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Lipases are one of nature`s most endowed group of proteins when considering their 

broad functional biotechnological and industrial relevance. The fundamental and 

technological conditions requirements for enzymes hampers the application of lipases 

as biocatalysts. Central to these challenges are the space and time in prospecting for 

natural enzymes with biocatalytic properties. In this respect, naturally obtained lipases 

are engineered and designed into biocatalysts that can efficiently be used. Inspired by 

the proven thermostability and diminished solvent stability of a lipase from 

Geobacillus zalihae, this dissertation addresses the impediment of solvent stability by 

way of directed evolutionary construction of mutant variants capable of maintaining 

important structural elements, protein folding and stability in high concentrations of 

organic solvents. Firstly, the behavior of T1 lipase was investigated in hydrophilic 

chain length organic solvents by molecular dynamic simulations. For this purpose, the 

dynamics, and the conformational changes folding transitions, stability and structural 

dynamics which alters interactions between solvent molecules and amino acid 

residues was investigated. The RMSD revealed the effects, decreasing solvent polarity 

had on the protein`s simulation dynamics and equilibrium state. Residue motions were 

influenced greatly in butanol and pentanol water mixtures. Comparatively the residue 

RMSF and SASA was correspondingly higher to flexibility and vice-versa. More 

hydrogen bonds in methanol, ethanol, and propanol water mixtures were formed and 

thus, it is assumed that correlated increase in intraprotein hydrogen bond is linked to 

stability of the protein. Solvent accessibility analysis revealed an exposure of 

hydrophobic residues in all solvent mixtures with polar residues buried away from the 

solvent. Furthermore, it was observed that the active site pocket was not conserved in 

organic solvent mixtures. This attribute was proposed to be responsible for the 

weakened strength in the catalytic H-bond network and most likely a drop in catalytic 

activity. Altogether, the data obtained suggests that the solvent-induced lid domain 

conformational opening was gradual. The additional formation of cooperative network 
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of hydrogen bonds and hydrophobic interactions could render stability to the protein 

in some solvent system. Dynamic cross-correlated atomic motions between the atoms 

from atomic coordinates was in concerted functional network with regions of residues 

of the lid domain. Geobacillus zalihae T1 lipase was used as a parent lipase for random 

mutagenesis and mutant variants with stability in polar organic solvents were 

constructed. The solvent stability of the mutant variants in a broad range of 50, 60 and 

70 % of methanol, ethanol, propanol, butanol, and pentanol at a temperature of 60 oC 

was retained in six (6) mutants A83D/K251E, R21C, G35D/S195N, 

K84R/R103C/M121I/T272M, R106H/G327S. Mutant A83/K251E acquired enhanced 

organic solvent stability with higher stability in methanol as compared to other 

mutants. The models of these mutants as well as each mutation residue built in silico 

and analyzed for their conformational stability, showed significant stable 

conformational fold of mutants. Structural analysis of various networks of covalent 

interactions of the mutant models was found to reveal further formation of hydrogen 

bonds and hydrophobic networks which stimulated folding and stability. Site-directed 

mutagenesis constructs of beneficial single mutants G35D, A83D, M121I, S195N, 

K251E, T272M and G327S was further resolved. Significantly, butanol and pentanol 

diminished stability of mutants whereas about 60 % of residual stability was 

maintained particularly for methanol in mutants M121I, S195N and T272M. 

Furthermore, stable single mutants assembled in a combinative approach via site-

directed mutagenesis, yielded mutants A83D/M121I/K251E/G327S and 

A83D/M121I/S195N/T272M with improved stability towards 50, 60, and 70 % 

methanol, ethanol, and propanol. Kinetic investigation showed higher km and Vmax 

ranging from 0.003529 µM and 588 µmoles/min/mL respectively, for best mutants. 

The half-life was significantly higher for all mutant proteins in methanol, although the 

mutants had better exponential decay constant. Visible circular dichroism (CD) on the 

possible changes of the secondary structure of selected improved mutants in 50 % and 

60 % methanol, showed overall, thermally-induced unfolding of mutants accompanied 

with some loss of secondary structure content at relative methanol solvent conditions. 

Perturbations on the protein matrix, including a significant net loss of secondary 

structure triggered a secondary structure reorganization that led to an increase or 

decrease in the structural elements content. The spectral differences in 50 % methanol 

suggests a considerable peak shifts in all mutant proteins as compared to that in buffer. 

The secondary structure formation of the α-helix, β-sheets, β-turns and random coil 

were preserved among all mutant proteins with observed changes in the β-turn. This 

illustrates how changes in the structural organization are intertwined with 

conformational interplay of the protein backbone in organic solvents. The relative 

contribution of various structural interactions in respect to the overall protein stability 

of the best mutants via molecular dynamics simulations revealed the interplay between 

structural features and the conformational stability of the protein. Changes in residue 

motions leads to the proposition that the higher stability in some mutants may not 

appear to be directly correlated to the hydrophobicity of residues. Protonation of some 

residues also affected both the stability and the conformational dynamics of the protein 

fold. Evidence of gain in both hydrogen bonds and hydrophobic interactions 

indiscriminately contributed to overall stability. Observations derived from MD 

simulations, suggests that hydrophilic polar organic solvents play important role in the 

dynamical conformational diversity of proteins. Short distances of radial distribution 

function provided the required distance of interaction between atoms which enables 
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hydrogen bond formation and hydrophobic interactions for stability. The solvent 

stability and secondary structural characteristics of mutants 

A83D/M121I/S195N/T272M and A83D/M121I/K251E/G375S indicates robust and 

improved variants that can act as biocatalyst for industrial applications. Newly formed 

structural interactions between mutant residues and other surrounding residues will 

enhance the native conformation flexibility in non-aqueous reaction media and hence 

promoting stability. 
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Lipase adalah salah satu protein semulajadi yang mana ia banyak menyumbang 

kepada kepelbagaian fungsi dalam bidang bioteknologi dan perindustrian. Keperluan 

asas dan syarat teknologi untuk enzim telah menghalang penggunaan lipase sebagai 

biopemangkin. Ruang dan masa adalah cabaran utama dalam pencarian enzim 

semulajadi yang mempunyai ciri ciri biopemangkin. Oleh yang demikian, enzim 

semulajadi lipase telah digubah dan direka bentuk menjadi biopemangkin yang boleh 

digunakan dengan berkesan. Diilhamkan dari bukti kajian kestabilan suhu dan 

pengurangan kestabilan pelarut oleh enzim lipase dari Geobacillus zalihae, disertasi 

ini membincangkan halangan kestabilan pelarut melalui pembentukan varian mutan 

dengan cara evolusi terarah yang berpotensi dapat mengekalkan unsur-unsur struktur 

yang penting, lipatan protein, dan kestabilan dalam pelarut organik  yang berpekatan 

tinggi. Pertama, tindakbalas enzim T1 lipase telah dikaji dalam rantai panjang pelarut 

organik hidrofilik melalui simulasi dinamik molekul. Melalui kaedah ini, dinamik, 

peralihan perubahan konformasi lipatan, kestabilan, dan struktur dinamik yang 

mengubah interaksi antara molekul pelarut dengan sisa-sisa asid amino dapat dikaji. 

Punca min persegi sisihan (RMSD) telah menunjukkan kesan pengurangan polariti 

pelarut terhadap dinamik simulasi protein dan keadaan keseimbangan. Gerakan-

gerakan sisa telah banyak berlaku di dalam campuran air butanol dan pentanol. Secara 

relatif, sisa RMSF dan SASA adalah lebih tinggi dari fleksibiliti dan sebaliknya. Lebih 

banyak ikatan hydrogen dalam campuran air dengan methanol, etanol, dan propanol 

telah terbentuk yang mana ia menunjukkan bahawa kenaikan dalam ikatan hidrogen 

intraprotein berkait rapat dengan kestabilan protein. Analisis kebolehcapaian pelarut 

menunjukkan pendedahan sisa-sisa hidrofobik dalam semua campuran pelarut dengan 

sisa polar telah tertimbus jauh dari pelarut. Selain itu, poket tapak aktif didapati tidak 

abadi di dalam campuran pelarut organik. Atribut ini menunjukkan ia mempengaruhi 

kelemahan dalam rangkaian katalitik ikatan hidrogen dan berkemungkinan dalam 
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penurunan aktiviti pemangkin. Keseluruhannya, data yang diperolehi telah 

menunjukkan bahawa pembukaan konformasi tudung domain teraruh-pelarut adalah 

secara beransur-ansur. Pembentukan tambahan rangkaian ikatan-ikatan hidrogen dan 

interaksi hidrofobik dapat menstabilkan protein dalam beberapa system pelarut. 

Pergerakan atom korelasi-silang yang dinamik antara atom-atom dari koordinat atom 

adalah berada dalam rangkaian yang berfungsi dengan sisa-sisa kawasan tudung 

domain. Enzim Geobacillus zalihae T1 lipase telah digunakan sebagai enzim lipase 

induk untuk mutagenesis secara rawak dan varian mutan dengan pembentukkan 

kestabilan dalam pelarut organik polar. Kestabilan pelarut varian mutan dalam 50, 60 

and 70 % kepekatan metanol, etanol, propanol, butanol and pentanol pada suhu 60 °C 

telah dikekalkan ke atas enam (6) mutan A83D/K251E, R21C, G35D/S195N, 

K84R/R103C, M121I/T272M, dan R106H/G327S. Mutant A83D/K251E 

menujukkan peningkatan kestabilan dalam pelarut organik methanol berbanding 

mutan-mutan lain. Model-model mutan ini dan setiap sisa mutasi yang dibentuk secara 

siliko dan kestabilan konformasi yang telah dianalisa menunjukkan kestabilan yang 

ketara pada lipatan konformasi mutan tersebut. Analisis struktur ke atas pelbagai jenis 

rangkaian interaksi kovalen model mutan telah mendedahkan banyak pembentukan 

ikatan hidrogen dan rangkaian hidrofobik yang mana ianya telah merangsang lipatan 

dan kestabilan. Mutasi tunggal yang bermanfaat, G35D, A83D, M121I, S195N, 

K251E, T272M dan G327S telah diselesaikan melalui mutagenesis tapak-terarah. 

Secara ketara, butanol dan pentanol telah menghalang kestabilan mutan manakala 

hampir 60 % kestabilan sisa telah dapat dikekalkan terutamanya dalam larutan 

methanol oleh mutan M121I, S195N dan T272M. Selain itu, mutant-mutan tunggal 

yang stabil telah dihimpun dalam satu pendekatan gabungan melalui mutagenesis 

tapak-terarah, yang mana telah menghasilkan mutan A38B/M121I/K251E/G327S dan 

A83D/M121I/S195N/T272M dengan kestabilan yang lebih baik terhadap 50, 60, dan 

70 % kepekatan metanol, etanol, dan propanol. Kajian kinetik telah menunjukkan 

peningkatan tinggi km dan Vmx berjulat dari 0.003529 µM dan 588 µmoles/min/mL 

untuk mutan yang terbaik. Setengah hayat semua protein mutan adalah jauh lebih 

tinggi dalam larutan metanol walaupun ia mempunyai pemalar pereputan eksponen 

yang lebih baik. Dichroism lingkaran ketara (CD) ke atas struktur sekunder mutan 

terpilih yang berpotensi berubah dalam larutan methanol berpekatan 50 % dan 60 %, 

secara keseluruhannya menunjukkan pembentukkan teraruh secara terma oleh mutan-

mutan serta kehilangan beberapa kandungan struktur sekunder pada keadaan pelarut 

methanol relatif. Pertubasi pada matriks protein serta kehilangan struktur sekunder 

yang ketara menyebabkan penyusunan semula struktur sekunder yang membawa 

kepada peningkatan dan pengurangan kandungan unsur-unsur sekunder. Perbezaan 

spektrum dalam kepekatan 50 % metanol menunjukkan anjakan puncak yang besar 

dalam semua mutan protein berbanding dalam penimbal. Pembentukan struktur 

sekunder, α-heliks, β-lembaran, β-lingkaran dan gegelung rawak adalah abadi dalam 

semua mutan protein dengan perubahan yang diperhatikan dalam β-lingkaran. Ini telah 

menunjukkan bagaimana perubahan-perubahan dalam penyusunan semula struktur 

saling berkaitan dengan interaksi konformasi tulang belakang protein dalam pelarut 

organik. Sumbangan relatif pelbagai interaksi struktur terhadap keseluruhan 

kestabilan protein mutan yang terbaik melalui simulasi dinamik molekul menunjukkan 

interaksi antara ciri-ciri struktur dan kestabilan konformasi protein tersebut. 

Perubahan pergerakan sisa menyumbang kepada penerangan mengenai kestabilan 

yang tinggi oleh mutan mungkin tidak berkaitan secara langsung dengan sisa-sisa 
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hidrofobik. Protonasi oleh sesetengah sisa juga memberi kesan kepada kestabilan dan 

dinamik konformasi lipatan protein. Penambahan ikatan hidrogen dan interaksi 

hidrofobik membuktikan ianya secara langsung menyumbang kepada kestabilan 

secara keseluruhan. Pemerhatian berdasarkan simulasi dinamik molekul menunjukkan 

bahawa pelarut organik polar hidrofilik memainkan peranan yang penting dalam 

kepelbagaian konformasi protein. Jarak dekat fungsi taburan jejarian telah 

menunjukkan jarak interaksi antara atom yang diperlukan untuk pembentukkan ikatan 

hidrogen dan interaksi hidrofobik untuk kestabilan protein. Kestabilan pelarut dan ciri-

ciri struktur sekunder mutan A83D/M121I/S195N/T272M dan 

A83D/M121I/K251E/G375S menunjukkan varian yang telah diperbaik dan kuat boleh 

bertindak sebagai biopemangkin untuk kegunaan industri. Interaksi struktur yang baru 

terbentuk di antara sisa-sisa mutan dan sisa-sisa persekitaran lain akan meningkatkan 

fleksibiliti konformasi asli dalam media reaksi yang bukan berair. 
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       CHAPTER 1 

1 INTRODUCTION 

1.1 Introduction 

Enzymes in the presence of organic solvents undergo denaturation and inactivation. 

Although they possess desirable qualities, their solvent instability in many process 

formulations has hampered their widespread industrial application. Most enzyme-

based processes is in monophasic systems mixtures which allow increased solubility 

of substrates, thermodynamic equilibria shift in favour of synthesis over hydrolysis, 

and eliminates probable chances of microbial contamination (Gupta, 1992; Mattos and 

Ringe, 2001). However, distortion of enzymes by organic solvents may be in a 

competitive manner through specific interactions between enzymes and solvent 

molecules, creating changes in both reaction kinetics and substrate specificity. 

Monophasic Water-miscible organic solvent systems are often desirable to prevent 

diffusional resistance of substrates and products within the water and organic solvent 

interface. Interactive contact between organic solvent molecules and enzymes can 

result in distortion of enzyme structure, rapid denaturation, and inactivation (Jeong et 

al., 2002). 

Advances in protein engineering and design has tremendously established enzymes as 

environmentally friendly alternative biocatalysts to traditional metal and organic 

dependent catalysts in industrial processes (Bornscheuer et al., 2012). Many product 

processes utilize enzymes in their manufacture, including chemical synthesis, 

production of agrochemical and pharmaceutical intermediates, and food ingredients 

(Schoemaker et al., 2003). Most industrial enzymes which find applications in the 

detergent, textile, leather, personal care and pulp and paper, and in animal feed 

supplements have been reported (Cherry & Fidantsef, 2003). Since enzymes are highly 

adaptable molecules and amenable to improvements, enhancing their properties 

through natural evolution is apparently the most significant breakthrough in obtaining 

variants with versatile adaptable functions. Efforts to enhance the functional integrity 

of proteins to carry out a given function requires far more sophistication (Rice 2008). 

In this light, protein engineering principles have made much progress in recreating 

and expanding enzyme natural functions.  

Molecular dynamics simulations provide useful details of the interactions between 

enzymes and organic solvents whereby enzyme-solvent interaction can be understood 

and used to develop a stabilization strategy. Successful rational design of proteins is 

information intensive, and the limitations with this approach are that knowledge on 

how a protein's sequence of amino acids dictates its final shape, physical and 

biochemical properties is not fully predictable. Directed evolution over the last decade 

has been used to enhance and achieve the following breakthroughs, for examples; 

directed evolution and rational designs, as well as metabolic engineering, have been 

successfully used in enhancing biocatalytic properties and tolerance to alcohols 
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reaction conditions by lipases (Korman et al., 2013; Li, Zong, and Wu, 2009; 

Dusséaux et al., 2013); Thermostable lipase variants are obtained via a combination 

of rational design and saturation mutagenesis (Cesarini et al., 2012); Thermal 

adaptation of cold active and methanol tolerant lipase have also been modified via 

directed evolution (Korman et al., 2013; Gatti-Lafranconi et al., 2010); Organic 

solvent effect on enzyme hydration and solvent binding in the active site has also been 

investigated via MD simulations (Yang, Dordick, & Garde, 2004); site-directed 

mutagenesis was used to  enhance the organic solvent stability by replacement of 

hydrophobic residues on the enzyme surface (Shokri et al., 2014; Martinez et al., 

1992); Structure-guided consensus and random mutagenesis yielded beneficial 

mutations of residues which could have direct interactions with the solvent (Dror et 

al., 2014); Site saturation mutagenesis of the entire surface amino acids residues 

spanning the loop of a lipase resulted in increased surface polarity while enhancing 

stability in organic solvent (Yedavalli, & Madhusudhana Rao, 2013). The underlying 

reliability of this approach is the bias introduction of modifications in the amino acid 

sequence which also allows traversing of the local fitness landscapes in proteins. With 

a high throughput screening, the best variant of the active form of the enzyme is 

obtained. Therefore, in this study engineering, the weak spots associated with solvent 

stability of a Geobacillus zalihae T1 lipase, by computer-assisted protein simulations 

with lipase engineering can be a valuable approach towards enhancing stability and 

refining catalytic properties in an organic solvent in overcoming its industrial 

limitations. 

1.2 Research hypothesis 

1. The in silico evaluation of T1 lipase can provide insights in creating new hydrogen 

bonds, salt bridges and disulphide bond which will stabilize the protein in organic 

solvents.  

2. The engineering of distinct amino acid motifs can enhance T1 lipase stability and 

functionality through a cluster network of electrostatic interactions. 

 

 

1.3 Problem statement 

The uses of chemical catalysts for the most industrial process have had several 

limitations especially in product recovery and contamination. Suitable enzyme 

biocatalysts are considered as preferred alternatives because they can easily be 

recovered, and production contamination does not occur. However, the organic 

solvent stability of these enzyme biocatalysts is a major drawback, which can be 

addressed by modifying their weak spots. 
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1.4 Research questions  

1. Can the parental T1 lipase be stable in various chain length polar solvents? 

2. What are the potential amino acids residues in the T1 lipase that can be mutated to 

improve organic solvent stability? 

3. Can a functional and organic solvent stable T1 lipase be produced? 

 

 

1.5 Objectives 

The overall objective is to develop organic solvent stable lipase as potential 

biocatalysts by directed evolution. 

1. To investigate the in silico effect of various polar hydrophilic solvents on 

structural stability and conformation of Geobacillus zalihae T1 lipase. 

2. To develop organic solvent stable T1 lipase variants using random mutagenesis 

and activity screening. 

3. To perform high-throughput screening and characterization of organic solvent 

stable T1 lipase variants. 

4. To construct a combinatorial mutant library of solvent stable T1 lipase variant by 

site-directed mutagenesis. 

5. To assess the structural basis of developed organic solvent stable T1 lipase variants 

in silico. 

 

 

  



© C
OPYRIG

HT U
PM

 

162 

 

7 REFERENCES 

Abdullaeva, M. M. (2004). Effect of methanol on enzymatic synthesis of 

phosphatidylinositol. Chemistry of Natural Compounds, 40(2), 139–140. 

 

Abdul Rahman, M. Z., Salleh, A. B., Abdul Rahman, R. N. Z. R., Abdul Rahman, 

M.B., Basri, M., Leow, T. C. (2012). Unlocking the mystery behind the activation 

phenomenon of T1 lipase: a molecular dynamics simulations approach. Protein 

Science, 21(8), 1210-1221. 

 

Abdul Rahman, R. N. Z. R., Leow, T. C., Salleh, A. B., & Basri, M. (2007). 

Geobacillus zalihae sp. nov., a thermophilic lipolytic bacterium isolated from 

palm oil mill effluent in Malaysia. BMC Microbiology, 77(7), 1–10. 

 

Aboualizadeh, F., Kaur, J., Behzad-behbahani, A., Khalvati, B., Khalvati, B. (2011). 

Induction of mutation in Bacillus subtilis lipase gene using error-prone. 

Jundishapur Journal of Microbiology, 4(3), 153–158. 

 

Acuner Ozbabacan, S. E., Gursoy, A., Keskin, O., and Nussinov, R. (2010). 

Conformational ensembles, signal transduction and residue hot spots: application 

to drug discovery. Current opinion in drug discovery & development, 13(5), 527–

537. 

 

Adinarayana, K., Raju, K. V. V. S. N. B., Zargar, M. I., Devi, R. B., Lakshmi, P. J., 

and Ellaiah, P. (2004). Optimization of process parameters for production of 

lipase in solid-state fermentation by newly isolated Aspergillus species. Indian 

Journal of Biotechnology, 3(1), 65–69. 

 

Affleck, R., Haynes, C. A., and Clark, D. S. (1992). Solvent dielectric effects on 

protein dynamics. Proceedings of the National Academy of Sciences U S A, 

89(11), 5167–5170. 

 

Agarwal, P. K., Schultz, C., Kalivretenos, A., Ghosh, B., and Broedel, S. E. (2012). 

Engineering a Hyper-catalytic enzyme by photoactivated conformation 

modulation. The Journal of Physical Chemistry Letters, 3(9), 1142–1146. 

 

Ahmad, S., Kumar, V., Ramanand, K. B., and Rao, N. M. (2012). Probing protein 

stability and proteolytic resistance by loop scanning: A comprehensive 

mutational analysis. Protein Science, 21(3), 433–446.  

 

Aita, T., Hamamatsu, N., Nomiya, Y., Uchiyama, H., Shibanaka, Y., and Husimi, Y. 

(2002). Surveying a local fitness landscape of a protein with epistatic sites for the 

study of directed evolution. Biopolymers 64(2), 95–105. 

 

Alder, B. J., and Wainwright, T. E. (1957). Phase transition for a hard sphere system. 

The Journal of Chemical Physics, 27(5) 1208-1209. 

 

 



© C
OPYRIG

HT U
PM

 

163 

 

Alvarez-garcia, D., and Barril, X. (2014). Relationship between protein flexibility and 

binding: Lessons for structure-based drug design. Journal of chemical theory and 

computation, 10(6), 2608–2614. 

 

Andreini, C., Bertini, I., Cavallaro, G., Holliday, G. L., Thornton, J. M. (2008). Metal 

ions in biological catalysis: from enzyme databases to general principles. Journal 

of Biological Inorganic Chemistry, 13(8), 1205-1218. 

 

Anobom, C. D., Pinheiro, A. S., De-Andrade, R. a., Aguieiras, E. C. G., Andrade, G. 

C., Moura, M. V., Almeida, R. V., et al. (2014). From structure to catalysis: 

Recent developments in the biotechnological applications of lipases. BioMed 

Research International, 2014. 

 

Arcangeli, C., Bizzarri, A. R., Cannistraro, S. (2001). Molecular dynamics simulation 

and essential dynamics study of mutated plastocyanin: structural, dynamical and 

functional effects of a disulfide bridge insertion at the protein surface. 

Biophysical Chemistry, 92(3), 183-199. 

  

Arnold, F. H. (1990). Engineering enzymes for non-aqueous solvents. Trends in 

Biotechnology, 8(9), 244-249. 

 

Arpigny, J. L., Jaeger, K. E. (1999). Bacterial lipolytic enzymes: classification and 

properties. The Biochemical Journal, 343(1), 177-183. 

 

Avramiuc, M. (2016). Research Regarding Lipase Activity From Some Plant Species 

Under the Influence of Some External Factors. Scientific Papers-Animal Science 

Series, 65, 223–229. 

 

Azevedo, A. M., Prazeres, D. M. F., Cabral, J. M. S., and Fonseca, L. P. (2001). 

Stability of free and immobilized peroxidase in aqueous-organic mixtures. 

Journal of Molecular Catalysis B: Enzymatic, 15, (4-6)147–153. 

 

Balaji, V., and Ebenezer, P. (2008). Optimization of extracellular lipase production in 

Colletotrichum gloeosporioides by solid-state fermentation. Indian Journal of 

Science and Technology, 1(7), 1–8. 

 

Barbe, S., Lafaquière, V., Guieysse, D., Monsan, P., Remaud-Siméon, M., and André, 

I. (2009). Insights into lid movements of Burkholderia cepacia lipase inferred 

from molecular dynamics simulations. Proteins: Structure, Function and 

Bioinformatics, 77(3), 509–523. 

 

Babu, K. R., Moradian, A., Douglas, D. J. (2001). The methanol-induced 

conformational transitions of β-lactoglobulin, cytochrome c, and ubiquitin at low 

pH: a study by electrospray ionization mass spectrometry. Journal of the 

American Society for Mass Spectrometry, 12(3), 317-328. 

 

Bae, E., Phillips, G. N. (2005). Identifying and engineering ion pairs in adenylate 

kinases: insights from molecular dynamics simulations of thermophilic and 



© C
OPYRIG

HT U
PM

 

164 

 

mesophilic homologues. Journal of Biological Chemistry, 280(35), 30943-

30948. 

 

Bae, E., Bannen, R. M., and Phillips, G. N. (2008). Bioinformatic method for protein 

thermal stabilization by structural entropy optimization. Proceedings of the 

National Academy of Sciences of the United States of America, 105(28), 9594–7.  

 

Baneyx, F., Mujacic, M. (2004). Recombinant protein folding and misfolding in 

Escherichia coli. Nature Biotechnology, 22(12), 1399–408. 

 

Barros, M., Fleuri, L. F., & MacEdo, G. A. (2010). Seed lipases: Sources, applications 

and properties - A review. Brazilian Journal of Chemical Engineering, 27(1), 

15–29. 

 

Beckman, R. A., Mildvan, A. S., Loeb, L. A. (1985). On the fidelity of DNA 

replication: manganese mutagenesis in vitro. Biochemistry, 24(21), 5810–5817.  

 

Bertoldo, J. B., Razzera, G., Vernal, J., Brod, F. C. A., Arisi, A. C. M., & Terenzi, H. 

(2011). Structural stability of Staphylococcus xylosus lipase is modulated by Zn2+              

ions. Biochimica et Biophysica Acta - Proteins and Proteomics, 1814(9), 1120–

1126. 

 

Bell, P. J. L., Sunna, A., Gibbs, M. D., Curach, N. C., Nevalainen, H., and Bergquist, 

P. L. (2002). Prospecting for novel lipase genes using PCR. Microbiology 

(Reading, England), 148(Pt 8), 2283–91. 

 

Bendikien, V., Surinenaite, B., Juodka, B., Safarikova, M. (2004). Insights into 

catalytic action mechanism of Pseudomonas mendocina 3121-1 lipase. Enzyme 

and Microbial Technology, 34(6), 572–577. 

 

Berger, F., Morellet, N., Menu, F., & Potier, P. (1996). Cold shock and cold 

acclimation proteins in the psychrotrophic bacterium Arthrobacter globiformis 

SI55. Journal of Bacteriology, 178(11), 2999–3007. 

 

Bhardwaj, K., Raju,  A, & Rajasekharan, R. (2001). Identification, purification, and 

characterization of a thermally stable lipase from rice bran. A new member of the 

(phospho) lipase family. Plant Physiology, 127(4), 1728–1738. 

 

Bhattacharjya, S., Balaram, P. (1997). Effects of organic solvents on protein 

structures: observation of a structured helical core in hen egg-white lysozyme in 

aqueous dimethylsulfoxide. Structure, Function, and Genetics, 29(4), 492-507. 

 

Biles, B. D., Connolly, B. A. (2004). Low-fidelity Pyrococcus furiosus DNA 

polymerase mutants useful in error-prone PCR. Nucleic acids research, 32(22), 

e176.  

 



© C
OPYRIG

HT U
PM

 

165 

 

Binkowski, B. F., Richmond, K. E., Kaysen, J., Sussman, M. R., Belshaw, P. J. (2005). 

Correcting errors in synthetic DNA through consensus shuffling. Nucleic Acids 

Research, 33(6), 1–8.  

 

Boersma, Y. L., Dröge, M. J., Van der Sloot, A. M., Pijning, T., Cool, R. H., Dijkstra, 

B.W., and Quax, W. J. (2008). A novel genetic selection system for improved 

enantioselectivity of Bacillus subtilis lipase A. Chembiochem: A European 

journal of chemical biology, 9(7), 1110–5. 

 

Bofill, C., Prim, N., Mormeneo, M., Manresa, A., Javier Pastor, F. I., and Diaz, P. 

(2010). Differential behaviour of Pseudomonas sp. 42A2 LipC, a lipase showing 

greater versatility than its counterpart LipA. Biochimie, 92(3), 307–316. 

 

Bonine, B. M., Polizelli, P. P., & Bonilla-Rodriguez, G. O. (2014). Immobilization of 

a plant lipase from pachira aquatica in alginate and Alginate/PVA beads. Enzyme 

Research, 2014, 19–22. 

 

Bornscheuer, U. T., Bessler, C., Srinivas, R., Hari Krishna, S. (2002). Optimizing 

lipases and related enzymes for efficient application. Trends in Biotechnology, 

20(10), 433–437. 

 

Borrelli, G. M., & Trono, D. (2015). Recombinant lipases and phospholipases and 

their use as biocatalysts for industrial applications. International Journal of 

Molecular Sciences, 16(9), 20774–20840. 

 

Brady, D., Jordaan, J., Simpson, C., Chetty, A., Arumugam, C., and Moolman, F. S. 

(2008). Spherezymes: a novel structured self-immobilisation enzyme 

technology. BMC Biotechnology, 8(1), 8. 

 

Breen, M.S., Kemena, C., P. K. Vlasov, P.K., Notredame C., and Kondrashov F.A. 

(2013). The role of epistasis in protein evolution. Nature, 497(7451), E1–E2.  

 

Brogan, A. P. S., and Hallett, J. P. (2016). Solubilizing and stabilizing proteins in 

anhydrous ionic liquids through the formation of protein-polymer surfactant 

nanoconstructs. Journal of the American Chemical Society, 138(13), 4494–4501. 

 

Broos, J. (2002). Impact of the enzyme flexibility on the enzyme enantioselectivity in 

organic media towards specific and non-specific substrates. Biocatalysis and 

Biotransformation, 20(4), 291–295. 

 

Brunet, A. P., Huang, E. S., Huffine, M. E., Loeb, J. E., Weltman, R. J., and Hecht, 

M. H. (1993). The role of turns in the structure of an alpha-helical protein. 

Nature, 364(6435), 355–358. 

 

Brzozowski, A. M., Derewenda, U., Derewenda, Z. S., Dodson, G. G., Lawson, D. 

M., Turkenburg, J. P., Bjorkling, F., Huge-Jensen, B., Patkar, S. A., and Thim, 

L. (1991). A model for interfacial activation in lipases from the structure of a 

fungal lipase-inhibitor complex. Nature, 351(6326),491-494. 



© C
OPYRIG

HT U
PM

 

166 

 

Bucky, A. R., Robinsont, D. S., & Hayes, P. R. (1987). Factors Affecting the Heat 

Stability of Lipase Produced by a Strain of Pseudomonas fluorescens. Food 

Chemistry, 23, 159–173. 

 

Burney, P. R., Pfaendtner, J. (2013). Structural and dynamic features of Candida 

rugosa lipase 1 in water, octane, toluene, and ionic liquids BMIM-PF6 and 

BMIM-NO3. The Journal of Physical Chemistry B, 117(9),2662-2670. 

 

Carlqvist, P., Eklund, R., Hult, K., and Brinck, T. (2003). Rational design of a lipase 

to accommodate catalysis of Baeyer-Villiger oxidation with hydrogen peroxide. 

Journal of Molecular Modeling, 9(3), 164–171. 

 

Carrasco-López, C., Godoy, C., De Las Rivas, B., Fernández-Lorente, G., Palomo, J. 

M., Guisán J. M., Fernández-Lafuente, R., Martínez-Ripoll, M., and Hermoso, J. 

A. (2009). Activation of bacterial thermoalkalophilic lipases is spurred by 

dramatic structural rearrangements. Journal of Biological Chemistry, 

284(7),4365-4372. 

 

Carrea, G., and Riva, S. (2000). Properties and synthetic applications of enzymes in 

organic solvents. Angewandte Chemie, 39(13),2226-2254. 

 

Carter, P., Nilsson, B., Burnier, J. P., Burdick, D., Wells, J. A. (1989). Engineering 

subtilisin BPN’ for site-specific proteolysis. Proteins, 6(3), 240–8.  

 

Cedrone, F., Ménez, A., Quéméneur, E. (2000). Tailoring new enzyme functions by 

rational redesign. Current Opinion in Structural Biology, 10(4), 405–10. 

 

Cerdobbel, A., De Winter, K., Aerts, D., Kuipers, R., Joosten, H.-J., Soetaert, W., and 

Desmet, T. (2011). Increasing the thermostability of sucrose phosphorylase by a 

combination of sequence- and structure-based mutagenesis. Protein Engineering 

Design and Selection, 24(11), 829–834. 

 

Cesarini, S., Bofill, C., Pastor, F. I. J., Reetz, M. T., and Diaz, P. (2012). A 

thermostable variant of P. aeruginosa cold-adapted LipC obtained by rational 

design and saturation mutagenesis. Process Biochemistry, 47(12), 2064–2071.  

 

Chakravorty, D., Parameswaran, S., Dubey, V. K., Patra, S. (2012). Unraveling the 

rationale behind organic solvent stability of lipases. Applied Biochemistry and 

Biotechnology, 167(3),439-461. 

 

Chahinian, H., Vanot, G., Ibrik, A., Rugani, N., Sarda, L., and Comeau, L. C. (2000). 

Production of extracellular lipases by Penicillium cyclopium purification and 

characterization of a partial acylglycerol lipase. Bioscience, biotechnology, and 

biochemistry, 64(2), 215–22. 

 

Chen, R. (2001). Enzyme engineering: rational redesign versus directed evolution. 

Trends in biotechnology, 19(1), 13–4. 

 



© C
OPYRIG

HT U
PM

 

167 

 

Chen, R., Guo, L., & Dang, H. (2010). Gene cloning, expression and characterization 

of a cold-adapted lipase from a psychrophilic deep-sea bacterium Psychrobacter 

sp. C18. World Journal of Microbiology and Biotechnology, 27(2), 431–441. 

 

Cherry, J. R., and Fidantsef, A. L. (2003). Directed evolution of industrial enzymes: 

an update. Current Opinion in Biotechnology, 14(4), 438–443. 

 

Cherukuvada, S. L., Seshasayee, A. S. H., Raghureaihaft, K., Anisheity, S. R., 

Penrsathw, G. (2005). Evidence of a double-lid movement in Pseudomonas 

lipase: insights from molecular dynamics simulations. PLOS Computational 

Biology, 1(3), 0182-0189. 

 

Choi, E. J., and Mayo, S. L. (2006). Generation and analysis of proline mutants in 

protein G. Protein engineering, design & selection : PEDS, 19(6), 285–9.   

 

Choo, D., Kurihara, T., Suzuki, T., & Soda, K. (1998). A Cold-Adapted Lipase of an 

Alaskan Psychrotroph, Pseudomonas sp. Strain B11-1: Gene Cloning and 

Enzyme Purification and Characterization. Applied and Environmental 

Microbiology, 64(2), 1–7. 

 

Clarke, J., and Fersht, A. R. (1993). Engineered disulfide bonds as probes of the 

folding pathway of barnase: increasing the stability of proteins against the rate of 

denaturation. Biochemistry, 32(16), 4322–9.  

 

Crameri, A., Raillard, S. A., Bermudez, E., Stemmer, W. P. (1998). DNA shuffling of 

a family of genes from diverse species accelerates directed evolution. Nature 

391(1), 288–291.  

 

Colin, V. L., Baigori, M. D., and Pera, L. M. (2010). Effect of environmental 

conditions on extracellular lipases production and fungal morphology from 

Aspergillus niger MYA 135. Journal of basic microbiology, 50(1), 52–8. 

 

Costas, L., Bosio, V. E., Pandey, A., and Castro, G. R. (2008). Effects of organic 

solvents on immobilized lipase in pectin microspheres. Applied biochemistry and 

biotechnology, 151(2-3), 578–86.  

 

Cowan, D. A. (1997). Thermophilic proteins: Stability and function in aqueous and 

organic solvents. Comparative Biochemistry and Physiology Part A: Physiology, 

118(3), 429–438. 

 

Dai, L., & Klibanov, A. M. (1999). Striking activation of oxidative enzymes 

suspended in nonaqueous media. Proceedings of the National Academy of 

Sciences of the United States of America, 96(17), 9475–9478 

 

Dalby, P. A. (2003). Optimising enzyme function by directed evolution. Current 

Opinion in Structural Biology. 13(4), 500–505. 

 



© C
OPYRIG

HT U
PM

 

168 

 

Dalby, P. A. (2007). Engineering enzymes for biocatalysis. Recent patents on 

biotechnology, 1(1), 1–9. 

 

Damborsky, J. (2007). Meeting report: protein design and evolution for biocatalysis 

Biotechnology journal, 2(2), 176–9. 

 

Davis-searles, P. R., Saunders, A. J., Erie, D. A., Winzor, D. J., & Pielak, G. J. (2001). 

Interpreting the effects of small uncharged solutes on protein folding. Annu. Rev. 

Biophys. Biomol. Struct, 30, 271–306. 

 

DeLano, W. L. (2002). The PyMOL molecular graphics system. San Carlos: DeLano 

Scientific. Available at http:// www.pymol.org (accessed on 27 November 2016). 

 

De Lathouder, K. M., Marques Fló, T., Kapteijn, F., and Moulijn, J. A. (2005). A novel 

structured bioreactor: Development of a monolithic stirrer reactor with 

immobilized lipase. Catalysis Today, 105, 443–447. 

 

De Pascale, D., Cusano, A. M., Autore, F., Parrilli, E., di Prisco, G., Marino, G., & 

Tutino, M. L. (2008). The cold-active Lip1 lipase from the Antarctic bacterium 

Pseudoalteromonas haloplanktis TAC125 is a member of a new bacterial 

lipolytic enzyme family. Extremophiles, 12(3), 311–23. 

 

Dharmsthiti, S., and Kuhasuntisuk, B. (1998). Lipase from Pseudomonas aeruginosa 

LP602: biochemical properties and application for wastewater treatment. Journal 

of Industrial Microbiology and Biotechnology, 21(1-2), 75–80. 

 

Dheeman, D. S., Henehan, G. T. M., and Frías, J. M. (2011). Purification and 

properties of Amycolatopsis mediterranei DSM 43304 lipase and its potential in 

flavour ester synthesis. Bioresource technology, 102(3), 3373–9. 

 

Diana Lousa, António M. Baptista,  and C. M. S. (2012). Analyzing the molecular 

basis of enzyme stability in ethanol/water mixtures using molecular dynamics 

simulations. Journal of Chemical Information and Modeling, 52(2),465–473. 

 

Diaz-Garcia, M. E., Valencia-Gonzalez, M. J. (1995). Enzyme catalysis in organic 

solvents: a promising field for optical biosensing. Talanta, 42(11),1763-1773. 

 

Dixit, A., Torkamani, A., Schork, N. J., and Verkhivker, G. (2009). Computational 

modeling of structurally conserved cancer mutations in the RET and MET 

kinases: The impact on protein structure, dynamics, and stability. Biophysical 

Journal, 96(3), 858–874.  

 

Do, H., Lee, J. H., Kwon, M. H., Song, H. E., An, J. Y., Eom, S. H., Lee, S. G., et al. 

(2013). Purification, characterization and preliminary X-ray diffraction analysis 

of a cold-active lipase (CpsLip) from the psychrophilic bacterium Colwellia 

psychrerythraea 34H. Acta crystallographica. Section F, Structural biology and 

crystallization communications, 69(Pt 8), 920–4.  

 



© C
OPYRIG

HT U
PM

 

169 

 

Dröge, M. J., Boersma, Y. L., Van Pouderoyen, G., Vrenken, T. E., Rüggeberg, C. J., 

Reetz, M. T., Dijkstra, B. W., et al. (2006). Directed evolution of Bacillus subtilis 

lipase A by use of enantiomeric phosphonate inhibitors: Crystal structures and 

phage display selection. ChemBioChem, 7(1), 149–157. 

 

Dror, A., Kanteev, M., Kagan, I., Gihaz, S., Shahar, A., and Fishman, A. (2015). 

Structural insights into methanol-stable variants of lipase T6 from Geobacillus 

stearothermophilus. Applied Microbiology and Biotechnology, 99(22), 9449–

9461. 

 

Dror, A., Shemesh, E., Dayan, N., and Fishman, A. (2014). Protein engineering by 

random mutagenesis and structure-guided consensus of Geobacillus 

stearothermophilus lipase T6 for enhanced stability in methanol. Applied and 

Environmental Microbiology, 80(4), 1515–1527. 

 

Doukyu, N., & Ogino, H. (2010). Organic solvent-tolerant enzymes. Biochemical 

Engineering Journal, 48(3), 270–282. 

 

Duan, Y., Wu, C., Chowdhury, S., Lee, M. C., Xiong, G., Zhang, W., Yang, R., 

Cieplak, P., Luo, R., Lee, T. (2003). A point-charge force field for molecular 

mechanics simulations of proteins. Journal of Computational Chemistry, 

24(16),1999-2012. 

 

Durmaz, E., Kuyucak, S., and Sezerman, U. O. (2013). Modifying the catalytic 

preference of tributyrin in Bacillus thermocatenulatus lipase through in-silico 

modeling of enzyme-substrate complex. Protein Engineering Design and 

Selection, 26(5), 325–333. 

 

Dusséaux, S., Croux, C., Soucaille, P., and Meynial-Salles, I. (2013). Metabolic 

engineering of Clostridium acetobutylicum ATCC 824 for the high-yield 

production of a biofuel composed of an isopropanol/butanol/ethanol mixture. 

Metabolic engineering, 18, 1–8.  

 

Dutra, J. C. V, da C Terzi, S., Bevilaqua, J. V., Damaso, M. C. T., Couri, S., Langone, 

M. A. P., and Senna, L. F. (2008). Lipase production in solid-state fermentation 

monitoring biomass growth of Aspergillus niger using digital image processing. 

Applied biochemistry and biotechnology, 147(1-3), 63–75. 

 

Du, W., Xu, Y., Liu, D., and Zeng, J. (2004). Comparative study on lipase-catalyzed 

transformation of soybean oil for biodiesel production with different acyl 

acceptors. Journal of Molecular Catalysis B: Enzymatic, 30(3), 125–129. 

 

Dyal, A., Loos, K., Noto, M., Chang, S. W., Spagnoli, C., Shafi, K. V. P. M., Ulman, 

A., et al. (2003). Activity of Candida rugosa lipase immobilized on gamma-

Fe2O3 magnetic nanoparticles. Journal of the American Chemical Society, 

125(7), 1684–5. 

 

 



© C
OPYRIG

HT U
PM

 

170 

 

Eckert, K. A., Kunkel, T. A. (1991). DNA polymerase fidelity and the polymerase 

chain reaction. PCR Methods and Applications, 1, 17–24. 

 

Eggert, T., Van Pouderoyen, G., Dijkstra, B. W., and Jaeger, K. E. (2001). Lipolytic 

enzymes LipA and LipB from Bacillus subtilis differ in regulation of gene 

expression, biochemical properties, and three-dimensional structure. FEBS 

letters, 502(3), 89–92. 

 

Eisenthal, R., and Cornish-Bowden, A. (1974). The direct linear plot. A new graphical 

procedure for estimating enzyme kinetic parameters. The Biochemical journal, 

139(3), 715–20.  

 

Eisenberg, D., Weiss, R. M., Terwilliger, T. C. (1984). The hydrophobic moment 

detects periodicity in protein hydrophobicity. Proceedings of the National 

Academy of Sciences of the United States of America, 81(1),140-144. 

 

Ellaiah, P., Prabhakar, T., Ramakrishna, B., Taleb, A. T., and Adinarayana, K. (2004). 

Production of lipase by immobilized cells of Aspergillus niger. Process 

Biochemistry, 39(5), 525–528.  

 

Emond, S., Montanier, C., Nicaud, J.-M., Marty, A., Monsan, P., André, I., and 

Remaud-Siméon, M. (2010). New efficient recombinant expression system to 

engineer Candida antarctica lipase B. Applied and environmental microbiology, 

76(8), 2684–7.  

 

Engström, K., Nyhlén, J., Sandström, A. G., and Bäckvall, J. E. (2010). Directed 

evolution of an enantioselective lipase with broad substrate scope for hydrolysis 

of α-substituted esters. Journal of the American Chemical Society, 132(20), 

7038–7042. 

 

Erdemir, S., and Yilmaz, M. (2009). Synthesis of calix[n]arene-based silica polymers 

for lipase immobilization. Journal of Molecular Catalysis B: Enzymatic, 58(1), 

29–35. 

 

Essman, U., Perera, L., Berkowitz, M. L., Darden, T., Lee, H., Pedersen, L. G. (1995). 

A smooth particle mesh Ewald method. Journal of Chemical Physics B, 

103(19),8577-8593 

 

Fang, X., Zhan, Y., Yang, J., and Yu, D. (2014). A concentration-dependent effect of 

methanol on Candida antarctica lipase B in aqueous phase. Journal of Molecular 

Catalysis B: Enzymatic, 104, 1–7.  

 

Farrokh, P., Yakhchali, B., and Karkhane, A. A. (2014). Rational design of K173A 

substitution enhances thermostability coupled with catalytic activity of  

Enterobacter  sp. Bn12 Lipase. Journal of Molecular Microbiology and 

Biotechnology, 24(4), 262–269.  

 

 



© C
OPYRIG

HT U
PM

 

171 

 

Feller, G., Thiry, M., Arpignya, J. L., & Gerday, C. (1991). Cloning and expression in 

Escherichia antarctic strain Moraxellu TA144 c & i of three lipase-encoding 

genes from the psychrotrophic. Gene, 102(1), 111–115. 

 

Fernández, L., Jiao, N., Soni, P., Gumulya, Y., de Oliveira, L.G., Reetz, M. T. (2010). 

An efficient method for mutant library creation in Pichia pastoris useful in 

directed evolution. Biocatalysis and Biotransformation, 28(2), 122–129.  

 

Fernandez-lopez, L., Rueda, N., Bartolome-cabrero, R., Rodriguez, M. D., 

Albuquerque, T. L., Jose, C. S., Barbosa, O., et al. (2016). Improved 

immobilization and stabilization of lipase from Rhizomucor miehei on octyl-

glyoxyl agarose beads by using CaCl2. Process Biochemistry, 51, 48–52.  

 

Fishman, A., Levy, I., Cogan, U., and Shoseyov, O. (2002). Stabilization of 

horseradish peroxidase in aqueous-organic media by immobilization onto 

cellulose using a cellulose-binding-domain. Journal of Molecular Catalysis B: 

Enzymatic 18(1-3), 121–131. 

 

Fleming, P. J., and Richards, F. M. (2000). Protein packing: dependence on protein 

size, secondary structure and amino acid composition. Journal of Molecular 

Biology, 299(2), 487–498.  

 

Foloppe, N., and MacKerell, Jr., A. D. (2000). All-atom empirical force field for 

nucleic acids: I. Parameter optimization based on small molecule and condensed 

phase macromolecular target data. Journal of Computational Chemistry, 21(2), 

86–104.  

 

Fujii, R., Nakagawa, Y., Hiratake, J., Sogabe, A., and Sakata, K. (2005). Directed 

evolution of Pseudomonas aeruginosa lipase for improved amide-hydrolyzing 

activity. Protein Engineering, Design and Selection, 18(2), 93–101. 

 

Funke, S. A., Eipper, A., Reetz, M. T., Otte, N., Thiel, W., van Pouderoyen, G., 

Dijkstra, B. W., et al. (2003). Directed Evolution of an Enantioselective Bacillus 

subtilis Lipase. Biocatalysis and Biotransformation, 21(2), 67–73.  

 

Gallivan, J. P., Dougherty, D. A. (1999). Cation-π interactions in structural biology. 

Proceedings of the National Academy of Sciences of the United States of 

America, 96(17),9459-9464. 

 

Ganjalikhany, M. R., Ranjbar, B., Taghavi, A. H., and Tohidi Moghadam, T. (2012). 

Functional motions of Candida antarctica lipase B: A survey through open-close 

conformations. PLoS ONE, 7(7), e40327. 

 

Gao, C., Lan, D., Liu, L., Zhang, H., Yang, B., and Wang, Y. (2014). Site-directed 

mutagenesis studies of the aromatic residues at the active site of a lipase from 

Malassezia globosa. Biochimie, 102(1), 29–36. 

 

 



© C
OPYRIG

HT U
PM

 

172 

 

Gao, J., Zhang, T., Zhang, H., Shen, S., Ruan, J., Kurgan, L. (2010). Accurate 

prediction of protein folding rates from sequence and sequence-derived residue 

flexibility and solvent accessibility. Proteins, Structure, Function and 

Bioinformatics, 78(9),2114-2130. 

 

Gatti-Lafranconi, P. Natalello, A. Rehm, S. Doglia S. M. Pleiss J., and Lotti, M. 

(2010). Evolution of Stability in a Cold-Active Enzyme Elicits Specificity 

Relaxation and Highlights Substrate-Related Effects on Temperature Adaptation. 

Biology, Journal of Molecular, 1(8), 155–166. 

 

Gerstein, M., Sonnhammer, E. L., and Chothia, C. (1994). Volume changes in protein 

evolution. Journal of molecular biology, 236(4), 1067–1078. 

 

Getzoff, E. D., Cabelli, D. E., Fisher, C. L., Parge, H. E., Viezzoli, M. S., Banci, L., 

and Hallewell, R. A. (1992). Faster superoxide dismutase mutants designed by 

enhancing electrostatic guidance. Nature, 358(6384), 347–51. 

 

Gilbert, E. J., Drozd, J. W., and Jones, C. W. (1991). Physiological regulation and 

optimization of lipase activity in Pseudomonas aeruginosa EF2. Journal of 

General Microbiology, 137(9), 2215–2221.  

 

Gorman, L. A. S., Dordick, J. S. (1992). Organic solvents strip water off enzymes. 

Biotechnology and Bioengineering, 39(4), 392-397. 

 

Graber, M., Bousquet-Dubouch, M. P., Lamare, S., Legoy, M. D. (2003). Alcoholysis 

catalyzed by Candida antarctica lipase B in a gas/solid system: effects of water 

on kinetic parameters. Biochimica et Biophysica Acta, 1648(1-2), 24-32. 

 

Graber, M., Irague, R., Rosenfeld, E., Lamare, S., Franson, L., Hult, K. (2007). 

Solvent as a competitive inhibitor for Candida antarctica lipase B. Biochimica 

et Biophysica Acta, 1774(8), 1052-1057. 

 

Grochulski, P., Li, Y., Schrag, J. D., Cygler, M. (1994). Two conformational states of 

Candida rugosa lipase. Protein Science, 3(1), 82-91. 

 

Gupta, R., Gupta, N., and Rathi, P. (2004). Bacterial lipases: an overview of 

production, purification and biochemical properties. Applied Microbiology and 

Biotechnology, 64(6), 763-781. 

 

Gupta, M. N. (1992). Enzyme function in organic solvents. European journal of 

biochemistry / FEBS, 203(1-2), 25–32. 

 

Gupta, M. N., and Roy, I. (2004). Enzymes in organic media. Forms, functions and 

applications. European journal of biochemistry / FEBS, 271(13), 2575–83. 

 

Guerrand, D. (2017). Lipases industrial applications: focus on food and agroindustries. 

Ocl, 24(4), D403.  

 



© C
OPYRIG

HT U
PM

 

173 

 

De Godoy Daiha, K., Angeli, R., De Oliveira, S. D., and Almeida, R. V. (2015). Are 

lipases still important biocatalysts? A study of scientific publications and patents 

for technological forecasting. PLoS ONE, 10(6), 1–20. 

 

Di Lorenzo, M., Hidalgo, A., Molina, R., Hermoso, J. a., Pirozzi, D., and Bornscheuer, 

U. T. (2007). Enhancement of the stability of a prolipase from Rhizopus oryzae 

toward aldehydes by saturation mutagenesis. Applied and Environmental 

Microbiology, 73(22), 7291–7299. 

 

Goede, A., Preissner, R., and Frömmel, C. (1997). Voronoi cell: New method for 

allocation of space among atoms: Elimination of avoidable errors in calculation 

of atomic volume and density. Journal of Computational Chemistry, 18(9), 

1113–1123.  

 

González, M. A. (2011). Force fields and molecular dynamics simulations. Collection 

SFN, 12, 169–200. 

 

Goodarzi, N., Karkhane, A. A., Mirlohi, A., Tabandeh, F., Torktas, I., Aminzadeh, S., 

Yakhchali, B., et al. (2014). Protein Engineering of Bacillus thermocatenulatus 

Lipase via Deletion of the α5 Helix. Applied Biochemistry and Biotechnology, 

174(1), 339–351.  

 

Greenfield, N. J. (2006). Using circular dichroism spectra to estimate protein 

secondary structure. Nature Protocols, 1(6), 2876–2890.  

 

Griebeler, N., Polloni, A. E., Remonatto, D., Arbter, F., Vardanega, R., Cechet, J. L., 

Luccio, M., et al. (2009). Isolation and Screening of Lipase-Producing Fungi with 

Hydrolytic Activity. Food and Bioprocess Technology, 4(4), 578–586.  

 

Griebenow, K., and Klibanov, A. M. (1996). On protein denaturation in aqueous-

organic mixtures but not in pure organic solvents. Journal of the American 

Chemical Society, 118(47), 11695–11700.  

 

Grossfield, A., Ren, P., and Ponder, J. W. (2003). Ion solvation thermodynamics from 

simulation with a polarizable force field. Journal of the American Chemical 

Society, 125(50), 15671–15682. 

 

Guncheva, M., and Zhiryakova, D. (2011). Catalytic properties and potential 

applications of Bacillus lipases. Journal of Molecular Catalysis B: Enzymatic, 

68(1), 1–21. 

 

Gutteridge, A., and Thornton, J. M. (2005). Understanding nature’s catalytic toolkit. 

Trends in Biochemical Sciences, 30(11), 622–629. 

 

Haack, M. B., Olsson, L., Hansen, K., and Eliasson Lantz, A. (2006). Change in 

hyphal morphology of Aspergillus oryzae during fed-batch cultivation. Applied 

microbiology and biotechnology, 70(4), 482–7. 

 



© C
OPYRIG

HT U
PM

 

174 

 

Halling, P. J. (2000). Biocatalysis in low-water media: Understanding effects of 

reaction conditions. Current Opinion in Chemical Biology, 4(1), 74–80. 

 

Han, Z., Han, S., Zheng, S., and Lin, Y. (2009). Enhancing thermostability of a 

Rhizomucor miehei lipase by engineering a disulfide bond and displaying on the 

yeast cell surface. Applied Microbiology and Biotechnology, 85(1), 117–126.  

 

Hao, J., and Berry, A. (2004). A thermostable variant of fructose bisphosphate 

aldolase constructed by directed evolution also shows increased stability in 

organic solvents. Protein engineering, design & selection, 17(9), 689–97.  

 

Hasan , F., Shah A. A., and Hameed, A. (2006). Influence of culture conditions on 

lipase production by Bacillus sp . FH5 Annals of. Annals of Microbiology, 56(3), 

247–252. 

 

Hasan, F., Shah, A. A., and Hameed, A. (2009). Methods for detection and 

characterization of lipases: A comprehensive review. Biotechnology advances, 

27(6), 782–98. 

 

Hendsch, Z. S., and Tidor, B. (1994). Do Salt Bridges Stabilize Proteins - a Continuum 

Electrostatic Analysis. Protein Science, 3(2), 211–226. 

 

Hernaiz, M. J., SanchezMontero, J. M., & Sinisterra, J. V. (1997). Influence of the 

nature of modifier in the enzymatic activity of chemical modified semipurified 

lipase from Candida rugosa. Biotechnology and Bioengineering, 55(2), 252–260. 

 

Hirakawa, H., Kamiya, N., Kawarabayashi, Y., and Nagamune, T. (2005). Log P effect 

of organic solvents on a thermophilic alcohol dehydrogenase. Biochimica et 

biophysica acta, 1748(1), 94–9.  

 

Hirota, N., Mizuno, K., Goto, Y. (1997). Cooperative alpha-helix formation of 

betalactoglobulin and melittin induced by hexafluoroisopropanol. Protein 

Science 6(2), 416-421. 

 

Hiol, A., Jonzo, M., Rugani, N., Druet, D., Sarda, L., and Comeau, L. (2000). 

Purification and characterization of an extracellular lipase from a thermophilic 

Rhizopus oryzae strain isolated from palm fruit. Enzyme and microbial 

technology, 26(5-6), 421–430.  

 

Horsman, G. P., Liu, A. M. F., Henke, E., Bornscheuer, U. T., and Kazlauskas, R. J. 

(2003). Mutations in distant residues moderately increase the enantioselectivity 

of Pseudomonas fluorescens esterase towards methyl 3bromo-2-

methylpropanoate and ethyl 3phenylbutyrate. Chemistry (Weinheim an der 

Bergstrasse, Germany), 9(9), 1933–9.  

 

Houde, A., Kademi, A., Leblanc, D. (2004). Lipases and their industrial applications: 

an overview. Applied biochemistry and biotechnology, 118(4), 155–70. 

 



© C
OPYRIG

HT U
PM

 

175 

 

Hubbard, R. E., and Kamran Haider, M. (2010). Hydrogen bonds in proteins: Role and 

Strength. Encyclopedia of Life Sciences, 1, 1–6.  

 

Hube, B., Stehr, F., Bossenz, M., Mazur, A., Kretschmar, M., and Schäfer, W. (2000). 

Secreted lipases of Candida albicans: cloning, characterisation and expression 

analysis of a new gene family with at least ten members. Archives of 

microbiology, 174(5), 362–74.  

 

Hudson, E. P., Eppler, R. K., and Clark, D. S. (2005). Biocatalysis in semi-aqueous 

and nearly anhydrous conditions. Current opinion in biotechnology, 16(6), 637–

43.  

 

Huggins, D. J. (2016). Studying the role of cooperative hydration in stabilizing folded 

protein states. Journal of Structural Biology, 196(3), 394–406.  

 

Hünenberger, P. H., Mark, A. E., and Van Gunsteren, W. F. (1995). Fluctuation and 

crosscorrelation analysis of protein motions observed in nanosecond molecular 

dynamics simulations. Journal of Molecular Biology, 252(4), 492-503. 

 

Hwang, S., Shao, Q., Williams, H., Hilty, C., and Gao, Y. Q. (2011). Methanol 

strengthens hydrogen bonds and weakens hydrophobic interactions in proteins--

a combined molecular dynamics and NMR study. The journal of physical 

chemistry. B, 115(20), 6653–6660. 

 

Imbert, M., & Gancel, F. (2004). Effect of different temperature downshifts on protein 

synthesis by Aeromonas hydrophila. Current microbiology, 49(2), 79–83. 

  

Inada, Y., Furukawa, M., Sasaki, H., Kodera, Y., Hiroto, M., Nishimura, H.,  

Matsushima,  A. (1995). Biomedical and biotechnological applications of PEG- 

and PM-modified proteins. Trends in Biotechnology, 13(3), 86–91. 

 

Invernizzi, G., Papaleo, E., Grandori, R., De Gioia, L., Lotti, M. (2009). Relevance of 

metal ions for lipase stability: structural rearrangements induced in the 

Burkholderia glumae lipase by calcium depletion. Journal of Structural Biology, 

168(3), 562-570. 

 

Iyer, P. V., & Ananthanarayan, L. (2008). Enzyme stability and stabilization—

Aqueous and non-aqueous environment. Process Biochemistry, 43(10), 1019–

1032. 

 

Jaeger, K. E., Eggert, T., Eipper, A., Reetz, M. T. (2001). Directed evolution and the 

creation of enantioselective biocatalysts. Applied Microbiology and 

Biotechnology, 55, 519–530. 

 

Jaeger, K. E., Dijkstra, B. W., and Reetz, M. T. (1999). Bacterial biocatalysts: 

molecular biology, three-dimensional structures, and biotechnological 

applications of lipases. Annual review of microbiology, 53, 315–51. 

 



© C
OPYRIG

HT U
PM

 

176 

 

Jadhav, V. V., Pote, S. S., Yadav, A., Shouche, Y. S., & Bhadekar, R. K. (2013). 

Extracellular cold active lipase from the psychrotrophic Halomonas sp . BRI 8 

isolated from the Antarctic sea water. Songklanakarin J. Sci. Technol, 35(6), 

623–630. 

 

Jakalian, A., Jack, D. B., Bayly, C. I. (2002). Fast, efficient generation of high-quality 

atomic charges. AM1-BCC model: II. Parameterization and validation. Journal 

of Computational Chemistry, 23(16), 1623-1641. 

 

Jain, D., Pancha, I., Mishra, S. K., Shrivastav, A., and Mishra, S. (2012). Purification 

and characterization of haloalkaline thermoactive, solvent stable and SDS-

induced protease from Bacillus sp.: A potential additive for laundry detergents. 

Bioresource Technology, 115, 228–236.  

 

James, J. J., Lakshmi, B. S., Seshasayee, A. S. N., and Gautam, P. (2007). Activation 

of Candida rugosa lipase at alkane-aqueous interfaces: A molecular dynamics 

study. FEBS Letters, 581(23), 4377–4383. 

 

Jeong, S. T., Kim, H. K., Kim, S. J., Chi, S. W., Pan, J. G., Oh, T. K., Ryu, S. E. 

(2002). Novel zinc-binding center and a temperature switch in the Bacillus 

stearothermophilus L1 lipase. Journal of Biological Chemistry, 277(19), 17041-

17047. 

 

Jia, J., Yang, X., Wu, Z., Zhang, Q., Lin, Z., Guo, H., Lin, C. S. K., et al. (2015). 

Optimization of fermentation medium for extracellular lipase production from 

Aspergillus niger using Response Surface Methodology. BioMed Research 

International, 2015, 1–8.  

 

Jiang, Z., Wang, H., Ma, Y., and Wei, D. (2006). Characterization of two novel lipase 

genes isolated directly from environmental sample. Applied microbiology and 

biotechnology, 70(3), 327–32.  

 

Jiang, Y., Li, L., Zhang, H., Feng, W., and Tan, T. (2014). Lid closure mechanism of 

Yarrowia lipolytica lipase in methanol investigated by molecular dynamics 

simulation. Journal of Chemical Information and Modeling, 54(7), 2033–2041. 

 

Jiang, Y., Guo, C., Xia, H., Mahmood, I., Liu, C., and Liu, H. (2009). Magnetic 

nanoparticles supported ionic liquids for lipase immobilization: Enzyme activity 

in catalyzing esterification. Journal of Molecular Catalysis B: Enzymatic, 58(1-

4), 103–109. 

 

Ji, Q., Xiao, S., He, B., Liu, X. (2010). Purification and characterization of an organic 

solvent-tolerant lipase from Pseudomonas aeruginosa LX1 and its application 

for biodiesel production. Journal of Molecular Catalysis B: Enzymatic, 66(3-4), 

264-269. 

 

Jinwal, U. K., Roy, U., Chowdhury, A. R., Bhaduri, A. P., and Roy, P. K. (2003). 

Purification and characterization of an alkaline lipase from a newly isolated 



© C
OPYRIG

HT U
PM

 

177 

 

Pseudomonas mendocina PK-12CS and Chemoselective Hydrolysis of Fatty 

Acid Ester. Bioorganic & Medicinal Chemistry, 11(6), 1041–1046. 

 

Johannes, T. W., and Zhao, H. (2006). Directed evolution of enzymes and biosynthetic 

pathways. Current opinion in microbiology, 9(3), 261–7.  

 

Joo, J. C., Pack, S. P., Kim, Y. H., and Yoo, Y. J. (2011). Thermostabilization of 

Bacillus circulans xylanase: Computational optimization of unstable residues 

based on thermal fluctuation analysis. Journal of Biotechnology, 151(1), 56–65. 

 

Jorgensen W. L., and Tirado-Rives, J. (1988). The OPLS Potential Functions for 

Proteins. Energy Minimizations for Crystals of Cyclic Peptides and Crambin. 

Journal of the American Chemical Society, 110(6), 1658–1666. 

 

Joseph, B., Ramteke, P. W., and Thomas, G. (2008). Cold active microbial lipases: 

Some hot issues and recent developments. Biotechnology Advances, 26(5), 457–

470. 

 

Joseph, B., Upadhyaya, S., & Ramteke, P. (2011). Production of Cold-Active 

Bacterial Lipases through Semisolid State Fermentation Using Oil Cakes. 

Enzyme research, 2011, 796407.  

 

Joseph, B., Ramteke, P. W., & Kumar, P. A. (2006). Studies on the enhanced 

production of extracellular lipase by Staphylococcus epidermidis. The Journal of 

general and applied microbiology, 52(6), 315–20.  

 

Jooyandeh, H., Kaur, A., & Minhas, K. S. (2009). Lipases in dairy industry: A review. 

Journal of Food Science and Technology-Mysore, 46(11), 181–189 

 

Juhl, P. B., Doderer, K., Hollmann, F., Thum, O., and Pleiss, J. (2010). Engineering 

of Candida antarctica lipase B for hydrolysis of bulky carboxylic acid esters. 

Journal of biotechnology, 150(4), 474–480. 

 

Kabsch, W., Sander, C. (1983). Dictionary of Protein secondary structure: pattern 

recognition of hydrogen-bonded and geometrical features. Biopolymers, 22(12), 

2577-2637. 

 

Kamal, Z., Yedavalli, P., Deshmukh, M. V., and Rao, N. M. (2013). Lipase in 

aqueous-polar organic solvents: Activity, structure, and stability. Protein 

Science, 22(7), 904–915. 

 

Kashmiri, M. A., Adnan, A., and Butt, B. W. (2006). Production , purification and 

partial characterization of lipase from Trichoderma Viride. African Journal of 

Biotechnology, 5(10), 878–882. 

 

Kanwar, S. S., Ghazi, I. A., Chimni, S. S., Joshi, G. K., Rao, G. V., Kaushal, R. K., 

Gupta, R., et al. (2006). Purification and properties of a novel extra-cellular 

thermotolerant metallolipase of Bacillus coagulans MTCC-6375 isolate. Protein 



© C
OPYRIG

HT U
PM

 

178 

 

Expression and Purification, 46(2), 421–428.  

 

Kapoor, M., Gupta, M. N. (2012). Lipase promiscuity and its biochemical 

applications. Process Biochemistry, 47(4), 555-569. 

 

Kapp, G. T., Richardson, J. S., and Oas, T. G. (2004). Kinetic role of helix caps in 

protein folding is context-dependent. Biochemistry, 43(13), 3814–3823. 

 

Karanam, S. K., and Medicherla, N. R. (2008). Enhanced lipase production by 

mutation induced Aspergillus japonicus. African Journal of Biotechnology, 

7(12), 2064–2067. 

 

Karan, R., Capes, M. D., and Dassarma, S. (2012). Function and biotechnology of 

extremophilic enzymes in low water activity. Aquatic Biosystems, 8(1), 4. 

 

Kavitha, M., & Shanthi, C. (2013). Isolation and Characterization of Cold active lipase 

producing Pseudomonas sp . 4 from Marine samples of Tamilnadu Coast. 

Research Journal of Biotechnology, 8(4), 57–62. 

 

Kawata, T., Ogino, H. (2010). Amino acid residues involved in organic solvent-

stability of the LST-03 lipase. Biochemical and Biophysical Research 

Communications, 400(3), 384-388. 

 

Kawata, T., and Ogino, H. (2009). Enhancement of the organic solvent-stability of the 

LST-03 lipase by directed evolution. Biotechnology Progress, 25(6), 1605–1611. 

 

Kawakami, K., Takahashi, R., Shakeri, M., and Sakai, S. (2009). Application of a 

lipase-immobilized silica monolith bioreactor to the production of fatty acid 

methyl esters. Journal of Molecular Catalysis B: Enzymatic, 57(1-4), 194–197. 

 

Kelly, S. M., and Price, N. C. (1997). The application of circular dichroism to studies 

of protein folding and unfolding. Biochim Biophys Acta, 1338(2), 161–185. 

 

Khabiri, M., Minofar, B., Brezovský, J., Damborský, J., Ettrich, R. (2013). Interaction 

of organic solvents with protein structures at protein-solvent interface. Journal 

of Molecular Modeling, 19(11), 4701-4711. 

 

Khattabi, M. E., Van Gelder, P., Bitter, W., and Tommassen, J. (2003). Role of the 

calcium ion and the disulfide bond in the Burkholderia glumae lipase. Journal of 

Molecular Catalysis B: Enzymatic, 22(5-6), 329–338. 

 

Khan, F. I., Lan, D., Durrani, R., Huan, W., Zhao, Z., and Wang, Y. (2017). The Lid 

Domain in Lipases: Structural and Functional Determinant of Enzymatic 

Properties. Frontiers in Bioengineering and Biotechnology, 5(March), 1–13. 

 

Khan, S., and Vihinen, M. (2010). Performance of protein stability predictors. Human 

Mutation, 31(6), 675–684. 

 



© C
OPYRIG

HT U
PM

 

179 

 

Khan, I. M., Dill, C. W., Chandan, R. C., and Shahani, K. M. (1967). Production and 

properties of the extracellular lipase of Achromobacter lipolyticum. Biochimica 

et Biophysica Acta (BBA) - Enzymology, 132(1), 68–77. 

 

Khmelnitsky, Y. L., and Rich, J. O. (1999). Biocatalysis in nonaqueous solvents. 

Current Opinion in Chemical Biology, 3(1), 47–53. 

 

Kim, J. K., Cho, Y., Lee, M., Laskowski, R. A., Ryu, S. E., Sugihara, K., and Kim, D. 

S. (2015). BetaCavityWeb: A webserver for molecular voids and channels. 

Nucleic Acids Research, 43(W1), W413–W418. 

 

Kim, Y. O., Khosasih, V., Nam, B. H., Lee, S. J., Suwanto, A., and Kim, H. K. (2012). 

Gene cloning and catalytic characterization of cold-adapted lipase of 

Photobacterium sp. MA1-3 isolated from blood clam. Journal of bioscience and 

bioengineering, 114(6), 589–95. 

 

Klibanov, A. (1997). Why are enzymes less active in organic solvents than in water? 

Trends in Biotechnology, 15(3), 97–101. 

 

Klibanov, A.M. (2001). Improving enzymes by using them in organic solvents. 

Nature, 409(6817), 241-246. 

 

Knubovets, T., Osterhout, J. J., Klibanov, A. M. (1999). Structure of lysozyme 

dissolved in neat organic solvents as assessed by NMR and CD spectroscopies. 

Biotechnology and Bioengineering, 63(2), 242-248. 

 

Kojima, Y.,Yokoe,  M., and Mase, T. (1994). Purification and Characterization of an 

Alkaline Lipase from Pseudomonas fluorescens AK102. Bioscience, 

Biotechnology and Biochemistry, 58(9), 1564–1568. 

 

Korman, T. P., Sahachartsiri, B., Charbonneau, D. M., Huang, G. L., Beauregard, M., 

and Bowie, J. U. (2013). Dieselzymes: development of a stable and methanol 

tolerant lipase for biodiesel production by directed evolution. Biotechnology for 

Biofuels, 6(1), 70.  

 

Kony, D. B., Hunenberger, P. H., and van Gunsteren, W. F. (2007). Molecular 

dynamics simulations of the native and partially folded states of ubiquitin: 

Influence of methanol cosolvent, pH, and temperature on the protein structure 

and dynamics. Protein Science, 16(6), 1101–1118.  

 

Koudelakova, T., Chaloupkova, R., Brezovsky, J., Prokop, Z., Sebestova, E., Hesseler, 

M., Khabiri, M., et al. (2013). Engineering enzyme stability and resistance to an 

organic cosolvent by modification of residues in the access tunnel. Angewandte 

Chemie - International Edition, 52(7), 1959–1963. 

 

Kovacs, H., Mark, A. E., and van Gunsteren, W. F. (1997). Solvent structure at a 

hydrophoic protein surface. Proteins, 27(3), 395–404. 

 



© C
OPYRIG

HT U
PM

 

180 

 

Kovacs, H., Mark, A. E., Johansson, J., Van Gunsteren, W. F. (1995). The effect of 

environment on the stability of an integral membrane helix: molecular dynamics 

simulations of surfactant protein C in chloroform, methanol, and water. Journal 

of Molecular Biology, 247(4), 808-822. 

 

Krieger, E., Darden, T., Nabuurs, S., Finkelstein, A., Vriend, G. (2004). Making 

optimal use of empirical energy functions: force field parameterization in crystal 

space. Proteins, 57(4), 678-683. 

 

Krieger, E., Vriend, G. (2014). YASARA View_molecular graphics for all devices 

from smartphones to workstations. Bioinformatics, 30(20), 2981-2982. 

 

Krieger, E., Vriend, G. (2015). New ways to boost molecular dynamics simulations. 

Journal of Computational Chemistry, 36(13), 996-1007. 

 

Kreiner, M., and Parker, M. C. (2005). Protein-coated microcrystals for use in organic 

solvents: application to oxidoreductases. Biotechnology letters, 27(20), 1571–7. 

 

Kretschmar, M., Stehr, F., Felk, A., Ga, A., and Ma, B. (2004). Expression analysis of 

the Candida albicans lipase gene family during experimental infections and in 

patient samples. FEMS Yeast Research, 4(4-5), 401–408. 

 

Krishna, S. H. (2002). Developments and trends in enzyme catalysis in 

nonconventional media. Biotechnology advances, 20(3-4), 239–67. 

 

Klibanov, A. M. (2003). Asymmetric enzymatic oxidoreductions in organic solvents. 

Current Opinion in Biotechnology, 14(4), 427–431. 

 

Kuchner, O., and Arnold, F. H. (1997). Directed evolution of enzyme catalysts. Trends 

in Biotechnology15(12), 523–530. 

 

Kulakova, L., Galkin, A., Nakayama, T., Nishino, T., & Esaki, N. (2004). Cold-active 

esterase from Psychrobacter sp. Ant300: gene cloning, characterization, and the 

effects of Gly→Pro substitution near the active site on its catalytic activity and 

stability. Biochimica et Biophysica Acta (BBA) - Proteins and Proteomics, 

1696(1), 59–65.  

 

Kumar, R., Sharma, M., Singh, R., and Kaur, J. (2013). Characterization and evolution 

of a metagenome-derived lipase towards enhanced enzyme activity and 

thermostability. Molecular and Cellular Biochemistry, 373(1–2), 149–159.  

 

Kumar, R., Singh, R., and Kaur, J. (2013). Characterization and molecular modelling 

of an engineered organic solvent tolerant, thermostable lipase with enhanced 

enzyme activity. Journal of Molecular Catalysis B: Enzymatic, 97(12), 243–251. 

 

Kumar, S., Kikon, K., Upadhyay, A., Kanwar, S. S., and Gupta, R. (2005). 

Production , purification , and characterization of lipase from thermophilic and 

alkaliphilic Bacillus coagulans BTS-3. Protein Expression and Purification, 



© C
OPYRIG

HT U
PM

 

181 

 

41(1), 38–44. 

 

Kumar, S. S., and Gupta, R. (2008). An extracellular lipase from Trichosporon asahii 

MSR 54: Medium optimization and enantioselective deacetylation of phenyl 

ethyl acetate. Process Biochemistry, 43(10), 1054–1060. 

 

Kumari, N. K. P., and Jagannadham, M. V. (2011). Organic solvent induced refolding 

of acid denatured heynein : evidence of domains in the molecular. Journal of 

Proteins and Proteomics, 2(1), 11–21. 

 

Kwon, D. Y., Rhee, J. S. (1986). A simple and rapid colorimetric method for 

determination of free fatty acids for lipase assay. Journal of the American Oil 

Chemists' Society, 63(1), 89-92. 

 

Langley, D. R. (1998). Molecular Dynamic Simulations of environment and sequence 

dependent DNA conformations: The Development of the BMS Nucleic Acid 

Force Field and Comparison with Experimental Results. Journal of Biomolecular 

Structure and Dynamics, 16(3), 487–509.  

 

Lasoń, E., and Ogonowski, J. (2010). Lipase – characterization , applications and 

methods of immobilization. Science Technique, 64(2), 97–102. 

 

Labrou, N. E. (2010). Random mutagenesis methods for in vitro directed enzyme 

evolution. Current protein & peptide science, 11(1), 91–100.  

 

Larios, A., García, H. S., Oliart, R. M., and Valerio-Alfaro, G. (2004). Synthesis of 

flavor and fragrance esters using Candida antarctica lipase. Applied microbiology 

and biotechnology, 65(4), 373–6. 

 

Le, Q. A. T., Joo, J. C., Yoo, Y. J., and Kim, Y. H. (2012). Development of 

thermostable Candida antarctica lipase B through novel in silico design of 

disulfide bridge. Biotechnology and Bioengineering, 109(4), 867–876. 

 

Lee, C., Park, S.-H., Lee, M.-Y., and Yu, M.-H. (2000). Regulation of protein function 

by native metastability. Proceedings of the National Academy of Sciences, 

97(14), 7727–7731.  

 

Lee, D., Kim, H., Lee, K., Kim, B., Choe, E., Lee, H., Kim, D., et al. (2001). 

Purification and characterization of two distinct thermostable lipases from the 

gram-positive thermophilic bacterium Bacillus thermoleovorans ID-1. Enzyme 

and Microbial Technology, 29(6-7), 363–371. 

 

Lee, H., Ahn, M., Kwak, S., Song, W., & Jeong, B. (2003). Purification and 

Characterization of Cold Active Lipase from Psychrotrophic Aeromonas sp . 

LPB 4. Journal of Microbiology, 41(1), 22–27. 

 

Leemhuis, H., Kelly, R. M., Dijkhuizen, L. (2009). Directed evolution of enzymes: 

Library screening strategies. IUBMB Life, 61(3), 222–8.  



© C
OPYRIG

HT U
PM

 

182 

 

Leow, T. C., Rahman, R. N. Z. R. A., Basri, M., Salleh, A. B. (2007). A 

thermoalkaliphilic lipase of Geobacillus sp. T1. Extremophiles, 11(3), 527-535. 

 

Leonov, S. L. (2010). Screening for novel Cold-Active Lipases from wild type 

bacteria isolates. Innovative Romanian Food Biotechnology, 6, 12–17. 

 

Lesuisse, E., Schanck, K., and Colson, C. (1993). Purification and preliminary 

characterization of the extracellular lipase of Bacillus subtilis 168, an extremely 

basic pH-tolerant enzyme. European journal of biochemistry / FEBS, 216(1), 

155–160. 

 

Levitt, M., Hirshberg, M., Sharon, R., and Daggett, V. (1995). Potential energy 

function and parameters for simulations of the molecular dynamics of proteins 

and nucleic acids in solution. Computer Physics Communications, 91(1–3), 215–

231. 

 

Liebeton, K., Zonta, A., Schimossek, K., Nardini, M., Lang, D., Dijkstra, B.W., Reetz, 

M. T., Jaeger, K. E. (2000). Directed evolution of an enantioselective lipase. 

Chemistry & Biology, 7(9), 709–718.  

 

Li, C., Tan, T., Zhang, H., and Feng, W. (2010). Analysis of the Conformational 

Stability and Activity of Candida antarctica Lipase B in Organic Solvents: 

Insight from molecular dynamics and quantum mechanics/simulations. Journal 

of Biological Chemistry, 285(37), 28434–28441. 

 

Li, N.W., Zong, M.H., and Wu, H. (2009). Highly efficient transformation of waste 

oil to biodiesel by immobilized lipase from Penicillium expansum. Process 

Biochemistry, 44(6), 685–688. 

 

Li, M., Yang, L.-R., Xu, G., & Wu, J.-P. (2013). Screening, purification and 

characterization of a novel cold-active and organic solvent-tolerant lipase from 

Stenotrophomonas maltophilia CGMCC 4254. Bioresource technology, 148, 

114–20.  

 

Lins, L., Thomas, A., Brasseur, R. (2003). Analysis of accessible surface of residues 

in proteins. Protein Science, 12(7), 1406-1417. 

 

Lindsay, J. P., Clark, D. S., and Dordick, J. S. (2004). Combinatorial formulation of 

biocatalyst preparations for increased activity in organic solvents: salt activation 

of penicillin amidase. Biotechnology and bioengineering, 85(5), 553–60. 

 

Liu, H., and Hsu, C. (2003). The effects of solvent and temperature on the structural 

integrity of monomeric melittin by molecular dynamics simulations. Chemical 

Physics Letters, 375(1), 119-125. 

 

Liu, T., Liu, Y., Wang, X., Li, Q., Wang, J., and Yan, Y. (2011). Improving catalytic 

performance of Burkholderia cepacia lipase immobilized on macroporous resin 

NKA. Journal of Molecular Catalysis B: Enzymatic, 71(1-2), 45–50.  



© C
OPYRIG

HT U
PM

 

183 

 

Liu, Y., Zhang, X., Tan, H., Yan, Y., and Hameed, B. H. (2010). Effect of pretreatment 

by different organic solvents on esterification activity and conformation of 

immobilized Pseudomonas cepacia lipase. Process Biochemistry, 45(7), 1176–

1180. 

 

Lorenz, P., Liebeton, K., Niehaus, F., and Eck, J. (2002). Screening for novel enzymes 

for biocatalytic processes: accessing the metagenome as a resource of novel 

functional sequence space. Current opinion in biotechnology, 13(6), 572-7. 

 

Lousa, D., Cianci, M., Helliwell, J. R., Halling, P. J., Baptista, M., and Soares, M. 

(2012). Interaction of Counterions with Subtilisin in Acetonitrile: Insights from 

Molecular Dynamics Simulations. Journal of Physical Chemistry, 116(20), 

5838–5848. 

 

Lousa, D., Baptista, A. M., Soares, C. M. (2012). Analyzing the molecular basis of 

enzyme stability in ethanol/water mixtures using molecular dynamics 

simulations. Journal of Chemical Information and Modeling, 52(2), 465-473. 

 

Luo, J., Bruice, T. C. (2002). Ten-nanosecond molecular dynamics simulation of the 

motions of the horse liver alcohol dehydrogenase. PhCH2O- complex. 

Proceedings of the National Academy of Sciences of the United States of 

America, 99(26), 16597-16600. 

 

Lo Giudice, A., Michaud, L., de Pascale, D., De Domenico, M., di Prisco, G., Fani, 

R., & Bruni, V. (2006). Lipolytic activity of Antarctic cold-adapted marine 

bacteria (Terra Nova Bay, Ross Sea). Journal of applied microbiology, 101(5), 

1039–48.  

 

Macauley-Patrick, S., Fazenda, M. L., McNeil, B., Harvey, L. M. (2005). 

Heterologous protein production using the Pichia pastoris expression system. 

Yeast, 22(4), 249–270 

 

Madan, B., and Mishra, P. (2014). Directed evolution of Bacillus licheniformis lipase 

for improvement of thermostability. Biochemical Engineering Journal, 91(10), 

276–282.  

 

Mansfeld, J., and Ulbrich-Hofmann, R. (2007). The stability of engineered 

thermostable neutral proteases from Bacillus stearothermophilus in organic 

solvents and detergents. Biotechnology and bioengineering, 97(4), 672–9. 

 

Marsh, J. A., and Teichmann, S. A. (2011). Relative solvent accessible surface area 

predicts protein conformational changes upon binding. Structure, 19(6), 859-867. 

 

Martínez, R., and Schwaneberg, U. (2013). A roadmap to directed enzyme evolution 

and screening systems for biotechnological applications. Biological Research, 

46, 395–405. 

 

 



© C
OPYRIG

HT U
PM

 

184 

 

Martinez, P., and Arnold, F. H. (1991). Surface Charge Substitutions Increase the 

Stability of a-Lytic Protease in Organic Solvents. Journal of American Chemical 

Society, 113, 6336–6337. 

 

Matsumura, H., Yamamoto, T., Leow, T. C., Mori, T., Salleh, A. B., Basri, M., Inoue, 

T., Kai, Y., and Rahman R. N. Z. R. A. (2008). Novel cation-π interaction 

revealed by crystal structure of thermoalkalophilic lipase. Proteins, 70(2), 592-

598. 

 

Mateo, C., Palomo, J. M., Fernandez-Lorente, G., Guisan, J. M., and Fernandez-

Lafuente, R. (2007). Improvement of enzyme activity, stability and selectivity 

via immobilization techniques. Enzyme and Microbial Technology, 40(6), 1451–

1463. 

 

Mattos, C., and Ringe, D. (2001). Proteins in organic solvents. Current Opinion in 

Structural Biology, 11(6), 761-764. 

 

Mattos, C. (2002). Protein–water interactions in a dynamic world. Trends in 

Biochemical Sciences, 27(4), 203–208.  

 

Madhikar, S. D., Yewle, J. N., Jadhav, U. U., Chougale, A. D., Zambare, V. P., Padul, 

M. V, & Tsing, N. (2011). Biochemical Studies of Lipase from Germinating Oil 

Seeds (Glycine max) Department of Biochemistry , New Arts , Commerce and 

Science College , Ahmednagar , Maharashtra , 414001, India Center for 

Bioprocessing Research and Development , South Dakota Scho, 7(3), 141–145. 

 

Maiangwa, J., Ali, M. S. M., Salleh, A. B., Rahman, R. N. Z. R. A., Shariff, F. M., & 

Leow, T. C. (2015). Adaptational properties and applications of cold-active 

lipases from psychrophilic bacteria. Extremophiles, 19(2), 235–247 

 

Médigue, C., Krin, E., Pascal, G., Barbe, V., Bernsel, A., Bertin, P. N., Cheung, F., et 

al. (2005). Coping with cold: the genome of the versatile marine Antarctica 

bacterium Pseudoalteromonas haloplanktis TAC125. Genome research, 15(10), 

1325–35.  

 

Meharenna, Y. T., and Poulos, T. L. (2010). Using molecular dynamics to probe the 

structural basis for enhanced stability in thermal stable cytochromes P450. 

Biochemistry, 49(31), 6680–6686. 

 

Metropolis, N., Rosenbluth, A. W., Rosenbluth, M. N., Teller, A. H., and Teller, E. 

(1953). Equation of State Calculations by Fast Computing Machines. Journal of 

Chemical Physics, 21(6), 1087–1092. 

 

Methé, B. a, Nelson, K. E., Deming, J. W., Momen, B., Melamud, E., Zhang, X., 

Moult, J., et al. (2005). The psychrophilic lifestyle as revealed by the genome 

sequence of Colwellia psychrerythraea 34H through genomic and proteomic 

analyses. Proceedings of the National Academy of Sciences of the United States 

of America, 102(31), 10913–8.  



© C
OPYRIG

HT U
PM

 

185 

 

Micaelo, M. N., Soares, C. M. (2007). Modeling hydration mechanisms of enzymes 

in nonpolar and polar organic solvents. FEBS, 274(9), 2424-2436. 

 

Micaelo, M. N., Teixeira, V. H., Antonio, M., Baptista, A. M., Soares, C. M. (2005). 

Water dependent properties of cutinase in nonaqueous solvents: a computational 

study of enantioselectivity. Biophysical Journal, 89(2), 999-1008. 

 

Micsonai, A., Wien, F., Kernya, L., Lee, Y. H., Goto, Y., Refregiers, M., and Kardos, 

J. (2015). Accurate secondary structure prediction and fold recognition for 

circular dichroism spectroscopy. Proceedings of the National Academy of 

Sciences, 112(24), E3095-103.  

 

Miyamoto, S., and Kollman, P. A. (1992). SETTLE: an analytical version of the 

SHAKE and RATTLE algorithm for rigid water models. Journal of 

Computational Chemistry, 13(8), 952-962. 

 

Mobarak-Qamsari, E., Kasra-Kermanshahi, R., and Moosavi-Nejad, Z. (2011). 

Isolation and identification of a novel, lipase-producing bacterium, Pseudomnas 

aeruginosa KM110. Iranian journal of microbiology, 3(2), 92–8. 

 

Mogi, K., and Nakajima, M. (1996). Selection of surfactant-modified lipases for 

interesterification of triglyceride and fatty acid. Journal of the American Oil 

Chemists’ Society, 73(11), 1505–1512. 

 

Mohamad Ali, M. S., Mohd Fuzi, S. F., Ganasen, M., Abdul Rahman, R. N. Z. R., 

Basri, M., & Salleh, A. B. (2013). Structural adaptation of cold-active RTX lipase 

from Pseudomonas sp. strain AMS8 revealed via homology and molecular 

dynamics simulation approaches. BioMed research international, 2013, 925373.  

 

Monhemi, H., Housaindokht, M. R., Moosavi-Movahedi, A. A., and Bozorgmehr, M. 

R. (2014). How a protein can remain stable in a solvent with high content of urea: 

insights from molecular dynamics simulation of Candida antarctica lipase B in 

urea : choline chloride deep eutectic solvent. Physical Chemistry Chemical 

Physics, 16(28), 14882.  

 

Moniruzzaman, M., Kamiya, N., and Goto, M. (2010). Activation and stabilization of 

enzymes in ionic liquids. Organic & biomolecular chemistry, 8(13), 2887–2899. 

 

Montigny, C., Penin, F., Lethias, C., & Falson, P. (2004). Overcoming the toxicity of 

membrane peptide expression in bacteria by upstream insertion of Asp-

Prosequence. Biochimica et Biophysica Acta (BBA) - Biomembranes, 1660(1-2), 

53-65. 

 

Mozhaev, V. V. (1993). Mechanism-based strategies for protein thermostabilization. 

Trends in Biotechnology, 11(3), 88–95. 

 

Muryoi, N., Sato, M., Kaneko, S., Kawahara, H., Obata, H., Yaish, M. W. F., Griffith, 

M., et al. (2004). Cloning and expression of afpA, a gene encoding an antifreeze 



© C
OPYRIG

HT U
PM

 

186 

 

protein from the arctic plant growth-promoting rhizobacterium Pseudomonas 

putida GR12-2. Journal of bacteriology, 186(17), 5661–71.  

 

Nakagawa, Y., Hasegawa, A., Hiratake, J. (2007). Engineering of Pseudomonas 

aeruginosa lipase by directed evolution for enhanced amidase activity : 

mechanistic implication for amide hydrolysis by serine hydrolases. Protein 

Engineering, Design and Selection, 20(7), 339–346. 

 

Nardini, M., Dijkstra, B. W. (1999). Alpha/beta hydrolase fold enzymes: the family 

keeps growing. Current Opinion in Structural Biology, 9(6), 732-737. 

 

Natalello, A., Sasso, F., and Secundo, F. (2013). Enzymatic transesterification 

monitored by an easy-to-use Fourier transform infrared spectroscopy method. 

Biotechnology Journal, 8(1), 133–138. 

 

Nelson, E. D., and Grishin, N. V. (2016). Long-Range epistasis mediated by structural 

change in a model of ligand binding proteins. PLoS ONE, 11(11), 1–16. 

 

Niu, W.-N., Li, Z.-P., Zhang, D.-W., Yu, M.-R., and Tan, T.-W. (2006). Improved 

thermostability and the optimum temperature of Rhizopus arrhizus lipase by 

directed evolution. Journal of Molecular Catalysis B: Enzymatic, 43(1), 33–39. 

 

Noble, M. E. M., Cleasby, A., Johnson, L. N., Egmond, M. R., Frenken, L. G. J. 

(1993). The crystal structure of triacylglycerol lipase from Pseudomonas glumae 

reveals a partially redundant catalytic aspartate. FEBS Letters, 331(1-2), 123-

128. 

 

Nogi, Y., Masui, N., & Kato, C. (1998). Photobacterium profundum sp. nov., a new, 

moderately barophilic bacterial species isolated from a deep-sea sediment. 

Extremophiles, 2(1), 1–7.  

 

Novototskaya-Vlasova, K., Petrovskaya, L., Kryukova, E., Rivkina, E., Dolgikh, D., 

& Kirpichnikov, M. (2013). Expression and chaperone-assisted refolding of a 

new cold-active lipase from Psychrobacter cryohalolentis K5(T). Protein 

expression and purification, 91(1), 96–103.  

 

Norin, M., Haeffner, F., Hult, K., and Edholm, O. (1994). Molecular dynamics 

simulations of an enzyme surrounded by vacuum, water, or a hydrophobic 

solvent. Biophysical Journal, 67(2), 548–559.  

 

Norio Hamamatsu, Takuyo Aita, Y. N., Hidefumi Uchiyama, M. N., and Shibanaka, 

Y. H. and Y. (2005). Biased mutation-assembling : an efficient method for rapid 

directed evolution through simultaneous mutation accumulation. Protein 

Engineering Design and Selection, 18(6), 265–271. 

 

Norio Hamamatsu, Yukiko Nomiya, T. A., Motowo Nakajima1, Y. H. and Shibanaka, 

Y. (2006). Directed evolution by accumulating tailored mutations : 

Thermostabilization of lactate oxidase with less trade-off with catalytic activity. 



© C
OPYRIG

HT U
PM

 

187 

 

Protein Engineering, Design & Selection, 19(11), 483–489. 

 

Nthangeni, M. B., Patterton, H., Tonder, V., and Vergeer, W. P. (2001). Over-

expression and properties of a purified recombinant Bacillus licheniformis 

lipase : a comparative report on Bacillus lipases. Enzyme and Microbial 

Technology, 28, 705–712. 

 

Oelmeier, S. A., Dismer, F., Hubbuch, J. (2012). Molecular dynamics simulations on 

aqueous two-phase systems-Single PEG-molecules in solution. BMC Biophysics, 

5(1), 1-14. 

 

Ollis, D. L., Cheah, E., Cygler, M., Dijkstra, B., Frolow, F., Franken, S. M., Harel, 

M., Remington, S. J., Silman, I., Schrag, J. (1992). The alpha/beta hydrolase fold. 

Protein Engineering, 5(3), 197-211. 

 

Ogino, H., Uchiho, T., Yokoo, J., Kobayashi, R., Ichise, R., and Ishikawa, H. (2001). 

Role of intermolecular disulfide bonds of the organic solvent-stable PST-01 

protease in its organic solvent stability. Applied and Environmental 

Microbiology, 67(2), 942–947. 

 

Ogino, H., & Ishikawa, H. (2001). Enzymes which are stable in the presence of organic 

solvents. Journal of Bioscience and Bioengineering, 91(2), 109–116. 

 

Okazaki, S. Y., Kamiya, N., Goto, M., & Nakashio, F. (1997). Enantioselective 

esterification of glycidol by surfactant-lipase complexes in organic media. 

Biotechnology Letters, 19(6), 541–543. 

 

Okuzumi, M., Himishi, A., Kobayashi, T., & Fujii, T. (1994). Photobacterium 

histaminum sp. nov., a Histamine-Producing Marine Bacterium. Internationjoaul 

Journal of Systematic Bacteriology, 44(4), 631–6. 

 

Onarheim, A. M., Wiik, R., Burghardt, J., & Stackebrandt, E. (1994). Characterization 

and Identification of Two Vibrio Species Indigenous to the Intestine of Fish in 

Cold Sea Water. Systematic and Applied Microbiology, 17(3), 370–379.  

 

Ottosson, J., Fransson, L., King, J. W., and Hult, K. (2002). Size as a parameter for 

solvent effects on Candida antarctica lipase B enantioselectivity. Biochimica et 

biophysica acta, 1594(2), 325–334. 

 

Otten, L. G., Hollmann, F., & Arends, I. W. C. E. (2010). Enzyme engineering for 

enantioselectivity: from trial-and-error to rational design? Trends in 

biotechnology, 28(1), 46–54. 

 

Ozmen, E. Y., Sezgin, M., and Yilmaz, M. (2009). Synthesis and characterization of 

cyclodextrin-based polymers as a support for immobilization of Candida rugosa 

lipase. Journal of Molecular Catalysis B: Enzymatic, 57(1), 109–114. 

 

 



© C
OPYRIG

HT U
PM

 

188 

 

Pace, C. N., Fu, H., Fryar, K. L., Landua, J., Trevino, S. R., Bret, A., Hendricks, M. 

M., Iimura, S., Gajiwala, K., Scholtz, J. M., Grimsley, G. R. (2012). Contribution 

of hydrophobic interactions to protein stability. Journal of Molecular Biology, 

408(3), 514-528. 

 

Pahoja, V. M. P., & . Sethar, A. M. (2002). A Review of Enzymatic Properties of 

Lipase in Plants, Animals and Microorganisms. Journal of Applied Sciences, 

2(4), 474–484. 

 

Palomo, J. M. Muñoz, G. Fernández-Lorente, G. Mateo, C. Fuentes, M. Guisan, J. M. 

and Fernández-Lafuente, R. (2003). Modulation of Mucor miehei lipase 

properties via directed immobilization on different hetero-functional epoxy 

resins: Hydrolytic resolution of (R,S)-2-butyroyl-2-phenylacetic acid. Journal of 

Molecular Catalysis B: Enzymatic, 21(4-6), 201–210. 

 

Pandey, A., Benjamin, S., Soccol, C. R., Nigam, P., Krieger, N., and Soccol, V. T. 

(1999). The realm of microbial lipases in biotechnology. Biotechnology and 

applied biochemistry, 29( Pt 2), 119–31. 

 

Parthasarathy, S., Murthy, M. R. (2000). Protein thermal stability: insights from 

atomic displacement parameters (B values). Protein Engineering, 13(1), 9-13. 

 

Papaleo, E., Pasi, M., Tiberti, M., and De Gioia, L. (2011). Molecular dynamics of 

mesophilic-like mutants of a cold-adapted enzyme: insights into distal effects 

induced by the mutations. PloS one, 6(9), e24214.  

 

Paramo, T., East, A., Garzón, D., Ulmschneider, M. B., and Bond, P. J. (2014). 

Efficient characterization of protein cavities within molecular simulation 

trajectories: Trj-cavity. Journal of Chemical Theory and Computation, 10(5), 

2151–2164. 

 

Park, I.-H., Kim, S.-H., Lee, Y.-S., Lee, S.-C., Zhou, Y., Kim, C.-M., Ahn, S.-C., et 

al. (2009). Gene Cloning, Purification, and Characterization of a Cold-Adapted 

Lipase Produced by Acinetobacter baumannii BD5. Journal of Microbiology and 

Biotechnology, 19(2), 128–135.  

 

Park, H. J., Joo, J. C., Park, K., Kim, Y. H., and Yoo, Y. J. (2013). Prediction of the 

solvent affecting site and the computational design of stable Candida antarctica 

lipase B in a hydrophilic organic solvent. Journal of Biotechnology, 163(3), 346–

352.  

 

Park, H. J., Joo, J. C., Park, K., and Yoo, Y. J. (2012). Stabilization of Candida 

antarctica lipase B in hydrophilic organic solvent by rational design of hydrogen 

bond. Biotechnology and Bioprocess Engineering, 17(4), 722–728. 

 

Park, H. J., Joo, J. C., Park, K., Kim, Y. H., and Yoo, Y. J. (2013). Prediction of the 

solvent affecting site and the computational design of stable Candida antarctica 

lipase B in a hydrophilic organic solvent. Journal of Biotechnology, 163(3), 346–



© C
OPYRIG

HT U
PM

 

189 

 

352. 

 

Park, Y.-D., Baik, K. S., Seong, C. N., Bae, K. S., Kim, S., & Chun, J. (2006). 

Photobacterium ganghwense sp. nov., a halophilic bacterium isolated from sea 

water. International journal of systematic and evolutionary microbiology, 56(Pt 

4), 745–9. 

 

Parra, L. P., Reyes, F., Acevedo, J. P., Salazar, O., Andrews, B. A., & Asenjo, J. A. 

(2008). Cloning and fusion expression of a cold-active lipase from marine 

Antarctic origin. Enzyme and Microbial Technology, 42(4), 371–377.  

 

Patargias, G. N., Harris, S. A., Harding, J. H. (2010). A demonstration of the 

inhomogeneity of the local dielectric response of proteins by molecular dynamics 

simulations. Journal of Chemical Physics, 132(23), 235103. 

 

Pavlova, M., Klvana, M., Prokop, Z., Chaloupkova, R., Banas, P., Otyepka, M., Wade, 

R. C., et al. (2009). Redesigning dehalogenase access tunnels as a strategy for 

degrading an anthropogenic substrate. Nature chemical biology, 5(10), 727–33. 

 

Pazhang, M., Khajeh, K., Ranjbar, B., and Hosseinkhani, S. (2006). Effects of water-

miscible solvents and polyhydroxy compounds on the structure and enzymatic 

activity of thermolysin. Journal of biotechnology, 127(1), 45–53. 

 

Pedone, E., Saviano, M., Rossi, M., Bartolucci, S. (2001). A single point mutation 

(Glu85Arg) increases the stability of the thioredoxin from Escherichia coli. 

Protein Engineering, 14(4), 255-260. 

 

Peng, X.-Q. (2013). Improved Thermostability of Lipase B from Candida antarctica 

by Directed Evolution and Display on Yeast Surface. Applied Biochemistry and 

Biotechnology, 169(2), 351–358.  

 

Permana, M., Indrati, R., Hastuti, P., and Suparmo, I. D. G (2011). Characteristics of 

purified indigenous lipase from germinated cocoa bean using phenyl sepharose. 

Asian Journal of Food and Agro-Industry, 4(05), 274–285. 

 

Peterson, M. E., Daniel, R. M., Danson, M. J., and Eisenthal, R. (2007). The 

dependence of enzyme activity on temperature: determination and validation of 

parameters. The Biochemical journal, 402(2), 331–7. 

 

Pfeffer, J., Rusnak, M., Hansen, C. E., Rhlid, R. B., Schmid, R. D., Maurer, S. C. 

(2007). Functional expression of lipase A from Candida antarctica in 

Escherichia coli—A prerequisite for high-throughput screening and directed 

evolution. Journal of Molecular Catalysis B: Enzymatic, 45(1-2), 62–67. 

 

Polizelli, P. P., Facchini, F. D. A., & Bonilla-Rodriguez, G. O. (2013). Stability of a 

lipase extracted from seeds of Pachira aquatica in commercial detergents and 

application tests in poultry wastewater pretreatment and fat particle hydrolysis. 

Enzyme Research, 2013. 



© C
OPYRIG

HT U
PM

 

190 

 

Polizzi, K. M., Bommarius, A. S., Broering, J. M., Chaparro-Riggers, J. F. (2007). 

Stability of biocatalysts. Current Opinion in Chemical Biology, 11, 220–225 

 

Pourmir, A., and Johannes, T. W. (2012). Directed evolution : selection of the host 

organism. Computational and Structural Biotechnology, e201209012. 

 

Prasad, S., Bocola, M., Reetz, M. T. (2011). Revisiting the lipase from Pseudomonas 

aeruginosa: directed evolution of substrate acceptance and enantioselectivity 

using iterative saturation mutagenesis. European journal of chemical physics and 

physical chemistry, 12(8), 1550–7.  

 

Rabus, R., Ruepp, A., Frickey, T., Rattei, T., Fartmann, B., Stark, M., Bauer, M., et 

al. (2004). The genome of Desulfotalea psychrophila, a sulfate-reducing 

bacterium from permanently cold Arctic sediments. Environmental 

microbiology, 6(9), 887–902.  

 

Radestock, S., and Gohlke, H. (2008). Exploiting the Link between Protein Rigidity 

and Thermostability for Data-Driven Protein Engineering. Engineering in Life 

Sciences, 8(5), 507–522. 

 

Rahman, R., Leow, T., Salleh, A., and Basri, M. (2007). Geobacillus zalihae sp. nov., 

a thermophilic lipolytic bacterium isolated from palm oil mill effluent in 

Malaysia. BMC Microbiology, 7(1), 77. 

 

Rajendran, A., Palanisamy, A., and Thangavelu, V. (2009). Lipase Catalyzed Ester 

Synthesis for Food Processing Industries. Brazilian Archives of Biology and 

Technology, 52(1), 207–219. 

 

Rajesh, E. M., Arthe, R., Rajendran, R., Balakumar, C., Pradeepa, N., and Anitha, S. 

(2010). Investigation of lipase production by Trichoderma reesei and 

optimization of production parameters. Electronic Journal of Environmental, 

Agricultural and Food Chemistry, 9(7), 1177–1189. 

 

Rakesh, K., Nisha, C., Ranvir, S., Ks, P., and Jagdeep, K. (2015). Advancements in 

Genetic Engineering Engineering of A Lipase towards Thermostability : Studies 

on Additive Effect of the two Thermo-Stabilising Mutations at Protein Surface. 

Advancements in Genetic Engineering, 4(2). 

 

Ramteke, P. W., Joseph, B., and Kuddus, M. (2005). Extracellular lipases from 

anaerobic microorganisms of Antarctic. Indian Journal of Biotechnology, 4(4), 

293–294. 

 

Rashid, N., Shimada, Y., Ezaki, S., Atomi, H., & Imanaka, T. (2001). Low-

temperature lipase from psychrotrophic Pseudomonas sp. strain KB700A. 

Applied and environmental microbiology, 67(9), 4064–9.  

 

Raussens, V., Ruysschaert, J. M., and Goormaghtigh, E. (2003). Protein concentration 

is not an absolute prerequisite for the determination of secondary structure from 



© C
OPYRIG

HT U
PM

 

191 

 

circular dichroism spectra: A new scaling method. Analytical Biochemistry, 

319(1), 114–121. 

 

Reddy, G. S. N., Matsumoto, G. I., Schumann, P., Stackebrandt, E., & Shivaji, S. 

(2004). Psychrophilic pseudomonads from Antarctica: Pseudomonas antarctica 

sp. nov., Pseudomonas meridiana sp. nov. and Pseudomonas proteolytica sp. 

nov. International Journal of Systematic and Evolutionary Microbiology, 54(3), 

713–719. 

 

Reetz, M. T., Carballeira, J. D., and Vogel, A. (2006). Iterative saturation mutagenesis 

on the basis of b factors as a strategy for increasing protein thermostability. 

Angewandte Chemie - International Edition, 45(46), 7745–7751. 

 

Reetz, M. T., Carballeira, J. D. (2007). Iterative saturation mutagenesis (ISM) for rapid 

directed evolution of functional enzymes. Nature Protocols. 2(4), 891–903.  

 

Reetz, M. T., Soni, P., Fernández, L., Gumulya, Y., and Carballeira, J. D. (2010). 

Increasing the stability of an enzyme toward hostile organic solvents by directed 

evolution based on iterative saturation mutagenesis using the B-FIT method. 

Chemical communications, 46(45), 8657–8.  

 

Reetz, M. T., M. H. B., & Heinz-Werner Klein,  and D. S. (1999). A Method for High-

Throughput Screening of Enantioselective Catalysts. Communications, (12), 

1758–1761. 

 

Rehm, S., Trodler, P., and Pleiss, J. (2010). Solvent-induced lid opening in lipases: A 

molecular dynamics study. Protein Science, 19(11), 2122–2130.  

 

Reis, P., Holmberg, K., Watzke, H., Leser, M. E., and Miller, R. (2009). Lipases at 

interfaces: A review. Advances in Colloid and Interface Science, 147, 237–250. 

 

Ricci, C. G., de Andrade, A. S. C., Mottin, M., and Netz, P. A. (2010). Molecular 

Dynamics of DNA: Comparison of Force Fields and Terminal Nucleotide 

Definitions. The Journal of Physical Chemistry B, 114(30), 9882–9893.  

 

Richards, F. M. (1974). The interpretation of protein structures: Total volume, group 

volume distributions and packing density. Journal of Molecular Biology, 82(1), 

1–14. 

 

Rogalska, E., Cudrey, C., Ferrato, F., & Verger, R. (1993). Stereoselective hydrolysis 

of triglycerides by animal and microbial lipases. Chirality, 5(1), 24–30. 

 

Rosano, G. L., & Ceccarelli, E. A. (2014). Recombinant protein expression in 

Escherichia coli : advances and challenges. Frontiers in Microbiology, 5(4), 1–

17. 

 

Rother, K., Hildebrand, P. W., Goede, A., Gruening, B., and Preissner, R. (2009). 

Voronoia: Analyzing packing in protein structures. Nucleic Acids Research, 



© C
OPYRIG

HT U
PM

 

192 

 

37(Database), D393-D395. 

 

Roy, I., and Gupta, M. N. (2004). Preparation of highly active α-chymotrypsin for 

catalysis in organic media. Bioorganic & Medicinal Chemistry Letters, 14(9), 

2191–2193 

 

Rua, M. L., Atomi, H., Schmidt-Dannert, C., and Schmid, R. D. (1998). High-level 

expression of the thermoalkalophilic lipase from Bacillus thermocatenulatus in 

Escherichia coli. Applied Microbiology and Biotechnology, 49(4), 405–410. 

 

Rubin-Pitel, S. B., Zhao, H. (2006). Recent advances in biocatalysis by directed 

enzyme evolution. Combinatorial chemistry & high throughput screening, 9(4), 

247–57. 

 

Russo, R., Giordano, D., Riccio, A., di Prisco, G., & Verde, C. (2010). Cold-adapted 

bacteria and the globin case study in the Antarctic bacterium Pseudoalteromonas 

haloplanktis TAC125. Marine genomics, 3(3–4), 125–31. 

 

Ryu, H. S., Kim, H. K., Choi, W. C., Kim, M. H., Park, S. Y., Han, N. S., Oh, T. K., 

et al. (2006). New cold-adapted lipase from Photobacterium lipolyticum sp. nov. 

that is closely related to filamentous fungal lipases. Applied microbiology and 

biotechnology, 70(3), 321–6. 

 

Sabuti, R. M., Bozorgmehr, M. R., and Morsali, A. (2017). Molecular dynamics 

simulations on the heterocyclic cyclodecapeptide and its linear analogous in 

water and octanol solvents. Journal of Molecular Liquids, 229(3), 583–590.  

 

Sangeetha, K., and Emilia Abraham, T. (2008). Preparation and characterization of 

cross-linked enzyme aggregates (CLEA) of Subtilisin for controlled release 

applications. International Journal of Biological Macromolecules, 43(3), 314–

319. 

 

Sandström, A. G., Wikmark, Y., Engström, K., Nyhlén, J., and Bäckvall, J.-E. (2012). 

Combinatorial reshaping of the Candida antarctica lipase A substrate pocket for 

enantioselectivity using an extremely condensed library. Proceedings of the 

National Academy of Sciences of the United States of America, 109(1), 78–83.  

 

Santambrogio, C., Sasso, F., Natalello, A., Brocca, S., Grandori, R., Doglia, S. M., 

and Lotti, M. (2013). Effects of methanol on a methanol-tolerant bacterial lipase. 

Applied Microbiology and Biotechnology, 97(19), 8609–8618. 

 

Saravanan, P., Dubey, V. K. umar, and Patra, S. (2014). Emulating structural stability 

of Pseudomonas mendocina lipase: in silico mutagenesis and molecular 

dynamics studies. Journal of molecular modeling, 20(11), 2501. 

 

Saraf, M. C., Gupta, A., Maranas, C. D. (2005). Design of combinatorial protein 

libraries of optimal size. Proteins, 60(4), 769–77.  

 



© C
OPYRIG

HT U
PM

 

193 

 

Sauer, D. B., Karpowich, N. K., Song, J. M., and Wang, D. N. (2015). Rapid 

bioinformatic identification of thermostabilizing mutations. Biophysical Journal, 

109(7), 1420–1428.  

 

Schlegel, S., Rujas, E., Ytterberg, A. J., Zubarev, R. A., Luirink, J., & Gier, J.-W. de. 

(2013). Optimizing heterologous protein production in the periplasm of E . coli 

by regulating gene expression levels. Microbial cell factories, 12(24), 1–12. 

 

Schröder, C., Rudas, T., Boresch, S., and Steinhauser, O. (2006). Simulation studies 

of the protein-water interface. I. Properties at the molecular resolution. Journal 

of Chemical Physics, 124(23), 234907-18 

 

Schymkowitz, J., Borg, J., Stricher, F., Nys, R., Rousseau, F., and Serrano, L. (2005). 

The FoldX web server: An online force field. Nucleic Acids Research, 

33(Webserver), W382-W388. 

 

Secundo, F., Carrea, G., Tarabiono, C., Gatti-lafranconi, P., Brocca, S., Lotti, M., 

Jaeger, K., et al. (2006). The lid is a structural and functional determinant of 

lipase activity and selectivity. Journal of Molecular Catalysis B: Enzymatic, 

39(1-4), 166–170. 

 

Seo, J. B., Kim, H. S., Jung, G. Y., Nam, M. H., Chung, J. H., Kim, J. Y., Yoo, J. S., 

et al. (2004). Psychrophilicity of Bacillus psychrosaccharolyticus: a proteomic 

study. Proteomics, 4(11), 3654–9.  

 

Seo, H. J., Bae, S. S., Yang, S. H., Lee, J.-H., & Kim, S.-J. (2005a). Photobacterium 

aplysiae sp. nov., a lipolytic marine bacterium isolated from eggs of the sea hare 

Aplysia kurodai. International journal of systematic and evolutionary 

microbiology, 55(Pt 6), 2293–6.  

 

Seo, H. J., Bae, S. S., Lee, J.-H., & Kim, S.-J. (2005). Photobacterium frigidiphilum 

sp. nov., a psychrophilic, lipolytic bacterium isolated from deep-sea sediments of 

Edison Seamount. International journal of systematic and evolutionary 

microbiology, 55(Pt 4), 1661–6.  

 

Serdakowski, A. L., and Dordick, J. S. (2008). Enzyme activation for organic solvents 

made easy. Trends in Biotechnology, 26(1), 48–54. 

 

Sharma, P. K., and Kaur, J. (2012). Studying altered biochemical properties of a WT 

Lipase by mutating a polar amino acid to non polar on the protein surface. 

Journal of Microbiology and Biotechnology, 2(4), 580–585. 

 

Sharma, R., Chisti, Y., and Banerjee, U. C. (2001). Production, purification, 

characterization, and applications of lipases. Biotechnology Advances, 19, 627–

662. 

 

Shimada, Y., Watanabe, Y., Samukawa, T., Sugihara, A., Noda, H., Fukuda, H., and 

Tominaga, Y. (1999). Conversion of vegetable oil to biodiesel using immobilized 



© C
OPYRIG

HT U
PM

 

194 

 

Candida antarctica lipase. Journal of the American Oil Chemists’ Society, 76(7), 

789–793. 

 

Shimaoka, M., Lu, C., Salas, A., Xiao, T., Takagi, J., and Springer, T. A. (2002). 

Stabilizing the integrin alpha M inserted domain in alternative conformations 

with a range of engineered disulfide bonds. Proceedings of the National Academy 

of Sciences of the United States of America, 99(26), 16737–41. 

 

Shimizu-Ibuka, A., Matsuzawa, H., and Sakai, H. (2006). Effect of disulfide-bond 

introduction on the activity and stability of the extended-spectrum class A beta-

lactamase Toho-1. Biochimica et biophysica acta, 1764(8), 1349–55.  

 

Shiraki, K., Nishikawa, K., Goto, Y. (1995). Trifluoroethanol-induced stabilization of 

the alpha-helical structure of beta-lactoglobulin: implication for non-hierarchical 

protein folding. Journal of Molecular Biology, 245(2), 180-194. 

 

Shipovskov, S., Trofimova, D., Saprykin, E., Christenson, A., Ruzgas, T., Levashov, 

A. V, and Ferapontova, E. E. (2005). Spraying enzymes in microemulsions of 

AOT in nonpolar organic solvents for fabrication of enzyme electrodes. 

Analytical chemistry, 77(21), 7074–9. 

 

Shivaji, S., Reddy, G. S. N., Raghavan, P. U. M., Sarita, N. B., & Delille, D. (2004). 

Psychrobacter salsus sp. nov. and Psychrobacter adeliensis sp. nov. Isolated 

from Fast Ice from Adelie Land, Antarctica. System. Appl. Microbiol, 27, 628–

635. 

 

Shieh, W. Y., Chen, Y.-W., Chaw, S.-M., & Chiu, H.-H. (2003). Vibrio ruber sp. nov., 

a red, facultatively anaerobic, marine bacterium isolated from sea water. 

International Journal of Systematic and Evolutionary Microbiology, 53(2), 479–

484.  

 

Shokri, M., Ahmadian, S., Akbari, N., and Khajeh, K. (2014). 

Hydrophobicsubstitution of surface residues affects lipase stability in organic 

solvents. Molecular biotechnology, 56(4), 360–8.  

 

Shukla, P., and Gupta, K. (2007). Ecological screening for lipolytic molds andprocess 

optimization for lipase production from Rhizopus oryzae KG-5. Journal of 

Applied Sciences, 2(2), 35–42. 

 

Silberstein, M., Dennis, S., Brown, L., Kortvelyesi, T., Clodfelter, K., and Vajda, S. 

(2003). Identification of substrate binding sites in enzymes by computational 

solvent mapping. Journal of Molecular Biology, 332(5), 1095–1113. 

 

Simonson, T., and Brooks, C. L. (1996). Charge Screening and the Dielectric Constant 

of Proteins:  Insights from Molecular Dynamics. Journal of the American 

Chemical Society, 118(35), 8452–8458.  

 

Singh, A. K., and Mukhopadhyay, M. (2012). Overview of Fungal Lipase : A Review. 



© C
OPYRIG

HT U
PM

 

195 

 

Applied Biochemistry and Biotechnology, 166(2), 486–520. 

 

Sinha, R., and Khare, S. K. (2014). Effect of organic solvents on the structure and 

activity of moderately halophilic Bacillus sp. EMB9 protease. Extremophiles, 

18(6), 1057–1066. 

 

Sirisha, E., Rajasekar, N., and Narasu, M. L. (2010). Isolation and optimization of 

lipase producing bacteria from oil contaminated soils. Advances in Biological 

Research, 4(5), 249–252. 

 

Skjøt, M., de Maria, L., Chatterjee, R., Svendsen, A., Patkar, S. A., Østergaard, P. R., 

and Brask, J. (2009). Understanding the plasticity of the α/β hydrolase fold: Lid 

swapping on the Candida antarctica lipase B results in chimeras with interesting 

biocatalytic properties. ChemBioChem, 10(3), 520–527. 

 

Smail, K., Tchouar, N., Barj, M., Marekha, B., and Idrissi, A. (2015). Luteolin organic 

solvent interactions. A molecular dynamics simulation analysis. Journal of 

Molecular Liquids, 212(12), 503–508.  

 

Soares, C. M., Teixeira, V. H., Baptista, M. A. (2003). Protein structure and dynamics 

in nonaqueous solvents: insights from molecular dynamics simulation studies. 

Biophysical Journal, 84(3), 1628-1641. 

 

Sohn, J. H., Lee, J.-H., Yi, H., Chun, J., Bae, K. S., Ahn, T.-Y., & Kim, S.-J. (2004). 

Kordia algicida gen. nov., sp. nov., an algicidal bacterium isolated from red tide. 

International Journal of Systematic and Evolutionary Microbiology, 54(3), 675–

680.  

 

Sonavane, S., and Chakrabarti, P. (2008). Cavities and atomic packing in protein 

structures and interfaces. PLoS Computational Biology, 4(9), e1000188. 

 

Sooch, B. S., and Kauldhar, B. S. (2013). Influence of Multiple Bioprocess Parameters 

on Production of Lipase from Pseudomonas sp . BWS-5. Brazilian Archives of 

Biology and Technology, 56(5), 711–721. 

 

Soumanou, M. M., and Bornscheuer, U. T. (2003). Improvement in lipase-catalyzed 

synthesis of fatty acid methyl esters from sunflower oil. Enzyme and Microbial 

Technology, 33(1), 97–103. 

 

Srinivas, T. N. R., Vijaya Bhaskar, Y., Bhumika, V., & Anil Kumar, P. (2013). 

Photobacterium marinum sp. nov., a marine bacterium isolated from a sediment 

sample from Palk Bay, India. Systematic and applied microbiology, 36(3), 160–

5. 

 

Steipe, B. (1999). Evolutionary approaches to protein engineering. Current topics in 

microbiology and immunology, 243, 55–86.  

 



© C
OPYRIG

HT U
PM

 

196 

 

Stemmer, W. P. (1994). Rapid evolution of a protein in vitro by DNA shuffling. 

Nature, 370(6488), 389–91. 

 

Steen, E. J., Kang, Y., Bokinsky, G., Hu, Z., Schirmer, A., McClure, A., Del Cardayre, 

S. B., et al. (2010). Microbial production of fatty-acid-derived fuels and 

chemicals from plant biomass. Nature, 463(7280), 559–62.  

 

Stepankova, V., Bidmanova, S., Koudelakova, T., Prokop, Z., Chaloupkova, R., and 

Damborsky, J. (2013). Strategies for stabilization of enzymes in organic solvents. 

ACS Catalysis, 3(12), 2823–2836. 

 

Sterner, R., Merkl, R., and Raushel, F. M. (2008). Computational Design of Enzymes. 

Chemistry & Biology, 15(5), 421–423.  

 

Streit, W. R., and Schmitz, R. A. (2004). Metagenomics--the key to the uncultured 

microbes. Current opinion in microbiology, 7(5), 492–8.  

 

Stehr, F., Felk, A., Gacser, A., Kretschmar, M., Mahns, B., Neuber, K., Hube, B., et 

al. (2004). Expression analysis of the Lipase gene family during experimental 

infections and in patient samples. FEMS Yeast Research, 4(4–5), 401–408.  

 

Strub, C., Alies, C., Lougarre, A., Ladurantie, C., Czaplicki, J., Fournier, D. (2004). 

Mutation of exposed hydrophobic amino acids to arginine to increase protein 

stability. BMC Biochemistry, 5(9), 1-6. 

 

Suen, W. C., Zhang, N., Xiao, L., Madison, V., and Zaks, A. (2004). Improved activity 

and thermostability of Candida antarctica lipase B by DNA family shuffling. 

Protein Engineering, Design and Selection, 17(2), 133–140. 

 

Suzuki, T., Nakayama, T., Kurihara, T., Nishino, T., & Esaki, N. (2001). Cold-active 

lipolytic activity of psychrotrophic Acinetobacter sp. strain no. 6. Journal of 

bioscience and bioengineering, 92(2), 144–8.  

 

Suzuki, Y., Haruki, M., Takano, K., Morikawa, M., & Kanaya, S. (2004). Possible 

involvement of an FKBP family member protein from a psychrotrophic 

bacterium Shewanella sp. SIB1 in cold-adaptation. European journal of 

biochemistry/FEBS, 271(7), 1372–81.  

 

Sylvie Maury, Paulette Buisson, and Alain Perrard, A. P. (2005). Compared 

esterification kinetics of the lipase from Burkholderia cepacia either free or 

encapsulated in a silica aerogel. Journal of Molecular Catalysis. B, Enzymatic, 

32(5-6), 193–203. 

 

Takano, K., Yamagata, Y., and Yutani, K. (2003). Buried water molecules contribute 

to the conformational stability of a protein. Protein Engineering Design and 

Selection, 16(1), 5–9.  

 

 



© C
OPYRIG

HT U
PM

 

197 

 

Tan, T., Zhang, M., Wang, B., Ying, C., and Deng, L. (2003). Screening of high lipase 

producing Candida sp. and production of lipase by fermentation. Process 

Biochemistry, 39(4), 459–465.  

 

Tang, X., and Pikal, M. J. (2004). Design of Freeze-Drying Processes for 

Pharmaceuticals: Practical Advice. Pharmaceutical Research, 21(2), 191–200. 

 

Tejo, B. A., Salleh, A. B., and Pleiss, J. (2004). Structure and dynamics of 

Candidarugosa lipase : the role of organic solvent. Journal of molecular 

modeling, 10, 358–366. 

 

Teng, Y., Xu, Y., and Wang, D. (2009). Changes in morphology of Rhizopus chinensis 

in submerged fermentation and their effect on production of mycelium-bound 

lipase. Bioprocess and biosystems engineering, 32(3), 397–405. 

 

Thakur, S. (2012). Lipases, its sources, Properties and Applications: A Review. 

International Journal of Scientific & Engineering Research, 3(7), 1–29 

 

Tirado-Rives, W. L. J. and J., & Contribution. (1988). The OPLS Potential Functions 

for Proteins. Energy Minimizations for Crystals of Cyclic Peptides and Crambin. 

Journal of the American Chemical Society, 110(6), 1658–1666. 

 

Tiwari, S. P., and Reuter, N. (2016). Similarity in Shape Dictates Signature Intrinsic 

Dynamics Despite No Functional Conservation in TIM Barrel Enzymes, PLOS 

Computational Biology 12(3), e1004834. 

 

Tobias Kulschewski, Francesco Sasso, F. S., & Marina Lotti, J. P. (2013). Molecular 

mechanism of deactivation of C.antarctica lipase B by methanol". Journal of 

Biotechnology, 168, 462–469. 

 

Torrez, M., Schultehenrich, M., and Livesay, D. R. (2003). Conferring 

Thermostability to Mesophilic Proteins through Optimized Electrostatic 

Surfaces. Biophysical Journal, 85(5), 2845–2853. 

 

Tran, D. T., Lin, Y. J., Chen, C.L., and Chang, J. S. (2013). Kinetics of 

transesterification of olive oil with methanol catalyzed by immobilized lipase 

derived from an isolated Burkholderia sp. strain. Bioresource technology, 145, 

193–203. 

 

Treichel, H., de Oliveira, D., Mazutti, M. A., Di Luccio, M. and Oliveira, J. V. (2010). 

“A review on microbial lipases production” ,. Food and Bioprocess Technology, 

3(2), 182–196 

 

Trodler, P., Pleiss, J. (2008). Modeling structure and flexibility of Candida antarctica 

lipase B in organic solvents. BMC Structural Biology, 8(1), 9. 

 

Trodler, P., Schmid, R. D., Pleiss, J. (2009). Modeling of solvent-dependent 

conformational transitions in Burkholderia cepacia lipase. BMC Structural 



© C
OPYRIG

HT U
PM

 

198 

 

Biology, 9(1), 38. 

 

Turki, S. (2013). Towards the development of systems for high-yield production of 

microbial lipases. Biotechnology Letters, 35(10), 1551–60. 

 

Turunen, O. Kirsikka Etuaho, K. Fenel, F. Vehmaanperä, J. Wu, X. Rouvinen, J. and 

Leisola, M. (2001). A combination of weakly stabilizing mutations with a 

disulfide bridge in the α-helix region of Trichoderma reesei endo-1,4-β-xylanase 

II increases the thermal stability through synergism. Journal of Biotechnology, 

88(1), 37–46. 

 

Tyski, S., Hryniewicz, W., and Jeljaszewicz, J. (1983). Purification and some 

properties of the staphylococcal extracellular lipase. Biochimica et biophysica 

acta, 749(3), 312–7.  

 

Uppenberg, J., Hansen, M. T., Patkar, S., and Jones, T. A. (1994). The sequence, 

crystal structure determination and refinement of two crystal forms of lipase B 

from Candida antarctica. Structure, 2(4), 293–308. 

 

Uppenberg, J., Ohrner, N., Norin, M., Hult, K., Kleywegt, G. J., Patkar, S., Waagen, 

V., et al. (1995). Crystallographic and molecular-modeling studies of lipase B 

from Candida antarctica reveal a stereospecificity pocket for secondary alcohols. 

Biochemistry, 34(51), 16838–51. 

 

Uversky, V. N., Narizhneva, N. V., Kirschstein, S. O., Winter, S., Lober, G. (1997). 

Conformational transitions provoked by organic solvents in beta-lactoglobulin: 

can a molten globule like intermediate be induced by the decrease in dielectric 

constant? Folding and Design, 2(3), 163-172. 

 

Van Oort, M. G., Deveer, A. M., Dijkman, R., Tjeenk, M. L., Verheij, H. M., De Haas, 

G. H., Wenzig, E., Götz, F. (1989). Purification and substrate specificity of 

Staphylococcus hyicus lipase. Biochemistry, 28:9278-9285. 

 

Vakhlu, J., and Kour, A. (2006). Yeast lipases: enzyme purification, biochemical 

properties and gene cloning. Electronic Journal of Biotechnology, 9(1), 69–85. 

 

Vardanega, R., Remonatto, D., Arbter, F., Polloni, A., Rigo, E., Ninow, J. L., Treichel, 

H., et al. (2009). A Systematic Study on Extraction of Lipase Obtained by Solid-

State Fermentation of Soybean Meal by a Newly Isolated Strain of Penicillium 

sp. Food and Bioprocess Technology, 3(3), 461–465.  

 

Vaysse, L., Ly, A., Moulin, G., and Dubreucq, E. (2002). Chain-length selectivity of 

various lipases during hydrolysis, esterification and alcoholysis in biphasic 

aqueous medium. Enzyme and Microbial Technology, 31(5), 648–655. 

 

Vazquez-Figueroa, E., Yeh, V., Broering, J. M., Chaparro-Riggers, J. F., and 

Bommarius,  A S. (2008). Thermostable variants constructed via the structure-

guided consensus method also show increased stability in salts solutions and 



© C
OPYRIG

HT U
PM

 

199 

 

homogeneous aqueous-organic media. Protein engineering, design & selection, 

21(11), 673–80.  

 

Veerapagu, M., Narayanan, A. S., Ponmurugan, K., and  Jeya, K. R. (2013). Screening 

selection identification production and optimization of bacterial lipase from oil 

spilled soil . Asian Journal of Pharmaceutical and Clinical Research, 6(3), 62–

67. 

 

Verma, S. K., and Ghosh, K. K. (2010). Catalytic activity of enzyme in water/organic 

cosolvent mixtures for the hydrolysis of p -nitrophenyl acetate and p -nitrophenyl 

benzoate. Indian Journal of Chemistry, 49A(August), 1041–1046 

 

Vieille, C. (2001). Hyperthermophilic Enzymes : Sources , Uses , and Molecular 

Mechanisms for Thermostability. Microbiology and Molecular Biology Reviews, 

65(1), 1–43. 

 

Villeneuve, P., Muderhwa, J. M., Graille, J., Haas, M. J. (2000). Customizing lipases 

for biocatalysis: a survey of chemical, physical and molecular biological 

approaches. Journal of Molecular Catalysis B: Enzymatic, 9(4), 113–148 

 

Wahab, R. A., Basri, M., Rahman, M. B. A., Rahman, R. N. Z. R. A., Salleh, A. B., 

and Chor, L. T. (2012). Engineering catalytic efficiency of thermophilic lipase 

from Geobacillus zalihae by hydrophobic residue mutation near the catalytic 

pocket. Advances in Bioscience and Biotechnology, 3(2), 158–167.  

 

Waldo, G. S. (2003). Genetic screens and directed evolution for protein solubility. 

Current Opinion in Chemical Biology, 7(1), 33–38. 

 

Wallace, B. A. (2009). Protein characterisation by synchrotron radiation circular 

dichroism spectroscopy. Quarterly reviews of biophysics, 42(4),317-370. 

 

Wang, Y., Srivastava, K. C., Shen, G.-J., and Wang, H. Y. (1995). Thermostable 

alkaline lipase from a newly isolated thermophilic Bacillus, strain A30-1 (ATCC 

53841). Journal of Fermentation and Bioengineering, 79(5), 433–438.  

 

Wang, Y., Wei, D. Q., Wang, J. F. (2010). Molecular dynamics studies on T1 lipase: 

insight into a double-flap mechanism. Journal of Chemical Information and 

Modeling, 50(5), 875-878. 

 

Wang, J., Wolf, R. M., Caldwell, J. W., Kollman, P. A., Case, D. A. (2004). 

Development and testing of general AMBER force field. Journal of 

Computational Chemistry, 25(9), 1157-1174. 

 

Wang, Q., Zhang, C., Hou, Y., Lin, X., Shen, J., & Guan, X. (2013). Optimization of 

Cold-Active Lipase Production from Psychrophilic Bacterium Moritella sp. 2-5-

10-1 by Statistical Experimental Methods. Bioscience, Biotechnology, and 

Biochemistry, 77(1), 17–21.  

 



© C
OPYRIG

HT U
PM

 

200 

 

Watanabe, K., and Ueji, S. (2001). Dimethyl sulfoxide as a co-solvent dramatically 

enhances the enantioselectivity in lipase-catalysed resolutions of 2-

phenoxypropionic acyl derivatives. Journal of the Chemical Society, Perkin 

Transactions 1(12), 1386–1390. 

 

Wedberg, R., Abildskov, J., Peters, G. H. (2012). Protein dynamics in organic media 

at varying water activity studied by molecular dynamics simulation. The Journal 

of Physical Chemistry B, 116(8), 2575-2585. 

 

Wei, X., Jiang, X., Ye, L., Yuan, S., Chen, Z., Wu, M., & Yu, H. (2013). Cloning, 

expression and characterization of a new enantioselective esterase from a marine 

bacterium Pelagibacterium halotolerans B2T. Journal of Molecular Catalysis B: 

Enzymatic, 97, 270–277.  

 

Wen, S., Tan, T., and Zhao, H. (2013). Improving the thermostability of lipase Lip2 

from Yarrowia lipolytica. Journal of Biotechnology, 164(2), 248–253.  

 

Wernérus, H., and Ståhl, S. (2004). Biotechnological applications for surface-

engineered bacteria. Biotechnology and applied biochemistry, 40(Pt 3), 209–228. 

 

Whitakek, F. (1973). Rapid and specific method for the determination of pancreatic 

lipase in serum and urine. Clinica chimica Acta, 44(1),133–138. 

 

Won, K., Kim, S., Kim, K.-J., Park, H. W., and Moon, S. J. (2005). Optimization of 

lipase entrapment in Ca-alginate gel beads. Process biochemistry, 40(6), 2149–

2154. 

 

Woods, R. J., Dwek, R. A., Edge, C. J., & Fraser-Reid, B. (1995). Molecular 

Mechanical and Molecular Dynamic Simulations of Glycoproteins and 

Oligosaccharides. 1. GLYCAM_93 Parameter Development. The Journal of 

Physical Chemistry, 99(11), 3832–3846.  

 

Woycechowsky, K. J., Vamvaca, K., and Hilvert, D. (2007). Novel enzymes through 

design and evolution. Advances in enzymology and related areas of molecular 

biology, 75(13), 241–94. 

 

Wu, Q., Soni, P., and Reetz, M. T. (2013). Laboratory evolution of 

enantiocomplementary Candida antarctica lipase B mutants with broad substrate 

scope. Journal of the American Chemical Society, 135(5), 1872–1881. 

 

Xie, Y., An, J., Yang, G., Wu, G., Zhang, Y., Cui, L., and Feng, Y. (2014). Enhanced 

Enzyme Kinetic Stability by Increasing Rigidity within the Active Site. Journal 

of Biological Chemistry, 289(11), 7994–8006.  

 

Xu, H., Li, X., Zhang, Z., and Song, J. (2013). Identifying Coevolution Between 

Amino Acid Residues in Protein Families : Advances in the Improvement and 

Evaluation of Correlated Mutation Algorithms. Current Bioinformatics, 8,148–

160. 



© C
OPYRIG

HT U
PM

 

201 

 

Xu, D. Y., Yang, Y., and Yang, Z. (2011). Activity and stability of cross-linked 

tyrosinase aggregates in aqueous and nonaqueous media. Journal of 

Biotechnology, 152(1-2), 30–36. 

 

Xu, T.-W., Xu, J.-H., Yu, W., and Zhong, J.-H. (2006). Investigating pH and Cu (II) 

effects on lipase activity and enantioselectivity via kinetic and spectroscopic 

methods. Biotechnology journal, 1(11), 1293–301. 

 

Xu, Y., Nogi, Y., Kato, C., Liang, Z., Ruger, H.-J., Kegel, D. De, & Glansdorff, N. 

(2003). Moritella profunda sp. nov. and Moritella abyssi sp. nov., two 

psychropiezophilic organisms isolated from deep Atlantic sediments. 

International Journal of Systematic and Evolutionary Microbiology, 53(2), 533–

538.  

 

Xuezheng, L., Shuoshuo, C., Guoying, X., Shuai, W., Ning, D., & Jihong, S. (2010). 

Cloning and heterologous expression of two cold-active lipases from the 

Antarctic bacterium Psychrobacter sp. G. Polar Research, 29(3), 421–429.  

 

Yamaguchi, S., Takeuchi, K., Mase, T., Oikawa, K., McMullen, T., Derewenda, U., 

McElhaney, R. N., et al. (1996). The consequences of engineering an extra 

disulfide bond in the Penicillium camembertii mono- and diglyceride specific 

lipase. Protein engineering, 9(9), 789–95.  

 

Yang, L., Dordick, J. S., and Garde, S. (2004). Hydration of enzyme in nonaqueous 

media is consistent with solvent dependence of its activity. Biophysical journal, 

87(2), 812–821. 

 

Yedavalli, P., and Madhusudhana Rao, N. (2013). Engineering the loops in a lipase 

for stability in DMSO. Protein Engineering Design and Selection, 26(4), 317–

324. 

 

Yoo, H.-Y., Simkhada, J. R., Cho, S. S., Park, D. H., Kim, S. W., Seong, C. N., and 

Yoo, J. C. (2011). A novel alkaline lipase from Ralstonia with potential 

application in biodiesel production. Bioresource technology, 102(10), 6104–11.   

  

Yoon, J.-H., Lee, J.-K., Kim, Y.-O., & Oh, T.-K. (2005). Photobacterium lipolyticum 

sp. nov., a bacterium with lipolytic activity isolated from the Yellow Sea in 

Korea. International journal of systematic and evolutionary microbiology, 55(Pt 

1), 335–9. 

 

You, L., and Arnold, F. H. (1996). Directed evolution of subtilisin E in Bacillus 

subtilis to enhance total activity in aqueous dimethylformamide. Protein 

engineering, 9(1), 77–83 

 

Yumoto, I., Hirota, K., Sogabe, Y., Nodasaka, Y., Yokota, Y., & Hoshino, T. (2003). 

Psychrobacter okhotskensis sp. nov., a lipase-producing facultative psychrophile 

isolated from the coast of the Okhotsk Sea. International Journal of Systematic 

and Evolutionary Microbiology, 53(6), 1985–1989.  



© C
OPYRIG

HT U
PM

 

202 

 

Yu, X.W., Wang, R., Zhang Meng, M., Xu, Y., and Xiao, R. (2012). Enhanced 

thermostability of a Rhizopus chinensis lipase by in vivo recombination in Pichia 

pastoris. Microbial Cell Factories, 11(1), 102.  

 

Zarcula, C., Croitoru, R., Corîci, L., Csunderlik, C., and Peter, F. (2009). Improvement 

of Lipase Catalytic Properties by Immobilization in Hybrid Matrices. 

International Journal of Chemical and Biological Engineering, 2(3), 138–143. 

 

Zeng, J., Gao, X., Dai, Z., Tang, B., & Tang, X. F. (2014). Effects of metal ions on 

stability and activity of hyperthermophilic pyrolysis and further stabilization of 

this enzyme by modification of a Ca2+-binding site. Applied and Environmental 

Microbiology, 80(9), 2763–2772. 

 

Zhang, N., Suen, W. C., Windsor, W., Xiao, L., Madison, V., and Zaks, A. (2003). 

Improving tolerance of Candida antarctica lipase B towards irreversible thermal 

inactivation through directed evolution. Protein Engineering Design and 

Selection, 16(8), 599–605.  

 

Zhang, H., Zhang, T., Chen, K., Shen, S., Ruan, J., Kurgan, L. (2009). On the relation 

between residue flexibility and local solvent accessibility in proteins. Proteins: 

Structure, Function and Bioinformatics, 76(3), 617-636. 

 

Zhang, J., Lin, S., & Zeng, R. (2007). Cloning, expression, and characterization of a 

cold-adapted lipase gene from an antarctic deep-sea psychrotrophic bacterium, 

Psychrobacter sp 7195. Journal of microbiology and biotechnology, 17(4), 604–

10. 

 

Zhao, H., and Arnold, F. H. (1997). Optimization of DNA shuffling for high fidelity 

recombination. Nucleic Acids Research, 25(6), 1307–1308. 

 

Zheng, Y. J., Ornstein, R. L. (1996). A molecular dynamics study of the effect of 

carbon tetrachloride on enzyme structure and dynamics: subtilisin. Protein 

Engineering, 9(6), 485-492. 

 

Zhu, L., Yang, W., Meng, Y. Y., Xiao, X., Guo, Y., Pu, X., and Li, M. (2012). Effects 

of organic solvent and crystal water on γ-chymotrypsin in acetonitrile media: 

Observations from molecular dynamics simulation and DFT calculation. Journal 

of Physical Chemistry B, 116(10), 3292–3304. 

 

Zulkeflee, S. A., Sata, S. A., and Aziz, N. (2013). Kinetic Model of Batch Lipase-

Catalyzed Esterification Process with Function of Temperature and Water 

Content. Proceedings of the 6th International Conference on Process Systems 

Engineering, (6), 25–27 

 

Zuo, K., Zhang, L., Yao, H., and Wang, J. (2010). Isolation and functional expression 

of a novel lipase gene isolated directly from the oil-contaminated soil. Acta 

Biochimica Polonica, 57(3), 305–11. 

 




