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Introduction

�e use of hazardous materials from chemical or biological known. �ere are seven serologically distinct neurotoxins (BoNT/A-G) produced mainly by the Clostridium botulinum type A through G [1]. 
BoNTs are the causative agent of botulism, the disease inferred from �accid muscle paralysis due to the blockage of acetylcholine release from nerve terminals at the neuromuscular junction [2]. Each of the BoNT is synthesized as a 150 kDa single polypeptide, nicked by trypsin like proteases into heavy chain (HC) [M.wt. 100 kDa] and light chain (LC) [M.wt. 50 kDa] coupled by a single disulphide bond [3]. �e HC contains the cell receptor-binding (H

C) and translocation (HN) 
domains. Crystal structure analysis of the BoNT/A reveals that the HC 
clearly consists two distinct subdomains [4] that is N-terminal domain ( H

CN ) and C-terminal domain ( HCC)  and are speculated to bind with a 
protein receptor and gangliosides [5-8]. �e HCC fragment in its isolated 
puri�ed form can enable one to study its interactions with receptors of BoNT/A and to design the binding inhibitors to prevent the neurotoxic action.

�e most associated serotypes with human food-borne infection are 
types A, B and E [9,10], among these, serotype A is the most poisonous toxin and can be categorized as a biological warfare agent (BWA). �e oral lethal dose for a human is 1 �g/kg of body weight. Premeditated or 
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concentration dependant angle changes, upon the interaction of 
various concentrations of BoNT/A with immobilized antibody and 
the Figure 2A depicts the corresponding calibration curve. �e limit of 
detection (LOD) of the present method was calculated experimentally 
and was found to be 0.045 fM and this is the minimum concentration 
of BoNT/A antigen which showed the response during the interaction 
of BoNT/A antigen with its immobilized antibody.

Binding of di�erent concentration of BoNT/A antigen was also 
carried out with immobilized SV protein in order to know the biological 
activity of puri�ed protein and the sensorgrams are shown in Figure 2B. 
Figure 3 represents the comparative response of binding of BoNT/A 
and BSA with immobilized SV. BSA was used as negative control and 
showed 63% binding with immobilized SV in comparison of BoNT/A 
as shown in Figure 3.

Evaluation of kinetics involved in the antigen and antibody 
interaction

�e a�nity interactions between immobilized BoNT/A antibody 
and BoNT/A antigen were characterized by the equilibrium constant 
(KD). �e data were �tted using a simple 1:1 interaction model [37], A 
+ B = AB, where ‘A’ is the injected analyte, ‘B’ is the immobilized ligand 
and ‘AB’ is the analyte–ligand complex formed during the interaction 
process. In the SPR system, the signal R is proportional to the amount 
of (AB) and the Rmax is proportional to the initial (B). Hence, in this 
study kinetic parameters such as KD and Bmax value were calculated 

 

A 

Figure 3:
and BSA with immobilized SV. Concentration:51.12NfM, temperature: 25
for binding of BoNT/A antigen with immobilized BoNT/A antibody 
and also for binding of BoNT/A antigen with immobilized SV protein 
using the so�ware and found to be -653NfM and 38.23Nm and -622NfM and 116l03Nm, respectively. �is low Kvalue (If K � 1.7nM then it represents the high a�nity interactions) represents high a�nity 

interaction of the antigen with the immobilized antibody and also with 
SV protein [38].  Moreover, this K

 value is lesser than earlier reported 

values for the BoNT/A sensing by SPR [12,13] and this con�rms that 

the present antibody as a high a�nity one due to the low K

 value.
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Evaluation of thermodynamic parameters

�e K D obtained from kinetic evaluation so�ware was further 
exploited to calculate the thermodynamic parameters such as change in 
Gibb’s free energy (�G), change in enthalpy (�H) and change in entropy 
(�S) associated with binding of BoNT/A antigen with immobilized 
antibody using Van’t Ho� [39,40] equation:
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where, R: universal gas constant, KA: a�nity constant, T: 
temperature and K1, K2 are a�nity constants for association at T1 and 
T2 temperature, respectively. �G, �H and �S are change in Gibb’s free 
energy, change in the enthalpy and change in the entropy due to the 
binding of BoNT/A with immobilized BoNT/A antibody, respectively. 

�e value of the change in Gibb’s free energy for binding of BoNT/A 
with immobilized BoNT/A antibody, was found to be -84.99 kJ/mol at 
298 K. �e negative value of �G indicates the spontaneous interaction 
of BoNT/A antigen with its antibody.

�e calculated value of �H using Von’t Ho� Wizard in kinetic 
evaluation so�ware was found to be +16.33 kcal/mol. �e positive value 
of �H reveals the interaction of BoNT/A with immobilized BoNT/A 
antibody as endothermic [41]. 

�e value of �S for binding of BoNT/A with immobilized BoNT/A 
antibody was calculated using so�ware and was found to be 207.43 
cal mole-1 K-1.  �e magnitude of T�S value was found to be higher 
than �H indicating that the net in�uence of enthalpy on  the  BoNT/A 
with immobilized BoNT/A antibody is  minor and  the apparent 
gain in entropy is actually the driving force  for the BoNT/A with 
immobilized BoNT/A antibody [42,43]. �e observed positive  value in 
entropy  indicated  that the interaction  can be  explained  by Langmuir 
replacement reaction that exhibits Langmuir type isotherm [38]. 
Langmuir replacement reaction suggests that the observed positive 
entropy is because of desorption of water molecules from either 
antibody or antigen or both. �e signi�cance of desorption of water 
molecules from protein surfaces during ligand-protein binding was 
reported earlier [43].

E�ect of temperature

Temperature variation study was performed in order to know the 
e�ect of temperature on SPR response during the interaction of antibody 
with antigen. Upon increasing temperature from 10 to 25°C an increase 
in SPR angle is observed as shown in Figure 4A and beyond 25°C, SPR 
angle decreased. Hence, 25°C is used as optimum temperature for the 
interaction of BoNT/A antigen with its immobilized antibody. 

E�ect of pH

Figure 4B shows the e�ect of pH on SPR angle due to the interaction 
of BoNT/A antigen with its immobilized antibody. It is observed from 
Figure 4B that SPR response exhibits a maximum at pH 7.5. �is 
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parameter to re�ect the in-situ changes those are occurring on the 
modi�ed disc/electrolyte interface, hence, �t and simulation method 
was adopted to �nd out the Ret value for CM5 gold disc and antibody 
immobilized CM5 gold chip before and a�er antigen interaction, the 
Ret values are found to be 2.79 M�, 466 k� and 440 k�, respectively. 
�e decrease in Ret value a�er the interaction of antigen with antibody 
directly con�rms an increase in electron transfer due to the e�ective 
binding of antigen with antibody because of the presence of good 
interaction at this pH (7.5) as reported earlier for an antigen antibody 
interaction [44]. 

Conclusion

A label free real time SPR detection methodology for BoNT/A was 
developed using a carboxymethyldextran modi�ed sensor chip. �e 
e�ective interaction between the antigen and antibody was con�rmed 
based on EIS data as a decrease in charge transfer resistance was 
observed due to the e�ective interaction between BoNT/A antigen 
and antibody. �e LOD of the developed method is 0.045 fM. �e 
SPR sensor gram of the binding of BoNT/A with immobilized SV 
con�rmed the biological activity of puri�ed protein. �e kinetic 
parameters such as KD and Bmax values were calculated and found to 
be 0.53 fM and 38.23 mo for immobilized antibody and 0.22 fM and 
116.0 mo for immobilized SV, respectively. �e KD val
n-3(i)12(t)20.53 fM 
implies and classi�es this antibody as a high a�nity one. �e negative 
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