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HIGH AFFINITY

• Tight binding between interactants

• At equilibrium – concentration of complex is high while 

concentration of free interactants are small 

• High affinity = small KD - picomolar 10-12 to femtomolar 10-15
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LOW AFFINITY

• Weak binding between interactants

• At equilibrium, concentration of complex is low while 

concentration of unbound interactant is high

• Low affinity = large KD - millimolar 10-3 to nanomolar 10-9
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AFFINITY – A FUNDAMENTAL BIOPHYSICAL ATTRIBUTE

• Development of high affinity antibody candidates in therapeutic 

discovery programs 

– Affinity ranking of hits and selection of leads

– Affinity maturation and antibody engineering to optimize leads

• Selecting reagents for development of robust, quantitative 

analytical assays

• Assessing binding activity and reagent quality between lots/batches 

in manufacturing

© Gyros Protein Technologies4

INDUSTRYACADEMIA/INDUSTRY

Target id

Hit 

generation 

and lead 

selection

Lead 

Optimization/ 

Characterization

Candidate 

Selection

Pre

clinical
Phase 

I

Process development

Commercial 

manufacturing and QC

Discovery Development Manufacturing

Phase 

II

Phase

III

Research



PLATFORMS FOR AFFINITY OR KINETIC CHARACTERIZATION

Measuring affinity or kinetic attributes of biomolecular interactions

• Biosensor based kinetic measurements – SPR or BLI

• Calorimetric based methodologies

• Concentration based measurements

Biacore Forte Bio Carterra

Gyrolab

Kinexa
Nano temper MicroCal ELISA

In-solution measurement:

Solid-phase measurement:



LIMITATIONS WITH CURRENT TECHNOLOGIES
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• Flow based techniques

- Large sample volumes

- Serial sample analysis with low throughput

• Microplate techniques

- Equilibrium shift – disturbance of equilibrium 

conditions during assay incubation

Surface based kinetic techniques

• Slow off-rate not accurately measured

- Limitations for determination of high affinity interactions

- Long instrument occupation time

• Immobilization of one interactant  

- Non-natural conditions with modified molecules

- Mass transport effects need to be considered

- Optimization of surface regeneration

Equilibrium based in-solution assays



IN-SOLUTION AFFINITY DETERMINATION

• Negligible equilibrium shift during measurement when using 

micro-fluidics

• High affinities (pM – fM) can be determined 

• Neither interactants are modified and interaction is performed in 

solution

– Mimics the biological system

– As close to the ”true” affinity constant as can be obtained

– Affinity of ligands binding to receptors on cells can be determined

• Easy to set up the experiment
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STANDARD CURVE VERSUS AFFINITY CURVE
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Both use standard immunoassay formats but with 

different experimental design



SETTING-UP IN SOLUTION AFFINITY EXPERIMENT

• Prepare the affinity samples

– Mix a fixed concentration of one interactant F with 

a variable concentration the binding partner V, 

forming an affinity series in microplate wells 

– No labelling of the interactants required.

• Let mixtures incubate until equilibrium is reached
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Fix interactant (F):

Variable interactant (V):

Incubation in microplate wells:

F V FV

Equilibrium



SETTING-UP IN SOLUTION AFFINITY EXPERIMENT

• Prepare the affinity samples and incubate until equilibrium

• The free fixed interactant [F] in the wells is determined with a 

standard Gyrolab method using a Bioaffy™ CD using

– Biotinylated variable interactant as capture reagent

– Detection reagent for the fixed interactant
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SETTING-UP IN SOLUTION AFFINITY EXPERIMENT

• Prepare the affinity samples and incubate until equilibrium

• The free fixed interactant [F] in the wells is determined

• Plots free [F] response vs molar concentration of [V] to generate the affinity curve 

• KD values and active concentration is obtained using different assay conditions
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Stochiometric or KD controlled curve

• Affinity curves plotted in a three dimensional graph illustrating the fixed interactant 

concentration gradually changes the curve to be KD controlled at low concentrations 

(blue) and stoichiometrically controlled at higher concentrations (green)

• A sweet spot curve (purple) is indicated where both parameters KD and active fixed 

concentration is accurately obtained.

Reference: Abdiche, PloS ONE, Issue 11, Volume 8, 2012
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EXAMPLES OF

AFFINITY DETERMINATION



TNFa AND TNFa ANTAGONISTS

• Tumor necrosis factor (TNFa) is a cytokine, 

involved in systemic inflammation and 

associated with autoimmune disorders 

• Treatments are provided with established 

antagonists such as monoclonal antibodies or 

Fc-fusion proteins

– Remicade® (infliximab)

– Humira® (adalimumab)

– Enbrel® (etanercept)

• Biosimilar and 2nd generation antibody

– Remsima™ (infliximab)

– Simponi® (golimumab)
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THE AFFINITY EXPERIMENT FOR TNFa ANTAGONISTS

• Affinity series are created by mixing:

– TNFa dilution series with concentration (20 nM – 2 pM) as the variable interactant

– TNFa-antagonist as fixed interactant with binding concentration 10 pM and 500 
pM for KD controlled and stoichiometric controlled curves, respectively

• The affinity samples are incubated at room temperature for 72 hours 

• Free TNFa antagonist is determined using a Gyrolab affinity method with 
biotinylated TNFa as capture and fluorescence labelled a-huIgG as detection 
reagent
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Fix interactant:

Free TNF antagonist

Capturing reagent:

Biotinylated TNFa

Detection reagent:

Alexa Fluor® Anti-human IgG



AFFINITY DETERMINATION OF FIVE TNFa ANTAGONISTS

• Affinity determination of 5 TNFa antagonists:

– Original biological, biosimilar and biobetter biotherapeutic products

– Results from KD controlled affinity series is fitted to the model and KD values are obtained 

• All antagonists is determined to low pM affinity

– Biosimilar and original infliximab product show similar results

• Several binders in the pM range can easily be determined in one Gyrolab affinity run
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KD controlled curves: 

Data points and resulting KD value

20pM 17pM

8.2pM 9.0pM 9.5pM

1.0E-12

1.0E-11

1.0E-10

1.0E-09

Adalimumab Etanrcept Golimumab Infliximab Infliximab

Humira Enbrel Simponi Remsima Remicade

K
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(M
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KD for TNFa antagonists in solution



DETERMINATION OF ACTIVE CONCENTRATION OF

TNFa ANTAGONISTS

• Using stoichiometrically controlled affinity series the binding sites for the TNFa

antagonist is titrated until complete inhibition

• The equimolar concentration representing the active binding site concentration is 

obtained by curve fitting

• Active concentration of TNFa antagonists is measured repeatedly on different 

CDs with CV below 5%
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Stoichiometrically controlled curves: 

Data points and resulting active concentration

Active concentration of TNFa antagonists

(n=7)
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Time to reach equilibrium 

• The time to reach equilibrium depends on the kinetic binding properties of the interaction and 
the concentrations used. The time to reach equilibrium can be calculated using the equation T = 
3.5/(kon*C+koff ). Ref

• The kinetic information is seldom available and it may be more useful to use the recommended 
incubation times in the table below.

• Measure affinity using Gyrolab microfluidic format makes it easy to perform time studies from 
aliquotes of the equilibrium mixtures.

KD (pM) Incubation time (h)

1000 12

100-1000 24

10-100 36

<5 72

Reference: Andersson et al, Nature Proc, 10 November 2010

https://www.nature.com/articles/npre.2010.5218.1

https://www.nature.com/articles/npre.2010.5218.1
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NEW KINETIC EQUILIBRIUM MODEL

FOR PRE-EQUILIBRIUM ANALYSIS

OF TITRATION CURVES



SOLUTION BASED REACTION KINETICS

• Research Project

• To determine kinetic binding constants, 

• Pre-equilibrium titration curves 

• Calculation of  kon and koff based on the kinetic model 

• Data Analysis using  non-linear regression analysis software 

(GraphPad Prism)
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KINETIC MODEL FOR ANALYSIS OF PRE-EQUILIBRIUM TITRATION

CURVES

• A recent publication propose a kinetic pre-equilibrium model using Gyrolab 

• Useful for KD determination particularly for high-affinity for slowly equilibrating systems.

• Analysis of interactions where molecule stability is limiting

• Determination of kinetic parameters, kon and koff.
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Pre-equilibrium titration curves simulated

- Complex formation 
Follow an affinity series approaching

equilibrium over time

Reference: Vanhove, E. et.al European Biophysics Journal 2018

Title: Affinity determination of biomolecules: a kinetic model for the analysis of pre-equilibrium titration curves



KINETIC MODEL FOR ANALYSIS OF PRE-EQUILIBRIUM TITRATION

CURVES

• A publication describing a model obtaining kinetic binding constants using pre-equilibrium 
kinetic titration curves using Gyrolab 

• Determination of kinetic parameters, kon and koff.

• The model is useful for KD determination for high-affinity slowly equilibrating systems.

• Analysis of interactions where molecule stability is limiting
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Follow an affinity series approaching

equilibrium over time

*Reference: Vanhove, E. et.al European Biophysics Journal 2018



KINETIC PRE-EQULIBRIUM MODEL WITH GYROLAB

Incubation time

(hour:min)

0:23
1:20
2:15
3:10
4:05

21:17
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Pre-equilibrium model: Equilibrium model:

• Initial evaluation of the kinetic model using a therapeutic antibody and its ligand

• Gyrolab runs can be set up to generate pre-equilibrium titration curves.

• The KD obtained with the pre-equilibrium model comparable with the equilibrium model

• Kinetic constants are determined with koff values at the 10-6 level

KD = (3,6±2,0) 10-11 M

40:24

63.48



CONCLUSIONS

• Measurement of KD values down to low picomolar

• Solution based measurements mimics biological systems

• KD’s are determined using unmodified interactants in solution

• Microfluidics give minimal equilibrium shift during 

measurement

• Full kinetics possible using pre-equilibrium model
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in-solution affinity determination



Questions?


