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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, B-glucosidase | (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 B-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 bgll 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-



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 agqueous-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 B-glucosidase in carrying out reactions in aqueous-

organic medium for synthesis of oligosaccharides.

Vi



CONTENTS

DEDICATION |
CERTIFICATE I
ACKNOWLEDGEMENT Hi-1v
ABSTRACT V-Vi
CONTENTS VII-XI
LIST OF FIGURES X1-X1V
LIST OF TABLES XV
LIST OF ABBREVIATIONS AND SYMBOLS USED XVI-XVIII
1. Introduction and Objectives 1-6
2. Literature Review 7-36
2.1 ROULES OF SYNTNESIS.ceuiiniiniieinerniiatierneenteetsessssnssassssssnsonsessnssnsnses 11-15
2.2 Mechanism of action of B-glUCOSIAASES..cvveireiiiniiarieenrenriereenrenceecnnes 15-16
2.3 Synthesis of glucosidic bonds by B-glUCOSIAASES..cuvurrererniieinriierarnrenannn 16-20

2.3.1 Parameters affecting oligosaccharide synthesis
2.3.1.1 Water activity
2.3.1.2 Water content
2.3.1.3 Organic solvents
2.3.1.4 Substrates
2.4 Enzymatic glycosylation in organic SOIVENtS....cceeeeeeeeiiieeieenienrenenecnenns 20-27
2.4.1 Classification of organic solvents
2.4.2 Nature of Substrate
2.4.3 Nature of Solvent
2.4.4 Choice of the solvent
2.4.5 Control of selectivity in organic solvents
2.5 Methods to improve enzyme stability in organic solvents.......ccceeeveiieenennn 27-36
2.5.1 Reverse micelles
2.5.2 Immobilization

2.5.3 Lyophilization (Freeze-drying)

VIl



CONTENTS

2.5.4 Cross-linked enzyme aggregates (CLEAS)
2.5.5 Protein engineering

3. Random mutagenesis of B-glucosidase to develop an organic 37-64

solvent tolerant enzyme

TR 11 4 oo [ Tox 4 o] o RSN 38-39
I |V (< =1 39-40
3.2.1 Strains and plasmids
3.2.2 Media and cultivation conditions
3.2.3 Primers
TR I 1Y/ 1 To Lo L TN 41-47
3.3.1 DNA manipulation methods
3.3.2 Amplification of BGL1 under mutagenic conditions (Error prone PCR)
3.3.3 Restriction digestion of insert (bgl1l) and vector (pPI1C9)
3.3.4 Ligation of digested insert to vector (pPIC9) and transformation of E.
coli DH5a competent cells
3.3.5 Screening of transformed E. coli colonies
3.3.6 Preparation and transformation of P. pastoris GS115 (his4)
electrocompetent cells
3.3.7 Screening of Pichia transformants
3.3.7.1 PCR analysis of integration of gene cassette into P. pastoris genomic
DNA
3.3.7.2 Methanol utilization phenotype
3.3.7.3 Agar plate assay
3.3.8 Enzyme expression and screening of the mutant library for organic
solvent stability
3.3.8.1 Enzyme expression
3.3.8.2 Solvent stability measurement
3.3.8.2.1 MUG plate assay
3.3.8.2.2 Solvent stability of B-glucosidase secreted in the culture supernatant
3.3.9 Analytical Methods

VI



CONTENTS

3.3.9.1 pNPG Assay
3.3.9.2 Agarose gel Electrophoresis
3.3.9.3 Zymogram analysis
B8 RESUITS. e eiuiiieiniiieiniiiierniiitetnseetesarsesasassssssnssssasassssnsnssssnsnssssnsnses 47-59
3.4.1 Mutagenesis of BGL1 by epPCR
3.4.1.1 Cloning of bgll into pPIC9 vector
3.4.1.2 Cloning of randomly mutated bgll gene in P. pastoris and screening
3.4.2 Functional screening (MUG plate assay)
3.4.3 Screening of the yeast library for solvent stability

3.5 DISCUSSION. e eueeetenterenrenseasessnssnsosssssnsonsssssssnssnsssssssnssnsssssssnssnssssnsss 59-64
4. Evaluation of structural features of engineered BGLI 65-97
4.1 INTrOAUCTION. cutieiieieeteneneeeeententeacesensensescescnsensassscnsansensessnsansanses 66-67
4.2 MATEITAlS. ceuieieieiniiniietiernsentsecsesessnssnsessssnsonsosssssnssnsssssssnssnssnses 67-68

4.2.1 Cell strains and cultivation conditions
4.2.2 Enzyme purification
i I |V =11 0 To o S 68-77
4.3.1 Sequence analysis of bgll variant
4.3.1.1 Genomic DNA isolation
4.3.1.2 PCR amplification of bgll gene fragments
4.3.1.3 Cloning into pTZ57R/T vector and transformation to competent
E.coli cells
4.3.1.4 Screening of E.coli transformants
4.3.1.5 Prediction of Three-Dimensional structure
4.3.2 Purification of OT-BGLI and WT-BGLI from culture supernatants of
EP14 pPIC9-bgll and CL5 GS115 pPIC9-BGL1
4.3.2.1 Collecting culture supernatant
4.3.2.2 Ultrafiltration (Concentration)
4.3.2.3 Anion exchange chromatography
4.3.2.4 Superdex G 200 gel filtration chromatography
4.3.3 Biochemical characterization of recombinant protein




CONTENTS

4.3.3.1 Effect of pH on activity and stability of mutant enzyme

4.3.3.2 Effect of temperature on activity and stability of mutant enzyme

4.3.3.3 Organic solvent tolerance of mutant and wild type enzyme

4.3.3.4 Effect of detergents on mutant enzyme

4.3.3.5 Determination of kinetic parameters of OT-BGLI and WT-BGLI
4.3.4 Biophysical studies of OT-BGLI and WT-BGLI

4.3.4.1 Circular Dichroism (CD) spectroscopy

4.3.4.2 Fluorescence spectroscopy

4.3.4.3 Thermal stability analysis using CD spectroscopy

4.3.5 Analysis of CD spectra

A4 RESUITS. ceuiniiernineiarntierernseesesntsssasasssssssssssassssssnsesssssssssssnsnssssnsnses 77-92
4.4.1 Sequence analysis of the mutant bgll gene
4.4.2 Sequence analysis and mapping of mutations in OT-BGLI variant
4.4.3 Purification of OT-BGLI and WT-BGLI
4.4.4 Biochemical characterization of OT-BGLI
4.4.4.1 Effect of pH and temperature on OT-BGLI
4.4.4.2 Effect of detergents
4.4.4.3 Effect of organic solvents
4.4.4.4 Kinetic analysis
4.4.5 Biophysical characterization of OT-BGLI
4.4.6 Thermal unfolding of OT-BGLI and WT-BGLI
4.5, DISCUSSION . utueiururntrerarersesasatsesasassesssassssasassssssssssssssssssssassssssnssssns 92-97
5. Oligosaccharide synthesis using engineered enzyme in presence of ~ 98-128
co-solvent
ST 11 4 oo [ Tox 4 o] o TR 99-100
5.2 Materials and mMethods.....ccveiiiieiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiennceenean 100-105

5.2.1 Partial purification of OT-BGLI and WT-BGLI
5.2.2 Determination of substrate specificity
5.2.3 Transglycosylation reactions of aryl glucosides using OT-BGLI

5.2.4 Optimization of solvent concentration




CONTENTS

5.2.5 Autocondensation reactions of aryl glucosides using OT-BGLI and WT-
BGLI
5.2.6 Purification of autocondensation products using analytical TLC
5.2.7 Characterization of purified products by ESI-MS and NMR
5.2.8 Analytical methods
5.2.8.1 Protein estimation
5.2.8.2 Glucose oxidase-peroxidase assay
5.2.8.3 Thin layer Chromatography
5.3 RESUITS. .. eiuitiniiiiiiiiiiiiiiiiiiittiteietietiatteetasntesasnsesasasssnsnsncnes 105-124
5.3.1 Partial purification of OT-BGLI and WT-BGLI
5.3.2 Substrate specificity
5.3.3 Transglycosylation reactions using partially purified OT-BGLI
5.3.4 Effect of solvent and its concentration
5.3.5 Evaluation of autocondensation reactions using partially purified OT-
BGLI and WT-BGLI and its time course study

5.3.6 Structural elucidation of autocondensation products

5.4 DISCUSSION . e e eereeneenssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnnnes 124-129
5. CONCIUSIONS . e teeeeeeeeeeeeeeeeeeesssssssssssssssssssssssssssssssssssssssssns 131-133
0.1, G Al iSCUSSION .ttt eeteeeeeeeeeeeeeeeeeseeecesessessesscesessessessessassasscssaases 131-132
B.2. CONCIUSIONS . euueueeeeeeeeseesessessessssssssssssssssssssssssssssssssssssssssssssesssnses 132-133
T RO I BN et tteeeeeeeeeeeeeeeeeeeessssssssssssssssssssssssssssssssssssssses 134-157
B. ANNEXUIES...euuirueenirrtuettietueetireuertieenerteeeteseeeenesnnesnsenns 158-183
AN U] 1 g o] g o] 100 F=\ - U 184-186

Xl



	2007BEZ8278 PhD Thesis_Jyoti Batra.pdf

