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ABSTRACT 

The present thesis describes some efforts to improve the catalytic performance of 

the enzymes in general and hydrolases in particular in organic solvents. Even among 

hydrolases, lipases and proteases have been used more often in organic solvents and are 

also the biocatalysts chosen in these studies. The thesis is divided into seven chapters. 

Chapter 1 provides the overview of the results reported so far on the use of 

enzymes in organic solvents.  

Chapter 2 describes the molecular bioimprinting of hydrolases by precipitation 

and its functional consequences in low water media. In this work, precipitation with 

organic solvents was used to trap the lipases in ‘open lid’ form. The idea was to integrate 

a better “drying” approach with bioimprinting. Lipases from Thermomyces lanuginosa 

(TLL), Candida rugosa (CRL) and Burkholderia cepacia (BCL) were obtained in the 

‘open lid’ form by adding surfactants. TLL imprinted with 0.05% cetyl trimethyl 

ammonium bromide (CTAB) showed 12-fold increase in the transesterification activity 

and was a better preparation to kinetically resolve (±)-1-phenylethanol. With CRL, 

bioimprinting with N-octyl-β-D-glucopyranoside (OG) gave 10-fold increase in the 

transesterification rates and resulted in reversal of enantioselectivity of CRL. 

Bioimprinted BCL was also a 7-fold better catalyst for transesterification as well as 

enantioselectivity. The bioimprinted TLL was also used to synthesize biodiesel from 

soybean oil and ethanol in solvent free medium. Enzyme precipitated and rinsed with 

organic solvents (EPROS) of TLL under optimized conditions gave 82% conversion to 

biodiesel in 4 h whereas the EPROS of TLL bioimprinted with CTAB and OG gave 99% 

biodiesel within 4 h. This chapter also describes the dual bioimprinting of enzymes by 

precipitation. A transesterification reaction involves an ester and an alcohol. 

Simultaneous imprinting with both the ester analog and the alcohol gave the best 
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biocatalyst for the transesterification reaction with an initial rate of 207 nmol min-1 mg-1. 

These imprinted subtilisin precipitates showed 65-fold higher transesterification rates as 

compared to the rates obtained with the lyophilized powders. Dual bioimprinting was also 

tried in case of the lipase TLL by using the surfactant OG to open the lipase lid and by 

using the substrate ethanol to precipitate the lipase in the open lid form. By using very 

low amount of the enzyme (0.7 U), 98% conversion could be obtained in 48 h.   

Chapter 3 describes the enzyme coated clusters of Fe3O4 nanoparticles for 

biocatalysis in low water media. Alpha chymotrypsin was precipitated over a stirred 

population of Fe3O4 nanoparticles in n-propanol. This led to the formation of enzyme 

coated clusters of nanoparticles (ECCNs). These clusters were also magnetic and their 

hydrodynamic diameter ranged from 1.2-2.6 µ. Optimized design of ECCN showed the 

highest initial rate of 465 nmol min-1 mg-1protein which was about 9 times higher as 

compared to the simple precipitates with an initial rate of 52 nmol min-1 mg-1 protein. 

TLL was also precipitated over the nanoparticles to obtain lipase coated clusters of the 

nanoparticles. These ECCNs were used in the synthesis of biodiesel from soybean oil and 

ethanol in solvent free medium. Under optimized conditions the ECCN of TLL resulted in 

99% conversion to biodiesel within 3 h with 14 U enzyme. Even 0.43 U enzyme resulted 

in 98% conversion but here the time required was 40 h. However, when the lipases in the 

open lid form were precipitated onto the nanoclusters, the resulting biocatalyst yielded 

92% biodiesel in 7 h using just 1.75 U of the lipase.  

Chapter 4 describes some further applications of immobilized lipases in the 

preparation of biodiesel and biolubricants. TLL immobilized on polyethylene imine (PEI) 

coated Fe3O4 nanoparticles proved to be a very efficient biocatalyst in the synthesis of 

biodiesel from soybean oil under solvent free conditions and 88% conversion to biodiesel 

was obtained in 4 h. Unfunctionalized mesocellular foam of silica was used for 



vii 

 

immobilization of TLL. Two different approaches of immobilization were tried which 

gave rise to [(PEI-Fe3O4)-TLL]-MCF and [MCF-(PEI-Fe3O4)]-TLL. The second 

preparation performed better in synthesis of both hexyl butyrate and biodiesel. Lipases 

immobilized on commercial supports, for example Novozym 435 and RMIM 

(immobilized form of Rhizomucor miehei lipase) were tried for their performance in the 

synthesis of biolubricants by the transesterification of castor oil with higher alcohols like 

1-hexanol, 1-octanol and 1-dodecanol. The effects of varying alcohol chain length, adding 

n-hexane as the solvent, temperature, oil: alcohol molar ratio and synergy of RMIM and 

Novozym 435 on final conversion have been studied. Under the optimized conditions 

95%, 90% and 80% conversions to biolubricants could be achieved in 48 h using 1-

hexanol, 1-octanol and 1-dodecanol respectively. 

Chapter 5 describes the green synthesis of nanocomposites consisting of silver 

and protease alpha chymotrypsin. Ag-chymotrypsin nanocomposites were prepared by a 

two-step process. Step one consists of ultrasonication of a solution of silver ions along 

with alpha chymotrypsin. This was followed by exposure to UV/Visible light for a limited 

period of time. Ultrasonication alone formed very negligible number of nanoparticles of 

<100 nm size whereas light alone produced enough number but the size of the particles 

was >100 nm. The effects of pH, ultrasonication time, intensity, energy of light radiation 

and time period of exposure to different light radiations were studied. Ag-chymotrypsin 

nanocomposites of sizes ranging from 13 nm to 72 nm were formed using the synergy of 

ultrasonication and exposure to short UV radiation. Results show that ultrasonication 

promoted nuclei formation, growth and reduction of polydispersity by Ostwald ripening.  

Chapter 6 describes how urea treated subtilisin can act as a very efficient 

biocatalyst for biotransformations in organic solvents. Subtilisin lyophilized from its 

solution in aqueous buffer in the presence of 6 M urea showed upto 50-fold increase (as 
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compared to lyophilized subtilisin not subjected to urea treatment) in its initial rate of a 

transesterification reaction in anhydrous n-hexane. Urea treated subtilisin had five times 

shorter half life during heating at 100 °C in hexane. The change in conformation was also 

reflected in its 92-fold higher activity at 15 °C as compared to merely 28-fold higher 

activity at 45 °C. The comparative enantioselectivity of urea treated subtilisin during 

kinetic resolution of 1-phenylethanol was expectedly lower. Its enantioselectivity during 

kinetic resolution of a natural substrate N-acetyl-DL-phenylalanine ethyl ester in hexane 

was higher. Urea treated subtilisin also showed higher catalytic promiscuity during an 

aldol condensation.  

Chapter 7 describes the enzyme catalysed transesterification reactions carried out 

in saturated salt solutions. About 86% conversion in the transesterification of N-acetyl-L-

phenylalanine ethyl ester to N-acetyl-L-phenylalanine propyl ester catalysed by subtilisin 

was possible in saturated sodium bromide solutions after optimization of various process 

parameters. Another protease, alpha chymotrypsin was able to give a 77% conversion to 

the propyl ester in saturated sodium bromide as the reaction medium. In the case of 

lipases, CAL B worked best out of the five lipases screened for transesterification in this 

kind of medium. Again about 57% conversion could be obtained within 60 min. 

Novozym-435 gave a conversion of 72% propyl ester. These results show considerable 

promise in carrying out synthesis with hydrolases in aqueous media instead of organic 

solvents. 



ix 

 

TABLE OF CONTENTS 

CERTIFICATE…………………………………………………………………………….i 

ACKNOWLEDGEMENTS………………………………………………………………iii 

ABSTRACT……………………………………………………………………………….v        

LIST OF FIGURES……………………………………………………………………....xi                                                                                                                        

LIST OF TABLES……………………………………………………………………....xix      

ABBREVIATIONS …………………………………………………….......................xxiii  

                                                                                        

CHAPTER 1 Introduction 1-56 

CHAPTER 2 
Molecular bioimprinting of hydrolases by precipitation 

and its functional consequences in low water media 
57-108 

CHAPTER 3 
Enzyme coated clusters of Fe3O4 nanoparticles for 

biocatalysis in low water media 
109-154 

CHAPTER 4 
Further applications of immobilized lipases in the 

preparation of biodiesel and biolubricants 
155-194 

CHAPTER 5 
Green synthesis of nanocomposites consisting of silver 

and protease alpha chymotrypsin 
195-220 

CHAPTER 6 
Urea treated subtilisin as a biocatalyst for 

biotransformations in organic solvents 
221-252 

CHAPTER 7 
Enzyme catalysed transesterification reactions in salt 

solutions 
253-286 

REFERENCES  287-326 

PUBLICATIONS  327-331 

 



xi 

 

LIST OF FIGURES 

Figure 

No. 
Figure Caption 

Page 

No. 

CHAPTER 1 

 1.1 Classification of hydrolases 4 

1.2 Relative use of enzyme classes in industry 5 

1.3 
Hydrolysis of triacetin by pancreatic lipase and esterase as a function 

of substrate concentration 
6 

1.4 Mechanism of acyl micration 9 

1.5 Some high activity biocatalyst preparations 25 

1.6 Thermomyces lanuginosus lipase in the open and closed lid form 37 

1.7 Illustration of the concept of bioimprinting using a substrate analog 40 

1.8 World biofuel production 44 

1.9 Major biodiesel feedstocks 46 

CHAPTER 2 

 
2.1 

Schematic diagram for the preparation of the enzyme precipitated  

and rinsed in organic solvents (EPROS) 
90 

2.2 
Optimization of precipitating solvents for Thermomyces lanuginosus  

lipase (TLL) 
91 

2.3A 
Optimization of buffer concentration for the precipitation of  

Thermomyces lanuginosus lipase (TLL) in tert-butanol 
92 

2.3B 
Optimization of buffer concentration for the precipitation of Candida  

rugosa lipase (CRL) in n-propanol 
93 

2.3C 
Optimization of buffer concentration for the precipitation of  

Burkholderia cepacia lipase (BCL) in acetone 
94 

2.4A 

Transesterification of ethyl butyrate with n-butanol in anhydrous  

n-hexane using different preparations of Thermomyces lanigunosus  

lipase (TLL) with OG 

95 

2.4B 

Transesterification of ethyl butyrate with n-butanol in anhydrous  

n-hexane using different preparations of Thermomyces lanigunosus  

lipase (TLL) with CTAB 

96 



xii 

 

Figure 

No. 
Figure Caption 

Page 

No. 

2.5 

Kinetic resolution of (R,S)-1-phenylethanol and vinyl acetate in 

anhydrous n-hexane using different formulations of Thermomyces 

lanuginosus lipase (TLL) 

97 

2.6 
Fluorescence intensity of Thermomyces lanuginosus lipase (TLL) in  

the presence of different concentrations of OG 
98 

2.7 
Near UV CD spectra of TLL in solution with and without the  

surfactant 
99 

2.8 

Synthesis of biodiesel from soybean oil and ethanol using different 

preparations of Thermomyces lanuginosus lipase (14 U) in solvent 

free medium 

100 

2.9A 

Synthesis of biodiesel from soybean oil and ethanol using different 

preparations of Thermomyces lanuginosus lipase (14 U) in the  

presence of silica and added water in solvent free medium 

101 

2.9B 

Synthesis of biodiesel from soybean oil and ethanol using different 

preparations of Thermomyces lanuginosus lipase (7 U) in the  

presence of silica and added water in solvent free medium 

102 

2.9C 

Synthesis of biodiesel from soybean oil and ethanol using different 

preparations of Thermomyces lanuginosus lipase (3.5 U) in the  

presence of silica and added water in solvent free medium 

103 

2.10 
Determination of the sizes of the precipitates of subtilisin prepared in  

various organic solvents by light scattering 
104 

2.11 
Far UV CD spectra of subtilisin precipitated in various organic  

solvents 
105 

2.12 

Time course for the transesterification of N-acetyl-L-phenylalanine  

ethyl ester with n-propanol in anhydrous n-hexane using the dual  

imprinted EPROS of subtilisin Carlsberg (SC) 

106 

2.13 

Synthesis of biodiesel from soybean oil and ethanol in solvent free  

medium using different bioimprinted preparations of Thermomyces 

lanuginosus lipase (0.7 U) in the presence of silica and added water 

 

107 



xiii 

 

Figure 

No. 
Figure Caption 

Page 

No. 

CHAPTER 3 

 3.1 Outline of the strategy for the formation of ECCNs 135 

3.2 The various suspensions of EPRP and ECCNs in n-propanol 136 

3.3 
Hydrodynamic diameter of the various ECCN preparations 

suspended in n-propanol as measured by dynamic light scattering 
137 

3.4 
Hydrodynamic diameter of free nanoparticles suspended in buffer 

and n-propanol as compared to ECCN 3 with time 
138 

3.5 TEM images of the various ECCN preparations 139 

3.6 Atomic force microscopy images of (A) EPRP (B) ECCN 3 140 

3.7A Initial rates for the transesterification reaction 141 

3.7B % Conversion for the transesterification reaction 142 

3.7C Time course for the transesterification reaction 143 

3.8 
Percentage alpha chymotrypsin precipitated as free EPRP and onto  

the nanoclusters 
144 

3.9 

Operational stability of EPRP and ECCN 3 at different 

temperatures as measured by the transesterification reaction 

between N-Acetyl-L-phenylalanine ethyl ester and n-propanol in 

anhydrous n-octane as a solvent 

145 

3.10 
Far UV circular dichroism spectra of EPRP and ECCN 3 

suspended in n-propanol 
146 

3.11 
Effect of the variation of nanoparticle in the formation of ECCN 

used for the synthesis of biodiesel from soybean oil 
147 

3.12 
Variation of enzyme load on the nanoparticles during the ECCN  

formation 
148 

3.13 
Effect of the oil: ethanol ratio on the synthesis of biodiesel in 

solvent free medium 
149 

3.14 
Effect of temperature on the synthesis of biodiesel from soybean 

oil and ethanol 
150 

3.15 Combined effect of the addition of silica and water 151 



xiv 

 

Figure 

No. 
Figure Caption 

Page 

No. 

3.16 
Effect of the variation of enzyme units used in the synthesis of  

biodiesel from soybean oil and ethanol 
152 

3.17 

Synthesis of biodiesel from soybean oil and ethanol using  

Thermomyces lanuginosus lipase precipitated in open lid form in  

solvent free medium 

153 

3.18 

Synthesis of biodiesel from soybean oil and ethanol using  

Thermomyces lanuginosus lipase precipitated in open lid form onto 

superparamagnetic Fe3O4 nanoclusters in solvent free medium 

154 

CHAPTER 4 

 
4.1 

Two different methods of immobilization of the lipase on MCF of 

silica 
177 

4.2 
Synthesis of biodiesel from soybean oil and ethanol in solvent free  

medium 
178 

4.3 
Effect of silica and added water in the in the synthesis of biodiesel 

from soybean oil and ethanol 
179 

4.4 
N2 adsorption isotherm of the various preparations of Thermomyces 

lanuginosus lipase (TLL) 
180 

4.5 

FTIR spectra of   MCF, MCF- (PEI- Fe3O4), Thermomyces 

lanuginosus lipase immobilized [(PEI- Fe3O4)-TLL]-MCF and   

[MCF- (PEI- Fe3O4)]-TLL 

181 

4.6 

TEM images of Thermomyces lanuginosus lipase immobilized  

preparations. (A) MCF (B) PEI- Fe3O4 (C) [(PEI- Fe3O4)-TLL]-

MCF (D) [MCF- (PEI- Fe3O4)]-TLL 

182 

4.7A 
Transesterification reaction with tributyrin and 1-hexanol in 

anhydrous n-hexane catalysed by [(PEI- Fe3O4)-TLL]-MCF 
183 

4.7B 
Transesterification reaction with tributyrin and 1-hexanol in 

anhydrous n-hexane catalysed by [MCF- (PEI- Fe3O4)]-TLL 
184 

4.8 
Synthesis of biodiesel from soybean oil and ethanol in solvent free  

medium using various enzyme load 
185 



xv 

 

Figure 

No. 
Figure Caption 

Page 

No. 

4.9 

Synthesis of biodiesel from soybean oil and ethanol in solvent free 

medium using [MCF- (PEI- Fe3O4)]-TLL and [(PEI- Fe3O4)-TLL]-

MCF 

186 

4.10 Recyclability of [MCF (PEI-Fe3O4)-TLL] 187 

4.11 
Effect of molar ratio of castor oil: alcohol on solvent free synthesis 

of the fatty acid esters of long chain alcohols 
188 

4.12 
Effect of temperature on solvent free synthesis of the fatty acid 

esters of long chain alcohols 
189 

4.13 Synthesis of the fatty acid esters using RMIM and Novozym 435 190 

4.14 
Effect of additional RMIM/Novozym 435 on synthesis of the fatty 

acid esters of long chain alcohols 
191 

4.15 

Effect of additional RMIM/Novozym 435 on synthesis of the fatty 

acid esters using (A) 1-Hexanol (B) 1-Octanol (C) 1-Dodecanol at 

higher molar ratio 

192 

4.16 Synthesis of the fatty acid esters by step wise addition of alcohol 193 

CHAPTER 5 

 5.1 Schematic diagram of the experimental setup 209 

5.2 

Surface plasmon resonance spectra of the Ag-chymotrypsin  

nanocomposites formed at (A) pH 3 (B) pH 4 (C) pH 5 (D) pH 9  

(E) pH 10 

210 

5.3 
Hydrodynamic diameter of the Ag-chymotrypsin nanocomposites 

formed at different pH after ultrasonication for various times 
211 

5.4 
TEM images of Ag-chymotrypsin nanocomposites formed after  

(A) 10 min (B) 20 min (C) 30 min of ultrasonication 
212 

5.5 

(A-D) 

Surface plasmon resonance spectra of the Ag-chymotrypsin  

nanocomposites formed at (A) 33 Wcm-2 (B) 50 Wcm-2 (C) 65 Wcm-2  

(D) 83 Wcm-2 ultrasonication intensity 

213 

5.5E 
The hydrodynamic diameter of the Ag-chymotrypsin nanocomposites  

formed in each case 
214 



xvi 

 

Figure 

No. 
Figure Caption 

Page 

No. 

5.6 
Yield of the Ag-chymotrypsin nanocomposites at various intensities of 

ultrasonication 
215 

5.7 

TEM images of Ag-chymotrypsin nanocomposites formed after  

ultrasonication at (A) 33 Wcm-2 (B) 50 Wcm-2 (C) 65 Wcm-2  

(D) 83 Wcm-2 ultrasonication intensity 

216 

5.8 

Surface plasmon resonance spectra of the Ag-chymotrypsin  

nanocomposites formed by exposure to short UV light, long UV light 

and fluorescent light for (A) 5 min (B) 15 min (C) 1 h 

217 

5.9 

Surface plasmon resonance spectra of the Ag-chymotrypsin  

nanocomposites formed by exposure to fluorescent light for various 

time periods after ultrasonication at (A) 50 Wcm-2 (B) 83 Wcm-2 

intensity for 30 min 

218 

5.10 

Surface plasmon resonance spectra (A) and hydrodynamic diameter  

(B) of the Ag-chymotrypsin nanocomposites formed by exposure to 

short UV light first for 5 min 

219 

5.11 

TEM images of Ag-chymotrypsin nanocomposites formed by (A) 

ultrasonication only for 120 min at 50 Wcm-2 intensity of ultrasonication  

(B) exposure to short UV light only for 5 min 

220 

CHAPTER 6 

 
6.1 

Effect of urea on subtilisin catalysed transesterification of N-acetyl-L-

phenylalanine ethyl ester with n-propanol in anhydrous n-hexane 
246 

6.2 
Thermal inactivation of subtilisin at 100 °C in n-hexane in the 

presence and absence of urea 
247 

6.3 
Effect of temperature on subtilisin catalysed transesterification 

reaction in n-hexane 
248 

6.4 

Activation of subtilisin lyophilized with and without urea as measured 

by the transesterification reaction carried out in n-hexane with (A) 

dimethyl formamide (DMF) (B) dimethyl sulphoxide (DMSO) as co-

solvents 

249 



xvii 

 

Figure 

No. 
Figure Caption 

Page 

No. 

6.5 
Kinetic resolution of N-acetyl-DL-phenylalanine ethyl ester using  

subtilisin lyophilized with and without urea 
250 

6.6 

Synthesis of 4-hydroxy-4-(4-nitrophenyl)-butan-2-one by aldol 

reaction between 4-nitrobenzaldehyde and acetone catalysed by 

subtilisin lyophilized with and without urea in different solvents 

251 

6.7 
Far UV (A) and near UV (B) CD spectra of subtilisin lyophilized 

without and with 6 M urea 
252 

CHAPTER 7 

 
7.1 

Schematic diagram illustrating the use of alcalase for transesterification 

in aqueous rich media. 
270 

7.2 Illustration of biocatalysis taking place in a three phase system 271 

7.3 
Time course for the transesterification reaction catalysed by free 

alcalase in saturated ammonium sulphate as the reaction medium. 
272 

7.4 
Schematic diagram illustrating the use of alcalase for transesterification 

in aqueous rich media. 
273 

7.5 

Time course for the transesterification reaction carried out in various 

saturated salt solutions as the reaction medium. (A) Synthesis Product 

(B) Hydrolysis Product. 

274 

7.6 
Optimization of the amount of alcalase used for the preparation of the 

enzyme precipitate. 
275 

7.7 
Schematic diagram illustrating the use of alcalase for transesterification 

in aqueous rich media. 
276 

7.8 

Transesterification reaction in saturated sodium bromide using the 

precipitate of alcalase (200 µL) made in saturated ammonium sulphate 

and washed with molecular sieve dried anhydrous n-propanol. 

277 

7.9 
Transesterification reaction catalysed by free alcalase in saturated 

sodium bromide. 
278 

7.10 
Transesterification reaction in saturated sodium bromide using the 

precipitate of alcalase (200 µL) made in n-propanol. 
279 



xviii 

 

Figure 

No. 
Figure Caption 

Page 

No. 

7.11 
Schematic diagram illustrating the use of alcalase for transesterification 

in aqueous rich media. 
280 

7.12 Effect of bioimprinting with various alcohols. 281 

7.13A 
Transesterification reaction catalysed by alpha chymotrypsin in 

saturated sodium chloride as the reaction medium. 
282 

7.13B 
Transesterification reaction catalysed by alpha chymotrypsin in 

saturated sodium bromide as the reaction medium. 
283 

7.14 

Transesterification of ethyl butyrate and n-butanol in saturated sodium 

bromide catalysed by lipases. (A) Synthetic Product (B) Hydrolytic 

Product. 

284 

7.15A 

Transesterification reaction between ethyl butyrate and n-butanol in 

saturated sodium bromide using Novozym-435 (20 mg) pre-incubated in 

saturated ammonium sulphate. 

285 

7.15B 

Transesterification reaction between ethyl butyrate and n-butanol in 

saturated sodium bromide using Novozym-435 (20 mg) straight from 

the bottle. 

286 

 

 

 

 

 

 

 

 

 

 

 

 



xix 

 

LIST OF TABLES 

 

Table 

No. 
Table Caption 

Page 

No. 

CHAPTER 1 

 1.1 Specificities of various lipases 8 

1.2 Specificity of lipases for alcohol substrates 11 

1.3 Commercial Subtilisins 14 

1.4 Water activities of saturated salts at 25 °C 16 

1.5 Dependence of enzyme activity on water activity 18 

1.6 

Kinetic parameters of the reaction between N-acetyl-L-phenylalanine 

ethyl ester and propanol catalyzed by subtilisin and chymotrypsin in 

organic solvent 

19 

1.7 Ways to achieve efficient Biocatalysis 20 

1.8 Forms of enzymes used in low water systems 22 

1.9 Various high activity preparations of enzymes 23 

1.10 Applications of EPROS 26 

1.11 Lipases having a molecular lid and the composition of the lid 35 

1.12 Surfactants commonly used for the interfacial activation of lipases 37 

1.13 Bioimprinting lipases for use in organic solvents 42 

1.14 Enzymatic biodiesel synthesis from soybean oil 46 

1.15 
Lipase immobilized on Fe3O4 nanoparticles used for biodiesel 

production 
51 

1.16 Biosynthesis of Ag-NPs 52 

CHAPTER 2 

 
2.1 

Transesterification of ethyl butyrate with n-butanol in anhydrous n-

hexane using different preparations of Thermomyces lanigunosus lipase  
79 

2.2 
Transesterification of ethyl butyrate with n-butanol in anhydrous n-

hexane using different preparations of Candida rugosa lipase  
80 

2.3 
Kinetic resolution of (R,S)-1-phenylethanol with vinyl acetate in various  

organic solvents using different preparations of Candida rugosa lipase  
81 



xx 

 

Table 

No. 
Table Caption 

Page 

No. 

2.4 

Kinetic resolution of (R,S)-1-phenylethanol with vinyl acetate in  

anhydrous n-hexane in 24 h using EPROS of Candida rugosa lipase  

(CRL) prepared with different concentration of OG 

82 

2.5 
Kinetic resolution of (R,S)-1-phenylethanol in [Bmim][PF6] catalysed 

by bioimprinted EPROS of Candida rugosa lipase  
83 

2.6 
Transesterification of ethyl butyrate with n-butanol in anhydrous n-

hexane using different preparations of Burkholderia cepacia lipase  
84 

2.7 

Kinetic resolution of (R,S)-1-phenylethanol with vinyl acetate in  

anhydrous n-hexane in 24 h using different preparations of Burkholderia  

cepacia lipase  

85 

2.8 

Transesterification of N-acetyl-L-phenylalanine ethyl ester with  

n-propanol in anhydrous n-hexane using the EPROS of subtilisin  

Carlsberg  

86 

2.9 
Transesterification of N-acetyl-L-phenylalanine ethyl ester with n-

butanol in anhydrous n-hexane using the EPROS of subtilisin Carlsberg  
87 

2.10 Effect of dual bioimprinting with the alcohol as well as the ester analog 88 

2.11 
Effect of bioimprinting the lipase with the precipitant as well as 

surfactant on the synthesis of biodiesel 
89 

CHAPTER 3 

 
3.1 

Esterase activity of the precipitated alpha chymotrypsin after 

redissolving them back in the aqueous buffer 
130 

3.2 

Transesterification reaction of tributyrin and n-hexanol catalysed by  

different preparations of Thermomyces lanuginosa lipase (TLL) in  

anhydrous n-octane as a reaction medium 

131 

3.3 
Optimization of the amount of nanoparticles to form the ECCNs for 

the synthesis of biodiesel 
132 

3.4 Optimization of added water /silica in the reaction mixture 133 

3.5 
Initial rates for the biodiesel synthesis using different preparations of 

TLL 
134 



xxi 

 

Table 

No. 
Table Caption 

Page 

No. 

CHAPTER 4 

 
4.1 

Optimization of the amount of nanoparticles used in the binding of TLL 

to form (PEI-Fe3O4)-TLL 
173 

4.2 
The activity and zeta potential of the various preparations of 

Thermomyces lanuginosus lipase  
174 

4.3 
N2 adsorption studies of the various preparations of Thermomyces 

lanuginosus lipase 
175 

4.4 
Effect of hexane as the reaction medium on synthesis of the fatty acid  

esters 
176 

CHAPTER 6 

 

6.1 

Effect of the time of incubation with urea on the transesterification of  

N-acetyl-L-phenylalanine ethyl ester with n-propanol in anhydrous n-

hexane using lyophilized powders of Subtilisin 

240 

6.2 Effect of water on Subtilisin lyophilized with and without 6 M Urea 241 

6.3 Effect of bioimprinting with different ligands 242 

6.4 
Kinetic resolution of (±)-1-phenylethanol with vinyl butyrate in 

anhydrous n-hexane using lyophilized samples of subtilisin 
243 

6.5 
Transesterification of N-acetyl-L-phenylalanine ethyl ester with n-

propanol in anhydrous n-hexane using EPROS of Subtilisin Carlsberg 
244 

6.6 

Transesterification reaction between ethyl butyrate and n-butanol in  

anhydrous n-hexane with lipases lyophilized for 48 h with and without  

6 M urea 

245 

CHAPTER 7 

 

7.1 

Transesterification of N-Acetyl-L-phenylalanine ethyl ester and n-

propanol in saturated ammonium sulphate catalysed by various forms of 

Alcalase. 

265 

7.2 

Screening of various saturated salt solutions as the reaction medium for 

the transesterification of N-Acetyl-L-phenylalanine ethyl ester and n-

propanol. 

266 

7.3 
Effect of optimizing the reaction volume on the transesterification 

reaction. 
267 



xxii 

 

Table 

No. 
Table Caption 

Page 

No. 

7.4 
Effect of optimizing the pH of the reaction medium on the 

transesterification reaction 
268 

7.5 Effect of addition of PEG-4000 on the transesterification reaction 269 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xxiii 

 

LIST OF ABBREVIATIONS 

 

aw Water activity 

AOT Bis(2-ethylhexyl)sulfosuccinatesodium salt 

Ag-NP Silver nanoparticles 

BCL Burkholderia cepacia lipase 

CRL Candida rugosa lipase 

CAL A Candida antarctica lipase A 

CAL B Candida antarctica lipase B 

° C Degree celsius 

CD Circular Dichroism 

CLEAs Cross-linked enzyme aggregates 

CLECs Cross-linked enzyme crystals 

CLPCMCs Cross-linked protein coated microcystals 

CMC Critical micellar concentration 

CPME Cyclopentylmethyl ether 

CTAB Cetyl trimethyl ammonium bromide 

DLS Dynamic light scattering 

DME Dimethoxyethane 

DMF N,N-Dimethylformamide 

DMSO Dimethylsulphoxide 

ee Enantiomeric excess 

ECCN Enzyme coated clusters of nanoparticles 

EPA Environmental protection agency 

EPROS Enzyme precipitated and rinsed with organic solvents 



xxiv 

 

FL Fluorescent light 

GC Gas Chromatography 

h Hour 

HPLC High performance liquid chromatography 

LUV Long ultraviolet 

min minutes 

mM Millimolar 

MML Mucor miehei lipase 

MCF Mesocellular foam 

OG Octyl glucoside 

PAH Polyaromatic hydrocarbons 

PCMC Protein coated microcrystals 

PEI Polyethyleneimine 

pNPP p-Nitrophenylpalmitate 

sec seconds 

SC Subtilisin Carlsberg 

SUV Short ultraviolet 

THF Tetrahydrofuran 

TEM Transmission electron microscopy 

TLL Thermomyces lanuginosus lipase 

Tyr Tyrosine 

TPP Three phase partitioning 

VOC Volatile organic compounds 

 


	Ph.D Thesis of Joyeeta Mukherjee 2010CYZ8609.pdf
	1
	2
	3
	4
	5
	6
	7
	8




