MS analysis of GSG-KTag-GY, calc. mass: 1622)/f8ol; meas. m/z: 1624.2 [M+H]
812.3 [M+2HF*, 541.9 [M+3H}", 406.6 [M+4HT".

Compoundl: TAMRA-GSG-KTag-GY

HN-G-S-G-A-T-H-I-K-F-S-K-R-D-G- Y -Conr,
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Figure S21. RP-HPLC analysis of compourdgmixture of isomerggradient 10 to 80).
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Figure S22. LC-MS analysis of compount] calc. mass: 2035.22 g/mol; meas. m/z: 679.4 [M#3H
509.8 [M+4HJ*, 408.0 [M+5H}".

GSG-KTag-GY withN-terminal propargylacetic acid moiety

\ S-G-A-T-H-I-K-F-S-K-R-D-G-Y-CONH,
NH ©
o
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Figure S23. RP-HPLC analysis of GSG-KTag-GY wilirterminal propargylacetic acid moiety
(gradient 10 to 80).
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Figure S24. LC-MS analysis of GSG-KTag-GY witN-terminal propargylacetic acid moiety, calc.
mass: 1702.87 g/mol; meas. m/z: 852.4 [M+2H}68.6 [M+3H}*, 426.6 [M+4H}".

Compound?: Biotin-GSG-KTag-GY

HN—G—S—G-A-T—H—I-K—-F~S—K-R—D—G~Y —CONH,
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Figure S25. LC-MS analysis of compourig] calc. mass: 1849.10 g/mol; meas. m/z: 925.5 [N]42
617.4 [M+3HF*, 463.3 [M+4HF".

GSG-SpyTag (GSGAHIVMVDAYKPTK)
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Figure S27. LC-MS analysis of GSG-SpyTag, calc. mass: 1672/8®lf meas. m/z: 837.5
[M+2H]?*, 558.6 [M+3H}*, 419.2 [M+4HF".
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Compound3: TAMRA-GSG-SpyTag

HN-G-S-G-A-H-I-V-M-V-D-A-Y-K-P-T-K-Con,
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Figure S28. RP-HPLC analysis of compouddisomer 1 (gradient 10 to 80).
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Figure S29. LC-MS analysis of compoung| calc. mass: 2085.38 g/mol; meas. m/z: 1043.7
[M+2H]?*, 696.1 [M+3H}*, 522.4 [M+4HF".
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Compound4: Biotin-SpyTag

HN—A~H—I—V~-M-V-D~A-Y-K-P~T~-K~CONH,

Averaged, 1,733 - 2683, +

10000000

%“PQP
i l

T I I T T T T T T T T T T 1 T T
400 500 £00 700 800 200 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900

miz

Figure S30. LC-MS analysis of compourd] calc. mass: 1697.07 g/mol; meas. m/z: 850.0
[M+2H]?*, 567.1 [M+3H}*.

Toxin 1: Monomethyl auristatie (MMAE) with non-cleavable linker (nc) and carbdiyctionality
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Figure S31. LC-MS analysis of toxin 1, calc. mass: 1135.45 d/m®as. m/z: 1135.9 [M+1H],
568.7 [M+2HF".

Compounds: MMAE-nc-KTag (Amide bond)
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VDA A, Wavelength=220 nm [VE'def_LC 2016-03-30 15-46-42\001-61-VS_20160330_Paylnad_MMAENCCOOH_KT,D)
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Figure S32. RP-HPLC analysis of compoudgradient 10 to 80).
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Averaged, 14,317 - 14.967. +
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Figure S33. LC-MS analysis of compourtg| calc. mass: 2740.22 g/mol; meas. m/z: 1371.3
[M+2H]?*, 914.5[M+3H}*, 686.1 [M+4H}*,549.0 [M+5H}".
Toxin 2: Monomethyl auristatie (MMAE) with non-cleavable linker (nc) and azidm€tionality
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Figure S34. LC-MS analysis of toxin 2, calc. mass: 991.26 g/immas. m/z: 991.8 [M+1H), 469.6
[M+2H]2.

Compounds: MMAE-nc-KTag (click)
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VWD A, Wavelength=220 nm (VE'def_LC2015-01-27 10-52-58'001-1-V5_27012016_MMAE_GSGKTAGGY _TriazolD)
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Figure S36. LC-MS analysis of compoung| calc. mass: 2694.18 g/mol; meas. m/z: 1348.1[N42
899.1 [M+3HF*, 674.5[M+4H}*, 539.8[M+5H}".

Toxin 3: Monomethyl auristatie (MMAE) with cleavable ve-PABC linker (vc) and dg functionality
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Figure S37. LC-MS analysis of toxin 3, calc. mass: 1396.71 d/meas. m/z: 1397.7 [M+1H],
699.3 [M+2HF".

Compound?: MMAE-vc-KTag (click)
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Figure S38. RP-HPLC analysis of compoufidgradient 10 to 80).
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Averaged, 13.900 - 14,583, +
1000000

900000- o7 .
800000+ el
700000
6000003 W
500000
400000-
300000-
2000004
100000-

&
" NG
SH &

Al N

T 1T T T L LA L R L L NN | \I T LA B S I
400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900
m'z

Figure S39. LC-MS analysis of compoung calc. mass: 3099.63 g/mol; meas. m/z: 1550.9
[M+2H]?*, 1034.2 [M+3HY*, 775.9 [M+4HF*, 620.9 [M+5H}*.
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Figure $40. Cytotoxicity assay including free MMAE using thesbst cancer cell lines MDA-
MB-468 and MCF-7. (A) Structure of free MMAE. (B) vitro cell killing of free MMAE using
EGFR overexpressing MDA-MB-468 cells. (@) vitro cell killing of free MMAE using
EGFR-negative MCF-7 cells. Incubation times wer@a$s. Error-bars were calculated from
duplicates. MMAE was added in a serial dilutionhnite highest concentration of 100 nM.
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