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Eluerescence Based Bielogical
Assay Eermats

[Fluorescence Intensity Assays

Fluorescence Polarization Assays

IFluorescence Energy. Transfer Assays

[Fluorescence Lifetime Assays

Luminescent, Time-Resolved Assays
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Eluerescence Based! Biological
Assay Eermats

Fluorescence Intensity Assays

Most Freguently' Used Read-Out Parameter;

Prone to Interferences

Not Suitable for Homogeneous Assay.
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Eluerescence Based Biological
Assay Eermats

Fluorescence Polarization Assays

Widely'Used for HT'S and ClinicallAssays

Self-Referenced Method

Only @ne LLabel for Assay Required
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Eluerescence Based! Biological
Assay’ Eermats

Fluorescence Enerqgy Transfer Assays

Two [Labels for; Assay Required Wavelength-ratiometric

method
READ OUT:

Intensity (dark acceptor)

Intensity

Intensity-Ratiometric (2 fluerophores)

LLifetime. (dark acceptaor)
Wavelength
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Competitive Enerngy Transfer Immunoeassal

Non-fluorescent Acceptor t (D,,yng) <! (Dsee)
No Need to Separate D and A Signals
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Eluoerescence Based! Biological
Assay Eermats

Fluorescence Liftetime Assays

Independent of Fluorophore Concentration
1- or 2-Label Assays

2. Vethods:

Phase-Modulation Method
Pulse-Method




woeWays torVieasure Lifetime:




Tliime-Doemain

Exciting Pulse

Fluorescence

Intensity
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Ereguency; Domain
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Lifetime-Detected Energy Transfer
(Binding Assay)

& Fluorescent Donor
& Nonfluorescent Acceptor A
t (Dbound) <t (Dfree)
& No need to separate D and A signals

& Lifetime independent of volume, color- quenching,
etc.
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Classification:
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Intrinsic Eluerophores
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Preteins: Naturally: ©ccurning Fluerophores

Aromatic amine acids
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(}CHQ—CH COOH HO{}CHE—CH—COOH CHy~CH-COCH
' o NH,
H

NH,

Enenylalanine (Ene=F) Jyrasine: (Ayr—=Y) Tryptophan (Trp-W)
Ex/Em 260 nm/282 nm Ex/Em 280 nm/303 nm Ex/Em 280, 295nm//305-350 nm

303 nm TYR

sensitive to
solvent polarity

Molar Absorptivity
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@ISS Naturally Occurring Fluorophores

Enzyme Coefactors Porphyrins
ExX/IEm 550 nm/620 nm

FeZ: (Heme)
myoglaebin;
hemaglohin
cytochromes b and c,
cytochrome P450 and
cytochreme oxidase

Mgz chlorophylls

FAD

(Oxido-reductases) (Metabalic enzymes)
EX/IEm | 340/460 nm EX/IEm 450nm/540 nm
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EXtiNSIC ElUorophoeres

Synthetic dyes or modified biochemicals that are added
to a specimen to produce fluorescence with specific spectral
properties.
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Fluorescent Probes:
1 3

Fluorescent Labels:
3
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Classes ol Probes, Dyes and LLabels

S
4

Fluorescent 6 !




@ISS Fluorescent Probes

Non-covalent

Developed by G. Weber in 1950’s

Fluorescence emission

400 450 500 550 600
Wavelength (nm)




Fluorescence Excitation

Fluorescent Probes

absorb [590 nm)
.""-.‘.-.::" emit [620 nim]
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Albumin Blue

Developed by Kessler & Wolfbeis

&




Eluorescent lon-Probes

HOOG COOH HOOK COOH

N
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Fluorescent lon-Probes

IElUerescence probes have been developed for a
wide range of I1ons:;

Cations:
Ht, Ca?h, Lit, Nat, Kt Mg2t, Zn%t, Ph?t and others

Aniens:
Cl5, PO,%, Citrate, ATP, and others
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IHOW, 10 ChOESE the correct fluerescent prok

Dissociation Constant ( Kd)
Must be compatible with the concentration (pH) range of interest.
Calibration: Kd of probe is dependent on pH, temperature,
Viscosity, ionic strength etc

Measurement Mode
Qualitative or quantitative measurements.
lon-probes showing spectral shifts - radiometric measurements
Light source available

Indicator Form
Influences cell loading and distribution of the probe.
Salts and dextran-conjugates - microinjection, electroporation
AM-esters - passively loaded and cleaved by intracellular esterases




&ISs nH-Probes

Probe Measurement Mode
Range

SNARF indicators 6.0-8.0 Em. ratio 580/640 nm
HPTS (pyranine) 7.0-8.0 Exc. ratio 450/405 nm
BCECF 6.5-7.5 Exc. ratio 490/440 nm

Fluoresceins 6.0-7.2 Exc. ratio 490/450 nm
and Carboxyfluoresceins
Oregon Green dyes 4.2-5.7 Exc. ratio 510/450 nm

LysoSensor Yellow/Blue 3.5-6.0 _
DND-160 Em. ratio 450/510 nm

Molecular Probest pHiindicator families, in order of decreasing pk,




C;HEt_.lDl.'Z'.'HQDEC;H‘,;_,t_.H2

Fluorescence emission
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Calcium-PProbes

o} 0
- n I _
{ OCCHEJEI"-J MN(CH,CO
OCH,:,GHEO

2

K

No Mg?*: 160 nM
1 mM Mg?*: 700 nM




Calcium-PProbes
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Calcium Green-5\N

1000 pM free Ca™
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. 2+
Calcium Green-5N : Ca

Tracking rapid Ca?*-release kinetics
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Fluorescent Labels




@ISS  Selecting the Label

PROTEIN

Labelimng shoeuld not alter the biological activity: of biomolecules




@ISS Protein Labeling

Aminoe-Modification:

: ; S
isothiocyanate:

I
FI-N=C=§ FI-NH—C —NH—Protein
Thiourea

succinimidyl ester:

Il
ey Fl-C—NH —Protein
Carboxamide

FI-CH=N—Protein | .
Schiff Base




BISS Protein LLabeling
Trhiel-Modification:

/

Il I
X —CHy-C—NH-FI Protein—S —CHy- C—NH —FI

alkyl halides or Thioether
iodoacetamides

0 0

Q
S —Protein
FI-N

o
@ysterme Maleimide Thioether




@ISS Labeling Procedure

Protein
in buffer

Incubation time

3| oo

Add fluorescent dye
dye/protein starting

ratio

Labeling Ratio

[dye]
[protein]

Removal of free dye

Sephadex Column

Chromatography or
Dialysis

SRR =

2 Vg

Sample Characterization Biological Testing

Absorption spectra Activity measurements

Protein determination SDS or native gel
Immunoassay etc
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Determination; ofi Dye-to-Protein Ratios
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Wavelength [nm] Wavelength [nm ]

DIE= Aconj( max) * Prot/ (Aconj(280) X A conj(' max) ) " dye

Protein: X=A dye(280) /A dye( max)

Photometric measurement
Bradford, Lowry assay
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Organic Dye Classes

xXanthenes

Fluoresceins - pH-sensitive, not photostable

Rhodamines - tendency to aggregate in aqueous solution

Coumarins - low extinction coefficients, phototoxic

BOPIDYS - non-polar and relatively insoluble in water

Phthalocyanines - photostable but difficult to synthesize and purify

Cyanines - high extinction coefficients and reasonable quantum yields
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(488/512), t » 4.0

O
I
NHCHECHENH -C —EHEI

IAEDANS
(360/480), ¢t » 15 ns

Examples ofi Extrinsic Labgels

1
oNHICH,). —C —D—Nb

o

Texas Red-NHS
(595-615),t » 3.5 ns

BODIPY
(493/503), t =6 ns

Coumarin-3-carboxylic acid

-NHS
(445/482), t » 2 -3 ns

LaJolla Blue
(680/700)
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Albsorption of Bielogical Material

> IS5

whole blood

KrF melanosome
excimer
eplderml

aorta

Laser Diodes 75% water

370, 405, 473, 532
G35, 670

skin
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Spectral Properties and Quantum Yields of
Representative Leng-Wavelength Absoerbing
and Emitting Dyes

lmax (abs Amax (€M) Lifetime t Q.Y.
[nm] [nm] (M7 cm [ns] (H,0O)

Cy5 250,000
Dy650 120,000
Alexa 647 265,000
DyLight 649 250,000
HiLyte 647 250,000
BODIPY 97,000
Atto 100,000
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HPLC-Retention Times of Red Fluorescent
Dyes

Retention time (min)
6 8 10 12 14 16

Alexa 647
ATTO 655
ATTO 680
Bodipy 630/650
Cy5

Cy5.5
Dy-630
Dy-635
Dy-640
Dy-650
Dy-655
EVOblue30

Hydrophobicity
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Structure and Spectral Properties of
Lonag-Wavelength Cy Dyes

Dye- a& 4
Conjugate (M7cm™)

Cy5 250,000
Cy5.5 250,000
Cy7 250,000
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Structure andi Spectral Properties of
Long-Wavelength ALEXA Dyes!

Dye- a& 4
Conjugate (M7cm™)

AF647 250,000
AF660 132,000
AF750 240,000
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Quantum Yields and' Total Fluerescence of IgG-Coales
ofiCy5 (L ), andAlexa-647( ) for Various D/P Ratios

Alexa Dye
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PR ppp—
Dye-to-Protein Ratio [D/P] Dye-to-Protein Ratio [D/P]

Cy5 has anemalous tendency to aggregate




CySi-/Anemalousi Tendency tol Aggregate

—_ _ ) -
Cy5 Cy5

1st Cy5 molecule associates with the surface of a protein and reacts

2hd molecule interacts with labeled Cy5 and then reacts with
next closest amino-group

Gruber et al., Bioconjugate €hem. 2000, 11, 696- 704
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Ihme-Resolved LLuminescence Measurement

Excitation Excitation

Long-lived
Luminescence

r'd

Short-lived
Fluorescence

Luminescence

0 Delaytime 400 Countingtime 800 1000 New Cycle

Time us
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Luminescent Lanthanides (BEuTb>)

AdvantagesiVvs. @rganic Fluerephores:

Enable Discrimination of Short-Lived Autofluorescence by
“Gating” - More Sensitive and Reliable Measurements

Narrow Emission Bands Excitation 1000 cycles/s

Eu-chelate

Long Luminescent Lifetimes { % luminescence

Biological

Large Stokes’ Shifts backround

0 200 400 600 800 1000 t{us)
| I—
Time delay




ERISS
Homogeneous: Time-Resolved
Eluorescence Immunoassays (HTRE)

Intermolecular Energy Transfer, ca 7-9 nm
Emission, 605 nm, Long Lifetime

Excitation, 350 nm
Rhodm e B extra A ceptor
Terbiu mComme Donor
‘illl!!’} HO

HO;”%
H oH OH
Antigen

Minimal Sample Preparation - No Wash Steps

Applications: Drug|Discovery

Clinical Dragnostics
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What Is Tthe Mechanism?

Antenna Effect

Light —gg-
Absorption

“Antenna Effect’: Strong Absoarption and Good Energy Transfer

Ln(lll) Pratected from Quenching

Thermodynamically Stable and Kinetically Inert Complexes




PerkinElmer’

precisehy.

Eust - Luminescence

f - 11 - 15 %, l excitation 320 nm

CH: and CH, -Group are Replaced by €D and CD,

Acceptors : Allophycocyanine (APC) ar cyanine dyes




Reselved Immunoassays

ZCISOIC
Eu-Cryptate "™ C

Luminescent Only in Presence of F

Not Stable in Water but “Kinetically: Inert”
1-3/Water; Molecules are Coordinated to Ln(lIl) (Limited Protection)

Acceptor: : XL665 or €2 a low-MW acceptar
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Highly: Luminescent [Lanthanideomplexes

K%N NA\\
Oy NH O _NH HN._O HN.__O
OH OH OH OH
o 0 o 0

H3CHN NHCH5 NHCH5 NHCH;

2-hydroxy-isophthalamide ligands

Ligand Th3* Eu®*

L Umipnore, Inc.
Quantum Yield: 60 %, !

500 600 700 800
Wavelength (nm)

Lifetime tt = 2.56 ms




TR-EREI HT'S Assay.
&

DOOOO0OOOOO0O00OC 5“' ez _l—l_ 384-well Plate

Kinase +
ATP = |

PO, + 5 ul ULight -peptide LN

(+ ATP)

OH

i Incubation at RT for 1h

& N

+ 10 yl Eu-anti-phosphosubstrate

— =
antibody (+ EDTA)

i Incubation at RT for 1h

Read

(Excitation at 320 nm, Emission at 665 nm)
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Spectral Data, and Lifetimes for a Representat
Metal-Ligand Complexes (MLCs)

Ru(bpy).(dcbpy)

Il max(@bs) (water) = 467 nm
Il max(€m) = 655 nm
Q.Y.=0.05
ro=0.23
t =366 ns

Ru(SOs;dphphen),(dcbpy)

Il max(@bs) (water) = 4640 nm

Il max(€m) = 643 nm
Q.Y.=0.06
t =0.8nm
t =2m (HSA)

+ .-
Cl-Re(CO)3

N

Re(CO)Cl(phen)

Il hax(@bs) (water) = 275 nm

Il max(€m) = 589 nm
Q.Y.=0.2
o= 03
t =110 ns
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EXcitation Polarization Spectra of Representat
VILCS

Glycerol/Water o~
64 viv f/ \\
B5C N Rulbpy)a(bpyd)

\"'\-.
. Ru(bpy)2(dcbpy)

Anisofropy

Ru(bpyl3

500

Excitation Waveiength {rim]
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Eluerescence Polarization:

A Race hetween Emission and Molecular Motiorg
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Eluerescence Polarization Measurement

Polarizer

Polarizer




Eluerescence Polarzation
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Role of Lifetime in EP.

[FI-HSA] = 5[::@_’__’_/._—.
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. ti-HSA or 1G] / [FI-HSA
[anti-HSA or 1gG] | [FI-HSA] [anti-HSA or 1G] / [ ]




Quantum Dets
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CdSe Core

CdSe/ZnS Core-Shell




ISS@ Quantum: Dots

Nanometer-Scale Atom Clusters

CORE

Cadmium selenide (CdSe), or
Cadmium telluride (CdTe)
few hundred — few thousand atoms

The semiconductor material is chosen
based upon the emission wavelength,
however it is the size of the particles
that tunes the emission
wavelength .

SHELL

COATING

In the core emission is typically weak
and always unstable.

The shell material (ZnS) has been
selected to be almost entirely
unreactive and completely insulating
for the core.

A layer of organic ligands covalently attached to the surface
of the shell. This coating provides a surface for
conjugation to biological (antibodies, streptavidin, lectins,
nucleic acids) and nonbiological species and makes them
“water-soluble”
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EPISS Preventing Photobleaching
I Quantum Dots
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Quantum: Dots

Nanometer-Scale Atom Clusters

Qdot

Nanocrystal

®
1

1nm 10 nm 100 nm Tum 10 um 100 um

GFP  PE
FITC

Biomoalaecule @ N

Quantum Dot
Material System

Emission
Range

Quantum Dot
Diameter Range

Atom Small Dye
Molecules

Quantum Dot
Type

Fluorescent Collodial
Proteins

Standard
Solvents

=

Bacterium  Animal
Gold Cell

Example
Applications

CdSe

465nm - 640nm

1.9nm-6.7nm

Core

Toluene

Research, Solar Cells, LEDs

CdSe/ZnS

490nm - 620nm

29nm-6.Tnm

Core-Shell

Toluene

VisibleFluorescence Applications,
Electroluminescence, LEDs

CdTe/CdS

620nm - 680nm

3.7nm -4.8nm

Core-Shell

Toluene

Deep Red Fluorescence Apps.




ERISS

E
g
g
&
§
g
§
=
:

5,000,000

Qdot Optical Spectra

4,500,000 -

4,000,000 4

3,300,000 4

3,000,000 -

2,300,000 -

2,000,000 -

1,500,000 -

1,000,000 -

500,000 -

—— Qdot 525 Conjugate Absorbance

Qdot 565 Conjugate Absorbance

Qdot 585 Conjugate Absorbance
—— Qdot 605 Conjugate Absorbance
— Qdot 655 Conjugate Absorbance
—— Qdot 705 Conjugate Absorbance
—— Qdot 800 Conjugate Absorbance

- Qdot 525 Conjugate Emission

Qdot 565 Conjugate Emission
Qdot 585 Conjugate Emission

- Qdot 605 Conjugate Emission
- Qdot 655 Conjugate Emission
- Qdot 705 Conjugate Emission
- 3dot 800 Conjugate Emission

Violet
excitation

Broad range of emissions




EISS Brightness Means Sensitivity

Anti-Her2/neu +

o :
dot*® nanacrystals Cy5 6rganic dye anti-mouse Ig conjugates

« SK-BR-3 Cells: High
Her2/neu expression

* Nanocrystals up to 50x
brighter

« MDA-MB-231 cells: Low
Her2/neu expression

* Nanocrystals easy to
detect but dye
undetectable




@ISS  photostabilityin Microscopy

3113 Cells

Nucleus: Qdot® 605 conjugate
Microtubules: Alexa Fluor® 488 conjugate

Nucleus: Alexa Fluor® 488 conjugate
Microtubules: Qdot® 605 conjugate

a o]

00:00:00 00:00:20 00:01:00 00:02:00 00:03:00
h i J

00:00:00 00:00:20 00:01:00 00:02:00 00:03:00

% LS




Qdoet Summany

Advantages:

Broad absorption spectra, making it possible to excite
all colors of QDs simultaneously with a single light
source - Multiplexing

Narrow and symmetrical emission spectra

Emission tunable with size and material
composition

Exhibit excellent photo-stability
[Disadvantages:

llarge size and high mass limittheir.usein
applications requiring high diffusional maobility




~luorescent Protelns

Phycoolliproteins

red algae

cyanobacteria
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Suspension Arrays
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Apoplicaole Formais
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