This article was downloaded by: [Tomsk State University of Control Systems and
Radio]

On: 18 February 2013, At: 13:24

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid
Crystals Science and Technology.
Section A. Molecular Crystals and
e Liquid Crystals

Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl19

Conformational Dynamics
Associated With Photoswttchable
Binding of Spiropyran-Modified
Concanavalin a

Eran Zahavy ? , Shai Rubin # & Itamar Willner 2

% Institute of Chemistry and Farkas Center for Light-Induced
Processes, The Hebrew University of Jerusalem, Jerusalem,
91904, Israel

Version of record first published: 24 Sep 2006.

To cite this article: Eran Zahavy , Shai Rubin & Itamar Willner (1994): Conformational
Dynamics Associated With Photoswttchable Binding of Spiropyran-Modified Concanavalin a,
Molecular Crystals and Liquid Crystals Science and Technology. Section A. Molecular Crystals
and Liquid Crystals, 246:1, 195-199

To link to this article: http://dx.doi.org/10.1080/10587259408037813

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-
conditions

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to date. The
accuracy of any instructions, formulae, and drug doses should be independently
verified with primary sources. The publisher shall not be liable for any loss, actions,



http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259408037813
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 13:24 18 February 2013

claims, proceedings, demand, or costs or damages whatsoever or howsoever
caused arising directly or indirectly in connection with or arising out of the use of
this material.




Downloaded by [Tomsk State University of Control Systems and Radio] at 13:24 18 February 2013

Mol. Cryst. Liq. Cryst. 1994, Vol. 246, pp. 195-199
Reprints available directly from the publisher
Photocopying permitted by license only

© 1994 Gordon and Breach Science Publishers S.A.
Printed in the United States of America

CONFORMATIONAL DYNAMICS ASSOCIATED WITH PHOTOSWITCHABLE
BINDING OF SPIROPYRAN-MODIFIED CONCANAVALIN A

ERAN ZAHAVY, SHAI RUBIN AND ITAMAR WILLNER*
Institute of Chemistry and Farkas Center for Light-Induced Processes, The Hebrew
University of Jerusalem, Jerusalem 91904, Isracl.

Abstract Spiropyran modified concanavalin A, Con. A, reveals photoregulated binding
towards monosaccharides. The association constants of the substrate towards the
spiro-Con. A and the kinetics of the association processes are photostimulated. These
photostimulated properties are originated from a structural perturbation of the
protein upon photoisomerization of spiro-Con. A to the zwitterionic Con. A. Time
resolved light scattering reveals that the structural change of the protein involves
a shrinkage.

Photoregulation of the functionalities of proteins is of basic interest in future
developments of bioelectronic dcviccsl’z. One important application involves the
development of reversible biosemsors, where switchable binding of the analyte to the
biological receptor material could lead to reversible use of the sensor. Reversibsle
photostimulation of the binding properties of proteins could be designed by chemical
modification of the receptor protein by photoisomerizable componcnt53’4. Here the protein
retains its tertiary structure in the isomer state A, but its structure is distorted and
consequently its binding site is perturbed upon photoisomerization to state B.
Tlumination of the distorted structure and reisomerization to state A resotres the active
binding structure of the protein towards its substrate. Here we describe the
photostimulated binding of monosaccharides to the lectin concanavalin A, Con. A, that is
modified by spiropyran photoisomerizable unit.s5 and the control of the kinetics of
association of the monosaccharides to the photoactive protein6. We also provide imsight
into the structural changes of the protein and the dynamics associated with the structural
perturbation of the protein occurring upon isomerization of the photoisomerizable
components”, using time-resolved light scattering experiments.

Con. A was modified by the N-hydroxysuccinimide ester of N-propionic acid spiropyran,
(1), (pH=8.5, 4°C, 20-30 h) to yicld the spiropyran modified Con. A, eq. 1. The extent of
loading of the protein by spiropyran units could be controlled by the amount of active
ester (1) that was employed in the chemical modification. The spiropyran modified Con. A
exhibits reversible photoisomerizable properties. Illumination of (2a), 300 bm<A<400 nm

results in the formation of (2b), and irradiation of (2b), A>475 nm, restores (2a), eg.
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2. The binding constants of p-nitrophenyl-«-D-mannopyranoside, (3), to (2a) and (2b) at

different loadings of spiropyran unmits are summarized in Table 1, and compared to the

‘association constant of (3) to native Con. A. The binding constants of (3) to the

spiropyran modified Con. A are lower than to the native protein. The highest difference in
association of (3) to (2a) and (2b) is observed with a loading corresponding to 6. We
rcalize that the spiropyran modified Con. A (2a), cxhibits a higher affinity towards (3)
as compared to the zwitterioonic-merocyanine modified protein (2b). These different
association properties of (3) to (2a) and (2b) are attributed to the influence of the
photoisomerizable components on the binding sites of the protcin7. The zwitterionic
components in (2b) perturb the protein binding sites and consequently reduce their
affinities for (3).

A direct insight into the configurational changes of the protein occurring upon

photoisomerization of (2a) to (2b) is obtained by transient light-scattering experiments.



Downloaded by [Tomsk State University of Control Systems and Radio] at 13:24 18 February 2013

CONFORMATIONAL DYNAMICS OF PHOTOSWITCHABLE CONCANAVALIN A

TABLE I: Association constant of spiropyran modified Con. A, in the two
photoisomerizable states (2a) and (2b), and time constants for protein conformational

relaxation upon photoisomerization of (2a) to (2b).

Loading degree Ka(2a)M'1 K_ (2b) M T2 B
0 24000 -
3 23000 23000 -
6 18000 12000 7, =60us
8 10000 7300 -rl=60ps, 1‘2=250#S

The scattered light intensity from the protein is expressed by the Debye thcorys, cq. 3
and eq. 4, where RB is the scattered light intensity at the angle 6, Mw and C correspond
to the molecular weight and concentration of the protein, respectively, <R Gz> is the mean
square of radius gyration of the protein, N\ is the wavelength of incident light and A is
the second virial coefficient. The constant X is given by eq. 4, where n is the index of

refraction of the medium and N is Avogadro’s number. Hence, a protein shrinkage (decrease

K-C 1 161r2 2 2
(eq. 3) — = — (1+——§——<RG>Sin 6/2) + A
R M 3
0 w
2
2 29 4
(eq. 4) K = 2x'n —/N-A
dec

in the radius of gyration) results in an increase in the scattered light intensity.
Photoisomerization of (2a) to (2b) proceeds on a time-scale of 20 nsg. Thus any
configurational shrinkage (or expansion) of the protein following the photoinduced
isomerization is reflected by a transient increcase (or decrease) of the scattered light
intensity. Figure 1 shows the transient changes in scattered light intensity upon
photoisomerization of (2a) to (2b) at loading corresponding to 6 (trace (a)) and 8 (trace
(b)). The increase in scattered light intensity implies that upon isomerization of (2a) to
(2b) the protein undergoes shrinkage. At a loading degree of 6 the shrinkage proceeds with
a time-constant of 7 = 60us. At a loading of 8 the transient increase in scattered light
fits two exponentials and reveals a biphasic dynamic shrinkage. One time constant (-r1 = 60
us) proceeds to a compact configuration, presumably similar to that observed with the
protein of loading of 6. This metastable configuration undergoes further shrinkage (as
evidenced by the higher scattered light signal) with a time-constant of T, = 250 ps.

The kinetics of association of (2a) and (2b) to monosaccharides is also controlled by

the photoisomerizable cmponcuts6. A series of monosaccharide functionalized self-assembled
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Figure 1: Transicat light scattering traces obtained upon
photoisomerization of (2a) to (2) Img protein per imi phosphatc
buffer 0.1 M, pHw7.0 , that contsing MnCly , CaCly at 1°¢ M and
NaCl 0.1M . (3) Loading o 6 . (b} Loading of 8 .

Figure 2: Decay of cathodic current, ipe, of KyFe(CN) 4
redox probe upon interaction (8) - monolayer Au-electrode
with: (a) native Con A (b) with (22) (c) with (2h). All
experiments were performed in a three electrode cell using
Ag/AgCl as relerence electrode. Electolyte compoasition 1x10-

3 M K Fe(CN)g, 1x10-3 M KC1 in phosphate buler, 0.1. M

{pH=8). Concentration of added protein is 0.01 mg mi-f, All
experiments were pecformed at 20 9C, scan rate 200 mV s L.

monolayer, (SAM), electrodes was prepared according to Scheme 1. Au-clectrodes were
modified by 2 SAM monolayer of cystamine. The monosaccharides, p-isothiocyanatophenyl-a-D-
mannopyranoside, (4), p-isothiocyanatophenyl-a-D-glucopyranoside, (5), and p-isothio-
cyanatophenyl-8-D-glucopyranoside, (6), were then coupled to the functionalized monolayer
to yicld the thiourea bridged monosaccharide monolayer, (7), (8) and (9), respectively.

A e KO-
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phosphate bulier, pHe7.3

S —(CHy)y —NH,
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Scheme 1,
The kinetics of association of the two photoisomerizable proteins, (Za) and (2b), to the
monosaccharide monolayer was probed electrochemically. For this purpose thé redox couple
Fe(CN) 63'/Fc(CN) 64- was introduced to an electrochemical cell that includés the different
monolayer modified clectrodes as a working electrode (electrolyte solution, KCl, 1x10‘3 M,
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in phosphate buffer, 01 M, pH=8). Injection of the protcins (2a) or (2b) to the
clectrochemical cell results in their association to the monosaccharide monolayer. Binding
of the protein insulate the electrode towards the redox probe in solution, and thus the
decrease in the amperometric response of the electrodes as a function of time reflects the
association rates of (2a) or (2b) to the respectivv SAM clectrodes of the various
monosaccharides. Figure 2 shows the decrcase of the cathodic current ipc (of Fc(C.N)sa')
upon interacting the SAM electrode that includes (7) with (2a) , (2b) and native Con. A.
Table 2 summarizes the time constants for association of the proteins to the various
TABLE II: Time constants for the association of Con. A and spiropyran modified
Con A to different substrates.

Substrate /2 (Con. A) /28 (2a) /2% (2b)

7 40 60 160
8 85 220 670
9 100 100 110

clectrodes. We realize that binding of (7) and (8) is enhanced to (2a) as compared to the
distorted protein (2b). The monosaccharide (9) that does not exhibit specific binding
sites to Con. A is not influenced by the photoisomerizable units and (2a), (2b) and native
Con. A reveal similar binding kinetics. We thus conclude that upon photoisomerization of
(2a) to (2b) the protein backbonc undergoes shrinkage. As a result, the binding sites
towards monosaccharides are distorted in (2b), as reflected by the lower association

constants and decrease in binding rates.
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