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How to characterize a macromolecular 
complex? 

Stoichiometry Stability 

Affinity Kinetics 

Thermodynamic parameters 



A + B  AB  
kon 

koff 

Binding kinetics 
Association: how fast molecules bind = M-1s-1 

Dissociation: how fast complexes fall apart = s-1 

Association 

Dissociation 

kon koff 

forward binding = backward unbinding 

Equilibrium 

kon [A][B] = koff [AB] 
Equilibrium dissociation constant 

KD = [A][B] / [AB] = koff / kon 

KD = 36nM 



Same Affinity … Different Kinetics 

KD = kd/ka = 10-9 (1 nM) Ka = 107 ; Kd = 10-2 

Ka = 106 ; Kd = 10-3 

Ka = 105 ; Kd = 10-4 

Ka = 104 ; Kd = 10-5 



Thermodynamic parameters 

A+B 

AB ΔG 

ΔG = RT ln(KD) 

R is the ideal gas constant, T is the temperature in the Kelvin scale 

ΔG: Change in free (Gibbs) energy 
 
ΔH: Change in enthalpy. 
It is a measure of the hydrogen bonds 
and van der Waals contacts involved 
in the interaction. 
Can be measured as heat exchange 
 
ΔS: Change in entropy.  
Change in ‘chaos’: Change in 
mobility/rigidity conformational 
changes, solvation (hydrophobic 
sites) 

ΔG = ΔH – T ΔS 







Techniques	
  available	
  at	
  the	
  AFMB	
  
Techniques  (in order of apparition at the AFMB)  N:M  Δ∆H/Δ∆S  KD kon/koff Stability 

FP (Fluorecence) YES no YES no yes 

TSA (Thermal Shift Assay) no no yes? no YES 

SPR (Surface Plasmon Resonance) yes yes YES YES - 

MALS (Multi-Angle Light Scattering) YES no no no - 

ITC (Isothermal Titration Calorimetry) YES YES YES yes - 

MST (Microscale Thermophoresis) YES yes YES no - 

BLI (Bio-Layer Interferometry) YES no YES YES - 

Oth!er: gel shift, native gel, chromatography, DLS, CD, AUC… 



Isothermal 
Titration 
Calorimetry 

MicroCal ITC 200 

ITC 











Endothermique (ΔH>0) Exothermique (ΔH<0) 



Micro Scale 
Thermophoresis 

Monolith NT.115 

MST 





Thermophoresis experiment 





Measurement 
over 16 
capillaries 

Fnorm = Fconc – F0 

ΔFnorm = Fnorm – Fnorm 





Surface 
Plasmon 
Resonance 

Biacore T200 

SPR 









Typical binding kinetic’s experiment 



Example of binding 





Bio-Layer 
Interferometry 

Octet Red 96 

BLI 



Bio-­‐Layer	
  Interferometry	
  (BLI)	
  is	
  an	
  
op?cal	
  analy?cal	
  technique	
  that	
  
analyzes	
  the	
  interference	
  paAern	
  of	
  
white	
  light	
  reflected	
  from	
  two	
  surfaces:	
  
a	
  layer	
  of	
  immobilized	
  protein	
  on	
  the	
  
biosensor	
  ?p,	
  and	
  an	
  internal	
  reference	
  
layer.	
  	
  

Bio Layer Interferometry 



Bio-­‐Layer	
  Interferometry	
  (BLI)	
  is	
  an	
  
op?cal	
  analy?cal	
  technique	
  that	
  
analyzes	
  the	
  interference	
  paAern	
  of	
  
white	
  light	
  reflected	
  from	
  two	
  surfaces:	
  
a	
  layer	
  of	
  immobilized	
  protein	
  on	
  the	
  
biosensor	
  ?p,	
  and	
  an	
  internal	
  reference	
  
layer.	
  	
  

Any	
  change	
  in	
  the	
  number	
  of	
  molecules	
  
bound	
  to	
  the	
  biosensor	
  ?p	
  causes	
  a	
  
shiI	
  in	
  the	
  interference	
  paAern	
  that	
  
can	
  be	
  measured	
  in	
  real-­‐?me	
  	
  
	
  

Bio Layer Interferometry 



The	
  binding	
  between	
  a	
  ligand	
  immobilized	
  
on	
  the	
  biosensor	
  ?p	
  surface	
  and	
  an	
  analyte	
  
in	
  solu?on	
  produces	
  an	
  increase	
  in	
  op?cal	
  
thickness	
  at	
  the	
  biosensor	
  ?p,	
  which	
  
results	
  in	
  a	
  wavelength	
  shiI,	
  Δλ,	
  which	
  is	
  a	
  
direct	
  measure	
  of	
  the	
  change	
  in	
  thickness	
  
of	
  the	
  biological	
  layer.	
  

Bio Layer Interferometry 



Direct immobilisation: amine coupling, 
biotin intercation with streptavidin 
 
Capture-based approach: high affinity 
capture antibody (anti-FC, anti-His) or 
use of known motif or tag (protein A, Ni 
NTA) 

Dip	
  and	
  Read™	
  Biosensors	
  
	
  



Typical binding kinetic’s experiment 



Example of binding 



Affinity  
Thermodynamics 

Affinity  Affinity  
Kinetics 

Affinity  
Kinetics 

ITC SPR BLI MST 

Interaction in solution  

No labeling is required 

No limit on molecular 
weight 

Big amount of protein 

High sample 
concentration 

Buffers must match 
excatly 

Easy to use 

No limit on molecular 
weight 

Interaction capillaries 

The labelled protein 
must be really 
monodisperse 

  

Low sample amount 

Measure in any buffer 

No limit on molecular 
weight 

Fast and Easy to use 

Measure in any buffer 
(culture media) 

No limit on molecular 
weight 

Microfluidics 

Ligand immobilisation 

Regeneration 

Non specific 
interaction with sensor 
chip 

Ligand immobilisation 

Regeneration 

Non specific 
interaction with bio 
sensor surface 

Cost 80k€ 

No maintenance 

Cost 80k€ 

No maintenance 

Cost 120k€ 

No maintenance 

Cost 300k€ 

Expensive 
maintenance 

Fragile syringe Capillaries Bio-sensors Sensor chips 





ITC Protein 300μl concentration= 10 x KD 
 Ligand 60 μl concentration = 100 x KD 

Biacore Ligand, depends on immobilisation 50-400 nM, 100μl  
 Analyte, titration between 0.1 and 10 x KD 
Quantity depends on contact time 

 
 
Thermophorèse  Labeled protein 100 μl 20 μM 

Ligand 20 μl concentration = 40-50 x KD 

For all techniques 
 

Purity is crucial for obtaining quantitative reliable results. 
 

« Real » concentration must be measure as accurately as possible 

BLI Ligand, depends on immobilisation 50-400 nM, 200μl  
Analyte, titration between 0.1 and 10 x KD, 200μl 

How much protein do I need? 



In	
  fact,	
  a	
  problem	
  in	
  most	
  of	
  the	
  published	
  data	
  we	
  see	
  is	
  that	
  the	
  authors	
  apparently	
  
did	
  only	
  one	
  experiment;	
  it	
  looks	
  like	
  they	
  walked	
  up	
  to	
  the	
  machine,	
  chucked	
  in	
  their	
  
samples,	
  and	
  published	
  whatever	
  data	
  came	
  out.	
  	
  
	
  
Many	
  users	
  who	
  generate	
  poor-­‐quality	
  data	
  are	
  either	
  too	
  ignorant	
  to	
  recognize	
  the	
  
problem	
  or	
  too	
  lazy	
  to	
  want	
  to	
  fix	
  it.	
  

Abstract: 
In 2007, 1179 papers were published that involved the application of optical 
biosensors.  …. We found a disappointingly low percentage of well-executed 
experiments and thoughtful data interpretation. We are alarmed by the high 
frequency of suboptimal data and over-interpreted results in the literature…. 



    

Tuc2009 baseplate topology analysis using the Wyatt 
technology: size exclusion chromatography coupled with on-
line UV/VIS absorbance, light-scattering and refractive index 

HPLC 

Diode Array 

SLS 

DLS 

Refractometer 

• Diode Array: 
UV/VIS 

•DLS: 

hydrodynamic 

radius 

• Refractometer: 
concentration 
(total) 

• SLS: giration 
radius & mass 



    

Multi-Angle Light Scattering 

Two	
  opera?on	
  modes:	
  

A	
  batch	
  experiment	
  mesures	
  an	
  unfrac>oned	
  sample	
  
	
  

	
  -­‐	
  Only	
  the	
  weight-­‐averaged	
  molar	
  mass	
  MW,	
  averaged	
  	
  RMS	
  
radius	
  R2	
  	
  will	
  be	
  determined.	
  
	
  

	
  -­‐	
  No	
  informa?on	
  about	
  polydispersity	
  of	
  the	
  sample	
  can	
  be	
  
obtained	
  
	
  
	
  

SEC	
  allows	
  the	
  sample	
  be	
  chromatographycally	
  separeted	
  
	
  

	
  -­‐	
  Molar	
  Mass	
  and	
  RMS	
  Radius	
  moments	
  and	
  distribu?ons	
  
	
  can	
  be	
  assessed.	
  



    

ORF51 

9 nm  
110 kDa 

3x37=110 kDa 



    

110 kDa ORF51+ORF52 
30 kDa 

200 kDa 

110+3x30=200 kDa 


