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Cold-active lipases from bacterial sources could benefit the enzyme industry significantly
due to its adaptive structural features which makes it active at low temperature and
flexible at low water medium. Unfortunately, there was lack of understanding regarding
the structure adaptation of cold-active lipase in organic solvent. This study embarks on
studying structure-function relationship of family 1.3 cold-active AMS8 lipase in selected
organic solvents. Cold-active AMS8 lipase was catalytically active at 25 — 45 °C and has
two alpha-helix lids, a pentapeptide motif with nucleophilic-serine and repeat-toxin
sequence motifs distribution at C-terminus.

The experiment begins with structure prediction of AMS8 lipase by Small Angle X-ray
Scatterings (SAXS) and homology modeling. AMS8 lipase ab-initio model from SAXS
was found to be similar with the homology model and MIS38 Pseudomonas lipase
structure. Following this, molecular dynamics (MD) simulations and docking analyses
were performed with homology-modelled lipase where ethanol, toluene, dimethyl
sulfoxide and 2-propanol have shown interactions with active site residues. Toluene
achieved the highest energy binding (4.92 kcal/mol) with AMS8 lipase and strongly
interacts with Ser-204, Gly-205 and His-206. Based on simulations in toluene, a strong
hydrogen bond was formed at catalytic site between Gly-210 and Ser-238, but weaker
hydrogen bond was found at lid 2 between Gly-156 and Ser-160. An increase in a-helices
structure could be subjected to enzyme surface interference by toluene. AMS8 lipase also
exhibited higher number of disallowed region when simulated in toluene (1.9 %) and
hexane (3.2 %). Methanol and toluene showed improvements in AMS8 lipase substrate
binding (p-nitrophenol palmitate) but slows down the catalytic rate, kcx. Based on these
characterizations, site-directed mutagenesis was applied on regions with high
accessibility to toluene.



Leu-208 located next to polar Ser-207 was chosen as a mutation site because of the high
solvent-accessible surface area and was located within aggregation-prone sites.
Substitution of leucine to alanine ruined hydrogen bond that formed between Ser-238 and
Gly-210 causing the tunnel to collapse. Following this, a reduction in substrate affinity
for pNPP and pNPL was observed in 0.5 % (v/v) toluene. The enhanced stability of
L208A was contributed by increase in aggregation and denaturation points which made
it easy to adapt at slightly high temperature, 45 °C. Mutating Thr-52 and Gly-55 to
tyrosine on lid 1 area stabilizes the protein conformation and improves the surface
recognition of toluene due to the presence of aromatic side chain. Presence of tyrosine at
lid 1 did not draw electrostatic interactions on the protein surface for substrate binding
but being there, the local flexibility on both surface and catalytic site embraced positive
changes to lipase activity. Mutant T52Y favours pNPP (C16) but G55Y hydrolysed
smaller pNPC (C8) in aqueous solvent. Both lid 1 mutants favoured pNPC when reacted
in 0.5 % (v/v) toluene. Although binding improvements of long-chain substrate was
evident in T52Y, its activity in toluene remained low in comparison to the recombinant.

In characterisation study, lid 1 mutants have lower optimal temperature compared to its
recombinant and L208A. Mutant T52Y has the longest half-life in aqueous medium at 25
and 37 °C while exhibited longer half-life in 0.5 % (v/v) toluene at 25 °C. Both lid 1
mutants were stable in toluene up to 3 % (v/v) concentration. In 0.5 % (v/v) toluene, all
lipases aggregated at higher temperature but denaturation happened at lower temperature
for lid 1 mutants. Unlike others, mutant T52Y displayed increased values of enthalpy and
entropy from 0 to 5 % (v/v) toluene showing improvements of protein stability and
decline in catalytic rate. All lipases exhibited no structure loss due to the unchanged and
minimal increase of its entropy value in toluene at 25 to 35 °C. In conclusion, adaptations
of cold-active lipase AMS8 in toluene (0.5 - 5 %, v/v) at temperatures 20 - 35 °C was
factorised by lid 2 flexibility, formations of substrate-tunnel, hydrogen bond in catalytic
area, alpha-helix reduction, higher aggregation points, low enthalpy and a slight increase
in entropy.
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Lipase aktif-sejuk dari sumber bakteria dapat memberi manfaat secara langsung kepada
industri enzim disebabkan oleh ciri-ciri penyesuaian struktural yang menjadikannya aktif
pada suhu rendah dan melentur di medium rendah air. Malangnya, terdapat kurang
pemahaman berkait dengan penyesuaian struktur lipase aktif-sejuk di dalam pelarut
organik. Kajian ini bermula dengan meneliti hubungan struktur-fungsi pada keluarga
lipase 1.3 AMS8 aktif-sejuk di dalam pelarut organik terpilih. Lipase AMS8 aktif-sejuk
aktif memangkin pada 25- 45 °C dan mempunyai dua penutup alfa helix, motif
pentapeptida berserta serina-nukleofilik dan kedudukan jujukan motif toksin-berulang di
terminal-C.

Experimen bermula dengan ramalan struktur lipase AMS8 menerusi Serakan X-ray
Sudut Kecil (SAXS) dan pemodelan homologi. Model ab-initio SAXS lipase AMS8
mempunyai persamaan dengan model homologi dan struktur lipase Pseudomonas
MIS38. Berikutan ini, simulasi dinamik molekular (MD) dan analisis mengedok
dilakukan dengan model homologi lipase di mana etanol, toluena, dimetil sulfoksida dan
2-propanol telah menunjukkan interaksi dengan residu-residu tapak aktif. Toluena
mencapai tenaga ikatan yang tertinggi (4.92 kcal/mol) dengan lipase AMS8 dan kukuh
berinteraksi dengan Ser-204, Gly-205 dan His-206. Berdasarkan simulasi dalam toluena,
ikatan hidrogen yang kuat telah terbentuk di tapak mangkin antara Gly-210 dan Ser-238,
tetapi ikatan hidrogen yang lemah telah dijumpai pada penutup 2 di antara Gly-156 dan
Ser-160. Peningkatan dalam struktur alfa-helix boleh merujuk kepada gangguan
permukaan enzim oleh toluena. Lipase AMS8 juga menunjukkan pertambahan bilangan
bagi kawasan yang tidak dibenarkan apabila disimulasi di dalam toluena (1.9 %) dan
heksana (3.2 %). Metanol dan toluena menunjukkan penambahbaikan ke atas substrat
mengikat lipase AMS8 (p-nitrofenol palmitat) tetapi rendah bagi kadar memangkin, Kcat.



Berdasarkan pencirian tersebut, mutagenesis kawasan terarah digunakan pada bahagian
yang mempunyai ketercapaian tinggi kepada toluena.

Leu-208 yang terletak bersebelahan Ser-207 yang polar dipilih sebagai kawasan mutasi
disebabkan tingginya keluasan permukaan pelarut mudah capai dan terletak dalam
kawasan cenderung pengagregatan. Pertukaran leusina kepada alanina merosakkan
ikatan hidrogen terbentuk antara Ser-238 dan Gly-210 menyebabkan keruntuhan pada
terowong. Berikutan ini, pengurangan dalam afiniti substrat untuk pNPP dan pNPL
dilihat pada 0.5 % (v/v) toluena. Peningkatan kestabilan oleh L208A disumbangkan
melalui kenaikan takat pengagregatan dan penyahaslian yang menjadikan ia mudah
menyesuai pada suhu sedikit tinggi, 45 °C. Memutasi Thr-52 dan Gly-55 kepada tirosina
pada bahagian penutup 1 menstabilkan konformasi protein dan menambahbaik
pengecaman permukaan oleh toluena disebabkan kehadiran rantai sisi aromatik.
Kewujudan tirosina pada penutup 1 tidak mendorong interaksi-interaksi elektrostatik di
atas permukaan protein untuk mengikati substrat, namun keberadaannya di sana,
membawa kepada kelenturan setempat di kedua permukaan dan kawasan pemangkin
yang memberi perubahan positif kepada aktiviti lipase. Mutan T52Y menyukai pNPP
(C16) tetapi G55Y menghidrolisis pNPC (C8) yang bersaiz kecil di dalam larutan akueus.
Kedua-dua mutan penutup 1 memilih pNPC apabila bereaksi di dalam 0.5 % (v/v)
toluene. Walaupun peningkatan mengikat bagi substrat rantai-panjang adalah jelas dalam
T52Y, aktiviti di dalam toluena kekal rendah jika dibandingkan dengan rekombinan.

Dalam kajian pencirian, mutan-mutan penutup 1 mempunyai suhu optima yang lebih
rendah berbanding dengan rekombinan dan L208A. Mutan T52Y mempunyai separuh
hayat yang terpanjang di dalam medium akueus pada 25 dan 37 °C sementara
menyaksikan separuh-hayat yang panjang di dalam 0.5 % (v/v) toluena pada 25 °C.
Kedua mutan penutup 1 adalah stabil di dalam toluena sehingga kepekatan 3 % (v/v).
Dalam 0.5 % (v/v) toluena, kesemua lipase mengagregat pada suhu yang meninggi tetapi
penyahaslian berlaku pada suhu yang rendah untuk mutan-mutan penutup 1. Tidak
seperti yang lain, mutan T52Y memperlihatkan peningkatan nilai-nilai entalpi dan
entropi dari 0 sehingga 5 % (v/v) toluena sekaligus menunjukkan penambahbaikan ke
atas penstabilan protein dan penurunan dalam kadar memangkin. Semua lipase
menunjukkan tiada struktur yang hilang berdasarkan pada nilai entropi yang tidak
berubah dan sedikit tinggi di dalam toluena pada 25 hingga 35 °C. Secara kesimpulan,
penyesuaian lipase aktif-sejuk AMS8 di dalam toluena (0.5 — 5 %, v/v) pada suhu 20 —
35 °C dipuncakan pada pelenturan penutup 2, pembentukan terowong substrat, ikatan
hidrogen dalam kawasan pemangkin, pengurangan alfa helix, kenaikan takat
pengagregatan, penurunan entalpi dan sedikit peningkatan dalam entropi.
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CHAPTER 1

INTRODUCTION

Lipases (triacylglycerol acylhydrolases, EC 3.1.1.3) are part of hydrolases that
hydrolyzes carboxylic ester bonds and triglycerides into diglycerides, monoglycerides,
fatty acids and glycerol (Houde et al., 2004). These enzymes are gaining high importance
as a biocatalyst for several novel reactions in aqueous and non-aqueous medium.
Different lipases behave differently in different organic solvents with different level of
resistance in different reaction systems. Pseudomonas lipases are very interesting not
only that they are stable in organic solvents but also because they display special
biochemical characteristics not common among the lipases produced by other
microorganisms, such as the thermoresistance and activity at alkaline pH (Kumar et al.,
2016, Soberén-Chavez and Palmeros. 2008). Pseudomonas lipases can be classified into
three subfamilies: 1.1, 1.2 and 1.3 (Jaeger and Eggert. 2002). Family 1.3 lipases are
distinguished from other lipases by their amino acid sequences and secretion mechanism
via type | secretion system (TISS). It is through the secretion of TISS that produced the
up-stream of secretion signal termed repeat in toxin motifs (RTX) attracting Ca?* to bind.
Eventually, Ca?* is important for lipase activity and folding. The family 1.3 lipases are
composed of two domains with distinct yet related functions (Angkawidjaja and Kanaya.
2006). Among the family 1.3 lipases secreted from cold-adapted Pseudomonas sp. are
KB-Lip from Pseudomonas fluorescens strain KB700A (Rashid et al., 2001), Lip TK3
from Pseudomonas fluorescens strain TK3 (Tanaka et al., 2012) and LipS from
Pseudomonas mandelii JR1 (Kim et al., 2013). Unlike other cold-active lipases, LipS is
active and stable at 40-50 °C showing a relatively high in thermal stability which is
unique to cold-adapted enzymes. Cold-active lipases from psychotropic microorganisms
showing high catalytic activity at low temperatures can be highly expressed through
recombinant methods, making them useful for biotechnological applications.

In spite of these advantages, enzymes do not always meet desired levels of activity,
productivity and, most importantly, stability in organic solvents. Inactivation by organic
solvents is most likely due to conformational changes of the protein structure cause by
changes in medium hydrophobicity and non-covalent interactions between the enzyme
and solvent molecules, which leads to protein unfolding and activity loss (Dror et al.,
2014, Stepankova et al., 2013). Hydrophilic polar solvents such as DMSO, ethanol and
methanol can create homogenous systems with water, but they can easily penetrate the
enzyme surface or strip off essential water molecules from the enzyme. In contrast with
the hydrophobic solvents such as hexane and toluene (methylbenzene), the lack of water
stripping from the enzyme surface is due to the partitioning of hydration water between
enzyme and the bulk solvent, which benefits in active site hydration through mobile and
weakly bound water. The presence of water around the enzyme could maintain the three-
dimensional structure needed for the enzyme activity. Hence, active site hydration is
dependent to the enzyme activity contributed by organic solvent polarity (Yang et al.,
2004). In a reaction system with low hydration, organic solvent replaces molecular
functions of water at the protein surface. This is an alternative way to provide a medium
for diffusion of substrate and product. Because enzyme activity is possible at very low



hydration level, enzymatic modification should be introduced to minimize the structure-
linked disorder upon contact with organic solvent (Kurkal et al., 2005).

Stability of cold-active lipase in organic solvents has been regarded essential for various
biotechnology applications that involved synthesis reactions such as esterification,
interesterification and transesterification. The stability of cold-active lipase correlates to
the distribution of surface charged residues and surface property of the enzyme
(Samantha et al., 2006). Organic solvents preferentially localize the hydrophobic patch
in the active-site vicinity and so it creates a hydration shell on residues that did not
demonstrate solvents binding preference. Those set of residues that have showed change
in chemical shifts/perturbation via [15N, 1H] - HSQC resonance in 6B lipase represents
the same large hydrophobic regions on the protein surface having good affinity towards
organic molecules (Kamal et al., 2013). The surface residues localizing protein surface
determines the hydrophobicity profile of this lipase. Other prominent features were the
extensive formation of new hydrogen bonds between surface residues directly or
mediated by structural water molecules and the stabilization of Zn and Ca binding sites
(Dror et al., 2015). Active site (Ser, Asp and His), lid region, tunnels and RTX motifs are
important structural features for regulating enzymatic functions and stability. Some of
these residues must be conserved while some of them are tandemly distributed. Site-
directed mutagenesis is commonly used to reveal insights regarding structure-stability
correlations influenced by organic solvent interactions. Generally, any alteration on this
conserved motif will generate inactive protein. However, other areas that are associated
with solvent stability often found in loops on the surface of protein and the regions near
the substrate binding site. Those residues that are far from the active site region are
predicted not to affect catalytic activity.

One experimental method that allows direct identification on these residues is theoretical
analyses using molecular dynamics (MD) simulation. Following these approach, protein
modification via site-directed mutagenesis can be done to alter protein structure, function
or stability. To date, there are few reports highlighting the significance of active site and
lid regions of cold-active lipase via mutations suggesting their potential stability in polar
and non-polar organic solvents. Hence, a collective approach that includes molecular
dynamics (MD) simulation, site-directed mutagenesis, biochemical and biophysical
characterisation in the presence of selected organic solvents would facilitate the study
related to the structure and function of this extraordinary lipase. As it is not easy to
elucidate atomic details of cold-active lipase in the presence of organic solvent via X-ray
protein crystallography, many researchers have turned to computational method and
kinetics approaches in elucidating underlying mechanisms responsible for organic
solvent effects on molecular level.

1.1 Research Statements

The influence of organic solvents on the activity of cold-active AMS8 lipase might be
the results of the conformational changes which happened around the active site or other
region. At the same time, the hydrophobicity properties of each organic solvent could
play essential role starting from the process of solvent penetration to protein structure



via diffusion or interfacial activation to tertiary structure changes caused by the solvent
molecules intrusion. However, the effects of organic solvent to alterations in lipase
structure and function need to reflect the role of highly flexible cold-active lipase which
is supposed to be different from its mesophilic and thermophilic type. Among general
but relevant issues that deserved scholastic attentions to provide sufficient information
about the characteristics of the special lipases in organic solvent are listed as follows:

1) The associations of organic solvent hydrophobicity with cold-active lipase
destabilization.

2) Differences in lipase aggregation, folding and denaturation correspond with
changes in medium hydrophobicity.

3) Concepts of protein hydration in organic solvent and its effects on protein
dynamics and function. This topic focuses on the probability of hydration shell

formed at active site region and small structural perturbation due to water
molecules shifting.

1.2 Hypothesis

It is hypothesized that:

1. Lid regulates the access of substrate to the catalytic site in the presence of
hydrophobic organic solvent due to stronger hydrophobic interactions.

2. Active site and lid region had higher solvent accessible surface area to organic
solvents.
3. Lipases with more than one lid could have other roles than being there for surface

activation and catalytic function.

1.3  Obijectives

General Objective:

To determine the role of AMS8 lipase structure for better understanding of lipase reaction
in the presence of organic solvents.

Specific Objectives:

1. To compare the tertiary structure of recombinant cold-active AMS8 lipase by
biophysical (SAXS) and computational methods.

2. To examine the interactions of AMSS8 lipase in the presence of organic solvents
via molecular dynamics simulation and protein-solvent docking approaches.



To determine secondary structure changes and kinetic differences of recombinant
AMSS8 lipase in polar and non-polar organic solvents.

To determine the importance of lids and nucleophilic binding region for organic
solvent stability of cold-active lipase AMS8 by using site-directed mutagenesis
(SDM).

To associate the influence of toluene towards biophysicochemical and
thermodynamics of recombinant AMS8 and other mutant lipases.



REFERENCES

Abdalla, M., Ali, Eltayb. W., Samad, A., Elshareef, S.H.M., Dafaalla, T.I.M. (2016).
Important Factors Influencing Protein Crystallization. Glob J Biotechnol
Biomater Sci 2(1): 025-028.

Ahmad, S., Rao, N.M. (2009). Thermally denatured state determines refolding in lipase:
Mutational analysis. Protein Sci. 18(6): 1183-1196.

Alexandrov, V., Lehnert, U., Echols, N., Milburn, D., Engelman, D., Gerstein, M.
(2005). Normal modes for predicting protein motions: A comprehensive
database assessment andassociated Web tool. Protein Sci.14: 633-643.

Ali, M.S.M., Ganasen, M., Rahman, R.N.Z.R.A., Chor, A.L.T., Salleh, A.B., Basri, M.
(2013a). Cold-Adapted RTX Lipase from Antarctic Pseudomonas sp. Strain
AMSS: Isolation, Molecular Modeling and Heterologous Expression. Protein
J 32: 317-325.

Ali, M.S.M., Fuzi, S.F.M., Ganasen, M., Rahman, R.N.Z.R.A., Basri, M., Salleh, A.B.
(2013b). Structural Adaptation of Cold-Active RTX Lipase from
Pseudomonas sp. Strain AMS8 Revealed via Homology and Molecular
Dynamics Simulation Approaches. Biomed Res Int. 2013: 1-9.

Alquati, C., Gioia, L.D., Santarossa, G., Alberghina, L., Fantucci, P., Lotti, M. (2002).
The cold-active lipase of Pseudomonas fragi. Heterologoues expression,
biochemical characterization and molecular modeling. Eur J Biochem. 269:
3321-3328.

Ami, D., Natalello, A., Lotti, M., Doglia, S.M. (2013). Why and how protein aggregation
has to be studied in vivo. Microb Cell Fact. 12 (17): 1-4.

Andaluema, B., Gessesse, A. (2012). Microbial Lipases and Their Industrial
Applications: Review. Biotechnology. 11(3): 100-118.

Angkawidjaja, C., Kanaya, S. (2006). Family 1.3 lipase: bacterial lipases secreted by the
type I secretion system. Cell Mol Life Sci. 63(23): 2804-2817.

Angkawidjaja, C., You, D.J., Matsumura, H., Kuwahara, K., Koga, Y., Takano, K.,
Kanaya, S. (2007). Crystal structure of a family 1.3 lipase from Pseudomonas
sp. MIS38 in a closed conformation. FEBS Lett .581: 5060-5064.

Angkawidjaja, C., Matsumura, H., Koga, Y., Takano, K., Kanaya, S. (2010). X-ray
Crystallographic and MD Simulation Studies on the Mechanism of Interfacial
Activation of a Family 1.3 Lipase with Two Lids. J. Mol. Biol. 400(1): 82-95.

Anobom, C.D., Pinheiro, A.S., De-Andrade, R.A., Aguieiras, E.C.G., Andrade, G.C.,
Moura, M.V., Almeida, R.V., Freire, D.M. (2014). From Structure to
Catalysis: Recent Developments in the Biotechnological Applications of
Lipases. Biomed Res Int. 684506: 1-11.

171


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2774429/

Arpigny, J.L., Jaeger, K-E. (1999). Bacterial lipolytic enzymes: classification and
properties. Biochem J. 343: 177-183.

Bae, J-H., Kwon, M-H., Kim, I-H., Hou, C.T., Kim, H-R. (2014). Purification and
Characterization of a Cold-active Lipase from Pichia lynferdii Y-7723: pH-
dependant Activity Deviation. Biotechnol Bioproc E. 19: 851-857.

Bagaria, A., Jaravine, V., Huang, Y.J., Montelione, G.T., Gintert, P. (2012). Protein
structure validation by generalized linear model root-mean-square deviation
prediction. Protein Sci. 21(2): 229-238.

Barbe, S., Lafaquiére, V., Guieysse, D., Monsan, P., Remaud-Siméon, M., Andre, I.
(2009). Insights into lid movements of Burkholderia cepacia lipase inferred
from molecular dynamics simulations. Proteins. 77:509-523.

Bassegoda, A., Cesarini, S., Diaz, P. (2012). Lipase Impovement; Goals and Strategies.
Comput Struc Biotechnol J. 2: 1-8.

Bassi, J. J., Todero, L. M., Lage, F. A. P., Khedy, G. I., Ducas, J. D., Custodio, A. P.,
Pinto, M.A., Mendes, A. A. (2016). Interfacial activation of lipases on
hydrophobic support and application in the synthesis of a lubricant ester. Int J
Biol Macromol. 92: 900-909.

Batey, S., Kathryn, A.S., Clarke, J. (2006). Complex Folding Kinetics of a Multidomian
Protein. Biophys J. 30: 2120-2130.

Bartlett, G. J., Porter, C. T., Borkakoti, N., Thornton, J. M. (2002). Analysis of Catalytic
Residues in Enzyme Active Sites. J. Mol. Biol. 324(1): 105-121.

Berg, J.M., Tymoczko, J.L., Stryer, L. (2002). Enzymes Accelerate Reactions by
Facilitating the Formation of the Transition State. Biochemistry, 5th ed., W H
Freeman.

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. Proteins: Struct, Funct, Genet. 29:492-507.

Bianco, V., Iskrov, S., Franzese, G. (2012). Understanding the role of hydrogen bonds
in water dynamics and protein stability. J Biol Phys. 38(1): 27-48.

Boczkowska, M., Rebowski, G., Dominguez, R. (2015). The Challenges of Polydisperse
SAXS Data Analysis — Two Different SAXS Studies of PICK1 Produce
Structural Models. Structure. 23(11): 1967-1968.

Brault, G., Shareck, F., Hurtubise, Y., Lépine, F., Doucet, N. (2014). Short-chain flavor

ester synthesis in organic media by an E. coli whole-cell biocatalyst
expressing a newly characterized heterologous lipase. PLoS One. 9: 1-9

172



Brockwell, D.J., Radford, S.E. (2007). Intermediates: ubiquitous species on folding
energy landscapes? Curr Opin Struct Biol. 17(1): 30-37.

Brovchenko, 1., Andrews, M.N., Oleinikova, A. (2011). Thermal stability of the
hydrogen-bonded water network in the hydration shell of islet amyloid
polypeptide. J. Phys. Condens. Matter. 23: 1-9.

Burdette, A.A., Quinn, D.M. (1986). Interfacial Reaction Dynamics and Acyl-enzyme
Mechanism for Lipoprotein Lipase-catalyzed Hydrolysis of Lipid p-
Nitrophenyl Ester. J Biol Chem. 261(26): 12016-12021.

Canak, 1., Berkics, A., Bajcsi, N., Kovacs, M., Belak, A., Tepari¢, R., Maraz, A. Mr3a,
V. (2015). Purification and Characterization of a Novel Cold-Active Lipase
from the Yeast Candida zeylanoides J Mol Microbiol Biotechnol. 25:403-411.

Carrazco-Palafox, J., Rivera-Chavira, B.E., Ramirez-Baca, N., Manzanares-
Papayanopoulos, L.I., Nevarez-Moorillén, G.V. (2018). Improved method for
qualitative screening of lipolytic bacterial strains. MethodsX. 5:68-74.

Carrié, M.M., Villaverde, A. (2001). Protein aggregation as bacterial inclusion bodies is
reversible. FEBS Lett. 489: 29-33.

Cavicchioli, R., Charlton, T., Ertan, H., Omar, S.M., Siddiqui, K.S., Williams, T.J.
(2011). Biotechnological uses of enzymes from psychrophiles. Microb
Biotechnol. 4: 449-460.

Cheng, M., Angkawidjaja, D., Koga, Y., Kanaya, S. (2012). Requirement of lid2 for
interfacial activation of a family 1.3 lipase with unique two lid structures. The
FEBS J. 279: 3727-3737.

Cheng, M., Angkwidjaja, C., Koga, Y., Kanaya, S. (2014). Calcium-independent
opening of lid 1 of a family 1.3 lipase by a single Asp to Arg mutation at the
calcium-binding site. Prot Eng Design Select. 27: 169-176.

Chakravorty, D., Parameswaran, S., Dubey, V.K., Patra, S. (2012). Unraveling the
Rationale Behind Organic Solvent Stability of Lipases. Appl Biochem
Biotechnol. 167: 439-461.

Cherukuvada, S.L., Seshasayee, A.S., Raghunathan, K., Anishetty, S., Pennathur, G.
(2005). Evidence of a Double-Lid Movement in Pseudomonas aeruginosa
Lipase: Insights from Molecular Dynamics Simulations. PLoS Comput Biol.
1(3):1-8.

Costa, S., Almeida, A., Castro, A., Domingues, L. (2014). Fusion tags for protein
solubility, purification and immunogenicity in Escherichia coli: the novel Fh8
system. Front Microbiol. 5(63): 1-20.

Czjzek, M., Fierobe, H-P., Receveur-Bre chot, V. (2012). Chapter Ten, Small-Angle X-
ray Scattering and Crystallography: A Winning Combination for Exploring

173


http://orcid.org/0000-0002-3989-6938
http://orcid.org/0000-0002-3989-6938
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cavicchioli%20R%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Charlton%20T%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ertan%20H%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Omar%20SM%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Siddiqui%20KS%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Williams%20TJ%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chakravorty%20D%5BAuthor%5D&cauthor=true&cauthor_uid=22562495
http://www.ncbi.nlm.nih.gov/pubmed/?term=Parameswaran%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22562495
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dubey%20VK%5BAuthor%5D&cauthor=true&cauthor_uid=22562495
http://www.ncbi.nlm.nih.gov/pubmed/?term=Patra%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22562495
http://www.ncbi.nlm.nih.gov/pubmed/22562495
http://www.ncbi.nlm.nih.gov/pubmed/22562495

the Multimodular Organization of Cellulolytic Macromolecular Complexes.
Methods Enzymol. 510: 186-190.

de Kreij, A, van den Burg, B., Venema, G., Vriend, G., Eijsink, V.G., Nielsen, J.E.
(2002). The effects of modifying the surface charge on the catalytic activity
of a thermolysin-like protease. J Biol Chem. 277(18): 15432-15438.

Devedjiev, Y.D. (2015). The role of flexibility and molecular shape in the crystallization
of proteins by surface mutagenesis. Acta Cryst.F 71(2): 157-162.

Dhar, J., Chakrabarti, P. (2015). Defining the loop structures in proteins based on
composite B-turn mimics. PEDS. 28(6): 153-161.

Dias, C.L., Ala-Nissila, T., Wong-ekkabut, J., Vattulainen, I., Grant, M., Karttunen, M.
(2010). The hydrophobic effect and its role in cold denaturation. Cryobiology.
60: 91-99.

di Luccio, E., Koehl, P. (2011). A quality metric for homology modeling: the H-factor.
BMC Bioinformatics. 12(48): 1-19.

Dong, Y-w., Liao, M-I., Meng, X-l., Somero, G.N. (2017). Structural flexibility and
protein adaptation to temperature: Molecular dynamics analysis of malate
dehydrogenases of marine molluscs. PNAS. 115(6): 1274-1279.

dos Reis, M.A., Aparicio, R., Zhang, Y. (2011). Improving Protein Template
Recognition by Using Small-Angle X-Ray Scattering Profiles. Biphys J.
101(11): 2770-2781.

Dror, A., Shemesh, E., Dayan, N., Fishman, A. (2014). Protein Engineering by Random
Mutagenesis and  Structure-Guided  Consensus  of  Geobacillus
stearothermophilus Lipase T6 for Enhanced Stability in Methanol. Appl
Environ Microbiol. 80: 1515-1527.

Dror, A., Kanteev, M., Kagan, I., Gihaz, S., Shahar, A., Fishman, A. (2015). Structural
insights into methanol-stable variants of lipase T6 from Geobacillus
stearothermophilus. Appl Microbiol Biotechnol. 99: 9449-9461.

Estrada, J., Bernadd, P., Blackledge, M., Sancho, J. (2009). ProtSA: a web application
for calculating sequence specific protein solvent accessibilities in the unfolded
ensemble. BMC Bioinformatics.10(104): 1-8.

Fajardo, Y.L.C. (2017). Protein Engineering of the CalB Lipase to Synthesize Fragrance
Coumpounds, Master Thesis, Universite du Quebec.

Feller, G. (2013). Psychrophilic Enzymes: From Folding to Function and Biotechnology.
Scientifica.: 1-28.

Fischer, M., Pleiss, J. (2003). The Lipase Engineering Database: a navigation and
analysis tool for protein families. Nucleic Acids Res. 31: 319-321.

174



Fink, A.L. (1998). Protein aggregation: folding aggregates, inclusion bodies and
amyloid. Fold Des. 3(1): R9-R23.

Franke, D., Svergun, D.l. (2009). DAMMIF, a program for rapid ab-initio shape
determination in small-angle scattering. J Appl Crystallogr. 42(2):342-346.

Franke, D., Petoukhov, M. V., Konarev, P. V., Panjkovich, A., Tuukkanen, A., Mertens,
H. D. T., Kikhney, A. G., Hajizadeh, N. R., Franklin, J. M., Jeffries, C. M.,
and Svergun, D. I. (2017). ATSAS 2.8: a comprehensive data analysis suite
for small-angle scattering from macromolecular solutions. J. Appl.
Crystallogr. 50: 1212-1225.

Ganasen, M. (2014) Expression and Characterization of a Cold-Adapted Lipase from an
Antarctic Pseudomonas sp., Master Thesis, Universiti Putra Malaysia.

Ganjalikhany, M.H., Ranjbar, B., Taghavi, A.H., Moghadam, T.T. (2012). Functional
Motions of Candida antarctica Lipase B: A Survey through Open-Close
Conformations. PLoS One 7: 1-11.

Garcia-Fruitos, E., Gonzélez-Montalban, N., Morell, M., Vera, A., Ferraz, R.M., Airis,
A., Ventura, S.Villaverde, A. (2005). Aggregation as bacterial inclusion
bodies does not imply inactivation of enzymes and fluorescent proteins.
Microb Cell Fact. 4 (27): 1-6.

Gatti-Lafranconi, P., Caldarazzo, S.M., Villa, A., Alberghina, L., Lotti, M. (2008).
Unscrambling thermal stability and temperature adaptation in evolved
variants of a cold-active lipase. FEBS Lett. 582: 2313-2318.

Gatti-Lafranconi, P., Natalello, A., Rehm, S., Doglia, S.M., Pleiss, J., Lotti, M. (2010).
Evolution of stability in a cold-active enzyme elicits specificity relaxation and
highlights substrate-related effects on temperature adaptation. J Mol Biol.
395(1): 155-166.

Gaudiano, M.C., Pala, A., and Barteri, M. (1999). Structural properties of human
glycodelin A in water and in water-alcohol mixtures: A comparison with
bovine B-lactoglobulin A. Biochim Biophys Acta 1431(2). 451-461.

Gerday, C., Aittaleb, M., Bentahir, M., Chessa, J-P., Claverie, P., Collins, T., D’ Amico,
S., Dumont, J., Garsoux, G., Georlette, D., Hoyoux, A., Lonhienne, T.,
Meuwis, M-A., Feller, G. (2000). Cold-adapted enzymes: from fundamentals
to biotechnology. Trends Biotechnol. 18: 103-107.

Ghori, M.1., Igbal, M.J., Hameed, A. (2011). Characterization of a novel lipase from
Bacillus sp. isolated from tannery wastes. Braz J Microbiol. 42(1): 22-29.

Gianese, G., Argos, P., Pascarella, S. (2001). Structural adaptation of enzymes to low
temperatures. PEDS. 14(3): 141-148.

175


http://www.ncbi.nlm.nih.gov/pubmed/?term=Ganjalikhany%20MR%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ranjbar%20B%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Taghavi%20AH%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tohidi%20Moghadam%20T%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/10675897

Gupta, G.N., Singh, V.K., Prakash, V. (2014). Molecular Modeling and Docking Studies
of Cold-active Lipase from Pseudomonas fluorescens. Int J Appl Biol and
Pharm Tech. 6: 59-66.

Guo, S., Popowicz, G.M., Li, D., Yuan, D., Wang, Y. (2016). Lid mobility in lipase
SMG1 validated using a thiol/disulfide redox potential probe. FEBS Open Bio.
6: 477-483.

Golovanov, A.P., Hautbergue, G.M., Wilson, S.A., Lian, L-Y. (2004). A simple method
for improving protein solubility and long-term stability. J Am Chem Soc 126:
8933-8939.

Greenfield, N.J. (2007). Using circular dichroism spectra to estimate proteinsecondary
structure, Nat. Protoc. 1(6): 2876—2890.

Grishaev, A. (2012). Sample preparation, data collection and preliminary data analysis
in biomolecular solution X-ray scattering. Curr Protoc Protein Sci.:1-20.

Henderson, E. (2011). The Beginner’s Guide to SAXS Data Processing and Analysis.
Master Thesis, University of Georgia.

Hernandez-Rodriguez, B., Cordova, J., Barzana, E., Favela-Torres, E. (2009). Effects of
organic solvents on activity and stability of lipases produced by
thermotolerant fungi in solid-state fermentation. J Molecular Catalysis B:
Enzymatic. 61: 136-142.

Hildebrandt, A., Blossey, R., Rjasanow, S., Kohlbacher, O., Lenhof, H-P. (2007).
Electrostatic potential of proteins in water: a structured continuum approach.
Bioinformatics. 23(2): €99-e103.

Holliday, G.L., Mitchell, J.B., Thornton, J.M. (2009). Understanding the functional roles
of amino acid residues in enzyme catalysis. J Mol Biol. 390:560-577.

Hollingsworth, S.A., Karplus, P.A. (2010). A fresh look at the Ramachandran plot and
the occurrence of standard structures in proteins. Biomol Concepts. 1(3-4):
271-283.

Hopkins, J. B., Gillilan, R. E., Skou, S. (2017). BioXTAS RAW: improvements to a free
open-source program for small-angle x-ray scattering data reduction and
analysis. J. Appl. Crystallogr. 50: 1545-1553.

Houde, A., Kademi, A., Leblanc, D. (2004). Lipases and Their Industrial Applications
An Overview. Appl Biochem Biotech. 118: 155-170.

Industrial Enzymes - A Global Market Overview (2018). PRNewswire. 4555807: 1-398.

Isaksen, G.V., Agvist, J., Brandsdal, B.O. (2014). Protein Surface Softness Is the Origin
of Enzyme Cold Adaptation of Trypsin. PLOS Comp Biol. 10(8): 1-9.

176


http://www.ncbi.nlm.nih.gov/pubmed/?term=Holliday%20GL%5BAuthor%5D&cauthor=true&cauthor_uid=19447117
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mitchell%20JB%5BAuthor%5D&cauthor=true&cauthor_uid=19447117
http://www.ncbi.nlm.nih.gov/pubmed/?term=Thornton%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=19447117
http://www.ncbi.nlm.nih.gov/pubmed/19447117

Jaeger, K-E., Ransac, S., Dijkstra, B.W., Colson, C., van Heuvel, M., Misset, O. (1994).
Bacterial lipases. FEMS Microbiol Rev. 15(1): 29-63.

Jaeger, K-E., Eggert, T. (2002). Lipases for biotechnology. Curr Opin Biotech. 13(4):
390-397.

Jensen, R.G., deJong, F.A., Clark, R.M. (1983). Determination of lipase specificity.
Lipids 18(3): 239-252.

Ji, X,, Li, S., Wang, B., Zhang, Q., Lin, L., Dong, Z., Wei, Y. (2015). Expression,
purification and characterization of a functional, recombinant, cold-active
lipase (LipA) from psychrotrophic Yersinia enterocolitica. Protein Expr
Purif. 115: 125-131.

Jiewei, T., Zuchao, L., Peng, Q., Lei, W., Yonggiang, T. (2014). Purification and
Characterization of a Cold-Adapted Lipase from Oceanobacillus Strain PT-
11. PLoS One. 9: 1-7.

Jinwei, Z., 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. J. Microbial Biotechnol. 17(4): 604-610.

Joseph, B., Ramteke, P.W., Thomas, G., Shrivastava, N. (2007). Standard Review Cold-
active microbial Lipases: a versatile tool for industrial. Biotechnol. Mol. 2(2):
039-048.

Joseph, B., Ramteke, P.W., Thomas, G. (2008). Cold-active microbial lipases: some hot
issues and recent developments. Biotechnol Adv. 26(5):457- 470.

Joseph, B., Shrivastava, N., Ramteke, P.W. (2012) Extracellular cold-active lipase of
Microbacterium luteolum isolated from Gangotri glacier, western Himalaya:
Isolation, partial purification and characterization. J Genet Eng Biotech. 10:
137-144.

Joseph, B., Ramteke, P.W. (2013). Extracellular solvent stable cold-active lipase from
psychrotrophic Bacillus sphaericus MTCC 7526: Partial purification and
characterization. Ann Microbiol. 63(1): 363-370.

Juhl, P.J., Trodler, P., Tyagi, S., Pleiss, J. (2009) Modeling substrate specificity and
enantioselectivity for lipases and esterases by substrate-imprinted docking.
BMC Struc Biol. 9(39): 1-17

Kajander, T., Kahn, P.C., Passila, S.H., Cohen, D.C., Lehtid, L., Adolfsen, W.,
Warwicker, J., Schell, U., Goldman, A. (2000). Buried Charged Surface in
Proteins. Structure. 8(11): 1203-1214.

Kamal, M.Z., Mohammad, T.A.S., Krishnamoorthy, G., Rao, N.M. (2012). Role of

Active Site Rigidity in Activity: MD Simulation and Fluorescence Study on a
Lipase Mutant. PLoS One 7: 1-8.

177


https://scholar.google.com/citations?view_op=view_citation&hl=en&user=SMby6msAAAAJ&citation_for_view=SMby6msAAAAJ:Y0pCki6q_DkC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=SMby6msAAAAJ&citation_for_view=SMby6msAAAAJ:Y0pCki6q_DkC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=SMby6msAAAAJ&citation_for_view=SMby6msAAAAJ:Y0pCki6q_DkC
https://www.ncbi.nlm.nih.gov/pubmed/?term=Juhl%20PB%5BAuthor%5D&cauthor=true&cauthor_uid=19493341
https://www.ncbi.nlm.nih.gov/pubmed/?term=Trodler%20P%5BAuthor%5D&cauthor=true&cauthor_uid=19493341
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tyagi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=19493341
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pleiss%20J%5BAuthor%5D&cauthor=true&cauthor_uid=19493341

Kamal, M.Z., Yedavalli, P., Deshmukh, M.V., Rao, N.M. (2013). Lipase in aqueous-
polar organic solvents: Activity, structure, and stability. Protein Sci 22: 904-
915.

Kamal, M.Z. Kumar, V., Satyamurthi, K., Das, K.K., Rao, N.M. (2016). Mutational
probing of protein aggregates to design aggregation-resistant proteins. FEBS
Open Bio. 6(2): 126-134.

Kamarudin, N.H.A., Rahman, R.N.Z.R.A., Ali, M.S.M., Leow, T.C., Basri, M., Salleh,
A.B. (2014). Unscrambling the Effect of C-Terminal Tail Deletion on the
Stability of a Cold-Adapted, Organic Solvent Stable Lipase from
Staphylococcus epidermidis AT2. Mol Biotechnol. 56(8): 747-757.

Karan, R., Capes, M.D., DasSarma, S. (2012). Function and biotechnology of
extremophilic enzymes in low water activity. Aquat Biosyst. 8: 1-15.

Karshikoff, A., Nilsson, L., Ladenstein, R. (2015). Rigidity versus flexibility: the
dilemma of understanding protein thermal stability. FEBS J. 282: 3899-3917.

Kavitha, M. (2016). Cold-active lipases — an update. Front Life Sci. 9(3): 226-238.

Khan, F.I., Lan, D., Durrani, R., Huan, W., Zhao, Z., Wang, Y. (2017). The Lid Domain
in Lipases: Structural and Functional Determinant of Enzymatic Properties.
Front Bioeng Biotechnol. 5(16): 1-13.

Kingsley, L.J., Lill, M.A. (2015). Substrate Tunnels in Enzymes: Structure-Function
Relationship and Computational Methodology. Proteins 83(4): 599-611.

Kikhney, A.G., Svergun, D.I. (2015). A practical guide to small angle X-ray scattering
(SAXS) of flexible and intrinsically disordered proteins. FEBS Lett. 89 (19 Pt
A), 2570-2577.

Kim, J., Jang, S-H., Lee, C.W. (2013). An Organic Solvent-Tolerant Alkaline Lipase
from Cold-Adapted Pseudomonas mandelii: Cloning, Expression, and
Characterization. Biosci. Biotechnol. Biochem. 77(2): 320-323.

Kim, K., K, Hwang, K.Y., Jeon, H.S., Kim, S., Sweet, R.M., Yang, C.H., Suh, S.W.
(1992). Crystallization and Preliminary X-ray Crystallographic Analysis of
Lipase from Pseudomonas cepacia. J. Mol. Biol. 227: 1258-1262.

Konwar, B.K., Sagar, K. (2018). Lipase: An Industrial Enzyme Through Metagenomics.
Chapter 1(1.6), 16. CRC Press.

Korasick, D.A., Tanner, J.J. (2018). Determination of protein oligomeric structure from
small-angle X-ray scattering. Protein Sci. 27(4):814-824.

Korman, T.P., Bowie, J.U. (2012). Crystal Structure of Proteus mirabilis Lipase, a Novel

Lipase from the Proteus/Psychrophilic Subfamily of Lipase Family 1.1 PLoS
One. 7(12):1-8.

178


http://www.ncbi.nlm.nih.gov/pubmed/?term=Karan%20R%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Capes%20MD%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=DasSarma%20S%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/22480329
http://www.ncbi.nlm.nih.gov/pubmed/22480329

Krieger, E., Nabuurs, S.B., Vriend, G. (2003). Homology Modeling. Structural
Bioinformatics. Chapter 25: 507-521.

Kumar, A., Dhar, K., Kanwar, S.S., Arora, P.K. (2016) Lipase catalysis in organic
solvents: advantages and applications. Biol Proced Online. 18: 1-11

Kumar, S., Nussinov, R. (2002). Relationship between ion pair geometries and
electrostatic strengths in proteins. Biophys J. 83(3): 1595-1612.

Kumar, V., Singh, D., Sangwan, P., Gill, P.K. (2014). Global Market Scenario of
Industrial Enzymes. pp: 173-196. Chapter 10. Nova Science Pub. DOI:
10.13140/2.1.3599.0083.

Kurkal, V., Daniel, R.M., Finney, J.L., Tehei, M., Dunn, R.V., Smith, J.C. (2005).
Enzyme Activity and Flexibility at Very Low Hydration. Biophys J. 89: 1282—
1287.

Kwon, D.Y., Rhee, J.S. (1986). A simple and rapid colorimetric method for
determination of free fatty acids for lipase assay. J American Oil Chemist’
Society 63:89-92.

Lam, S. Y., Yeung, R.C.Y., Yu, T-H., Sze, K-H., Wong, Kam-Bo. (2011). A Rigidifying
Salt-Bridge Favors the Activity of Thermophilic Enzyme at High
Temperatures at the Expense of Low-Temperature Activity. PLoS Biol. 9(3):
1-9.

Lan, D-M., Yang, N., Wang, W-K., Shen, Y-F., Yang, B., Wang, Y-H. (2011). A Novel
Cold-Active Lipase from Candida albicans: Cloning, Expression and
Characterization of the Recombinant Enzyme. Int. J. Mol. Sci. 12(6): 3950-
3965.

Lan, D., Wang, Q., Popowicz, G.M., Yang, B., Tang, Q., Wang, Y. (2015). The role of
residues 103,104 and 278 on the activity of SMG1 lipase from Malassezia
globosa: A site-directed mutagenesis studies. J. Microbiol. Biotechnol. 25:
1827-1834.

Lanzarotti, E., Biekofsky, R.R., Estrin, D.A., Marti, A.A., Turjanski, A.G. (2011).
Aromatic—Aromatic Interactions in Proteins: Beyond the Dimer, J. Chem. Inf.
Model. 51: 1623-1633.

Laskowski, R.A., Swindells, M.B. (2011). LigPlot+: Multiple LigandProtein Interaction
Diagrams for Drug Discover. J Chem Inf Model. 51(10):2778- 2286.

Levy, R.M., Zhang, Y.L.Y., Gallicchio, E., Felt, A.K. (2003). On the Nonpolar
Hydration Free Energy of Proteins: Surface Area and Continuum Solvent
Models for the Solute-Solvent Interaction Energy, J. Am Chem Soc. 125:
9523-9530.

Lee, C., Jang, S-H., Chung, H-S. (2017). Improving the Stability of Cold-Adapted
Enzymes by Immobilization. Catalysts 7: 1-12.

179


http://www.ncbi.nlm.nih.gov/pubmed/?term=Kumar%20A%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dhar%20K%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kanwar%20SS%5Bauth%5D

Lee, L-C., Lee, Y-L., Leu, R-J., Shaw, J-F. (2006). Functional role of catalytic triad and
oxyanion hole-forming residues on enzyme activity of Escherichia coli
thioesterase I/protease I/phospholipase L1. Biochem. J. 397: 69-76.

Li, B., Yang, G., Wu, L., Feng, Y. (2012). Role of the NC-Loop in Catalytic Activity
and Stability in Lipase from Fervidobacterium changbaicum. PLOS ONE.
7(10): 1-10.

Li, C,, Tan, T., Zhang, H., 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. J Biol
Chem. 285:28434-28441.

Li, X-L., Zhang, W-H., Wang, Y-D., Dai, Y-J., Zhang, H-T., Wang, Y., Wang, H-K,
Lu, F-P. (2014). A high-detergent-performance, cold-adapted lipase from
Pseudomonas stutzeri PS59 suitable for detergent formulation. J Mol Catal B
Enzym. 102: 16-24.

Lu, S., Wagaman, A.S. (2014.) On methods for determining solvent accessible surface
area for proteins in their unfolded state. BMC Res Notes. 7(602): 1-7.

Luic, M., Tomic, S., Lescic, 1., Ljubovic, E., Sepac, D., Sunjic, V., Vitale, L., Saenger,
W., Kojic-Prodic, B. (2001). Complex of Burkholderia cepacia lipase with
transition state analogue of 1-phenoxy-2-acetoxybutane: biocatalytic,
structural and modeling study. Eur. J. Biochem. 268: 3964-3973.

Maiangwa, J., Ali, M.S., Salleh, A.B., Rahman, R.N., Shariff, F.M., Leow, T.C. (2015).
Adaptational properties and applications of cold-active lipases from
psychrophilic bacteria. Extremophiles. 19(2): 235-247.

Maiangwa, J., Ali, M.S.M., Salleh, A.B., Rahman, R.N.Z.R.A., Yahaya, M. N., Shariff,
F.M., Leow, T.C. (2017). Lid opening and conformational stability of T1
Lipase is mediated by increasing chain length polar solvents. PeerJ. 5 (€3341):
1-32.

Maiorov, V.N., Crippen, G.M. (1994). Significance of root-mean-square deviation in
comparing three-dimensional structures of globular proteins. J Mol Biol.
235(2): 625-634.

Malekabadi, S., Badoei-Dalfard, A., Karami, Z. (2018). Biochemical characterization of
a novel cold-active, halophilic and organic solvent-tolerant lipase from B.
licheniformis KM12 with potential application for biodiesel production. Int J
Biol Macromol. 109: 389-398.

Margesin, R., Feller, G. (2010). Biotechnological applications of psychrophiles. Environ
Technol. 31(8-9): 835-844.

Marques, S.M., Brezovsky, J., Damborsky, J. (2016). Role of tunnels, channels and gates
in enzymatic catalysis. Chapter 12, 1-40, PanStandford Publishing.

180



Martinelle, M., Holmquist, M., Hult, K. (1995). On the interfacial activation of Candida
antarctica lipase A and B as compared with Humicola lanuginosa lipase.
Biochim Biophys Acta - Lipids and Lipid Metabolism. 1258(3): 272—-276.

Mathpati, A.C., Bhanage, B.M. (2016). Combined docking and molecular dynamics
study of lipase catalysed kinetic resolution of 1-phenylethanol in organic
solvents. J Mol Catal B Enzym: 1-9.

Maurel, P. (1978). Relevance of Dielectric Constant and Solvent Hydrophobicity to the
Organic Solvent Effect in Enzymology. J Biol Chem. 253 (5): 1671-1683.

Meier, R., Drepper, T., Svensson, V., Jaeger, K.E., Baumann, U. (2007). A calcium-
gated lid and a large B-roll sandwich are revealed by the crystal structure of
extracellular lipase from Serratia marcescens. J Biol Chem. 282: 31477-
31483.

Meredith, S.C. (2005). Protein Denaturation and Aggregation. Cellular Responses to
Denatured and Aggregated Proteins. Ann. N.Y. Acad.Sci. 1066: 181-221.

Mertens, H.D.T., Svergun, D. (2010). Structural characterization of proteins and
complexes using small-angle X-ray solution scattering. J. Struct. Biol. 172:
128-141.

Mohammed, S., Te’o, J., Nevalainen, H. (2013). A gene encoding a new cold-active
lipase from an Antarctic isolate of Penicillium expansum. Curr Genet. 59(3):
129-137.

Morris, G.M., Goodsel, D.S., Halliday, R.S., Huey, R., Hart, W.E., Belew, R.K., Olson,
A.J. (1998). Automated Docking Using a Lamarckian Genetic Algorithm and
an Empirical Binding Free Energy Function, J Comput Chem. 19: 1639-1662.

Musa, S., Latip, W., Rahman, R.N.Z.R.A., Salleh, A.B., Ali, M.S.M. (2018).
Immobilization of an Antarctic Pseudomonas AMS8 Lipase for Low
Temperature Ethyl Hexanoate Synthesis. Catalysts. 8(234): 1-18.

Nakatani, T., Hiratake, J., Yoshikawa, K., Nishioka, T., Oda, J. (1992). Chemical
Inactivation of Lipase in Organic Solvent: A Lipase from Pseudomonas
aeruginosa TE3285 is More Like a Typical Serine Enzyme in an Organic
Solvent than in Aqueous Media. Biosci. Biotech. Biochem. 56 (7), 1118-1123.

Norma, J.G. (2007) Using circular dichroism spectra to estimate protein secondary
structure, Nat. Protoc. 1: 2876-2890.

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 K5T. Protein Expr
Purif. 91(1): 96-103.

Oganesyan N, Kim S-H, Kim R (2005). On-column protein refolding for crystallization.
J Struct Funct Genomics. 6: 177-182.

181



Pace, C.N., Horn, G., Hebert, E.J., Bechert, J., Shaw, K., Urbanikova, L., Scholtz, J.M.,
Sevcik, J. (2001). Tyrosine hydrogen bonds make a large contribution to
protein stability. J Mol Biol. 312: 393-404.

Pace, C.N., Trevifo, S., Prabhakaran, E., Scholtz, J.M. (2004). Protein structure, stability
and solubility in water and other solvents. Philos Trans R Soc Lond B Biol Sci.
359 (1448): 1225-1235.

Pandurangan, A.P., Ochoa-Montafio, B., Ascher, D.B., Blundell, T.L. (2017). SDM: a
server for predicting effects of mutations on protein stability. Nucleic Acids
Res. 45: W229-W235.

Panjkovich, A., Svergun, D.1. (2016). Deciphering conformational transitions of proteins
by small angle X-ray scattering and normal mode analysis. Phys. Chem.
Chem. Phys. 18: 5707--5719.

Park, J-H., Lee, J-W., Park, H. (2010). Computational Prediction of Solvation Free
Energies of Amino Acids with Genetic Algorithm. Bull Korean Chem Soc.
31: 1247-1251.

Park, H.J., Joo, J.C., Park, K., Kim, Y.H., Yoo, Y.J. (2012). Stabilisation of Candida
antarctica lipase B in hydrophylic organic solvent by rational design of
hydrogen bond. Biotechnol. Bioprocess Eng. 17: 722—728.

Paiva, A.L., Balca™o, V.M., Xavier, F. (2000). Kinetics and mechanisms of reactions
catalyzed by immobilized lipases Enzyme Microb Technol. 27(3-5):187-204.

Petukh, M., Li, M., Alexov, E. (2015). Predicting Binding Free Energy Change Caused
by Point Mutations with Knowledge-Modified MM/PBSA Method. PL0S
Comput Biol. 11: 1-23.

Pokala, M., Handel, T.M. (2004). Energy functions for protein design I: Efficient and
accurate continuum electrostatics and solvation. Protein Sci 13: 925-936.

Putnam, C.D. (2016). Guinier peak analysis for visual and automated inspection of small-
angle X-ray scattering data. J Appl Crystallogr. 49 (Pt 5): 1412-1419.

Pyrkov, T.V., Chugunov, A.O., Krylov, N.A., Nolde, D.E., Efremov, R.G. (2009).
PLATINUM: a web tool for analysis of hydrophobic/hydrophilic organization
of biomolecular complexes, Bioinformatic Advance: 1-2.

Radivojac, P. Obradovic, Z., Smith, D.K., Zhu, G., Vucetic, S., Brown, C.J., Lawson,
J.D., Dunker, A.K. (2004) Protein flexibility and intrinsic disorder. Protein
Sci. 13(1): 71-80.

Rahman, R.N.Z.R.A., Baharum, S.N., Basri, M., Salleh, A.B. (2005). High-yield

purification of an organic solvent-tolerant lipase from Pseudomonas sp. strain
S5. Analytic Biochem. 341: 267-274.

182


http://www.ncbi.nlm.nih.gov/pubmed/?term=Petukh%20M%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20M%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Alexov%20E%5Bauth%5D

Rajendran, A., Palanisamy, A., Thangavelu, V. (2009). Lipase Catalyzed Ester Synthesis
for Food Processing Industries. Braz. Arch. Biol. Technol. 52(1): 207-219.

Ramachandran, G., Ramakrishnan, C., Sasisekharan, V. (1963). Stereochemistry of
polypeptide chain configurations. J Mol Biol. 7:95-97.

Rambo, R.P., Tainer, J.A. (2011). Characterizing Flexible and Intrinsically Unstructured
Biological Macromolecules by SAS using the Porod-Debye Law.
Biopolymers. 95(8): 559-571.

Ramnath, L., Sithole, B., Govinden, R. (2017). Classification of lipolytic enzymes and
their biotechnological applications in the pulping industry. Can. J. Microbiol.
63: 179-192.

Rashid, N., Shimada, Y., Ezaki, S., Atomi, H., Imanaka, T. (2001). Low-Temperature
Lipase from Psychrotrophic Pseudomonas sp. Strain KB700A. Appl. Environ.
Microbiol.67 (9): 4064-4069.

Raussens, V.1., Ruysschaert, J.M., Goormaghtigh, E. (2003). Protein concentration is not
an absolute prerequisite for the determination of secondary structure from
circular dichroism spectra: a new scaling method. Anal. Biochem. 319: 114—
121.

Rehm, S., Trodler, P., Pleiss, J. (2010). Solvent-induced lid opening in lipases: A
molecular dynamics study. Protein Sci. 19: 2122-2130.

Revell, L.E., Williamson, B.E. (2013). Why Are Some Reactions Slower at Higher
Temperatures? J. Chem. Educ. 90 (8): 1024-1027.

Richmond, T.J. (1984). Solvent accessible surface area and excluded volume in proteins.
Analytical equations for overlapping spheres and implications for the
hydrophobic effect. J Mol Biol.178(1): 63-89.

Ries, F., Carius, Y., Rohr, M., Gries, K., Keller, S., Lancaster, R.D., Willmund, F.
(2017). Structural and molecular comparison of bacterial and eukaryotic
trigger factors. Sci Rep. 7(10680): 1-15.

Rocchia, W., Alexov, E., Honig, B. (2001). Extending the Applicability of the Nonlinear
Poisson—Boltzmann Equation: Multiple Dielectric Constants and Multivalent

lons, J. Phys Chem B. 105: 6507-6514.

Rosano, G.L., Ceccarelli, E.A. (2014) Recombinant protein expression in Escherichia
coli: advances and challenges. Front Microbiol. 5 (172): 1-17

Roy, D., Sengupta, S. (2007). Structural Features of a Cold-adapted Alaskan Bacterial
Lipase. J Biomol Structure Dynamics. 24: 463-470.

Rubinstein, A., Sherman, S. (2004). Influence of the Solvent Structure on the
Electrostatic Interactions in Proteins. Biophys J. 87(3): 1544-1557.

183



Samanta, U., Bahadur, R.P., Chakrabarti, P. (2002). Quantifying the accessible surface
area of protein residues in their local environment. PEDS. 15(8): 659-667.

Samantha, S.S., Gribenko, A.V., Bribenko, A.V., Keiffer, T.R., Tomlinson, J., Reihle,
T., Loladze, V.V., Makhatadze, G.I. (2006). Protein Stability and Surface
Electrostatics: A Charged Relationship. Biochemistry. 45 (9): 2761-2766

Santarossa, G., Lafranconi, P.G., Alquati, C., DeGioia, L., Alberghina, L., Fantucci, P.,
Lotti, M. (2005) Mutations in the “lid” region affect chain length specificity
and thermostability of a Pseudomonas fragi lipase. FEBS Letters. 579: 2383-
2386

Santiago, M., Ramirez-Sarmiento, C.A., Zamora, R.A., Parra, L.P. (2016). Discovery,
Molecular Mechanisms, and Industrial Applications of Cold-Active Enzymes.
Front Microbiol. 7: 1-32.

Sarmiento, F., Peralta, R., Blamey, J.M. (2015). Cold and Hot Extremozymes: Industrial
Relevance and Current Trends. Front Bioeng Biotechnol. 3(148): 1-15.

Schulz, T., Pleiss, J., Schmid, R.D. (2000). Stereoselectivity of Pseudomonas cepacia
lipase toward secondary alcohols: A guantitative model. Protein Sci. 9:1053—
1062.

Secundo, F., Carrea, G., Tarabiono, C., Gatti-Lafranconi, P., Brocca, S., Lotti, M.,
Jaeger, K-E., Puls, M., Eggert, T. (2006). The lid is a structural and functional
determinant of lipase activity and selectivity. J Mol Catal B-Enzym. 39(1-4):
166-170.

Sergeev, Y.V., Dolinska, M.B., Wingfield, P.T. (2014). The thermodynamic analysis of
weak protein interactions using sedimentation equilibrium. Curr Protoc
Protein Sci. 77: 1-22.

Sharma, A., Dalai, A.K., Chaurasia, S.P. (2015). Thermodynamic study of hydrolysis
and esterification reactions with immobilized lipase. Eur.Int.J.Sci.Technol. 4:
128-136.

Sharma, S., Kanwar, S.S. (2014). Organic Solvent Tolerant Lipases and Applications.
Sci World J. 625258: 1-15.

Shokri, M.M., Ahmadian, S., Akbari, N., Khajeh, K. (2014). Hydrophobic Substitution
of Surface Residues Affects Lipase Stability in Organic Solvents. Mol
Biotech. 56: 360-368.

Siddiqui, K.S., Cavicchioli, R. (2006). Cold-adapted enzymes. Annu Rev Biochem. 75,
403-433.

Siddiqui, K.S. (2015). Some like it hot, some like it cold: Temperature dependent

biotechnological applications and improvements in extremophilic enzymes.
Biotech Adv. 33: 1912-1922.

184



Smith, L.J., Fiebig, K.M., Schwalbe, H., Dobson, C.M. (1996). The concept of a random
coil: Residual structure in peptides and denatured proteins. Folding and
Design. 1: R95-R106.

Soberén-Chavez, G., Palmeros, B. (2008). Pseudomonas Lipases: Molecular Genetics
and Potential Industrial Applications. Crit. Rev. Microbiol. 20(2): 95-105.

Spiwok, V., Lipovova, P., Skalova, T., Duskova, J., Dohnalek, J., HaSek, J., Russell,
N.J., Kralova, B. (2007). Cold-active enzymes studied by comparative
molecular dynamics simulation J Mol Model. 13: 485-497.

Stepankova, V., Bidmanova, S., Koudelakova, T., Prokop, Z., Chaloupkova, R.,
Damborsky, J. (2013). Strategies for Stabilization of Enzymes in Organic
Solvents. ACS Catal. 3: 2823—-2836.

Struvay, C., Feller, G. (2012). Optimization to Low Temperature Activity in
Psychrophilic Enzymes. Int J Mol Sci. 13(9): 11643-11665.

Su, H., Mai, Z., Yang, J., Xiao, Y., Tian, X., Zhang, S. (2016). Cloning, Expression, and
Characterization of a Cold-Active and Organic Solvent-Tolerant Lipase from
Aeromicrobium sp. SCSIO 25071. J. Microbiol. Biotechnol. 26(6): 1067—
1076.

Svergun, D.l. (1992). Determination of the regularization parameter in indirect-
transform methods using perceptual criteria. J. Appl. Crystallogr. 25: 495-
503.

Tadokoro, T., Kazama, H., Koga, Y., Takano, K., Kanaya, S. (2013). Investigating the
Structural Dependence of Protein Stabilization by Amino Acid Substitution.
Biochem 52: 2839-2847.

Tanaka, D., Yoneda, S., Yamashiro, Y., Sakatoku, A., Kayashima, T., Yamakawa, K.,
Nakamura, S. (2012). Characterization of a New Cold-adapted Lipase from
Pseudomonas sp. TK-3. Appl Biochem Biotechnol. 168:327-338.

Taskin, M., Ucar, M.H., Unver, Y., Kara, A.A., Ozdemir, M., Ortucu, S. (2016). Lipase
production with free and immobilized cells of cold-adapted yeast Rhodotorula
glutinis HL25. Biocatal Agric Biotechnol. 8: 97-103.

Tejo, B.A., Salleh, A.B., Pleiss, J. (2004). Structure and dynamics of Candida
rugosa lipase: the role of organic solvent. J Mol Model. 10: 358-366.

Tina, K.G., Bhadra, R., Srinivasan, N. (2007). PIC: Protein Interactions Calculator. Nucl
Acids Res. 35: 473-476.

Torres, S., Castro, G.R. (2004). Non-Aqueous Biocatalysis in Homogeneous Solvent
Systems. Food Technol. Biotechnol. 42: 271-277.

Trodler, P., Pleiss, J. (2008) Modeling structure and flexibility of Candida antarctica
lipase B in organic solvents. BMC Struct Biol. 8 (9): 1-10

185


http://www.ncbi.nlm.nih.gov/pubmed/?term=Tejo%20BA%5BAuthor%5D&cauthor=true&cauthor_uid=15597204
http://www.ncbi.nlm.nih.gov/pubmed/?term=Salleh%20AB%5BAuthor%5D&cauthor=true&cauthor_uid=15597204
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pleiss%20J%5BAuthor%5D&cauthor=true&cauthor_uid=15597204
http://www.ncbi.nlm.nih.gov/pubmed/15597204
http://www.ncbi.nlm.nih.gov/pubmed/15597204

Trodler, P., Schmid, R.D., Pleiss, J. (2009). Modeling of solvent-dependent
conformational transitions in Burkholderia cepacia lipase. BMC Structural
Biol 9: 1-13.

Truongvan, N., Jang, S-H., Lee, C.W. (2016). Flexibility and Stability Trade-Off in
Active Site of Cold-Adapted Pseudomonas mandelii Esterase EstK.
Biochemistry. 55(25): 3542-3549.

Tsutakawa, S.E., Hura, G.L., Frankel, K.A., Cooper, P.K., Tainer, J.A. (2006). Structural
analysis of flexible proteins in solution by small angle X-ray scattering
combined with crystallography. J. Struct. Biol. 158 (2): 214-223.

Tsuzuki, W., Ue, A., Nagao, A. (2003). Polar Organic Solvent Added to an Aqueous
Solution Changes Hydrolytic Property of Lipase. Biosci Biotech Biochem 67:
1660-1666.

Tuukkanen, A.T., Kleywegt, G.J., Svergun, D.I. (2016). Resolution of ab-initio shapes
determined from small-angle scattering. IUCrJ 3, 440-447.

Van, T.J.B., Stevens, R.M., Veldhuizen, W.J., Jongejan, J.A., Duine, J.A. (1995). Do
organic solvents affect the catalytic properties of lipase? Intrinsic kinetic
parameters of lipases in ester hydrolysis and formation in various organic
solvents. Biotechnol Bioeng. 47(1):71-81.

Verger, R. (1997). “Interfacial activation” of lipases: facts and artifacts. Trends
Biotechnol. 15(1): 32-38.

Violot, S., Aghajari, N., Czjzek, M., Feller, G., Sonan, G. K., Gouet, P., Gerday, C.,
Haser, R. and Receveur-Bréchot, V. (2005). Structure of a full-length
psychrophilic cellulase from Pseudoalteromonas haloplanktis revealed by X-
ray diffraction and small angle X-ray scattering. J Mol Biol. 348: 1211-1224.

Wade, R.C., Gadidoulline, R.R., Ludemann, S.K., Lounnas, V. (1998). Electrostatic
steering and ionic tethering in enzyme-ligand binding: Insights from
simulation. Proc Natl Acad Sci USA. 95(11): 5942-5949.

Wang, G., Liu, Z. Xu, L. Yan, Y. (2014). Aromatic Amino Acid Mutagenesis at the
Substrate Binding Pocket of Yarrowia lipolytica Lipase Lip2 Affects Its
Activity and Thermostability. Scientific World J. 382581: 1-8.

Wang, G., Wang, Q., Lin, X., Ng, TB, Yan, R,, Lin, J., Ye, X. (2016). A novel cold-
adapted and highly salt-tolerant esterase from Alkalibacterium sp. SL3 from
the sediment of a soda lake Sci Rep. 6: 1-10.

Wahab, R.A., Basri, M., Rahman, M.B.A., Rahman, R.N.Z.R.A., Salleh, A.B., Chor,
L.T. (2012). Engineering catalytic efficiency of thermophilic lipase from
Geobacillus zalihae by hydrophobic residue mutation near the catalytic
pocket. Adv Biosci Biotech. 3: 158-167.

186


http://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20Q%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lin%20X%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bun%20Ng%20T%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yan%20R%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lin%20J%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ye%20X%5Bauth%5D

Wehtje, E., Adlercreutz, P. (1997). Water Activity and Substrate Concentration Effects
on Lipase Activity. Biotechnol Bioeng. 55(5): 798-806.

Wei, Y., Thyparambil, A.A., Latour, R.A. (2013). Quantification of the Influence of
Protein-Protein Interactions on Adsorbed Protein Structure and Bioactivity.
Colloids Surf B Biointerfaces.110: 363-371.

Wen, B., Peng, J., Zuo, X., Gong, Q., Zhang, Z. (2014). Characterization of Protein
Flexibility Using Small-Angle X-Ray Scattering and Amplified Collective
Motion Simulations. Biophys J. 107(4): 956-964.

Wilodawer, A., Minor, W., Dauter, Z., Jaskolski, M. (2013). Protein crystallography for
aspiring crystallographers or how to avoid pitfalls and traps in
macromolecular structure determination. FEBS Journal. 280: 5705-5736.

Wolfe, S., Tel, L.M., Csizmadia, 1.G. (1973). The gauche Effect. A Theoretical Study of
the Topomerization (Degenerate Racemization) and Tautomerization of
Methoxide lon Tautomer, Can. J. Chem 51: 2423-2432.

Worth, C.L., Blundell, T.L. (2010). On the evolutionary conservation of hydrogen bonds
made by buried polar amino acids: the hidden joists, braces and trusses of
protein architecture, BMC Evolutionary Biology 10: 1-11.

Wu, X.Y., Wan, S.H., Wang, G.F., Jin, H., Li, Z.H., Tian, Y.X,, Zhu, Z.G., Zhang, J.J.
(2015). Molecular dynamics simulation and free energy calculation studies of
kinase inhibitors binding to active and inactive conformations of VEGFR-2. J
Mol Graphics Modeling 56: 103-11.

Xie, Y., An, J., Yang, G., Wu, G., Zhang, Y., Feng, Y. (2014). Enhanced Enzyme Kinetic
Stability by Increasing Rigidity within the Active Site. J of Biol Chem 289:
7994-8006.

Xu, Tao., Zhang, L., Wang, X., Wei, D., Li, T. (2009). Structure-based substrate
screening for an enzyme. BMC Bioinformatics.10 (257): 1-7.

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 RES. 29(3): 421-429.

Yamaguchi, H., Miyazaki, M. (2014). Refolding Techniques for Recovering
Biologically Active Recombinant Proteins from Inclusion Bodies.
Biomolecules. 4(1): 235-251.

Yang, L., Dordick, J.S., Garde, S. (2004). Hydration of Enzyme in Nonagueous Media
Is Consistent with Solvent Dependence of Its Activity. Biophys J 87: 812-821.

Yu, q.Y., Wang, J., Shao, Q., Shi, J., Zhu, W. (2016). The effects of organic solvents on

the folding pathway and associated thermodynamics of proteins: a
microscopic view. Sci Rep. 6(19500): 1-12.

187



Zambrano, R., Jamroz, M., Szczasiuk, A., Pujols, J., Kmiecik, S., Ventura, S. (2015).
AGGRESCANS3D (A3D): server for prediction of aggregation properties of
protein structures. Nucleic Acids Res 43(W1): W306-W313.

Zanphorlin, L.M., de Giuseppe, P.O., Honorato, R.V., Tonoli, C.C.C., Fattori, J.,
Crespim, E., de Oliveira, P.S.L., Ruller, R., Murakami, M.T. (2016).
Oligomerization as a strategy for cold adaptation: Structure and dynamics of
the GH1 B-glucosidase from Exiguobacterium antarcticum B7. Sci Rep
6(23776): 1-14.

Zeng, J., Gao, X., Dai, Z., Tang, B., Tang, X-F. (2014). Effects of Metal lons on Stability
and Activity of Hyperthermophilic Pyrolysin, Appl Environ Microbiol. 80:
2763-2772.

Zhang, W-W., Jia, J-Q., Hu, C-L., Yang, S-Y., Yu, X-Q. (2015) Improved activity of

lipase immobilized in microemulsion-based organogels for (R, S)-ketoprofen
ester resolution: Long-term stability and reusability. Biotech Rep. 7: 1-8

188





