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Development of Screening Development of Screening 
Technology Using Synthetic Technology Using Synthetic 

Lipid Vesicles & ICR Lipid Vesicles & ICR 

Need for HTSNeed for HTS

� Ion Channels
� Important therapeutic targets
� Biopesticide targets

� Need for HTS Bio-assay s
� Large chemical / biochemical libraries

� Combinatorial chemistry 
� CAD  modelling & designing

� New ion channel targets
� Genomics & proteomics
� Disease models

Aurora Aurora BiomedBiomed ’’ss ICR TechnologyICR Technology
An OverviewAn Overview

Aurora Aurora BiomedBiomed ’’ss ICR SeriesICR Series

� High throughput Analytical Instrument
� ICR 8000

� ICR 12000

Parameters ICR 12000
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Surrogate IonsSurrogate Ions

� Potassium ion channels: Rb+ for K+

� Na+,K+ ATPase: Rb+ for K+

� Sodium ion channels: Li+ for Na+

� Acid sensing ion channels: Li+ for Na+

� Chloride ion channels: 
� Ag+ titrated with Cl- in the samples

� Ag+ precipitates precipitates as AgCl

� Ag+ remaining free is measured in the samples

� K+,Cl- co-transporter: Ag+

� Calcium ion channels: Sr2+ or Ca2+

Expression SystemsExpression Systems

� Endogenously expression
� Stable or transient expression

� Mammalian cell lines
� HEK293 cells 
� Mouse L cells 
� CHO cells

� Non-mammalian
� Xenopus Oocytes
� C. elegans
� Yeast



Targets Screened Using ICRTargets Screened Using ICR
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(Next)
To date, these targets have been studied using ICR, and 
more are being developed and optimized
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Targets Screened Using ICR (cont.)Targets Screened Using ICR (cont.)

Chloride DeterminationChloride Determination
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200ul Sample

30ul Ag Solution (50 
mg/L)

Precipitation of Cl- as AgCl

AgCl
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200-mmmml Cl
(ppm)

30-mmmml Ag 
(ppm)

Excess Ag
(abs)

Excess Ag
(Mean Abs)

Excess 
Ag (ppm)

calculated 
Cl (ppm)

0 0 0.038, -0.058, -0.051 -0.024 0 0

0 50 3.551,  3.026,   3.257 3.278 6.5 0

0.25 50 3.051,  3.051,   3.154 3.085 6.0 0.32

0.62 50 2.926,  2.593,   2.919 2.813 5.5 0.52

1.25 50 2.022,  2.036,   1.967 2.008 3.9 1.18

2.50 50 0.878,  0.908,   1.093 0.960 1.8 2.21

Chloride DeterminationChloride Determination

HTS and Nav1.7HTS and Nav1.7 -- Li  FluxLi  Flux

� ICR12000 AAS-based Li-flux assay

� FLIPR membrane potential assay

� Fluorescense resonance energy transfer (FRET)-

based membrane potential assay

� IonWorks EP

HTS and Nav1.7HTS and Nav1.7



HTS and Nav1.7HTS and Nav1.7 Li flux Assay DevelopmentLi flux Assay Development

ICR12000 ICR12000 vsvs FLIPRFLIPR

Z’ factor

Less False Positives

Less False Negatives

Correlation with Correlation with IonWorksIonWorks HTHT HTS and Nav1.7HTS and Nav1.7 -- Li  FluxLi  Flux



New ApplicationsNew Applications

Objectives Objectives 

� To study pharmacology of ion channel 
targets in isolation from 
� Endogenous ion channels
� Backgrounds

� Homologous or heterologous expression 
systems that do not provide adequate signal 
for  ICR

� The ions that cannot be analyzed by AAS 
based ICR
� H+ channels influenza virus

� To study pore forming ion channels

Pore Forming ProteinsPore Forming Proteins

� Pore forming proteins
� Examples

Concept of using Concept of using 
Synthetic Lipid VesiclesSynthetic Lipid Vesicles

Lipid Vesicle AssayLipid Vesicle Assay -- PrinciplePrinciple
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Synthetic Lipids 
POPC (1-Palmitoyl-2-Oleoyl-sn-
Glycero-3-Phosphocholine)
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Preparation & CharacterizationPreparation & Characterization
of of 

Lipid Only VesiclesLipid Only Vesicles



Preparation of VesiclesPreparation of Vesicles

Desalting of the
Vesicles

Sizing
Passing through Filter 

Vesicle Formation

Preparation
Drying Lipid mixture

(Dry N2)

Storing  Vesicles
4ºC

Dilution of  the 
Vesicles

Freeze-thawing 
Hydrated Lipid  mixture

Hydration
lipid Mix In buffer

Testing
Vesicles

Addition of 
Cell membranes

� LOV (0.8 � m, 10mg/mL lipid)
� LOV (100uL) using Sepharose-4B column:

� Rb+ Profile
� The LOV elution peak
� Absence of LOV from lysed LOV sample

� Indicates entrapment of Rb in the vesicles
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Desalting LOVDesalting LOV -- SepharoseSepharose ColumnColumn

� LOV (0.8 � m, 10mg/mL lipid)
� Bio-Inert 96-well Spin Microplates:

� Rb+ profile
� Intact LOV vs lysed vesicles

� Intra-LOV Rb+ content
� In different buffers
� Contain almost the same amount of Rb+
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Desalting LOVDesalting LOV -- Spin Spin MicroplatesMicroplates
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� Optimization-centrifugation
� Rb+ profile the steps
� Intra-LOV content of Rb+

� Showing RCF of 490g adequate

Desalting LOVDesalting LOV -- Spin Spin MicroplatesMicroplates

� Optimization of Rb+ for LOV preparation
� 5 mM
� 100 mM
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Optimization of Optimization of RbRb++ in LOVin LOV
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� Rb+ profile
� Different sized LOV

� Rb+ content peak
� Different size LOV in comparison
� LB (lysis buffer)

OptimizationOptimization -- LOV sizeLOV size
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� Intra-LOV Rb+ content 
� Intra-LOV Rb+/lipid (mg/mL)

� Fold intra-LOV Rb+ content

Optimization Optimization –– Intra Intra RbRb++ ContentContent
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� Optimization - liquid volume of LOV for use
� 0, 20, 40, 60, 80, 100, 120, 140 uL
� Adequate 40uL 

Optimization Optimization –– Volume of LOV Volume of LOV 

Leakage Test of LOVLeakage Test of LOV
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� Leakage profile LOV
� LOV-different lipid compositions
� Rb+ profile of the desalting
� Leakage of LOV

Leakage of LOVLeakage of LOV -- Lipid compositionsLipid compositions
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� Leakage & stability of LOV (0.8 � m, 
10mg/mL)

� As shown below

Leakage & Shelf Life of Leakage & Shelf Life of 
LOV LOV 
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� Rb+ leakage during
� Hypo-, hyper or iso-osmotics buffers

� Decreasing concentration of KCl
� In K+-Buffer A/B or 
� Decreasing concentration of choline in 

choline Buffer A/B

RbRb++ Leakage Leakage ––Different ConditionsDifferent Conditions
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� Rb+ leakage during
� Comparing 

� controlled trans-membrane potential
� Osmolarity

RbRb++ Leakage Leakage ––Different ConditionsDifferent Conditions

LOV & Pore Forming LOV & Pore Forming 
Protein InteractionProtein Interaction
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� Rb+ leakage from interacting protein A
� 1.5 mg/mL of protein in the iso-osmotic 
KCl+ChCl buffer A/B.
� Various concentrations of protein 1 in 
presence of choline buffer A/B.  

RbRb++ LeakageLeakage -- Protein A InteractionProtein A Interaction
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� Rb+ leakage from LOV-protein C interaction
� Protein(1mg/mL) 

� In iso-osmotic KCl + ChCl buffer A/B
� Varying concentrations of protein

� In presence of Choline Buffer A/B

RbRb++ LeakageLeakage -- Protein C InteractionProtein C Interaction

� Rb+ leakage among the replicates (n=3) 
� Protein A (1.5 mg/mL) or C (1.2 mg/mL) 

� In presence of varying LOV potential (iso-osmotic 
KCl+ChCl buffer A/B)

� Varying concentrations of proteins A or C in 
presence of Choline Buffer A/B.

RbRb++ Leakage Leakage (n=3)(n=3)

� CV (%) among the replicates (n=3)
� LOV to protein A & C

� Varying LOV potential (iso-osmotic KCl+ChCl
buffer A/B)

� LOV to various concentrations of the proteins A & C
� In presence of Choline Buffer A/B

CV (n=3) LOVCV (n=3) LOV -- Protein InteractionsProtein Interactions
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� Optimization of time of efflux 
� Incubation with protein A or C for long duration

� No significantly influence on Rb+ leakage from LOV

OptimizationOptimization -- Period of Efflux Period of Efflux 

Hybrid VesiclesHybrid Vesicles

� LOV (1 mg/mL, 0.8um, Intra LOV RbCl 300 mM, Ph7.5)
� Wash Buffer:  Isotnic solution
� Activation Buffer: ChCl 300 mM, Ph7.5

� Activation (n=8)
� Intense signal for ICR
� Insignificant leakage of RB

� Better use 0.1 mg lipid rather than 1 mg lipid for preparing 
hybrid 

Optimized AssayOptimized Assay -- Hybrid VesiclesHybrid Vesicles

� LOV (0.1 mg/mL, 0.8um, Intra LOV RbCl 300 mM)
� Wash Buffer: Isotonic (Ph7.5)
� Activation (n=8)

� Significant amount of signal expected
� Insignificant leakage of RB (W7)
� Lysis: Showing about hundred % release of Rb+

� Insignificant leakage of Rb+

� Can be used for preparing hybrid vesicles

Optimized AssayOptimized Assay -- Hybrid VesiclesHybrid Vesicles

� HV (0.1 mg/mL, Ratio of Lipid:  Biological target membrane =1:1, 0.8um)
� HV used in assay: 40 uL of 10X diluted from original preparation
� Intra HV Buffer: RbCl 300 mM (Ph7.5)
� Wash Buffer isotonic
� Activation Buffer

� ChCl 300 mM + Protein C
� Period of activation optimized
� Adequate signal for ICR
� Insignificant leakage of RB in the control (con)

Optimized AssayOptimized Assay -- Hybrid VesiclesHybrid Vesicles

ApplicationsApplications



Potential ApplicationsPotential Applications

Synthetic Lipids 
POPC (1-Palmitoyl-2-Oleoyl-sn-
Glycero-3-Phosphocholine)

hERG
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KCl/ChCl
KCl/ChCl

Rb+

Hybrid VesiclesLipid Only Vesicles

KCl/ChClKCl/ChCl

Potential ApplicationsPotential Applications

Synthetic Lipids 
POPC (1-Palmitoyl-2-Oleoyl-sn-
Glycero-3-Phosphocholine)

H+  Channel

Cell membrane + HH+  +  ChannelChannel

Low pH conditions RbCl

Lipid Only Vesicles Hybrid Vesicles

Low pH conditions

� ICR technology is applicable 
� Diverse channels

� K+, Na+, Ca2+, Cl-

� Pore forming proteins
� Continue to develop new applications for ICR
� Automation of the assays

CONCLUSIONCONCLUSION


