
 S1 

Supporting information for 

Spectral deciphering of the interaction between an intramolecular hydrogen bonded 

ESIPT drug, 3,5-dichlorosalicylic acid and a model transport protein 

Bijan Kumar Paul*, Debarati Ray, Nikhil Guchhait* 

Department of Chemistry, University of Calcutta, 92 A. P. C. Road, Calcutta-700009, 

India. 

*Author for correspondence. Tel.: 91-33-2350-8386. Fax: +91-33-2351-9755. E-mail: 

nguchhait@yahoo.com (N. Guchhait). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Electronic Supplementary Material (ESI) for Physical Chemistry Chemical Physics
This journal is © The Owner Societies 2012



 S2 

Contents         Page Nos. 

S1. Blind docking simulation protocol.     S3S4 

S2. Time-resolved fluorescence anisotropy decay:  

Two-Step and Wobbling-in-Cone Model.     S5S7 

S3. References.        S8S10 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Electronic Supplementary Material (ESI) for Physical Chemistry Chemical Physics
This journal is © The Owner Societies 2012



 S3 

S1. Blind docking simulation protocol 

The molecular geometry of 3,5-dichlorosalicylic acid (3,5DCSA) was first 

optimized on Gaussian 03W suite of programs
1,2

 using Density Functional Theoretical 

(DFT) method with the B3LYP functional, i.e., a combination of the Becke’s three-

parameter (B3) hybrid exchange functional
3
 and Lee-Yang-Parr (LYP) nonlocal 

correlation functional.
4
 In our calculation particular emphasis is delivered on the 6-

311++G(d,p) basis set because this basis set is of triple - quality
1,2,5

 for valence electrons 

with diffuse functions which are useful in calculations for anions and structures with lone 

pair electrons.
1,2,5-8

 The geometrical constraints were not imposed in equilibrium 

geometry optimizations. Vibrational frequency calculations were carried out for the 

optimized structures in order to assess the nature of stationary points. The characteristic 

of local minimum was verified by establishing that matrices of energy second derivatives 

(Hessian) have no imaginary frequency.
1-8

  

The native structure of HSA was taken from the Protein Data Bank having PDB 

ID:1AO6
9
 (http://www.pdb.org/pdb/explore.do?structureId=1ao6). BSA was generated 

from it by performing necessary additions at the N-terminal as well as some mutations in 

the required regions as no PDB is available for BSA.
10

 Docking studies were performed 

with AutoDock 4.2 suite of programs which utilizes the Lamarckian Genetic Algorithm 

(LGA) implemented therein (http://autodock.scripps.edu/). For docking of HM with 

BSA, the required file (corresponding to the three-dimensional structure of HM) for the 

ligand (HM) was created through combined use of Gaussian 03W
1,2

 and AutoDock 

4.2
17,18

 software packages. The optimized geometry of 3,5DCSA was (DFT//B3LYP/6-

311++G(d,p)) read in AutoDock 4.2 software in compatible file format, from which the 
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required file was generated in AutoDock 4.2. At the beginning of docking study all water 

molecules were removed and hydrogens were added followed by computing Gasteiger 

charges, as required in Lamarckian Genetic Algorithm.
11,12

 The grid size was set to 126, 

126, and 126 along X-, Y-, and Z-axis with 0.375 Å grid spacing, i.e. in order to recognize 

the binding site of 3,5DCSA in BSA blind docking was performed. The AutoDocking 

parameters used were as follows: GA population size = 150; maximum number of energy 

evaluations = 250000; GA crossover mode = two points. The lowest binding energy 

conformer was searched out of 30 different conformers for each docking simulation and 

the resultant one was used for further analysis. The PyMOL software package was used 

for visualization of the docked conformations.
13
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S2. Time-resolved fluorescence anisotropy decay: Two-Step and Wobbling-in-Cone 

Model 

Under the framework of the two-step and wobbling-in-cone model the 

fluorescence depolarization can be the result of three independent motions: (a) wobbling 

of the probe (rW(t)) with a time constant τW, (b) translational motion of the probe (rD(t)) 

along the surface of the protein with time constant τD, and (c) overall rotation of the 

protein (rP(t)) with a time constant τP. Thus r(t) can be decomposed into a product of three 

independent motions as follows
14-23

: 

)()()()( trtrtrtr PDW         (S1) 

Again, r(t) may be expressed in terms of the generalized order parameter S as
14-23

: 

       PDW ttSSrtr  11expexp1)( 22
0       (S2) 

In the wobbling-in-cone model, S is related to the semicone angle w as follows
14-23

: 

 wwS  cos1cos
2

1
         (S3) 

The order parameter S is a measure of the spatial restriction having values ranging from 0 

(corresponding to unrestricted motion) to 1 (for complete restriction on the motion). 

Again the functional form of the biexponential anisotropy decay, r(t), can be 

represented as
14-19

: 

 )exp()exp()( 22110 rrrr ttrtr         (S4) 

in which r0 is the limiting anisotropy that describes the inherent depolarization of the 

fluorophore and ir is the pre-exponent that provides the fraction of the i
th

 rotational 

relaxation time i.e. τir.  

Comparing equations S3 and S4 the following relations are obtained
14-23

: 
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rS 2
2             (S5) 

PDr 

111

2

           (S6) 

rWr 21

111


           (S7) 

Here, τ1r and τ2r are, respectively, the observed fast and slow components of the 

anisotropy decay. The time constant for the overall rotation of the protein has been 

determined by applying the Stokes-Einstein-Debye equation
14-23

: 

Tk

V

B
P


             (S8) 

in which η is the viscosity of the solution, V is the volume of BSA, kB is the Boltzmann 

constant and T is the Kelvin temperature. 

 The volume of BSA has been calculated from one reported model – prolate ellipsoid of 

dimension 140  40  40 Å.
24

 The calculated time constant for overall tumbling motion 

of BSA is found to be (τP = 54.58 ns) significantly larger compared to the slower 

component of the time constant (τ2r) in the anisotropy decay. Hence the condition τP  τ2r, 

implies that the slower component τ2r essentially represents τD, suggesting that lateral 

diffusion comprises an important component in the anisotropy decay of the probe. The 

data compiled in Table 3 and 4 of the text clearly reflects that τD and τ2r values are 

reasonably close to each other. At the same time, an increasing magnitude of the order 

parameter from 0.44 in 40  10
-5 

M BSA to 0.47 in 60  10
-5 

M BSA is consistent with 

the idea of increasing degree of motional restriction imposed on the probe. This is further 

manifested in decreasing value of the semicone angle w with increasing protein 
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concentration (i.e. the treatment of the so-obtained rotational dynamical parameters under 

the provision of two-step and wobbling-in-cone model is found to faithfully indicate an 

increasing degree of motional restriction imposed upon the probe molecule in the protein 

environment with respect to the bulk aqueous phase). The calculated dynamical 

parameters are tabulated in Table 4 of the text. The wobbling diffusion coefficient (DW) 

for the probe in BSA is obtained from the following equations
14-23

: 

W
WD





24

7 2

  for θw  30º         (S9) 

while for θw  30º DW is given as: 
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where x = cosθw. 

Since in the present case θw is found to be  30º (Table 4 of the text), we have applied 

equation S10 to calculate the values of the wobbling diffusion coefficient (DW) and the 

calculated values are summarized in Table 4 of the text. 
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