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CONFORMATIONAL DYNAMICS ASSOCIATED WITH PHOTOSWITCHABLE 
BINDING OF SPIROPYRAN45ODIFIED CONCANAVALIN A 

ERAN ZAHAVY, SHAI RUBIN AND lTAMAR WILLNER. 
Institute of Chemistry and Farkas Center for Light-Induced Processy Thc Hebrew 
University of Jerusalem, Jerusalem 9w)4, IsraeL 

Abstract Spiropyran modified concanavalin A, Con. A, reveals photoregulated binding 
towards monosaccharides. The assodation constants of the substrate towards the 
spiro-Con. A and the kinetics of the association proccsscs are photostimulated. Thcse 
photostimulated properties are originated from a structural perturbation of the 
protein upon photoisomerization of spuo-Con. A to the zwittcrionic Con. A. Time 
resolved light scattering rmals  that the structural change of the protein involvcs 
a shrinkage. 

Photoregulation of the functionalities of protcins is of basic interest in future 

developments of bioclectronic devices"*. One important application involves the 

development of reversible biosensors, where switchable bmding 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 c o m p o ~ e n t s ~ ' ~ .  Here the protein 

retains its tertiary structure in the isomer state 4 but its structure is distorted and 

consequently its binding site is perturbed upon photoisomerization to state B. 

Illumination of the distorted structure and reisomerbation to state A resotres the active 

binding structure of the protein towards its substrate. Here we. descriie the 

photostimulated binding of monosaccharides to the lectin concanavalin A, Con. A, that is 

modifled by spiropyran photoisomerizablc units' and the control of the kinetics of 

assodation of the monosaccharides to the photoactive protein . We also provide insight 

into the structural changes of the protein and the dynamics associated with the structural 

perturbation of the protein occurring upon isomerization of the photoisomerizable 

components5, using time-resolved light scattering experiments. 

6 

Con. A was modified by the N-hydroxysuccinimide ester of N-propionic acid spiropyran, 

(l), (pH=8.5, 4'C, 20-30 h) to yield 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 nm<X<LU)O nm 

results in the formation of (2b), and irradiation of (2b), X>475 nm, restores (2a), eq. 
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196 E. ZAHAVY ET AL. 

Eq. 1 

H 

2. The bmding constants of pnitrophenyla-D-mapyranoside, (3), to (Za) and (2b) at 

Merent loadings of spiropyran units 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 m e e d  Con. A arc lower than to the native protein. The highest difference in 

association of (3) to (2.) and (Zb) is observed with a loading corresponding to 6. We 

realize that thc spkopyran modified Con. A (2a), exhibits a higher affinity towards (3) 

as compared to the zwittcrioonic-merocyaninyanine modified protein (Zb). These different 

association properties of (3) to (Za) and (Zb) are attributed to the influence of the 

photoisomerizablc components on the binding sites of the protein . The nvitterionic 

components in (2b) perturb the protein binding sites and consequently reduce their 

affinities for (3). 

7 

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

photoisomerization of (2a) to (Zb) is obtained by transient light-scattering experiments. 
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CONFORMATIONAL DYNAMICS OF PHOTOSWITCHABLE CONCANAVALIN A 197 

TABLE I Assodation constant of spiropyran modified Con. A, in the two 

photoisomerizable states (213) and (Zb), and time constants for protein conformational 

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

Loading degree Ka(2a)M-' Ka (2b) M-l 5 / 2 1  cs 
~ 

0 

3 

6 

8 

8 The scattered light intensity from the protein is expressed by the Debye theory, eq. 3 

and eq. 4, where R is the scattered light intensity at the angle 8, Mw and C correspond 

to the molecular weight and concentration of the protein, respectively, <RG2> is the mean 

square of radius gyration of the protein, X is the wavelength of inadent light and A is 

the second virial coefficient. The constant K is given by eq. 4, where n is the index of 

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

e 

2 
2 K C  1 16r 

(eq. 3 )  - - - (1 + - <RG > S i n  8/2) + A 
Re Mw 3x2 

2 
2 gdn 4 (eq. 4) K - 2 r  n -/N*X 

dc 
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 ns . Thus any 

configurational shrinkage (or expansion) of the protein following the photoinduced 

isornerization is reflected by a transient increase (or decrease) of the scattered light 

intensity. Figure 1 shows the transient changes in scattered fight intensity upon 

photoisomerization of (24 to (Zb) at loading corresponding to 6 (trace (a)) and 8 (trace 

@)). 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 T = 6Op. At a loading of 8 the transient increase in scattered light 

fits two exponentials and reveals a biphasic dynamic shrinkage. One time constant (rl = 60 

ps) 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 r 

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

the photoisomerizable cmponents6. A series of monosaccharide hnctionalized self-asembled 

9 

= 250 ps. 
2 
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F i g u r e  1: Tranricnt light scattering traces obtrincd upon 
phoCoiromcrization ol  oa) to (2h) Img protein pcr Iml phosphru: 
buller 0.1 M , pH-7.0 . Ihol conuinr MnCl2 . CaCI2 at I*c4 M and 
NaCl A I M . (a) Loading of 6 . (b) W i n g  of 8 . 
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Figure 2: D e w y  ol cathodic N ~ L  ipc. of Kqk(CN) 6 
redox probe upon interaction @) - monolayer Au-elecde 
with: (a) native Con A (b) with 01) (c) with Qh). Al l  
experiments were pdormed in I lhnc clcclmde cell usin8 
A@A/AICI ZI reference clalmd~. Uecadytecompcririon 1x10- 
3 M KdWm,j. 1x10-3 M KCI in phorphale butler. 0.1. M 

@HIS). Concamtion of added pro& is 0.01 mg ml-l. All 
experiments wveprtormcd I ~ Z O  Oc. scan ntc 200 m v  s-1. 

monolayer, (SAM),  elemodes was prepared according to Scheme 1. Au-electrodes were 
modified by a SAM monolayer of cystamhe. The monosaccharides, p-isothiocyanatophenyi-a-D- 

mannopyanoside, (4), pisothiocyanatophenyl-a-D-glucopyranoside, (S), and pisothio- 

cyanatophenyl-@-D-glumpyranoside, (6), were then coupled to the functionalized monolayer 

to yield the thiourea bridged monosaccharide monolayer, (7), (8) and (9), respectively. 

W m 

O-moMpCdurid e a-Dmuvlopymdridc 
a-D-gluCopmoside 

0 -- ' = b-I)-ghrCOQynnodde 

Scheme 1. 

The hetics of asgociation of the two photoisomerizablc proteins, (28) and (Zb), to the 

monosaccharide monolayer was probed electrochemically. For &is purpose the redox couple 

FC(CN),~-/FC(CN);- was introduced to an electrochemical cell that includ& the different 
monolayer rnodifkd electrodes as a workiog electrode (electrolyte solution, KCI, lxl0 -3 M, 
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CONFORMATIONAL DYNAMICS OF PHOTOSWITCHABLE CONCANAVALIN A 199 

in phosphate buffer, 0.1 M, p H 4 ) .  Injection of the proteins (2a) or (2b) to the 
electrochemical 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 

dcacasc in the amperometric rcsponsc of the electrodes as a function of time rCncds the 
assuciation rates of (2a) or (2b) to the respective SAM electrodes of the various 

monosaccharides. Figure 2 shows the decrease of the cathodic current i (of Fe(CN),3') 
upon interacting the SAM electrode that includes (7) with (2a) , (2b) and native Con. A. 

Table 2 summariW the h e  constants for association of the proteins to the various 

F 

TABLE II: Time constants for the association of Con. A and spiropyran modified 
CMA to different substrates. 

Substrate rl/2 (Con. A) 71/2,s (24 rl12,s (2b) 

7 40 60 160 
8 85 220 670 

9 100 100 110 

electrodes. We realize that binding of (7) and (8) is enhanced to (2a) as compared to the 

distorted protein (2b). The monosaccharide (9) that docs not exhiiit spec& binding 

sites to Con. A is not influenced by the photoisomerizable units and (Za), (2b) and native 

Con. A reveal similar binding kinetics. We thus conclude that upon photoisomerization of 

(2a) to (2b) the protein backbone undergoes shrinlragc. As a result, the binding sites 

towards monosaccharides are distorted in (Zb), as reflected by the lowcr association 
constants and decrease in binding rates. 
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