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Lecture — 40
Biomolecular Interactions Using Bio-layer Interferometry (BLI)

Today’s lecture we will be delivered by Mr. Susheel Vaidya who is an application scientist
for ForteBio for life sciences. He has worked in proteomics, lipidomics, a small molecule
characterization using mass spectrometry, HPLC, NLC MS based method development for
biomolecules and a small molecules. He has thorough understanding about the technical

strategic planning in analysis of biosimilar characterization.

In the next two lectures Mr. Vaidya will have interaction with his about novel label free
biosensors especially he will talk to you about Bio-layer Interferometry based platform
through a lecture and a demonstration sessions. So, let me welcome Mr. Vaidya for a lecture

on BLI technology.

Dr. Susheelendra Vaidya, I am application scientist for the pall ForteBio instruments. I take
care of this applications parts in the entire India where exactly the installation the support, the
training as well as the product promotions. This is the alternate technology where we exactly
the biolayer interferometry, the interference based technology. The SPR is the one the surface
plasmon resonance, but this is the technology why is it so very different and as well as the

high throughput platform.

So, how this technology will be helpful in your the interactomics kind of workflows and I will
go through the some what the technology behind the informations how the principle behind
this, how the you can use this technology in your applications. So, I will go through that as
you know that from the morning onwards we are discussing why the biomolecular

interactions are very important.
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Importance of Biomolecular Interaction Analyses
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If you look at in our body systems almost of the living organisms whatever is happening in
the systems all through the like a transcription factors binding to the DNA or the protein
complex formations or in terms of the signal transduction where exactly the hormones and the

growth factors and all what interactions happen those things.

And as well as the immune responses, the antigen antibody interactions, all these works on
based on the interactions. And even when it comes to the drug discovery where exactly we
want to understand the mechanism of interactions, how the drugs is binding to the particular

target when we are discovering such kind of a molecules we have look at the affinity.

So, when it comes to the dose I can give you a simple example any drug if you take it like a
some drugs you have to take it like a thriset 3 times a day, some drugs you have to take it a

once in a week, some drugs you have to take it in a like a once a day. So, how all is this these



dose actually decides? So, these dose doses are depends upon the interaction platforms. If you

say you have a target when it is any molecule you have discovered when it is bind.

So, how the affinities, how strong is the affinity? If it is it affinity is a strong then you
required a less amount of a drug, if it is you required a more dose then you have to like a the
action will be like it is clearing from your body very fast then you required more doses. So,
how these will be will be helpful in your drug discovery areas? So, in this actually when you
look at all the systems interaction is the very important phenomenon. So, we need to

understand, we need to characterize it.

So, if you look at what are all the conventional technologies people are in routine they are
using, the ELISA based platforms where exactly people are using for the screening of the

interactions.
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Current Methods of Measuring Biomolecular Interactions
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So, when it comes to the limitation of this ELISA is like that more it is a time consuming and
you required a manpower more on to develop the assays and then you have to screen it for the
further and you have to select the right candidate for that. When it comes to this it takes a
long, long time the limitation and the reagent and the consumptions of the reagents also more

and it is a more laborers.
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Current Methods of Measuring Biomolecular Interactions
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The other technology if I look at is the ITC the Isothermal Calorimetry base titration, where
exactly the interactions when it when we can decide this psychometry of the interaction as
well as the where exactly the parameters like a delta is where the when any reactions happens
in the in the interactions where there may be heat released in the medium or heat absorbed in

the medium. So, those are the parameters we can find out.



But the what are the limitation with the ELISA and the ITC is like that. You can determine
based on the concentration was as the response, then you can plot where you can steady you
can read the steady state. But, this will provide you the KD value where what we call it as a
KD is nothing but the affinity constant, but it will not provide you the kinetic parameters like
on rates and the off rates. This is the limitations with the ELISA or the ITC based

technologies.

So, why people are moving to the labor free platforms is where you can get this is the typical
example when there is a ligand say suppose the compound A and the protein A and the

protein B this is the this forms a complex.
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Real-time Kinetics Analysis of Binding
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And this is the forward direction when the complex formation the finally, it will dissociates to
the once again A plus B. So, these label free interaction platforms are applicable to the

reversible kind of reactions.
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So, if you look at when any molecule binding say suppose ligand A it is binding to the analyte
when you see this is the response this is, this phase we call it as a association phase when the

same complex when I disassociates back.
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So, the complex will be disassociates, then you can see the dissociation. So, the real time
interactions will provide, provides the both on rates and the off rates this is the kinetic
information. So, none of the any other techniques like ITC or the ELISA it will give this
information. So, that is why we this is a very important tool for the on rate and off rate

determinations.
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Kinetics Analysis vs Steady State Analysis
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So, if I look at the one of the example then when it comes to the ELISA based. Based on this
steady state analysis if you look at the KD parameters for this from the ELISA, it looks like
both are same when it when you same. When you performed on the label free platform if you
look at the kinetic constant parameters see this example the blue trace if you look at it is

dissociating very fast, when it comes to the pink one the dissociation is very slow ok.

So, how why this is important is like the based on this the rate of the dissociations we can

able to see the differentiation between the when you are selecting the right candidate.
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The SPR technologies the one the real time label free interaction systems where exactly on
the gold chip you have a matrix to that you are coating a one of the protein of interest and
then you pass the analyte through the fluidic systems and then you can see the interaction
change with respect to the angle. So, when it comes to the limitation when the SPR when we
are doing you required a like a dedicated operator for this and apart from that the time it
required for the initialization and then get to the data it is like a KDS, its almost like a date

will take.

So, when you are doing a such kind of a interaction you required a more patience and to get
the data its a more, more time taking and all. But when and apart from that the one of the

important is the microfluidics delivery systems. When you are working with the a the any



kind of samples which are like a cell culture based or if the sample from the body fluids and

all that you have so much cell debris or any other impurities and all.

There may be a possibility of that there is the clog the system the fluidic system. So, that is
very expensive in in in case of the SPR, if it is something a clogged it is a very the flow cell is
a very hairy like structure hair typically, if its close then we have to replace the assembly of
that the that is the very expensive and the maintenance cost will be a more. But when it
comes to the other technologies the BLI technology there is a more advantage I will discuss

on that.

And apart from that the low throughput actually here it is in the SPR techniques you have a
channel, you have to inject one concentration over the other serial dilutions you have to inject
over the surface. But when it when it comes to the BLI technology it is its a very high
throughput that is why the limitations comes into that when you when you have deciding the
right candidate in case of the screening experiments it is a BLI is the more advantage in that.

So, when you comes through the BLI technology I am going to talk on this.



(Refer Slide Time: 09:02)

FortéBio ForteBio Evolution

U Faundod in 2004, FortoBio dovalops, manufacturos and markols labol-lreo analytical inslrumonts
and ralated consumablos, Acquirad by Pall in March 2012

O Propriotary Bio-Layer Interferomelry ("BLI%) tochnology enablos real-time analysis of affinity, kinolics

and concaniration of blomolocules in micro.volumo samplo sizos

Pall acquires ForteBio

REDJ84
Octel Oclel Oclel Octal
aK 2008 QK 384 2010 Reooe 201 HTX 2015

e & & & o o o

2005 (Ii‘r'a" 2009 I('}bl:.-: 2010

2013 Octot
K2

This is the ForteBio is the parent company the invented this technology in the year 2003
onwards and the for the first system if you look at the 2005 it is come in to a market they call
it as a Octet QK and over a period of year we have different instruments come into the market

based on the throughput and all that.



(Refer Slide Time: 09:20)

FortéBio

Interferometry:

M[?HHHIiHU of interactions between waves
i AN Fi

y i /
‘,\\_\ , G N T R
% N\ i T e R o DR . Y

AN AT NG
Two waves in phase Two waves 180" out of phase
= Constructive interference = Destructive Interference

So, with this I can; I can start what exactly the principle behind. If you take it most of the
interaction systems or any analytical techniques all of based on the light; light is the exact
mass spectrometry, rest of the analytical if you take it analytical any all of light based. As you
know that light have a property the wave property is the one and the interference when it
words the BLI comes the Biolayer Interferometry, but the interference patterns makes the
signal pattern here. As I mentioned it is a it works on the wave property, as you know that
when it when the light passes through the fiber optic there is a some kind of a matrix you

have obstacle, the wave it is forward hitting that matrix and get reverse back.

So, what happens is this is exactly the forward wave, this is the reverse wave when it when it
both forward and the reverse wave when it is superimpose together you can see there is a
amplitude get increase, this is we call it as a constructive interference. In the same wave this

is the forward wave, this is the reverse wave when it is this is a forward and the reverse wave



when it is opposite together at 180 degree when what happens is that signal get cancelled

here. So, this is we call it as a destructive interference.

So, constructive interference and the destructive interference makes the signal pattern. So,

how we are doing that?
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So, we are using a biosensor here as in the SPR they uses the chips the similar way we are
using the biosensor here. The biosensor if you look at this is a sensor typically its looks like a
needle, this is made up of a plastic and this is your a glass capillary which is nothing but the
fiber optic. At the tip of this fiber optic we are coating a the biocompatible layer, it is a optical

layer to that optical layer you are attaching a one of the protein of your interest.



So, suppose you have a two binding partners one of the protein you have to attach on this, it is
a nothing but the solution solid interface. Solution interfaces are the I can say that giving
example ITC, ELISA you can see as a solid solution solid interfaces because one of the thing

you are putting on the plate, thus these label free platform also like a solution solid interfaces.

So, one of the protein we are immobilizing on here and then dip into the well containing a
corresponding binding partner. So, this sensor is a 2 dimensional binding surface, the matrix
what we have coated at the tip is the biocompatible, it is inert in nature you can work with any
kind of your physiological system or buffers or the you can work from the PH ranges from 2

to 10 depending upon the application.

So, most of your bio molecular interactions happens at the physiological PH. And it is a
uniform when we manufacture the censors, so censors its uniform across the lots and we test
and then we releases and the whatever we have the coated material is non denaturing, it will
not interfere with your interaction system. So, if you took a the diameter of this the optic fiber
is just only a 600 micrometer, we required a very less amount of your sample tip immobilize

on the sensor surface.
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So, if you look at how these exactly the instrumentation inside in the on the biolayer
interferometry the octet platforms, this is the spectrophotometer here and it is connected with
the robotic arm and these are the sensor tray I can if you look at this is a 96 well plate form.
So, the robotic arm pickups the sensor and dip into your 96 well plate format. So, this is the
sample plate we have a orbital shaker and the temperature control. What is the difference
between the SPR and the BLIS? We do not have any microfluidics here. Just its works on the

dip and rate, its a pickup the sensor and dip into the well.

So, everything happen the reaction whatever the happening at the tip of the sensor. So, in case
of the microfluidic devices like SPR, the flow assist in the binding, but here we have a orbital
shaker which assist in the binding. So, when it comes to the high throughput we have a

different channels like in SPR if you will take it there is a 4 channel, 2 channel instruments.



So, where in exactly the 4 channel means you can pass the 3 analytes and 1 access are
reference. And here we have a instrument we have a 8 channel here, 8 interactions you can
measure simultaneously that is why where the throughput comes. We have a 96 channel here,
96 interactions you can perform in 1 goal and we have a 16 channels, 16 interactions you can
perform in 1 goal, we have a single channel also 2 channel also even we have a 2 channel

autometers instrument.
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So, how exactly, what the principle behind this? As I mention it is works on the interference

based ok.



Student: So, I guess we go in that to the previous slide. So, is the right on the on rate and left
on the off rate (Refer Time: 14:04) how are you doing binding and how are you looking at
dissociation?

So, the sensor this is a sensor compartment, the sensor actually pick up the robotic arm pick

up the sensor and dip into the well containing the first buffer. And I will show you the in the

subsequences at how it.
Student: (Refer Time: 14:23) why (Refer Time: 14:24).

So, what exactly the principle behind is? As I mentioned its a interference based we are

passing elite it is a just a white light, light get reflected back.
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If you look at you can see the reflections coming from the one internal layer and one from
your the liganded, just I take its I had immobilized one of the protein of interest on the sensor

surface then I dip into the well containing buffer.
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If you look at all this what exactly it is amplitudes different amplitudes we have, constructive
interference, destructive interference this is what we exactly we plot relative intensity versus

the wavelength. So, what happens?
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A layer of molaculas attachad 1o the tip of an optic fiber creates an Intarferance pattarn at tha detector

So, if its the one which have a higher amplitude where exactly the waves get superimposed,
then you can see the amplitude get increased where you exactly there is a partially;
superimpose you can see this kind of and there is a destructive interference there is

completely signal get cancelled.
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So, what happens for? When the same sensor when you dip into the corresponding binding
partner you can now you can see that earlier was just only light reflecting from the its a blue
colored layer. Now, you can see there is a one more orange layer, if you see this now write

which is reflecting from the orange layer.
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Once again if you look at all these waves are there earlier was the plot like this due to the
molecules starts binding to the sensor surface you can see there is a shift in the interference
pattern, this is what exactly as the molecule binds to the sensor surface you can see the shift.
So, what happens exactly on the tip? The molecules bind to the sensor surface its forms a

biolayer, its depends upon the thickness of the biolayer.

More the molecules bind to the sensor surface sorry back more the molecules bind to the
sensor surface you can see the relatively shift in your spectrum towards your right, this is
what exactly the principle. So, using this phenomenon as the more molecule you can bind you
can see the correspond relatively shifts towards on the right. So, you can do the quantitation

using this phenomenon not only the kinetics you can you can determine the quantitation.
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So, in real what happens? Molecules bind to the sensor surface you can see the real time

picture as a molecules binds to sensor, then you can the its leads to the equilibrium.
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Then the same sensor when you wash off the bound molecule you can see the dissociation.

This is what exactly the real time you can look it the background is the this one.

The molecules binds to sensor surface then make a biolayer and relatively shifts and the once

you washed off, then it will come back.
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Fluidics-free BLI biosensors for superior performance
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The octet system from fortebio provide a complete label free solution for analyzing protein

kinetics and quantitation.
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To disposable bio sensors measure binding events directly in a standard 96 well micro plate.
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A proprietary protein coating at the tip provide reproducible coupling of target molecules in
the minimum of nonspecific binding. Here we are using streptavidin coated sensors to setup a

five step kinetic analysis with the first protein of the pair is biotinylated.
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Microplate with Buffer

And we measure the binding and dissociation rates of the second molecule with the sensors

arrayed in a standard SPS format.
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Some steps can be performed outside the instrument by conditioning the sensors before the

analysis.
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Up to 8 sensors can be run in parallel and the menu driven software assigns identities to each

sensors to be used.
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Buffer is added to first row of sample tray

In our experiment each column of the sample plate is loaded with reagents. So, that we can

analyze 8 samples in parallel.
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Biotinylated antigen is added to second row of sample tray

Firstly a buffer to establish the baseline, then a loading step with a biotinylated protein and

the second buffer for a new baseline.
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Buffer is added to third row of sample tray

The binding protein is being presented in a crude cellular lysate and the dissociation step
would be measured in buffer. Once the sample plate is loaded the experiment is defined in
software, so that an appropriate analysis would be made at each step. Sample identities and
whole method files can be stored and imported to simplify or standardized routine analysis
procedures. Data files and results will be stored in a predefined location to the analyzed at the

instrument or array remote terminal.
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The sample plate is heated to the selected temperature.
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And the flow across the sensors surface is established to overcome mass transpose effects.
Using optical fibers octet feeds broad spectrum white light down the sensor and collects the

reflections.



(Refer Slide Time: 19:03)

) : ; : ) :
' y Orbital flow is achieved by circular plate motion

r

One reflection comes from an internal optical layer and one form the inner phase between the

streptavidin layer and the surrounding solution
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Most of the light scatters in a surrounding matrix. In a process that we call bio layer
interferometry, the two reflections generate a spectro pattern rescollected and analyzed at the

spectrometer. Constructive interference gives intensity peaks.
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And destructive interference causes intensity graphs right across the visible spectrum as a

calibration.
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The position of the interference pattern is measured for all 8 sensors and then shifts in the

pattern or plotted in real time.
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The streptavidin sensors are loaded by transferring into the wells with biotinylated protein.
Bio layer interferometry is insensitive to change is in refractive index or PH of the matrix
when more molecules binds to the streptavidin layer the optical thickness of the layer

changes.
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And as the thickness changes the interference pattern shifts. One nanometer of protein

binding to the sensor produces a one nanometer shift to the blue in the interference pattern.
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And the one nanometer change in optical thickness is recorded for that sensor in real time.

The change in thickness related to the initial calibration is plotted for all 8 sensors.
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Sensors are dipped in buffer to establish new baseline

With real time monitoring and 8 samples run in parallel, its easy to optimize protein loading.

So, that it can be performed outside of the instrument.
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Once the biosensors are loaded they are transferred to a buffer solution to establish a new

baseline.
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There is no dissociation observed from the tightly bound biotinylated protein. Bio layer
interferometry is relatively insensitive to matrix effects and octet has no microfluidic

constraints. So, measurements can be made in very good samples.
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Culture media with serum, pairoplasmic extracts or cell lysates with particulates can all be

measured easily and accurately with minimal interference from the matrix. The screwed

protein preparations exhibit different binding rates and the real time data output allows you to

monitor the behavior of the proteins as well as the overall progress of the experiment.
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The process is so simple that it provides a convenient tool for protein quantitation in complex

mixtures.
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The dissociation step may be a 5 minute off rate for a quick screening experiment or 2 hours a

more of data collection to determine a KD for tightly binding pairs.
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Octet is simple enough to use as a screening tool and 5 minute off rates can be measured for

96 samples in middle over and hour providing ranking data for clone selection.
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Alternatively a tightly binding pair can be monitored for over 2 hours limited only by the

evaporation of the sample.
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After the dissociation the biosensors can be ejected and new sensors selected without any

need to run generation methods or run cleaning protocols.
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All of the sample solutions are recoverable or they can be reused in a same format with new
targets depending on your experimental protocol. Because octet is so easy to use assay
development is rapid and you can quickly generate the data you need to make clone selections
or optimize a purification process. For accurate kinetic determination single use sensors
provide precise answers without the need to work at regeneration protocols. For higher
throughput screening and yes no determinations we use protocols provide a cost effective

solution.
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And once you have developed an experimental protocol you can automate the whole process

all the way through to data analysis.
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At the end of the experiment select data analysis and you have access to a complete suite of

software tools.
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Curve fitting algorithms from origin allow for the reporting of binding and dissociation rates

together with display of residuals and data tables.
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Or you can export results in to your favorite program for further analysis with a range of

biosensor services.
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For more information visit:
www.fortebio.com

Contact us with any question:
www.fortebio.com/support-form.html

Including streptavidin protein A and amine reactive sensors for custom protein coupling octet

provides a complete solution for protein kinetics and quantitation.
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Quantitation
» Direct, 1-step

= Sandwich
= ELISA
* mg/mL—pg/mL

BLI: One Platform, Many Capabilities

Kinetics

* k,, kg Ko
* Proteins
* Peptides, Oligos
= Smallmolecules

Specificity

= Function testing
* Rank ordering
* Epitope binning
* |sotyping

So, what exactly information you can get from this? So, as [ mentioned the one based on the
shift you can you can determine the concentrations you can do the direct one step kind of
binding sandwich, if you want to convert ELISA platform on to the instrumentation you can
convert it. So, depending upon you can you can determine the micro molar concentration you

can go as low as the nanogram or the mg per ml to pico gram per ml.

So, the quantitation you can determine and the kinetics. The kinetics as I mentioned on rates
off rate on the affinity constant you can determinant irrespective of whatever the biomolecular
its may be a protein to protein, protein to small molecules, protein DNA, protein RNA and all
that. Apart from the specificities where exactly you can do the functional testing’s; functional

testing with respect to a SPR interactions where the people are doing in the drug discovery.



The rank ordering when you are when you are doing the hybridoma screenings with a large
map platforms where you can provide the which is the best antibody will bind to the target

based on you can give the rank ordering on the off rate of the molecules.

And the epitope binning we have a dedicated software for the epitope binning you can you
can do the screening of your where exactly your molecules binds to that and the isotyping also
subtyping of your the IGGs. So, we have lot of lot of applications on this I will go through
later those applications. See one of the important parameter is most of the people you people
are doing the quantitations based on the like a Bradford assays or the total protein content.
When you when you say suppose you have a protein in in a kind of a matrix where exactly
your expressing protein of interest in a cell culture or the want to determine in the patient

samples were how much my protein of interest which is there or not.

So, you can easily because it is works on the dip and rate there is a no such kind of assay even
though if it is cell debris are there impurities are there anything is there it is purely an affinity
based interactions you can easily quantitate using this phenomenon. So, that is why the
advantages like that you can go with a any kind of sample matrix. Its need not like that you
have to go for the purified one when it comes to the SPR you have to go with the more

purified samples.

And the second advantages like that you can go with the PH strangers easily you would like a
2 to 10 depending upon the application you can screen quickly because its have a high
throughput 8 channel you can quickly screen the samples which PH is the favor for the

binding.
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FortéBio

The Fortebio Octet Platform

* Labal-frea, real-ime protain analylical systems for maeasuring protein concontrations and
binding kinolics

* Utilizes the proprictary Bio-layer Interferometry as the core technology

* High-throughput systems for various high-throughput applications such as drug scraoning
clone selection, bulfer/media optimization, otc

+ Important teal in biomedical research, drug discovery, diug devolopment, upstream and
downsiream bioprocossing

So, these are the platforms we have, these are the 16 channel instrument, this is the 2 channel

instruments, this is the 8 channel instrument and this is the 96 channel instrument
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Key Benefits of BLI for Biomolecular Interaction Analyses

+ 2, 8, 16 or 96 channel systems for unparalleled throughput
- Larga library screens can be completed 5-10 times faster than conventional methods

* Microlluldics-free system using a unique Dip-and-Read approach directly on
standard 96- or 384-well mleroplates
= No risk of clogging from precipitales and cavitalion bubbles
- No nead for ime-consuming equilibration and cloaning protocols

* Powered by the widely accepted Blolayer Interferometory technique

Highar DMSO tolorance than other techniques such as SPR

= Adopled by biopharmas and universities, and acceptad by
major scientific journals

+ Very casy to use
- Mulliple users can be trained to operate the system,
doas nol require dedicaled operator

Depending upon the high throughput what we required you can you can choose their
instrument in that and the more advantages like that as I mentioned there is no clogging its
works on the dip and rate. And the high throughput you can save your time you can quickly
screen the experiments and the good thing is like that when it comes to the interactions where

exactly your samples have a DMSO or the glycerol.

When comes to SPR prisms of the DMSO and the glycerol sometimes you can see the bulk
effects because SPR is a very sensitive to those changes, but if at the dip and rate you can you
can easily go with the such kind of a there is a no interference from the glycerol or the DMSO
in that. And the good advantages like that its typically the software is so user friendly just if
train a for half an hour you can start your experiments no dedicated operator required for this

typically the programming is like a your ELISA perforated.
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Importance of Biomolecular Interaction Analyses

Dacterla

X Cells
Virus
X A Dactaria
Virus Antibody - Antigen
1 Recoptor - Ligand
IgA DNA - DNA
J I§G, IgD, IgE DMA - Protein
Antibody Fragments Antibody Fragment - Antlgen
Proteins Antigen = Fuslan Protein
Peptides
P Antibady - Poptide
Nucleotides (DNA)
Multiple Antibody Palrings
—1 Small Molecules
Antibody - Small Molecule
Atoms

Prateln - Small Moleculs

So, what are what are all the ranges what kind of molecules we can go? Excepts cells and
atoms we can go in the blue areas all these biomolecules we can go with the interactions. |
can show you the cells recently we have what a one for the publication from the Genmab, |

will I will discuss with those things.
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Wide Range Octet Applications

Kinetic Applicationn Seroening Applications

+  Protoin - proloin intoractons = Scrooning proteins for eryslallization studios
Protoin - amall meloculo intoractions = DNA aptamor scroaning
Liposoma - proloin/antibedy binding +  Small moloculo Irngment scroening
Bacteria = anlibody binding = Secondary scrooning and hit validation
Virus-like particlo - protein binding *  Phago binding (phago display)
DNA aplamaer binding «  Proloinfpaptide/amall maloculo inhibition
Glycan = proloin binding = Clone saloeciion in media
GPCR-Protoin binding +  Maonitoning protein exprossion

Bioreaclor monitonng

Quantitative Applications +  Epitopo mapping/inning

= Titer dotormination
Rapid protoin IgG quantitation Asnay Dovolopmont Applications
Quantitation assays for ELISA replacomant + Modia dovelopment
Reosidual Protein A contamination +  Procoss dovolopmant

*  ProloinfAntibody Quantitation *  Antibody sublyping
Plant protoin quantitation in crude oxtracls *  Anlibody pair soloction

*  Hostcoll protoin contamination

(- *  Immunogonicity
-

So, these are the different applications we have segregated kinetic applications, quantitative,
trainings and development assays developments and all that. We have publications was we

have more than 1000 1500 from the past 10 years we crossed all published in a different

impact factor journals.
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Octel Direct (1-step) Protein Quantitation with Regeneration

90 samg onalyzoed in 15 -

Reuso of standard curve is optional . b

So, how exactly it works? If it look at the animation if I say this is a typically protein
quantitation if I take it any affinity based. So, suppose you are working with the one of the his
tag protein how much is expressed in your culture. So, suppose if I have a standard in that, if [
dilute in the plate 96 well plates lower to higher dilutions take a 8 sensors when I dip in this

we can get a curves like this.

Based on the binding rate versus the concentrations the higher concentration have bigger and

the lower ones are this.
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Octet Direct (1-step) Protein Quantitation with Regeneration
Octet Dosensois
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When the same sensor if I go for the regeneration. So, where the bound analyte get washed
off here and then when it dip in to the unknown solutions where yours cells means your
protein is expressed you can easily quantitate using this plot. So, very quick experiment in a

just in 15 minutes you can you can determine the concentration of your protein of interest.
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Octel Automated Workflow for Binding Kinetics Assays
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So, how exactly works the kinetics work flows? First the sensor will dip into the well
containing a buffer you get a base line here and next we are till comes to dip into the well
which have the loading. And then goes back to the well containing a buffer there exactly the
unbound material get washed off and then corresponding analyte it is binding you can see the

signal and the goes back to dissociation.

The very simple its just we have to the robotic arm back and forth it will move, just I will
explain once the buffer. The sensor the sensor dip in to the well containing a first line of
buffer you can get a just a baseline there is a no any molecule binding to that that is why you
get a baseline. When the same sensor when it move to the next well containing a capture

molecule.



One of the protein of interest you have to immobilize on the sensor surface you are you are
putting in the second well, then the sensor dip into that well you can see the loading response.
As I mention some molecules going to sensor surface you can see the change right the shift

phase shift.

So, you can see the loading response in the same sensor move back to the well containing a
buffer here just a baseline there is no molecules binding unbound molecules get washed off
here and the sensor next move to well containing a buffer sorry the analyte you can see the
response. And the same sensor goes back to the well containing a buffer bound analyte get
washed off. Very simple to operate this experiment you can you can quickly screen just in 15

to 20 minutes you can get the kinetics data.
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Ready-to-use Biosensors for All Applications
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So, we have a on the shelf we have a different biosensor chemistrys with us depending upon
your protein of interest we have a tag or you you can you can choose or if you do not have any
tag you can go with the some kind of modifications like biotinylations or the amine coupling
you can you can immobilize. So, these are the precoated for the antibody platforms we have

protein A, protein G, protein L and and some FC capture sensors.

And for a for the his tagged proteins we have a nickel NTA, we have a anti his sensors, you
have a GST GST tagged basis, we have a anti GST sensors. And if there is a no any tag your
expressions, then then you can biotinylate your putting of your interest and then and then you

can you can couple to the streptavidin sensor the biotinylated protein.

We have a APS sensors aminopenicillin for the hydrophobic interaction your protein is more
hydrophobic no need no need any tag or anything just you can just bind to the protein of
interest on that. And for the super streptavidin we have a this is the quarts based sensors

especially for this small molecule protein interactions.
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Octet Applications in Basic
Research and Drug Discovery
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Developing Broad Range Neutralizing Antibodies Against a
Highly Conserved Epitope on Grp2 Influenza A Viruses

Chart ol b (2011) Scmnco 333 43050
i

Daovalepmant ol two manacional antibodies, CR8261 and CRA020, that can biroadly
noutralize almost all influonza group 1 and 2 viruaes, respoctively

HAg inolatad fram 15 Group 1 and 44 group 2 inlluonza virus straing woro biolinylated and
immaoblized ento streptavidin biosansors

Tho affinities batwoon tho two mAbs and the 50 HAs wera measured using an Octal RED

The devaelopmont of such broadly noulralizing antibodias anablos the davalopment of o
r’; univarsal fu vaccine and broad-spectrum antibody tharapios

So, we are come to the application side where is how we are going to use. The one of the
example here is this is the one of the group they had; they are interested in developing the
vaccine based on the influenza there they identified the two antibodies which are broadly

neutralizing capacity to the influenza.

In this experiments what the author did is he isolated a a 15 group 1 and the 44 group
different hemagglutinin he had taken from these groups and then he did a biotinylation and
then he immobilized using the streptavidin sensors all the 59 hemagglutinin to that and then

screen with the respective the antibodies
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Developing Broad Range Neutralizing Antibodies Against a
Highly Conserved Epitope on Grp2 Influenza A Viruses

(o U Ukt ot al (2011) Semnco 333 B41.050

Among that if you look at these you can see the binding interactions of the different

antibodies to the respective hemagglutinins.
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Understanding Protein-Structure Function
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structural &
molecular biology

Noncanonical G recognition mediates KSRP regulation of

let-7 biogenesis
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From this they had developed the broadly neutralizing of the two antibodies in that. So, very
quickly we can we can screen this kind of applications using this. So, next example I can
show is the where and we can understand the protein structure and the function here what is
the let 7 is the one of the important tumor suppression micro RNA. So, in this what author did

is the KSRP KSRP is the protein which is binding to the let 7 precursor.
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Understanding Protein-Structure Function

* Biatinylatod microRNA Lal-7 immebilized on slreplavidin blosensors to moosura s interaclion

with dilforont KSRP mutanis
r’; = Mutation In the KH, domain abolishes KSRP-Lot.7 binding complately

So, what happens is here the KSRP and the let 7 is your micro RNA which is biotinylated and
immobilize onto the streptavidin sensor and this KSRP have a 4 domains. So, among that he
did a mutation in one of the protein the domain KH 3 if you did a mutation it is not binding.
So, with the wild type he can he had showed that it is a the KSRP is a binding in the in the in

the 4 domains among the one KH 3 if it he did a mutation it is not showing up binding.

So, using this he concluded that with respect to this KH 3 domain is the one of the important
parameter for the binding of the KSRP protein to the let 7. So, it is one of one of the
important the transcriptional factors for the cell differentiation and very important in case of
the recruiting the oncogenes for the where exactly the cell differentiation happens. If it is a

mutation happens in that particular gene there may be a chance of the carcinoma and all.
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Cooperative Binding of FBP & FIR in c-myc Transcriptional
Control

namre
structural &
molecular biology
Molecular basis of FIR-mediated c-myc transcriptional contro|

Cyprian [ Cukier!, David | lallingworth!, Stephen | Martin, Geolll Kelly?, Irene Diaz-Moreno'* & Andres Ramos
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So, one more where exactly facilitated binding interaction studies here. So, this is one of the
example where exactly the fuse system is the one which is important in the cell differentiation
c-myc is the important regulatory gene. So, this sick means the expression of this particular
gene is more in case of the cell differentiation. So, how this happens this this regulation? So,

the author concluded using this there is a called as a FBP protein presence of this FIR only

interacting to the FBP protein.
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+ Biolinylalod ssFUSEAQ was immobilized on stroptavidin sensors and binding to FBP intoracting
reprossor (FIR) in the prosence of Fuse binding protein (FBP) or FBP Nbox wore tosted

* The N:lerminus 28aa Nbox eloment is important for the recruitment of FIR to the FUSE.FEP complox
10 10pross C-MyC oxprossion

So, in this experiment what he had done? The biotinylated the FUSE 40 the DNA he
immobilized onto the streptavidin sensor and then he perform with the binding of the FIR. So,
in presence of the FBP protein only the FIR is binding without this proteins its not binding.
So, he concluded like that. So, very important tool when you do the in case of the basic

research I can quickly screen those.



(Refer Slide Time: 35:14)

Conformation measurement able to
Laboratory j
distinguish between unfolded &
. stabilized proteins

- = METHODS AND APPLICATIONS
e - OR H _._
4
f— Probing structurally altered and
e " aggregated states of therapeulically
relevant proteins using GroEL coupled
Unfolded {0 blo-layer interferomalry
S FGF-1
| B 3A .
o an
b 2
(] 20 j l’ P._\__ l
FGF-
9 1+heparin(stablizer)
0 100 200 300 400 500 000 Jid
\ Tima (8)
i GroEL
(. loading

So, one more example I am showing here is the folding and unfolding patterns of the proteins.
So, in in this example the sensors where exactly the biotinylated the GeoEL is immobilized
on the sensors surface, the unfolded protein will be binds very, then you can see the response

the folded protein will not bind.

So, using the shefferon model you can you can use for the screening whether the folded or the

unfolded patterns you can easily study.
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Accelerate Diagnostic Immunoassay Development
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And the one more example in case of the diagnostic immune assays is the giving a example
here is like that the kinetics parameter 15 anti HRP 2 antibodies they measure they compared
with the ELISA where they had comparison they had done you can quickly screen the which
of the pairing the antibody pairing which have a better diagnostic for the diagnostic

applications.

When you are developing any ELISA kits or you required a primary antibody and the
secondary antibody you can quickly screen using that. So, which are the best phase based on

the your the kinetics profiles.
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The Identification of Affinity Matured Aptamers
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So, aptamers screenings. So, aptamer is a one of the area now is picking up comparison to
your antibodies most of the many laboratories in India they are working on the aptamers. So,
aptamers also similar they have a different size and the shape when it binds to the particular
the target you can see the response. So, aptamers also have a like a major application in
diagnostic industries. So, one of the example we can quickly screen using the aptamer

interaction studies using the BLI technology.
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Hit Identification and Confirmation in the Discovery of Drugs
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So, the one more important where exactly when it comes to drug discovery applications small
molecular protein interactions. If you look at with the one concentration different you can
screen as many as compounds as possible and then you can look based on the off rate you can

select the right candidates
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Hit Identification and Confirmation in the Discovery of Drugs
Targeting Bromodomain Proteins at the Universily of Michigan
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This is the one of the work from the university of Michigan they had done a publication on
this, they have developed the 3 hits with the complete kinetics characterization using this the

bromodomain 1 protein.



(Refer Slide Time: 37:24)

FortéBio

Characterization of an Anti-tumor AMPK Actlivating Compound
at Macau University of Science and Technology

o | Vi

Law et al, {2017) Oncotarget 83007730091
+ Thalidezine, a structural isomer of hernandezine, binds direclly with AMPK protein and
has a higher affinity than hemandeozine as measured by BLI

+ Thalidezine induces autophagic coll death in HeLa or apoptosis-resistant DLD-1 BAX-
BAK DKO cancer colls

And the one more example I can show is the characterization of this AMPK protein to the
two compounds thalidezine and the one more here. So, thalidezine and the structural isomer
and the hernandezine its a like a compare to this the thalidezine is the more binding compared

to the other platforms you can quickly screen using this tool.
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HeHcRRny Ligand Fishing

= Atechnique used for the identification of roceptors with unknown specificity
+ Describes a quick way to screen crude cell supernatants to identify potentially
interesting therapeutics

Target Groups: Proteomics groups in both pharma and academia

And one more the next very important when it comes to the ligand fishing experiments I think
it is more relevant when it comes to the interactomic studies because what is exactly the

ligand fishing is?

So, suppose you do not know what is the protein is interacting to your one of the protein of
interest. So, suppose you take it the protein of interest when you can immobilize on the sensor
surface and then put it into the cell extracts or a lysates or anything which is the protein is

binding to the sensor surface you can elute it and then you can go for the masspec studies.
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So, one of the example I am here I am showing is the interaction you dip it and then you can
you can elute those the binding combinations and you can go for the electron microscope or
you can go for the masspec studies. So, here one of the example I am showing is monitoring
is a anthrax toxin prepore this example they activated the tip and they had immobilize the
protein of interest the anthrax prepore. And then they had process with the 1 molar urea at 37
degree the prepore to pore conversion happens and when they dip into the lipid cholate

mixtures you can see the micelle formation between the pore and the lipid.
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So, what they had done? Removing the biosensor tip and they dip in a buffer and decoupling
reagent, then then preparing for the EMI grid you can you can look at the electron microscope

how the complexes are those.
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So, you can easily you can perform such kind of experiments. Because when it comes to the
SPR when you elute the complex mixture and when it comes to when you are going to collect
that because your sample is more diluted then you have to concentrated, then you have to

perform the further studies, you can enrich in the dip in the in the well itself here.
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So, one more example is the it is a industrial work the erythropoietin they were expressing the
now a days company where exactly happens when they are doing the quantitation they are

getting the concentration very less.
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Then the thought that what happening in that. So, they identified some host cell histones
blocking the EPO binding. So, they eluted those mixtures and they perform the masspec with
that, then they identify that the protein of interest is binding to the its blocking the binding of
the EPO to that.
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The genmab recently has published this data the immobilized this cell the entire cell on the

sensor surface and they had tried a different combinations here.
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One of the example I can show you is they had they had taken a collagen here the
immobilized the collagen on the amine coupling sensor and then the cell which is the A431
cells which is expresses the EGFR and the beta adrenoceptors more express receptors. They
put it the cell on the sensor surface and then the performed the interaction studies with respect
to the EGF here, you can see this the binding interaction it is not exactly the kinetics it is the

orthogonal to your cell based assays.

So, what happens is say suppose its a such a cell it is a big cell you are immobilizing on the
sensor surface, then a tiny like some protein is binding to sensor surface you cannot see a
biolayer change on the sensor surface. But what happens is when any molecules bind to the

respect to target on the cell surface you can see in the cell you can see there is a some events



happens there is a act in modulations or any other pathways. So, these changes will leads to

the signal change on the sensor surface, we call it as a dynamic re modulation the word.

So, using this phenomenon they had done the quantitation kind of stuff, the cell based assays

orthogonal to that.
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easy and reproducible mAb quantitation directly in crude culture harvests
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And very important when it comes to the ELISA and the HPLC comparisons we have most
the industry people mAb platforms people are working with their using this platform for the
title determinations for their antibody productions. Very quickly the good advantages like that
96 samples you can screen just in a 40 minutes or I can say the quantitate the 40 minutes. But
in comparison to your protein a HPLC or the ELISA based ELISA based methodologies it

will takes a long time. ELISA its roughly takes around three to 4 hours, but even protein a



HPLC for the 96 samples its like a 8 to 10 hours it will take, but you can just in a 40 minutes

you can quickly that iterate the protein of interest in this.
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So, one of the comparison here they had done the early clone selection cell line developments

and I have done a correlation with respect to the HPLC uses the octet platform its on

comparable with the other methodologies.
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So, depending upon the applications you can choose the right sensor, you can put into
different all applications either it may be protein-protein, protein DNA or protein RNA

aptamers or cell based assays or the nanoparticles we have lot of publications in that.



(Refer Slide Time: 43:03)

ForteBio

The Ultimate tool for Research and Discovery

L

e WAl AVLAYE L
7 v Py
[ = .t
[~ .h :;. .l\,.r;
(LT rp— Fi 4 —— '_’F;;' —
Tty

e \ . \, —f—
e a1 ' -




(Refer Slide Time: 43:09)

Points to Ponder

+ BLIs an optical based high-throughput system that can be used to study the interaction kinetics,
detection and quantification of biomolecules in complex environment, vaceine titre determination,
ete. in real-time

+ The basic principle involved in Biolayer Interferometry is the change in the interference pattern of
the light which occur due to molecular interactions

+ The tip surface of the BLI biosensor contains an optical layer and a matrix to which the
biomolecule are immobilized

+ BLIis a microfluidics-free platform that works on unique dip-and-read approach and allows
screening of wide range of biomolecular interactions

+ Equipped with interferometry technique, BLI has higher DMSO tolerance and there is no risk of
clogging from precipitation and cavitation bubbles

|IT Bombay

So, I hope you got a better understanding about this label free biosensor, Bio-layer
Interferometry technology BLI. The next lecture will include a demonstration session that was
conducted during this workshop. I am sure you will be now able to understand these concepts
much better and you will also understand how to perform these experiments for your

biological samples of interest; for your biological problems of interest.

Thank you.



