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Attachment of Fluorescent Labels to Biological Molecules

* Biological Assays: Detection and monitoring of a protein or nucleic acid
finding the function of genes/proteins,monitoring the
progress of a disease, etc.

« Cell Biology: mechanistic studies of biological transformations in cells

 Genomics, Molecular Biology, Proteomics, Medical Diagnostics



Bioconjugation of Common Functional Groups
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Bioconjugation of Common Functional Groups

(aspartic acid, glutamic
acid, other reactive
carboxylic acids)

0
HO.
%NJLN«N bSOgNa
\Q/ O
CDI Sulfo-NHS
(EDC)
o O SO3Na
I N/\\N )I\O’N
N\ 2C— e~ \—/ R
N~ N @N
H \ O
R'-NHNH,
o R'-OH R'-NH,
RJJ\OR' o )OL
— RJ\NHNHR' R™ NAR
amide

hydrazide



Protocol (eq, for EDC couplinqg):

1. Dissolve the protein in buffer (no amines or carboxylate buffers)

2. Dissolve the molecule to be coupled in same buffer at 10-fold molar
excess to protein

3. Add the molecule solution to the protein solution

4. Add EDC (concentrated solution in water, freshly prepared) to the protein

and molecule; EDC should be 10-fold molar excess

React 2 hours at RT

Purify the conjugate by gel filtration or dialysis
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Bioconjugation of Common Functional Groups

RSH (Cysteine, other
reactive thiols)
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Cysteine/cystine buried inside protein, reduction may cause disruption
of protein structure.



Creation of new groups
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Site-Selective incorporation of fluorophores to study protein conformation
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Nucleic Acid Biolabeling DNA
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Nucleic Acid Biolabeling

5'-amino-DNA 5'-thio-DNA
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Nucleic Acid Biolabeling
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Nucleic Acid Biolabeling —enzymatic incorporation
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Biotinylation

The Biotin- Streptavidin Interaction

Biotin (Vitamin-H):

« Can be conjugated to different
biomolecules

« Possesses one of the strongest
binding interactions with
avidin/streptavidin (K; ~ 10-*>M)

avidin / streptavidin

 Contains four identical binding
sites for interaction with biotin
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Biotinylation

T i
HN)kNH HN NH
Q
_ 0
o 7~
. N S
0
O @)
. NaO3S ) .
Biotin amino reactive
i
HN NH
0
H
N
O N/\/\/ \’(\/\/d
/ H
! 0

O thiol reactive




A
VN
-}

»
»

=

streptavidin

Biomolecule Organic fluorophore
tagged with biotin tagged with biotin fluorescence

gquenched

Mohamed Slim, H. F. Sleiman, Bioconjugate Chemistry, 2004, 15, 949
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Ruthenium Bipyridine as Chromophore

Emission from triplet MLCT

| MLCT
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Wavelength {nm)

e Long lifetime ~ 1 us

e Large Stokes Shift

* Resistance to photobleaching
» Electrochemiluminescence
(generates light catalytically)
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Bingzhi Chen, Kim Metera, Rachel Nassif, N. Sankaran
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Fluorescence probe for DNA mismatches
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Is labeling of biomolecules always necessary?
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“Click Chemistry” — Labeling of virus at all 60 sites
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Staudinger Reaction: in vivo biological labeling

a c
o Amide bond =
0 /_ i (1) Inject AcyManNAz
solution for 7 days N;\g

H,O -
/CILOCHS s Ng=R H r 0 >
Ny, -MeOH »
R PPh, R gPth ACO HI'-.I"JL“’ Ny (2) Isolate splenocytes SiaNAz
Phosphine Azide AEEO&O OAc
Ac ManhNAz
4van (1) Staudinger ligation
H OCH,
~0,C —KDDDDKYD
b ) i ¥ I F'F"hz, ‘f}f
Phos-Flag //Ik\
Cell=surface 4 HN SH e
HO {2} FITC—anti-FI
glycans y H OH N{THN } *
o ManNAz HO
& Metabolism i

Detection by flow cytometry

Ac ManhAz in wivo. Splenocytes from mice freated with the azido sugar were collected
and probed for the presence of cell-surface azides using Phos—Hag. Labelled cells were
treated with FITC—anti-Flag and analysed by flow cytometry.

Figure 1 The Staudinger ligation and metabolic oligosaccharide engineering. a, The

Staudinger ligation of an azide and functionalized phosphine results in the formation of an
amide bond. b, Azides can be delivered to cell-surface glycoconjugates by metabolism of
ManNAz to SiaNAz. ¢, Experimental overview for investigating the metabolic conversion of

Bertozzi, et al, Nature, 2004, 430, 873



Broad comments:

The biolabeling “market” is lucrative; “kits” available for most jobs
Beware of “black box” attitude; need to understand the chemistry
Think outside the “Molecular Probes” box

New fluorescent labels: metal centers, quantum dots, conjugated
polymers, etc.

New trends: in vivo labeling with bio-orthogonal chemistry



