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WHY ARE KINETICS INCREASINGLY KEY TO DRUG
DEVELOPMENT?

-
-

rate constant (kd
-

in vivo 
target the less of it that potentially needs to be manufactured, resulting in lower production 
costs which is important in modern day, government-regulated healthcare.  

Biosensors are extremely useful in measuring directly the association rate constants (ka) or 
on-rates and dissociation rate constants (kd
use of labels.  A biosensor allows the measurement of how fast two molecules bind to one 
another and how fast they dissociate (binding kinetics), and also how tightly the binding 

hence the reason why label-free methods are superior.  Biosensors answer qualitative “Yes 
or No” questions on whether two molecules bind, and the relative strength of their binding.

Most laboratory screening techniques for comparing biomolecules, such as enzymatic or 
-

ties.  Sometimes these screening assays give false positives because the compound inhibits 
activity by mechanisms other than binding, such as cellular toxicity, denaturing the enzyme, 
interacting with another component of the assay, forming aggregates, etc. (1-3 ). Biosensors 

-
1, 4

association rate (ka) and dissociation rate (kd) constants of a binding interaction.  

APPLICATIONS OF KINETIC AND AFFINITY MEASUREMENTS IN 
DRUG DEVELOPMENT: WHY KINETICS?
A biosensor’s greatest attribute is the ability to give kinetic rate and equilibrium constant 
data in a label-free manner.  Why do kinetics matter? There is a wide range of ka and kd
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values for an interaction with the same equilibrium dissociation constant, KD, because KD = 
kd/ka.  Examining molecular interactions thermodynamically (by equilibrium measurements) 

in the simulated sensorgrams, it may be seen that if these interactions were examined by an 
equilibrium method, one would conclude that all the interactions were the same.  In con-

unique.  The simulated interactions below vary from fast ka to very slow kd - all leading to the 
same KD.  Biosensors shed light on molecular interactions like few other biophysical tech-
niques in a label-free manner.

Figure 1. 
having an identical equilibrium dissociation constant, KD a and kd values signi-

In some cases, such as in small molecule drug development, it is thought that the kinetics of 
interactions are more important for drug properties in vivo -

-
maceuticals (5, 6 ).  A number of pharmaceuticals on the market have shown longer duration 
of action that correlates with a slower kd when compared to similar products with a shorter  
kd.

PROTEIN - PROTEIN INTERACTIONS:  ANTIBODY-ANTIGEN

biosensors have become an important tool for antibody screening (7), epitope binning, and 
high resolution kinetic characterization of monoclonal antibody therapeutics (8).  Typical 
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-

tool for antigen/monoclonal antibody interactions.

SMALL MOLECULE - PROTEIN INTERACTIONS
-

kinetics of small molecules binding to proteins is becoming integrated earlier into the drug 
discovery process.  Surface plasmon resonance allows the elucidation of kinetic constants in 
a label-free manner.

ANTIBODY PK FcRn
Therapeutic antibodies have been shown to be very long-lived as a result of the interaction 
between the Fc binding to neonatal FC receptor (FcRn) expressed on epithelial, endothelial 

-
9).  Recently, SPR was used (10 ) 

by biosensors can help guide additional improvements in the serum half-life of therapeutic 
antibodies.

BIOSIMILAR DEVELOPMENT
According to the FDA Guidance on Demonstrating Biosimilarity to a Reference Product (April 

-

demonstration of biosimilarity. […] In vitro assays may include biological assays and enzyme 
kinetics.”

CONCENTRATION ANALYSIS: ADVANTAGES OF BIOSENSORS 
OVER ELISA
Biosensors can give the concentration of active protein rather than total protein obtained 
by absorbance, which is important during protein production and assay development.  Sig-

-
SA – one may set up an experiment and walk away.  Large amounts of up-front front assay 
development are not required, such as identifying multiple antibodies to make a sandwich 
assay and optimizing conditions.  This is useful in settings where the target to be measured 
changes frequently.  Biosensors may be used if exquisite sensitivity is not required, such as 
in detecting expression levels in cell culture, where higher expressing clones are of interest. 
Biosensors provide quantitative analysis of biological molecules for use in concentration 
analysis.
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FRAGMENT-BASED SCREENING
-

ing.  Many pharmaceutical and biotech companies need to cover more “chemical space” to 

a technique that is capable of accurately and reliably measuring the binding of compounds 
as small as 100 Da.  SPR is one of the top techniques for screening fragment libraries that 
typically range in size from 100 Da to 300 Da.

IMMUNOGENICITY SCREENING
The induction of anti-drug antibodies (ADA) in patients is a major concern in the develop-
ment of biological therapeutics.  Detecting and quantifying ADAs is of great importance to 

The FDA strongly recommends the implementation of immunogenicity assays that detect, 
quantitate and characterize ADAs.  Using biosensors to detect ADA is important because 

-
covery) assays may miss.

SPR ADDS VALUE TO ALL DRUG DEVELOPMENT STAGES
• Discovery research (low and high resolution screening) 
• 
• 
• Clinical immunology research (i.e., immunogenicity testing)

ADVANTAGES OF ENHANCED SURFACE PLASMON RESONANCE
BiOptix’ technology is a novel ultra-sensitive detection platform known as enhanced Surface 
Plasmon Resonance (eSPR) which combines high sensitivity with microarray detection capa-
bility. 

eSPR technology was invented by BiOptix engineers in collaboration with Dr. Jan Hall, the 
2005 Nobel Laureate in Physics. US Patent 7,233,396, “Polarization-Based Interferometric 
Detector” was issued on June 19, 2007.  eSPR is an advanced detection method that mea-

-
ducer material (Fig.2). 

Classical interferometry (dual path) is known to be one of the most sensitive techniques to 
measure refractive index changes, but is impractical to use in laboratories and commercial 
environments because it is susceptible to environmentally induced signal disruptions and 
drift. Any change between separated beams used in classical interferometry leads to noise 
and instability problems. Common path interferometry negates this susceptibility because 
the phase changes are measured and derived from the same laser beam, allowing a more
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-8 RIU 
is theoretically achievable.

Figure 2. Principles of eSPR. Left graphic panel shows the covalently linked antibodies 
present on the gold surface of the transducer slide in a multiplex format. As the sample is 

interactions causes an optical phase shift of the P and S components of the laser, which is 
measured with the photo detectors. The response is then analyzed and the output delivered 
as a voltage measurement proportional to changes in refractive index at the surface, which 
in turn is proportional to concentration of the target molecule in solution.  Right Panel B 

The BiOptix design allows discrete areas within the sample cell to be interrogated simulta-

screened for multiple analytes simultaneously with multiplexed readout.

Figure 3. A schematic illus-
tration of the common path 
interferometric detection sys-
tem’s layout.  Because there 
are no moving parts required 
for the SPE-CPI signal acquisi-
tion (i.e. no scanning heads), 
the optical module is very 
compact and rugged.
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Summary of eSPR Technical Advantages:

Interferometry using a single beam
• Internal reference within the single beam
• Highly stable despite environmental conditions
• High sensitivity with low noise

Surface Plasmon Enhanced (SPE) Linear response to mass change
• Increased dynamic range
• Well-characterized Au surface chemistry

• All chip features are read simultaneously 
• No moving parts in the detector 
• Allows for a reference channel for background subtraction
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FOR MORE INFORMATION ON THE APPLICATIONS OF
SURFACE PLASMON RESONANCE, ENHANCED SPR

TECHNOLOGY, OR THE BIOPTIX 404PI, VISIT
WWW.BIOPTIX.COM OR EMAIL US AT INFO@BIOPTIX.COM

SPR WITHOUT COMPROMISES
When purchasing laboratory instruments you usually have to choose between cost and 
some measure of quality. The 404pi Enhanced Surface Plasmon Resonance System exists 

-
lecular interactions an extremely high sensitivity, low noise instrument at a price point of 
just $195,000 – hundreds of thousands less than systems with equivalent performance. The 
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