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ABSTRACT 

 Biotransformation in organic solvents has numerous advantages over reactions carried 

out in aqueous medium. Glycosyl hydrolases have been used as enzymes of choice for synthesis 

of glycosidic bonds but these enzymes exhibit low stability in organic solvents. In the present 

study, β-glucosidase I (BGLI) from thermo-tolerant yeast Pichia etchellsii was taken as the 

candidate enzyme for generating an organic solvent tolerant variant. The objective was to 

understand reaction chemistry of such a system. BGL1 gene coding for BGLI enzyme was 

subjected to random mutagenesis using error prone PCR. Mutant gene library was transformed in 

to E. coli and 500 colonies were screened for recombinant plasmids. Plasmid DNA isolated from 

positive bacterial transformants was pooled together and electroporated into Pichia pastoris 

GS115 host cells. Out of a large number (200) of yeast transformants, 21 transformants were 

selected for functional expression on MUG plates. These transformants were further screened for 

organic solvent tolerant β-glucosidase activity in presence of acetonitrile, DMF, DMSO, 

methanol and 2-propanol. The wild type enzyme (WT-BGLI) was taken as reference for all these 

studies. Enzyme variant expressed by one transformant (namely, EP14) exhibited 1.7-10 fold 

higher stability in presence of DMF, 2-propanol and methanol than that of the wild type enzyme. 

Mutations imparting stability were identified by sequencing the entire length of bgl1 amplified 

from the genomic DNA of Pichia pastoris. Six substitutions were observed, three of which were 

silent and the other three (G414D, Y722H, N789D) led to changes in amino acid sequence. 

Interactions among mutated amino acids and neighbouring residues favored formation of new 

salt bridges as well as new hydrogen bonds. The organic solvent tolerant variant (OT-BGLI) was 

also found to possess higher thermal stability. Half-life values of OT-BGLI were 5.02 h, 2.45 h 

and WT-BGLI were 2.22 h, 2.1 h at 40 °C and 45 °C respectively. At 50 °C and 55 °C, the half-
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life values for OT-BGLI were 1.52 h and 0.14 h while that for the WT-BGLI were 0.43 h and 

0.04 h respectively. Tm of OT-BGLI (62.4 °C) was higher than that of WT-BGLI (61 °C) as 

determined from thermal denaturation curve obtained from CD spectroscopy. No major changes 

in secondary and tertiary structures were observed between OT-BGLI and WT-BGLI. Kinetic 

parameters (Km and Vmax) were also nearly similar for both the enzymes.  

Autocondensation reactions were favored by OT-BGLI in presence of 2-propanol (10%, 

v/v) with aryl glycosides which acted as an acceptor and a donor for the glycosyl moiety. OT-

BGLI catalyzed synthesis of aryl disaccharides in regioselective manner in aqueous-organic 

medium. Also, the rates of reactions catalyzed by OT-BGLI were higher than that of WT-BGLI. 

Products were purified and characterized by ESI-MS and NMR. The study thus demonstrates 

immense potential of organic solvent tolerant β-glucosidase in carrying out reactions in aqueous-

organic medium for synthesis of oligosaccharides. 
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