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Tutorial 2: Evaluation of SPR
Binding Kinetics for Affinity
Interaction Analysis
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Content

« Mass transfer and affinity — driven molecular binding
kinetics.

 Design of the experiment to suppress the impact of
diffusion limited binding kinetics.

« Tutorial on the fitting of equilibrium sensor response,
fitting of the kinetics that are affinity driven, global analysis
and taking into account the mass transfer.
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Langmuir Adsorption Isotherm:
Assumptions

« All adsorption sites identical

« Adsorbed species interact only with adsorptions sites, not with each
other

« Adsorption limited to a monolayer
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Langmuir Adsorption Isotherm

Equilibrium of a reaction: Solution
_ k
A+ Bz K=-—*%
y k,
Kinetics of the reaction Substrate AB B
on a surface:
dy : : : :
E _ ka a, ( [ }/) _ kd ¥y Describes the interaction for:

a) ldentical monovalent receptors B

b) Constant concentration of A in the solution

«, Concentration [A] (IA]>>[B])

4 Concentration [B] (Possible to describe more complicated
interactions e.g. multivalent receptors)

y Concentration of [AB]
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L

Sample flow i’ D — diffusion coefficient

? lefusmn . kBT
h 6ran
y]—)
a — molecule A hydrodynamic
| radius

n - solution viscosity

~

In SPR biosensors, analyte molecules A in a liquid samples are flowed over
the sensor surface.

1/3

Due to the friction, at the surface the flow velocity is v D?
v=0. Approximation that the analyte mass transfer k =& 75—
rate occurs across an unstirred layer through hL

diffusion:
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A) Description of laminar flow and diffusion in a flow-cell

8a(x,y,t) zD(aza(x,y,t) .\ 82a(x,y,t)j_4v X(l_l) 805(x,y,t)
max h h

ot 0’ x 0’y ox

B) Binding to receptors on the flow-cell bottom

7 0) (0. ()b ()

C) Boundary conditions :

D@a(x,h,t) 0 D@a(x,O,t) _ 87/(x,t)
Oy oy ot
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Mass Transport Limited Kinetics

d
,2Corrected Langmuir equation™: % =k? a, (,3 _<7,>) — kS <7>
Valid when the diffusion parallel k
the sensor surface can be omitted k= 3
’ 1+k — t) |/ k
(diffusion is much slower than a [ﬂ <7/>( )} M
the flow through the flow-cell) P kd
Ik [ B-(n)(0) ]k
v h* )
Pe — max >> 1 v D2 3
DL k, ~ 1.378( s ]

Mass transport can be omitted
when Damkohler number Da<<1:

2

-1/3
Da—kﬂ( hf] «1 = k' =~k kI =k,

J. Stepanek et al. in J. Homola (Ed.), Surface Plasmon Resonance Based Sensors, Springer (2006) 45-69.
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Surface Reactlon with Mass

Transfer
Reaction kinetics become a function of mass transfer rate k...
dy k = k,
o =k,o(B—y)—k,r on 1+ka[,8—7/(t)@

kd P

k ==
off 1+ka[ﬂ—7(t)@
Fast diﬁw diffusion

Kn>>KoB k <<k
Reaction is affinity-controlled Reaction is diffusior:-
and k_ =k, , k .~k controlled, k,=k,3" and

koffz kmkd(kaIB)_1

(low probe / ligand density, high flow rate)
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Typical Characteristics

Properties of biomolecules:

Affinity constants: k,=10310” M-'s"! and k,=10*-0.1 s-' for majority of
protein-protein interactions.

Diffusion constant: D=2.4 X 107 cm2s™! for water, T=20 °C and a
molecule with the diameter a=10 nm.

Fluidic system parameters:
Flow-rate: =100 pL/min

Flow-cell parameters: width w=5mm, height h=0.5mm, length
L=10mm

Peclé number: Pe~400 (>>1 needed)

Damkdhler number: Da~10-3 (<<1 needed) for =10 ng mm?, MW=160 kDa,
k,=10" M-1s-1, D=2.4 X 10-°> mm?s-!, h=0.5 mm, Pe=400
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F|tt|ng of the Sensor Kinetics
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SPR biosensor output R(t) is proportional to 7/(t), one can fit k, and ky as:

R,)=R_, -R,)e™) +R R (t)=(R

max ; max

K,! k!

a

-RO)(I — e kaGokq )(t-to)) 4 R()



Global Analysis

Response units (RU)
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®» Association and dissociation binding
rates (k, and ky, respectively) or more
complex parameters can be determined
by fitting with a model.

®» Analysis can be performed through

specialized software (e.g. from BlAcore,
Scrubber ) or by another tools allowing
fitting with non-linear functions (e.g.
Origin).
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http://www.biologic.com.au/scrubber.html 12



