




A bioconjugation reaction must...

!  proceed in aqueous solution (or solvent systems in which protein does not denature)

!  proceed at mild pH and temperature (preferably room temp.)

!  proceed at low substrate concentration (at or below 100 µM)

!  have a short reaction time

!  create precise, well-defined, and stable linkages

!  tolerate functionality of amino acid side chains

!  tolerate salts and surfactants often required for protein stability

!  be selective for one amino acid over all other functionality in a protein

Requirements for a Bioconjugation Reaction



McCaldon, P.; Argos, P. Proteins. 1988, 4, 99-122.

Relative Abundance of Amino Acids in Proteins
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!  Cysteine reacts selectively with a range of alkylating reagents and Michael acceptors

Chalker, J. M.; Bernardes, G. J. L.; Lin, Y. A.; Davis, B. G. Chem. Asian J. 2009, 4, 630-640.

Classic Approaches to Cysteine Modification
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!  Cys can be converted to dehydroalanine (Dha) by o-mesitylenesulfonylhydroxylamine (MSH)

Chalker, J. M. et al. Chem. Sci. 2011, 2, 1666-1676.

Conversion of Cysteine to Dehydroalanine
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!  Dha can also be generated by bis-alkylation/elimination using water-soluble dihalides
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!  Desulfurization converts the cysteine residue at the NCL ligation site to the more abundant alanine

Desulfurization Expands Utility of NCL
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!  Various cysteine analogs are competent substrates in the NCL and can be converted to natural amino acids

Use of Cysteine Analogs in the NCL

phosphate buffer, pH 8.6
1 h, r.t.

50 equiv.

Chen, J.; Wan, Q.; Yuan, Y.; Zhu, J.; Danishefsky, S. J. Angew. Chem. Int. Ed. 2008, 47, 8521-8524.
Crich, D.; Banerjee, A. J. Am. Chem. Soc. 2007, 129, 10064-10065.

Tam, J. P.; Yu, Q. Biopolymers. 1998, 46, 319-327.
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!  Lysine reacts with a range of alkylation, acylation, or sulfonylation reagents

Sletten, E. M.; Bertozzi, C. R. Angew. Chem. Int. Ed. 2009, 48, 6974-6998.

Classic Approaches to Lysine Modification
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lysozyme
(6 Lys residues)

!  A range of alkyl- and aryl-substituted aldehydes are competent reaction partners

McFarland, J. M.; Francis, M. B. J. Am. Chem. Soc. 2005, 127, 13490-13491.

Iridium-Catalyzed Reductive Alkylation of Lysine Residues
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!  Oxidation of N-terminal serine and threonine residues with periodate gives glyoxamides

Li, X.; Zhang, L.; Hall, S. E.; Tam, J. P. Tetrahedron Lett. 2000, 41, 4069-4073.

Approaches to N-Terminus Modification

!  Modification of N-terminal tryptophan residues through Pictet-Spengler reaction

Geoghegan, K. F.; Stroh, J. G. Bioconjugate Chem. 1992, 3, 138-146.
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!  Pyridoxal-5-phosphate (PLP) converts N-terminal residues to !-ketoamides, enabling further modification

Gilmore, J. M.; Scheck, R. A.; Esser-Kahn, A. P.; Joshi, N. S.; Francis, M. B. Angew. Chem. Int Ed. 2006, 45, 5307-5311.

N-Terminus Modification via Transamination
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!  4-phenyl-3H-1,2,4-triazole-3,5(4H)-dione (PTAD) engages in an ene reaction with tyrosine

Ban, H.; Gavrilyuk, J.; Barbas, C. F. III. J. Am. Chem. Soc. 2010, 132, 1523-1525.

Tyrosine Modification with PTAD
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!  Reaction is selective for tyrosine (although Trp and Lys give trace product in absence of Tyr)

!  Adducts are stable from pH 2 to pH 10 and do not decompose at high temperature (120 ºC)

!  No bis-addition products are observed
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!  Metal oxidants induce coupling of tyrosine residues brought into proximity by protein-protein interactions

Brown, K. C.; Yang, S.-H.; Kodadek, T. Biochemistry. 1995, 34, 4733-4739.

Protein Cross-Linking via Tyrosine Oxidation
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!  Ru(bpy)3
2+ and palladium porphyrins initiate oxidative cross-linking upon irradiation with visible light

Photoinitiated Protein Cross-Linking
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Fancy, D. A.; Kodadek, T. Proc. Natl. Acad. Sci. 1999, 96, 6020-6024.
Kim, K.; Fancy, D. A.; Carney, D.; Kodadek, T. J. Am. Chem. Soc. 1999, 121, 11896-11897.
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0.5 s, visible light (150 W)

!  Ru(bpy)3
2+ and palladium porphyrins perform oxidative cross-linking chemistry very rapidly

Photoinitiated Protein Cross-Linking
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!  Reaction proceeds in cell lysate: reveals interactions of one protein in the presence of thousands of others
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Fancy, D. A.; Kodadek, T. Proc. Natl. Acad. Sci. 1999, 96, 6020-6024.
Kim, K.; Fancy, D. A.; Carney, D.; Kodadek, T. J. Am. Chem. Soc. 1999, 121, 11896-11897.

Fancy, D. A.; Denison, C.; Kim, K.; Xie, Y.; Holdeman, T.; Amini, F.; Kodadek, T. Chem. Biol. 2000, 7, 697-708.
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