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Results & Analysis

Introduction
Removing tightly bound analytes before subsequent injections in flow-based SPR is called
regeneration. Optimal regeneration conditions are those that remove the analyte completely
while leaving the ligand intact. Identifying optimal regeneration conditions is typically the
most challenging, time consuming and costly part of SPR assay development. Drake and
Klakamp identified a systematic method that greatly simplifies the process to identify optimal
regeneration conditions (1) .
Sensorchips are the most expensive consumable in SPR experiments. The unique flow cell
structure of the BiOptix 404pi allows for testing up to 3 unique regeneration conditions at
once reducing sensorchip usage up to 3-fold. This same innovative flow cell design also
reduces the time it takes to identify optimal regeneration solutions.
Here the Drake and Klakamp method is applied to the BiOptix 404pi E-SPR instrument to
identify optimal regeneration conditions for a small molecule binding to an immobilized
protein with an estimated KD of ~5 nM. Five different regeneration solutions are explored
using only 2 sensorchips and requiring about 1 week to identify the optimal regeneration
conditions.

Figure 3. Coarse Regeneration. Widely varying regeneration solutions were explored in 4x1 mode. 25 uL of each regeneration
ran for 30s. Regenerations on Ch2 and Ch3 destroyed the ligand. Ch4 showed promise and was explored further in Figure 4.
Legend corresponds to injections in Figure 1. Please refer to Table 2.
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Methods
Purpose

Injection Schematic
1. Analyte (A1)
Regeneration
2. Buffer (B1)
Regeneration
3. Buffer (B2)

 If first experiment,
• first detection of binding
• establishes Rmax for all subsequent experiments
 Condition of surface prior to testing new regeneration solutions

Double referencing

Regeneration
4. Analyte (A4)

Assesses effectiveness of 3 regenerations

Regeneration
5. Analyte (A5)
Regeneration
6. Buffer (B3)
Regeneration
7. Analyte (A7)

Assesses effectiveness of 1 regeneration
Double referencing
Assesses effectiveness of 2 regenerations

Figure 1. Drake-Klakamp Regeneration Evaluation Schematic. Injections are ordered as
shown. The results are brought into an analysis program such as Scrubber to evaluate
regeneration effectiveness.
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Table 2. Summary of Experiments in Figures 3 and 4.
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A. Coarse Regeneration Testing
B. Fine Regeneration Optimization
Figure 2. BiOptix 404pi flow cell structure contains four microfluidic channels that can be
controlled independently (4x1) or in referenced series (2x2) both allowing for testing
multiple solutions at one time. A. For “Coarse Regeneration”, ligand is loaded on flow cells
2, 3 and 4 (hatched pattern), flow cell 1 is not loaded and used as an unlinked reference cell.
B. For “Fine Regeneration Optimization” flow cells 3 and 4 are loaded (hatched pattern) while
flow cells 1 and 2 are used as inline reference cells respectively.
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Table 1. Regeneration Types using the BiOptix 404pi
Step Mode Regeneration
Type

Figure 4. Fine Regeneration. [A] through [C] are successive experiments optimizing regeneration. [A] 1M NaCl, 50uM EDTA
showed promise and suggested 3 regeneration injections might be sufficient. [B] Three injections of either 1M NaCl or 2 M
NaCl were not quite enough. Injection A7 equaled A4 suggesting that 6 regenerations might be required. [C] Six
regenerations brought all analyte injections together. 1M NaCl, 50 uM EDTA in Ch4 was chosen and used in generating data
in Figure 5. Legend corresponds to injections in Figure 1. Please refer to Table 2. Only 2 sensorchips and ~ 1 week were
required to identify optimal regeneration conditions.
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6x (1M NaCl,
50 uM EDTA in
*HT 2% DMSO)

Outcome/Conclusion

 NaOH pH 12 and Glycine pH2.2 destroyed the ligand.
 High salt and EDTA showed potential.
 1 M NaCl is more effective then 150 mM NaCl
 Need 3 regen in sequence to get back to starting point.

 Increasing NaCl from 1M to 2M does not make a large
uM EDTA in
difference
HT2%DMSO)
 Still, 3 regen does not get back to starting point.
 Try 6 regens since that gets A7 back to starting point.
6x (2M NaCl and  Increasing NaCl from 1M to 2M does not make a
50 uM EDTA in
difference
*HT 2% DMSO)  6 regens gets all injections to the starting point (A1).

*HT = 20mM Hepes pH 7.4, 0.05% Tween

Figure 5. Kinetic analysis using optimized
regeneration conditions. 6x (1M NaCl, 50 uM EDTA,
20 mM Hepes pH 7.4, 0.05%Tween, 2%DMSO) was
identified as the optimal regeneration condition
through the experiments outlined in Figs. 3 & 4.
Compound 2, C2, was titrated 3-fold from 250 nM to
0.34 nM and run in duplicate over 2 loading levels of
ligand, 2500 and 5000RU. The fit shown is a global
fit of the duplicates across both loading levels.

