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Abstract 
Alkaline proteases contribute to a significant share among industrial enzymes and are 

essential for various industries, viz. baking, beverage, dairy, and detergent. These are also 

useful for meat and leather processing, producing pharmaceutical drugs, developing 

photographs, synthesizing artificial sweeteners, processing textiles, and as additives in 

animal feeds. The versatile nature of these proteases makes them attractive candidates for 

wide industrial applications.  

The major bottlenecks in implementing such proteases for their applicability in 

industrial sectors are often their low production yield and lack of stability. Bacteria are the 

major source of alkaline proteases for industrial purposes. The advancement in the genomic 

studies of bacteria allows suitable mining of their putative proteases. The heterologous 

expression of such proteases leads to high enzymatic titers inexpensively within a limited 

time. However, the stability of such proteases still remains a challenge. In this context, the 

halophiles producing proteases stable in high salts, alkaline pH, temperature, solvents, and 

surfactants are valuable candidates. These are reservoirs of robust proteases applicable for 

detergent industries and peptide synthesis. Moreover, they can be suitably modified through 

genetic manipulation techniques to tailor enzymes with enhanced catalytic efficiency and 

higher stability toward detergents, surfactants, and organic solvents. 

  The thesis encompasses the detailed genomic studies of a halotolerant Exiguobacterium 

sp. TBG-PICH-001 and characterization of its proteases. The soil sample from the 

Pichavaram estuary, situated on the south-east coast of Tamil Nadu, India, was used to 

isolate the Exiguobacterium sp. TBG-PICH-001. It was screened for protease production 

during its isolation on skim-milk agar media. The isolate exhibited protease activity as a 

clear zone of hydrolysis. The crude protease(s) showed pH optima at 9.0 and temperature 
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optima at 37 °C. These were found highly stable in the alkaline pH range (7-11) and 

temperatures up to 55 °C. The proteases possessed efficient surfactant and solvent stability. 

Its complete taxonomic position was established to comprehend the isolate’s potential and 

correctly annotate the unique proteases. The genome of Exiguobacterium sp. TBG-PICH-

001 was analysed and submitted to GenBank with an accession number- 

JADOYC000000000. The genomic sequences of the Exiguobacterium sp. TBG-PICH-001 

genome was compared with all similar genomes in the NCBI database based on homology, 

orthology, and phylogenetic studies, resulting in its precise species delineation as 

‘Exiguobacterium indicum’. All putative proteases were mined, enlisted, and screened for 

their heterologous expression, purification, and characterization. 

Furthermore, the growth and adaptation mechanisms of the isolate were investigated in 

the presence of various organic solvents. It grew better in highly hydrophobic solvents (log 

P above 3.4), whereas the growth decreased in less hydrophobic and hydrophilic solvents. 

The electron micrographs revealed that the cell membrane was intact when the bacterial 

cells were grown in highly hydrophobic solvents like tetradecane, dodecane, and decane. In 

contrast, disorganized cell membranes and aggregated cells were observed in the presence of 

less hydrophobic solvents, such as octane, hexane, etc. The cell permeability and viability 

assays further confirmed the above effects. The molecular adaptations were studied through 

proteomic and transcriptomic analysis, which showed the upregulation of chaperonin groEL, 

alkaline dehydrogenase, BMP Family ABC Transporter substrate-binding protein, 

elongation factor Tu, and downregulation of flagellin. These results corresponded with the 

relative expression of these genes in the presence of hexane as a solvent. Additionally, the 

microbe produced alkaline protease(s), even while cultivated in various solvents. Such 

solvent-stable 
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bacteria and alkaline proteases could be useful in whole-cell biotransformation, detergent 

applications & peptide synthesis, respectively.  

The heterologous expression of two protease genes, metalloprotease (rsep,1.23 Kb) and 

serine protease (tpa, 0.879 Kb) from the genome of the isolate in Escherichia coli 

BL21(DE3) was attempted. The recombinant protease yields were 6.3 and 6.7 IU/mg, 11 

and 12-fold higher than the crude native protease(s). The rsep and tpa showed soluble 

expression at 46 and 32 kDa, respectively. These were purified to homogeneity through Ni-

NTA affinity chromatography. The rsep and tpa used a wide range of protease substrates 

with a maximum affinity towards casein, Km of 391 and 495.3 μM, respectively. 

Interestingly, the recombinant proteases were similarly stable in the alkaline pH range (7-

10), surfactants, commercial detergents, and hydrophobic solvents, rendering them attractive 

candidates as detergent additives and for biocatalysis in non-aqueous bioprocesses. 

The characterization, structure, and directed evolution studies were further investigated. 

The error-prone mutagenesis approach has been employed to develop a mutant 

metalloprotease with enhanced enzymatic potential. Four hundred PCR reactions were 

performed for mutant gene library preparation. Genes amplification was precisely observed in 

18 modified and a single control at the predicted gene size of 1230 bp. The mutant and wild-

type genes were cloned into the pET22b+ vector for overexpression. All the recombinants 

showed considerable expression in the soluble fraction. A screened mutant metalloprotease 

showed an approximately 8-fold and 4-fold increase in protease activity and catalytic 

efficiency, respectively. It was purified to homogeneity. It had a molecular size of 92 kDa. 

The structural elucidation studies through bioinformatic tools, sequencing data, and 

comparative biophysical studies of the wild and mutant metalloprotease revealed the presence 

of an increased amount of histidine residues in the mutant metalloprotease besides the 
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appearance of acidic residues like glutamic, aspartic acid, etc. These modifications in the 

protein structure of the mutant metalloprotease possibly led to a better interaction between the 

substrates and the mutant enzyme, which enhanced its affinity and catalytic efficiency. 

Overall, the work in the thesis describes (i) genomic studies of a novel halotolerant 

Exiguobacterium sp. TBG-PICH-001. (ii) Its extracellular protease(s) which were interestingly 

stable in alkaline pH, a range of organic solvents, and surfactants. (iii) Recombinant proteases 

from its genome with higher yields. (iv) Mutagenesis studies for directed evolution of its 

recombinant protease to establish the structural alterations implicating significant amino acids 

for enhanced catalytic efficiency, substrate affinity, and alkali/solvent stability.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



        सार 
 
अãकलाइन Ĥोटȣएज एंजाइम जगत का एक मह×वपूण[ एवं åयापक अंग है I यह ͪवͪवध Ĥकार के उɮयोगɉ मɅ 

काय[रत कर जाने कȧ ¢मता रखता है I यह उɮयोग है जैस ेमांस या लेदर के कारखाने दवा उɮयोग आप ĤाकृǓतक 

ͧमçठान टेÈसटाइल और पशुओं के खाɮय से संबंͬधत उɮयोग Ĥोटȣज का बहुमुखी होना इÛहɅ उɮयोग कȧ ͸िçट से 

अͬधक अͬधक आकष[क बनाता हैI  Ĥोटȣज का उपयोग बहुदा उपरोÈत उɮयोगɉ मɅ सफलतापूव[क ͩकया जाता रहा 

है परंतु इÛहɅ इनकȧ ͪवͧशçट ¢मता तक काय[शील बनाने के ͧलए जैस,े कम माğा, काय[शीलता एवं िèथरता मɅ 

कमी का सामना करना पड़ता है I इन पर ͪवजय ĤाÜत करने हेतु हमɅ हेलोफाइãस नमक माइĐोÞस का उपयोग 

करना अǓनवाय[ हैI िजन ओवर एÈसĤेशन Ĥणालȣ का उपयोग करके हम इन Ĥोटȣज कȧ माğा िèथरता एवं 

काय[शीलता को काय[शीलता मɅ वɮृͬध ला सकते हɇ इसी संदभ[ मɅ इस थीͧसस मɅ हमने इिÈसगोबैÈटȣǐरया इंडीकॉम 

टȣबी पी आई सी ह 0 0 1 नामक बैÈटȣǐरया का आइसोलेशन ͩकया है िजसके उपरांत हमने Ĥोटȣज ĤोडÈशन को 

इसमɅ माप है Ĥोटȣज कȧ ĤािÜत के बाद हमने Ĥोटȣज कȧ िèथरता को जÍचा और पाया ͩक यह इÛहɅ ऑगȶǓनक 

सॉãवɅɪस मɅ और ͫडटजɏट मɅ अͬधकांश Ǿप से िèथर है इसके उपरांत हमने पाया ͩक यह Ĥोटȣन कम माğा मɅ बना 

रहे हɇ माğ कȧ वɮृͬध के ͧ लए हमने हेĚोलॉगआउस एÈसĤेशन कराया और उनकȧ इनकȧ इकाई को बढ़ाया एवं इनकȧ 

माğा को 11 और 12 गुना बढ़ा ǑदयाI दो ĤोǑटजेस पर हमने काय[ ͩकया िजनमɅ मेटालĥा[Ǒटयस[ को बेहतर बनाने 

कȧ कोͧशश कȧ एंजाइमेǑटक ¢मता को हमने बढ़ाने के ͧलए एरर Ĥोन पीसीआर का उपयोग ͩकया इसके उपरांत 

हेĚोलॉगआउस एÈसĤेशन करके हमने इस ĤोǑटयस कȧ काय[शीलता को बढ़ा Ǒदया को 8 गुना बढ़ा Ǒदया को 4.2 

गुना बढ़ाया I इन सब से हमने यह भी जांच कȧ यह माइĐो ऑगȶǓनक सॉãवɅɪस मɅ ͩकस हद तक िèथर है इसकȧ 

पूण[ता जांच करने के हेतु हमने माइĐोèकॉपी जीवन ͬचğɉ का सहारा ĤाÜत ͩकया I यह ͬचğ इस बात का सूचक बन 

कȧ हाइĜोफोǒबक सॉãवɅɪस मɅ यह बैÈटȣǐरया बेहतर Ēोथ ĤोǑटयस ĤोडÈशन एवं िèथरता का Ĥचार एवं Ĥसाद 



Ĥसार करता है इसके अÛयथा मɅ यह बैÈटȣǐरया हाइĜोफोǒबक सॉãवɅɪस कȧ उपिèथǓत मɅ कम माğा मɅ एंजाइम 

Ĥोɬयूस करता है I हमने यह भी पाया  मॉलेÈयुलर संदभ[ मɅ यह बैÈटȣǐरया ͩकन जींस का उपयोग करता है िजससे 

ͩक वह उनके ͪवषैला इफेÈट से बच सके यह पाया गया ͩक कई सारे इलेÈĚॉन आएं पंÜस एवं Üलैगͧलन Ĥोटȣन का 

असामाÛय एÈसĤेशन हो रहा है I इलेÈĚॉन पस के एÈसĤेशन मɅ वɮृͬध एवं Üलैगͧलन के एÈसĤेशन मɅ ͬगरावट 

देखी गई जब बैÈटȣǐरया को सॉãवɅɪस कȧ उपिèथǓत मɅ बड़ा ͩकया जाता हैI यह थीͧसस हमɅ इस बात पर गौर करने 

के ͧलए ͪववश करती है ͩक हेलो फाइल बैÈटȣǐरया का उपयोग करके हम उपयोग करके भारȣ माğा मɅ Ĥोटȣन जैस े

एंजाइम का कȧ एंजाइम कȧ पैदावार कर सकते हɇ और इनकȧ िèथरता मɅ भी वɮृͬध ला सकते हɇI जेनेǑटक 

इंजीǓनयǐरंग का इèतेमाल करके का उपयोग करके हम इन Ĥोटȣज का हेĚोलॉगआउस एÈसĤेशन करने के उपरांत 

उनकȧ पैदावार मɅ वɮृͬध, इनकȧ सॉãवɅट के उपिèथǓत मɅ िèथरता, एवं इनकȧ कैटाͧलǑटक एͩफͧशएंसी मɅ वɮृͬध 

लाने मɅ सफल हो सकते हɇi 
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