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ABSTRACT 

 

 

 

 

Luciferase is well known oxidative enzyme that produce bioluminescence. 

Since the discovery of luciferase, it has been used in many applications as emission of 

light during bioluminescent nature serves as a visual indicator for observation.  In this 

study, the aim is to model and characterise a novelty of the luciferase-like 

monooxygenase protein/amino acid found in Pseudomonas meliae for its similarity to 

well established luciferase enzymes. The novel protein sequence was modelled and 

compared with established structures using bioinformatics methods. The 

Pseudomonas meliae, a plant pathogen that causes wood rot on nectarine, peach and 

Platanus spp. possess a luciferase-like monooxygenase that if activated, creates an 

intriguing prospect of using the pathogen’s bioluminescent as a visual indicator of 

diseased plants. If the pathogen’s own protein can be activated when the plant has been 

infected, its bioluminescent bacterial gall can be used to identify affected plants. In 

this study, the suitability of the luciferase like monooxygenase from P. meliae that 

infects chinaberry plants has to be modelled first, and then studied by comparing it 

with existing known luciferase. The sequence of Pseudomonas meliae 

(A0A0P9UTV8) was characterized and modelled using 3B9O as a template, using 

bioinformatics tools. Similarities between uncharacterized luciferase from 

Pseudomonas meliae and template from Geobacillus thermodenitrificans were 

analysed. The active site remains identical but with the exception of two amino acids; 

P.meliae Tyr138 instead of His138 and Leu311 instead of His311. All the other data 

9on various properties of luciferase-like monooxygenase protein and its comparison 

between template alkane monooxygenase and model luciferase-like monooxygenase 

primary structure characteristics, similarities of amino acids sequences, binding sites , 

and predicted active sites of almost similar models.  Both structures have similar key 

characteristics such as, high amino acid residue, Aspartic acid, and Glutamic acid. The 

results suggest that the absence of bioluminescence in P.meliae could be due to the 

evolutionary mutation in position 138 and 311. The Pseudomonas genera has been 

shown to react with light such as Pseudomonas fluorescens that emit luminescence 

under UV light as well as the application of bioluminescent Pseudomonas aeruginosa 

to assess the antimicrobial efficacy of wound dressings by monitoring light emission. 

Therefore, the P.meliae will have a potential future application, should the residues 

138 and 311 be mutated to restore luciferase light emitting ability in future research. 

Suitability for further improvement, activation, and repurposing the luciferase from 

Pseudomonas meliae as a disease marker would depend on the outcome of this study. 

 

 

 



 

x 

 

ABSTRAK 

 

 

 

 

Luciferase adalah enzim oksidatif yang terkenal yang menghasilkan 

bioluminescence. Sejak penemuan luciferase, luciferase telah digunakan dalam 

banyak aplikasi sebagai pemancaran cahaya oleh bioluminescent semulajadi  berfungsi 

sebagai penunjuk visual untuk pemerhatian. Dalam kajian ini, matlamatnya adalah 

untuk memodelkan dan mencirikan sejenis gen monooxygenase seperti luciferase yang 

terdapat dalam Pseudomonas meliae kerana kesamaannya dengan enzim luciferase 

yang mantap. Susunan protein novel akan dimodelkan dan dibandingkan dengan 

struktur luciferase yang diketahui menggunakan kaedah bioinformatik. Pseudomonas 

meliae, patogen tumbuhan yang menyebabkan kayu membusuk nektarine, pic dan 

Platanus spp. mempunyai monooxygenase seperti luciferase yang jika diaktifkan, 

mewujudkan prospek yang menarik menggunakan bioluminescent patogen sebagai 

penunjuk visual tanaman berpenyakit. Sekiranya protein patogen itu dapat diaktifkan 

apabila tumbuhan itu dijangkiti, bakteria bakteria bioluminescent dapat digunakan 

untuk mengenal pasti tumbuhan yang terjejas. Dalam kajian ini, kesesuaian luciferase 

seperti monooxygenase dari P. meliae yang menjangkiti tumbuhan chinaberry perlu 

dimodelkan dahulu, dan kemudian dikaji dengan membandingkannya dengan 

luciferase yang diketahui. Urutan (A0A0P9UTV8) Pseudomonas meliae dicirikan dan 

dimodelkan menggunakan 3B9O sebagai templat menggunakan alat bioinformat ik. 

Kesamaan antara luciferase yang tidak ditakrifkan dari Pseudomonas milae dan 

template dari Geobacillus thermodenitrificans dianalisis. Tapak aktif tetap sama tetapi 

dengan pengecualian dua asid amino; P.meliae Tyr 138 bukan His138 dan Leu311 

bukan His311. Semua data lain mengenai pelbagai sifat luciferase seperti protein 

monooxygenase dan perbandingannya antara template alkane monooxygenase dan 

model luciferase seperti monooxygenase ciri-ciri struktur utama, persamaan urutan 

amino asid, mengikat laman web dan meramalkan laman-laman aktif yang hampir 

serupa. Kedua-dua struktur mempunyai ciri-ciri utama yang sama seperti, residu asid 

amino tinggi, asid aspartik, dan asid glutamat. Keputusan menunjukkan bahawa 

ketiadaan bioluminescence di P.meliae boleh disebabkan oleh mutasi evolusi di 

kedudukan 138 dan 311. Genera Pseudomonas telah ditunjukkan untuk bertindak balas 

dengan cahaya seperti Pseudomonas fluorescens  yang memancarkan pencahayaan di 

bawah cahaya UV serta aplikasi daripada Pseudomonas aeruginosa bioluminescent 

untuk menilai keberkesanan antimikrob pembalutan/persalinan luka dengan memantau 

pelepasan cahaya. Oleh itu, P. meliae akan memiliki kemungkinan aplikasi masa 

depan, sekiranya residu 138 dan 311 dimutasi untuk mengembalikan keupayaan 

pemancar cahaya luciferase pada masa akan datang penyelidikan. Kesesuaian untuk 

penambahbaikan, pengaktifan, dan penggunaan semula luciferase dari Pseudomonas 

meliae sebagai penanda penyakit bergantung pada hasil kajian ini. 
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CHAPTER ONE 

 

 

 

INTRODUCTION 

 

 

 

 

1.1 Research Background 

 

 

            The name of luciferase and luciferin were introduced by a scientist Emil Du Bois-

Reymond-Reymond in 1885 (Fraga, 2008). Later on, in 1940, Dr Green and McElroy 

extracted and purified luciferase protein. By using this process, they have isolated the 

enzyme and determined its conformational structure (C. England et al., 2016). He 

investigated the components required for the bioluminescence of the click beetle. He used 

only cold water and abdomens of Elateridae click beetle, and it was able to produced 

luminescence in the laboratory. Basically he named two extracted components, the 

molecule that was consumed in the reaction “Luciferine” and the enzyme which is 

responsible for the chemical reaction, he named Luciferase. The next essential discovery 

was by Marlene Deluca, who reported that the cloning of firefly luciferase (FLuc) in 

Escherichia coli, have a direct way for this technique to be widely utilized in many  

luciferase systems (Kricka et al., 1989). Firefly luciferase is broadly used as a reporter 

gene for gene regulation and pharmaceutical screening. Firefly luciferase doesn’t require 

subsequent processing activity because firefly luciferase’s 61k Dalton protein is active. 

Firefly luciferase catalyzes an oxidative reaction including ATP (Baldwin, 1996). It 

catalyzes the oxidative decarboxylation of luciferin, a 6-hydroxybenzothiazole, to 

oxyluciferin in the ATP, Mg2+, and O2 (Koncz et al, 1990). Firefly luciferin and molecular 

oxygen yields an electronically energized oxyluciferin species. The excited species emits 

visible light, which is used by the firefly in its reproductive behavior. Firefly luciferase 

was the first enzyme for which the biochemical detail was investigated (Baldwin, 1996). 

Among other applications, the firefly luciferase has been used as reporter gene in living 

cell and organisms. For instance, the longer-wavelength light emission enhances the 
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animal’s tissue penetration. For the substrate, ATP and D-luciferin would likely improve 

the glossiness of the light delivered by intracellular luciferase.  

 

        

Luciferase, especially sourced from firefly (Photinus pyralis) has been utilized as 

a reporter protein in different assay systems including gene expression and was applied in 

the process of high-throughput screening for drug discovery (Inouye, 2010). Using 

bioluminescence as a visual cue to signal changes have been well established. This 

bioluminescence normally happens in nature in different green growths, microscopic 

organisms, parasites, and some oceanic creatures, for example, jellyfish (Thorne et al., 

2010). The luciferase gene is basically extracted and used as a reporter gene to visualize 

expression of various gene for a wide variety of organism. The first luciferase protein was 

successfully purified from fireflies in 1940s (Kirkpatrick et al., 2019).  

 

 

In this study, the aim is to examine the luciferase like monooxygenase gene found 

in Pseudomonas meliae for its similarity to well established luciferase enzymes. The novel 

protein sequence was modelled and compared with known structures using bioinformat ics 

methods. Suitability for further improvement, activation, and repurposing as a disease 

marker would depend on the outcome of this study. 

 

 

 

 

1.2 Problem Statement 

 

 

            Firefly luciferase has an established application in reporting gene regulation and 

pharmaceutical screening. The bioluminescent nature serves as a useful cue, creating a 

relatively easy visual indicator for parameters pre-determined by the applications. The 

Pseudomonas meliae, is a plant pathogenic bacteria which causes wood rot on nectarine. 

Peach, platanus, and platanus spp possess a Luciferase-like monooxygenase. The presence 

of luciferase like monooxygenase by a pathogen, in this case Pseudomonas meliae, creates 

an intriguing prospect of using the pathogen’s bioluminescence as a visual indicator of 
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diseased plants. If the pathogen’s own protein can be activated when the plant has been 

infected, its bioluminescent bacterial gall can be used to identify affected plants. In this 

study, the suitability of the luciferase like monooxygenase from P. meliae that infects 

chinaberry plants is to be first modelled and studied by comparing it with existing known 

luciferase.  

 

 

 

 

1.3 Research Objectives 

 

 

    The objectives of this research are: 

1. To investigate the primary and secondary sequence characteristics of a novel 

Luciferase-like monooxygenase protein from Pseudomonas meliae. 

2. To model and analyse the three dimensional (3D) structure of the protein.  

3. To compare the modelled 3D structure with established template structures in the 

database. 

 

 

 

 

1.4 Significance of the study 

 

 

Bacterial galls are plant tumor disease characterized by non-self-limiting tissue 

overgrowth. The gall poses a significant economic effect on plantations of nectarine, 

peach, and platanus species. The gall forming bacteria inhibit the soil and can survive for 

two years, making its total eradication a challenge. Galls have been shown to infect young 

trees or cause loss of productivity by having a dead top (spike top) (Hansen et al., 1933). 

The affected plants would have slow growth and dieback of shoots and stems (Taghavi et 

al., 2009). If the luciferase expressed by Pseudomonas meliae is suitable and subsequently 

introduced, it would create a novel reporting system pathogen, which uses the bacterial 

gall against itself. Infected trees can be quickly identified and corrective actions can be 
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taken. Thus, the economic effect of the disease on nectarine, peach, and platanus spp can 

be minimized.  

 

 

 

 

1.5 Scope of Research 

 

 

  The research is purely computational work, using established bioinformatics tools 

to achieve the desired objectives. The chosen organism is a pathogenic species, named 

Pseudomonas meliae. All research work would be based upon data already present in 

existing sequence and structural databases. No laboratory work shall be performed at this 

stage of this research, as it will be beyond the scale and time available for this MSc 

dissertation.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

63 

 

REFERENCES  

 

 

Aam, J. : (2015). Our reference: AAM 13 Author Query Form.  

Aeini, M., & Taghavi, S. M. (2014). Genotypic characteristics of the causal agent of 

chinaberry gall. Archives of Phytopathology and Plant Protection, 47(12), 1466–

1474.  

Agustina, W., Rahman, T., Ratnawati, L., Sriharti, Salim, T., & Nursyahbani, I. (2019). 

Potential Isolates Characterization of Thermophilic Bacteria from Hot Springs and 

Waste Agricultural Production in Subang District Area. In IOP Conference Series: 

Earth and Environmental Science (Vol. 251). Institute of Physics Publishing.  

Al-doski, J. M. M. (2019). First record of bacterial gall of chinaberry caused by 

Pseudomonas meliae in duhuk, kurdistan region, Iraq. The Journal of The 

University of Duhok, 22(1), 1–6.  

Ashok Kumar, T. (2013). CFSSP: Chou and Fasman Secondary Structure Prediction 

server. Wide Spectrum, 1(9), 15–19.  

Balakrishnan, R., Harris, M. A., Huntley, R., Van Auken, K., & Michael Cherry, J. 

(2013). A guide to best practices for gene ontology (GO) manual annotation. 

Database, 2013.  

Baldwin, T. O. (1996). Firefly luciferase: The structure is known, but the mystery 

remains. Structure, 4(3), 223–228.  

Beiki, F., Busquets, A., Gomila, M., Rahimian, H., Lalucat, J., & García-Valdés, E. 

(2016). New Pseudomonas spp. Are Pathogenic to Citrus. PLOS ONE, 11(2), 

e0148796.  

Bhaumik, S., & Gambhir, S. S. (2002). Optical imaging of Renilla luciferase reporter 

gene expression in living mice. Proceedings of the National Academy of Sciences 

of the United States of America, 99(1), 377–382.  

Bhaumik, S., Lewis, X. Z., & Gambhir, S. S. (2004). Optical imaging of Renilla 

luciferase, synthetic Renilla luciferase, and firefly luciferase reporter gene 

expression in living mice. Journal of Biomedical Optics, 9(3), 578.  

Biasini, M., Bienert, S., Waterhouse, A., Arnold, K., Studer, G., Schmidt, T., … 

Schwede, T. (2014). SWISS-MODEL: modelling protein tertiary and quaternary 



 

64 

 

structure using evolutionary information. Web Server Issue Published Online, 42.  

Binns, D., Dimmer, E., Huntley, R., Barrell, D., O’Donovan, C., & Apweiler, R. (2009). 

QuickGO: A web-based tool for Gene Ontology searching. Bioinformatics, 

25(22), 3045–3046.  

Branchini, B. R., Southworth, T. L., Khattak, N. F., Michelini, E., & Roda, A. (2005). 

Red- and green-emitting firefly luciferase mutants for bioluminescent reporter 

applications. Analytical Biochemistry, 345(1), 140–148.  

Chen, C.-H., & Berns, D. S. (1980). Thermotropic Properties of Thermophilic, 

Mesophilic, and Psychrophilic Blue-green Algae. Plant Physiol (Vol. 66).  

Chen, D., Tian, X., Zhou, B., & Gao, J. (2016). ProFold: Protein fold classification with 

additional structural features and a novel ensemble classifier. BioMed Research 

International, 2016.  

Chen, H., Gu, F., & Huang, Z. (2006). Improved Chou-Fasman method for protein 

secondary structure prediction. BMC Bioinformatics, 7(SUPPL.4).  

Collins, T., & Margesin, R. (2019, April 1). Psychrophilic lifestyles: mechanisms of 

adaptation and biotechnological tools. Applied Microbiology and Biotechnology. 

Springer Verlag.  

Eisenberg, D., Lüthy, R., & Bowie, J. U. (1997). VERIFY3D: Assessment of protein 

models with three-dimensional profiles. Methods in Enzymology, 277, 396–404.  

England #1, C. G., #1, E. B. E., & Cai, W. (2016). NanoLuc: A Small Luciferase is 

Brightening up the Field of Bioluminescence HHS Public Access. Bioconjug 

Chem, 27(5), 1175–1187.  

Fan, F., & Wood, K. V. (2007, February). Bioluminescent assays for high-throughput 

screening. Assay and Drug Development Technologies.  

Farhadi, T. (2018). Advances in protein tertiary structure prediction. Biomedical and 

Biotechnology Research Journal (BBRJ), 2(1), 20.  

Faysal Bellah, S., MensahSedzro, D., Akbar, H., Saker Billah, S. M., & Professor, A. 

(2019). Structure, Enzymatic Mechanism of Action, Applications, Advantages, 

Disadvantages and Modifications of Luciferase Enzyme Review Article . Journal 

of Genetic Engineering and Biotechnology Research (Vol. 1).  

Feller, G., Bottomley, S., & Malykhina, A. P. (2013). Psychrophilic Enzymes: From 



 

65 

 

Folding to Function and Biotechnology, 2013, 28.  

Fodje, M. N., & Al-Karadaghi, S. (2002). Occurrence, conformational features and 

amino acid propensities for the π-helix. Protein Engineering, Design and 

Selection, 15(5), 353–358.  

Ford, S. R., & Leach, F. R. (1998). Improvements in the application of firefly luciferase 

assays. Methods in Molecular Biology (Clifton, N.J.), 102, 3–20.  

Fraga, H. (2008). Firefly luminescence: A historical perspective and recent 

developments. Photochemical & Photobiological Sciences, 7(2), 146.  

Gasteiger, E., Hoogland, C., Gattiker, A., Duvaud, S., Wilkins, M. R., Appel, R. D., & 

Bairoch, A. (2005). Protein Identification and Analysis Tools on the ExPASy 

Server. In The Proteomics Protocols Handbook (pp. 571–607). Humana Press.  

Gouet, P., Courcelle, E., Stuart, D., & Metoz, F. (1999). ESPript: analysis of multiple 

sequence alignments in PostScript. Bioinformatics, 15(4), 305–308.  

Greene, L. H. (2012). Protein structure networks. Briefings in Functional Genomics, 

11(6), 469–478.  

Greer, L. F., & Szalay, A. A. (2002, January). Imaging of light emission from the 

expression of luciferases in living cells and organisms: A review. Luminescence.  

Guo, F., & Wang, L. (2012). Computing the protein binding sites. BMC Bioinformatics, 

13 Suppl 10.  

Hansen, H. N., & Smith, R. E. (1933). A bacterial gall disease of the Douglas Fir. Science.  

Hill, D. P., Smith, B., Mcandrews-Hill, M. S., & Blake, J. A. (2008). Gene Ontology 

annotations: what they mean and where they come from.  

Inouye, S. (2010, February). Firefly luciferase: An adenylate-forming enzyme for 

multicatalytic functions. Cellular and Molecular Life Sciences.  

Kado, C. (2001). Crown Gall Tumors. In Encyclopedia of Genetics (pp. 491–493). 

Elsevier.  

Kamiunten’, H., Nakaol, T., & Oshida’, S. (2000). Pseudomonas syringae pv. cerasicola, 

pv. nov., the Causal Agent of Bacterial Gall of Cherry Tree . J. Gen. Plant Pathol 

(Vol. 66). 

Khazanov, N. A., & Carlson, H. A. (2013). Exploring the Composition of Protein-Ligand 

Binding Sites on a Large Scale. PLoS Computational Biology, 9(11), e1003321.  



 

66 

 

Khor, B. Y., Tye, G. J., Lim, T. S., Noordin, R., & Choong, Y. S. (2014). The structure 

and dynamics of BmR1 protein from Brugia malayi: In silico approaches. 

International Journal of Molecular Sciences, 15(6), 11082–11099. 

Kirkpatrick, A., Xu, T., Ripp, S., Sayler, G., & Close, D. (2019). Biotechnological 

Advances in Luciferase Enzymes. In Bioluminescence - Analytical Applications 

and Basic Biology. IntechOpen.  

Koncz, C., Langridge, W. H. R., Olsson, O., Schell, J., & Szalay, A. A. (1990). Bacterial 

and Firefly Luciferase Genes in Transgenic Plants: Advantages and 

Disadvantages of a Reporter Gene. DEVELOPMENTAL GENETICS (Vol. 11). 

Kricka, L. J., & Leach, F. R. (1989). In memoriam Dr Marlene DeLuca. 1987 O. M. 

Smith Lecture. Firefly luciferase: mechanism of action, cloning and expression of 

the active enzyme. Journal of Bioluminescence and Chemiluminescence, 3(1), 1–

5.  

Laskowski, R. A., MacArthur, M. W., Moss, D. S., & Thornton, J. M. (1993). 

PROCHECK: a program to check the stereochemical quality of protein structures. 

Journal of Applied Crystallography, 26(2), 283–291.  

Li, Y. (2013). Conformational sampling in template-free protein loop structure modeling: 

An overview. Computational and Structural Biotechnology Journal. Research 

Network of Computational and Structural Biotechnology.  

Ma, W., Whitley, K. D., Chemla, Y. R., Luthey-Schulten, Z., & Schulten, K. (2018). 

Free-energy simulations reveal molecular mechanism for functional switch of a 

DNA helicase. ELife, 7.  

Ma, Y., Liu, Y., & Cheng, J. (2018). Protein secondary structure prediction based on data 

partition and semi-random subspace method. Scientific Reports, 8(1).  

Martin, D., Procter, J., Waterhouse, A., Shehata, S., Giang, N., Duce, S., & Barton, G. 

(2014). Jalview 2.8.2 Manual and Introductory Tutorial. 

Martínez-Rosell, G., Giorgino, T., & De Fabritiis, G. (2017). PlayMolecule 

ProteinPrepare: A Web Application for Protein Preparation for Molecular 

Dynamics Simulations. Journal of Chemical Information and Modeling, 57(7), 

1511–1516.  

Maugeri, T. L., Gugliandolo, C., Caccamo, D., & Stackebrandt, E. (2002). Three novel 



 

67 

 

halotolerant and thermophilic Geobacillus strains from shallow marine vents. 

Systematic and Applied Microbiology, 25(3), 450–455.  

Mohammad, B. T., Al Daghistani, H. I., Jaouani, A., Abdel-Latif, S., & Kennes, C. 

(2017). Isolation and Characterization of Thermophilic Bacteria from Jordanian 

Hot Springs: Bacillus licheniformis and Thermomonas hydrothermalis Isolates as 

Potential Producers of Thermostable Enzymes. International Journal of 

Microbiology, 2017.  

Morgat, A., Lombardot, T., Coudert, E., Axelsen, K., Neto, T. B., Gehant, S., … 

Consortium, T. U. (2019). Enzyme annotation in UniProtKB using Rhea. BioRxiv, 

709899.  

Muhammed, M. T., & Aki-Yalcin, E. (2019). Homology modeling in drug discovery: 

Overview, current applications, and future perspectives. Chemical Biology & 

Drug Design, 93(1), 12–20.  

Navizet, I., Liu, Y. J., Ferré, N., Roca-Sanjuán, D., & Lindh, R. (2011, December 9). The 

chemistry of bioluminescence: An analysis of chemical functionalit ies. 

ChemPhysChem.  

Nazina, T. N., Tourova, T. P., Poltaraus, A. B., Novikova, E. V., Grigoryan, A. A., 

Ivanova, A. E., … Ivanov, M. V. (2001). Taxonomic study of aerobic thermophilic 

bacilli: Descriptions of Geobacillus subterraneus gen. nov., sp. nov. and 

Geobacillus uzenensis sp. nov. from petroleum reservoirs and transfer of Bacillus 

stearothermophilus, Bacillus thermocatenulatus, Bacillus thermoleovorans. 

International Journal of Systematic and Evolutionary Microbiology , 51(2), 433–

446. 

O’Donovan, C. (2002). High-quality protein knowledge resource: SWISS-PROT and 

TrEMBL. Briefings in Bioinformatics, 3(3), 275–284.  

O’Malley, C. J., Montague, G. A., Martin, E. B., Liddell, J. M., Kara, B., & Titchener-

Hooker, N. J. (2012). Utilisation of key descriptors from protein sequence data to 

aid bioprocess route selection. Food and Bioproducts Processing, 90(4), 755–761. 

Paliwal, K. K., Sharma, A., Lyons, J., & Dehzangi, A. (2014). Improving protein fold 

recognition using the amalgamation of evolutionary-based and structural based 

information. BMC Bioinformatics, 15(Suppl 16), S12.  



 

68 

 

Perry, S. R., Xu, W., Wirija, A., Lim, J., Yau, M. K., Stoermer, M. J., … Fairlie, D. P. 

(2015). Three Homology Models of PAR2 Derived from Different Templates: 

Application to Antagonist Discovery. Journal of Chemical Information and 

Modeling, 55(6), 1181–1191.  

Pettersen, E. F., Goddard, T. D., Huang, C. C., Couch, G. S., Greenblatt, D. M., Meng, 

E. C., & Ferrin, T. E. (2004). UCSF Chimera?A visualization system for 

exploratory research and analysis. Journal of Computational Chemistry, 25(13), 

1605–1612.  

Pozzo, T., Akter, F., Nomura, Y., Louie, A. Y., & Yokobayashi, Y. (2018). Firefly 

Luciferase Mutant with Enhanced Activity and Thermostability.  

Rehman, I., & Botelho, S. (2018). Biochemistry, Secondary Protein Structure. 

StatPearls.  

Roda, A., Guardigli, M., Michelini, E., & Mirasoli, M. (2009). Bioluminescence in 

analytical chemistry and in vivo imaging. TrAC - Trends in Analytical Chemistry, 

28(3), 307–322.  

Schiraldi, C., & De Rosa, M. (2014). Mesophilic Organisms. In Encyclopedia of 

Membranes (pp. 1–2). Springer Berlin Heidelberg.  

Sen, T. Z., Jernigan, R. L., Garnier, J., & Kloczkowski, A. (2005). GOR V server for 

protein secondary structure prediction. Bioinformatics, 21(11), 2787–2788.  

Shakibaie, F., Lamard, L., Rubinsztein-Dunlop, H., & Walsh, L. J. (2018). Application 

of Fluorescence Spectroscopy for Microbial Detection to Enhance Clinical 

Investigations. In Photon Counting - Fundamentals and Applications. InTech. 

Siepen, J. A., Radford, S. E., & Westhead, D. R. (2009). β Edge strands in protein 

structure prediction and aggregation. Protein Science, 12(10), 2348–2359.  

Sievers, F., Wilm, A., Dineen, D., Gibson, T. J., Karplus, K., Li, W., … Higgins, D. G.  

(2011). Fast, scalable generation of high‐quality protein multiple sequence 

alignments using Clustal Omega. Molecular Systems Biology, 7(1), 539.  

Singh, R., Gurao, A., Rajesh, C., Mishra, S. K., Rani, S., Behl, A., … Kataria, R. S. 

(2019). Comparative modeling and mutual docking of structurally uncharacterized 

heat shock protein 70 and heat shock factor-1 proteins in water buffalo. Veterinary 

World, 12(12), 2036–2045.  



 

69 

 

Taghavi, S. M., & Ghasemi, Y. (2009). Etiology of Chinaberry Gall Disease in Iran . Iran 

Agricultural Research (Vol. 28). 

Taraska, J. W., & Zagotta, W. N. (2010, April). Fluorescence applications in molecular 

neurobiology. Neuron.  

Thomas, P. D. (2017). The gene ontology and the meaning of biological function. In 

Methods in Molecular Biology (Vol. 1446, pp. 15–24). Humana Press Inc.  

Thompson, J. D., Higgins, D. G., & Gibson, T. J. (1994). CLUSTAL W: Improving the 

sensitivity of progressive multiple sequence alignment through sequence 

weighting, position-specific gap penalties and weight matrix choice. Nucleic Acids 

Research, 22(22), 4673–4680.  

Thorne, N., Inglese, J., & Auld, D. S. (2010, June 25). Illuminating Insights into Firefly 

Luciferase and Other Bioluminescent Reporters Used in Chemical Biology. 

Chemistry and Biology.  

Venev, S. V, & Zeldovich, K. B. (2018). Thermophilic Adaptation in Prokaryotes Is 

Constrained by Metabolic Costs of Proteostasis. Molecular Biology and Evolution, 

35(1), 211–224.  

Wang, L., Tang, Y., Wang, S., Liu, R. L., Liu, M. Z., Zhang, Y., … Feng, L. (2006). 

Isolation and characterization of a novel thermophilic Bacillus strain degrading 

long-chain n-alkanes. Extremophiles, 10(4), 347–356.  

Wang, S., Peng, J., Ma, J., & Xu, J. (2016). Protein Secondary Structure Prediction Using 

Deep Convolutional Neural Fields. Scientific Reports, 6.  

Waterhouse, A., Bertoni, M., Bienert, S., Studer, G., Tauriello, G., Gumienny, R., … 

Schwede, T. (2018). SWISS-MODEL: homology modelling of protein structures 

and complexes. Nucleic Acids Research, 46(W1), W296–W303.  

Yang, Y., Gao, J., Wang, J., Heffernan, R., Hanson, J., Paliwal, K., & Zhou, Y. (2018). 

Sixty-five years of the long march in protein secondary structure prediction: The 

final stretch? Briefings in Bioinformatics, 19(3), 482–494.  

Yousef, M., Abdelkader, T., & El-Bahnasy, K. (2019). Performance comparison of ab 

initio protein structure prediction methods. Ain Shams Engineering Journal.  

 

 




