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Photo induced protein-protein crosslinking

Background

Protein-protein interactions are an integral part of cellular processes and function. Gene transcription, mRNA translation, protein localization, cell cycle control, and signal transduction, for example, all depend on specific interactions between proteins. This makes the detailed understanding of protein-protein interactions of importance and interest to researchers in many fields. Interactions can occur between two or more molecules of the same protein to form homo-oligomers, or between different proteins to form hetero-oligomers. They can also occur between large numbers of proteins to form complexes or networks. Widely differing methods are used to dissect these interactions, among them two-hybrid systems, phage-display, co-immunoprecipitation, surface plasmon resonance, and cross-linking.  Since most of these interactions are transient, it is advantageous to "capture" or "freeze" them so that they can be studied. One way to do this is by crosslinking the interacting partners. In this method a covalent bond is formed between two amino acid residues, each residing on a different protein molecule. This is achieved through the action of an externally added reagent. The classical cross-linking reagents target the side groups of lysine, cysteine, and aspartic or glutamic acid, with the majority being reactive to lysine or cysteine. Examples of such reagents, which you may be familiar with, are maleimides and NHS esters, which target sulfhydryls and primary amines, respectively. 

In this part of the workshop you will be introduced to a different type of cross-linking, pioneered by Kodadek and co-workers, and termed “photoinduced cross-linking of unmodified proteins”, or PICUP. This is an oxidative crosslinking method for the detection of protein-protein interactions that works by coupling residues in adjacent binding partners (proteins) in a mixture. The method employs high-valent transition metal complexes such as pyridyl ruthenium [tris(2,2’-bipyridyl)-ruthenium(II) chloride hexahydrate; Ru(II)bpy32+] or palladium(II) porphyrins.  When a solution containing protein, metal complex, and electron acceptor is illuminated briefly with visible light, the metal complex is photolyzed, or activated, resulting in a transition from Ru(II)bpy32+ to Ru(III)bpy33+. This species of ruthenium is a potent oxidant and can extract an electron from amino acids such as tyrosine (tryptophan and cysteine may also be oxidized). The resulting radical tyrosine then attacks an adjacent tyrosine, and by a process of tautomerization the two tyrosines form a covalent bond. (Tautomerization is the equilibrium between two structures of the same compound; usually the tautomers differ in the point of attachment of a hydrogen atom–see the figure below for a depiction of the reaction). The formation of this covalent bond constitutes linking between two protein molecules. Including an electron acceptor in the reaction is necessary for generation of Ru(III) from the photoexited Ru(II). We will be using ammonium persulfate (APS), but Co(III)(NH3)5C2+ can also be used.

Under the specific conditions described by Kodadek et al., extremely short illumination periods (<1 s) are sufficient to obtain high yields of crosslinked products. This means that the method can be used to detect not only relatively stable and long-lived interactions, but also transient, relatively weak protein-protein interactions.  This also means that the method can be used for time-dependent studies of dynamic protein complexes. We will be using a different light source that requires longer illumination (45-60’), but it is suitable for the type of experiment we are carrying out. It is also important to note that because this kind of crosslinking does not require an external reagent (note the "unmodified proteins" in PICUP), covalent bonds will form only between amino acids on protein partners that are close to each other under native conditions. This lessens the chance of obtaining artifactual products. In summary, the PICUP method is suited for rapid and efficient crosslinking between closely associated proteins.
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(Taken from: Scope, limitations and mechanistic aspects of the photo-induced cross-linking of proteins by water-soluble metal complexes, DA Fancy et al., Chemistry and Biology 2000 7:697-708)

After cross-linking, the proteins will be separated by SDS-PAGE and detected using a standard silver staining protocol. The mechanism of silver staining is as follows: silver ions bind to amino acid side chains (primarily sulfhydril and carboxyl groups) of proteins in the gel, and are then reduced to metallic silver, so that the protein bands are visualized as spots where the reduction occurs. Since this method can detect nanogram amounts of protein and is much more sensitive than other methods (e.g. Coomassie Brilliant Blue) we are able to use very small amounts of highly purified protein in our reaction.

Detailed Protocol

A. Cross-linking reaction 

The students will be divided into six pairs. Pairs 1 and 2 will look at multimer formation in wild type RACK1. Pairs 3 and 4 will look at multimer formation in RACK1 from which the first 15 N-terminal amino acids have been cleaved by hydroxylamine (N'-RACK1). Pairs 5 and 6 will look at multimer formation in enolase, a glycolytic enzyme that is also implicated in various pathophysiological processes. RACK1 is a monomeric scaffold protein that undergoes dimerization under specific cellular conditions, whereas enolase is an enzyme that is dimeric in its natural state. Comparing the three proteins will enable you to determine the importance of specific areas in RACK1, and to visualize the difference between monomeric and dimeric proteins. Below you can see two representations of RACK1, with its N-terminal tail represented as a blue strand protruding from the protein surface. 
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B. Reagents and solutions

Proteins

RACK1 (recombinant)

N'-RACK1 (“)

Enolase (rabbit muscle)

The concentrations of the stocks are 5 (M and 10 (M. Dilution according to the table will give final concentrations of 0.5 and 1 (M, respectively.  Make sure you keep them on ice. After distribution to the Eppendorfs there is no need to work on ice.
Do not vortex the samples at any time! 

Buffers

Students working with RACK1 and N'-RACK1 will use 2xTRIS/NaCl/Ca.

Final concentrations in sample: 50 mM TRIS, pH 7.5, 150 mM NaCl, 0.1 mM CaCl2.

Students working with Enolase will use 2xTRIS/NaCl. 

Final concentration in sample: 50 mM TRIS, pH 7.5, 150 mM NaCl.

Ru(II)bpy32+ stock is made in water to a concentration of 12.5 mM. 

Final concentration in samples is 125 (M.

Ammonium persulfate stock is made in water to a concentration of 50 mM. 

Final concentration in samples is 2.5 mM.

Additions: 

KCl stock is made in water to a concentration 0.4 and 4 M.

Final concentrations in samples are 0.1 and 1 M, respectively.

Tyrosine and lysine stocks are made in water to a concentration of 20 and 150 mM.

Final concentrations in sample are 1 and 7.5 mM, respectively

All these solutions as well as gels for PAGE (standard 10% gels) will be prepared for you ahead of time. 

The six pairs will work as follows:

Pair 1: RACK1, samples 1-6

Pair 2: RACK1, samples 7-12

Pair 3: N'-RACK1, samples 1-6

Pair 4: N'-RACK1, samples 7-12

Pair 5: enolase, samples 1-6

Pair 6: enolase, samples 7-12

The following table lists the various components of the crosslinking reaction and the different conditions you will be testing, and is shown for RACK1, but you will follow the protein listed in the division above. 

	Lane #
	Protein
	Stock

conc.  ((M)
	Vol. ((l)
	Final conc.

((M)
	10x Buffer ((l)
	Additions
	Vol. ((l)
	Final conc.

((M)
	ddw

((l)


	Ru(II)

((l)
	APS ((l)
	Illum. time

(sec)

	
	Marker
	
	0.8
	
	
	
	
	
	
	
	
	

	1
	RACK1
	10 
	2
	1 
	10
	
	
	
	6
	1
	1
	0

	2
	RACK1
	10
	2
	1 
	10
	
	
	
	6
	1
	1
	15

	3
	RACK1
	10
	2
	1 
	10
	
	
	
	6
	1
	1
	60

	4
	RACK1
	5
	2
	0.5
	10
	
	
	
	6
	1
	1
	0

	5
	RACK1
	5
	2
	0.5
	10
	
	
	
	6
	1
	1
	60

	6
	RACK1
	10
	2
	1
	10
	
	
	
	7
	0
	1
	60

	7
	RACK1
	10
	2
	1
	10
	
	
	
	7
	1
	0
	60

	8
	RACK1
	10
	2
	1
	10
	KCl  0.4M
	5 
	0.1 M
	1
	1
	1
	60

	9
	RACK1
	10
	2
	1
	10
	KCl  4M
	5 
	1M
	1
	1
	1
	60

	10
	RACK1
	10
	2
	1
	10
	Y 150mM
	1
	7.5 mM
	5
	1
	1
	60

	11
	RACK1
	10
	2
	1
	10
	Y 20mM
	1 
	1 mM
	5
	1
	1
	60

	12
	RACK1
	10
	2
	1
	10
	H 150mM
	1 
	7.5 mM
	5
	1
	1
	60

	13
	RACK1 positive control 


C. Reaction protocol

1. Set up numbered Eppendorf test tubes. Each constitutes one sample that will be loaded onto one lane of the gel. 

2. Make a “pool” consisting of 14 (l protein and 70 (l buffer. Do not forget to use the suitable buffer, as stated above. 
3. Pipette ddw as indicated in the table.

4. Pipette additions as indicated.

5. Add 12 (l of the “pool”.

6. Move to the hood.

Pipette 1(l of Ru(II)bpy32+ into each Eppendorf (except where indicated)

Pipette 1(l of APS into each Eppendorf (except where indicated)

To sample 1, 4 add 7 (l of 4x SDS-PAGE sample buffer prior to Ru(II)bpy32+ and APS.

7. Do not vortex at any stage - mix now by flicking the Eppendorf gently a number of times.

Place samples in the rack, making sure their caps are open and pushed back. This ensures equal illumination for all samples. 

Put the “camera” over the rack carefully, without disturbing the Eppendorfs and illuminate the samples for the indicated times.

Stop the reaction immediately by adding 7 (l of 4x SDS-PAGE sample buffer to each Eppendorf. 

8. Heat all samples for 20 min. at 60(C, centrifuge briefly (~10 sec.), then proceed to SDS-PAGE. 

In order to keep track of your gels, each pair will load the Marker in the lane numbered as the pair (pair 1 in lane 1, pair 2 in lane 2, etc.)

Note: Ru(II)bpy32+ is light-sensitive, and therefore the solution is kept wrapped in foil and the reaction is carried out in (relative) darkness. The gel-loading sample buffer contains (-mercaptoethanol, which necessitates working in a chemical hood. Working in the hood with the light turned off, from step 7 on, will fulfill both these requirements.

SDS-PAGE electrophoresis 

Load the gel as follows: 1 (l of Marker, and 10ul of each of the samples, according to the order in the table. Load 10 (l of the positive control (a sample of protein illuminated for 60” that was prepared, separated by SDS-PAGE, and detected, previously). Run at 200 V for 40 minutes

Silver Staining of the gel

In order to detect the proteins you ran on the gel you will use the “SilverXpress(” silver staining kit made by Invitrogen. You will use the protocol supplied by the kit. The full protocol can be found at Invitrogen’s site: http://www.invitrogen.com/content/sfs/manuals/silverxpress_man.pdf

Please read the photocopied instructions before starting, and follow them carefully, including the time indicated for each step. Proceed to step 2B before the overnight or lunch break, and continue with 3A. Prepare each solution during the proceeding step, using only the glass cylinders and labeled glass bottles set out for you. 

Note: Do not touch the gels with bare hands - make sure to wear gloves rinsed with ddw while handling gels. Do not put pressure on gels during handling and changing of solutions. Take special care at the developing step so that you do not overdevelop the gel. 

Additional information

For practical information on crosslinking reagents see the Pierce company catalogue 2005/2006 Section 9, pg 307-353 or the site at www.piercenet.com.

For practical information on detection of proteins in gels see Current Protocols in Protein Biochemistry (John Wiley & Sons), section 10.5.1-10.5.12. or Current Protocols in Molecular Biology, section 10.6.1-10.5.13. 


