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UN® Dynamics of supramolecular systems

Supramolecular system: aggregates stabilized by non-covalent bonds

Structure v
. —~ Stability | v

"2 Dynamics 2

host guest complex

Understanding supramolecular dynamics is fundamental for the design and control of
functional supramolecular systems. Information on the dynamics complements
thermodynamic and structural studies, but cannot be derived from these

Our objectives:

- To adapt the technique of Fluorescence Correlation Spectroscopy (FCS) to the study
of the dynamics of association and dissociation of supramolecular systems and of
their diffusional dynamics.

- To understand the underlying kinetic mechanism.
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UN® Supramolecular model system

Host: B-Cyclodextrin Guest: Pyronine | Inclusion Complex

- The inclusion changes the physicochemical properties of the guests
- Cyclodextrines are used as container for functional guests in

applications such as protection, controlled release, “targeting’, ...

- This type of systems represents also a model for the study of ligand-
receptor interactions.
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UN]® Host: Cyclodextrins

Natural CD’s:

Ela?ﬂﬂ'l I ;', Slam Lﬁﬂﬂm

hydraophilic
sites

o-CD B-CD y-CD

Fluorescence Correlation Spectroscopy as a Tool for the Study of the Dynamics of Supramolecular and Organized Systems. Al-Soufi et al. ECSOC9 [F006] - 4



o o
0o® o ® °
CH JCHy °.  CHCH, LHaCHy %,
N o} o N ° _N 0 N .
HaC +S € “CHy,” CHaCHy +3 o CHCHy"
N ®e® = e PP
PY PB

Pyronine Y Pyronine B

- Cytotoxic dyes used in the Unna Pappenheim stain for ribonucleic acid.
- Simplified models of the xanthene skeleton of rhodamines.
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SC Results from bulk measurements:
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Results of the different titrations for the association equilibrium constant, K

K/10° mol™! dm? PY PB
absorption spectra 0.39 4+ 0.05 20+04
emission spectra 0.40 £ 0.04 2.1 £0.2
fluorescence decays 0.36 £0.03 20+0.1
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UMN® Results from bulk measurements:

— PB: K=2000 M-

109¢
HaC~ +U\D‘ — PY: k=400 M-

The much higher value of the association equilibrium constant K
for PB is a surprising result since it is presumed that the more
bulky PB would show stronger steric hindrance than PY to enter
into the cavity.

Fluorescence Correlation Spectroscopy as a Tool for the Study of the Dynamics of Supramolecular and Organized Systems. Al-Soufi et al. ECSOC9 [FO06] - 8



UNI® Results from bulk measurements:

What is the reason for this /((PB) > /((PY) ?

great difference ?

In order to understand this the dynamics of the inclusion process
have to be resolved.

k
P :Jg@
k k.

Questions to clarify:
- Do steric effects play an important role during the association process ?
- Do specific interactions stabilize the complex once formed ?
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UN® How to observe the dynamic processes:

The inclusion induces observable changes in physicochemical properties:
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SC Fluorescence Correlation Spectroscopy (FCS)

FCS: analyses spontaneous fluctuations
M in fluorescence intensity provoked by

molecular processes of systems at

. ‘ i thermodynamic equilibrium
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The addition of CD causes an increase of
the observed diffusion time of the
pyronine and the appearance of a new

P:CD reaction term at zy which depends on the
CD concentration:
Diffusion:
2
7 =Yl BoXD,+X, D
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—00 Tp observed mean diffusion time
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UMN@® Mechanism: Ground state reaction

The reaction term corresponds to the association/dissociation
processes in the ground state since the lifetimes of the molecules
are very short and the triplet quantum yield is small:
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k [CD] < k,, + k,, kK < ky, + ki,
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UN]® FCS: Correlation function for chemical reaction

The change in brightness of two molecules A (P) and B (P:CD) leads to a
nhew “reaction term” in the correlation curve:

Under Gaussian illumination and fast exchange: 7, < 7,,7,

1
2

-1
| - L _r/q
CO= g (ng) 1+ L, (1+ A,f» )
T ———r——
. : 1 _ (QA . QB )2 NANB
Relaxation time: 7z = Amplitude: A, = :
Dbk (QANA + QBNB)

N,Q5+ N, Q;
(QN, +QN, )

Limiting values: G(t — 0) = G(t > x0)=0

W, W, : focal radii. Ny and N;: mean numbers of free guest and complex in the sample volume.
Q,, Q;: Brightness of A and B.
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C FCS: Correlation function for chemical reaction

Full correlation function: two additional terms, the formation of triplet and
the antibunching term, are multiplied to the equation deduced before:

1

1 :
G(T):]‘F%[]-l-_i] ]—I—# <'|+,4Te T/TT)(]-I-AET/TR)( Aer/rF)

TD WXy TD N
, Trlplet Reactlon Antlbunchlng

Diffusion

Global “Target” Analysis: recalculates in each iteration of the global fit the
individual parameters 1, A, and 1 as function of the equilibrium constant
K and [CD], and of the global parameters 1,, 13, k. and Q.

__=n(l+k[CD}) kCDLA-QF _ _
1+ 2K[CD], “ (1+QKICD,) * k(1+KICD])
Q:QB/QA
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UMN® FCS: Global Target Analysis

Global “Target” Analysis of series of correlation curves yields values for
the individual dynamic parameters

PY PB
Fluorescence Correlatlon Curves Diffusion times
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UN@® Diffusion Coefficients

The diffusion times can be converted to diffusion coefficients and
compared to known values of similar molecules:

D My,
10-10m?2s-1  Da 7

- The P:CD complexes behave
like nearly compact spheres. 3
- The pyronines however show

lower diffusion coefficients, -
probably due to the more
planar xanthenic system. -
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Mechanistic study of association/dissociation

P+CD - kk \ P-CD

K, Ky K g ky: diffusion limited
/109 M-1s-1 /10°M-Ts-T /10957 rate constant.
PY 0.2+0.1 75+05 1.7+0.1
k,=4zD R N,
PB  015+0.05 74+05 1.3+0.1

P+CD —=2—P.CD=—2— P:CD

K_g
Encounter Complex

The estimated diffusion-limited rate constants k4 are much
higher than the observed association rate constants k., which are
obviously limited by other processes than the diffusion itself.

We assume therefore the formation of an encounter complex
P-CD where P and CD are in the same solvent cage.

Kk 4k R?
/( == ~ SM ]' r -1 = —
kK k. (k) 2D 500ps
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UNI®] Mechanistic study of association/dissociation
Lot ‘.

P+ CD > P:CD
k. K, k., k.
/102 M-Ts-1 /T09M-1s-1 /1095 /109 s-1 P k k
PY  02+01 75405 17401  005+002 Kk, —k,
PB 0.15+0.05 74+05  13+01  0.03+001

P+CD ——<—P.CD——=— P:CD

k K,

Association

The estimated rate constants for the unimolecular inclusion process are
equal for PY and PB.

1) The unimolecular inclusion step limits the total de association rate

2) The different end groups have nearly no influence on this process.
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Influence of steric hindrance during inclusion

We suppose in a simplified model that only those collisions in which host
and guest are in favorable relative orientations are successful and give rise
to an inclusion complex.

-Simulations indicate that the geometrical reorientation may be the rate
determining step in the inclusion process and that the rate of inclusion
may be dictated by steric effects.

- The remaining gap between pyronine and CD is the critical dimension
which determines the inclusion rate. The different alkyl substituents of PY
and PB have only a weak influence on this value.
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UNI®] Mechanistic study of association/dissociation

P+CD - kk \ P-CD

k. k. K, k4 K, k.,
/109 M-Ts-1  /10%s"! /T09M-1s-1 /1095 /109 s-1 /104 s

PY 0.2+0.1 50 + 30 75+05 17401  0.05+0.02 5030

PB 015+005 7.6+27 74405 13+01  0.03+£001 7.6+27

P+CD ——<—P.CD——— P:CD

K a

-r

Dissociation
1) The overall dissociation rate constant is limited by the rate constant k_,

with which the guest leaves the host forming again an encounter complex.

This is the slowest of all involved steps.

2) Specific interactions between the positively charged xanthene moiety of
the pyronines and the electron-rich glucosidic oxygens of the s-CD cavity

probably stabilize the inclusion complexes of both pyronines, but seem to
be much stronger in the case of PB.

Fluorescence Correlation Spectroscopy as a Tool for the Study of the Dynamics of Supramolecular and Organized Systems. Al-Soufi et al. ECSOC9 [F006]

- 21



UNJ® Present studies: Change in cavity size

Bulk Fluorescence Study
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Preliminary results with the wider y-CD show that:

- A higher association rate constant is observed in accordance to the higher inclusion
probability predicted by the simulations.

- A much higher dissociation rate constant seems to be responsible for the much lower
stability equilibrium constants as compared to those with 3-CD.

Fluorescence Correlation Spectroscopy as a Tool for the Study of the Dynamics of Supramolecular and Organized Systems. Al-Soufi et al. ECSOC9 [F006] - 22



[1] Lehn, J. M. Supramolecular Chemistry. VCH, Weinheim, 1995,

[2] Bohne, C. The Spectrum, 2000, 13, 14.

[3] Cramer, F.; Saenger, W.; Spatz, H.-C. /. Am. Chem. Soc. 1967, 89, 14.

[4] Szejtli, J. Chem. Rev., 1998, 98, 1743.

[5] Loftsson, T.; Brewster, M. E. J. Pharm. Sci., 1996, 85, 1017.

[6] Reija, B.; Al-Soufi, W.; Novo, M.; Vazquez Tato, J. /. Phys. Chem. B,
2005, 109, 1364.

[7] Rigler, R.; Elson, E. S. Fluorescence Correlation Spectroscopy.: Theory
and Applications; Springer-Verlag: Berlin, 2001.

[8] Felekyan, S.; Kihnemuth, R.; Kudryavtsev, V.; Sandhagen, C.; Becker,
W.: Seidel, C. A. M. ReV. Sci. Instrum., 2005, 76, 083104.

[9] Al-Soufi, W.; Reija, B.; Novo, M.; Felekyan, S.; Kiihnemuth, R., and
Seidel, C. A. M. J. Am. Chem. Soc., 2005, 127, 8775.

|

Back

Fluorescence Correlation Spectroscopy as a Tool for the Study of the Dynamics of Supramolecular and Organized Systems. Al-Soufi et al. ECSOC9 [FO06] - 23



Collaborators:

UsC

Mercedes Novo
Wajih Al-Soufi
Belén Reija
Jorge Bordello
Mayra Moure
Arturo Teijeiro

Heinrich-Heine Universitat
Claus A. M. Seidel

Suren Felekyan

Ralf Kiihnemuth

Financial support:

- Ministerio de Educacion y Ciencia (CTQ2004-07683-C02)
- Xunta de Galicia

« BMFT (BioFuture Grant 0311865).

Fluorescence Correlation Spectroscopy as a Tool for the Study of the Dynamics of Supramolecular and Organized Systems. Al-Soufi et al. ECSOC9 [FO06] - 24



	Fluorescence Correlation Spectroscopy as a Tool for the Study of the Dynamics of Supramolecular and Organized Systems 
	Dynamics of supramolecular systems
	Supramolecular model system
	Host: Cyclodextrins
	Guests: Pyronines Y and B
	Results from bulk measurements:
	Results from bulk measurements:
	Results from bulk measurements:
	Results from bulk measurements:
	How to observe the dynamic processes:
	Fluorescence Correlation Spectroscopy (FCS)
	FCS: Correlation function
	Mechanism: Ground state reaction
	FCS: Correlation function for chemical reaction
	FCS: Correlation function for chemical reaction
	FCS: Global Target Analysis
	Diffusion Coefficients
	Mechanistic study of association/dissociation
	Mechanistic study of association/dissociation
	Influence of steric hindrance during inclusion
	Mechanistic study of association/dissociation
	Present studies: Change in cavity size 
	References
	Acknowledgements

