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Botulism is a dangerous disease caused by seven different serotypes of 

Clostridium botulinum neurotoxin. It needs long term intensive care 

treatment to the infected otherwise the disease 

becomes fatal. The disease causing agent is a 

150kDa protein expressed along with nontoxic 

nonhemeagglutinin (NTNH) and a few other 

associated proteins. All these proteins together 

form variable complexes like large, medium 

and small, and facilitate the toxin entry 

through the digestion system. With expertize 

in X-ray crystallography, I am interested in 

understanding the complex formation and the 

functional mechanism of these proteins through crystal structure analysis. We have 

solved the structures of toxins, toxin fragments, and toxin-ligand complexes and 

contributed to the understanding of 

the functional mechanism of these 

toxins. The focus now is studying the 

functional mechanism of the 

progenitor toxin complexes through 

small angle X-ray scattering (SAXS), 

X-ray crystallography and cryo-

electron microscopy (Cryo-EM).  

When the complexes grow bigger 

cryo-electron microscopy (Cryo-EM) 

would be more helpful and SAXS 

studies will help in understanding the 

solution state. Protein-ligand complex studies are the other focus area of my 

research that is essential for drug discovery against the toxin.  
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Environmental pollution plays a significant role in public health especially 

in diseases like cancer and asthma. Heavy metal contamination in soil and 

water is a potential hazard for humans and wild-life. People living around the area 

previously used for heavy metal processing have increased risk of developing 

cancer. Extended exposure to even mild radioactive materials will have significant 

impact on inducing cancer like diseases. Since this is an unavoidable problem we 

have to increase our effort to clean up and control such pollution. One of the 

effective ways to remove heavy metal contamination from soil and water is 

bacterial bioremediation. Soluble form of the metals like Uranium and Chromium 

are able to sweep and spread through the water flow. Converting the soluble form 

of these metals into insoluble form is proved to be a successful bioremediation 

process. I worked in collaboration with Stanford University on bacterial enzymes 

that are very effective in bioremediation. Our study on flavoproteins showed that 

protein engineering is very helpful in enhancing the enzyme activity. 

 

 

 

 

 

 

 

 

 

 

Flavodoxins are flavin-dependent oxidoreductases involved in the process of 

electron transfer. Bacteria utilize this enzyme to handle the stress induced by heavy 

metals and other chemical contamination in the soil. These proteins reduce soluble 

form of heavy metals like Cr(VI) into an insoluble Cr(III). Identifying these 

bacterial enzymes that are useful for different bioremediation processes and 

optimizing their catalytic activity through protein engineering is our strategy to 

help environmental protection. Bioremediation using bacteria will be an efficient 

tool for controlling pollution. 
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