DNA kondenzace sledovana
pomoci fluorescencni korelacni
spektroskople (FCS)

FCS within a confocal volume of 1 fl

Li -
DNA condensation.
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Non-viral gene therapy

How to deliver genetic information into targeted cells?

Plasmid -  an extra-chromosomal DNA in bacteria, usually circular and
double-stranded
Used as vectors in genetic engineering

Size Chain length Estimated uncondensed coil size (Worm-Like Chain)
[kbp]  [nm] [nm]

1 340 160

10 3400 550

200 68000 2500

Free form - too big and unprotected

Slow motion in blood stream, digestion by enzymes => failure




How to protect?

DNA - negatively charged => chain repulsion

Solution = neutralize and condense
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Condensers: multivalent cations
positively charged amphiphiles

How to follow the condensation?

Low concentrations, natural environment, living cells

*Cryoelectron microscopy
*Force microscopy (AFM based)

*Dynamic light scattering

*Fluorescence microscopy and related methods

Size Chain length Estimated uncondensed coil size (Worm-like chain)
[kbp] [nm] [nm]

1 340 160

10 3400 550

200 68000 2500

Too small for imaging (diffraction limit)
=>
Fluorescence correlation spectroscopy (FCS) and others




Motivation - Aims

In vitro

1.Find the best condenser for plasmid DNA

2.Reveal the mechanism of condensation

In vivo

1. Follow the faith of condensed DNA in living cells

Principles of confocal Fluorescence
Correlation Spectroscopy (FCS) I.

® signal: fluorescence (auto or
labeled)

* confocal microscope =>detection
volume in fl range

* dye concentration in nM range

single molecule

Monitored: time evolution of
fluorescence intensity

Despite macroscopic equilibrium -
large fluctuations in the fluorescence
signal due to small volume and low
concentration




Principles of confocal Fluorescence
Correlation Spectroscopy (FCS) II.

Statistical analysis of time behavior of fluctuations in detected
fluorescence intensity
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Amplitude — inversely proportional to number of molecules
Shape - kinetics of processes studied molecules undergo

Typically observed processes: intersystem crossing, chemical reactions,
conformational changes, translational diffusion
*Fitting by an appropriate mathematical model
«Complicated cases - relative comparison

Characterization of DNA condensation
induced by positively charged
amphiphiles (in vitro experiments)
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Condensing agent -DNA
DNA-size: several pm Nanoparticle: down to 50 nm
Background: Condensed
plasmids (DNA Nanoparticles)
are used in targeted drug delivery
systems (Non-Viral Gene

FCS within a confocal volume of 1 fl

opolyamine
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B DNA condensation,

DNA condensation.
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directly monitors the tinear ct DNA nsod DNA ircuiar PEGFP DNA
. . labeled with PG with PG

condensation process on a single T confocal exciation volume (V) ~ 1 femtoliter

@ intercalated PG within V (excitation)

molecule leVel o intercalated PG outside V (non-excitation)

@ Intercalated PG in a DNA nanoparticle within V (excitation)




DNA condensation
Work plan + typical experiment

* Find the best dye for DNA labeling (staining)
» Test different condensers

DNA (10 kbp) + Prio
DMNA (10 kbp) + Prio + Spaermine (1.64 uh)

2.2 DMNA (10 kbp) + Prio + Sparminea {11.76 uhM)
e i . 2.0
Used DNA’s: sizes: 13 kbp, 10 P
kbp, 5 kbp, and 3 kbp; linear 5 1°
. 1,4
and circular i
Used dyes: Propidium iodide, 1.0
.1 . . 0.8 o = = - i - = -
ethidium bromide, PicoGreen 10° 10° 102 10 10° 10" 10° 10° 10° 10°
Used condensing agents: H’jggq : Y e |
. . L)
Spermine, hexadecyltrimethyl %202 5 =y P = TS = =
ammonium bromide (HTAB), &~ 00 1.__.,‘“_," A s AP
. . = T Al 1
new lipopolyamines developed 3 ir 10 20 3o 4o so o
in Bath 1 Oww
% 10 20 30 40 50 80

time (s)

DNA condensation
Results: dye comparison
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PG:; Loading does not change conformation; (To all conformation (sub-
populations) same affinity)

Pl: Highly dye loaded DNA is diffusing slower; (Selective labeling of mainly two
sub-populations)




DNA condensation
Results: condenser comparison

N4,N9-dioleoylspermine
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Only in the case of N4,N9-dioleoylspermine particle number equals DNA
concentration — Only in this case ideal DNA-nanoparticle is formed
— N4,N9-dioleoylspermine is perfectly condensing DNA

Fluorescence lifetime
time delay between absorption and emission

1 - Ky, is a nature constant for each
,C _ chromophore (nanosecond range)
kM + knr * Knr is the sum of kinetic constants

of all non-radiative process:
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ANS in water is ~100  Ethidium bromide is 1.8 ns
picoseconds but can in water, 22 ns bound to
be 8 — 10 ns bound to DNA and 27ns bound to
proteins tRNA

The lifetime of
tryptophan in proteins
ranges from ~0.1 ns
up to ~8 ns




What is the mechanism of condensation?
How the equilibrium (coexistence) looks like?

|. Dye binding Il. Dye release IIl. Dye quenching
o< ik %§¢ o
=0
Free DNA DNA condensation DNA nanoparticle
formation

What is the mechanism of condensation?
How the equilibrium (coexistence) looks like?
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Fluorescence lifetime changes from 4.2 to 3.5 ns:

Picogreen “sees” in the folded state a different microenvironment

FLCS experiments at the titration midpoint possible




Fluorescence Lifetime Correlation Spectroscopy
Time-Tagged Time Resolved data
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Separation of fluctuation traces by FLCS

Statistical (mathematical) filters are applied on the whole data file to
reconstruct virtual-intensity traces for every lifetime component
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PN- normalised ACFs obtained by FLCS
(3 ns and 4 ns) at the titration midpoint

compared with individual recorded ACFs for condensed and uncondensed form
2,5

Free DNA at coexistence

Free DNA alone

Condensed DNA at coexistence
Condensed DNA alone
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The ACFs correspond to the ACFs of the free and condensed DNA measured
independently (except a small difference on the ms scale)
= most of the molecules are present in the totally collapsed and non-

collapsed state (“all or none transition”)

ACFs and CCFs obtained by FLCS
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- the “non-one” CCFs suggest that apart from coexistence of folded
and unfolded DNA => additional processes can be expected
- amplitudes of CCFs are between the amplitudes of ACFs
=> presence of state dynamics
- CCFs differ in the range of milliseconds




DNA condensation
Summary

PicoGreen is an ideal dye for FCS/DNA experiments
Condensation process followed by FCS:
- dramatic decrease in 1t
- decrease in PN
- shortening of fluorescence lifetime
=> Established assay for condensers screening

Perfect Condenser: N4,N9-dioleoylspermine (spermine
conjugated with two chains of C18 fatty acid, with two
positive charges at physiological pH)

FLCS provides information on condensation mechanism and
equilibrium coexistence state — intensive research

Dékuji za pozornost!




