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ICx Technologies -
Biolnstrumentation Group

ICx Technologies is a public company (
based in Washington D.C. with main interests in
defense, security, and life science applications.
WWW.IcXt.com

ICx Technologies represents more than
!Il

The Bioinstrumentation Group is part of ICx Detection and is
the largest group within ICx Technologies (200+ employees)

Headquarters of Detection are in Stillwater, OK and offices in
Oklahoma City and Cambridge, MA

The Biolnstrumentation Group is strategically focused on the
commercialization of Life Sciences instrumentation and
applications
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Why Real-Time Surface Plasmon
Resonance Analysis?

 Real-time Sensing - movie vs. snap shot
 Direct feedback - enables rapid optimization
 Label Free - No flurophores

* Kinetic Analysis - most other provide affinity only

e Truly Quantitative - 1 RU = 1pg/mm 2 over full
range

 Requires low amount of precious reagent
« Can yield good data from impure samples
« Can recover bound entities (affinity purification)



Limitations of Current
Injection Methods



Conventional Kinetic Format
(Protein Affinity Capture Format)

Multiple raw response curves Model fit by global fitting to data set
Advantage: High quality kinetic data.
Disadvantage: Running multiple cycles for each resul ts in complicated set-up

and lower throughput
(regeneration, return to baseline, no loss of activ  ity, nb of vials,
etc)



Single Injection at Fixed Concentration
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Single Injection at Fixed Concentration

Must approach >80% of Saturation at end of injectio n
therefore
Must know expected affinity range in advance otherw Ise
a pilot experiment is required
or
Use a fixed concentration for all analyte samples
but

Kinetic analysis will only be possible if all analy te samples fall within
a narrow affinity range
if
Analyte samples span a range of affinities then it will not be possible

to run a high throughput screening experiment with full kinetic
analysis of all data



Serial Step-Up Analyte Injections

Advantage: Only a single regeneration required

Disadvantage: Each injection is loaded and injected in series requiring
considerable time to complete



Defining a Continuous
Gradient Injection



Defining Analyte Concentration

Conventional Injection
Aontofy = [Loaded Analyte]

Constant in time

Gradient Injection

A on-toff) = [Loaded Analyte] x Gradient

= Variable in time

Concept was first demonstrated by
Mary Shank-Retzlaff and Stephen Sligar

using a linear gradient maker
(Anal.Biochem., 2000, 72(17), 4212-4220)
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Analyte Gradient Profile Created by
Dispersion in Sample Injection Tubing

C,ax IS the concentration of
analyte in the undiluted analyte
sample used when pulling the
gradient.

The fraction of analyte (X) sample
present in the tubing will vary along
the length of the tubing and will
follow a sigmoidal approach to C,_,.

The analyte distribution will depend
on many factors including tubing
materials, liquid viscosity,
temperature, miscibility, relative
volumes of the sample to buffer
initially aspirated, volume, diameter
and length of tubing through which
sample travels before reaching flow
cell, flow direction. Incorporation of
bubbles to prevent dispersion is
used to prevent mixing when
loading the initial analyte segment.



Change Gradient Profile by Changing
Relative Volumes of Sample to Diluents
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Superimposed Normalized Gradient Curves
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Reproducibility of Gradient Injections

Gradient = Max - (Max - Min)/(1+((t/C1)%?))
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Measured Analyte Gradient

G = Max - (Max - Min)/(1+((t/C1)%?))

10uL fractions of the gradient sample were collected at the flow cell at 12 second intervals
and assayed for analyte content. This was then plotted as a function of the analyte sample
used in making the gradient. A 4-parameter logistic equation can be fitted and this function
Is substituted into the kinetic model in order to represent the analyte concentration at all

times during a gradient injection.



Model Fitting to Gradient Data

Numerical Integration of Differential Equations
and curve fitting by non-linear regression



Rate Equations in Response
Units

The rate of change of complex [AB] formation is given by the sensor
response, R, and the differential rate equations may be rewritten

accordingly.

Association dR
——=kG.(R_ - R)- kiR Eqn. 4
dt max
Where G = analyte gradient function
R Is the sensor response (RU)
R... = Maximum expected response binding
= Concentration of binding sites before binding begins
=[Bli=o
Dissociation
dR

—=-kiR Eqn.5
dt



Differential Equations
(Pseudo-first-order interaction model)

Association of analyte

d[AB
dt

=K{Al[B, - kA, Ean. 1

At any time during analyte [A] binding the concentration of free ligate sites [B]; is
equal to the maximum number of sites [B] .-, minus the concentration of

complexes formed [AB],. Equation 1 may be rewritten as equation 2.
dlAg

g rellBlio - [ARYIA - ke ABK Ean. 2

Dissociation of analyte

Analyte is not present during the dissociation phase so equation 1 reduces to
d[AB] _
dt

- k[ AB] Eqn. 3



Rate Equations in Response
Units

The rate of change of complex [AB] formation is given by the sensor
response, R, and the differential rate equations may be rewritten

accordingly.

Association dR
dt ( max

Where A is the analyte concentration
R is the sensor response (RU)
R = Maximum expected response binding
= Concentration of binding sites before binding begins

=[Bl=0

d_R =- kiR Eqn.5

dt

- R)- kR Eqn. 4

max

Dissociation



Simulated Gradient Curves

(Numerical Integration of Differential Equations)
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[Loaded Sample] = 50nM

k, (M1s1)=1x107, 1 x 10°, 1x10° 1x10% 1x 103
kd (s1)=0.001

Rax = SORU

Grad Parameters:
Max = 1.01, Min =0.009,C1=173,C2=7.4



Running an Analyte Gradient Injection
and Model Fitting using a
scFv-Antigen Interaction



Fitted Conventional Curve

(Fv Fragment-Antigen Interaction)

k, (M1s1) = 9.1 x 105
Ky (s1)= 5.7 x 105

Black = Raw Curve

Red = Model Fit

Conventional global model fit to a set of binding response curves over a range of
analyte concentrations prepared by serial tripling dilution. A simple model was
applied without a mass transport term. ka, kd and Rmax were fit globally.



Kinetic Analysis using a Set of Gradient

Injection Curves (scFv- Antigen)

Response (RU)
N WA O o
© © o o o
| | | | |

[Eny
o
|

o

k, (M1s1) =9.3 x 10°

o

200 400 600 800 1000

Time (s)

1200

60 -

50 -
=)
& 40 A
(O]
@ g1y = 5
5 30 | K, (M1s1)=9.0x 10
0
()
X 20 -

10 A

O T T T T T T

0 200 400 600 800 1000 1200
Time (S)

60 -

50 -
5
& 40
(]
7 de-1y = 5
£ 20 | k, (M1s1)=9.0x 10
Q.
[}
Q
X 20 -

10 A

0 T T T T T T

0 200 400 600 800 1000 1200
Time (s)

Response (RU)
N WA g o
© © o o o
| | | | |

=
o
I

o

k, (M1s1) =9.2 x 10°

o

200 400 600 800 1000
Time (s)

1200

Final Gradient Concentrations = 66.7nM, 22.2nM, 7.4nM, 2.5nM, respectively

Conclusion: Method is valid over wide concentration

range




Fitted Conventional Curve Set
(39kDa Analyte)

K, (M1s1) = 2.8 x 104
K, (s')= 0.000015

Black = Raw Curve

Red = Model Fit



Kinetic Analysis using a Set of Gradient
Injection Curves (39kDa Analyte)

39kDa PROTEIN
Blue = Raw Curves
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Final Gradient Concentrations = 500nM, 166nM, 55.5nM, 18.5nM, respectively
Each curve was fitted locally and top two returned reasonable kinetic values

Conclusion: Method returns correct On-Rate



Kinetic Analysis using a Set of Gradient
Injection Curves (39kDa Analyte)
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Final Gradient Concentrations = 500nM, 167nM, 55nM, 18.5nM, respectively

Conclusion: Method is valid over wide concentration

range




Other Gradient Injection Applications

1.

2.

Screening Environmental Conditions

(vary pH, ionic strength, relative concentration
additives)

Pre-concentration Conditions
Regeneration Scouting
Competitive Kinetics

Competitive Solution Phase Affinity

Solid Phase Affinity

of



Affinity Ranking with Gradient Curves

Fixed loaded analyte concentration

Three Ab fragments binding to affinity captured
antigen



Conclusions

The continuous gradient injection method Is a
promising alternative to conventional fixed
concentration injections with potential to
simplify analyte screening and increase
throughput.



For more Information Contact: Michel Perriere
michel.perriere@icxt.com




