Summary of advantages and limitations of FP assays

Advantages:
· FP assays do not require separation of bound and free ligand. This allows ligand binding to be quantified without perturbing the equilibrium, making it suitable for measurement of low-affinity interactions (more specifically, interactions with fast dissociation rates).
· They can provide high-throughput, economical, rapid and convenient screens for large numbers of fluorescent ligands.
· FP assays are non-destructive, thereby allowing repetitive measurements of the same sample under different conditions (e.g., different temperatures).

Disadvantages:
· The initial optimization of FP assays is likely to be time-consuming, thereafter they are easily automated.
· All FP assays require a fluorescent ligand. This may require development of procedures for conjugation of the ligand to a reactive fluorophore (many of these are available from Invitrogen, Sigma-Aldrich and other suppliers) and subsequent purification of the conjugate. It may even be necessary to synthesize a form of the ligand suitable for conjugation.
· Fluorophores are likely to affect the interaction. In the worst-case scenario, it may be impracticable to obtain a fluorescent ligand that interacts effectively with a target protein; FP would then be impossible.
· Other methods, such as ITC, can provide more direct, and perhaps more reliable, access to these thermodynamic characteristics of protein-ligand interactions. 


Differential scanning calorimetry (DSC)

The DSC method for measuring binding constant is indirect, compared for example to ITC, because the estimate binding Kb is made from measurements on the equilibrium between folded and unfolded protein rather than that between bound and unbound forms. DSC is a technique able to study thermally induced transitions and particularly, the conformational transitions of biological macromolecules (for example between the folded and the unfolded structure of a protein or between single and double stranded DNA). DSC measures the excess heat capacity of a solution (Cp) of the molecule of interest as a function of temperature (Figure below). The transition is recognized as a sharp endothermic peak centred at Tm and the maximum in Cp occurs directly at Tm. Integration of the Cp versus T curve yields the transition enthalpy (H°m) and the shift in the baseline yields the Cp. DSC is the only method for the direct determination of H°m.
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TABLE 2 | Comparison of methods commonly used to measure ligand binding.
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Separation D’ (usually radioactive, but other tags x ¥ x v V voox b x x x \ \'
can be used) is incubated with R. At
equilibrium, free and bound D are
separated, usually by filtration or
centrifugation, and bound D" is
quantified (usually by liquid scintillation
counting)*.

P Fluorescence polarization detects v v v V x N x N x V x \{
binding of a small fluorescent ligand (D°)
to a larger protein using plan-polarized
light to detect the change in effective
molecular volume™*(Fig. 2).

e Isothermal titration calorimetry measures ~ x x v v v oo x v x x x i
directly the tiny amounts of heat released
or absorbed (AH), as increasing
concentrations of D are added to
purified R*.

SPR Surface plasmon resonance detects the x x ) 4 y X ox x N x x V x
increase in size of an immobilized ligand
when it binds a larger protein by
recording the change in refractive index
at the surface of a thin metal film®24,

FCS By measuring fluorescence intensity from x ) x y x ox 3 v x N v
a small volume over short intervals and
calculating autocorrelation functions,
fluorescence correlation spectroscopy
allows rates of translational diffusion to
be measured in intact cells. Binding of a
small fluorescent ligand to a larger
protein can thereby be detected*,

SPA For scintillation proimity assays, R is x ¥ v x v x x x* x x x vy x
immobilized on a bead-containing
scintillant, which detects radioactive
D" only when it comes close to the
bead. Only D" bound to immobilized R is
thereby detected. The assay is conducted
in a liquid scintillation counter®#7,

TIRFM By illuminating only a very thin field i x v v v‘ X ox y v ) x v x
(~100 nm) above a cover slip, total
internal reflection fluorescence
microscopy detects only fluorescent
molecules within the field. Binding of
fluorescent D" to an immobilized R can
thereby be detected®*.

FRET Fluorescence resonance energy transfer x x v v v X x y v «/ B v v
is the nonradiative transfer of energy
between two fluorophores with
overlapping excitation and emission
spectra. Because FRET efficiency depends
on the separation of the fluorophores,
it can be used to monitor association of
fluorescently labeled D" and R (ref. 50).

 and x indicate whether the method does () or does not (x) satisfy the criterion,
K, for unlabeled ligands can be determined in equlibrium competition binding assays with labeled ligand. *Binding to cell-surface receptors only. ‘Costly to purify the large amounts of protein required. “ITC is the only method to measure AH directly.




