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e Who's interacting with whom?

e How does it do it?

e Where does binding take place?

e When does it happen?

e Why does it occur?

e And what are the consequences?"
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G protein-gated inwardly rectifying potassium (GIRK) channels are closely associated with G protein-coupled
neurotransmitter receptors in the plasma membranes of neuronal cells. A wide range of proteins modulate GIRK channel
function. GIRK channel function is associated with G proteins of the Gis class. Activation of the GPCR leads to binding of
the GBy subunits of the G protein to the GIRK channel. The result of GBy binding is an increase in affinity for
phosphatidylinositol 4,5-bisphosphate (PtdIns-(4,5)P2), which induces a conformation change in the channel, increasing
the flow of K+ out of the cell. Note that K+can flow through the channel from the outside to the inside of the cell if the
membrane potential is lowered below the equilibrium potential for K+. This is the basis for the name “inwardly rectifying.”

Rouzer Vanderbilt Instit. Chem. Biol., July 21, 2014
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Function of a GIRK channel in the nervous
system. GABA is released and stimulates GABAa
receptors located across the nerve terminal.

Rouzer Vanderbilt Instit. Chem. Biol., July 21, 2014
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AMPAR or Function of a GIRK channel in the nervous
system. GABA is released and stimulates GABAA
receptors located across the nerve terminal.
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Perhaps the true Holy Grail of molecular genetics research: transcription regulation.
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Transcription regulation

Repressor competes with
activator for binding to DNA.
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(B) Repressor binds DNA and inhibits
transcription by protein-protein interaction.

Genetic transcription is the
process by which the cell "decodes" Repression —__
information stored in DNA and domain R
copies it into RNA--the "DNA
makes RNA" part of the process.

DNA-binding —__
Selecting which information will be domain
decoded, and when, is the most
fundamental and important decision
that any cell makes.
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High-resolution E. coli interactome map

Tsien Annu. Rev. Biochem. 1998, 509-544
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Cross-linking: Bioconjugation
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provide the means for investigating those interactions. " ms e e

Most in vivo protein-protein binding is transient and occurs only briefly to
facilitate signaling or metabolic function. Capturing or freezing these momentary
contacts to study which proteins are involved and how they interact is a
significant goal of proteomics research today.

Crosslinking reagents provide the means for capturing protein-protein complexes
by covalently binding them together as they interact. The rapid reactivity of the
common functional groups on crosslinkers allows even transient interactions to
be frozen in place or weakly interacting molecules to be seized in a complex
stable enough for isolation and characterization.
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Cross-linking: Bioconjugation
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Figure 1. Common amino acid functional groups targeted for bioconjugation.
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Table 1. Popular cro
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Reactivity class Target functional group |Reactive chemical group
Amine-reactive -NH, NHS ester
Imidoester
Pentafluorophenyl ester
Hydroxymethyl phosphine
Carboxyl-to-amine -COOH Carbodiimide (e.g., EDC)
reactive
Sulfhydryl-reactive -SH Maleimide
Haloacetyl (Bromo- or lodo-)
Pyridyldisulfide
Thiosulfonate
Vinylsulfone
Aldehyde-reactive -CHO Hydrazide
i.e., oxidized sugars Alkoxyamine
(carbonyls)
Photo-reactive i.e., random Diazirine
nonselective, random Aryl azide
insertion
Hydroxyl (nonaqueous)-  |-OH Isocyanate
reactive
Azide-reactive -N, Phosphine
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cross-linking
Reactive . Optimal reaction
group Target molecule Reaction buffer pH range
Amine Aldehydes (oxidized | PBS (non-amine) pH7.2
carbohydrates)
Carboxylic acid MES pH 4.5-7.2
(EDC-modified)
Aryl azide Unsubstituted aryl PBS (non-amine)
azides react primarily
with amines
Carbodiimide | Carboxylic acids, MES or PBS pH 4.5-7.2
hydroxyls
Hydrazide Aldehydes, ketones | 0.1M Na-acetate / pH5.5-7.5
phosphate
Carboxylic acid Mes/non-amine buffer pH 4.5-7.2
(EDC modified) UptopH7.5
Imidoester Amines PBS, borate, carbonate/ | pH 8-9
bicarbonate, HEPES
lodoacetyl Sulfhydryls PBS, borate, carbonate/ | pH 7.5-8.5
bicarbonate, HEPES
Isocyanate Hydroxyls Nonaqueous
(PMPI) Amines
Maleimide Sulfhydryls Thiol-free pH 7 optimal
pH 6.5-7.5
NHS ester Amines PBS, borate, carbonate/ | pH 7.5 optimal
bicarbonate, HEPES pH7.2-85
Pyridyl Sulfhydryls Thiol-free pH 7-8
disulfide
Vinyl suffone | Sulfhydryls Thiol-free pH8
(HBVS)
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cross-linking

Electrophilic reagents

NHS-reactive chemistry
NHS ester crosslinking reactions are most commonly performed in phosphate,
carbonate-bicarbonate, HEPES or borate buffers at pH 7.2-8.5 for 30 minutes
to four hours at room temperature or 4°C. Primary amine buffers such as Tris
(TBS) are not compatible, because they compete for reaction. However in some
procedures, it is useful to add Tris or glycine buffer at the end of a conjugation
procedure to stop the reaction.
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NHS Ester Primary Amine Stable Conjugate NHS
Reagent on Protein (amide bond)
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cross-linking

Electrophilic reagents
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Figure 7. Maleimide reaction scheme for chemical conjugation to a sulthydryl.
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Figure 8. lodoacetyl reaction scheme for chemical conjugation to a sulfhydryl. (R)
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cross-linking

Nucleophilic reagents
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Figure 11. Hydrazide reaction scheme for chemical conjugation to an aldehyde.
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Figure 16. Diazirine reaction scheme for light-activated photochemical conjugation.
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Bio-orthogonal chemistry
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Figure 17. Staudinger ligation reaction scheme (azide-phosphine conjugation).
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2. PPl investigation

cross-linking
Examples of bifunctions crosslinkers
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Bruce Mol.BioSyst. 2010, 939-947
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