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ng methods for protein bioconjugation 4a
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Existing methods for protein bioconjugation 4b
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Mono-alkylation of Lysine residue 5
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Mono-alkylation of Lysine residue 6
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Mono-labelling was achieved, but generality?
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Another method for bioconjugation

Protein bioconjugation using "rn-clamp™
2016/6/4 Kotaro Tokumoto
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Zhang, C.; Welborn, M.; Zhu, T.; Yang, N. J.; Santos, M. S.; Van
Voorhis, T.; Pentelute, B. L. Nat. Chem. 2015, 8, 120.
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Bioconjugation using radical reaction

Bioconjugation
"the covalent derivatization of biomolecules"”

- In water
-High dilution
-Mild condition (keep tertiary structure)

-Functional group tolerance
(containes variety of functionnal groups)
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(proceed at room temperature)

</ Functional group tolerance



Radical approach to Tyrosine residue 10
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Radlcal approach for Dehydroalanine residue 11a
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Radiqal approach for Dehydroalanine residue 11b
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Bioconjugation for carboxyl group (1) 13
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Bioconjugation for carboxyl group (2) 14
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Development of photo-catalyst for bioconjugation
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Ir-cat. decarboxylation (intramolecular cyclization)
o [T 16
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Selective decarboxylation at the C-term 17
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Selective oxidation of C-term carboxylate 18
over other acid-containing side chains
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Stability of the resulting radical intermediate following decarboxylation is
inherently linked to the carboxylate's ground-state oxidation potential.

MacMillan, D. W. C. et al. Nat. Chem. 2017, 10, 205.



Selective oxidation of C-term carboxylate
over other acid-containing side chains’
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1) MacMillan, D. W. C. et al. Nat. Chem. 2017, 10, 205.
2) Kamakura_LS_ 171118 "Coupling reaction using excited state organonickel complex"



Photocatalyst evaluation
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Proposed reaction mechanism 21
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Survey of functional group tolerance

COzEt
cat A: 30 mol% H CO,Et
bufferlglycerol
(95/5, 1 mM)
34 W blue LED CO,Et
entry ® side chain Yield (ph 7.0, 8 h) Yield (ph 3.5, 6 h) Surface abundance
1 Ala R=3—Me 79% 92% 7.9%
2 R = 77% 93% 7.4%
3 lle R=8—sec-Bu 77% 90% 3.0%
4 Asn R =$~—_—CONH, 76% 91% 6.3%
5 Val R=8—i-Pr 76% 95% 4.6%
6 Ser R=8~_—OH 75% 87% 8.9%
7 R=8—(y, 75% 91% 6.2%
8 Leu R =8—iso-Bu 74% 95% 4.3%
Me
9 Thr R=$—( 73% 90% 71%
OH
10 GIn R =$~y~CONH, 71% 94% 4.5%
H
11 Arg R =§\H3’NYNH2 71% 87% 4.0%

MacMillan, D. W. C. et al. Nat. Chem. 2017, 10, 205.



Survey of functional group tolerance (Lys, His, Tyr)
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MacMillan, D. W. C. et al. Nat. Chem. 2017, 10, 205.



Survey of functional group tolerance (Trp, Cys, Met)
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15 TP R=3 <10%* (cat A::sgﬁg:/gﬁ,, 12h) N.D.

16 Cys R=38—_—SH considerably lower®? 26% N.D.

17 Met R =$—_—SMe N.D. 31%° N.D.

delectron transfer occures between the indole moiety and photocatalyst.
bpecause the acidity of the thiol is pKa~8, the nucleophilicity is high at ph 7.
°combind yield of desired product and the respective sulfoxide.

MacMillan, D. W. C. et al. Nat. Chem. 2017, 10, 205.



Application to endogenous peptides 25
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Application to seconday structure peptide 26
o d\n”\/)\:[\rr’:)kr . J\"\n”“)l\\jn’”j*r\rr’j\rm/‘jj

o
WJ\ \_ALEW\)L% »\rJ\IrJLI“,J\J:rJLT
Pro-adrenomedullin (33-mer peptide) Hul;/ji% M& \HNH:

SLPEA GPGRT LVSSK
PQAHG APAPP SGSAP

HFL
CO,Et 'V'
Me (30 mol%
Acceptor A (10 eq.) (cat A: tetrabutyrate ) .,
34 W blue LED ipro .

ph 3.5 buffer/glycerol EtO,C 3.0

(95/5,1 mM), 8 h Sl _

52% B N

MacMillan, D. W. C. et al. Nat. Chem. 2017, 10, 205.



Application to tertiary structure peptide

ZHER2 Affibody (58-mer peptide)
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MacMillan, D. W. C. et al. Nat. Chem. 2017, 10, 205.



Selective functionalization of human insulin 28

Insulin: 2 parent chains, 3 disulfide bonds, , 4 Tyr residues, 2(C:terminal carboxylic acids

. I |
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- /
) 0
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- _N H H I
0
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MacMillan, D. W. C. et al. Nat. Chem. 2017, 10, 205.



conclusion 29

-the methods of Bioconjugation

-Traditional methods via tow-electron pathway were difficult to proceed site-selective modification

‘Recently, radical methods were reported and some of the problems were solved.

-Decarboxylative alkylation for site-selective bioconjugation of native proteins
via oxidation potentials

-This strategy shows the possibility of radical reaction and/or photoredox catalyst
for site-selective bioconjugation.

-However, the reaction condition, ph 3.5 buffer, is the problem for biological reaction.
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Radical approach for Dehydroalanine residue
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Radical approach for Dehydroalanine residue
~ Yang's method ~
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Effect of 2,4,6-triisopropylthiophenol

H
XN\Q/\NH _» £ \n/\NH
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\ (] iPr
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N 9
LI |
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9] NH O

iPr

photocatalyst

SET

reductant

% Yield (no % Yield (10%
# Sequence thiol) thiol)
8 acryloyl-Phe-Met-Leu-Glu(OrBu)-Gly 64% 13%
10 acryloyl-Phe-Arg(Boc),-Ser(rBu)-Ala-Gly 32% 45%
21 acrvlovl-Phe-Ala-Pro-Glu(OrBu)-Leu-Phe-Ala-Gly 26% 52%

MacMillan, D. W. C. et. al. Angew.

Chem. Int. Ed. 2017, 56, 728.



Supplementary Table 2 - Tetramer functional group tolerance and solvent

evaluation.

diethy| ethylidene

" 0 ; 0 I 10 : " 0 ; 0 CO,Et
,N\)j\ H OH malonate (10 equiv.) ,N\)'k y
Ac - H/\[r v N - Ac - u/\n/ v N CO,E:
X 0 '\Q 0 X E

riboflavin tetrabutyrate o) Me
(30 mol %) \©
34 W blue LED, 6h or 8h
entry tetramer time solvent (1 mM) yield
1 Ac=AGFP-OH 8h 10 mM pH 7.0 potassium phosphate bulfer 75%
2 Ac=AGFP-OH 8h 95:5 10 mM pH 7.0 potassium phosphate buffer: glycerol 60%
3 Ac=AGFP-OH 6h 10 mM pH 3.5 cesium formate buffer 84%
4 Ac=AGFP-OH 6h 95:5 10 mM pH 3.5 cesium formate buffer: glyeerol 72%
5 Ac=NGFP-OH 8h 10 mM pH 7.0 potassiom phosphate buffer 0%
6 Ac-NGFP-OH 8h 65:5 10 mM pH 7.0 potassium phosphate buffer: glycerol S1%
7 Ac-NGFP-OH 6h 10 mM pH 3.5 cesium formate buffer 37%
8 Ac=NGFP-OH 6h 95:5 10 mM pH 3.5 cesium formate buffer: glycerol 66%
9 Ac-KGFP-OH §h 10 mM pH 7.0 potassium phosphate buffer 11%
10 Ac=KGFP-OH 8h 95:5 10 mM pH 7.0 potassium phosphate buffer: glycerol 25%
11 Ac=KGFP-OH 6h 10 mM pH 3.5 cesium formate buffer 13%

12 Ac=KGFP-OH 6h 95:5 10 mM pH 3.5 cesium formate buffer: glycerol 52%






D. Cyche Voltammogram of Ac-AGFP-OH 1 water

0.001 M Ac-AGFP-OH
0.1 M KCl supporting elecolyte

working electrode: platmum disk
counter electrode: platmum
reference electrode: saturated calomel
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E. UV-Vis Studies of Lunuflavin

Lunuflavin spectra at 1 h, 3 h, and 7 h for standard reaction with Bivalirudm:

0.8 —

0.6 —

0.2 —

0.0 —

| 1 |
300 400 500 600

Wavelength (nm)
Analysis of lumiflavin by UV-Vis spectroscopy at various time pomts during the

reaction reveals a considerable loss of the characteristic absorption bands of the
photocatalyst.



F. Circular Dichroism Spectra of ZHER2 Affibody

CD spectra of unmodified ZHER2 Affibody (blue) and modified protem product
(obtamned after HPLC punification, red):

40
30
20
10

Circular Dichroism / mdeg

A /nm

The spectra were recorded at a concentration of 20 uM m PBS and were obtamed
by averaging 20 mdividual spectra of the respective compounds.



