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ABSTRACT 

The thermo-tolerant yeast Pichia etchellsii produces two inducible, wall bound f3- 

glucosidases viz. BGLI and BGLII. Both the enzymes show transglycosylation activities 

leading to synthesis of glycoconjugates like alkyl glucosides. In this study BGLI was 

selected as the model enzyme in order to evaluate the feasibility of this large yeast f3- 

glucosidase for synthesis of sugars. The BGLI gene, encoding BGLI enzyme was cloned 

and functionally expressed in Pichia pastoris under the control of AOXI promoter. Site-

directed mutagenesis studies were done to confirm the putative nucleophilic residue 

important in enzyme catalysis. The recombinant wild type and mutant enzymes were 

investigated for synthesis of oligosaccharides. 

The internal peptide sequences of native BGLI protein were aligned with GHF3 f3- 

glucosidases using Clustal W program of DNASTAR to design the primers to fish out 

BGLI gene from genomic DNA of P. etchellsii. Step down PCR, 3' RACE and Primer 

Walking methods were used to find out complete nucleotide sequence of BGLI. The 

complete sequence of BGLI was assembled by sequencing products obtained from three 

PCR methods. The intronless BGLI gene (GenBank Accession No. EU914813) ORF 

consisted of 2,544 bp nucleotides encoding a protein of 847 amino acids. The ORF 

predicted a protein of molecular mass of 93.4 kDa. The predicted isoelectric point (pI) of 

the protein was 5.2 and A+T % and G+C % were 58.06 % and 41.95 % respectively. The 

sequence homology search using BLAST revealed sequence identity with several members 

of GHF3 and the sequence was concluded to belong to GHF3. The multiple sequence 

alignment using ClustalV program of DNASTAR showed maximum 98.6 % identity with a 

hypothetical 765 aa protein of Kluyveromyces lactis and 73.4 % with 845 aa (3-glucosidase 

protein of Kluyveromycesfragilis. 
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The BGLI gene, encoding BGLI enzyme was cloned in yeast shuttle expression vector, 

pPIC9 in-frame with the native Saccharomyces cerevisiae a-factor secretion signal 

sequence and functionally expressed in P. pastoris GS 115 strain under the control of AOXI 

promoter. GS115pPIC9BGLI-5 transformant of P. pastoris showed strong fluorescence 

under UV light on MUG as a substrate when screened for secretory expression of rBGLI 

by agar plate assay, confirming successful extracellular expression of recombinant enzyme. 

GS115pPIC9BGLI-5 was found to be His+  Mut+  as transformants grew well on both MD 

and MM plates. 

The two clones GS115pPIC9BGLI-5 and GS115pPIC9BGLI-41 were selected for 

expression studies in baffled flasks based on results of PCR, dot blot and agar plate assay. 

The recombinant enzyme activity reached a maximum of 560 IU/L on eighth day in case of 

GS115pPIC9BGLI-5 and 415 IU/L for GS115pPIC9BGLI-41. The effect of temperature 

during culture growth and induction was optimized which indicated a maximum activity of 

974 IU/L on day 6 which was about 1.74 fold higher than in unoptimized culture. Thus, 

temperature of cultivation was found to affect expression. Northern analysis confirmed that 

the increase was at mRNA level. 

Native PAGE showed fluorescent high molecular weight band under UV light in 

GS 115pPIC9BGLI-5 medium supernatant which was not present in control GS 115pPIC9. 

This further confirmed the secretory expression of protein in culture medium. The enzyme 

was purified partially by a combination of ammonium sulfate precipitation, Sephadex G 

200 chromatography and ion exchange chromatography to a specific activity of 3.5 IU/mg 

of protein with 15 % yield. P. pastoris secreted rBGLI had an apparent molecular weight of 

97.3 kDa as shown on SDS-PAGE, similar to the native BGLI in size (97.7 kDa). 

The rBGLI showed maximal enzyme activity at pH 6.0 and more than 80% stability 

between pH 3.5-9. The enzyme had temperature optimum of 50 °C under optimal pH with 
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pNPG as substrate. Half life values of enzyme at 30 °C, 35 °C and 37 °C were found to be 

16.5 h, 14.4 h and 12.8 h. However at 40 °C, 45 °C and 50 °C tl,2 values of 6.0 h, 3.4 h and 

0.5 h were obtained. A decline in enzyme activity was observed with Cue  and Fee  (-38 

and 40% respectively) ions and only 27.34 % of activity was left in presence of 1 mM Hg2+  

ions. The properties of the enzyme produced in P. pastoris were found to be similar to the 

native BGLI from P. etchellsii. 

The putative nucleophilic residue important in enzyme catalysis was identified using 

molecular modeling and site-directed mutagenesis. The program 3Djigsaw (available 

online at http://www.bmm.icnet.uk/servers/3djigsaw/) provided the modeled structure of P. 

etchellsii BGLI protein using Hordeum vulgare EXO I as a template. Modeled structure 

showed the Tim Barrel domain and the (a/(3) 6 domain. Unlike the H. vulgare EXO I, the 

latter domain was larger than the Tim Barrel domain and could not be well-defined. The 

two catalytic amino acids, D 227 and E 590 were placed in a position similar to the ones 

found in the known structure of H. vulgare. Since both these residues also occupied similar 

positions in modeled structure, these were used as lead sites for mutagenesis. The aspartate 

residue (D-227) present in SDW repeat of P. etchellsii BGLI was selected for mutagenesis 

and changed to Glycine and Valine using QuikChange site-directed mutagenesis protocol 

(Stratagene). In zymogram analysis with culture supernatant of mutants (D227G, D227V), 

no high molecular weight band corresponding to the position of rBGLI showing 

fluorescence on MUG was obtained. This confirmed the importance of this residue in 

catalysis and it was proposed that it functioned as a nucleophilic residue. 

The recombinant wild type and mutant enzymes were investigated for synthesis of 

oligosaccharides. Using rBGLI with glucose as the substrate (167 mM), disaccharides were 

observed at 8 h of reaction and reached a maximum of 13.14 mmol/L at 20 h. The 

accumulation of trisaccharides started later and reached a maximum of 4.29 mmol/L. A 
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total conversion of —11 % was calculated. The formation of di- and tri- saccharides was 

confirmed by ESI-MS. The sugars were detected as Na + adducts (m/z = 203, 365 and 527). 

The possibility of using the nucleophilic mutant, D227G as glycosynthase for 

enzymatic synthesis of oligosaccharides was also investigated. The principle was based on 

findings of Withers et al., (1998). Glycosynthases are specifically mutated glycosidases 

that efficiently synthesize oligosaccharides but don't hydrolyze them. The synthesis of 

oligosaccharides by transglucosylation approach using a-D glucopyranosyl fluoride (10 

mM) as a donor and pNPG, pNPC and cellobiose as acceptors was investigated. Higher 

oligosaccharides were detected on TLC when cellobiose was used as acceptor and not with 

pNPG and pNPC. The percent conversion of cellobiose to sugars was about 45%. The 

formation of oligosaccharides by mutant enzyme (D227G) in reaction vials containing 

cellobiose was also confirmed by ESI-MS. The sugars were detected as Na + adducts and 

identified as trisaccharides (m/z=527) and tetrasaccharide (m/z=689). The peaks 

corresponding to higher sugars were not observed in mass spectrum when a-D 

glucopyranosyl fluoride (10 mM) was used as a donor and pNPG and pNPC were used as 

acceptor. 
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