| o
Gradient Injection using  faststep

kinetics

| ' g
lL .Ikx ; .'h B

Higher Throughput Kinetic and Affinity Analysis

john.quinn@icxt.com

Biolnstrumentation Group, ICx Nomadics, Inc. Sen Si l



Single Injection Kinetics

using

—

faststep

kinetics



Real-Time Biomolecular Interaction Analysis

In Drug Discovery

To Date:

Moving Towards:

Limitation:

Primarily Lead Compound Characterization

Primary Screening

Desirable to Screen 10,000-100,000* compounds

Availability of affordable biosensing systems with
high quality data suitable for kinetic and affinity
analysis of small molecules while providing
sufficient throughput.



Assay Formaits

Conventional Desirable
Multiple Injections per Analyte Single Injection per Analyte

— —

Possibility of wide
affinity distribution for
analyte population

2x 96 well plates hold approximately 38 2x 96 well plates hold 192 analytes
analytes at 5 concentrations per analyte.
Require individual preparation, loading, injection and

Thus require individual preparation, loading, cleaning for all 192 analytes yet complete kinetic
injection and cleaning for all 192 samples analysis on all 192 without dilutions.
yet complete kinetic analysis on only 38
analytes. Advantage: As much as 10-fold faster
Simpler methodology
Problem: Time consuming and complex. Problem: What should the analyte concentration

be in order to return kinetic and affinity

constants. %‘._ |




Multiple Concentrations Improve Data
Quality for a Single Analyte

Plate Format

Multiple raw response curves Model fit by global fitting to data set

Adv: High quality kinetic data.

Disadv: Running multiple cycles for each analyte results in complicated set-up and
lowers throughput.
Regeneration cannot be avoided unless kj is high.

Question: Can multiple analyte concentrations be run while requiring
only one sample volume to be loaded and injected?
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Solutions to Problem

Solution
(A) Run a series of dilutions covering a wide concentration range using a multichannel
injection system to inject all dilutions concurrently over parallel sensing channels.

Disadvantage: Requires multiple sample dilutions to be prepared.
Increases system cost and complexity while making it more difficult to
maintain data quality.

Single channel—»
Sampling
Probe

Sample Probe Count
1,2,4,6,8

Multichannel | | I
Sampling ¢ |
Probe %



Solutions to Problem

(B) Perform pilot screen to locate approximate affinity range.

Disadvantage
. Time consuming as there are now three screening levels

1. Pre-screen over blank surface-eliminates sticky binders

2. Pilot screen-identify hits and approximate affinity
3. Kinetic screen-returns interaction constants

. Complicated methodology
. Consumes precious analyte

Alternative-single gradient injection

Use a gradient injection method that performs in-situ dilution of the
analyte en-route to the flow cell thereby eliminating need for
discrete dilution volumes and the associated overhead is reduced

greatly.



High Information Content FastStep Injection

Immobilized Ligand = Carbonic Anhydrase
Analyte = Furoseimide (MW 330Da))

Three Conventional Fixed Single FastStep Injection
Concentration Injections
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Principle of

Buffer

-

Microfluidic Mixing Channel (<3ul)

Chaotic Advection
and/or
Turbulence
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Continuous Gradient Injection
with Multiple Quasi-Steady-State
Analyte Concentration Steps.
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Analyte Concentration Referencing
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FastStep Normalized Concentration
Bulk Refractive Index Curve Factors (F),

Step 3 Concentration factors scale the analyte concentration for the FastStep
Injection as a function of time

a — kaCF(Rmax - R) - de
Where C = loaded analyte concentration
F = Analyte concentration factor at time t
R = Sensor response (RU) at time t
Rmax = Maximum expected binding response

= Concentration of binding sites before binding begins “'U



Experimental Demonstration



Experimental Objectives

Plate Format Demonstrate:
« Small molecule detection
» Reproducibility of FastStep injections
» Analyte concentration referencing from sucrose profile

» Low dependence on starting concentration

* Kinetics from a single curve

* Increased throughput

20%
Sucrose

* Ability to resolve weak unknown binders

Analytes:
Chl carboxybenzenesulfonamide (MW 201Da)
furosimide (MW 330Da)
sulfanileamide (MW 172Da)
Ch2 dansylamide (MW 250Da)

sulpride (MW 341Da)
benzenesulfonamide (MW 157Da)
methylsulfonamide (MW 95Da)

CH3



CAIll- Inhibitors



HSA-Inhibitors



Quality of FastStep Injections

(Carbonic Anhydrase (Mw3okDa)-Dansylamide (Mw 250Da))

Full Global Fit

15 approximate
concentrations in quadruplicate

100 pM (100 x Kp)

k, (M1s1) =8.3x 104
kq (s1) =0.08
Kp (s1) = 964nM

High Information Content



Dependence on Loaded Analyte Concentration
(Carbonic Anhydrase (Mw3okDa)-Dansylamide (Mw 250Da))

6.0uM Global Fit to
Each Set

‘ ka (M_ls'l) =1.1x 10°
kq (s1) =0.083
Kp (s1) = 755nM

30uM

k, (M1s1) =1.0 x 10°
‘ ky (s1) = 0.096
Kp (s1) = 960nM

100pM (100xK)

k, (M1s1)=6.9x 104

‘ kq (s1) = 0.059
Kp (s1) = 855nM

Average of
Local Fit

k,(M1s1)=1.16+0.2 (x 10%
kg (s1) =0.083 0.009
Kp (1) = 716nM

k,(M1s1)=1.0+0.2 (x 109
ky (s1) = 0.097 + 0.01
Kp (s1) =970nM

k, (M1s1)=7.0+1.3 (x 104
kq (s1) = 0.059 + 0.003
Kp (s1) = 843nM



Dependence on Loaded Analyte Concentration
(Carbonic Anhydrase (Mwa3okDa)-Furosimide (Mw 330Da))

30|.l|\/| Global Fit to
Each Set

k, (M1s1) = 6.2x 104
@ k, (s1) = 0.043

Kp (s'1) = 694nM
S0uM

k, (M1s1) =6.6 x 104
‘ kq (s1) =0.04
Kp (s1) = 606nM

1.0mM (>1000xK,)

K, (Ms1) = 4.5 x 104
kg (s) = 0.087
O Ko (s) = 822nM

Average of
Local Fit

k, (M1s1) =6.3+0.17 (x 109
kq (s1) =0.043 0.0015
Kp (s1) = 683nM

k, (M1s1) = 6.6 +0.27 (x 109
ky (s1) =0.04 +0.01
Kp (s1) = 606nM

k, (M1s1)=45+0.4 (x 10%
ky (s1) = 0.037 + 0.002
Kp (s1) = 822nM



Throughput

300-500 analytes/day
Screen 10,000 analytes in 20 days
1500- 2500 approximate concentrations/day

Consumes < 1L buffer/day



Demonstration for Different
Biomolecule Classes



scFv- Receptor Interaction

Conventional Assay

k, (M1s1)=45x10°
kg (s1) =6.7 x 107
Kp (s-1) = 150pM

. FastStep Assay
: Range 12.3nM-1000nM (Tripling Dilution)

Response (RU)
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RNA-RNA Interaction

Conventional Assay- 3 hours Run Time : FastStep 0.26 hours Run Time

Range 30nM-2500nM Range 30nM-2500nM (Tripling Dilution)
! ‘ 15-fold Faster (n=1)

68

-2-50 | 50 1éO 2‘50 3‘50 45(
Time (s)
k, (M1s1) = 8.9 x 104 Ky (M1s1) =1.2x10°
ky (s1) = 6.9 x 10 kq (s) =5.9x 10+

(University of Bordeaux, INSERM U869, IECB France)

Interaction: TAR - R06 Aptamer Binding )
Additional reference information: L |'
Lebars, I. et. al., Nuc. Ac. Res. 36 (2008) p. 7146 — 7156 %
TAR : Ducongé et al. J. Biol. Chem. 28, (2000), p21287-21294



Demonstrated Results

 FastStep with small molecules O

- Reproducibility of FastStep injections O

* Analyte concentration referencing from sucrose profile O
 Low dependence on starting concentration C

e Kinetics from a single curve O

* Higher throughput O

 Abllity to resolve week unknown binding O

« Works for different classes of biomolecules O



Advantages

- Simplify instrumentation and protocols
- no need for complex fluid handling

- Eliminate need for preparing analyte dilutions
- sample rack capacity increased 5X without adding more racks
- analyze 5X larger number of analytes in single run
- reduces complexity in sample loading and method writing

- Reduce requirement for pilot experiments
- can complete kinetic analysis on a full sample rack after pre-screen

- Non-regeneration protocol
- kinetic analysis can be completed without regeneration for a given analyte

(Note: In drug screening strong binders requiring regeneration are rare)

- Rapid analyte cycle
- Increases throughput by as much as 10X relative to conventional format

W/



Conclusions

The FastStep injection method is a reliable alterna
to conventional fixed concentration injections with
considerable improvement in analyte throughput
while simplifying assay set up.

tive



For more Information Contact: Rick Cope
rick.cope@icxt.com

Tom Jobe
tom.jobe@icxt.com




