Electronic Supplementary Material (ESI) for RSC Advances.
This journal is © The Royal Society of Chemistry 2020

Electronic Supplementary Information

Cysteine specific bioconjugation with benzyl isothiocyanates

Laszlo Petri,® Péter A. Szijj,> Adam Kelemen,? Timea Imre,c Agnes Goméry,? Maximillian T. W. Lee,?
Krisztina Hegedis,® Péter Abranyi-Balogh,? Vijay Chudasama ** and Gyorgy Miklds Keser(d *2

o Research Centre for Natural Sciences, Medicinal Chemistry Research Group, H-1117, Budapest, Magyar tuddsok krt 2, HU.
b-Department of Chemistry, University College London, 20 Gordon Street, London WC1H OAJ, UK.

¢ Research Centre for Natural Sciences, MS Metabolomics Research Group, H-1117, Budapest, Magyar tuddsok krt 2, HU.
d-Research Centre for Natural Sciences, MS Proteomics Research Group, H-1117, Budapest, Magyar tudésok krt 2, HU.

e E6tvés Lordnd University Department of Immunology, H-1117 Budapest, Pdzmdny Péter sétdany 1/C.

Table of Contents

Figure S1. MS analysis of tau protein labelling with fragments 1and 2. ..........ccccoeeeiiiirciciieeee e, 2
Figure S2. >'N-HSQC NMR analysis of KRas G12C protein labelling with fragments 1 and 2. ................. 3
Figure S3. Identification and analysis of trastuzumab Fab...........cccoeciiiiiiiciiii e 4
Figure S4. Labelling of reduced Fab at pH = 6.5 with 1 fragment (1000 €q.) ...cccoevvvireeeiiieeeeeeiiee e, 5
Figure S5. Labelling of reduced Fab at pH = 8.0 with 1 fragment (1000 €q.) ...cccoeevvirreeecirieeeeecriee e, 5
Figure S6. Labelling of reduced Fab at pH = 6.5 with 2 fragment (1000 €q.) ....ccceeevveercrieeriieerieeeciee s 6
Figure S7. Labelling of reduced Fab at pH = 8.0 with 2 fragment (1000 €q.) ....ccceevvvveercrreerciieecieeeciee s 6
Figure S8. Labelling of native Fab at pH = 6.5 with 2 fragment (1000 €q.) ...cccveeevvvieeeeriiiee e, 7
Figure S9. Labelling of native Fab at pH = 8.0 with 2 fragment (1000 €Q.) ...ccevveeeervereeeeciiee e 7
Figure S10. Labelling of reduced Fab at pH = 6.5 with 3 dye (10 €q.) ccevveeeciiieeeceeeeeceee e, 8
Figure S11. Labelling of native Fab at pH = 6.5 with 3 dye (10 €0.) ccceeeeererieeeeie e 9
Figure S12. Labelling of reduced Fab at pH = 8.0 with 3 dye (10 €0.) ...cvvevreeeeiieeiee e 9
Figure S13. Labelling of native Fab at pH = 8.0 with 3 dye (10 €0.) ..cccovereeriiiiee e 10
Figure S14. Labelling of reduced Fab at pH = 6.5 with 4 dye (10 €q.) cceeveeeiiieeeeieee e 11
Figure S15. Labelling of native Fab at pH = 6.5 with 4 dye (10 €0.) ..cccvereeeiiiiiee e e 12
Figure S16. Labelling of reduced Fab at pH = 8.0 with 4 dye (10 €0.) ...cvevevveriiieeeee e, 13
Figure S17. Labelling of native Fab at pH = 8.0 with 4 dye (10 €0.) ..cccvvveeeeiiiieeeeiee e 13
Figure S18. Stability of the 4 dye labelled reduced Fab at pH =6.8........cccceeiiiiiciieieicieee e 14
Figure S19. Stability of the 4 dye labelled reduced Fab at pH =7.4.......ccccciiriieiiiiececee e, 15
Figure S20. Stability of the 4 dye labelled reduced Fab at pH =8.0.......cccovviiiiiiiieiiiree e, 16
Figure S21. Stability of the 4 dye labelled reduced Fab at pH = 7.4, with 5 UM GSH...........ccccuvevrenneen. 17

Figure S22. Analysis of reduced and partially re-oxidized trastuzumab (re-oxidation over 5 h, 4 °C) ..18

Figure S23. Identification and analysis of trastuzumab bioconjugation with 3 dye, at pH=8.0.......... 19
Figure S24. Identification and analysis of trastuzumab bioconjugation with 4 dye, at pH=8.0.......... 20
NMR spectra of synthesized COMPOUNS.............cccoiiiiiiiiiiiiiii e 21



Figure S1. MS analysis of tau protein labelling with fragments 1 and 2.
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mass spectra of the tau protein labelled with with phenyl-isothiocyanate (1).
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Single labelling was detected, corresponding to the observed mass shift (M,, = 14 697 Da). Noteworthy, unlabelled tau
protein was also observed (M,, = 14 562 Da).

c) Deconvoluted mass spectra of the tau protein labelled with with benzyl-isothiocyanate (2).
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Double labelling was detected, corresponding to the observed mass shift (M,, = 14 861 Da).



Figure S2. >N-HSQC NMR analysis of KRas G12C protein labelling with fragments 1 and 2.
a) >’N-HSQC NMR analysis of KRas G12C protein labelled with phenyl-isothiocyanate (1).
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Peak changes were detected correspoding only to the Cys12, however, based on the relative integral values, the labelling
reached 54% conversion after 24h incubation.

b) 1>N-HSQC NMR analysis of KRas G12C protein labelled with benzyl-isothiocyanate (2).
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Peak changes were detected correspoding to the Cys12 and Cys118, furthermore, based on the relative integral values, the
labelling of the residues reached 98% conversion after 24h incubation.



Figure S3. Identification and analysis of trastuzumab Fab

Expected mass: 47638 Da. Observed mass: 47639 Da.
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Figure S4. Labelling of reduced Fab at pH = 6.5 with 1 fragment (1000 eq.)
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Figure S5. Labelling of reduced Fab at pH = 8.0 with 1 fragment (1000 eq.)
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Figure S6. Labelling of reduced Fab at pH = 6.5 with 2 fragment (1000 eq.)
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Figure S7. Labelling of reduced Fab at pH = 8.0 with 2 fragment (1000 eq.)
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Figure S8. Labelling of native Fab at pH = 6.5 with 2 fragment (1000 eq.)
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Figure S9. Labelling of native Fab at pH = 8.0 with 2 fragment (1000 eq.)

TIC ¥ 190371 Fab 1293 (swmple ] - FAB 12 6 S/T00OX . +TF MS (500 3000]
1206
1066
55 set 59
365 3% 3894w .y . % 5510 se 2% S
;= / | o 3 SRR 4y W um s o sm T, PR
§oeos / B
T aoesd 1% 1a 157 17 ] !
» — e e
2065
T 11 12 13 14 15 18 17 18 13 20 2526 27 28 2% 30 31 32 33 3a_ 35 36 37 38 39 40 41 42 43 44 45 46 47 48 43 80 81 52 83 54 85 86 87 85 83 &0
Tiea, min
Seciram fom 180311 Fab 1_2 i (ssmple 2 - FAB +2 % S1000X . +TOF NS (00 - 2000) Fem 3018 1 150311 Fob 12 ~FAB +2 16 5100 . -TOF MS (609 2000) e 2001 %2 2401 min)
n w2000 [Tuapao | 70D
5 s | 183674
g |
|
L 1843628
F o« 18241714
£ ht 2B
= 17652976
0 W06 150548
0 s ) v A 1]
2 Lib " )
£ E] ED 400 150 180 o 150 50 200 2100 20 20 W0 0 20 0 =) D
MasssCharge. Oa
Specinun rom 180311 Fab 1_2 ¥ (sargle 2] - FAB +2 5 51000 1. +TOF MS (600 - 3000) rom 3078 o 3430 T Fab 12 748 +2 % 000K . <TOF WS (600 - 3000) rom 2 041 % 2401 i)
w00
§ o
£
Ty | AT
00 983
# s 4
T 24000 000 26000 27000 2000 00 0000 3100 000 000 400 J500 3600 300 300 W00 40000 400D 42000 400 44N0 45000 46000 47000 46000 4G000 SI00 SICO0 SO SO0 54000 55000 SO0 5W00 SE000 58000
Mass. Oa
Spacirom fom 190311 Fab 1_2 i {sample 2 - P8 2 & S1003X . TOF NS (500 - 3000) Fom 3018 1 o 190311 Fab | o 000X 1. +TOF 15 (500 3000) fom 2041 10 2 401 min)
Resolved (30000
FAB [
o il
P
H |
E o I‘ FAB+TFA
It ems
200 Na779s3 sraee2
J R Y
[ T T T T T T T T T T T T T T T T T T I T
Mess, O




Figure S10. Labelling of reduced Fab at pH = 6.5 with 3 dye (10 eq.)
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Figure S11. Labelling of native Fab a

t pH = 6.5 with 3 dye (10 eq.)
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Figure S12. Labelling of reduced Fab at pH = 8.0 with 3 dye (10 eq.)
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Figure S13. Labelling of native Fab at pH = 8.0 with 3 dye (10 eq.)

TIC From 190311 Fab 3 ph 8 0/oif (samgbe 1) - FAB+3 /B O7IGK W +TOF M (600 - 3000)

1508
1008
i : 3w 580 851
508
4 - e
00w L
T 1tz 13 1% 15 1% 17 18 18 20 21 22 23 28 T3 3+ 35 36 37 38 39 40 41 42 43 45 45 46 47 4% 49 50 51 52 53 54 55 56 57 58 59 60
Time. min
Spoctnm bom 190311 Fab 3 gh 0 ¥ (samgie 1) - FAB3 & DG N, +TOF M (500 - 3000) ke 3036 103 447 mim e 1) FAB-3 8 00X N, “TOF M (600 - 3000) bor 2 127 1o 2608 iy
L
00
§ @
E w
“
»
#
£ & E] 3 L3 £ 20 20 E 00 £ %0 ) %% )
Mass Charge, Oa
Specirum bom 190311 Fab 3 gh 8.0.wi¥ (samgle 1) - FAB-3 & CTK N, <TOF MS (500 - 3000) rem 3035 10 3447 min 790317 Fab 3 gk )~ FAB-3 B OTDX N, <TOF MS (600 - 3000) bor 2127 1o 2508 i
Rescived (30000)
2000 [ —
10000
o
g s
] a7t
oo fomes
o amuo)) |7
A . . " § ~ LN - "
23000 20000 200 200 2000 2800 2300 K00 3100 MO0 300 000 000 S0 M0 3000 INCO 4000 41000 42D 4300 M0N0 400D 4B000 4700 4000 4300 SO SIM0 S0 SX00 5000 G000 560 SM00  Sa000 500
Mass, Ba
Spacrum For 931 £ 00w sargle ) FABH3 BTOCH, TOF W5 (500 - 00) o 300 1.3 47 7 (spacr To0311 Fab 3 ph ie 1)~ FAB+3 B 0D . +TOF WS (600 - 3000) ¥om 2 127 1o 2508 mimy
chved (30000)
12000 [arsasz
100 FAB il
000
i
2 oam
T amw
2000
WO A0 G0 4500 G0 B0 S0 &0 430 4500 a0 470 B0 @w  ww o a0
Spectum fiom 90311 Fab 3 ph 6.0:a (sample 1] - FAB-3 /B 010K N. +TOF M (600 300 B 0w (sarmple 1) - FAB~3 /8 011G N, +TOF WS (600 - 3000) Wom 212743 2504 min) | Spectrum fom 190311 Fab 3 ph 6.0 i (sampie 1) - FAB+3 /8 GTI N, +TOF M5 (500 - 300 1 8.0, (samphe 1) - FAB#3 /8 010 I, +TOF M5 (600 - 3000) rom 2127 4 250% min)
025 9318 L 71140
k] 040
» 50
= 1o St
= 0264321 9:
L] 000
@ 5500
2 5000
; 7 o
£ - 10255325 Z am w17
3500
]
M,, < 1500 Da =
2 20
2 ss1se9
% 20 M,, <1500 Da
s - yorse 1500 787
» 3165624 11073650 1000 —
by lh\m‘m F'“‘m i nzz2
= — [ S L
0 1000 200 1420 80 3 0 £ 160 £ ED 200 200 %0 260
Wass/Charge. Da

10




Figure S14. Labelling of reduced Fab at pH = 6.5 with 4 dye (10 eq.)
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Figure S15. Labelling of native Fab at pH = 6.5 with 4 dye (10 eq.)
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Figure S16. Labelling of reduced Fab at pH = 8.0 with 4 dye (10 eq.)
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Figure S17. Labelling of native Fab at pH = 8.0 with 4 dye (10 eq.)
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Figure S18. Stability of the 4 dye labelled reduced Fab at pH = 6.8
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Figure S19. Stability of the 4 dye labelled reduced Fab at pH =7.4
a) MS analysis after Oh
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Figure S20. Stability of the 4 dye labelled reduced Fab at pH = 8.0
a) MS analysis after Oh
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Figure S21. Stability of the 4 dye labelled reduced Fab at pH = 7.4, with 5 uM GSH
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Figure S22. Analysis of reduced and partially re-oxidized trastuzumab (re-oxidation over 5 h, 4 °C)
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This sample was reduced and then left to re-oxidize over 5 h to showcase the different fragments derived from trastuzumab
that can be expected — LC, HC, LC-HC (half-antibody), full antibody.

As trastuzumab is LC-HC-HC-LC, the ratio of LC to HC is expected to be 1:1. The spectrum shows that the apparent ratio of
LC to HCis in fact 1:0.3. This suggests that ionization of HC is inferior to that of LC and is thus underrepresented in the MS
spectrum.

To further compound this issue, HC has 3 available disulfides and incomplete modification of these would result in multiple
species. Thus, the intensity of the HC peak may be further reduced by “dilution’ into 4 different subspecies (HC, HC-mod,
HC-(mod ),, HC-(mod)s) leading to the mass envelopes merging with the background, making the deconvolution algorithm
unable to resolve them.

As LC has only one cysteine and ionizes much better, it is a better candidate for evaluation of reaction efficiency.
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Figure S23. Identification and analysis of trastuzumab bioconjugation with 3 dye, at pH = 8.0
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Efficiency of reaction was appraised on the most abundant ionic species: HC-LC (half-antibody). LC-HC being the main
species in of itself suggests inefficient labelling as at least one HC and LC cysteine must have been unmodified for the
disulfide bridge to re-form and produce LC-HC. Furthermore, it is shown that from the total of 4 cysteines represented in
the LC-HC fraction of the sample (1 on LC and 3 on HC) in total only 18.9% was modified with 3 while 81.9% remained
unmodified (based on abundance of ionic species).
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Figure S24. Identification and analysis of trastuzumab bioconjugation with 4 dye, at pH = 8.0
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Efficiency of reaction was appraised on the most abundant ionic species: LC. LC being the main ionic species suggests that
most cysteines must have been modified as unmodified species would have undergone re-oxidation resulting in larger ionic

species (e.g. LC-HC, full antibody). 100% of LC species was modified with 4.

While the reaction with 4 seems to have decreased the ionization capability of HC to an extent where it does not show up in
our spectra (see figure S20 for a rationale for this), as we know from our Fab studies that 4 efficiently labels Fab HC
(Figure S14), we can tentatively infer that HC must have been labelled at least somewhat efficiently, especially as

unmodified HC would be expected to appear in the spectra (see Figure S20).
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NMR spectra of synthesized compounds

2-(6-hydroxy-3-oxo-3H-xanthen-9-yl)-4/5-methylbenzoic acid (7)
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4/5-methyl-3-oxo-3H-spiro[isobenzofuran-1,9'-xanthene]-3',6'-diyl diacetate (8)
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4/5-(bromomethyl)-3-oxo-3H-spiro[isobenzofuran-1,9'-xanthene]-3',6'-diyl diacetate (9)
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4/5-(aminomethyl)-2-(6-hydroxy-3-oxo-3H-xanthen-9-yl)benzoic acid (10)
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2-(6-hydroxy-3-oxo-3H-xanthen-9-yl)-5-(isothiocyanatomethyl)benzoic acid (4)

VR 7o 133237339
‘If
]
\
(|
|
r r 3 |‘ ,I
J 4 J A

a@| [ C(s) D (m)
8.05 771 725 6.69

=] =] =] =

5.07

1
i |
w
o T s L
T T T T T T T T T T T T T T T T T T T T T T T T T 1
98 96 94 92 90 88 86 B84 82 80 78 76 70 68 66 64 62 60 58 56 54 52 50 48 46 44

7.4 72
f1 (ppm)

Nomakzad Intenstty

—10225

—ATET

L41h823
. SE——rY)
~1533
= s

T
104 EY 8 ) 7 64 % ) 0
Chemical Shift (spm)

EE
3
&
[
B

T T T
216 08 200 182 184 1

25



