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A thermophilic Bacillus stearothermophilus F1 was found to produce an 

extremely thermostable serine protease. The F1 protease sequence was 

modeled onto the crystal structure of thermitase with 61% sequence 

identity. The F1 protease contains a catalytic triad comprising of Asp39, 

His72 and Ser226. The predicted structure of F1 protease comprised 10 α-

helices and 10 β-sheets arranged in a single domain. Comparison of the 

predicted 3D structure of F1 protease with the crystal structure of serine 

proteases from mesophilic bacteria and archaea, led to the identification of 

features related to protein stabilization. Higher themostability was found to 

be correlated with an increased number of residues involved in ion pairs or 

networks of ion pair. In order to investigate F1 protease stability, two 

mutated (W200R and D58S) F1 protease were designed. The analysis of 

molecular dynamics simulations of W200R mutant revealed that an 
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additional three new ion pairs between Arg200 and Asp202, however there 

was no ion pair interaction at position Ser58. To confirm the role of ion pair, 

site-directed mutagenesis was carried out. Both mutated F1 proteases 

were designed, cloned into pGEX-4T1 and expressed in E. coli BL21 (DE3) 

pLysS. The optimum expression level for the wild type F1 protease, W200R 

and D58S mutants were 94 U/mL, 112 U/mL and 68 U/mL, respectively. 

The wild type F1 protease, W200R mutant and D58S mutant were purified 

by affinity chromatography and heat-treatment. A single band was visible at 

SDS-PAGE at approximately 33.5 kDa. The purified wild type, W200R 

mutant and D58S mutant showed 95%, 115% and 64% recovery with 

purification fold of 21.7, 33.8, and 17.2, respectively. In the presence of 2 

mM CaCl2, the wild type had half-lives of 60 min and 7 min at 85 ºC and 90 

ºC.  Meanwhile, the W200R mutant had half-lives of 75 min and 12 min at 

85 °C and 90 ºC, which was more stable than wild type. The stability of 

W200R mutant was 1.25 times higher than that of the F1 protease. The 

enhanced thermostability can be correlated to the increase in the number 

of residues involving ion pairs and ion pairs networks. In contrast, the D58S 

mutant showed half-life of 45 min at 85 ºC but there was no enzymatic 

activity at 90 ºC. Thus, the D58S mutant was less thermostable than that 

wild type which could be due to the removal of ion pairs on this mutated F1 

protease (computational work). Far-UV CD at 221 nm was used to detect 

the denatured proteins. As the temperature was increased from 50 °C to 90 

°C, the change in ellipticity at 221 nm revealed a sigmoidal monophasic 

transition curve of mutant’s proteins which indicated unfolding of a protein. 
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The melting point at pH 8.0 of the wild type F1 protease, W200R mutant 

and D58S mutant were 70 °C, 72 °C and 63 °C, respectively. Far-UV CD 

measurements studies indicated the overall features of the secondary 

structure of protein. The wild type contains 25.5% of α-helix, 17.7% of β-

sheet, 22.5% of turn and 34.0% of random coil. There was some loss of β-

sheet in W200R but a 3.8% and 1.7% increase in an α-helix and a random 

coil, respectively, indicated that Arg200 stabilized the α-helix content. The 

β-sheet was reduced to less than 4% and random coil rose up to more than 

8%. A small decrease in the α-helix was observed in D58S mutant. This 

could be due to the substitution of Asp58 to Ser causing disruption of four 

ion pairs between Asp58 and Arg103, located at β-sheet. The results 

obtained confirmed the important role of intermolecular ion pairs in the 

stability of the whole structure of F1 protease. These results also showed 

that simulation procedures and molecular biology techniques can be used 

together to direct protein engineering and/ or site-directed mutagenesis. 
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Bacillus stearothermophilus F1 yang termofilik dilaporkan menghasilkan 

serin protease yang amat thermostabil. Jujukan protease F1 dimodelkan 

berdasarkan struktur kristal thermitase yang mempunyai 61% identiti 

jujukan. Protease F1 mengandungi triad katalitik, iaitu Asp39, His72, 

Ser226. Struktur jangkaan bagi protease F1 mengandungi 10 bebenang-β 

and 10 heliks-α yang disusun dalam satu domain. . Perbandingan struktur 

jangkaan bagi protease F1 dengan struktur serin protease dari bakteria 

mesofilik dan arkea, membolehkan pengenalpastian ciri-ciri berkaitan 

dengan kestabilan protein. Kestabilan yang tinggi dijumpai berkait rapat 

dengan pertambahan nombor-nombor residu yang terlibat dalam pasangan 

ion atau jaringan pasangan ion. Bagi mengkaji kestabilan protease F1, dua 

mutasi (W200R and D58S) protease F1 direka. Analisis dari simulasi 

dinamik molekul bagi mutasi W200R didapati terdapat tiga penambahan 
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pasangan ion baru di antara Arg 200 dan Asp 202, manakala tiada 

pasangan ion berinteraksi pada kedudukan 58. Untuk memastikan peranan 

pasangan ion, mutasi tapak-terarah dilaksanakan dan dipelajari ke atas 

mutasi-mutasi ini. Kedua-dua mutasi protease F1 ini dicipta, diklon ke 

dalam pGEX-4T1 dan diekspres dalam E. coli BL21 (DE3) pLysS. Tahap 

pengekspresan yang optimum bagi protease F1, mutasi W200R dan 

mutasi D58S masing-masing ialah 94, 112 and 68 U/mL. Ketiga-tiga 

protein ini ditulenkan dengan kromatografi afiniti dan rawatan haba. Satu 

jalur protein wujud pada SDS-PAGE, pada kedudukan 33.5 kDa. Kesemua 

protein tulen ini menunjukkan perolehan semula protein masing-masing 

sebanyak 95, 115 dan 64% dengan tahap ketulenan sebanyak 21.7, 33.8 

dan 17.2. Dengan kehadiran 2 mM CaCl2, protein asli menunjukkan jangka 

hayat selama 60 min dan 7 min pada 85 ºC and 90 ºC. Manakala, mutasi 

W200R mempunyai jangka hayat selama 75 min dan 12 min pada 85 ºC 

and 90 ºC, di mana lebih stabil daripada protein asli. Dalam kes ini, mutasi 

W200R lebih stabil sebanyak 1.25 kali berbanding protein asli. Kestabilan 

ini didapati berkait rapat dengan penambahan nombor residu yang 

melibatkan pasangan ion dan jaringannya. Berlainan dari mutasi D58S 

yang menunjukkan jangka hayat selama 45 min pada 85 ºC dan tiada 

aktiviti protease dikesan pada 90 ºC. Maka, mutasi D58S kurang 

termostabil dari protease asli. Keputusan ini mungkin disebabkan 

kemusnahan pasangan ion pada mutasi D58S. CD UV-jauh pada 221 nm 

digunakan untuk mengesan kemusnahan protein protease asli, mutasi 

W200R dan mutasi D58S. Peningkatan suhu dari 50 hingga 90 °C, 
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menunjukkan lengkok berbentuk ‘sigmoidal monophasic’ yang 

menunjukkan proses pencairan bagi protein. Titik penyahaslian bagi 

protease asli, mutasi W200R dan mutasi D58S pada pH 8.0 masing-

masing ialah 70, 72 dan 63 °C. CD UV-jauh juga membenarkan penilaian 

bagi keseluruhan struktur sekunder protein. Protease asli mengandungi 

25.5% heliks-α, 17.7% bebenang-β, 22.5% lingkaran dan 39.7% struktur 

rawak. Terdapat sedikit kehilangan bebenang-β bagi mutasi W200R tetapi 

terdapat peningkatan sebanyak 3.8% dan 1.7% dalam α-heliks dan struktur 

rawak, menunjukkan Arg200 menstabilkan kandungan α-heliks. β-

bebenang menunjukkan penurunan kurang dari 4% dan struktur rawak 

meningkat lebih daripada 8% tetapi terdapat sedikit penurunan dalam α-

heliks dalam mutasi D58S. Ini disebabkan penggantian Asp58 kepada Ser 

menyebabkan kemusnahan empat pasangan ion antara Asp58 dan Arg103 

yang terletak di bebenang-β. Keputusan-keputusan ini jelas menunjukkan 

pentingnya peranan pasangan ion dalam kestabilan keseluruhan struktur 

protease F1. Keputusan ini juga menunjukkan kaedah simulasi dan teknik-

teknik biologi molekul boleh digunakan bersama dalam kejuruteraan 

protein dan mutasi tapak-terarah. 
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