
© C
OPYRIG

HT U
PMDETERMINATION OF GDSL- SUBTRATE COMPLEX IN 

UNDERSTANDING THE SELECTIVITY OF NOVEL GDSL ESTERASE 
CATALYSIS 

By 

NOR NAJIHAH BINTI ABDUL RAHMAN 

Thesis Submitted to the School of Graduate Studies, Universiti Putra 
Malaysia, in Fulfilment of the Requirements for the Degree of Master of 

Science 

July 2023 

FBSB 2023 24



© C
OPYRIG

HT U
PM

All material contained within the thesis, including without limitation text, logos, 
icons, photographs and all other artwork, is copyright material of Universiti 
Putra Malaysia unless otherwise stated. Use may be made of any material 
contained within the thesis for non-commercial purposes from the copyright 
holder. Commercial use of material may only be made with the express, prior, 
written permission of Universiti Putra Malaysia. 

Copyright © Universiti Putra Malaysia 



© C
OPYRIG

HT U
PM

i 

Abstract of thesis presented to the Senate of Universiti Putra Malaysia in 
fulfilment of the requirement for the degree of Master of Science 

ABSTRACT 

DETERMINATION OF GDSL- SUBTRATE COMPLEX  
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NOVEL GDSL ESTERASE CATALYSIS 

By 

NOR NAJIHAH BINTI ABDUL RAHMAN 

July 2023 

Chairman : Adam Leow Thean Chor, PhD  
Faculty : Biotechnology and Biomolecular Sciences 

GDSL esterase is designated as a member of Family II of lipolytic enzymes 

known to catalyse the synthesis and hydrolysis of ester bonds. The enzyme 

possesses a highly conserved motif Ser-Gly-Asn-His (SGNH) in the four 

conserved blocks I, II, III, and V respectively. Esterases perform synthesis by 

using a two-step mechanism where the nucleophilic Ser initiate the synthesis 

by first attacking the ester’s carbonyl carbon and produce an acyl enzyme 

intermediate and alcohol. Second, the catalytic His will facilitate the proton 

transfer from water which resulting in hydroxide attacks the carbonyl carbon 

and release of carboxylic acid. The enzyme’s characteristics such as region-, 

chemo- and enantioselectivity help in resolving the racemic mixture of single-

isomer chiral drugs. To date, esterase enzyme identified from microbial 

sources have been widely used in various biotechnological applications such 

as manufacturing of biofuels and fine chemicals whereas identification of 

esterase enzyme in plant contributed to the regulation of plant hormone. The 

side effects of racemic mixture of commercially available naproxen can be 
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overcome by resolving the racemic mixture of naproxen esters. In this study, 

determination of GDSL esterase and p-nitrophenyl butyrate which act as a 

substrate is identified to guide the protein engineering of GDSL esterase in 

resolving the racemic mixture of naproxen esters in the future. Recently, 

crystal structure of GDSL esterase from Photobacterium J15 has been 

reported (PDB ID: 5XTU) but not in complex with substrate. Therefore, GDSL 

in complex with substrate could provide insights into the binding mode of 

substrate toward inactive form of GDSL esterase (S12A) and identify the hot 

spot residues for the designing of a better binding pocket. Insight into 

molecular mechanisms is limited due to the lack of crystal structure of GDSL 

esterase-substrate complex. The crystallization of mutant GDSL esterase 

(S12A) and its complex with substrate are successfully reported. X-ray 

crystallography was performed in order to obtain the three-dimensional (3D) 

structure of the mutant GDSL esterase (S12A) and its complex with substrate. 

The recombinant Escherichia coli Rosetta-gami (DE3) pLysS harbouring 

mutant GDSL S12A was expressed at 20°C and induced by 0.1 mM IPTG. The 

expressed protein was then subjected to two-step of chromatography; affinity 

chromatography and ion-exchange chromatography. Prior to protein 

crystallisation, the affinity tags were removed of the purified protein and 

validated by SDS-PAGE analysis. The size of the mutant GDSL S12A is 36 

kDa without affinity tags. The purified protein of the mutant GDSL S12A was 

crystallised in an optimized formulation containing 0.2 M ammonium acetate 

as salt, 30% (w/v) polyethylene glycol 4,000 as precipitant in 0.1 M sodium 

acetate trihydrate buffer at pH 4.6 with incubation at 15°C. For crystal of the 

mutant GDSL S12A, it was diffracted at 1.96 Å. As for mutant GDSL S12A-
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substrate, the crystal was first soaked in pNP-butyrate solution prior to X-ray 

diffraction. The crystal of mutant GDSL S12A-substrate was diffracted at 1.73 

Å. Both the crystals belong to orthorhombic space group of P212121. Analysis 

of the 3D structure of both structures showed that Ser12 of the catalytic triad 

has been mutated to Ala12. A DMSO molecule was found in the catalytic triad 

instead of the substrate pNP-butyrate. Further, a hydrolysed product of pNP-

butyrate (i.e. butyric acid) was found far from the catalytic site of the mutant 

GDSL S12A. The substrate-bound structure has become vital in determining 

the hot spot residue for GDSL esterase. The solved structures aid in unveiling 

the interactions between the mutant GDSL S12A with substrate. The 

information could guide in the rational design of GDSL esterase in overcoming 

the medical limitations associated with racemic mixture. 

Keywords: GDSSL esterase, racemic mixture, substrate, hotspot 

SDG: GOAL 3: Good Health and Well-being, GOAL 4: Quality Education 

  



© C
OPYRIG

HT U
PM

iv 

Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia 
sebagai memenuhi keperluan untuk ijazah Master Sains 

ABSTRAK 

PENENTUAN KOMPLEKS GDSL- SUBTRATE DALAM  
MEMAHAMI PEMILIHAN PEMANGKIN GDSL  

NOVEL ESTERASE 

Oleh 

NOR NAJIHAH BINTI ABDUL RAHMAN 

Julai 2023 
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GDSL esterase ditetapkan sebagai ahli Keluarga II enzim lipolitik yang 

diketahui memangkinkan sintesis dan hidrolisis ikatan ester. Enzim ini 

mempunyai motif Ser-Gly-Asn-His (SGNH) yang sangat terpelihara dalam 

empat blok terpelihara I, II, III, dan V masing-masing. Esterase melakukan 

sintesis dengan menggunakan mekanisme dua langkah di mana Ser 

nukleofilik memulakan sintesis dengan menyerang karbon karbonil ester dan 

menghasilkan perantaraan enzim asil dan alkohol. Kedua, pemangkin His 

akan memudahkan pemindahan proton daripada air yang mengakibatkan 

hidroksida menyerang karbon karbonil dan pembebasan asid karboksilik. Ciri-

ciri enzim seperti rantau, kemo- dan enantioselektiviti membantu dalam 

menyelesaikan campuran rasemik ubat kiral isomer tunggal.  Sehingga kini, 

enzim esterase yang dikenal pasti daripada sumber mikrob telah digunakan 

secara meluas dalam pelbagai aplikasi bioteknologi seperti pembuatan biofuel 

dan bahan kimia halus manakala pengenalpastian enzim esterase dalam 

tumbuhan menyumbang kepada pengawalseliaan hormon tumbuhan. Kesan 
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sampingan campuran rasemik naproxen yang tersedia secara komersial boleh 

diatasi dengan menyelesaikan campuran rasemik ester naproxen. Dalam 

kajian ini, penentuan GDSL esterase dan p-nitrophenyl butyrate yang 

bertindak sebagai substrat dikenal pasti untuk membimbing kejuruteraan 

protein GDSL esterase dalam menyelesaikan campuran rasemik ester 

naproxen pada masa hadapan. Baru-baru ini, struktur kristal GDSL esterase 

dari Photobacterium J15 telah dilaporkan (PDB ID: 5XTU) tetapi tidak dalam 

kompleks dengan substrat. Oleh itu, GDSL dalam kompleks dengan substrat 

boleh memberikan gambaran tentang mod pengikatan substrat ke arah bentuk 

tidak aktif GDSL esterase (S12A) dan mengenal pasti sisa-sisa titik panas 

untuk mereka bentuk poket pengikat yang lebih baik. Pengetahuan tentang 

mekanisme molekul adalah terhad kerana kekurangan struktur kristal 

kompleks substrat esterase GDSL. Penghabluran mutan GDSL esterase 

(S12A) dan kompleksnya dengan substrat berjaya dilaporkan. Penghabluran 

sinar-X dilakukan untuk mendapatkan struktur tiga dimensi (3D) esterase 

GDSL mutan (S12A) dan kompleksnya dengan substrat. Rekombinan 

Escherichia coli Rosetta-gami (DE3) pLysS yang melindungi mutan GDSL 

S12A telah dinyatakan pada 20°C dan diinduksi oleh 0.1 mM IPTG. Protein 

yang dinyatakan kemudiannya tertakluk kepada dua langkah kromatografi; 

kromatografi pertalian dan kromatografi pertukaran ion. Sebelum 

penghabluran protein, tag afiniti telah dikeluarkan daripada protein yang telah 

ditulenkan dan disahkan oleh analisis SDS-PAGE. Saiz mutan GDSL S12A 

ialah 36 kDa tanpa tag perkaitan. Protein yang telah ditulenkan bagi mutan 

GDSL S12A telah dihablurkan dalam formulasi optimum yang mengandungi 

0.2 M ammonium asetat sebagai garam, 30% (w/v) polietilena glikol 4,000 
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sebagai pemendakan dalam penimbal natrium asetat trihidrat 0.1 M pada pH 

4.6 dengan pengeraman pada 4.6°C. Untuk kristal mutan GDSL S12A, ia 

difraksi pada 1.96 Å. Bagi substrat GDSL S12A mutan, kristal pertama kali 

direndam dalam larutan pNP-butyrate sebelum pembelauan sinar-X. Hablur 

mutan GDSL S12A-substrat telah difraksi pada 1.73 Å. Kedua-dua kristal 

tersebut tergolong dalam kumpulan ruang ortorombik P212121. Analisis 

struktur 3D kedua-dua struktur menunjukkan bahawa Ser12 triad pemangkin 

telah bermutasi kepada Ala12. Molekul DMSO ditemui dalam triad pemangkin 

dan bukannya substrat pNP-butyrate. Selanjutnya, produk terhidrolisis pNP-

butyrate (iaitu asid butirik) ditemui jauh dari tapak pemangkin GDSL S12A 

mutan. Struktur terikat substrat telah menjadi penting dalam menentukan sisa 

titik panas untuk esterase GDSL. Struktur yang diselesaikan membantu dalam 

mendedahkan interaksi antara mutan GDSL S12A dengan substrat. Maklumat 

ini boleh menjadi panduan dalam reka bentuk rasional GDSL esterase dalam 

mengatasi batasan perubatan yang berkaitan dengan campuran rasemik. 

Kata kunci: GDSL esterase, campuran rasemik, substrat, titik panas 

SDG: MATLAMAT 3: Kesihatan dan Kesejahteraan Baik, MATLAMAT 4: 

Pendidikan Berkualiti 
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CHAPTER 1 

INTRODUCTION 

1.1 Background of study 

Biocatalysis offers an alternative approach to non-specific conventional 

chemical processes for the production of single-isomer chiral drugs in 

pharmaceutical (naproxen, ibuprofen, ketoprofen) and agrochemical 

(chrysanthemic) industries where the need for optically pure molecules is 

critical.  The uses of enzymes are due to the characteristics of their region-, 

chemo- and enantioselectivity in the resolution process of racemates, without 

the use of cofactors (Caroline et al., 2015; Adamczak and Krishna, 2004). 

Esterases and lipases are a class of hydrolytic enzymes that catalyse the 

hydrolysis and transesterification of fatty acid esters. They have potential use 

in hydrolysis and synthesis of important ester compounds of pharmaceutical, 

food, biochemical and biological interests (Akoh et al., 2004). A new subfamily 

of hydrolytic/lipolytic enzymes designated as GDSL-hydrolase superfamily 

have five consensus sequence (I-V) and invariant important catalytic residues 

Ser, Gly, Asn, and His in blocks I, II, III and V respectively. The oxyanion 

structure led to a new designation of these enzymes as SGNH-hydrolases. 

Interestingly, GDSL esterases have a flexible catalytic serine residue as 

nucleophile that is located near the N-terminus. GDSL esterases appear to 

change conformation with the presence and binding of different substrates, 
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much like induced fit mechanism, thus exhibiting multifunctional properties and 

regiospecificity (Wang et al., 2016). 

Photobacterium sp. J15 was a locally isolated bacterium from seawater in 

Johor, Malaysia. The PacBio genome sequence analysis revealed its potential 

in producing enzymes with different catalytic functions (Roslan et al., 2016). 

Previously, the GDSL esterase derived from Photobacterium sp. was 

heterelogously expressed in Escherichia coli and biochemical properties 

characterized (Shakiba et al., 2016). This GDSL esterase selectively catalysed 

short acyl chain length substrates, particularly pNP-butyrate. It was discovered 

that the GDSL esterase shares low identity (23%) structurally to esterase EstA 

domain of two domains autotransporter from Pseudomonas aeruginosa (Berg, 

2010). Mazlan et al., (2018) has successfully resolved the structure of wild-

type GDSL EstJ15 by using X-ray crystallography whereby this enzyme 

exhibits α/β-hydrolase characteristic. The selectivity of EstJ15 towards short 

acyl chain (i.e. protein-ligand docking analysis) was also unveiled via a 

computational approach. The solved wild-type structure leads to determination 

of the active site of EstJ15 and its catalytic mechanism. 

In this study, a GDSL hydrolase enzyme from Family II of lipolytic family was 

used. A novel cold-adapted GDSL family esterase from Photobacterium sp. 

J15 discovered having a catalytic triad composed of serine, aspartic and 

histidine residues with the role catalytic serine located at conserved 

pentapeptide Gly-X-Ser-X-Gly, positioned at the middle of the amino acid 

sequence (Chepyshko et al., 2012). This GDSL esterase selectively catalyzed 

short acyl chain length substrates, particularly p-nitrophenyl butyrate (C4). 
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Although there are reports on crystal structure of GDSL enzymes, there are 

less reported crystal structures in complex with substrate. Insights into GDSL-

substrate interaction X-ray crystallographically can be a valuable strategy for 

determining hot spot that could resolve the better esters thereby overcoming 

their medical limitations. 

1.2 Problem statement 

A crystal structure of mutant GDSL and its complex structure could be resolved 

via X-ray crystallography and provides further understanding on the binding 

mode of substrate toward inactive form of GDSL esterase (S12A) thus 

determine the hot spot residues for the designing of a better binding pocket for 

substrate pNP-butyrate. Solving the structure of mutant GDSL EstJ15 and its 

substrate complex could provide functional information and demonstrate the 

enzyme behaviour at atomic level thus lead to the insights of the binding mode 

of mutant GDSL EstJ15 towards substrate.  

1.3 Research objectives 

The main objective of this study is to elucidate the structure of mutant GDSL 

esterase-substrate complex crystallographically. The specific objectives of this 

study are as follows: 

i. To express and purify mutant GDSL esterase. 

ii. To crystallise mutant GDSL esterase complexed with substrate pNP-

butyrate. 
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iii. To solve the 3D structure of mutant GDSL esterase complexed with 

substrate pNP-butyrate. 

 



© C
OPYRIG

HT U
PM

69 

REFERENCES 

Akoh, C. C., Lee, G. C., Liaw, Y. C., Huang, T. H., & Shaw, J. F. (2004). GDSL 
family of serine esterases/lipases. Progress in lipid research, 43(6), 
534-552. https://doi.org/10.1016/j.plipres.2004.09.002  

Ameh, E. S. (2019). A review of basic crystallography and x-ray diffraction 
applications. The international journal of advanced manufacturing 
technology, 105, 3289-3302. https://doi.org/10.1007/s00170-019-
04508-1  

Arpigny, J. L., & Jaeger, K. E. (1999). Bacterial lipolytic enzymes: classification 
and properties. Biochemical journal, 343(1), 177-183. 
https://doi.org/10.1042/bj3430177  

Carinato, M. E., Collin-Osdoby, P., Yang, X., Knox, T. M., Conlin, C. A., & 
Miller, C. G. (1998). The apeE gene of Salmonella typhimurium 
encodes an outer membrane esterase not present in Escherichia coli. 
Journal of Bacteriology, 180(14), 3517-3521. 
https://doi.org/10.1128/jb.180.14.3517-3521.1998  

Caro, Y., Villeneuve, P., Pina, M., Reynes, M., & Graille, J. (2000). 
Investigation of crude latex from various Carica papaya varietices for 
lipid bioconversions. Journal of the American Oil Chemists' Society, 
77(8), 891-902. https://doi.org/10.1007/s11746-000-0142-1 

Carr, P. D., & Ollis, D. L. (2009). α/βHydrolase fold: an update. Protein and 
peptide letters, 16(10), 1137-1148. 
https://doi.org/10.2174/092986609789071298  

Chen, R., Gao, X., Nie, T., Wu, J., Wang, L., Osman, A., ... & Zhang, Y. (2023). 
Crystal structure of the GDSL family esterase EstL5 in complex with 
PMSF reveals a branch channel of the active site pocket: Complex 
structure of GDSL esterase EstL5 with PMSF. Acta Biochimica et 
Biophysica Sinica, 55(11), 1833. https://doi/10.3724/abbs.2023108  

Chepyshko, H., Lai, C. P., Huang, L. M., Liu, J. H., & Shaw, J. F. (2012). 
Multifunctionality and diversity of GDSL esterase/lipase gene family in 
rice (Oryza sativa L. japonica) genome: new insights from 
bioinformatics analysis. BMC genomics, 13(1), 309. 
https://doi.org/10.1186/1471-2164-13-309 

Deng, X., Chen, L., Hei, M., Liu, T., Feng, Y., & Yang, G. Y. (2020). Structure-
guided reshaping of the acyl binding pocket of ‘TesA thioesterase 
enhances octanoic acid production in E. coli. Metabolic engineering, 61, 
24-32. https://doi.org/10.1016/j.ymben.2020.04.010  

Höppner, A., Bollinger, A., Kobus, S., Thies, S., Coscolin, C., Ferrer, M., 
Jaeger, K. E., & Smits, S. H. (2021). Crystal structures of a novel family 

https://doi.org/10.1016/j.plipres.2004.09.002
https://doi.org/10.1007/s00170-019-04508-1
https://doi.org/10.1007/s00170-019-04508-1
https://doi.org/10.1042/bj3430177
https://doi.org/10.1128/jb.180.14.3517-3521.1998
https://doi.org/10.1007/s11746-000-0142-1
https://doi.org/10.2174/092986609789071298
https://doi/10.3724/abbs.2023108
https://doi.org/10.1186/1471-2164-13-309
https://doi.org/10.1016/j.ymben.2020.04.010


© C
OPYRIG

HT U
PM

70 

IV esterase in free and substrate‐bound form. The FEBS journal, 

288(11), 3570-3584. https://doi.org/10.1111/febs.15680  

Hou, H., Shi, M., Hu, S. Y., Ahmad, F., Zhang, B., Chen, Z. H., & Yin, D. C. 
(2019). A systematic comparison of sitting and hanging-drop 
crystallization using traditional and cross-diffusion microbatch 
crystallization plates. Journal of Crystal Growth, 521, 1-8. 
https://doi.org/10.1016/j.jcrysgro.2019.05.011  

Hwang, J., Jeon, S., Lee, M. J., Yoo, W., Chang, J., Kim, K. K., Lee, J. H., Do, 
H., & Kim, T. D. (2022). Identification, Characterization, and Preliminary 
X-ray Diffraction Analysis of a Novel Esterase (Sc Est) from 
Staphylococcus chromogenes. Crystals, 12(4), 546. 
https://doi.org/10.3390/cryst12040546  

Jang, K., Kim, H. G., Hlaing, S. H. S., Kang, M., Choe, H. W., & Kim, Y. J. 
(2022). A Short Review on Cryoprotectants for 3D Protein Structure 
Analysis. Crystals, 12(2), 138. https://doi.org/10.3390/cryst12020138 

Kaur, R., Kumar, R., Verma, S., Kumar, A., Rajesh, C., & Sharma, P. K. (2020). 
Structural and functional insights about unique extremophilic bacterial 
lipolytic enzyme from metagenome source. International Journal of 
Biological Macromolecules, 152, 593-604. 
https://doi.org/10.1016/j.ijbiomac.2020.02.210 

Kowiel, M., Brzezinski, D., Porebski, P. J., Shabalin, I. G., Jaskolski, M., & 
Minor, W. (2019). Automatic recognition of ligands in electron density 
by machine learning. Bioinformatics, 35(3), 452-461. 
https://doi.org/10.1093/bioinformatics/bty626  

Krska, D., & Larsbrink, J. (2020). Investigation of a thermostable multi-domain 
xylanase-glucuronoyl esterase enzyme from Caldicellulosiruptor 
kristjanssonii incorporating multiple carbohydrate-binding modules. 
Biotechnology for biofuels, 13(1), 1-13. https://doi.org/10.1186/s13068-
020-01709-9  

Li, X., Chen, W., Yang, H., Yang, Z., & Heng, J. Y. (2020). Protein crystal 
occurrence domains in selective protein crystallisation for bio-
separation. CrystEngComm, 22(27), 4566-4572. 
https://doi.org/10.1039/D0CE00642D  

Li, Y. H., Yu, C. Y., Li, X. X., Zhang, P., Tang, J., Yang, Q., Fu, T., Zhang, X., 
Cui, X., Tu, G., Zhang, Y., Li, S., Yang, F., Sun, Q., Qin, C., Zeng, X., 
Chen, Z., Chen, Y. Z., and Zhu, F., (2017). Therapeutic target database 
update 2018: enriched resource for facilitating bench-to-clinic research 
of targeted therapeutics. Nucleic acids research, 46(D1), D1121-
D1127. https://doi.org/10.1093/nar/gkx1076  

Lin, Y. (2018). What’s happened over the last five years with high-throughput 
protein crystallization screening?. Expert Opinion on Drug Discovery, 
13(8), 691-695. https://doi.org/10.1080/17460441.2018.1465924 

https://doi.org/10.1111/febs.15680
https://doi.org/10.1016/j.jcrysgro.2019.05.011
https://doi.org/10.3390/cryst12040546
https://doi.org/10.3390/cryst12020138
https://doi.org/10.1016/j.ijbiomac.2020.02.210
https://doi.org/10.1093/bioinformatics/bty626
https://doi.org/10.1186/s13068-020-01709-9
https://doi.org/10.1186/s13068-020-01709-9
https://doi.org/10.1039/D0CE00642D
https://doi.org/10.1093/nar/gkx1076
https://doi.org/10.1080/17460441.2018.1465924


© C
OPYRIG

HT U
PM

71 

Lotti, M., & Alberghina, L. (2007). Lipases: molecular structure and function. In 
Industrial enzymes (pp. 263-281). Springer, Dordrecht. 
https://doi.org/10.1007/1-4020-5377-0_16 

Maršavelski, A., Sabljić, I., Sugimori, D., & Kojić-Prodić, B. (2020). The 
substrate selectivity of the two homologous SGNH hydrolases from 
Streptomyces bacteria: Molecular dynamics and experimental study. 
International journal of biological macromolecules, 158, 222-230. 
https://doi.org/10.1016/j.ijbiomac.2020.04.198  

Mathur, N., Goswami, G. K., & Pathak, A. N. (2017). Structural comparison, 
docking and substrate interaction study of modeled endo-1, 4-beta 
xylanase enzyme of Bacillus brevis. Journal of Molecular Graphics and 
Modelling, 74, 337-343. https://doi.org/10.1016/j.jmgm.2017.02.011 

Maveyraud, L., & Mourey, L. (2020). Protein X-ray crystallography and drug 
discovery. Molecules, 25(5), 1030. 
https://doi.org/10.3390/molecules25051030  

Mazlan, S. N. H. S., Ali, M. S. M., Rahman, R. N. Z. R. A., Sabri, S., Jonet, M. 
A., & Leow, T. C. (2018). Crystallization and structure elucidation of 
GDSL esterase of Photobacterium sp. J15. International journal of 
biological macromolecules, 119, 1188-1194. 
https://doi.org/10.1016/j.ijbiomac.2018.08.022 

McGinty, J., Yazdanpanah, N., Price, C., ter Horst, J. H., & Sefcik, J. (2020). 
Nucleation and crystal growth in continuous crystallization. In The 
Handbook of Continuous Crystallization (pp. 1-50). The Royal Society 
of Chemistry. https://doi.org/10.1039/9781788013581-00001  

Meneses, D. P., Paixao, L. M. N., Fonteles, T. V., Gudina, E. J., Rodrigues, L. 
R., Fernandes, F. A., & Rodrigues, S. (2021). Esterase production by 
Aureobasidium pullulans URM 7059 in stirred tank and airlift bioreactors 
using residual biodiesel glycerol as substrate. Biochemical Engineering 
Journal, 168, 107954. https://doi.org/10.1016/j.bej.2021.107954  

Miguel-Ruano, V., Rivera, I., Rajkovic, J., Knapik, K., Torrado, A., Otero, J. M., 
Beneventi, E., Becerra, M., Sánchez-Costa, M., Hidalgo, A. and 
Berenguer, J., & Hermoso, J. A. (2021). Biochemical and Structural 
Characterization of a novel thermophilic esterase EstD11 provide 
catalytic insights for the HSL family. Computational and structural 
biotechnology journal, 19, 1214-1232. 
https://doi.org/10.1016/j.csbj.2021.01.047  

Nakamura, A. M., Kadowaki, M. A. S., Godoy, A., Nascimento, A. S., & 
Polikarpov, I. (2018). Low-resolution envelope, biophysical analysis and 
biochemical characterization of a short-chain specific and halotolerant 
carboxylesterase from Bacillus licheniformis. International journal of 
biological macromolecules, 120, 1893-1905. 
https://doi.org/10.1016/j.ijbiomac.2018.10.003 

https://doi.org/10.1007/1-4020-5377-0_16
https://doi.org/10.1016/j.ijbiomac.2020.04.198
https://doi.org/10.1016/j.jmgm.2017.02.011
https://doi.org/10.3390/molecules25051030
https://doi.org/10.1016/j.ijbiomac.2018.08.022
https://doi.org/10.1039/9781788013581-00001
https://doi.org/10.1016/j.bej.2021.107954
https://doi.org/10.1016/j.csbj.2021.01.047
https://doi.org/10.1016/j.ijbiomac.2018.10.003


© C
OPYRIG

HT U
PM

72 

Ollis, D. L., Cheah, E., Cygler, M., Dijkstra, B., Frolow, F., Franken, S. M., 
Harel, M., Remington, S. J., Silman, I., Schrag, J., & Sussman, J. L. 
(1992). The α/β hydrolase fold. Protein Engineering, Design and 
Selection, 5(3), 197-211. https://doi.org/10.1093/protein/5.3.197 

Ostermeier, L., Oliva, R., & Winter, R. (2020). The multifaceted effects of 
DMSO and high hydrostatic pressure on the kinetic constants of 
hydrolysis reactions catalyzed by α-chymotrypsin. Physical Chemistry 
Chemical Physics, 22(28), 16325-16333. 
https://doi.org/10.1039/D0CP03062G  

Osuna, S. (2021). The challenge of predicting distal active site mutations in 
computational enzyme design. Wiley Interdisciplinary Reviews: 
Computational Molecular Science, 11(3), e1502. 
https://doi.org/10.1002/wcms.1502  

Pu, S., & Hadinoto, K. (2021). Comparative evaluations of bulk seeded protein 
crystallization in batch versus continuous slug flow crystallizers. 
Chemical Engineering Research and Design, 171, 139-149. 
https://doi.org/10.1016/j.cherd.2021.05.011  

Qu, G., Li, A., Acevedo‐Rocha, C. G., Sun, Z., & Reetz, M. T. (2020). The 

crucial role of methodology development in directed evolution of 
selective enzymes. Angewandte Chemie International Edition, 59(32), 
13204-13231. https://doi.org/10.1002/anie.201901491  

Ramnath, L., Sithole, B., & Govinden, R. (2016). Classification of lipolytic 
enzymes and their biotechnological applications in the pulping industry. 
Canadian journal of microbiology, 63(3), 179-192. 
https://doi.org/10.1139/cjm-2016-0447 

Roslan NN, Ngalimat MS, Leow, AT. (2020) Genomic and phenomic analysis 
of a marine bacterium, Photobacterium marinum J15. Microbiol Res 
223, 126410. https://doi.org/10.1016/j.micres.2020.126410  

Schönherr, R., Rudolph, J. M., & Redecke, L. (2018). Protein crystallization in 
living cells. Biological chemistry, 399(7), 751-772. 
https://doi.org/10.1515/hsz-2018-0158  

Shabalin, I. G., Porebski, P. J., & Minor, W. (2018). Refining the 
macromolecular model–achieving the best agreement with the data 
from X-ray diffraction experiment. Crystallography reviews, 24(4), 236-
262. https://doi.org/10.1080/0889311X.2018.1521805 

Shakiba, M. H., Ali, M. S. M., Rahman, R. N. Z. R. A., Salleh, A. B., & Leow, 
T. C. (2016). Cloning, expression and characterization of a novel cold-
adapted GDSL family esterase from Photobacterium sp. strain J15. 
Extremophiles, 20(1), 45-55. https://doi.org/10.1007/s00792-015-0796-
4 

https://doi.org/10.1093/protein/5.3.197
https://doi.org/10.1039/D0CP03062G
https://doi.org/10.1002/wcms.1502
https://doi.org/10.1016/j.cherd.2021.05.011
https://doi.org/10.1002/anie.201901491
https://doi.org/10.1139/cjm-2016-0447
https://doi.org/10.1016/j.micres.2020.126410
https://doi.org/10.1515/hsz-2018-0158
https://doi.org/10.1080/0889311X.2018.1521805
https://doi.org/10.1007/s00792-015-0796-4
https://doi.org/10.1007/s00792-015-0796-4


© C
OPYRIG

HT U
PM

73 

Sobolev, O. V., Afonine, P. V., Moriarty, N. W., Hekkelman, M. L., Joosten, R. 
P., Perrakis, A., & Adams, P. D. (2020). A global Ramachandran score 
identifies protein structures with unlikely stereochemistry. Structure, 
28(11), 1249-1258. https://doi.org/10.1016/j.str.2020.08.005 

Sousa, R. (1995). Use of glycerol, polyols and other protein structure 
stabilizing agents in protein crystallization. Acta Crystallographica 
Section D: Biological Crystallography, 51(3), 271-277. 
https://doi.org/10.1107/S0907444994014009  

Talker-Huiber, D., Jose, J., Glieder, A., Pressnig, M., Stubenrauch, G., & 
Schwab, H. (2003). Esterase EstE from Xanthomonas vesicatoria (Xv_ 
EstE) is an outer membrane protein capable of hydrolyzing long-chain 
polar esters. Applied microbiology and biotechnology, 61, 479-487. 
https://doi.org/10.1007/s00253-003-1227-5  

Thakur, M. K., Birudukota, S., Swaminathan, S., Battula, S. K., Vadivelu, S., 
Tyagi, R., & Gosu, R. (2017). Co-crystal structures of PTK6: With 
Dasatinib at 2.24 Å, with novel imidazo [1, 2-a] pyrazin-8-amine 
derivative inhibitor at 1.70 Å resolution. Biochemical and biophysical 
research communications, 482(4), 1289-1295. 
https://doi.org/10.1016/j.bbrc.2016.12.030  

Tirawongsaroj, P., Sriprang, R., Harnpicharnchai, P., Thongaram, T., 
Champreda, V., Tanapongpipat, S., Pootanakit, K. and Eurwilaichitr, L., 
(2008). Novel thermophilic and thermostable lipolytic enzymes from a 
Thailand hot spring metagenomic library. Journal of Biotechnology, 
133(1), 42-49. https://doi.org/10.1016/j.jbiotec.2007.08.046 

Upton, C., & Buckley, J. T. (1995). A new family of lipolytic enzymes? Trends 
in biochemical sciences, 20(5), 178-179. 
https://doi.org/10.1016/S0968-0004(00)89002-7 

Urbániková, Ľ. (2021). CE16 acetylesterases: in silico analysis, catalytic 
machinery prediction and comparison with related SGNH hydrolases. 3 
Biotech, 11(2), 84. https://doi.org/10.1007/s13205-020-02575-w  

Vagin, A., & Teplyakov, A. (1997). MOLREP: an automated program for 
molecular replacement. Journal of applied crystallography, 30(6), 1022-
1025. https://doi.org/10.1107/S0021889897006766  

Varejão, N., De-Andrade, R. A., Almeida, R. V., Anobom, C. D., Foguel, D., & 
Reverter, D. (2018). Structural mechanism for the temperature-
dependent activation of the hyperthermophilic Pf2001 esterase. 
Structure, 26(2), 199-208. https://doi.org/10.1016/j.str.2017.12.004 

Vujaklija, D., Schröder, W., Abramić, M., Zou, P., Leščić, I., Franke, P., & 
Pigac, J. (2002). A novel streptomycete lipase: cloning, sequencing and 
high-level expression of the Streptomyces rimosus GDS (L)-lipase 
gene. Archives of microbiology, 178(2), 124-130. 
https://doi.org/10.1007/s00203-002-0430-6 

https://doi.org/10.1016/j.str.2020.08.005
https://doi.org/10.1107/S0907444994014009
https://doi.org/10.1007/s00253-003-1227-5
https://doi.org/10.1016/j.bbrc.2016.12.030
https://doi.org/10.1016/j.jbiotec.2007.08.046
https://doi.org/10.1016/S0968-0004(00)89002-7
https://doi.org/10.1007/s13205-020-02575-w
https://doi.org/10.1107/S0021889897006766
https://doi.org/10.1016/j.str.2017.12.004
https://doi.org/10.1007/s00203-002-0430-6


© C
OPYRIG

HT U
PM

74 

Wang, G.Z., Wang, Q.H., Lin, X.J., Yan, R.X. and Lin, J. (2016). A novel cold-
adapted and highly salt-tolerant esterase from Alkalibacterium sp. SL3 
from the sediment of a soda lake. Nature Scientific Reports, 6, 19494. 
https://doi.org/10.1038/srep19494 

Wang, J., Cao, Y., & Zheng, G. (2009). Mutation in the RGD motif decreases 
the esterase activity of Xcc_est. Biotechnology letters, 31(9), 1445-
1449. https://doi.org/10.1007/s10529-009-0013-6 

Yang, Q., & Pan, X. (2016). Correlation between lignin physicochemical 
properties and inhibition to enzymatic hydrolysis of cellulose. 
Biotechnology and bioengineering, 113(6), 1213-1224. 
https://doi.org/10.1002/bit.25903 

Yang, W., & Lai, L. (2017). Computational design of ligand-binding proteins. 
Current opinion in structural biology, 45, 67-73. 
https://doi.org/10.1016/j.sbi.2016.11.021 

Yu, Y., Woo, M. O., Rihua, P., & Koh, H. J. (2020). The DROOPING LEAF 
(DR) gene encoding GDSL esterase is involved in silica deposition in 
rice (Oryza sativa L.). PLoS One, 15(9), e0238887. 
https://doi.org/10.1371/journal.pone.0238887  

Zhang, Y., Hao, J., Zhang, Y. Q., Chen, X. L., Xie, B. B., Shi, M., & Li, P. Y. 
(2017). Identification and characterization of a novel salt-tolerant 
esterase from the deep-sea sediment of the South China Sea. Frontiers 
in microbiology, 8, 441. https://doi.org/10.3389/fmicb.2017.00441 

Zhang, Z., & Zhao, H. (2022). Tunnel engineering enables multifaceted 
improvements in halogenase. Chem Catalysis, 2(10), 2432-2434. 
https://doi.org/10.1016/j.checat.2022.09.010  

 

https://doi.org/10.1038/srep19494
https://doi.org/10.1007/s10529-009-0013-6
https://doi.org/10.1002/bit.25903
https://doi.org/10.1016/j.sbi.2016.11.021
https://doi.org/10.1371/journal.pone.0238887
https://doi.org/10.3389/fmicb.2017.00441
https://doi.org/10.1016/j.checat.2022.09.010

	Blank Page



