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aromatic amino acids
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Figure 11.1. Absorption spectra of the aromatic amino acids. (From Ref. 6.)
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Enzymes Cofactors

NH,
N

|
':\l(\>

N N
Q=P =0=CHjp

(o]

H K
H H
HO OR

o}

NADH
(oxido-reductases)
ExX/Em 340/460 nm

%

o)
H3C N:[%L ~H
XX
‘S
H3C S Ro
|
H=C-H
1
H=C=OH
]
H=C= OH
i
H—C=OH NH3
: N
H=C=H S
o o §K

] u
OﬁT-O-T-O-CHz
o) o o
H
H H

HO OH

FAD
(metabolic enzymes
(ex/em 450nm/540 nm)

Porphyrins
(ex/fem 550 nm/620 nm),

Fe+2 (Heme)
Myoglobin,hemoglobin
cytochromes b and c,
cytochrome P450 and
cytochrome oxidase

Mg+2 chlorophylls

metal free pheophytins
J. Agric. Food Chem. 2003, 51, 6934-6940
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Tryptophan derivatives

@ S i o co.”
HD '|1| 1
H

"

NH; g g '

NH | N,
"x._N o NH
Tryptophan (Trp-W) 5-Hydroxytryptophan 7_azatrvotoph

ex/em 295nm/ 305-350 nm ex/em 310nm/339 nm ex?;?] r%’goc;]pm%gnm

=0.14 = 0.097 = 0.017
*solvent-sensitive esolvent-insensitive Large emission

emission emission shift in water

=Number of photons emitted/number of photons absorbed Protein Science (1997), 6, 689-697.



Absorbance spectrum is red-shifted with respect to that of tryptophan.

1.2 .
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0.1 .
0.0 . . ~ S
240 250 260 270 280 290 300 310 320 330 340

Wavelength (nm)

It is possible to selectively excite them, in proteins, in the presence of
tryptophan of other proteins

Protein Science (1997), 6, 689-697.
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Non-covalent Attachments

{ L Yl A
o e Re s
1,8-ANS okt .
bis-ANS

barely fluorescent in pure water but

S0, Na* i
their fluorescence can be strongly

2.6 TNS | enhanced if the environment

becomes hydrophobic (hydrophobic
patches on proteins)



Covalent Attachments

PROTEIN
!
% % !
( %
| !
NH, ) (
| %
SH %)

Labeling should not change the biological activity of the protein.



FLUORESCEINE
(488/512) t » 4.05

1l
NHCHECHQNH —C ‘"CHQI

SDSH

IAEDANS
(360/480) ¢ » 15 ns

BODIPI
(493/503), t=6 ns

H3C_ CH3

N,
N

2

Dansyl chloride
(335/518) t » 10 ns

Texas Red
(595-615),t » 3.5 ns

i
! (CHE}SWC‘~OH

Pyrenebutyric acid
(340-376),t» ns



NH,

Targeting amino groups

/ isothiocyanate:

N=C=$

succinimidyl ester:
O O

[
CGN;

+ O

sulfonyl chloride:
'50,Cl

aldehyde:
O

il
\\\\ CH

S
: I
NH—C—

Thiourea

T
¢

Carboxamide

. SO,

Sulfonamide

CH=
Schiff Base

o

C + HDN;)

o

+ HCI

reductio



SH

Cysteine

Targeting thiol groups:

/

1'CH X 4

2 —

Alkyl halide or
Haloacetamide

_Nij _

O

+

Maleimide

N

{

'CH,-

Thioether

O

b

O

Thiocether

HX



General labeling protocol for extrinsic labeling

Removal of the free dye

Protein

in buffer j ] ]

Incubatlon tlme
= 0=

Addition of the
fluorescent dye

ratio dye/protein ? H E

/W

Labeling ratio Sample characterization Biological testing

[protein] Absorption spectra Activity measurements

Muorescent dye] < | Protein determination SDS or native gel
Denaturation exp etc.




Absorbance

Absorbance
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Bradford, Lowry, etc
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Phycobiliproteins




Fluorescent Protein (FP)- example GFP

VAR %
) % $34 7)$33 )$31
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Ds Red fluorescent proteins and derivatives




DsRed
Mutants of Ds Red

mFruits family T1
dimer2 tdimer2(12)
tdTomato dTomato mMRFP1
AY678269 AY678268
mRFP1.1
mTangerine
AY678270 mHoneydew
AY678271
AY678267

mOrange mStrawberry
AY678267 AY678266



mFruits fluorescent proteins



mFruits may replace or be good pairs for GFP In energy
transfer experiments




Labeling DNA

http://info.med.yale.edu/genetics/ward/tavi/n_coupling.htmi



End labeling of fragments

3’ 3 N
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Higher labeling efficiency by PCR. Requires decreased amount of probe.
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100-5,000 bp



succinimidyl-ester derivatives of

1- fluorescent dyes

2- haptenes (Biotin, Digoxigenin, Dinitrophenyl - these
require fluorescently-labeled antibodies or specific
proteins for visualization/detection).

dUTP

fluorescein-aha-dUTP from Molecular Probes



Labeling membranes



~¢'~Fatty acids analogs and phospholipids
—@l/—Sphingolipids, sterols, Triacylglycerols etc.

—\Q/—Dialkylcarbocyanine and Dialkylaminostyryl probes.

AN /

—@—Other nonpolar and amphiphilic probes.
Laurdan, Prodan, Bis ANS
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N-Rh-PE BODIPY(Pyrene,

bis-pyrene-PC NBD-C6-HPC Dansyl) fatty acid
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Nonpolar: Laurdan.

(environment-sensitive spectral shifts)
Weber, G. and Farris, F. J.Biochemistry, 18, 3075-3 078 (1979) .
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Laurdan Generalized Polarization (GP)

Ex=340 nm

Emission Intensity

400 450 500 550 600
wavelength

v

IB+IR

Parasassi, T., G. De Stasio, G. Ravagnan, R. M. Rusch and E. Gratton. Biophysical J., 60, 179-189 (1991).



GP In the cuvette

MLVs,SUVs,LUVs

Lipid Phase Transition

DPPC @

DPPS:DPPC (2:1)O

GP DPPG:DPPC (2:1)+
DMPA:DMPC (2:1) OJ

DPPG:DLPC (1:1)

DPPC:DLPC (1:1) A

Temperature (°C)

Parassassi, Stasio, Ravaganan, Rusch, & Gratto@11Biophys. J. 60, 179



% Transmittance

GP In the microscope

(2-photon excitation)

LAURDAN emission spectra
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DOPC/DPPC 1:1mol/mol

i

Hella Erythrocytes
% % Living T. brucei (ec)



Quantum dots
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fluorescein

nanocrystal (NC) sample in
PBS
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Quantum Dot Size



Example

Wau et al. Nature Biotechnology 21, 41 - 46 (2002)
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lons indicators



Fluorescent probes for lons

Fluorescence probes have been developed for
a wide range of ions:

Cations :
H* Ca?*, Li*, Na*, K*, Mg2*, Zn2*, Pb2* and others

Anions:
Cl-, PO,*, Citrates, ATP, and others
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Probes For pH determination

Parent Fluorophore pH Typical Measurement
Range

SNARF indicators 6.0-8.0 | Emission ratio 580/640 nm

HPTS (pyranine) 7.0-8.0 | Excitation ratio 450/405 nm

BCECF 6.5—7.5 | Excitation ratio 490/440 nm

Fluoresceins and 6.0—7.2 | Excitation ratio 490/450 nm

carboxyfluoresceins

LysoSensor Green DND-189 | 4.5-6.0 | Single emission 520 nm

Oregon Green dyes 4.2-5.7 | Excitation ratio 510/450 nm or
excitation ratio 490/440 nm

LysoSensor Yellow/Blue 3.5-6.0 | Emission ratio 450/510 nm
DND-160

Table 20.1 — Molecular Probes' pH indicator families, in order of decreasing pK,
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Example 1

K.Hanson, M.J.Behne, N.P.Barry, T.M.Mauro, E.Gratton.
Biophysical Journal. 83:1682-1690. 2002.



Intensity
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K.Hanson, M.J.Behne, N.P.Barry, T.M.Mauro, E.Gratton. Biophysical Journal. 83:1682-1690. 2002.



Probes For Calcium determination

FURA ( Fura-2, Fura-4F, Fura-5F, Fura-6F, Fura-FF
INDO ( Indo-1, Indo 5F)

FLUO (Fluo-3, Fluo-4, Fluo5F, Fluo-5N, Fluo-4N)

RHOD ( Rhod-2, Rhod-FF, Rhod-5N)

CALCIUM GREEN (CG-1, CG-5N,CG-2)

OREGON GREEN 488-BAPTA (OgB-1, OgB-6F, OgB-5N, OgB-2)

Cameleon system
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Calcium Green-5N



o

Intensity image phasor






Labeling “In vivo”
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Griffin et al. SCIENCE VOL 281, 1998, 269-272
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Electroporation
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Source: http://dragon.zoo.utoronto.ca/~jlm-gmf/T0301C/technology/introduction.html
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Source: http://dragon.zoo.utoronto.ca/~jim-gmf/T0301C/technology/introduction.html
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Biolistics
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Source: http://dragon.zoo.utoronto.ca
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Fig. 1. Schematic representation of

Qdot targeting. Intravenous delivery of
Qdots into specific tissues of the mouse.
Qdots were coated with either peptides
only or with peptides and PEG. PEG
helps the Qdots maintain solubility in
aqueous  solvents and minimize
nonspecific binding.
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Example: dimer dissociation

Spectroscopy: Polarization measurements
& OO G
SO & = G DO
lecules
A O & "

Microscopy: FCS measurements

Number of molecule Measurmg

D dimer/D monomer i
e Oy = (o O e g

molecules
level

| |

|
| . Number of molecule |
l «— change |
| (5 1 |



The end



