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Background and MethodologyBackground and Methodology

Design and use of a general screenDesign and use of a general screen

Focussed Focussed ligandligand-binding assays-binding assays

LimitationsLimitations



A biophysical technique used to study (relative) proteinA biophysical technique used to study (relative) protein
stabilitiesstabilities

The solution is heated stepwise from room temperature toThe solution is heated stepwise from room temperature to
~95~95°°CC and fluorescence is monitored at each step and fluorescence is monitored at each step

Rising temperature causes protein unfolding and  theRising temperature causes protein unfolding and  the
fluorophorefluorophore ( (SYPRO OrangeSYPRO Orange) partitions itself into the) partitions itself into the
melted protein and hence the overall effect is melted protein and hence the overall effect is an increasean increase
in fluorescence with increasing temperaturein fluorescence with increasing temperature

If a drug/ligand is included which binds to the protein, theIf a drug/ligand is included which binds to the protein, the
mid-point of the melt curve can shift, indicating mid-point of the melt curve can shift, indicating stabilisingstabilising
or or destabilisingdestabilising effects (e.g.  effects (e.g. LigandLigand binding) binding)

BackgroundBackground



Folded Protein Partially Unfolded Protein Unfolded Protein

Increasing fluorescence

Increasing temperature



MethodologyMethodology

Assay volume is 15-50 Assay volume is 15-50 µµl withl with
typically 0.1 mg/ml protein (1.5 typically 0.1 mg/ml protein (1.5 µµgg
protein per well)protein per well)

Use of Use of SYPRO Orange dye allows dye allows
detection using filters present in adetection using filters present in a
standard RT-PCR machinestandard RT-PCR machine
(Excitation at 473nm and emission(Excitation at 473nm and emission
at 570nm)at 570nm)

Each reaction contains onlyEach reaction contains only
protein and dye protein and dye –– drugs or ligands drugs or ligands
of interest are added as requiredof interest are added as required

Heat sample plate from 20 to 90Heat sample plate from 20 to 90˚̊CC
in 0.2 in 0.2 ˚̊C steps, holdingC steps, holding for 12 for 12
seconds to read fluorescenceseconds to read fluorescence



Temperature °C Temperature °C
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Melt CurvesMelt Curves

Melt Curve First derivative



Protein Protein StabilisationStabilisation



Temperature Cycling ProfilesTemperature Cycling Profiles

MeltMelt
–– fluorescence read at variousfluorescence read at various

temperaturestemperatures

Heat and CoolHeat and Cool
–– fluorescence always read atfluorescence always read at

same temperaturesame temperature

–– takes longer than a melttakes longer than a melt
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Comparison of Comparison of ‘‘Heat and CoolHeat and Cool’’ with  with ‘‘MeltMelt’’

The change in Tm is the same for “heat and cool” and “melt”

Heat and Cool

Protein – NAD

Protein + NAD

Dye

Melt

Protein – NAD

Protein + NAD

Dye



Equipment in the OPPFEquipment in the OPPF

BioRad Opticon BioRad Opticon 2 Real-2 Real-
Time PCR Time PCR DectectorDectector

Plates:  Standard whitePlates:  Standard white
thin-walled PCR platesthin-walled PCR plates

Seals:  Seals:  BioRad MicrosealBioRad Microseal

–– optically clear,optically clear,
adhesive sealsadhesive seals



Design and Use of aDesign and Use of a
General ScreenGeneral Screen



Design of a General ScreenDesign of a General Screen

96-well PCR plate format96-well PCR plate format

Contains common changes in buffer condition Contains common changes in buffer condition ––
pH, type of buffer, salts, etc.pH, type of buffer, salts, etc.
–– Used to find stable buffer conditions for unstableUsed to find stable buffer conditions for unstable

proteinsproteins

Contains commonContains common ligands ligands  –– NAD, ATP, etc. NAD, ATP, etc.
–– Used to find stabilisingUsed to find stabilising ligands ligands and to give information and to give information

on the function of on the function of ““unknownunknown”” proteins. proteins.
–– Provides information for co-crystallisationProvides information for co-crystallisation

experiments.experiments.
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Design of a General ScreenDesign of a General Screen



OPPF2956OPPF2956

Protein is more stable in higher salt and pH.Protein is more stable in higher salt and pH.

Protein is stabilised by Protein is stabilised by nucleotidesnucleotides, Ca, Mg,, Ca, Mg,
prolineproline and arginine. and arginine.

OPPF2956 is a DNA binding protein.OPPF2956 is a DNA binding protein.
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OPPF1446OPPF1446

Protein is more stable in higher salt and pH.Protein is more stable in higher salt and pH.

Protein is destabilised by Protein is destabilised by DTTDTT, , detergentdetergent, Zn, Fe,, Zn, Fe,
FAD, TMP.FAD, TMP.

OPPF1446 is a dimer which is known to beOPPF1446 is a dimer which is known to be
inactive when dissociated with reducing agents.inactive when dissociated with reducing agents.

12

H

G

F

E

D

C

B

A

1110987654321

Stabilised

No Change

Destabilised



OPPF2398OPPF2398

Protein is more destabilised outside Protein is more destabilised outside pH7-9pH7-9..

SaltSalt concentration has no effect on protein stability. concentration has no effect on protein stability.

OPPF2398 is an intracellular domain of a singleOPPF2398 is an intracellular domain of a single
membrane spanning receptor.membrane spanning receptor.
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Use in Structural GenomicsUse in Structural Genomics

Allows measurement of buffer conditionsAllows measurement of buffer conditions
which favour protein stability:which favour protein stability:
–– Change of purification buffers and protocolChange of purification buffers and protocol
–– Prevention of protein aggregationPrevention of protein aggregation

Screens to find a potentialScreens to find a potential ligands ligands and and
co-factors:co-factors:
–– Used in purification to stabilise proteinUsed in purification to stabilise protein
–– Co-crystallisation trialsCo-crystallisation trials



Focussed Focussed LigandLigand-binding-binding
AssaysAssays



Focussed Sugar-Binding AssayFocussed Sugar-Binding Assay

C-type C-type lectinlectin

Protein binds Protein binds ββ--glucansglucans

Structure revealed unpredicted metalStructure revealed unpredicted metal
binding sitebinding site

Test the activity of refolded proteinTest the activity of refolded protein

Test any metal binding activityTest any metal binding activity



Melt Curve and Derivative CurveMelt Curve and Derivative Curve

Protein

Protein + Ca Protein + sugar + Ca

Protein + sugar



Assay Results and ConclusionsAssay Results and Conclusions

Sugar bindingSugar binding
confirmed by ~10confirmed by ~10°°CC
shift shift –– confirmed confirmed
protein correctlyprotein correctly
refoldedrefolded

Metal bindingMetal binding
confirmed by ~5confirmed by ~5°°CC
shiftshift
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Focussed Amino Acid-BindingFocussed Amino Acid-Binding
AssaysAssays

OPPF1345 and OPPF2146OPPF1345 and OPPF2146

Proteins bind amino acidsProteins bind amino acids

ApoApo crystal structures have been solved crystal structures have been solved

Test the binding of different amino acidsTest the binding of different amino acids

Use the data for soaking experiments inUse the data for soaking experiments in
order to gain crystal structures with co-order to gain crystal structures with co-
factors boundfactors bound



Assay resultsAssay results
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OPPF1345 OPPF1345 AlanineAlanine Binding Binding

Co-crystallisation with Co-crystallisation with alaninealanine have been used to have been used to
obtain a crystals of obtain a crystals of holoholo-OPPF1345-OPPF1345



OPPF2146 Amino-Acid BindingOPPF2146 Amino-Acid Binding

Soaks with Soaks with methioninemethionine and  and leucineleucine have been have been
used to obtain a crystal structures of theused to obtain a crystal structures of the
protein with amino acids boundprotein with amino acids bound



Use in Structural GenomicsUse in Structural Genomics

Allows quantification of known Allows quantification of known ligandligand
bindingbinding

Allows exact Allows exact ligandligand to be ascertained to be ascertained
egeg. NAD. NAD++/NADH/NADP/NADH/NADP++/NADPH/NADPH

Gives information for crystal soaks orGives information for crystal soaks or
co-crystallisation experimentsco-crystallisation experiments



LimitationsLimitations

Some proteins do not give a satisfactorySome proteins do not give a satisfactory
melt curvemelt curve

Some co-factors/ligands interact with theSome co-factors/ligands interact with the
dye to give a false positive resultdye to give a false positive result

For a  full 96-well screen the techniqueFor a  full 96-well screen the technique
uses 0.5-1.2mg of proteinuses 0.5-1.2mg of protein
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