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BACKGROUND AND AIM OF THE EXPERIMENT

The aim of the experiment is that students learn to “visualise” biochemical processes and concepts such as:

· protein-protein complex formation (non-covalent binding)

· kinetic dissociation constant

· competition experiments

We will use calmodulin (CaM) and a short calmodulin-binding peptide (peptide 1 = Pep1 = high affinity for CaM) as binding partners for this experiment.

Calmodulin

Calmodulin is a calcium-binding protein that regulates a wide range of enzymes. It is also one of the few examples of a small protein capable of binding to peptides with very high affinity, and is therefore an interesting candidate for bio-technological applications and a good model system for studying how proteins associate.

The NMR structure of the complex between calmodulin and a 26-amino acid peptide derived from rabbit skeletal myosin light chain kinase has shown that only the central 19‑mer sequence RWKKNFIAVSAANRFKKIS of the peptide contacts calmodulin.
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Figure 1: 3D-structure of calmodulin (gray backbone) in the complex with a specific binding peptide (space-fill). N-termini are indicated in blue, C-termini in red.

Peptides

In the past, our group has chosen the 23-mer CAAA-RWKKNFIAVSAANRFKKIS-CONH2 (C-terminal amide) as a model for the study of calmodulin-protein interactions, the first cysteine residue serving for site-specific peptide functionalisation with thiol-specific reagents (such as fluorophores, carrying the iodoacetamido reactive moiety) and the following three alanines as spacers.

In that study, we have synthesised a complete series of peptides derived from the recognition sequence of skeletal muscle myosin light-chain kinase, corresponding to single-point amino acid mutations to alanine. We have measured the association and dissociation kinetic constants (kon and koff) of these peptides using a variety of methods, including competition experiments with fluorescence detection. This is the technique that will also be used in this Praktikum.

Surprisingly, we have observed that all the alanine-scanning peptides bound to calmodulin with better affinity than the wild-type peptide.

In one case, a Asn-->Ala substitution resulted in a 1000-fold improvement in affinity, due to a slower off-rate [peptide 1 (Pep1)   CAAA-RWKKAFIAVSAANRFKKIS-CONH2].

koff constants can be determined by competition experiments, pre-forming calmodulin/Cy5-labeled peptide complexes and incubating the resulting mixtures with the corresponding unlabeled peptides in molar excess for different times (Figure 2). The results of the competition are then analysed by native polyacrylamide gel electrophoresis, using a cooled CCD-camera-based gel imager for high sensitivity detection and band integration. The volumes of the bands are plotted versus competition time and fitted to a single exponential, from which koff values were derived. 
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Figure 2: Schematic representation of a competition experiment of a calmodulin/Cy5-labeled peptide complex, incubated with a molar excess of unlabeled peptide. As a first step, the fluorescently-labelled peptide dissociates from CaM. Successively, the unlabelled peptide in molar excess binds to CaM, preventing re-binding of the fluorescently-labelled peptide.

Kinetic dissociation constant 

Box 1 (below) contains the definitions of the principal parameters (affinity constant and kinetic binding constants) used to quantitatively describe the protein•binding-peptide (CaM-Pep1) interaction.

Two approaches are typically used to measure affinity constants (described by the equations of Box 1):

a) determination at equilibrium of the ratio of the concentrations of the binding peptide (or protein) free and engaged in complex (Equation 1 of Box 1);

b) measurement of the kinetic dissociation and association constants; Kd can be obtained from their ratio (Equation 5 of Box 1).

The kinetic dissociation constant, koff, is a biophysical parameter that describes a process which is easy to visualize. The biochemical meaning of koff is best described in terms of its related quantity, the half-life of the protein•binding-peptide complex (1/2). The measurement of koff at two different temperatures will be the topic of the Experiment presented in this Praktikum.
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Box 1

The protein•binding-peptide interaction.
We shall consider a bimolecular reaction in aqueous solution involving a monovalent binding peptide, for instance Pep1, and protein (CaM):

Pep1 + CaM

→
Pep1•CaM

At equilibrium, the concentrations of the three species are dictated by the equation:

Kd = [Pep1][CaM] / [Pep1•CaM],






(1)

where Kd is the dissociation constant, [Pep1], [CaM] and [Pep1•CaM] are the concentration of the free binding peptide, of the free protein and of the binding peptide-protein complex, respectively.

Equation (1) can be expressed in terms of the total concentration of binding peptide and protein used in the reaction, [Pep1]total and [CaM]total, and of the concentration of the complex, x:

Kd = ([Pep1]total - x)( [CaM]total - x) / x






(2)

The concentration of binding peptide-protein complex, x, can be calculated by solving a quadratic equation. From the values of [Pep1]total, [CaM]total and x, we can easily calculate the percentage of binding peptide and protein engaged in the complex. Equation 1 can be used to derive the dissociation constant Kd knowing the percent of binding peptide in complex with the protein at given [Pep1]total and [CaM]total values using a computerized fitting routine. Alternatively, equation 1 can be linearized according to the standard protocol of Scatchard, and the dissociation constant Kd derived from the slope of the line obtained by plotting the ratios of bound to free protein on the ordinate versus the concentration of bound protein on the abscissa.

In the special case in which  [Pep1]total << Kd (common in competition ELISA and band-shift assays), it follows from Equation 1 that at semi-saturation of binding peptide (i.e., when [Pep1] = [Pep1•CaM]), the dissociation constant is approximately equal to the total concentration of protein used in the assay:

Kd = [Pep1][CaM] / [Pep1•CaM] = [CaM] ≈ [CaM]total


 

(3)
The affinity constant (Ka) is simply defined as

Ka = 1 / Kd,









(4)

and either of the two constants, Ka and Kd, can be used to describe how good the binding of an binding peptide for its protein is.

Kd can also be expressed as

Kd = koff / kon,








(5)

where koff  is the kinetic dissociation constant and kon is the kinetic association constant. Since we are usually more familiar with concepts like half-life of a complex rather than kinetic constants, it is useful to state that

1/2 ≈ 0.69 / koff ,








(6)

where 1/2 is the half-life of the binding peptide-protein complex in irreversible kinetics conditions. These conditions, for example, are those encountered in competition experiments, or when a complex is diluted into a large excess of buffer.

EXPERIMENTAL PROTOCOL

1) Reagents and instrumentation

· General equipment 

1 DIANA III gel imager

8 Socorex micropipette 2-20 l 

8 Socorex micropipette 20-200 l

Yellow tips in boxes

8 Rubber Pipettor (every two students)

Latex gloves

1 Technical scale

1 Microwave oven

Disposable plasticware (plastic pipettes, Falcon tubes, Eppendorf tubes)

Glassware (Erlenmeyer flasks, cylinders)

Waterproof markers

8 Stopwatches

· Preparation of native polyacrylamide gels

3 Power supply (for three electrophoresis apparatuses each)

8 Electrophoresis apparatuses

16 Set of glasses, composed of a rectangular glass and of a U-shaped glass

16 Set of spacers

16 Combs for casting wells

16 Set of clamps for casting the gel

16 Set of clamps for holding the gel in the electrophoresis apparatus

Agarose

Acrylamide/Bisacrylamide (37.5:1) 30% solution

Tris-Cl 3 M pH 8.8 solution

CaCl2 1 M solution

Ammonium persulfate

TEMED

Double distilled (dd) water

Electrophoresis gel running buffer (10X)

· Competition experiment

1 heating block set at 50°C

Calmodulin (CaM) 1 M solution

Cy5-labelled Pep1 peptide 10 M solution

Unlabelled Pep1 peptide 50 M solution

TBSC buffer

6x concentrated gel loading solution
2) Preparation of a native polyacrylamide gel (for one groups of students)

· Assemble one gel apparatus (glass + spacers + clamps) on the table

· Weigh out 0.5 g agarose, transfer it to a 250 ml Erlemeyer flask and add 40 ml dd water 

· Microwave (power = 3) for 2 min.

· Holding the flask with a cloth, pour the melted agarose on the table, so that it seals the gel apparatuses; let it solidify. This amount of agarose solution can be used to seal more than one gel apparatus (i.e., 2-3 groups of students may use the same agarose solution)

· In a 50 ml Falcon tube pour sequentially (amount sufficient for one gel):

8 ml acrylamide/bisacrylamide (37.5:1) 30% solution1
6.3 ml dd water

0.75 ml 3 M Tris-Cl, pH. 8.8

2 µl 1M CaCl2

· mix, then add sequentially:

45 µl of 25% ammonium persulfate (prepared fresh on the same day!!!)

13 µl TEMED

· IMMEDIATELY (wearing gloves!!!), pour the mixture into the gel apparatus with a 10 ml pipette, then put the comb on top of the gel. Do not dispose of the remaining solution! 

· Let the gel polymerise for at least 30’. The polymerization process can be monitored using as a reference the rest of the solution, kept in the 50 ml Falcon tube. 

· Before running the electrophoretic separation, remove the gel from the agarose sealing bed, and install it onto the gel running apparatus (fixing the gel with clamps). Each apparatus is conceived to accommodate two gel castings.

· Before running the gel, gently remove the comb. Dilute 35 ml of the 10X concentrated gel running buffer mother solution to 350 ml, final volume, with double distilled water. Add 35 l CaCl2 1M to the running buffer, mix well and add the diluted buffer to the two (upper and lower) electrophoretic chambers.

3) Competition experiment

· Label 12 small Eppendorf tubes (500 µl) with numbers 1,2, …..12

· Label one other Eppendorf tube, e.g.,“Pep1-Cy5/CaM”, and pipet 120 µl of 1 µM CaM solution in it 

· Pipet 12 µl of 10 µM Pep1-Cy5 peptide solution in the same “Pep1-Cy5/CaM” tube.

Mix gently and let incubate for 2-3 minutes.

· Pipet 10 µl of the CaM/Pep1-Cy5 mix into each of the Eppendorf tubes marked from 1 to 12

· At the time points reported in the table below , add 2 l of the unlabeled Pep1 peptide to tubes 1 to 6 and to tubes 7 to 12. Soon after addition of the unlabeled Pep1 to each tube of this last series (7 to 12), incubate the tube in the heating block, pre-set at 50°C.

	Time
	Tubes
	Reagent to add
	Tube  50°C

	
	
	
	

	0’
	1 and 7
	2 µl unlabelled Pep1
	7

	30’
	2 and 8
	2 µl unlabelled Pep1
	8

	50’
	3 and 9
	2 µl unlabelled Pep1
	9

	63’
	4 and 10
	2 µl unlabelled Pep1
	10

	65’
	5 and 11
	2 µl unlabelled Pep1
	11

	65’
	6 and 12
	2 µl TBSC
	12


· At the end of the time course experiment, add rapidly 3 µl of 6x gel loading solution to each tube, then load 15 µl of each sample onto the gel

· Record time at which the gel is started [=> time 0 for the competition experiment!]

· Run gel at 150 V until the blue front has migrated 3-4 cm into the gel

· Remove gel from the apparatus and image in the DIANA III imager with Cy5 filters

In principle, the result of the experiment should look as in the figure reported below:



[image: image2.png]bhovuue Wuwao





The high affinity, Cy5-labelled Pep1 binding peptide is not displaced from the complex with CaM by an excess of unlabelled peptide (left panel) for hours after addition of the competitor. However, when incubated at 50°C, the complex CaM-Pep1 is less stable, and then the Cy5-labelled Pep1 is slowly competed out by the excess of “cold” competitor, and the signal relative to the CaM-Pep1 complex fades out (right panel).
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�  Warning! Acrylamide is a neurotoxic. Do not allow the acrylamide solution to come in contact with your skin or mucosae. It is mandatory to wear labcoat, gloves and protective glasses when handling the acrylamide solution !!!


1  Warning! Acrylamide is a neurotoxic. Do not allow the acrylamide solution to come in contact with your skin or mucosae. It is mandatory to wear labcoat, gloves and protective glasses when handling the acrylamide solution !!!
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