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ELUCIDATION, GENERATION, AND APPLICATION OF 
ENZYME FUNCTIONS 

Tailoring Functions of an Enzyme 
Used for Clinical Diagnosis 

Enzymes are proteins having catalytic activity. Biological reactions are accelerated and accurately 
controlled by enzymes in organisms. On the other hand, enzymes are widely used in industry. We 
are aiming at elucidating the relationship between structure and function of enzymes at a molecular 
level and developing new methods for application of enzymes in food and medical technologies by 
generating new enzyme functions and controlling enzyme reactions. We are focusing our activities 
mainly on the following subjects. 

Tailoring Functions of an Enzyme 
Used for Producing Food Materials 

Thermolysin (TLN) is a metalloproteinase used for 
synthesis of an artificial sweeter, aspartame. We 
have reported marked activation of TLN by high 
concentrations of salts. Extensive studies are 
underway to generate TLN with higher activity by 
a genetically engineering technique. 

Reverse transcriptase (RT) is an enzyme which is 
indispensable as a tool for research in molecular 
biology and diagnosis of RNA virus. RTs from avian 
myeloblastosis virus (AMV) and Moloney murine 
leukaemia virus (MMLV) have been the most 
extensively used. We are in process to improve their 
activities and stabilities by site-directed 
mutagenesis.  

Reaction Mechanism of an Enzyme 
Involved in Tumor Metastasis 

Matrix metalloproteinase (MMP) is a metallo-
proteinase that degrades the extracellular matrix 
and takes part in tumor metastasis and invasion. We 
have analyzed the reaction mechanism of MMP-7 
and the inhibitory effects of green tea catechins and 
lignans on MMP-7 activity. We are exploring new 
inhibitors based on the reaction mechanism.  

Basic Research Aimed at Designing 
Useful Enzymes 

Aminoacyl-tRNA synthetase (aaRS) guarantees the 
fidelity of translation of genetic information into 
protein. It has acquired the highest degree of 
substrate recognition during evolution of life. The 
elucidation of this recognition mechanism might 
provide information required for designing 
enzymes. 

Aminoacyl-tRNA synthetase 

Blue and purple, catalytic domain; 
red and green,  ｔRNA anticodon-binding domain. 

Green, zinc; 
blue, calcium; 
red, mutated sites. 

Thermolysin 

2012. 5. 9 

Division of Food Science and Biotechnology, Graduate School of Agriculture, Kyoto University 



Enzyme, enzyme chemistry, reaction mechanism, spectroscopy, food industry, 
amylase, protease 

Key Words 

Recent Publications 

Effects of site-directed mutagenesis of Asn116 in the β-hairpin of the N-terminal domain of 
thermolysin on its activity and stability 
Menach E, Yasukawa K, Inouye K (2012) J Biochem in press  
 
Improving the thermal stability of avian myeloblastosis virus reverse transcriptase α subunit 
by site-directed mutagenesis 
Konishi A, Yasukawa K, Inouye K (2012) Biotechnol Lett in press 
 
A possibility of a water molecule bound to the main chain of human matrix metalloproteinase 
7 (MMP-7) as the ionizable group responsible for pKe at the alkaline side in MMP-7 activity 
Morishima A, Yasukawa K, Inouye K (2012) J Biochem 151: 501-509 
 
Interaction of 8-anilinonaphthalene 1-sulfonate (ANS) and human matrix metalloproteinase 7 
(MMP-7) as examined by MMP-7 activity and ANS fluorescence  
Samukange V, Yasukawa K, Inouye K (2012) J Biochem 151: 533-540 
 
Stabilization of bovine intestine alkaline phosphatase by sugars  
Sekiguchi S, Hashida Y, Yasukawa K, Inouye K (2012) Biosci Biotechnol Biochem 76: 95-100 
 
Effects of polyethylene glycol on bovine intestine alkaline phosphatase activity 
Sekiguchi S, Yasukawa K, Inouye K (2011) Biosci Biotechnol Biochem 75: 2132-2137 



Thermodynamic analysis of ionizing groups involved in the catalytic mechanism of human 
matrix metalloproteinase 7 (MMP-7) 
Takeharu H, Yasukawa K, Inouye K (2011) Biochim Biophys Acta 1814: 1940-1946 
 
Comparison of the thermal stabilities of the αβ heterodimer and the α subunit of avian 
myeloblastosis virus reverse transcriptase 
Konishi A, Nemoto D, Yasukawa K, Inouye K (2011) Biosci Biotechnol Biochem 75:1618-1620  
 
Analysis of the mechanism of inhibition of human matrix metalloproteinase 7 (MMP-7) 
activity by green tea catechins  
Miyake T, Yasukawa K, Inouye K (2011) Biosci Biotechnol Biochem 75: 1564-1569 
 
Tyr219 of human matrix metalloproteinase 7 (MMP-7) is not critical for catalytic activity, but 
is involved in the broad pH-dependence of the activity  
Muta Y, Inouye K (2011) J Biochem 150:183-188 
 
Activation of matriptase zymogen 
Kojima K, Inouye K (2011) J Biochem 150：123-125 
 
Effects of amines and aminoalcohols on bovine intestine alkaline phosphatase activity 
Sekiguchi S, Hashida Y, Yasukawa K, Inouye K (2011) Enzyme Microb Technol 49:171-176 
 
Inhibitory effects of chlorogenic acids from green coffee beans and cinnamate derivatives on 
the activity of porcine pancreas α-amylase isozyme I  
Narita Y, Inouye K (2011) Food Chem 127:1532-1539 
 
Study on chemiluminescent enzyme immunoassay for the measurement of leptin 
Sekiguchi S, Kohno H, Yasukawa K, Inouye K (2011) Biosci Biotechnol Biochem 75: 752-756  
 
Effects of site-directed mutagenesis of the loop residue of the N-terminal domain of Gly117 of 
thermolysin on its catalytic activity 
Menach E, Yasukawa K, Inouye K (2010) Biosci Biotechnol Biochem 74: 2457-2462 
 
Expression in Escherichia coli, refolding, and purification of the recombinant mature form of 
human matrix metalloproteinase 7 (MMP-7) 
Muta Y, Yasui N, Matsumiya Y, Kubo M, Inouye K (2010) Biosci Biotechnol Biochem 74: 
2515-2517 
 
The structural requirements of matriptase in its ectodomain release in polarized epithelial 
cells 
Tsuzuki S, Murai N, Miyake Y, Inouye K, Fushiki T (2010) Biosci Biotechnol Biochem 74: 
1295-1297 
 
Identification of the matriptase second CUB domain as the secondary site for interaction with 
hepatocyte growth factor activator inhibitor type-1  
Inouye K, Tsuzuki S, Yasumoto M, Kojima K, Mochida S, Fushiki T (2010) J Biol Chem 285: 
33394-33403 
	




Increase in thermal stability of Moloney murine leukaemia virus reverse transcriptase by site-
directed mutagenesis  
Yasukawa K, Mizuno M, Konishi A, Inouye K (2010) J Biotechnol 150: 299-306 
 
Effects of organic solvents on the reverse transcription reaction catalyzed by reverse 
transcriptases from avian myeloblastosis virus and Moloney murine leukaemia virus 
Yasukawa K, Konishi A, Inouye K (2010) Biosci Biotechnol Biochem 74: 1925-1930 
 
Matriptase does not require hepatocyte growth factor activator inhibitor type-1 for activation 
in an epithelial cell expression model. 
Miyake Y, Tsuzuki S, Fushiki T, Inouye K (2010) Biosci Biotechnol Biochem 74: 848-850 
 
Effects of the mutational combinations on the activity and stability of thermolysin 
Kusano M, Yasukawa K, Inouye K (2010) J Biotechnol 147: 7-16 
 
Detection of cesA mRNA from Bacillus cereus by RNA-specific amplification.  
Yasukawa K, Agata N, Inouye K (2010) Enzyme Microb Technol 46: 391-396 
 
Synthesis of N-carbobenzoxy-L-aspartyl-L-phenylalanine methyl ester catalyzed by 
thermolysin variants with improved activity   
Kusano M, Yasukawa K, Inouye K (2010) Enzyme Microb Technol 46: 320-325 
 
Insight into the mechanism of the stabilization of Moloney murine leukaemia virus reverse 
transcriptase  
Mizuno M, Yasukawa K, Inouye K (2010) Biosci Biotechnol Biochem 74: 440-442 
 
Gene cloning, bacterial expression, and purification of a novel rice (Oryza sativa L.) ubiquitin-
related protein, RURM1 
Tsukiyama T, Lee J, Okumoto Y, Teraishi M, Tanisaka T, Inouye K (2010) Biosci Biotechnol 
Biochem 74: 430-432 
 
The optimal activity of a pseudozymogen form of recombinant matriptase under the mildly 
acidic pH and low ionic strength conditions 
Inouye K, Yasumoto M, Tsuzuki S, Mochida S, Fushiki T (2010) J Biochem 147: 485-492 
 
Kinetic analysis and mechanism on the inhibition of chlorogenic acid and its components 
against porcine pancreas α-amylase isozymes I and II. 
Narita Y, Inouye K (2010) J Agric Food Chem 57: 9218-9225 
 
The role of asparagine-linked glycosylation site on the catalytic domain of matriptase in its 
zymogen activation. 
Miyake Y, Yasumoto M, Tsuzuki S, Fushiki T, Inouye K (2010) Biochim Biophys Acta 1804: 
156-165 
 
Activation of a Membrane-bound Serine Protease Matriptase on the Cell Surface 
Miyake Y, Yasumoto M, Tsuzuki S, Fushiki T, Inouye K (2009) J Biochem 146: 273-282 



Role of the stem domain of matriptase in the interaction with its physiological inhibitor, 
hepatocyte growth factor activator inhibitor type I 
Kojima K, Tsuzuki S, Fushiki T, Inouye K (2009) J Biochem 145: 783-790 
 
Coagulation of soy proteins induced by thermolysin and comparison of the coagulation 
reaction with that induced by subtilisin Carlsberg  
Asaoka K, Yasukawa K, Inouye K (2009) Enz Microb Tecnol 44: 229-234 
 
The activity of a type II transmembrane serine protease, matripase, is dependent solely on the 
catalytic domain 
Kojima K, Tsuzuki S, Fushiki T, Inouye K (2009) Biosci Biotechnol Biochem 73: 454-456 
 
Two crystal structures of lysyl-tRNA synthetase from Bacillus stearothermophilus in complex 
with lysyladenylate-like compounds: insights into the irreversible formation of the enzyme-
bound adenylate of L-lysine hydroxamate 
Sakurama H, Takita T, Mikami B, Itoh T, Yasukawa K, Inouye K (2009) J Biochem 145: 555-563 
 
Effects of thermal treatment on the coagulation of soy proteins induced by subtilisin Carlsberg 
Inouye K, Nakano M, Asaoka K, Yasukawa K (2009) J Agric Food Chem 57: 717-723 
 
Characterization of Moloney murine leukaemia virus/avian myeloblastosis virus chimeric 
reverse transcriptases. 
Yasukawa K, Mizuno M, Inouye K (2009) J Biochem 145: 315-324 
 
Insights into the catalytic roles of the polypeptide regions in the active site of thermolysin and 
generation of the thermolysin variants with high activity and stability 
Kusano M, Yasukawa K, Inouye K (2009) J Biochem 145: 103-113 
 
Substrate-induced conformational changes of the truncated catalytic domain of  
Geobacillus stearothermophilus lysyl-tRNA synthetase as examined by fluorescence 
Saruwatari Y, Wada T, Takita T, Inouye K (2008) Biochim Biophys Acta 1784: 1633-1640 
 
Effects of introducing negative charges into the molecular surface of thermolysin by  
Site-directed mutagenesis on its activity and stability 
Takita T, Aono T, Sakurama H, Itoh T, Wada T, Minoda M, Yasukawa K, Inouye K (2008) Biochim 
Biophys Acta 1784: 481-488 
 
Roles of functional and structural domains of hepatocyte growth factor inhibitor 
Type 1 in the inhibition of matriptase 
Kojima K, Tsuzuki S, Fushiki T, Inouye K (2008) J Biol Chem 283: 2478-2487 
 
Comparison of the thermal stabilities of reverse transcriptase from avian myeloblastosis virus 
and Moloney murine leukemia virus 
Yasukawa K, Nemoto D, Inouye K (2008) J Biochem 143:261-268 
 



Engineering, expression, purification, and production of recombinant thermolysin 
Inouye K, Kusano M, Hashida Y, Minoda M, Yasukawa K (2007) Biotechnol Ann Rev 13: 43-64  
  
Improving the activity and stability of thermolysin by site-directed mutagenesis  
Yasukawa K, Inouye K (2007) Biochim Biophys Acta 1774: 1281-1288  
 
Improvement in performance of affinity gels containing Gly-D-Phe as a ligand to thermolysin 
due to increasing the spacer chain length 
Inouye K, Nakamura K, Kusano M, Yasukawa K (2007) Biosci Biotechnol Biochem 71: 2083-2086 
 
Effects of Neutral Salts and Alcohols on the Activity of Streptomyces caespitosus Neutral 
Protease (ScNP)  
Inouye K, Shimada T, Yasukawa K (2007) J Biochem 142: 317-324  
 
Purification to Homogeneity of a Neutral Metalloproteinase from Streptomyces caespitosus 
Inouye K, Shimada T, Yasukawa K (2007) Biosci Biotechnol Biochem 71: 1773-1776 
 
A new method for the extracellular production of recombinant thermolysin by co-expressing 
the mature sequence and pro-sequence in Escherichia coli 
Yasukawa K, Kusano M, Inouye K (2007) Protein Eng Des Sel 20: 375-383   
 
Kinetic Analysis of the Activation-and-Inhibition Dual Effects of Cobalt Ion on Thermolysin 
Activity 
Hashida Y, Inouye K (2007) J Biochem 141: 843-853 
 
Molecular Mechanism of the Inhibitory Effect of Cobalt Ion on Thermolysin Activity and the 
Suppressive Effect of Calcium Ion on the Cobalt Ion-dependent Inactivation of Thermolysin 
Hashida Y, Inouye K (2007) J Biochem 141: 879-888 
 
Effects of site-directed mutagenesis of the surface residues Gln128 and Gln225 of thermolysin 
on its catalytic activity  
Tatsumi C, Hashida Y, Yasukawa K, Inouye K (2007) J Biochem 141: 835-842  
 
Structure-function analysis of vitamin D 24-hydroxylase (CYP24A1) by site-directed 
mutagenesis: amino acid residues responsible for species-based difference of CYP24A1 
between humans and rats 
Hamamoto H, Kusudo T, Urushino N, Masuno H, Yamamoto K, Yamada S, Kamakura M, Ohta M, 
Inouye K, Sakaki T (2006) Molecular Pharmacology 70: 120-128 
 
Purification and some properties of a D-fructose-1,6-bisphosphate aldolase from red alga, 
Gracilaria chorde Holmes  
Kakita H, Kamishima H, Inouye K (2006) Botanica Marina 49: 174-181 
 



Interaction between mitochondrial CYP27B1 and adrenodoxin: role of arginine 458 of mouse 
CYP27B1 
Urushino M, Yamamoto K, Kagawa N, Ikushiro S, Kamakura M, Yamada S, Kato S, Inouye K, 
Sakaki T (2006) Biochemistry 45: 4405-4412  
 
Enzymatic properties of human CYP2W1 expressed in Escherichia coli 
Yoshioka H, Kasai N, Ikushiro S, Shinkyo R, Kamakura M, Ohta M, Inouye K, Sakaki T (2006) 
Biophys Biochem Res Commun 345: 169-174  
 
Biodegradation of dioxins by recombinant Escherichia coli. expressing rat CYP1A1 or its 
mutant 
Shinkyo R, Kamakura M, Ikushiro S, Inouye K, Sakaki T (2006) Appl Microbiol Biotechnol 72: 
584-590 
 
Uronic acid determination by high performance liquid chromatography with postcolumn 
fluorescence derivatization 
Kakita H, Kamishima H, Inouye K (2006) J Chromatogr A 1129: 296-299 
 
Engineering of the pH-dependence of thermolysin activity as examined by site-directed 
mutagenesis of Asn112 located at the active site of thermolysin 
Kusano M, Yasukawa K, Hashida Y, Inouye K (2006) J Biochem 139: 1017-1023 
 
Comparison of starch hydrolysis activity and thermal stability of two Bacillus licheniformis α-
amylases and insights into engineering α-amylase variants active under acidic conditions  
Lee S, Oneda H, Minoda M, Tanaka A, Inouye K (2006) J Biochem 139: 997-1005 
 
Comparison of the wild-type α-amylase and its variants enzymes in Bacillus amyloliquefaciens 
in activity and thermal stability, and insights into engineering the thermal stability of Bacillus 
α-amylase 
Lee S, Mouri Y, Minoda M, Oneda H, Inouye K (2006) J Biochem 139: 1007-1015 
 
Characterization of Gly-D-Phe, Gly-L-Leu, and D-Phe as affinity ligands to thermolysin 
Yasukawa K, Kusano M, Nakamura K, Inouye K (2006) Protein Expr Purif 46: 332-336 
 
Extracellular production of recombinant thermolysin expressed in Escherichia coli, and its 
purification and enzymatic characterization 
Inouye K, Minoda M, Takita T, Sakurama H, Hashida Y, Kusano M, Yasukawa K (2006) Protein 
Expr Purif 46: 248-255  
 
Identification of a novel cytotoxic protein, Cry45Aa, from Bacillus thuringiensis A1470 and its 
selective cytotoxic activity against various mammalian cell lines 
Okumura S, Saitoh H., Ishikawa T., Wasano N, Yamashita S, Kusumoto K, Akao T, Mizuki E, Ohba 
M, Inouye K (2005) J Agric Food Chem 53: 6313-6318 
 
Evidence for the occurrence of membrane-type serine protease 1/matriptase on the 
basolateral sides of enterocytes 
Tsuzuki S, Murai N, Miyake Y, Inouye K,  Hirayasu H, Iwanaga T, Fushiki T (2005) Biochem J 388: 
679-687 



Anomalous pH-dependence of the activity of human matrilysin (matrix metalloproteinase-7) 
as revealed by nitration and amination of its tyrosine residues 
Muta Y, Oneda H, Inouye K (2005) Biochem J 386: 263-270 
 
Insights into the reaction mechanism of the coagulation of soy protein isolates induced by 
subtilisin Carlsberg 
Nagai K, Inouye K (2004) J Agric Food Chem 52: 4921-4927 
 
Inhibitory effect of 0.19 alpha-amylase inhibitor from wheat kernel on the activity of porcine 
pancreas alpha-amylase and its thermal stability 
Oneda H, Lee S, Inouye K (2004) J Biochem 135: 421-427 
 
Generation of 2,3,7,8-TCDD-metabolizing enzyme by modifying rat CYP1A1 through site-
directed mutagenesis 
Shinkyo R, Sakaki T, Takita T, Ohta M, Inouye K (2003) Biochem Biophys Res Commun 29: 
511-517  
 
Lysyl-tRNA Synthetase from Bacillus stearothermophilus: The Trp314 residue is shielded in a 
non-polar environment and is responsible for the fluorescence changes observed in the amino 
acid activation reaction 
Takita T, Nakagoshi M, Inouye K, Tonomura B (2003) J Mol Biol 325: 677-695 
 
Transition state stabilization by the N-terminal anticodon-binding domain of lysyl-tRNA 
synthetase 
Takita T, Inouye K (2002) J Biol Chem 277: 29275-29282 


