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Journal “Materials and Methods” Protocol

Inglese, Koch, Caron, & Lefkowitz, 1992 Nature 359

Translocation-Phosphorylation Assay

 measures the “location” of kinase
 measures the phosphorylation state of R

Methods in Enzymology Protocol

Eppendorf tube on ice
Vortex the mixture

pipette up and down

polycarbonate tubes

quickly remove supernatants

followed by SDS-PAGE
X-ray film

[32P]ATP

resuspend the pellet
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What’s wrong with this picture?

 Eppendorf tubes
 Vortex
 Centrifuge tubes
 Light sensitive materials

 Light box
 Dark room

 Separation
 Hamilton Syringe

 Re-suspension
 SDS-PAGE separation

 Dry gel

 Expose to x-ray film
 Densitometer

Reagents & materials Detection Protocol

x x x

 Model system
 Regents are hard to obtain, handle
 Cellular context lost

Also…

Measuring the function of GPCRs:
Second messengers

http://probes.invitrogen.com/
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FLIPR desensitization fluo-3AM assay
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 Second messenger measurements are well
established in HTS (cAMP, Ca2+, IP)

FLIPR desensitization fluo-3AM assay
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Trafficking of GPCRs: Monitoring via
GPCR•βarrestin-GFP fusion complexes
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Oakley et al (2002) Assay & Drug Devel. Technol. 1:21

Imaging Microscopy Systems

 Widefield
 light collected from entire depth

of sample
 light source: Hg or Xe lamp

 many EX λ possible
 but, light intensity is limited

 Commercial Systems
 Cellomics ArrayScan
 Q3DM EIDAQ 100
 Amersham IN Cell 1000

 (Imaging Research)
 Molecular Devices Discovery 1

 (Universal Imaging)
 Axon ImageXpress

 Scanning Confocal
 use pinhole or slit to eliminate out-

of-focus light from detector
 laser illumination

 EX λ limited to available laser
lines

 high intensity EX
 Commercial systems

 Amersham IN Cell 3000

 Spinning Disk Confocal
 rotating array of microlenses to

focus illumination & 2nd array of
rotating pinholes provides
confocality.

 Speed due to multifocal imaging
 Reduced photo damage

 Commercial System
 Evotec Technologies OPERA

4 April 2003 Science 
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Protein Fragment Complementation Assay
(PCA) or ‘Split GFP’ Assay
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Yu et al (2003) Assay & Drug Devel. Technol. Vol. 1,811-822

1536-well plate-based laser cytometry

AcGFP1 475   505
ZsGreen1 496   506
ZsYellow1 531   540
DsRed2 558   585
AsRed2 573   595

NFP          EX     EM
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Fluorescent Protein-based Assays

 Protein Translocation
 Cytoplasmic to Nuclear

 GR-GFP

 Protein Expression
 GFP reporter

 Protein Complementation
 GPCR trafficking
 others

P RP R

Stimulus
+-

Phenotypic Assay: 1536-well qHTS Protocol

 Validation: Well-characterized biology
 Conditions for observing both agonists and antagonists worked out.
 Potentially useful in developing assays for proteins of unknown or

poorly understood function

Acumen Explorer488nm /GFPDetector6

Queching dye1 µLReagent5

37° incubation1.5 hrTime      4

40 µM – 0.5 nM20 nLCpmd3

37° incubation24 hrTime2

Cells- 700/well5 µLReagent1

DescriptionValueParameterSequence

Split-GFP GPCR Activation Assay-Isoproterenol +Isoproterenol

-propranolol +propranolol

Test cpd is antagonist, +Isoproterenol

Test cpd is agonist
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 Cell media suppressed mutant YFP signal
 Aspiration of media not possible with HEK cells
 Background suppression achieved with naphthol blue black (0.2mM)
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Auld et al (in press) Methods in Enzymology. Vol. 414

Test cpd is antagonist,

Stim: Isoproterenol

Aspiration comb for 1536-well plates
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Auld et al (in press) Methods in Enzymology. Vol. 414
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1 to 100 nM

0.1 to 1 µM

1 µM to 10 µM

AntagonistAgonist

Adrenergic receptor ligands

Others

Auld et al (in press) Methods in Enzymology. Vol. 414

Outline
 Assays and HTS

 Definitions, plate formats, throughput, & volumes
 Statistical measures of assay performance
 Assay formats compatible with HTS
 Assays run at NCGC

 Assays: from bench top to robot
 Examples

 Assay artifacts
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Artifacts

 Artifacts
 Inner filter effect
 “Blue lint”
 Fluorescent “bloom”
 Aggregation

Inner Filter effect: luminescence,
absorbance and radioactive assay artifacts
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Artifacts with total well readouts for
reporter gene assays

12

CCF2-AM ester
(cell permeable, 
non-fluorescent)

extracellular

intracellular

Ca2+ Flux measurements

http://probes.invitrogen.com/
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Artifacts with total well readouts for
FLIPR Fluo-3AM assay

P. Hodder et al., Analytical Biochemistry 313 (2003) 246–254

Fluo-3

Promiscuous Inhibitors

 Time-dependent but reversible inhibition.
 Attenuated by albumin, guanidinium, or

urea.
  the concentration of the model

enzymes 10-fold largely eliminated
inhibition, despite a 1000-fold excess of
inhibitor

 Form particles of 30-400 nm diameter

Journal of Medicinal Chemistry, 2002, Vol. 45, No. 8 1717
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Determining the Mechanistic Basis
 for Toxicity through HTS

x

x


