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Naturally fluorescent biomolecules

reduced form fluorescent
Ex. 340 nm, Em. 460 nm
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oxidized form fluorescent
Ex. 450 nm, Em. 525 nm




Fundus autofluorescence imaging:

% Used for eye diagnostics

*» Understanding the pathophysiological
mechanisms

s Example: atrophy of the retinal pigment
epithelial layer caused by neovascularization
(formation of tangle of blood vessels)

A2E (N-retinyl-N-retinylidene
ethanolamine) ~ component
of retinal pigment

7

neovascularization




Fluorescent dyes
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H-Phycoerythrin (pH 7)

Alexa Fluor 847 (pH 7)

Alexa Fluor 680 (pH 7)

DilIC 4(3) (MeOH)

Rhodamine Red-X (MeOH)
Alexa Fluor 660 (pH 7)

Alexa Fluor 546 (pH 7)

Texas Red (pH 7)

YOYO-1 « DNA (pH 7)
Tetramethyirhodaming (MaOH)
Alexa Fluor 584 (pH 7)
BODIPY FL (MeOH)

Alexa Fluor 488 (pH 7)
Fluorescein (pH 9)

BODIPY TR (MeQOH)

BODIPY TMR (MeOH)
Carboxy SNARF-1 (pH 10)

FM 1-43 + Lipig

Fura-2 + Ca? [pH 7)

Indo-1 + Ca® {(pH 7)

Cascade Blue (pH 7)

NBD (MeOH)

DAPI - DNA (pH 7)

Alexa Fluor 350 (pH 7)
Aminomethylcoumarin (MeOH)
Lucifer yellow (pH 7
Propidium iodide + DNA (pH 7)
Dansylamide (MaOH)

Important
parameters:

e colour

e compatibility with
light sources

e Stokes shift

e extinction coeff.

e hydrophobicity

e spectral width

e photostability

e environmental
sensitivity
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Dye families span the light spectrum

Dyes Cy3 iﬁdﬂfEEIj Eﬂ’? (T47/774)
(Absorption/Emission Max) EDDIP:!' (493/503) BDDIg‘\" (650/655)

HiLyte Fluor (488/527) HiLyte Fluor (750/778)

ATTD{Dyc (390/479) ATTO }I;lyc (T40/764)

Ale xaflunr (350/442) AlexaFl gnr (750/TT5)

Naphthalenes (336/490)
l Pyrenes (339/384)

FITC (495/525) DyLight (557/570)
l TMR (555/580) Texas Red (595/615)

ROX (5T0/ EUJD Light (652/673)
wl««k v oy

Coumarin (380/470)

\

>

DNP (348) T DABCYL (485) BBQ 650 [EEIIIE

DAE%TL (466) ,  Cy5Q (644)
QSY35 (475) %51’9 (555) QSY21 ﬁﬁﬂ Cy7Q (739)
ATID 540Q (542) A1TD£12E (615)
EIHE1 (534) BHQ3 E&TE}
{Absorption Max) QXL 490 (488) QXL 670 (655)

Angew. Chem. Intl. Edn. (2006) 45:4562



Everything is determined by chemical structure
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Fluorescein (460:515) Cy5 (590:610) Pyrene (345:395/480)
pH sensitive distinct isomers forms excimers
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Dansyl (340:510-560) DAPI (360:460)

Environment sensitive Emission upon dsDNA binding




Fluorescent labelling of proteins

Pros

e covalent linkage

e |ow MW probes

e brightness, exc. in visible range
e attachment at specific location
e fluorescent antibodies

Cons

e /n vivo applications are limited

e Sometimes difficult to achieve
specificity of labelling

e biological activity may be impaired



Labelling chemistries

Amine modification
(Lys, N-term.)

isothiocyanate: ﬁ
RN=C=S —}-NH,R? == R'NH—C—NHR?
Thiourea

succinimidyl ester:
0O O 0O 0

| |
RCON. ] 4-NH,R? =p R'C—NHR? + HON
Carboxamide

o o)

sulfonyl chloride:

R'SO,Cl  4-NH, RY =) R'SO,—NHR? + HCl
Sulfonamide

Thiol modification
(Cys)

R + —» R’

Alkyl halide or Thioether
Haloacetamide

Maleimide Thioether

HX




Examples of Specific Labelling /n vivo

Labeling Acceptor
method Fluorescent label(s) Acceptor size (aa) Enzyme
HaloTag TMR, fluorescein Halogenase 210 20980
Biarsenical Fluorescein (FIAsH), resorufin (ReAsH) ...CCPGCC... 6 NA
NTA -His Ni2+-NTA-I, NTA-Il, NTA-’lysine’+dye, Oligohistidine 6 NA
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Nonfluorescent

Dehalogenase Fluorescent Complex

"Nitrilotriacetic acid Zhang et al., Chem. Soc. Rev., 2018, 47, 9106



Fluorescent proteins

CENS/ARSH4 Apall (178)
Swal (3688) __Pst1(400)
Apall (5398) Neol (623)
URA3
AmpR
pUG35
6231 bp

Kpnl (2000)

M vet
Apall (q152) Neol (2294)

N _yerP

=
Neol (2818)

ori i f’ - s
Sacl(3444) 7* | Y Clal(3005)
MET25 HindIII (3010)
Qk“co RI (3022)

'M‘ Pstl (3032)

4

Thr65-Tyr66-Gly67

\lavat so34)

| Xmal (3034)
|

\smat (3036)
i

BamHI (3040)

Emission .
GFP-derived mRFP1-derved Evolved by SHM
- ECFF EGFF EYFF DsRed ait. -
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R. Tsien, http://nobelprize.org/nobel_prizes/chemistry/laureates/2008/tsien-slides.pdf.



Fluorescent labelling of DNA/RNA

Staining (non-covalent)

Intercalators: EthBr, Acridine Orange

|\¢N+\/CH3 Ethidium bromide

ChromaTide BODIPY FL-14-dUTP G

Covalent labelling

Amine-modified nucleotides
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Labelling lipid membranes
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Intensity

Multicolor labelling experiments

Colocalization Correlation Tracing FRET

EX St S2 I/O signals

Wavelength (A)

Cytoskeleton (tubulin antibody-
Alexa647)

Nucleus (Hoechst-DNA intercalator)




Quantum dots

. - < Semiconductor nanocrystalls
+ . + Multicolour
‘ . “ Extremely stable, but blinking
olymer . . .
weane < High extinction coeff.
* ‘ somolecde % Conjugated to streptavidin,
o = antibodies, etc.
T —
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FLUORESCENT NANODOTS
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SEMICONDUCTOR-

| CARBON-BASED DOTS
BASED DOTS |
___________ S N ————
SQDs . GQDs CQDs CNDs
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.. Semiconductor Graphene Carbon Carbon _
Quantum Dots Quantum Quantum Nanodots
Dots Dots
Nanodot Type SQDs CcQDs / GQDs CNDs
Size-dependent PL Size-dependent PL {no clear) Size-independent PL
Characteristics Excitation-independent PL Excitation-dependent PL Excitation-dependent PL
Narrow PL band Broad PL band Very broad PL band
Long lifetimes Medium lifetimes Short lifetimes

Cayuela A., Chem. Commun., 2016, 52, 1311-1326.



Nanodiamonds, Silicon Nanoparticles

“ Nitrogen-vacancy (NV, or N-V-N) in
nanodiamonds (dimensions: ~ tens of
nm)

“+ Nanodiamonds are cytocompatible
“* Non-bleaching and non-blinking

“ Dimmer than organic fluorophores
“* NDs can be derivatized

«»» Similar behavior as nanodiamonds — silica
nanoparticles (SINPs)

+» Dimensions: 2 — tens of nanometers

0 min

FITC SiNPs FITC SiNPs

photostability comparison long-term cell images



Thank you for
vour attention




