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Biophysics of protein
Interactions:
Measuring affinities

Day 7: Tuesday 28t March



This talk

* Protein interaction affinities
e Equilibrium and kinetic models

* Kinetic measurement
e Surface Plasmon Resonance (SPR, Biacore)

e Equilibrium measurement
* SPR
* |sothermal Titration Calorimetry (ITC)
* Fluorescence polarisation
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Protein association

A+ B <= AB
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Protein association

* K, is the concentration at which
the binding is half-saturated

* If [A] << K, then [A] = [AB] when
[B] = Kp
* K5 is units of concentration (M)
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UNIVERSITY OF Image: Goodrich and Kugel (2006) Binding and Kinetics for Molecular Biologists, CSHP
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Protein association
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What does this mean?

Interaction affinity | Interaction half-life

1 mM 0.7 ms
1 uM 0.7s
1 nM 11.5 min
1 pM 8 days

Assuming k_, is approximately diffusion limited
(~10°-10" M1s?)
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What does this mean?

N Eeaene |
Variable Average Conserved

Clathrin:peptide
1 mM 0.7 ms
1 uM 0.7s
1 nM 11.5 min
1 pM 8 days

Ab:antigen
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Why measure affinities?

e To understand the dynamics of the interaction

* To compare interactions under different conditions
e Post-translational modifications
» Different physiological conditions
* Cooperativity

* To prove mutations disrupt interaction




How do you measure affinities?

 Kinetic measurements

* Surface plasmon resonance K, = koff
* Bio-layer interferometry kon
* Thermodynamic (equilibrium)
measurements
e Surface plasmon resonance
* Fluorescence polarisation [A] . [B]
 Isothermal titration calorimetry KD — [AB]

Microscale thermophoresis
Composition-gradient multi-angle light
scattering

e ...and more!
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How do you measure affinities?

* Kinetic measurements
e Surface plasmon resonance
e Bio-layer interferometry

* Thermodynamic (equilibrium)
measurements

Surface plasmon resonance

Fluorescence polarisation

Isothermal titration calorimetry

Microscale thermophoresis

Composition-gradient multi-angle light
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Surface plasmon resonance (SPR)

e Evanescent wave excites —=

surface plasmon of gold- O Fowctamel_G 20
Nwﬂw?o/_
coated surface

-A\‘ PripetitiA
* Disperses energy, yielding ‘dip’ Potartzed - eflected
in reflected light /\ \/ /«5-‘--;\
@&> ﬂgtze:?lltja/mln
_ - Sensorgram %
. 8 _
2 ¥ P
= VA 2% |8
* = - L S
Angle Time

Nature Reviews | Drug Discovery

Cooper (2002) Nature Reviews Drug Discovery 1: 515-28
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Surface plasmon resonance (SPR)

e Evanescent wave excites

S () Flow channel ®) © 0
surface plasmon of gold- Nv?w?o/_
coated surface -A\‘ Pyt

* Disperses energy, yielding ‘dip’ Polarzed .. fg??te“e"
in reflected light /\

 Change in mass within C Lo ) d‘é’t’éfé?ﬂn
evanescent field changes \ ”"”
resonance (‘dip’ angle) Sensorgram =

.. ' o]

* This is reported at the SPR 2 Mo

response (in RU) £ [ - '"| _TEEE
ngle ime

Nature Reviews | Drug Discovery
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SPR surfaces

* SPR surface is a dextran hydrogel Dexiran

on a thin gold layer mh"ﬂ A“‘) matrix

) ”’ old layer
* The dextran is functionalised to 4,"" ') }. &’ ”z’( / Z,t |

enable the capture of the ligand

* Molecules that are captured on the //////////)///
SPR surface are called ligands
* Molecules that interact with the \

ligands during the experiment are E ~—7 -[h@ Biacore Sensor cmpg\
L %)

called analytes

Image: Cytiva




SPR experiments

* SPR instruments use computer
controlled pumps and microfluidics
to control the flow of ligand,
analyte and buffer onto the surface

e T200 instrument (shown) has four
flow cells on the one surface

e Can capture different ligands on the
four surfaces

* Can flow the same analyte over all
surfaces, to measure relative changes
in SPR response (binding)

Image: Cytiva
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SPR sensorgrams

e Capture ligand on the surface

* Flow analyte over the surface - v —g Y
and measure change in SPR ol ey
signal (RU) W N
* Association phase E (%00 o)
E: :g‘?‘u'y‘f}'} Regeneration
* Flow buffer over the surface g i
a.nd measure change in SPR N l \—f*"‘*‘“’“ | |
signal (RU) — (e —
* Dissociation phase S~ ~—~
* Regenerate surface to remove oo e

residual analyte
* low pH, high pH, salt, detergent

Nature Reviews | Drug Discovery

Cooper (2002) Nature Reviews Drug Discovery 1: 515-28
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SPR sensorgrams

* The height of the sensorgram is

related to the mass of analyte - ez 228 o
that associates with the surface "1 T nay
* 1000RU =1 ng/mm?=10mg/mL .. .
% :z‘.???u";:fy Regeneration |
T 12 = . i l '\Mf
—{ - k ------- ’ all >( I
\j/ S—

Nature Reviews | Drug Discovery

Cooper (2002) Nature Reviews Drug Discovery 1: 515-28
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SPR sensorgrams

* The height of the sensorgram is
related to the mass of analyte
that associates with the surface

e 1000 RU =1 ng/mm? =10 mg/mL

e Shape of the sensorgram during
association phase is determined
by the analyte’s binding (k)
and dissociation (k) rates

Resonance signal (kRU)

Nature Reviews | Drug Discovery

Cooper (2002) Nature Reviews Drug Discovery 1: 515-28
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SPR sensorgrams

* The height of the sensorgram is
related to the mass of analyte
that associates with the surface

e 1000 RU =1 ng/mm? =10 mg/mL

e Shape of the sensorgram during
association phase is determined
by the analyte’s binding (k)
and dissociation (k) rates

e Shape during the dissociation
phase is determined by the
dissociation rate (k)
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Resonance signal (kRU)

Iy
/ [+]

ko ereies

Nature Reviews | Drug Discovery
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Ligand capture chemistry — Carboxymethyldextran (CM)

* Chemicals EDC and NHS activate the
carboxyl groups on CM surface

 Amine groups on the ligand (lysine side
chains and N terminus) form covalently
bonds with CM

e Ligand is captured in random
orientation

* Can get surfaces with different CM
chain lengths

e CM7>CMS5 >CM3

e Can capture with other chemistries
(e.g. cysteine residues via thiols)

EDC/NHS

OH -

I
=0 c=0

Figure 4-5. Amine coupling of ligands to the sensor surface.

Image: Cytiva




Directional capture — streptavidin and NiNTA

* When ligands are captured chemically:

 Randomly orientated, so a proportion may
have their analyte binding surface blocked

. . '2% -, AL
* Coupling process is harsh and can damage W pp A R
Iigands [ T 9%% w ?@ %/%
° Ligands can be Ca pture USing tags: Luan Dextran surface ﬁfg Streptavidin Biotin tagged peptide
e Highly specific
e Defined orientations may prevent blocking of
analyte-binding sites
. od [ ({j ‘} }‘ﬁ\Jf : (_,.; M"” %‘ W
* SA surfaces have covalently associated Ll @ LT L L @

streptavidin, capture biotinylated ligands

* You can make your own using CM5 surfaces
and purified streptavidin

* NTA surfaces can bind His-tagged proteins

UNIVERSITY OF Images: Biosensing instruments USA; Su et al. (2018) Sensors 18: 2668
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Other capture technologies

e Lipophilic surfaces (L1) allow the study of
membrane (liposome) binding

ol o UNIVERSITY OF Image: sprpages.nl
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Other capture technologies

e Lipophilic surfaces (L1) allow the study of
membrane (liposome) binding

* Antibodies for directional capture

e Capture antibody on CM5 surface then capture
antigen as ligand and flow over analyte

» Useful if regeneration conditions prove difficult

to optimise
Y woeor o

EDC/NHS LIGAND

4,
'E: Activation “ “
o (,00‘\ (100\’\ ' I I I '

O

/7///&77!’77 (1777777777 [T

COOH sensor Antibody bound to sensor Ligand coupled to antibody-
coated sensor

UNIVERSITY OF Image: https://nicoyalife.com/blog/spr-sensor-guide/
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Other capture technologies

Analyte —. ..
* Lipophilic surfaces (L1) allow the study of o
membrane (liposome) binding
* Antibodies for directional capture e M
e Capture antibody on CM5 surface then capture N

antigen as ligand and flow over analyte
» Useful if regeneration conditions prove difficult
to optimise
* Biotin CAPture

 Streptavidin binds surface via DNA
hybridisation, binds biotinylated ligand

Response

¢ A n d m a ny m O re see Boselme . Analyte .HQQS'IS"Q"CI'JCJI“

ol ko UNIVERSITY OF Image: Cytiva
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Coincident detection of proteins and phosphoinositides
on membranes
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Budding

=\ VAMPS

Response (RU)

N
o
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-
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T
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PtdIns4,5P2
T T -1

0 60 120 180
VAMPS8 +
PtdIins4,5P2
CALM:80 nM

40 nM
10 nM

T
0 60 120 180

T

Time (s)

Miller et al. (2011) Cell, 147: 1118-31




The challenges with SPR

* Optimising capture
e Capture conditions can denature ligand
* Need low capture to minimise rebinding and mass transport
* Optimising regeneration
* Incomplete regeneration means analyte stays bound, lowers effective [ligand]
* Too harsh regeneration denatures ligand, lowering effective [ligand]

* Works great for antibody:antigen interactions, but optimising
conditions for other assays can be challenging
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This talk

* Protein interaction affinities
e Equilibrium and kinetic models

* Kinetic measurement
* Surface Plasmon Resonance (SPR, Biacore)

e Equilibrium measurement
* SPR
* |sothermal Titration Calorimetry (ITC)
* Fluorescence polarisation
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SPR can also be used for equilibrium measurements

* Measure increase in total response
(RU) with increasing [analyte]

. . . 60 — 60 —
* Plot increase in RU as function of 5.6 uM
the [analyte] to determine K| Ba0- | 2,0 Ko0.6pM /
* Don’t measure k_, or k ¢ gzo_ T gzo_
* Essential that injections reach z \11 M E
Dlfimaessesis
0

equilibrium . .

. . .. 0 100 200 0.01 0.1 1 10

e Easiest to achieve for lower affinity
(high nM to uM affinity)

Time (s) [analyte] (uM)




Isothermal titration calorimetry (ITC)

* Label-free analysis

* Tells you enthalpy,
stoichiometry and affinity of

Interactions
e Can work out free energy

* Gold standard for
protein:protein interactions

Image: Malvern Panalytical




Gibbs free energy (G)

* A measure of the thermodynamic potential of a system

* The thermodynamic potential (G) is minimized when a system
reaches chemical equilibrium

* A process will be favourable (spontaneous) if it decreases the Gibbs
free energy of the system (if AG < 0)




Gibbs free energy (G)

* The Gibbs free energy of at any moment is defined as the enthalpy of
the system minus the temperature times the entropy of the system

AG = AH - TAS

AG = change in Gibbs free energy
AH = change in Enthalpy (Heat)
AS = change in Entropy (Disorder)

@7 UNIVERSITY OF
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Enthalpy (AH) is heat

e Caused by formation or
breaking of bonds

e If a reaction is exothermic
then AH is negative”

e If a reaction is endothermic
then AH is positive”

* .
Assummg constant pressure

UNIVERSITY OF Photograph: kennardphillipps/Reuters
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Entropy (AS) is disorder
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Entropy (AS) is disorder

Going from disorder to order costs energy...
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Change in Gibbs free energy (AG)

AG = AH - TAS

* Making things more ordered (AS < 0) cost energy,
making things more disordered (AS > 0) releases
energy

* Exothermic reactions release energy (AH < 0),
endothermic reaction store energy (AH > 0)
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Gibbs free energy (G)

* The change in Gibbs free energy conferred by a binding interaction is
related to the K of the interaction

AG = RT In(K})

R = Gas constant, T = Temperature




ITC characterises thermodynamic properties of interactions

* [sothermal Titration Calorimetry

* Measure power required to
keep a reference cell at the
same temperature as the
sample cell as we inject (titrate)
an analyte into the sample cell

* Ligand is in the sample cell

* Analyte is injected into the cell
as a series of short injections

e System returns to equilibrium
between each injection

|DE jl:lil‘— Injection motor

Piston

I I
I E <«— Mixing motor
o =

LYp———— Syringe

<4—— Outer adiabatic shield

Needle flattened

@I‘| ,

L for mixing
I_‘PI Sample cell

Image: Malvern Panalytical (?)




ITC measures heat evolved during binding interactions

Time (min)
0 100 200
0.5 T T T
0.0 B
§ -0.5- .
|Di[: j[li|4_ Injection motor = 15
Piston 154 Raw data N
0 T T T T
«— Mixing motor | ]
ks
Lyp8——— Ssyringe T 5
<«—— Outer adiabatic shield _E
o
| - E
Inner adabatic ‘j
jacket — — Needle flattened -10 ,
/ 4 for mixing Reaction enthalpy
Reference cell d I_‘PI Sample cell |

. T N T ¥ T ¥ T ¥ T
00 05 10 15 20 25 30
Molar ratio

. UNIVERSITY OF Image: Malvern Panalytical (?)
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Results of ITC measurement
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ucal/s

kcal/mol Ligand

Time (min)

30 60 90
l L]

f(TwF(r[i[rr:.

1 affinity: Ka=1/Kp

N

enthalpy: AH

l stochiometry: N

T T T T T T
0.5 1.0 1.5 2.0
Molar Ratio (ligand/protein)

Image: https://cmi.hms.harvard.edu/isothermal-titration-calorimetry




The energetics (thermodynamics)

AH, change in enthalpy is

AG = RT In Ko indication of changes in

hydrogen and van der Waals
bonding

-TAS, change in entropy is

AG = AH -TAS indication of changes in

hydrophobic interaction and/or
comformational changes

AG  Gibbs free energy
AH  Enthalpy

AS  Entropy We measure AH and K,
R Gas constant = 1.985 cal K-! mol-! . . .
T Temperature in Kelvin directly in an ITC experiment

Kp  Equilibrium dissociation constant




Elucidation of binding mechanism

* Enthalpic (AH) Contributions

* Hydrogen bonding and van der
Waals interactions

* Solvent also plays a role Kq ®

* AH is negative for enthalpically = A C— 4 o o
driven reactions °

e Entropic (AS) Contributions

* Hydrophobic effect, water release
(faVOU rabIE) O @ @ Waters, ions, protons

* Conformational changes and A Ligand
reduction in degrees of freedom
(unfavourable)

* AS is positive for entropically
driven reactions ( -TAS )

' Macromolecule

bl s UNIVERSITY OF Freire (2007) Eur. Pharm. Rev. 5: 73-78
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Measuring the thermodynamics

Unfavorable

A. Good hydrogen bonding o,
with unfavourable
conformational change

W AG
B AH
B -TAS

B. Binding dominated by |
hydrophobic interaction 10

kcal/mole
(5]

C. Favourable hydrogen 15-
bonds and hydrophobic 20
interaction A . c ¥ .

Image: Malvern Panalytical




ITC challenges

* Non-specific heat generation
* Buffers must match absolutely

* Relatively large amounts of protein
required
e Less of an issue with new machines

* Low enthalpies evolved

* Try changing the temperature of
experiment

e Difficult/Labour intensive
 Not with automated machines

UNIVERSITY OF Image: Malvern Panalytical
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ITC challenges

* Non-specific heat generation
* Buffers must match absolutely

* Relatively large amounts of protein
required
e Less of an issue with new machines

* Low enthalpies evolved

* Try changing the temperature of
experiment

* Difficult/Labour intensive
e Not with automated machines . =

UNIVERSITY OF Image: Malvern Panalytical
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ITC of mutant confirms PTPRK:Afadin interaction interface

e Afadin is an important cell _ Dor i
adhesion molecule that is c %_05_ !
phosphorylated by PTPRK po e 3

* We mapped the e B P2 S W [

i . i . a A Nt »E8 20 30 40 50 60
interaction interface using RS LN Time (min)
biochemistry (pull-downs ' '

and IPs) and AlphaFold bd sasssunsns s uf

* Mutations at the predicted g ®1 i

interface abolished the g 11 i

interaction = DM T
O o5 10 1.5

Molar Ratio

Hay et al. (2022) eLife, 11: e79855




This talk

* Protein interaction affinities
e Equilibrium and kinetic models

* Kinetic measurement
* Surface Plasmon Resonance (SPR, Biacore)

e Equilibrium measurement
* SPR

 |sothermal Titration Calorimetry (ITC)
* Fluorescence polarisation
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Fluorescent molecules absorb and emit light

e Absorb light at
excitation wavelength

* Emit light at emission
wavelength

* Time delay between
excitation and emission
is called the
fluorescence lifetime (1)

Image: https://www.thermofisher.com/order/fluorescence-spectraviewer#!/




Light can be polarised

Polarizer 1 Polarizer 2
(Verticalk

Incident Beam
(Unpolarized)

\/] Vertically

Polarized
Light Wave

‘Plane’ polarisation

UNIVERSITY OF Image: EVIDENT / Olympus lifescience
)
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Fluorescence polarisation

Saenple
.
e
Vertical
i e
Polarizer I &
| “‘Iluf Horizontal
e Polarized Emission
T Excitation
o Energy

Monochromatic
Light Source

Vertical
Emission

i> UNIVERSITY OF
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Fluorescence polarisation

cchsiion
* If a fluorophore is excited Hm
with polarised light and * *
remains immobile, most of pmmeblle
the emitted light will have
the same polarisation I Ul =

Polarized
emission

Rossi and Taylor (2011) Nat. Protoc. 6:365-87




Fluorescence polarisation

Polarized
excitation
* If the fluorophore rotates Hm
during its fluorescence * X * K
lifetime, less of the Immobile Tumbling
. . . fluorophore fluorophore
emitted light will have
the same polarisation I Ul - I H =
1
Polarized De-polarized
emission emission

UNIVERSITY OF Rossi and Taylor (2011) Nat. Protoc. 6:365-87
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Fluorescence polarisation correlates with tumbling time

Polarized
excitation
* By measuring the ratio Hm
of fluorescence *x * * K
polarisation, we can immobile Tumbling
. fluorophore fluorophore
measure how rapidly a
molecule is tumbling I Ul - I H =
1
Polarized De-polarized
emission emission

Rossi and Taylor (2011) Nat. Protoc. 6:365-87




Fluorescence polarisation correlates with tumbling time

b o snV i
RT 1]
P = Polarisation value * "‘

fluorophore

VV = molecular volume

n = viscosity I Ul =
R = gas constant Polarized

T = Temperature (K)

"H —

* K

Tumbling
fluorophore

1

De-polarized
emission

Rossi and Taylor (2011) Nat. Protoc. 6:365-87




Big molecules tumble slower than small ones

¢ [

3nlV/ Bigger molecules have a
RT  larger molecular volume (V)

Rl UNIVERSITY OF Image: Invitrogen
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Fluorescence polarisation measures protein:ligand binding

Small Molecule Rapid Rotation

Emitted Light s
Depolarized

Polarized ‘3 ‘? et ed Licht R .
Excitation —=——j— —_— S mitted Lig emains

Light Polarized

Large Complex Slower Rotation

...iIf binding event causes a significant change in the tumbling of the ligand

Image: Invitrogen




Fluorescence polarisation

* Titrate unlabelled protein into
solution containing constant ol Molecute apid oaton
amount of labelled ligand
(peptide)

e Look at fluorescence
polarisation of labelled ligand

e Uses nM concentrations of
fluorescent ligand

Large Complex Slower Rotation

e Can measure interactions with
nM to sub-mM affinities

Image: Invitrogen




Measuring fluorescence polarisation

Full-size

Half volume

i‘i UNIVERSITY OF Plate images: Perkin Elmer
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Fluorescence polarisation

* Excite fluorophore with
plane-polarised light

* Pass emitted light through
polarising filters parallel or
perpendicular to the
polarisation of the exciting
light

UNIVERSITY OF

CAMBRIDGE

PMT A
mmmm Emission filter
=== Excitation filter
PMTB | <
\ Dichroic mirror
Dual-emission
beam splitter
fl }(ﬁr}on EE X Polarization filter -
- % horizontal
Polarization filter -
vertical
SESEEEEEEEEEEEEN

Rossi and Taylor (2011) Nat. Protoc. 6:365-87




Fluorescence polarisation (FP) vs fluorescence anisotropy (FA)

* Two different ways of expressing the data:

Fluorescence Polarisation (P)

p =il — L/l 4+ L

Fluorescence Anisotropy (A)

A=1l-L /114 2x]L

Where Il = Intensity of emitted light with polarisation parallel to incident light,
I-= Intensity of emitted light perpendicular to incident light




Fluorescence anisotropy

 We generally use anisotropy

* Maths is slightly more convenient, but n
information content is the same
. . A — fl X Ai
¢ FIuorescence anlsotropy IS

. . =1
a ratio, thus unit-less l

* Immobile molecules will have A=0.4

* Highly mobile molecules will have A=0

* Polarisation of excited light is randomly
oriented, so Il - 11 =0

#B> UNIVERSITY OF
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Fluorescence anisotropy experiment

oY, .
Fingers - o
. Thumb
b
A 0.15
}
S Paim § 0.10-
(ly =
w °
2
& 0.05
Lol
S52 P231
D235
0.00 . : ; T )
» F229 00 05 10 15 20 25
D234 G231
* Epmy [VP1] MM
#7230 .
)\ R228 .
- =227
i

Bahar et al. (2013) Journal of Virology, 87: 3229-3236
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Fluorescence anisotropy experiment

I:_’_ e, ol L -4
Fingers_ ' o
. Thumb
b
I 0.12-
-5 Palm o 0.101
1K bor
= °
2
c 0.08-
< Kd 0.1164 uMm
by s 0.06
D235 P231
' F223 0.01 0.1 1 10
G233
» D334
. [VP1] uM
#1230 .

/‘\ R228
v 5227

UNIVERSITY OF Bahar et al. (2013) Journal of Virology, 87: 3229-3236
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One-site binding model

FA [(Fluorescent)Ligand] is constant

max -

FA

Kd

[P]
FA =FA__ *[P]/(Ky+[P]) + NS*[P] + Background

Max

* Assumptions:
* No depletion of protein by the ligand
* Linear increase in anisotropy due to viscosity
e Constant ligand fluorescence (no quenching)

#B> UNIVERSITY OF
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One-site binding

A Under conditions where [A], . <<K, [ ]TOtaI [ ]

1.0 1 1.0 1
[A] * [B] _ 08 _ 08
R D — = 061 = 061
|AB] : o o
0.2 02 1

0.0 —— 0.0 ——

0 20 40 60 80 100 0 20 40 60 80 100
[BI' nm [Bl'lhlul' nm

* [A] and [B] are amount of free
A and B

° If [A]Total << KD' [B]Total =~ [B]

?‘s a3 UNIVERSITY OF Image: Goodrich and Kugel (2006) Binding and Kinetics for Molecular Biologists, CSHP
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One-site binding

A Under conditions where [A], ., <<K [B]TOta|~ [ B]
1.0 1 1.0 1
Al-|B
K [ ] [ ] 5 981 L 087
— E” 0.6 1 -S: 0.6 1
D [AB] § 0.4 1 g 0.4 1
0.2 0.2 -
0.0 T T T T 0.0 T T - -
0 20 40 60 80 100 0 20 40 60 80 100
[B], nm [B i DM
* [A] [B] f
A a n d B a re a m O u nt Of ree B Under conditions where [A], .., >>K [B]Total>[B]

A and B
° If [A]Total << KD' [B]Total =~ [B] g z: gzz
o If [Alypy = Ko, [Blroes > [B] o .

0 20 40 60 80 100 0 400 800 1200 1600 2000
[B], nm [Blyar DM

UNIVERSITY OF Image: Goodrich and Kugel (2006) Binding and Kinetics for Molecular Biologists, CSHP
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When won’t fluorescence anisotropy work

* When tumbling of ligand doesn’t change significantly upon
binding protein
* Protein must be much larger than ligand

* When Kj is too low (tight binding)

* Need [ligand]<<K, but limit of reliable detection on standard plate
readers for FA is ¥1 nM

* This invalidates assumption that ligand binding doesn’t decrease [P];,..
...but you can work around this by doing clever competition assays

* When protein is fluorescent or quenches the fluorophore!




Fluorescence competition

assays O*D e
*

* Measure increase in Low Flaizaton
anisotropy as ligand is
liberated from protein by

a competitor \3

(C) Most complexis fluorescent
Highest polarization

Competition Assay

UNIVERSITY OF

CAMBRIDGE

C)o*\

(B) Slow Tumbling
High Polarization

e

(D) Most complex is non-fluorescent
Lowest polarization

Image: BMG labtech




Fluorescence competition assays

0'101 o + VP1
0.08{"e m -VP1
= [ J
[ ]
S 0.06- o
‘.6 * d ® [ ] ®
[72]
"= 0.04m [ ] [ ] [] u
<L
0.02-
0.00 Y Y |
0 2 4 6
[VP3] uM

Bahar et al. (2013) Journal of Virology, 87: 3229-3236




Fluorescence competition assays

A

* Can measure K, of unlabelled
ligands (so long as you know 0.10-
Ky of labelled ligand) i

e Can measure very tight

Anisotropy

0.00 T 1
2.0 25

binding affinities (K, = [ligand]) 00 o5 1[73”]”;;5
e Use [Protein] that is £ 2 x KD . °-1°l
(¥75% binding) then titrate in A
unlabelled competitor N A
§ 0%

[VP3] uM

Bahar et al. (2013) Journal of Virology, 87: 3229-3236




Affinity measurements - summary

Technique Solution Label | Thirst for | Cost per K, range
based? free? | protein experiment

Pull-downs Low — Cheap <nM to uM Quick and easy, but only
Medium semi-quantitative

SPR No No Low Expensive nM to uM Kinetics or equilibrium

ITC Yes Yes High Cheap ~“uUM to mM  Stoichiometry, enthalpy

Fluorescence Yes No Low Cheap nM-uM Easy, can use

anisotropy competition

. UNIVERSITY OF
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This talk

* Protein interaction affinities
e Equilibrium and kinetic models

* Kinetic measurement
e Surface Plasmon Resonance (SPR, Biacore)

e Equilibrium measurement
* SPR

* |sothermal Titration Calorimetry (ITC)
* Fluorescence polarisation

Tomorrow: Looking at protein structures
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