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ȆİȡȓȜȘȥȘ 
 

ǾΝ İȪȡİıȘΝ ĲȦȞΝ ȝİĲĮȕĮĲȚțȫȞΝ țĮĲĮıĲȐıİȦȞ ĲȦȞ ȝȚțȡȫȞΝ ʌȡȦĲİȧȞȫȞΝ ȝĮȢΝ

ȕȠȘșȐİȚΝ ıĲȘȞΝ țĮĲĮȞȩȘıȘΝ ĲȠȣΝ ĲȡȩʌȠȣΝ ĮȞĮįȓʌȜȦıȘȢΝ ĲȦȞΝ ȝİȖȐȜȦȞΝ

ʌȡȦĲİȧȞȫȞ. ȈĲȘȞΝʌĮȡȠȪıĮΝİȡȖĮıȓĮΝȤȡȘıȚȝȠʌȠȚȒșȘțİΝȘΝʌȡȠıȠȝȠȓȦıȘΝĲȘȢΝ

ȝȓȞȚΝʌȡȦĲİǸȞȘȢΝCLN025, İȞȩȢ ĲİȤȞȘĲȠȪ ȝȠȡȓȠȣ 1ίΝĮȝȚȞȠȟȑȦȞ ȝİ įȠȝȒΝȕ-

ĳȠȣȡțȑĲĮȢΝıĲȠȞΝȤȫȡȠ,ΝıĲȠΝįȣȞĮȝȚțȩΝʌİįȓȠΝAMBER99SB-STAR-ILDN. 

ȂİΝȕȐıȘΝĲȠΝįȚȐȖȡĮȝȝĮΝT-Q ʌȠȣΝįȘȝȚȠȣȡȖȒșȘțİΝĮʌȩΝĲȘȞΝʌȡȠıȠȝȠȓȦıȘ 

ʌȡĮȖȝĮĲȠʌȠȚȒșȘțİ ĮȞȐȜȣıȘΝĲȦȞΝįİįȠȝȑȞȦȞ,ΝʌȠȣ ȑįİȚȟİΝȩĲȚΝıĲȠΝʌȜȒșȠȢΝ

ĲȦȞΝ ȝİĲĮȕĮĲȚțȫȞΝ țĮĲĮıĲȐıİȦȞΝ ĲȠȣΝ CLN025 țȣȡȚĮȡȤȠȪȞΝ įȠȝȑȢΝ ıĲȚȢΝ

ȠʌȠȓİȢΝȑȤİȚΝıȤȘȝĮĲȚıĲİȓΝȠΝȣįȡȠĳȠȕȚțȩȢΝʌȣȡȒȞĮȢΝΦHydrophobic collapse) 

țĮȚ Ș ıĲȡȠĳȒέ 

 

Abstract 
 

Analysing the transition states of mini-proteins helps us to understand the 

mechanisms undergoing the protein folding of complex proteins. In the 

present thesis, we used a molecular dynamic simulation of the mini-

protein CLN025, a designed molecule consisting of 10 amino acids with a 

beta hairpin structure, in the AMBER99SB-STAR-ILDN force field. The 

analysis of the T-Q diagram showed that the transition state ensemble is 

consisting of structures which have undergone hydrophobic collapse and 

turn formation. 
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1.1 ȆȡȦĲİǸȞİȢ 
 

ȅȚΝʌȡȦĲİǸȞİȢΝİȓȞĮȚΝĲĮΝʌȚȠΝȐĳșȠȞĮΝȕȚȠȜȠȖȚțȐΝȝĮțȡȠȝȩȡȚĮ,ΝįȚȩĲȚΝȣʌȐȡȤȠȣȞΝ

ıİΝ ȩȜĮΝ ĲĮΝ țȪĲĲĮȡĮΝ țĮȚΝ ıİΝ ȩȜĮΝ ĲĮΝ ȝȑȡȘΝ ĲȦȞΝ țȣĲĲȐȡȦȞέΝ ǼȝĳĮȞȓȗȠȣȞΝ

ĲİȡȐıĲȚĮΝ ʌȠȚțȚȜȩĲȘĲĮΝ ȕȚȠȜȠȖȚțȫȞΝ ȜİȚĲȠȣȡȖȚȫȞέΝ ȅȚΝ ʌȡȦĲİǸȞİȢΝ İȓȞĮȚΝ

ȖȡĮȝȝȚțȐΝ ʌȠȜȣȝİȡȒΝ ĮȝȚȞȠȟȑȦȞ,Ν ʌȠȣΝ ıȣȞįȑȠȞĲĮȚΝ ȝİĲĮȟȪΝ ĲȠȣȢΝ ȝİΝ

ʌİʌĲȚįȚțȠȪȢΝ įİıȝȠȪȢέ ȈȣȞȒșȦȢ ȠȡȓȗȠȞĲĮȚΝ ĲȑııİȡĮΝ İʌȓʌİįĮΝ ʌȡȦĲİȧȞȚțȒȢΝ

įȠȝȒȢκΝ ʌȡȦĲȠĲĮȖȒȢΝ įȠȝȒ,Ν įİȣĲİȡȠĲĮȖȒȢΝ įȠȝȒ,Ν ĲȡȚĲȠĲĮȖȒȢΝ įȠȝȒΝ țĮȚΝ

ĲİĲĮȡĲȠĲĮȖȒȢΝ įȠȝȒέ ǾΝ ʌȡȦĲȠĲĮȖȒȢΝ įȠȝȒΝ İȓȞĮȚΝ ȘΝ ĮȜȜȘȜȠȣȤȓĮΝ ĲȦȞΝ

ĮȝȚȞȠȟȑȦȞ ȝȚĮȢΝ ʌȡȦĲİǸȞȘȢ,Ν ʌȠȣΝ ıȣȞįȑȠȞĲĮȚΝ ȝİĲĮȟȪΝ ĲȠȣȢΝ ȝİΝ

ȠȝȠȚȠʌȠȜȚțȠȪȢΝ įİıȝȠȪȢΝ ΦʌİʌĲȚįȚțȠȪȢΝ țĮȚΝ įȚıȠȣȜĳȚįȚțȠȪȢ)έΝ ǾΝ

įİȣĲİȡȠĲĮȖȒȢΝ įȠȝȒΝ ĮȞĮĳȑȡİĲĮȚΝ ıİ İȣįȚȐțȡȚĲĮΝ įȠȝȚțȐΝ ʌȡȩĲȣʌĮΝ

ĮȝȚȞȠȟȑȦȞ ΦʌȤέΝ ȕ-ʌĲȣȤȫıİȚȢ,Ν Į-ȑȜȚțİȢΝ țέĮέ) ʌȠȣΝ ıĲĮșİȡȠʌȠȚȠȪȞĲĮȚΝ ȝİΝ

ȣįȡȠȖȠȞȠįİıȝȠȪȢΝ ȝİĲĮȟȪ ĲȦȞ ʌİʌĲȚįȚțȫȞΝ ȠȝȐįȦȞΝ N-H țĮȚΝ C=OέΝ ǾΝ

ĲȡȚĲȠĲĮȖȒȢΝ įȠȝȒΝ ʌİȡȚȖȡȐĳİȚΝ ȩȜİȢΝ ĲȚȢΝ ʌĮȡĮȝȑĲȡȠȣȢΝ ĲȘȢΝ ĲȡȚıįȚȐıĲĮĲȘȢΝ

ʌĲȪȤȦıȘȢΝ İȞȩȢΝ ʌȠȜȣʌİʌĲȚįȓȠȣέΝ ǾΝ ĲİĲĮȡĲȠĲĮȖȒȢΝ įȠȝȒΝ ȠȡȓȗİĲĮȚΝ ıĲȚȢΝ

ʌȡȦĲİǸȞİȢΝ ʌȠȣΝ ĮʌȠĲİȜȠȪȞĲĮȚΝ Įʌȩ įȪȠΝ ȒΝ ʌİȡȚııȩĲİȡİȢ ʌȠȜȣʌİʌĲȚįȚțȑȢΝ

ĮȜȣıȓįİȢ țĮȚΝʌİȡȚȖȡȐĳİȚΝĲȘȞΝįȚȐĲĮȟȘΝĲȠȣȢΝıĲȠȞΝȤȫȡȠ [1][2].  

 

ǼȚțȩȞĮΝ 1κΝ ΦǹȞĮʌĮȡȐȖİĲĮȚΝ ȐȞİȣΝ ȐįİȚĮȢ)ΝȆĮȡȠȣıȚȐȗİĲĮȚΝ ȘΝ ʌȡȦĲȠĲĮȖȒȢ,Ν įİȣĲİȡȠĲĮȖȒȢ,Ν ĲȡȚĲȠĲĮȖȒȢΝ țĮȚΝ

ĲİĲĮȡĲȠĲĮȖȒȢΝįȠȝȒΝȝȚĮȢΝʌȡȦĲİǸȞȘȢέ  

https://courses.lumenlearning.com/microbiology/chapter/proteins/) 

https://courses.lumenlearning.com/microbiology/chapter/proteins/
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ǼȞȫΝ ȝİȡȚțȑȢΝ ʌȡȦĲİǸȞİȢΝ ĮȞĮįȚʌȜȫȞȠȞĲĮȚΝ ĮȣșȩȡȝȘĲĮΝ ıĲȘȞΝ ĳȣıȚțȒΝ ĲȠȣȢΝ

țĮĲȐıĲĮıȘ,ΝȐȜȜİȢΝĮʌĮȚĲȠȪȞΝĲȘΝȕȠȒșİȚĮΝİȞȗȪȝȦȞ,ΝİȞȫΝȐȜȜİȢΝȤȡİȚȐȗȠȞĲĮȚΝ

ĲȘȞΝȕȠȒșİȚĮΝİȚįȚțȫȞΝʌȡȦĲİȧȞȫȞΝʌȠȣΝȠȞȠȝȐȗȠȞĲĮȚΝıĮʌİȡȩȞİȢέ 

1.2 ȆȡȦĲİȧȞȚțȒ ĮȞĮįȓʌȜȦıȘ 
 

ǾΝȜİȚĲȠȣȡȖȓĮΝĲȘȢΝʌȡȦĲİǸȞȘȢΝİȟĮȡĲȐĲĮȚΝĮʌȩΝĲȘȞΝĲȡȚıįȚȐıĲĮĲȘΝįȠȝȒΝĲȘȢ,ΝȘΝ

ȠʌȠȓĮΝ ȝİΝ ĲȘȞΝ ıİȚȡȐΝ ĲȘȢΝ ʌȡȠıįȚȠȡȓȗİĲĮȚΝ ĮʌȩΝ ĲȘȞΝ ĮȜȜȘȜȠȣȤȓĮΝ ĲȦȞΝ

ĮȝȚȞȠȟȑȦȞΝ ĲȘȢΝ [3]έΝ ȅȚΝ ʌȡȦĲİǸȞİȢΝ ıİΝ ȠʌȠȚĮįȒʌȠĲİΝ ĮʌȩΝ ĲȚȢΝ ȜİȚĲȠȣȡȖȚțȑȢΝ

įȚĮȝȠȡĳȫıİȚȢ ĲȠȣȢ ȠȞȠȝȐȗȠȞĲĮȚΝĳȣıȚțȑȢΝʌȡȦĲİǸȞİȢΝ Φnative proteins)[1]. 

īȚĮΝ ĲȘȞΝ țĮĲĮȞȩȘıȘΝ ĲȘȢΝ ȜİȚĲȠȣȡȖȓĮȢΝ ĲȦȞΝ ȕȚȠȜȠȖȚțȫȞΝ ȝĮțȡȠȝȠȡȓȦȞΝ ΦʌȤέΝ

ʌȡȦĲİȧȞȫȞ)ΝĮʌĮȚĲİȓĲĮȚΝȘΝȖȞȫıȘΝĲȘȢΝįȠȝȒȢ ĲȠȣȢΝ[4].  

ǹȜȜȐΝ ȣʌȐȡȤİȚΝ ȑȞĮΝ ʌȡȩȕȜȘȝĮ, ʌȦȢΝ țĮĲĮȜȒȖİȚΝ ȝȚĮΝ ʌȡȦĲİǸȞȘΝ ĮʌȩΝ ĲȘȞΝ

ȟİįȚʌȜȦȝȑȞȘΝ Φunfolded) ȝȠȡĳȒΝ ĲȘȢΝ ıĲȘȞΝ ĮȞĮįȚʌȜȦȝȑȞȘ,Ν ĳȣıȚțȒΝ

țĮĲȐıĲĮıȘ ĲȘȢΝ Φnative state); ȊʌȐȡȤȠȣȞΝ įȪȠΝ ʌȚșĮȞȠȓΝ ĲȡȩʌȠȚ,Ν İȓĲİΝ

ĮȞĮįȚʌȜȫȞİĲĮȚΝıİΝȩȜİȢΝ ĲȚȢΝʌȚșĮȞȑȢΝįȠȝȑȢΝ ĲȘȢ,Ν İȓĲİΝĮȞĮįȚʌȜȫȞİĲĮȚ ȝȑıȦΝ

İȞįȚȐȝİıȦȞΝ įȠȝȫȞΝ ıĲȘȞΝ ĳȣıȚțȒΝ ĲȘȢΝ įȠȝȒέΝ ȈİΝ ĮȣĲȩΝ ĲȠΝ İȡȫĲȘȝĮΝ ȑįȦıİΝ

ĲȘȞΝ ĮʌȐȞĲȘıȘΝ ȠΝ C. Levinthal ȝİΝ ĲȠΝ ȜİȖȩȝİȞȠΝ ʌĮȡȐįȠȟȠΝ ĲȠȣΝ Levinthal. 

ȊʌȠȜȩȖȚıİΝʌȦȢΝȖȚĮΝȝȚĮΝȝȚțȡȒΝʌȡȦĲİǸȞȘΝșĮΝȤȡİȚĮȗȩĲĮȞΝȣʌİȡȕȠȜȚțȐΝʌȠȜȪȢΝ

ȤȡȩȞȠȢ, ıİΝıȤȑıȘΝȝİΝ ĲȠȞΝ ʌȡĮȖȝĮĲȚțȩΝ ȤȡȩȞȠΝ ĮȞĮįȓʌȜȦıȘȢΝ ĲȘȢ, ȫıĲİΝ ȞĮ 

ĮȞĮįȚʌȜȦșİȓΝıĲȘȞΝĳȣıȚțȒΝĲȘȢΝįȠȝȒ įȠțȚȝȐȗȠȞĲĮȢΝȩȜİȢΝĲȚȢΝʌȚșĮȞȑȢΝįȠȝȑȢ. 

ȈȣȞİʌȫȢ,Ν ȠȚΝ ʌȡȦĲİǸȞİȢΝ ĮȞĮįȚʌȜȫȞȠȞĲĮȚΝ ȝȑıȦΝ İȞįȚȐȝİıȦȞΝ įȠȝȫȞ ıĲȘȞΝ

ĳȣıȚțȒΝĲȠȣȢΝįȠȝȒ [5]. 

ȅȚΝįİȣĲİȡȠĲĮȖİȓȢ,ΝĲȡȚĲȠĲĮȖİȓȢΝțĮȚΝĲİĲĮȡĲȠĲĮȖİȓȢΝįȠȝȑȢΝıĲĮșİȡȠʌȠȚȠȪȞĲĮȚΝ

ȝȑıȦΝĮıșİȞȫȞΝȝȘΝȠȝȠȚȠʌȠȜȚțȫȞΝĮȜȜȘȜİʌȚįȡȐıİȦȞΝΦʌȤέΝĮȜȜȘȜİʌȚįȡȐıİȚȢΝ

van der Walls, ȣįȡȠĳȠȕȚțȑȢΝ ĮȜȜȘȜİʌȚįȡȐıİȚȢ). ȅȚ ȝȘΝ ȠȝȠȚȠʌȠȜȚțȑȢΝ

ĮȜȜȘȜİʌȚįȡȐıİȚȢΝ İȓȞĮȚΝ ĮıșİȞİȓȢΝ ıİΝ ıȤȑıȘΝ ȝİΝ ĲȠȣȢΝ ȠȝȠȚȠʌȠȜȚțȠȪȢΝ

įİıȝȠȪȢ,ΝĮȜȜȐΝȠΝıȣȞįȣĮıȝȩȢ ʌȠȜȜȫȞΝĮıșİȞȫȞΝĮȜȜȘȜİʌȚįȡȐıİȦȞΝĮȡțİȓΝ

ȖȚĮΝȞĮΝțĮșȠȡȓıİȚΝĲȠΝʌȡȩĲȣʌȠΝĮȞĮįȓʌȜȦıȘȢΝȝȚĮȢΝʌȡȦĲİǸȞȘȢ [6]. 
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ȊʌȐȡȤȠȣȞΝ įȪȠΝȝȘȤĮȞȚıȝȠȓΝ ʌȠȣΝ İȟȘȖȠȪȞΝ ĲȘȞΝțȚȞȘĲȚțȒΝĮȞĮįȓʌȜȦıȘȢΝ ĲȦȞΝ

ʌȡȦĲİȧȞȫȞ,Ν țȚȞȘĲȚțȒΝ ĲȦȞΝ įȪȠΝ ıĲĮįȓȦȞΝ ĮȞĮįȓʌȜȦıȘȢΝ Φtwo-state folding) 

țĮȚΝțȚȞȘĲȚțȒΝĲȦȞΝʌȠȜȜȫȞΝıĲĮįȓȦȞΝĮȞĮįȓʌȜȦıȘȢΝ Φmulti-state folding)έΝǾΝ

ĮȞĮįȓʌȜȦıȘΝ įȪȠΝ ıĲĮįȓȦȞΝ İȓȞĮȚΝ ȝȚĮΝ ȖȡȒȖȠȡȘΝ țĮȚΝ ĲİȜİȓȦȢΝ ĮȞĲȚıĲȡİʌĲȒΝ

įȚİȡȖĮıȓĮ,Ν țĮĲȐΝ ĲȘȞΝ ȠʌȠȓĮΝ įİȞΝ ʌĮȡĮĲȘȡȠȪȞĲĮȚΝ İȞįȚȐȝİıĮΝ țĮȚΝ

ıȤȘȝĮĲȚıȝȩȢΝ įȚıȠȣȜĳȚįȚțȫȞΝ įİıȝȫȞέΝ ǾΝ ĮȞĮįȓʌȜȦıȘΝ ʌȠȜȜȫȞΝ ıĲĮįȓȦȞΝ

İȓȞĮȚΝ ȝȚĮΝ ıȪȞșİĲȘΝ įȚİȡȖĮıȓĮ,Ν țĮĲȐΝ ĲȘȞΝ ȠʌȠȓĮΝ ȜĮȝȕȐȞȠȣȞΝ ȤȫȡĮΝ ʌȠȜȜȑȢΝ

įȚĮȝȠȡĳȫıİȚȢΝ ĲȘȢΝ ʌȡȦĲİǸȞȘȢΝ țĮȚΝ ʌĮȡĮĲȘȡİȓĲĮȚ ĲȠȣȜȐȤȚıĲȠȞΝ ȑȞĮΝ ȒΝ

ʌİȡȚııȩĲİȡĮΝİȞįȚȐȝİıĮΝ[13][14]. 

1έγ ȂİĲĮȕĮĲȚțȒ țĮĲȐıĲĮıȘ 
 

ǾΝ ʌȡȦĲİȧȞȚțȒΝ ĮȞĮįȓʌȜȦıȘΝ ȝʌȠȡİȓΝ ȞĮΝ ȤĮȡĮțĲȘȡȚıĲİȓΝ ĮʌȩΝ ĲȡİȓȢΝ ȩȡȠȣȢ 

įĮȞİȚȗȩȝİȞȠȣȢΝ ĮʌȩΝ ĲȚȢΝ ȤȘȝȚțȑȢΝ ĮȞĲȚįȡȐıİȚȢκΝ ʌȠȡİȓĮΝ ĮȞĲȓįȡĮıȘȢ,Ν

İȞįȚȐȝİıĮΝțĮȚΝȝİĲĮȕĮĲȚțȒΝțĮĲȐıĲĮıȘ (transition state)έΝȈȣȞȒșȦȢ,ΝȠȚΝȩȡȠȚΝ

ĮȞĲȓįȡĮıȘΝ ĮȞĮįȓʌȜȦıȘȢΝ țĮȚ ȝİĲĮȕĮĲȚțȒΝ țĮĲȐıĲĮıȘΝ ıȣȖȤȑȠȞĲĮȚέΝ ǼȞȫΝ ȘΝ

ȝİĲĮȕĮĲȚțȒΝțĮĲȐıĲĮıȘΝȣʌȠįȘȜȫȞİȚΝȝȚĮΝįȠȝȒ,ΝȘΝĮȞĲȓįȡĮıȘΝĮȞĮįȓʌȜȦıȘȢΝ

ȝʌȠȡİȓΝ ȞĮΝ ȑȤİȚΝ ȑȞĮΝ İȣȡȪΝ ʌȜȒșȠȢΝ ȝİĲĮȕĮĲȚțȫȞΝ țĮĲĮıĲȐıİȦȞΝ Φtransition 

state ensemble, TSE)[7]. 

ȆȡȫĲȠȞ,Ν ȣʌȐȡȤİȚΝ įȚĮĳȠȡȐΝ ıĲȘȞΝ ȝİĲĮȕĮĲȚțȒΝ țĮĲȐıĲĮıȘΝ ȝȚĮȢΝ ȤȘȝȚțȒȢΝ

ĮȞĲȓįȡĮıȘȢ țĮȚΝ ĲȘȢΝ ʌȡȦĲİȧȞȚțȒȢΝ ĮȞĮįȓʌȜȦıȘȢέΝ ȀĮĲȐΝ ĲȘȞΝ ȝİĲĮȕĮĲȚțȒΝ

țĮĲȐıĲĮıȘΝ ĲȦȞ ȤȘȝȚțȫȞ ĮȞĲȚįȡȐıİȦȞ ıȤȘȝĮĲȓȗȠȞĲĮȚΝ țĮȚΝ įȚĮıʌȫȞĲĮȚΝ

İȜȐȤȚıĲȠȚ,ΝȝȩȞȠ,ΝįİıȝȠȓΝțĮȚΝİʌİȚįȒΝİȓȞĮȚΝ ȚıȤȣȡȠȓ,ΝȤȡİȚȐȗİĲĮȚΝȘΝțȕĮȞĲȚțȒΝ

șİȦȡİȓĮΝ ȖȚĮΝ ȞĮΝ İȟȘȖȘșİȓέΝ ǹʌȩΝ ĲȘȞΝ ȐȜȜȘ,Ν ȠȚΝ ȝİĲĮȕĮĲȚțȑȢΝ țĮĲĮıĲȐıİȚȢ,Ν

țĮĲȐΝ ĲȘȞΝ ʌȡȦĲİȧȞȚțȒΝ ĮȞĮįȓʌȜȦıȘ,Ν ʌİȡȚȜĮȝȕȐȞȠȣȞΝ ĲȠȞΝ ıȤȘȝĮĲȚıȝȩΝ țĮȚΝ

ĲȘȞΝįȚȐıʌĮıȘΝʌȠȜȜȫȞΝĮıșİȞȫȞΝįİıȝȫȞ,ΝȠȚΝȠʌȠȓȠȚΝȝʌȠȡȠȪȞΝȞĮΝİȟȘȖȘșȠȪȞΝ

ȝİΝĲȘȞΝȤȡȒıȘΝțȜĮııȚțȒȢΝȝȘȤĮȞȚțȒȢΝıĲĮĲȚıĲȚțȒȢΝțĮȚΝĲȦȞΝİȟȚıȫıİȦȞΝĲȠȣΝ

Newton. 
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ǻİȪĲİȡȠȞ,ΝʌȡȑʌİȚΝȞĮΝȖȓȞİȚΝȟİțȐșĮȡȘΝȘΝįȚĮĳȠȡȐΝĲȘȢΝİȞįȚȐȝİıȘȢΝįȠȝȒȢ țĮȚΝ

ĲȘȢΝ ȝİĲĮȕĮĲȚțȒȢΝ țĮĲȐıĲĮıȘȢέΝ ȂȚĮΝ İȞįȚȐȝİıȘΝ įȠȝȒ,Ν țĮĲȐΝ ĲȘȞΝ

ĮȞĮįȓʌȜȦıȘ,Ν ȕȡȓıțİĲĮȚΝ ıİΝ ȑȞĮΝ İȜȐȤȚıĲȠΝ ıİΝ ȝȚĮΝ ʌȚșĮȞȒΝ İȞİȡȖİȚĮțȒΝ

İʌȚĳȐȞİȚĮέΝǹȞĲȚșȑĲȦȢ,ΝȝȚĮΝȝİĲĮȕĮĲȚțȒΝțĮĲȐıĲĮıȘΝİȓȞĮȚΝȝȚĮΝįȠȝȒΝȘΝȠʌȠȓĮΝ

ȕȡȓıțİĲĮȚΝ ıİΝ ȑȞĮΝ ȝȑȖȚıĲȠΝ İȞȑȡȖİȚĮȢ,Ν țĮĲȐΝ ĲȘȞΝ ĮȞĮįȓʌȜȦıȘ. ȈİΝ ȝȚĮΝ

İȞİȡȖİȚĮțȒΝ İʌȚĳȐȞİȚĮ,Ν ȘΝ ȝİĲĮȕĮĲȚțȒΝ țĮĲȐıĲĮıȘΝ ȕȡȓıțİĲĮȚΝ ıĲȠΝ ȝȑȖȚıĲȠΝ

ĲȘȢΝİȜİȪșİȡȘȢΝİȞȑȡȖİȚĮȢΝțĮĲȐΝĲȘȞΝʌȠȡİȓĮΝĲȘȢΝĮȞĲȓįȡĮıȘȢΝ[θ]. 

                       

ǼȚțȩȞĮΝβκΝ(ǹȞĮʌĮȡȐȖİĲĮȚΝȐȞİȣΝȐįİȚĮȢ)[7] ǹʌİȚțȩȞȚıȘΝįȚĮȖȡȐȝȝĮĲȠȢΝİȜİȪșİȡȘȢΝİȞȑȡȖİȚĮȢΝȦȢΝʌȡȠȢΝĲȘȞΝ

įȚĮįȚțĮıȓĮΝĮȞĮįȓʌȜȦıȘȢέΝȉȠΝU İȓȞĮȚΝȖȚĮΝĲȚȢΝȟİįȚʌȜȦȝȑȞİȢΝįȚĮȝȠȡĳȫıİȚȢΝĲȘȢΝʌȡȦĲİǸȞȘȢΝΦunfolded), ĲȠΝ

D İȓȞĮȚΝ ȖȚĮΝ ĲȚȢΝ ȝİĲȠȣıȚȦȝȑȞİȢΝ įȚĮȝȠȡĳȫıİȚȢΝ ĲȘȢΝ ʌȡȦĲİǸȞȘȢΝ Φdenatured),Ν ĲȠ I‡Ν  İȓȞĮȚΝ ȖȚĮΝ ĲȠΝ ʌȜȒșȠȢΝ

ȝİĲĮȕĮĲȚțȫȞΝțĮĲĮıĲȐıİȦȞΝΦTSE) țĮȚΝĲȠΝN İȓȞĮȚΝȖȚĮΝĲȚȢΝĳȣıȚțȑȢΝįȚĮȝȠȡĳȫıİȚȢΝĲȘȢΝʌȡȦĲİǸȞȘȢΝ(native). 

(http://www.sciencedirect.com/science/article/pii/S0968000498013450?_rdoc=1&_fmt=high&_origin=

gateway&_docanchor=&md5=b8429449ccfc9c30159a5f9aeaa92ffb#FIGGR4) 

1.4 ȂȓȞȚ ʌȡȦĲİǸȞİȢ țĮȚ İȞİȡȖİȚĮțȐ ĲȠʌȓĮ 
 

ȉĮΝʌȠȜȣʌİʌĲȓįȚĮΝȝİΝείΝȒΝȜȚȖȩĲİȡĮΝĮȝȚȞȠȟȑĮΝȝʌȠȡȠȪȞΝȞĮΝȤĮȡĮțĲȘȡȚıșȠȪȞΝ

țĮȚΝ ȦȢΝ ȝȓȞȚΝ ʌȡȦĲİǸȞİȢ (mini proteins),Ν įȚȩĲȚΝ ȑȤȠȣȞΝ ȚįȚȩĲȘĲİȢΝ ʌȠȣΝ

ıȤİĲȓȗȠȞĲĮȚΝ ȝȩȞȠΝ ȝİΝ ĲȚȢΝ ʌȡȦĲİǸȞİȢ țĮȚΝ įȚĮșȑĲȠȣȞΝ țĮȜȐΝ țĮșȠȡȚıȝȑȞİȢΝ

ĲȡȚĲȠĲĮȖİȓȢΝ įȠȝȑȢέΝ ȁȩȖȦΝ ĲȠȣΝ ȝȚțȡȠȪΝ ĲȠȣȢΝ ȝİȖȑșȠȣȢΝ țĮȚΝ ĲȘȢΝ ĮʌȜȩĲȘĲĮȢΝ

ĲȦȞΝ įȠȝȫȞΝ ĲȠȣȢ,Ν ıİΝ ıȤȑıȘΝ ȝİΝ ĲȘȞΝ ʌȠȜȣʌȜȠțȩĲȘĲĮΝ ĲȦȞΝ ȝİȖȐȜȦȞΝ

ʌȡȦĲİȧȞȫȞ,Ν ȤȡȓȗȠȣȞΝ ȚįĮȞȚțȐΝ ȝȠȞĲȑȜĮΝ ȖȚĮΝ ĲȘȞΝ ȤȡȒıȘΝ ĲȠȣȢΝ ıİΝ ȝİȖȐȜȘȢΝ

http://www.sciencedirect.com/science/article/pii/S0968000498013450?_rdoc=1&_fmt=high&_origin=gateway&_docanchor=&md5=b8429449ccfc9c30159a5f9aeaa92ffb#FIGGR4
http://www.sciencedirect.com/science/article/pii/S0968000498013450?_rdoc=1&_fmt=high&_origin=gateway&_docanchor=&md5=b8429449ccfc9c30159a5f9aeaa92ffb#FIGGR4
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įȚȐȡțİȚĮȢΝ ʌȡȠıȠȝȠȚȫıİȚȢΝ ȝȠȡȚĮțȒȢΝ įȣȞĮȝȚțȒȢΝ țĮȚΝ ȖȚĮΝ ĲȘȞΝ ȝİȜȑĲȘΝ ĲȦȞΝ

ȝȠȡȚĮțȫȞΝȝȘȤĮȞȚıȝȫȞΝĲȘȢΝʌȡȦĲİȧȞȚțȒȢΝĮȞĮįȓʌȜȦıȘȢ [9][10]. 

ǾΝ șİȦȡİȓĮΝ ĲȠȣΝ ĲȠʌȓȠȣΝ İȞȑȡȖİȚĮȢΝ ȣʌȠıĲȘȡȓȗİȚΝ ȩĲȚΝ ȘΝ ĮȞĮįȓʌȜȦıȘΝ ĲȘȢΝ

ʌȡȦĲİǸȞȘȢΝ įİȞΝ ıȣȝȕĮȓȞİȚΝ ȝȑıȦΝ İȞȩȢΝ ıȣȖțİțȡȚȝȑȞȠȣΝ ȝȠȞȠʌĮĲȚȠȪ,Ν ȩʌȦȢΝ

ʌȡȠĲİȓȞİȚΝ ȘΝ “țȜĮııȚțȒΝ ȐʌȠȥȘ”Ν Φ“classical view”),Ν ĮȜȜȐ ȞĮΝ įȚȑȡȤİĲĮȚ 

ȝȑıȦΝʌȠȜȜȫȞΝȝȠȞȠʌĮĲȚȫȞ, ȩʌȦȢΝʌȡȠĲİȓȞİȚΝȘΝ“ȞȑĮ ȐʌȠȥȘ”ΝΦ“new view”), 

ʌȠȣΝ ʌİȡȞȐȞİΝ ĮʌȩΝ ʌȜȒșȠȢΝ ȝİĲĮȕĮĲȚțȫȞΝ țĮĲĮıĲȐıİȦȞΝ ΦTSE), 

ıȤȘȝĮĲȓȗȠȞĲĮȢΝ ȑȞĮΝ İȞİȡȖİȚĮțȩΝ ĲȠʌȓȠΝ ıİΝ ıȤȒȝĮΝ ȤȦȞȚȠȪΝ [11][15][16]. ǾΝ

ȖİȞȚțȒΝİȚțȩȞĮΝĲȠȣΝİȞİȡȖİȚĮțȠȪΝĲȠʌȓȠȣΝȝĮȢΝȕȠȘșȐİȚΝȞĮΝțĮĲĮȞȠȒıȠȣȝİΝĲȘȞΝ

țȚȞȘĲȚțȒΝ ĲȦȞΝ įȪȠΝ ıĲĮįȓȦȞΝ ĮȞĮįȓʌȜȦıȘȢΝ țĮȚΝ ĲȦȞΝ ʌȠȜȜȫȞΝ ıĲĮįȓȦȞΝ

ĮȞĮįȓʌȜȦıȘȢΝ  [12]. ȅ țȐșİĲȠȢΝ ȐȟȠȞĮȢΝ ĲȠȣΝ İȞİȡȖİȚĮțȠȪΝ ĲȠʌȓȠȣΝ įİȓȤȞİȚΝ

ĲȘȞΝ İıȦĲİȡȚțȒΝ İȜİȪșİȡȘ İȞȑȡȖİȚĮΝ ĲȘȢΝ İțȐıĲȠĲİΝ ʌȡȦĲİǸȞȘȢ,Ν İȞȫΝ ȠȚΝ

ʌȜİȣȡȚțȠȓΝ ȐȟȠȞİȢΝ ĮȞĲȚʌȡȠıȦʌİȪȠȣȞ ĲȚȢΝ ıȣȞĲİĲĮȖȝȑȞİȢΝ ĲȦȞΝ

įȚĮȝȠȡĳȫıİȦȞ [15]. 

 

ǼȚțȩȞĮΝ γκΝ ΦǹȞĮʌĮȡȐȖİĲĮȚΝ ȐȞİȣΝ ȐįİȚĮȢ)Ν ǹ)Ν ǹȞĮʌĮȡȐıĲĮıȘΝ ĲȘȢΝ țȜĮııȚțȒȢΝ ȐʌȠȥȘȢ ĲȘȢΝ ʌȡȦĲİȧȞȚțȒȢΝ

ĮȞĮįȓʌȜȦıȘȢΝ țĮȚΝ Ǻ)Ν ȘΝ ĮȞĮʌĮȡȐıĲĮıȘΝ ĲȘȢΝ ȞȑĮȢΝ ȐʌȠȥȘȢΝ ĲȦȞΝ ʌȠȜȜĮʌȜȫȞΝ ȝȠȞȠʌĮĲȚȫȞΝ ȝȑıȦΝ ĲȠȣΝ

funneled landscape. (https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4234557/figure/fig01/) 

ǾΝ șİȦȡİȓĮΝ ĲȦȞΝ İȞİȡȖİȚĮțȫȞΝ ĲȠʌȓȦȞΝ İȓȞĮȚΝ ȤȡȒıȚȝȘΝ ʌȠıȠĲȚțȐΝ ȖȚĮΝ ĲȚȢΝ

ʌȡȦĲİǸȞİȢΝ ʌȠȣΝ ĮȞĮįȚʌȜȫȞȠȞĲĮȚΝ ȖȡȒȖȠȡĮ,Ν İʌİȚįȒΝ ĲĮΝ ȖİȖȠȞȩĲĮΝ ȖȡȒȖȠȡȘȢΝ

ĮȞĮįȓʌȜȦıȘȢΝ İȓȞĮȚΝ ȜȚȖȩĲİȡȠΝ İȣĮȓıșȘĲĮΝ ıİΝ ȝİȝȠȞȦȝȑȞİȢ ĮĲȠȝȚțȑȢΝ

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4234557/figure/fig01/
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ȜİʌĲȠȝȑȡİȚİȢέΝǾΝțȚȞȘĲȚțȒ ĲȦȞ ȖȡȒȖȠȡȦȞΝĮȞĮįȚʌȜȫıİȦȞΝȝʌȠȡİȓΝ ȞĮΝȖȓȞİȚΝ

ʌȚȠΝțĮĲĮȞȠȘĲȒ ȝİΝĲȘȞΝıȣıȤȑĲȚıȘΝȝİĲĮȟȪΝȝȚĮȢΝʌȡȦĲİǸȞȘȢΝıĲȠΝİȡȖĮıĲȒȡȚȠΝ

țĮȚΝ İȞȩȢΝ ʌȚȠΝ ĮʌȜȠȪΝ ȣʌȠȜȠȖȚıĲȚțȠȪΝ ȝȠȞĲȑȜȠȣ,Ν ĲȠΝ ȠʌȠȓȠΝ ȑȤİȚΝ ʌĮȡȩȝȠȚĮΝ

ĲȠʌȠȖȡĮĳȓĮΝȤȦȞȚȠȪ,ΝıİΝıĲĮĲȚıĲȚțȩΝİʌȓʌİįȠ,ΝȝİΝĲȘȞΝʌȡȦĲİǸȞȘ [11]. 

1έη ȆȡȠıİȖȖȓıİȚȢ ȖȚĮ ĲȘȞ ĮȞĮįȓʌȜȦıȘ ʌȡȦĲİȧȞȫȞ 
 

ȊʌȐȡȤȠȣȞΝĮȡțİĲȑȢ șİȦȡȘĲȚțȑȢΝʌȡȠıİȖȖȓıİȚȢΝțĮȚ ĲİȤȞȚțȑȢΝȖȚĮΝĲȘȞΝȝİȜȑĲȘΝ

ĲȘȢΝ įȠȝȒȢΝ țĮȚΝ ĲȘȢΝ ĮȞĮįȓʌȜȦıȘȢΝ ĲȦȞΝ ʌȡȦĲİȧȞȫȞ,Ν ʌİȚȡĮȝĮĲȚțȑȢΝ țĮȚΝ

ȣʌȠȜȠȖȚıĲȚțȑȢέΝǼȞȫΝȠȚΝʌİȚȡĮȝĮĲȚțȑȢΝĲİȤȞȚțȑȢΝșİȦȡȠȪȞĲĮȚΝʌȚȠΝĮȟȚȩʌȚıĲİȢ,Ν

ȠȚΝȣʌȠȜȠȖȚıĲȚțȑȢΝĲİȤȞȚțȑȢΝȑȡȤȠȞĲĮȚΝȞĮΝıȣȝʌȜȘȡȫıȠȣȞΝıİΝʌȜȘȡȠĳȠȡȓĮΝĲȚȢΝ

ʌȡȫĲİȢέΝ īȚĮΝ ĲȘȞΝ İȪȡİıȘΝ įİȣĲİȡȠĲĮȖȠȪȢΝ țĮȚΝ ĲȡȚĲȠĲĮȖȠȪȢΝ įȠȝȒȢΝ ĲȦȞΝ

ʌȡȦĲİȧȞȫȞΝȤȡȘıȚȝȠʌȠȚȠȪȞĲĮȚΝțȣȡȓȦȢΝȘΝțȡȣıĲĮȜȜȠȖȡĮĳȓĮΝĮțĲȓȞȦȞΝȋΝțĮȚΝ

ȠΝ ʌȣȡȘȞȚțȩȢΝ ȝĮȖȞȘĲȚțȩȢΝ ıȣȞĲȠȞȚıȝȩȢΝ ΦNMR). ǾΝ țȡȣıĲĮȜȜȠȖȡĮĳȓĮΝ

ȕĮıȓȗİĲĮȚΝ ıĲȘȞΝ ʌİȡȓșȜĮıȘ ȝȚĮȢΝ įȑıȝȘȢΝ ĮțĲȓȞȦȞΝ ȋΝ ĮʌȩΝ ȑȞĮȞΝ țĮȜȐΝ

ȠȡȖĮȞȦȝȑȞȠΝțȡȪıĲĮȜȜȠΝʌȠȜȜȫȞΝȝȠȡȓȦȞΝʌȡȦĲİǸȞȘȢ,ΝțĮȚΝȜȩȖȦΝĮȣĲȒȢΝĲȘȢΝ

ʌİȡȓșȜĮıȘȢΝʌĮȡȐȖİĲĮȚΝȑȞĮΝĳȐıȝĮ,ΝĲȠΝįȚȐȖȡĮȝȝĮΝʌİȡȓșȜĮıȘȢΝΦdiffraction 

pattern), ʌȠȣΝ ȝȑıȦΝ ĲȘȢΝ ĮȞȐȜȣıȘȢΝ ĲȠȣΝ ʌȡȠıįȚȠȡȓȗİĲĮȚΝ ȘΝ įȠȝȒΝ ĲȘȢΝ

İțȐıĲȠĲİΝʌȡȦĲİǸȞȘȢέ ȅΝʌȣȡȘȞȚțȩȢΝȝĮȖȞȘĲȚțȩȢΝıȣȞĲȠȞȚıȝȩȢΝ ȤȡȘıȚȝȠʌȠȚİȓ 

ȦȢΝȝȑıȠΝĲȘȞ ȚįȚȠʌİȡȚıĲȡȠĳȒΝĲȦȞΝʌȣȡȒȞȦȞΝĲȦȞΝĮĲȩȝȦȞΝȝȚĮȢΝʌȡȦĲİǸȞȘȢ,Ν

țȣȡȓȦȢΝĲȠȣΝ1Ǿ,ΝȖȚĮΝĲȘȞΝİȟĮȖȦȖȒΝʌȜȘȡȠĳȠȡȓĮȢΝʌȠȣΝĮĳȠȡȐΝĲȚȢΝĮʌȠıĲȐıİȚȢΝ

ĲȦȞΝ ĮĲȩȝȦȞΝ ıĲȘȞΝ ʌȡȦĲİǸȞȘ,Ν ȠȚΝ ȠʌȠȓİȢΝ ȝİΝ ĲȘȞΝ ıİȚȡȐΝ ĲȠȣȢΝ ȝʌȠȡȠȪȞΝ ȞĮΝ

ȤȡȘıȚȝȠʌȠȚȘșȠȪȞΝ ȖȚĮΝ İȟĮȤșİȓ,Ν ȣʌȠȜȠȖȚıĲȚțȐ,Ν ĲȠΝ ĲȡȚıįȚȐıĲĮĲȠΝ ȝȠȞĲȑȜȠΝ

ĲȘȢΝʌȡȦĲİǸȞȘȢέΝȂȚĮΝıȘȝĮȞĲȚțȒΝįȚĮĳȠȡȐΝĲȘȢΝțȡȣıĲĮȜȜȠȖȡĮĳȓĮȢΝĮțĲȓȞȦȞΝ

ȋΝțĮȚΝĲȠȣΝNMR İȓȞĮȚΝȩĲȚΝıĲȘȞΝĲİȜİȣĲĮȓĮΝĲİȤȞȚțȒΝįİȞΝĮʌĮȚĲİȓĲĮȚΝȘΝȤȡȒıȘΝ

ʌȡȦĲİȧȞȚțȫȞΝțȡȣıĲȐȜȜȦȞΝ[1η]έΝǼʌȓıȘȢ,ΝȐȜȜİȢΝʌİȚȡĮȝĮĲȚțȑȢΝĲİȤȞȚțȑȢΝȖȚĮΝ

ĲȘȞΝȝİȜȑĲȘΝĲȘȢΝįȠȝȒȢΝĲȦȞΝʌȡȦĲİȧȞȫȞΝĮʌȠĲİȜȠȪȞκΝȠΝțȣțȜȚțȩȢΝįȚȤȡȦȚıȝȩȢΝ

(CD), ȘΝ ȘȜİțĲȡȠȞȚțȒΝ ȝȚțȡȠıțȠʌȓĮ,Ν ȘΝ ʌȡȦĲİȧȞȚțȒΝ ȝȘȤĮȞȚțȒ țĮȚ ȘΝ

ĳĮıȝĮĲȠȝİĲȡȓĮΝȝȐȗĮȢ. ȅȚΝȣʌȠȜȠȖȚıĲȚțȑȢΝĲİȤȞȚțȑȢΝȑȡȤȠȞĲĮȚΝȞĮΝıȣȞįȑıȠȣȞΝ



13 

 

ĲȚȢΝ șİȦȡȘĲȚțȑȢΝ ʌȡȠıİȖȖȓıİȚȢΝ ȝİΝ ĲȚȢΝ ʌİȚȡĮȝĮĲȚțȑȢΝ ĲİȤȞȚțȑȢ,Ν ȝȑıȦΝ ĲȘȢΝ

ĮȞĮȖȞȫȡȚıȘȢΝ ĲȦȞΝ ȝȘȤĮȞȚıȝȫȞΝ ĮȞĮįȓʌȜȦıȘȢΝ ĲȦȞΝ ʌȡȦĲİȧȞȫȞΝ țĮȚΝ ĲȘȢΝ

țĮȜȪĲİȡȘȢΝ țĮĲĮȞȩȘıȘȢΝ ĲȘȢΝ șİȡȝȠįȣȞĮȝȚțȒȢΝ țĮȚΝ ĲȘȢΝ țȚȞȘĲȚțȒȢΝ ĲȦȞΝ

ıȣıĲȘȝȐĲȦȞέ ȅȚΝ ʌȡȠıȠȝȠȚȫıİȚȢ ȝȠȡȚĮțȒȢΝ įȣȞĮȝȚțȒȢΝ Φmolecular 

dynamics, MD) İȓȞĮȚΝȘΝțȪȡȚĮΝȣʌȠȜȠȖȚıĲȚțȒΝĲİȤȞȚțȒΝʌȠȣΝȤȡȘıȚȝȠʌȠȚİȓĲĮȚΝ

ȖȚĮΝĲȘȞΝİȟȑĲĮıȘΝĲȦȞΝʌȡȦĲİȧȞȫȞέΝ 

1.6 CLN025 
 

ȉȠΝCLN025 İȓȞĮȚΝȑȞĮΝıȣȞșİĲȚțȩΝȝȩȡȚȠ 10 ĮȝȚȞȠȟȑȦȞ, YYDPETGTWY, 

ĲȠΝȠʌȠȓȠΝțĮĲĮıțİȪĮıĮȞΝȠȚΝHonda et al. ȈȤİįȚȐıĲȘțİΝȝİΝȕȐıȘΝȑȞĮΝȐȜȜȠΝ

ıȣȞșİĲȚțȩΝȝȩȡȚȠΝ1ίΝĮȝȚȞȠȟȑȦȞ,Ν ĲȘȞΝchignolin, ĲȠΝȠʌȠȓȠΝțĮĲĮıțİȪĮıİΝȠΝ

ȓįȚȠȢΝȝİΝȝȚĮΝȐȜȜȘΝȠȝȐįĮ. ȂİĲȐΝĮʌȩΝʌȠȜȜȑȢΝʌĮȡĮȜȜĮȖȑȢΝĲȦȞΝĮȝȚȞȠȟȑȦȞΝ

Gly1țĮȚ Gly10 İȓįĮȞΝȩĲȚΝĲȠΝCLN025 ȝİΝĲĮΝTyr1 țĮȚΝTyr10 İȓȞĮȚΝĮʌȩΝĲȚȢΝ

ʌȚȠΝ ıĲĮșİȡȑȢΝ ʌĮȡĮȜȜĮȖȑȢ țĮȚΝ ȩĲȚΝ ȑȤİȚΝ șİȡȝȠțȡĮıȓĮΝ ĲȒȟȘȢΝ Φmelting 

temperature, Tm) ĲȠȣȢΝγδγȀ,ΝβθΝȕĮșȝȠȪȢΝʌİȡȚııȩĲİȡȠΝĲȘȢΝchignolin [18]. 

ǻȚĮĲȘȡİȓΝ ĲȘȞΝ ȓįȚĮΝ įȚĮȝȩȡĳȦıȘΝıİΝ ȣȖȡȩΝįȚȐȜȣȝĮΝ țĮȚΝ ıĲȘȞΝ țȡȣıĲĮȜȜȚțȒΝ

ȝȠȡĳȒΝ ĲȠȣέΝ ǼʌȓıȘȢ,Ν İȓȞĮȚΝ įȣȞĮĲȒΝ ȘΝ ĮȞĮıĲȡȑȥȚȝȘΝ ĮȞĮįȓʌȜȦıȘΝ ĲȠȣ. 

ȆȡȠıȠȝȠȚȫıİȚȢΝȝȠȡȚĮțȒȢΝįȣȞĮȝȚțȒȢΝȑįİȚȟĮȞΝȩĲȚΝĲȠΝȝȩȡȚȠΝĮȞĮįȚʌȜȫȞİĲĮȚΝ

ȝİΝĲȑĲȠȚȠΝĲȡȩʌȠ,ΝȫıĲİΝȠȚΝįȠȝȑȢΝȞĮΝįȚĮȞȑȝȠȞĲĮȚΝıİΝfunnel-like İȞİȡȖİȚĮțȩΝ

ĲȠʌȓȠέ ǵȜĮΝĲĮΝʌĮȡĮʌȐȞȦ ĲȠΝțĮșȚıĲȠȪȞΝȚțĮȞȩΝȞĮΝșİȦȡȘșİȓΝʌȡȦĲİǸȞȘ ʌĮȡȐΝ

ĲȠΝȝȚțȡȩΝȝȑȖİșȠȢΝĲȠȣ,ΝıȣȞİʌȫȢΝȝȓȞȚΝʌȡȦĲİǸȞȘέΝȉȠΝʌȡȠĲİȓȞȠȣȞΝȦȢΝ“ȚįĮȞȚțȒΝ

ʌȡȦĲİǸȞȘ” ʌĮȡȩĲȚΝįİȞΝİȞĲȠʌȓȗİĲĮȚΝıĲȘȞΝĳȪıȘέ 

ȅȚ Honda et al. ʌȡȠıįȚȩȡȚıĮȞΝ ĲȘȞΝ țȡȣıĲĮȜȜȚțȒΝ įȠȝȒΝ ĲȠȣΝ ıİΝ

įȚĮțȡȚĲȚțȩĲȘĲĮΝ1έ11 Å țĮȚΝ ȑįİȚȟĮȞΝȩĲȚΝ ȣȚȠșİĲİȓ įȠȝȒΝȕ-ĳȠȣȡțȑĲĮȢΝıĲȘȞΝ

țİȞĲȡȚțȒΝʌİȡȚȠȤȒ,ΝİʌȚĲȡȑʌȠȞĲĮȢΝȑĲıȚΝĲĮΝȐțȡĮΝȞĮΝȑȜșȠȣȞΝıİΝİʌĮĳȒΝȝİĲĮȟȪΝ

ĲȠȣȢέΝ ǼȞĲȩʌȚıĮȞ,Ν İʌȓıȘȢ,Ν ζΝ İȞįȠȝȠȡȚĮțȠȪȢΝ įİıȝȠȪȢΝ ȣįȡȠȖȩȞȠȣΝ țĮȚΝ ȝȚĮΝ

ȖȑĳȣȡĮΝȐȜĮĲȠȢ,ΝʌȠȣΝıĲĮșİȡȠʌȠȚȠȪȞΝĮȣĲȒΝĲȘΝįȠȝȒέΝǲʌİȚĲĮ,ΝȝİΝĮȞȐȜȣıȘΝ

NMR İȞĲȩʌȚıĮȞΝβίΝįȠȝȑȢΝĲȠȣΝCLN025 ĲȦȞΝȠʌȠȓȦȞΝĲȠΝroot-mean-square-
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deviation of backbone coordinates (bb-rmsd) ȝİΝ ĲȘȞΝ țȡȣıĲĮȜȜȚțȒΝ įȠȝȒΝ

ȒĲĮȞΝ1έηεΝÅ țĮȚ įȚĮĲȘȡȠȪıĮȞΝʌĮȡȩȝȠȚĮΝįȚĮȝȩȡĳȦıȘΝıİΝȣįĮĲȚțȩΝįȚȐȜȣȝĮΝ

ıĲȠȣȢΝβιθȀ. 

                
ǼȚțȩȞĮΝδκΝΦǹȞĮʌĮȡȐȖİĲĮȚΝȐȞİȣΝȐįİȚĮȢ)ΝǾΝțȡȣıĲĮȜȜȚțȒΝįȠȝȒΝĲȠȣΝCLN025. 

(https://www.rcsb.org/pdb/explore.do?structureId=5AWL)  

ǲȡİȣȞİȢ ĲȦȞ Hatfield et al. ȑįİȚȟĮȞ ȝİΝ VCD, ECD țĮȚΝ ʌȡȠıȠȝȠȚȫıİȚȢΝ

ȝȠȡȚĮțȒȢΝ įȣȞĮȝȚțȒȢΝ ȩĲȚΝ ĲȠΝ CLN025 įȚĮĲȘȡİȓΝ ĲȘȞΝ įȠȝȒΝ ȕ-ĳȠȣȡțȑĲĮΝ ıİΝ

ȣįĮĲȚțȩΝ įȚȐȜȣȝĮΝ ıİΝ șİȡȝȠțȡĮıȓİȢΝ țĮȚΝ ʌȐȞȦΝ țĮȚΝ țȐĲȦΝ ĮʌȩΝ ĲȘȞΝ Tm,Ν ıİΝ

ʌİȡȚȕȐȜȜȠȞΝȩʌȦȢΝTFE, MeOH, DMSO țĮȚΝıİΝĮʌȠįȚĮĲĮțĲȚțȐΝįȚĮȜȪȝĮĲĮ 

ȠȣȡȓĮȢΝțĮȚΝGdmCl [9][19][20]. ǲĲıȚ,ΝȜȩȖȦΝĲȠȣΝȩĲȚΝĲȠΝCLN025 įİȞΝȑȤİȚΝ

țĮȜȐΝ ʌȡȠıįȚȠȡȚıȝȑȞȘΝ ĲȡȚĲȠĲĮȖȒΝ įȠȝȒ,Ν İȓȞĮȚΝ ĮȞșİțĲȚțȩΝ ıİΝ

ĮʌȠįȚĮĲĮțĲȚțȠȪȢΝ ʌĮȡȐȖȠȞĲİȢ,Ν įİȞΝ ȑȤİȚΝ ĮȣȟȘȝȑȞȘΝ șİȡȝȠȤȦȡȘĲȚțȩĲȘĲĮΝ

țȠȞĲȐΝ ıĲȘȞΝ Tm țĮȚΝ ȩĲȚΝ ʌȐȞȦΝ ĮʌȩΝ ĮȣĲȒΝ ĲȘȞΝ șİȡȝȠțȡĮıȓĮΝ įȚĮĲȘȡİȓΝ

įȚĮȝȩȡĳȦıȘΝ ȕ-ĳȠȣȡțȑĲĮȢ,Ν ĲȠȣȢ ȠįȒȖȘıİΝ ȞĮΝ ĮȝĳȚıȕȘĲȒıȠȣȞ ĲȘȞΝ

șİȫȡȘıȘΝĲȠȣΝCLN025 ȦȢΝȝȓȞȚΝʌȡȦĲİǸȞȘ [20]. 

ǼȞȫΝȠȚΝHonda et al. ȑįİȚȟĮȞΝȩĲȚΝĲȠΝfunnel-like İȞİȡȖİȚĮțȩΝĲȠʌȓȠΝȑȤİȚΝȝȩȞȠΝ

ȑȞĮΝ İȞİȡȖİȚĮțȩΝ İȜȐȤȚıĲȠ,Ν ȝİĲȑʌİȚĲĮΝ ȑȡİȣȞİȢΝ ȑįİȚȟĮȞΝ ȩĲȚΝ ȣʌȐȡȤİȚΝ țĮȚ 

įİȪĲİȡȠΝİȞİȡȖİȚĮțȩΝİȜȐȤȚıĲȠΝ[β1].  

 

https://www.rcsb.org/pdb/explore.do?structureId=5AWL
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ǼȚțȩȞĮΝ5κΝΦǹȞĮʌĮȡȐȖİĲĮȚΝȐȞİȣΝȐįİȚĮȢ)ΝǼʌȚĳȐȞİȚĮ      ǼȚțȩȞĮΝ6κΝΦǹȞĮʌĮȡȐȖİĲĮȚΝȐȞİȣΝȐįİȚĮȢ)ΝǼʌȚĳȐȞİȚĮ 

İȜİȪșİȡȘȢΝİȞȑȡȖİȚĮȢΝĲȠȣΝCLN025 ĲȦȞΝHonda et. al.   İȜİȪșİȡȘȢΝİȞȑȡȖİȚĮȢΝĲȠȣΝCLN025 ĲȦȞ Rodriguez 

(http://pubs.acs.org/doi/abs/10.1021/ja8030533)         et .al. 

                                                                                      (http://pubs.acs.org/doi/abs/10.1021/jp106475c) 

ȂİȜȑĲİȢΝȖȚĮΝĲȘȞΝțĮĲĮȞȩȘıȘΝĲȠȣΝȝȘȤĮȞȚıȝȠȪΝĮȞĮįȓʌȜȦıȘȢΝĲȠȣΝCLN025, 

ȑįİȚȟĮȞΝ ȩĲȚΝ ȠȚΝ ȘȜİțĲȡȠıĲĮĲȚțȑȢΝ ĮȜȜȘȜİʌȚįȡȐıİȚȢΝ ȝİĲĮȟȪΝ ĲȦȞΝ

ĳȠȡĲȚıȝȑȞȦȞΝȐțȡȦȞΝĲȠȣ,ΝʌĮȓȗȠȣȞΝıȘȝĮȞĲȚțȩΝȡȩȜȠΝıĲȘȞ ıĲĮșİȡȩĲȘĲĮΝĲȘȢΝ

ȕ-ĳȠȣȡțȑĲĮȢΝ [β2]. ǼʌȩȝİȞİȢΝ ȝİȜȑĲİȢΝ ȑįİȚȟĮȞΝ ȩĲȚΝ ĲȠΝ CLN025 

ĮȞĮįȚʌȜȫȞİĲĮȚΝ ʌȠȜȪΝ ȖȡȒȖȠȡĮ,Ν įȚȩĲȚΝ ȑȤİȚΝ ȝȚțȡȩΝ ĳȡȐȖȝĮΝ İȜİȪșİȡȘȢΝ

İȞȑȡȖİȚĮȢ țĮȚΝ ȩĲȚΝ ȠΝ ȝȘȤĮȞȚıȝȩȢΝ ĮȞĮįȓʌȜȦıȘȢΝ ĲȠȣΝ įİȞΝ ȝʌȠȡİȓΝ ȞĮΝ

ʌİȡȚȖȡĮĳșİȓΝ ĮʌȩΝ ȑȞĮΝ ĮʌȜȩΝ ȝȠȞĲȑȜȠΝ įȪȠΝ ıĲĮįȓȦȞΝ ĮȞĮįȓʌȜȦıȘȢ,Ν ĮȜȜȐΝ

İȓȞĮȚΝ ȝȚĮΝ İĲİȡȠȖİȞȒȢΝ įȚİȡȖĮıȓĮΝ [β3]. ǼȚıĮȖȦȖȒΝ ĲȠȣΝ CLN025 ıİΝ țȐșİΝ

ȕȡȩȖȤȠ ĲȘȢΝ Formin binding protein 28 (FBP28), ȑįİȚȟİΝ ȩĲȚΝ ȠΝ ȡȣșȝȩȢΝ

ĮȞĮįȓʌȜȦıȘȢΝ ĲȠȣΝ CLN025 ʌĮȡȑȝİȚȞİ Ƞ ȓįȚȠȢΝ ȝȑıĮΝ ıĲȘΝ ȝİȖĮȜȪĲİȡȘΝ

ʌȡȦĲİǸȞȘέΝ ǹȣĲȩΝ ȣʌȠįȘȜȫȞİȚΝ ȩĲȚΝ ȠȚΝ ȣʌȠʌİȡȚȠȤȑȢΝ ʌȡȦĲİȧȞȫȞ ʌȠȣΝ

ĮȞĮįȚʌȜȫȞȠȞĲĮȚΝȖȡȒȖȠȡĮ ȝʌȠȡȠȪȞΝȞĮΝȤȡȘıȚȝȠʌȠȚȘșȠȪȞΝȖȚĮΝȞĮΝĮȣȟȒıȠȣȞΝ

ĲȘȞΝĲĮȤȪĲȘĲĮΝĮȞĮįȓʌȜȦıȘȢΝʌȚȠΝıȪȞșİĲȦȞΝʌȡȦĲİȧȞȫȞ,ΝțĮȚΝȩĲȚΝȘΝįȣȞĮȝȚțȒΝ

ĮȞĮįȓʌȜȦıȘȢΝ ĮȣĲȫȞΝ ĲȦȞΝ ȣʌȠʌİȡȚȠȤȫȞΝ ʌĮȡĮȝȑȞİȚΝ ıĲĮșİȡȒΝ ȝȑıĮΝ ıİΝ

ȝİȖĮȜȪĲİȡİȢΝʌȡȦĲİǸȞİȢΝ[β4]. ǾΝĮȝȚȞȠȟȚțȒΝĮȜȜȘȜȠȣȤȓĮΝĲȠȣΝCLN025 İțĲȩȢΝ

ĮʌȩΝĲȠΝȩĲȚΝțȐȞİȚΝİĳȚțĲȩΝĲȠΝıĲİȞȩΝʌĮțİĲȐȡȚıȝĮΝĲȠȣΝıțİȜİĲȠȪΝΦbackbone) 

țĮȚΝ ĲȦȞΝĮȡȦȝĮĲȚțȫȞΝȠȝȐįȦȞΝ ĲȠȣ,ΝįȚĮıĳĮȜȓȗİȚΝțĮȚΝ ĲȠȞΝıȤȘȝĮĲȚıȝȩΝ ĲȦȞΝ

http://pubs.acs.org/doi/abs/10.1021/ja8030533
http://pubs.acs.org/doi/abs/10.1021/jp106475c
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İȞįȠȝȠȡȚĮțȫȞΝ ȣįȡȠȖȠȞȚțȫȞΝ įİıȝȫȞΝ țĮĲȐΝ ĲȠΝ “șȐȥȚȝȠ” İȞȩȢΝ įȩĲȘΝ țĮȚΝ

İȞȩȢΝįȑțĲȘΝȩĲĮȞΝȠΝıțİȜİĲȩȢ ıȤȘȝĮĲȓȗİȚΝĲȘȞΝĳȣıȚțȒΝįȠȝȒΝ[β5].  

ǹȡțİĲȑȢΝ șİȦȡȘĲȚțȑȢΝ țĮȚΝ ʌİȚȡĮȝĮĲȚțȑȢΝ ȝİȜȑĲİȢΝ ȑȤȠȣȞΝ ʌĮȡȠȣıȚȐıİȚΝ

ĮȞĲȚĳĮĲȚțȠȪȢΝ ȝȘȤĮȞȚıȝȠȪȢΝ ıȤȘȝĮĲȚıȝȠȪΝ ȕ-ĳȠȣȡțȑĲĮȢ, țĮȚΝ șĮΝ

ĮȞĮĳİȡșȠȪȞΝ ȝİȡȚțȠȓέΝ ǲȞĮȢΝ ĮʌȩΝ ĮȣĲȠȪȢΝ ʌȡȠĲİȓȞİȚΝ ȩĲȚΝ ıĲȘȞΝ ȕ-ĳȠȣȡțȑĲĮΝ

ıȤȘȝĮĲȓȗİĲĮȚΝ ʌȡȫĲĮΝ ȘΝ ıĲȡȠĳȒΝ țĮȚΝ ȝİĲȐΝ ıȤȘȝĮĲȓȗİĲĮȚΝ ĲȠ ȕ-ĳȪȜȜȠΝ ıĮȞΝ

“ĳİȡȝȠȣȐȡ”Ν Φ“zips”)Ν ʌȠȣΝțȜİȓȞİȚΝ ĮʌȩΝ ĲȘȞΝıĲȡȠĳȒΝʌȡȠȢΝ ĲĮΝȐțȡĮΝȝİΝ ĲȠȞΝ

ıȤȘȝĮĲȚıȝȩΝ ȣįȡȠȖȠȞȠįİıȝȫȞΝ ȝİĲĮȟȪΝ ĲȦȞΝ įȪȠΝ ĮȜȣıȓįȦȞΝ [β6]. ǲȞĮȢΝ

ȐȜȜȠȢΝȝȘȤĮȞȚıȝȩȢΝ ʌȡȠĲİȓȞİȚΝ ȩĲȚΝ ʌȡȫĲĮΝıȣȝȕĮȓȞİȚΝ hydrophobic collapse 

ĲȘȢΝ ʌȡȦĲİǸȞȘȢΝ țĮȚΝ ȝİĲȐΝ ıȤȘȝĮĲȓȗİĲĮȚΝ ȘΝ ıĲȡȠĳȒέΝ ǵȝȦȢ,Ν ȣʌȐȡȤȠȣȞΝ įȪȠΝ

ĮȞĲȚȝĮȤȩȝİȞİȢ șİȦȡȓİȢ ȖȚĮΝĮȣĲȩȞΝĲȠȞΝȝȘȤĮȞȚıȝȩ,ΝȘΝȝȓĮΝȣʌȠıĲȘȡȓȗİȚΝȩĲȚΝȠΝ

ıȤȘȝĮĲȚıȝȩȢΝȣįȡȠȖȠȞȠįİıȝȫȞΝıȣȝȕĮȓȞİȚΝȝİΝĲȠΝȝȠĲȓȕȠΝ“ĳİȡȝȠȣȐȡ” ĮʌȩΝ

ĲȘȞΝıĲȡȠĳȒΝʌȡȠȢΝ ĲĮΝȐțȡĮΝ [β7],Ν İȞȫΝȘΝ ȐȜȜȘΝ șİȦȡİȓĮΝ ȣʌȠıĲȘȡȓȗİȚΝ ȩĲȚΝ ȠΝ

ıȤȘȝĮĲȚıȝȩȢΝ ĲȦȞΝ ȣįȡȠȖȠȞȠįİıȝȫȞΝ ȟİțȚȞȐİȚΝ țȠȞĲȐΝ ıĲȠΝ țȑȞĲȡȠΝ ĲȦȞΝ ȕ-

ĳȪȜȜȦȞΝ țĮȚΝ İȟĮʌȜȫȞİĲĮȚΝ țĮȚΝ ʌȡȠȢΝ ĲȚȢΝ įȪȠΝ ȝİȡȚȑȢΝ [28]. ȈĲȠΝ CLN025 

ʌȡȫĲĮΝıȣȝȕĮȓȞİȚΝhydrophobic collapse țĮȚΝȑʌİȚĲĮΝıȤȘȝĮĲȓȗİĲĮȚΝȘΝıĲȡȠĳȒΝ

[23] țĮȚΝ ȠȚΝ ȣįȡȠȖȠȞȠįİıȝȠȓΝ ıȤȘȝĮĲȓȗȠȞĲĮȚΝ ȝİΝ ĲȠΝ ȝȠȞĲȑȜȠΝ “ĳİȡȝȠȣȐȡ”Ν

[29]. 

1.7 ȈĲȩȤȠȢ ĲȘȢ İȡȖĮıȓĮȢ 
 

ȈĲȘȞΝ ʌĮȡȠȪıĮΝ İȡȖĮıȓĮΝ ȤȡȘıȚȝȠʌȠȚȒșȘțĮȞΝ ĲĮΝ ĮʌȠĲİȜȑıȝĮĲĮΝ ĮʌȩΝ ĲȘȞΝ

ʌȡȠıȠȝȠȓȦıȘΝȝȠȡȚĮțȒȢΝįȣȞĮȝȚțȒȢΝĲȘȢΝȝȓȞȚΝʌȡȦĲİǸȞȘȢ CLN025 ĮʌȩΝĲȘȞΝ

İȡȖĮıȓĮΝ ĲȦȞΝ Serafeim et al. [30] ıİΝ įȣȞĮȝȚțȩΝ ʌİįȓȠΝ AMBER99SB-

STAR-ILDNέΝ ȅΝ ıĲȩȤȠȢΝ İȓȞĮȚΝ ȘΝ ĮʌȠȝȩȞȦıȘ ĲȠȣΝ ʌȜȒșȠȣȢΝ ĲȦȞΝ

ȝİĲĮȕĮĲȚțȫȞΝ țĮĲĮıĲȐıİȦȞΝ ĲȠȣΝ CLN025 ȝȑıȦΝ ĲȠȣΝ įȚĮȖȡȐȝȝĮĲȠȢΝ

șİȡȝȠțȡĮıȓĮ-ıȣȞĲİȜİıĲȒΝ ȠȝȠȚȩĲȘĲĮȢΝ ȝİΝ ĲȘȞΝ ĳȣıȚțȒΝ įȠȝȒΝ ΦT-Q) țĮȚΝ ȘΝ

İȟȑĲĮıȘΝ ĲȠȣȢΝ ȝİΝ ıțȠʌȩΝ ĲȘȞΝ İȟĮȖȦȖȒΝ ıȣȝʌİȡĮıȝȐĲȦȞΝ ʌȠȣΝ ȓıȦȢΝ
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ȕȠȘșȒıȠȣȞΝ ıĲȘȞΝ țĮĲĮȞȩȘıȘΝ ĲȠȣΝ ȝȘȤĮȞȚıȝȠȪΝ ĮȞĮįȓʌȜȦıȘȢΝ ĲȘȢΝ ȝȓȞȚΝ

ʌȡȦĲİǸȞȘȢέ 
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ȀǼĭǹȁǹǿȅΝ2 
 

 

 

 

 

ȂǼĬȅǻȅȁȅīǿǹ 
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βέ1 ȋĮȡĮțĲȘȡȚıĲȚțȐ ȣʌȠȜȠȖȚıĲȚțȠȪ ıȣıĲȒȝĮĲȠȢ 
 

ȉȠΝ ȣʌȠȜȠȖȚıĲȚțȩΝ ıȪıĲȘȝĮΝ ıĲȠΝ ȠʌȠȓȠΝ ʌȡĮȖȝĮĲȠʌȠȚȒșȘțİΝ ȘΝ İȡȖĮıȓĮΝ

įȚȑșİĲİ ȜȠȖȚıȝȚțȩΝ Linux Ubuntu 16.04 Lts, ĲİĲȡĮʌȪȡȘȞȠΝ İʌİȟİȡȖĮıĲȒΝ

Intel Core i5-2400 ıĲĮΝ γέ1ίΝ Ghz, 500 Gb ĮʌȠșȘțİȣĲȚțȩΝ ȤȫȡȠ,Ν ĳȣıȚțȒΝ

ȝȞȒȝȘΝΦRAM) 4 Gb țĮȚ țȐȡĲĮΝȖȡĮĳȚțȫȞΝNvidia Quadro K620 2 Gb. 

2.2 īȜȫııİȢ ʌȡȠȖȡĮȝȝĮĲȚıȝȠȪ 
 

ȅȜȩțȜȘȡȘΝ ȘΝ İȡȖĮıȓĮΝ ȑȖȚȞİΝ ıİΝ ıȪıĲȘȝĮΝ UNIX țĮȚΝ ȖȚĮΝ ĮȣĲȩΝ

ȤȡȘıȚȝȠʌȠȚȒșȘțĮȞΝ ȖȜȫııİȢΝ ʌȡȠȖȡĮȝȝĮĲȚıȝȠȪΝ ʌȠȣΝ İȓȞĮȚΝ İȪțȠȜĮΝ

ʌȡȠıȕȐıȚȝİȢΝțĮȚΝĮȡțİĲȐΝȤȡȒıȚȝİȢΝȖȚĮΝĲȘȞΝİȡȖĮıȓĮ, ȩʌȦȢΝBash script țĮȚΝ

AWK, ȜȩȖȦΝ ĲȘȢΝ ĮȣĲȠȝĮĲȠʌȠȓȘıȘȢΝ țĮȚΝ ĲȘȢΝ İȪțȠȜȘȢΝ įȚĮȤİȓȡȚıȘȢ ĲȦȞΝ

įİįȠȝȑȞȦȞέ ǲʌİȚĲĮ,Ν ȤȡȘıȚȝȠʌȠȚȒșȘțİΝ ȘΝ ȖȜȫııĮΝʌȡȠȖȡĮȝȝĮĲȚıȝȠȪΝ Perl 

[31] ȘΝ ȠʌȠȓĮΝ ıȤİįȚȐıĲȘțİΝ ĮʌȩΝ ĲȠȞΝ Larry Wall țĮȚΝ İȓȞĮȚΝ İȜİȪșİȡȠΝ

ȜȠȖȚıȝȚțȩέΝǻİȞΝ ȤȡİȚȐȗİĲĮȚ ĲȘΝ ȤȡȒıȘΝcompiler,Ν ʌĮȡȑȤİȚΝ įȣȞĮĲȩĲȘĲİȢΝ ȖȚĮΝ

ȤİȚȡȚıȝȩΝțİȚȝȑȞȠȣΝțĮȚΝȑȤİȚΝțĮșȚİȡȦșİȓΝıĲȠȞΝĲȠȝȑĮΝĲȘȢΝǺȚȠʌȜȘȡȠĳȠȡȚțȒȢ 

ȝȑıȦΝ ĲȠȣΝ İȡȖĮȜİȓȠȣΝ Bioperl [32]. ǼʌİȚįȒΝ ȤȡİȚȐıĲȘțİΝ ȞĮΝ ȖȓȞİȚΝ cluster 

analysis ıĲĮΝ įİįȠȝȑȞĮ,Ν ȘΝ ʌȚȠΝ ȤȡȒıȚȝȘΝ ȜȪıȘΝ ȒĲĮȞΝ ȘΝ R, ȝȚĮΝ įȦȡİȐȞΝ

ȖȜȫııĮΝ ʌȡȠȖȡĮȝȝĮĲȚıȝȠȪΝ ȖȚĮΝ ıĲĮĲȚıĲȚțȑȢΝ ĮȞĮȜȪıİȚȢΝ țĮȚΝ ȖȡĮĳȒȝĮĲĮέΝ

ǼȓȞĮȚΝ ȚįĮȞȚțȒΝ ȖȚĮΝ ĲȘȞΝ įȚĮȤİȓȡȚıȘ ȝİȖȐȜȦȞΝ įİįȠȝȑȞȦȞΝ țĮȚΝ ȑȤİȚΝ ȑĲȠȚȝİȢΝ

ȜİȚĲȠȣȡȖȓİȢΝȖȚĮ ıĲĮĲȚıĲȚțȠȪȢΝȣʌȠȜȠȖȚıȝȠȪȢΝ[γ3]. 

ȅΝʌȘȖĮȓȠȢ țȫįȚțĮȢΝȩȜȦȞΝĲȦȞ Script ʌĮȡĮĲȓșİĲĮȚ ıĲȠΝȆĮȡȐȡĲȘȝĮ. 

2.3 ǹȞȐȜȣıȘ țȪȡȚȦȞ ıȣȞȚıĲȦıȫȞ  
 

ǾΝĮȞȐȜȣıȘΝțȪȡȚȦȞΝıȣȞȚıĲȦıȫȞΝ Φprincipal component analysis, PCA) ȒΝ

ĮȜȜȚȫȢΝȝȑșȠįȠȢΝessential dynamics ȒΝĮȞȐȜȣıȘΝquasiharmonic, İȓȞĮȚΝȝȚĮΝ

ĮʌȩΝ ĲȚȢΝ țȪȡȚİȢΝ ȝİșȩįȠȣȢΝ ʌȠȣΝ ȤȡȘıȚȝȠʌȠȚİȓĲĮȚΝ ȖȚĮΝ ĲȘȞΝ ȝİȓȦıȘΝ ĲȦȞΝ

įȚĮıĲȐıİȦȞΝ ʌȠȜȪʌȜȠțȦȞΝ ıȣıĲȘȝȐĲȦȞ,Ν țĮșȚıĲȫȞĲĮȢ,Ν ȑĲıȚ,Ν İĳȚțĲȒΝ ĲȘȞΝ
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ȝİȜȑĲȘΝĲȠȣȢέ ȊʌȐȡȤȠȣȞΝįȪȠΝțȪȡȚİȢΝİțįȠȤȑȢΝʌȠȣΝȤȡȘıȚȝȠʌȠȚȠȪȞĲĮȚΝıĲȘȞΝ

ȝİȜȑĲȘ ʌȡȠıȠȝȠȚȫıİȦȞΝ ȝȠȡȚĮțȒȢΝ įȣȞĮȝȚțȒȢκΝ Cartesian principal 

component analysis (cPCA) țĮȚΝ dihedral angle principal component 

analysis (dPCA). ǾΝcPCA ȤȡȘıȚȝȠʌȠȚİȓ ĲȚȢΝ țĮȡĲİıȚĮȞȑȢΝ ıȣȞĲİĲĮȖȝȑȞİȢΝ

ĲȦȞΝĮĲȩȝȦȞΝʌȠȣΝȠȡȓȗȠȣȞΝĲȚȢΝĮĲȠȝȚțȑȢΝȝİĲĮĲȠʌȓıİȚȢΝıİΝțȐșİΝįȚĮȝȩȡĳȦıȘΝ

ĲȘȢΝ ʌȡȦĲİǸȞȘȢΝ țĮȚΝ șİȦȡİȓΝ ȩĲȚΝ ĲȠΝ țȑȞĲȡȠΝ ȝȐȗĮȢΝ ĲȘȢΝ ʌȡȦĲİǸȞȘȢΝ İȓȞĮȚΝ

ıĲĮșİȡȩ,ΝțĮĲĮȜȒȖȠȞĲĮȢΝȑĲıȚΝıİΝȩȤȚΝțĮȚΝĲȩıȠΝıȦıĲȐΝĮʌȠĲİȜȑıȝĮĲĮέΝǼȞȫΝ

ȘΝdPCA ȤȡȘıȚȝȠʌȠȚİȓΝ ĲȚȢΝįȓİįȡİȢΝ ȖȦȞȓİȢ,ΝĳΝțĮȚΝȥ,Ν ĲȘȢΝțȪȡȚĮȢΝĮȜȣıȓįĮȢ 

[34][35]. īȚĮΝ ĲȠΝ cluster analysis ȤȡȘıȚȝȠʌȠȚȒșȘțĮȞΝ ȠȚΝ ʌȡȫĲİȢΝ ʌȑȞĲİΝ

ıȣȞĲİĲĮȖȝȑȞİȢΝ dPCA ĲȦȞΝ įȚĮȝȠȡĳȫıİȦȞ ʌȠȣΝ İʌȚȜȑȤșȘțĮȞΝ Įʌȩ ĲȘȞΝ

ʌȡȠıȠȝȠȓȦıȘΝȝȠȡȚĮțȒȢΝįȣȞĮȝȚțȒȢέ 

βέ4 ǼʌȚȜȠȖȒ įİįȠȝȑȞȦȞ 
 

ǹʌȩΝ ĲĮΝ ĲȡȓĮΝ ĮȡȤİȓĮΝ ʌȠȣΝ ȣʌȒȡȤĮȞΝ ȖȚĮΝ ĲȠΝ CLN025 ĲĮΝ įȪȠΝ ĮʌȩΝ ĮȣĲȐ,Ν

cln025_adapt_STAR_ILDN_COMPLETE.dcd țĮȚΝ cln025_pseudo.psf, 

ʌİȡȚȑȤȠȣȞΝȩȜİȢΝĲȚȢΝįȚĮȝȠȡĳȫıİȚȢΝĲȘȢΝʌȡȠıȠȝȠȓȦıȘȢΝȝȠȡȚĮțȒȢΝįȣȞĮȝȚțȒȢΝ

țĮȚΝ ĲȚȢΝ įȠȝȚțȑȢΝ ʌȜȘȡȠĳȠȡȓİȢ, ĲȘȢΝ ȝȓȞȚΝ ʌȡȦĲİǸȞȘȢ, ĮȞĲȓıĲȠȚȤĮέΝ ȉȠΝ ĲȡȓĲȠΝ

ĮȡȤİȓȠ,Ν Frame_Temp_Q_PC12345.dat, ʌİȡȚȑȤİȚΝ ,ıİΝ ıĲȒȜİȢ,Ν ĲȠȞΝ ĮȡȚșȝȩ 

(frame),ΝĲȘȞΝșİȡȝȠțȡĮıȓĮ (T),ΝĲȠȞ ıȣȞĲİȜİıĲȒΝȠȝȠȚȩĲȘĲĮȢΝȝİΝĲȘȞΝĳȣıȚțȒΝ

įȠȝȒ (Q) țĮȚΝ ĲȚȢΝ ʌȡȫĲİȢΝ ʌȑȞĲİΝ ıȣȞĲİĲĮȖȝȑȞİȢΝ dPCA (PC1, PC2, PC3, 

PC4, PC5) ĲȘȢΝ țȐșİΝ įȚĮȝȩȡĳȦıȘȢΝ ĲȘȢΝ ʌȡȠıȠȝȠȓȦıȘȢΝ ȝȠȡȚĮțȒȢΝ

įȣȞĮȝȚțȒȢέ īȚĮΝȜȩȖȠȣȢΝİȣțȠȜȓĮȢΝıĲȘȞΝıȣȞȑȤİȚĮ ĮȣĲȠȓΝȠȚΝʌĮȡȐȝİĲȡȠȚΝșĮΝ

ĮȞĮĳȑȡȠȞĲĮȚΝȝİΝĲȘȞΝȠȞȠȝĮıȓĮΝıĲȚȢΝʌĮȡİȞșȑıİȚȢέΝ 

ǼȚțȩȞĮΝηκΝȂȠȡĳȒΝĲȠȣΝĮȡȤİȓȠȣΝFrame_Temp_Q_PC12345.dat. 
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ǹʌȠȝȠȞȫȞȠȞĲĮȢ, ĮʌȩΝ ĲȠΝ ĮȡȤİȓȠΝ Frame_Temp_Q_PC12345.dat,Ν ĲȘȞΝ

ıĲȒȜȘΝĲȦȞΝQ ȝİΝĲȘȞΝİȞĲȠȜȒΝıĲȠΝĲİȡȝĮĲȚțȩκ 

 ~awk '{print $3}' Frame_Temp_Q_PC12345.dat > Q.dat 

țĮȚΝ ȑʌİȚĲĮΝ įȘȝȚȠȣȡȖȫȞĲĮȢ ĲȠΝ ȚıĲȩȖȡĮȝȝĮΝ ĲȦȞΝ ĲȚȝȫȞΝ ĮȣĲȫȞ ȝİΝ ĲȠΝ

ʌȡȩȖȡĮȝȝĮΝplot [36] ȝİΝĲȘȞΝİȞĲȠȜȒΝıĲȠΝĲİȡȝĮĲȚțȩκ 

~plot –h < Q.dat 

İȝĳĮȞȓȗȠȞĲĮȢΝ ȑĲıȚΝ ĲȠΝ ȚıĲȩȖȡĮȝȝĮέΝ ǹʌȩΝ İțİȓΝ İʌȚȜȑȤșȘțĮȞΝ ȠȚ ĲȚȝȑȢΝ ȖȚĮΝ

Q≤ίέζγΝ țĮȚΝ Q≥ίέδιΝ ʌȠȣΝ ȠȡȚȠșİĲȠȪȞΝ ĲȠΝ ıȪȞȠȜȠΝ ĲȦȞΝ įȚĮȝȠȡĳȫıİȦȞ 

ȝİĲĮȟȪΝ ĲȦȞΝ offset įȚĮȝȠȡĳȫıİȦȞ țĮȚΝ ĲȦȞΝ ĳȣıȚțȫȞΝ įȚĮȝȠȡĳȫıİȦȞ 

(native state).  

 

ǼȚțȩȞĮΝθκΝȆĮȡȠȣıȚȐȗİĲĮȚΝĲȠΝȚıĲȩȖȡĮȝȝĮΝĲȦȞΝĲȚȝȫȞΝQ țĮȚ ȝİΝțȩțțȚȞİȢΝȖȡĮȝȝȑȢ ĲĮΝȩȡȚĮΝĲȦȞΝĲȚȝȫȞΝʌȠȣΝ

İʌȚȜȑȤșȘțĮȞέ 

ǲʌİȚĲĮΝ ʌȡĮȖȝĮĲȠʌȠȚȒșȘțİΝ ȘΝ ĮʌȠȝȩȞȦıȘΝ ȩȜȦȞΝ ĲȦȞΝ įȚĮȝȠȡĳȫıİȦȞΝ

ȝİĲĮȟȪΝĲȦȞΝĲȚȝȫȞΝQ, ʌȠȣΝĮȞĮĳȑȡșȘțĮȞΝʌȡȠȘȖȠȣȝȑȞȦȢ,ΝțĮȚΝıİΝȠȜȩțȜȘȡȠΝ

ĲȠΝİȪȡȠȢΝĲȦȞΝĲȚȝȫȞΝȉ ĮʌȩΝĲȠΝĮȡȤİȓȠΝFrame_Temp_Q_PC12345.dat ȝİΝĲĮ 

Script 1 (Take_away.pl) țĮȚΝ Script 2 (perQ.sh) ȝİΝ ĲȚȢΝ İȞĲȠȜȑȢ ıĲȠΝ

ĲİȡȝĮĲȚțȩκ 



22 

 

~./Take_away.pl Frame_T_Q_PC12345.dat File0.dat 0.49 0.63 

~perQ.sh 

ǼȞȫ ĲȠ Script 1 ȑȤİȚ įȘȝȚȠȣȡȖȒıİȚ ȑȞĮ ĮȡȤİȓȠ, File0, ĲȠΝȠʌȠȓȠΝʌİȡȚȑȤİȚΝ

ȩȜİȢΝĲȚȢΝįȚĮȝȠȡĳȫıİȚȢΝıİΝȩȜȠΝĲȠΝİȪȡȠȢΝĲȦȞΝĲȚȝȫȞΝT țĮȚΝQ, ĲȠ Script 2 

ȑȤİȚ įȘȝȚȠȣȡȖȒıİȚ 19 ĮȡȤİȓĮ, ʌȠȣ ʌİȡȚȑȤȠȣȞ ĲȚȢ įȚĮȝȠȡĳȫıİȚȢ ȝİĲĮȟȪ 

ĲȦȞ ĲȚȝȫȞ Q ȝİ ȕȒȝĮ 0.07. ȉȠ Script 2 ȤȡȘıȚȝȠʌȠȚİȓ įȪȠ ȐȜȜĮ Script, ĲĮ 

Script 1 (Take_away.pl) țĮȚ Script 3 (Take_away1.pl). ȈĲȘ ıȣȞȑȤİȚĮ, ĲȠ 

ĮȡȤİȓȠ File0 İʌİȟİȡȖȐıĲȘțİ ȝİ ĲȠ Script 4 (pick.sh) ȝİ ĲȘȞ İȞĲȠȜȒ ıĲȠ 

ĲİȡȝĮĲȚțȩ: 

~pick.sh 

ȫıĲİ ȞĮ įȘȝȚȠȣȡȖȘșȠȪȞ 4 ĮȡȤİȓĮ, ʌȠȣ ʌİȡȚȑȤȠȣȞ įȚĮȝȠȡĳȫıİȚȢ ıĲȠ ȓįȚȠ 

İȪȡȠȢ Q, ĮȜȜȐ ıİ įȚĮĳȠȡİĲȚțȩ İȪȡȠȢ T. ȉȠ Script 4 ȤȡȘıȚȝȠʌȠȚİȓΝ

ĲȑııİȡĮΝ ȐȜȜĮ Script, ĲĮ Script 5 (Pick_T1.pl), Script 6 (Pick_T1.pl), 

Script 7 (Pick_T1.pl), Script 8 (Pick_T1.pl). ǼʌİȚįȒ,ΝȩȝȦȢΝĮȡțİĲȐΝĮʌȩΝ

ĮȣĲȐΝĲĮΝĮȡȤİȓĮΝįȚĮșȑĲȠȣȞΝȝİȖȐȜȠΝĮȡȚșȝȩΝįİįȠȝȑȞȦȞΝʌȠȣΝȘΝĳȣıȚțȒΝȝȞȒȝȘΝ

ĲȠȣΝ ȣʌȠȜȠȖȚıĲȒΝ įİȞΝ ĮȡțİȓΝ ȖȚĮΝ ĲȘȞΝ ĮȞȐȜȣıȘ,Ν ȑȖȚȞİΝ ȝİȓȦıȘΝ ĲȠȣΝ ĮȡȚșȝȠȪΝ

ĲȦȞΝįİįȠȝȑȞȦȞΝȝİΝĲȠΝScript 9 (select.pl),ΝʌȠȣΝȩĲĮȞΝİțĲİȜİȓĲĮȚΝʌȡȑʌİȚΝȞĮΝ

İʌȚȜİȤșİȓΝĲȠΝĮȡȤİȓȠΝʌȠȣΝʌȡȠȠȡȓȗİĲĮȚΝȖȚĮΝİʌİȟİȡȖĮıȓĮ,ΝĲȠΝĮȡȤİȓȠΝʌȠȣΝșĮΝ

ĮʌȠșȘțİȣĲȠȪȞΝ ĲĮΝ ȞȑĮΝ įİįȠȝȑȞĮΝ țĮȚΝ ĲȠΝ ȕȒȝĮΝ ȝİΝ ĲȠΝ ȠʌȠȓȠΝ șĮΝ ȖȓȞİĲĮȚΝ ȘΝ

İʌȚȜȠȖȒΝĲȦȞΝįȚĮȝȠȡĳȫıİȦȞ,ΝțĮȚ ȝİΝĲȘȞΝİȞĲȠȜȒΝawk ȑȖȚȞİΝȘΝĮʌȠȝȩȞȦıȘΝ

ĲȦȞΝPC ĮȣĲȫȞΝĲȦȞΝĮȡȤİȓȦȞ,ΝȖȚĮΝʌĮȡȐįİȚȖȝĮκ 

~./select.pl fileX fileY 3 

~awk ‘{print S4,$5,$6,$7$8}’ fileX > fileX_PC.dat 

ȉĮΝĮȡȤİȓĮΝʌȠȣΝĲİȜİȚȫȞȠȣȞΝıİΝ“PC.dat”ΝʌİȡȚȑȤȠȣȞΝȝȩȞȠΝĲĮΝPC1, PC2, 

PC3, PC4 țĮȚΝPC5 ĲȦȞΝįȚĮȝȠȡĳȫıİȦȞ,ΝİȞȫΝĲĮΝĮȡȤİȓĮΝʌȠȣΝȟİțȚȞȐȞİΝȝİΝ
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“Frames” ʌİȡȚȑȤȠȣȞΝȝȩȞȠΝĲĮΝframes ĲȦȞΝįȚĮȝȠȡĳȫıİȦȞ țĮȚΝșĮΝ

ȤȡȘıȚȝȠʌȠȚȘșȠȪȞΝıİΝİʌȩȝİȞİȢΝĮȞĮȜȪıİȚȢ. 

 ǲĲıȚΝȑȤȠȣȞΝįȘȝȚȠȣȡȖȘșİȓΝįȪȠΝȠȝȐįİȢΝĮȡȤİȓȦȞ,ΝȝȚĮΝʌȠȣΝʌİȡȚȑȤİȚΝĮȡȤİȓĮΝ

ȝİΝ ĲȠΝ ȓįȚȠΝ İȪȡȠȢΝ Q ĮȜȜȐΝ ȝİΝ įȚĮĳȠȡİĲȚțȩΝ İȪȡȠȢΝ ȉ,Ν țĮȚΝ ĲȘȞΝ ȐȜȜȘΝ ʌȠȣΝ

ʌİȡȚȑȤİȚΝĮȡȤİȓĮΝȝİΝĲȠΝȓįȚȠΝİȪȡȠȢΝȉΝĮȜȜȐΝȝİΝįȚĮĳȠȡİĲȚțȩΝİȪȡȠȢΝQ.  

2.5 Cluster analysis 
 

Ȃİ ĲȠ cluster analysis, ıİ ȝȚĮΝ ȠȝȐįĮΝ įİįȠȝȑȞȦȞ,Ν įȚĮȤȦȡȓȗȠȞĲĮȚΝ ĲĮΝ

įİįȠȝȑȞĮΝıİΝȝȚțȡȩĲİȡİȢΝȠȝȐįİȢέΝȉĮΝįİįȠȝȑȞĮΝʌȠȣΝİȞĲȠʌȓȗȠȞĲĮȚΝıĲȘȞΝȓįȚĮΝ

ȠȝȐįĮΝ Φcluster) ȝȠȚȐȗȠȣȞΝ ʌİȡȚııȩĲİȡȠΝ ȝİĲĮȟȪΝ ĲȠȣȢΝ ıİΝ ıȤȑıȘΝ ȝİΝ ĲĮΝ

įİįȠȝȑȞĮΝ ȐȜȜȦȞΝ ȠȝȐįȦȞέΝ īȚĮΝ ĲȠΝ cluster analysis ȤȡȘıȚȝȠʌȠȚȒșȘțĮȞΝ ĲĮΝ

ĮȡȤİȓĮΝʌȠȣΝĲİȜİȚȫȞȠȣȞΝıİΝ“PC.dat”,ΝȫıĲİΝȞĮΝʌȡĮȖȝĮĲȠʌȠȚȘșİȓΝȚİȡĮȡȤȚțȩΝ

(hierarchical) clustering ȝİΝȕȐıȘΝĲĮΝPC.  

ǲʌİȚĲĮΝȖȚĮΝĲȘȞΝİȪȡİıȘΝĲȠȣΝȚįĮȞȚțȠȪΝĮȡȚșȝȠȪΝcluster ȖȚĮΝĲȠΝțȐșİΝĮȡȤİȓȠΝ

ʌȠȣΝ ĲİȜİȚȫȞİȚΝ ıİΝ “PC.dat”Ν ʌȡĮȖȝĮĲȠʌȠȚȒșȘțİΝ ĮȞȐȜȣıȘΝ ıĲȘȞΝ R ȝİΝ 3 

įȚĮĳȠȡİĲȚțȑȢΝ ȝİșȩįȠȣȢκΝ WSS, fviz_nbclust(kmeans) țĮȚΝ

fviz_nbclust(pam) [37][38][39]. īȚĮΝȩȜĮΝĲĮ ĮȡȤİȓĮΝȘΝĮȞȐȜȣıȘΝȑȖȚȞİΝȝİΝĲȠΝ

Script10 “cluster.sh” ȝİ ĲȘȞ İȞĲȠȜȒ ıĲȠΝĲİȡȝĮĲȚțȩκ 

~patch.sh 

ȝİΝ ĲȠΝ ȠʌȠȓȠ įȘȝȚȠȣȡȖȒșȘțĮȞΝ ĮȡȤİȓĮΝ “.pdf” ȝİΝ ĲĮΝ įȚĮȖȡȐȝȝĮĲĮΝ ĲȦȞΝ

cluster. ǹʌȩΝĮȣĲȐΝĲĮΝįȚĮȖȡȐȝȝĮĲĮ, ȕȜȑʌİΝİȞȩĲȘĲĮΝ3.2, ıĮȞΝȚįĮȞȚțȒΝȜȪıȘ,Ν

İʌȚȜȑȤșȘțİΝȠΝȝİȖĮȜȪĲİȡȠȢΝĮȡȚșȝȩȢΝcluster ȖȚĮΝĲȠΝhierarchical clustering. 

ǾΝ ĮʌȩıĲĮıȘ,Ν ȖȚĮΝ ĲȠΝ hierarchical clustering,Ν ȝİĲĮȟȪΝ ĲȦȞΝ principal 

component ȩȜȦȞΝ ĲȦȞΝ frame ȣʌȠȜȠȖȓıĲȚțİΝ ȝİΝ ȕȐıȘΝ ĲȘȞΝ İȣțȜİȓįİȚĮΝ

ĮʌȩıĲĮıȘ (Euclidean distance) ʌȠȣΝȖȚĮΝįȪȠΝįȚĮȞȪıȝĮĲĮΝȠȡȓȗİĲĮȚ ĮʌȩΝĲȘΝ

İȟȓıȦıȘΝ(1): 
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 ሺ ǡ  ሻൌ ඥΦ 1Ν Ν 1) ൅Φ βΝ Ν β) ൅ ൅Φ nΝ Ν n)  ൌ ඩ෍ Φ iΝ Ν i) 
௡

௜ୀଵ  ሺͳሻ 
ʌȠȣ ıĲȘȞ ʌİȡȓʌĲȦıȒΝȝĮȢΝİȓȞĮȚΝȖȚĮΝįȪȠ įȚĮȞȪıȝĮĲĮ ȝİΝʌȑȞĲİΝıȣȞȚıĲȫıİȢ 

țĮȚΝȐȡĮΝȝİĲĮĲȡȑʌİĲĮȚΝıĲȘȞΝİȟȓıȦıȘΝ(2): 

ȖȚĮΝx = (xPC1, xPC2, xPC3, xPC4, xPC5) ɈȽɇ ɀɇȽ y = (yPC1, yPC2, yPC3, yPC4, yPC5) 

 ሺ ǡ  ሻൌඩ෍ሼΦ  θ  Ν   θ  ) ൅Φ  θ βΝ   θ β) ൅Φ  θ γΝ   θ γ) ൅Φ  θ  Ν   θ  ) ൅Φ  θ ηΝ   θ η) 
௡

௜ୀଵ ሽ 
(2) 

īȚĮΝĲȠȞΝȣʌȠȜȠȖȚıȝȩΝĲȘȢΝĮʌȩıĲĮıȘȢΝȝİĲĮȟȪΝĲȦȞΝcluster ȤȡȘıȚȝȠʌȠȚȒșȘțİΝ

ȘΝȝȑșȠįȠȢΝ“complete”ΝțĮĲȐΝĲȘȞΝȠʌȠȓĮΝȘΝĮʌȩıĲĮıȘΝȝİĲĮȟȪΝįȪȠΝcluster X 

țĮȚΝY İȓȞĮȚΝȘΝȝȑȖȚıĲȘΝĮʌȩıĲĮıȘΝȝİĲĮȟȪΝįȪȠΝıȘȝİȓȦȞΝx țĮȚΝy,ΝȩʌȠȣΝxא X 

țĮȚΝyא Y : 

 

 ȉȠ hierarchical clustering ȑȖȚȞİ ȝİ ĲȠ Script 11 “plot_dcd.sh”ΝȖȚĮ ȩȜĮ ĲĮ 

ĮȡȤİȓĮ, ĲȠ ȠʌȠȓȠ țĮĲȐ ĲȘȞ İțĲȑȜİıȘΝ ĲȠȣ, ȩĲĮȞΝșĮΝ ȑȤİȚΝ ȠȜȠțȜȘȡȫıİȚΝ ĲȠΝ

hierarchical clustering ȩȜȦȞΝ ĲȦȞΝ ĮȡȤİȓȦȞ, șĮΝ ȗȘĲȒıİȚΝ ĲȠΝ ȩȞȠȝĮΝ ĲȠȣΝ

ĮȡȤİȓȠȣΝ ʌȠȣΝ șĮΝ İʌİȟİȡȖĮıĲİȓ țĮȚΝ ĲȠȞΝ ĮȡȚșȝȩΝ ĲȦȞΝ cluster, ȖȚĮΝ ȞĮΝ

įȘȝȚȠȣȡȖȒıİȚΝ ĲĮΝ ȞȑĮΝ ĮȡȤİȓĮΝ ʌȠȣΝ șĮΝ ʌİȡȚȑȤȠȣȞΝ ȝȩȞȠΝ ĲȚȢΝ įȚĮȝȠȡĳȫıİȚȢΝ

ĲȦȞΝȓįȚȦȞΝcluster ĮȞĲȓıĲȠȚȤĮέΝǲȞĮΝʌĮȡȐįİȚȖȝĮΝİțĲȑȜİıȘȢΝĲȠȣκ 
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~plot_dcd.sh 

>fileX 

>1 2 3 4 5 6 0 0 

ǲĲıȚΝ įȘȝȚȠȣȡȖİȓĲĮȚΝ ȠΝ ĮȞĲȓıĲȠȚȤȠȢΝ ĮȡȚșȝȩȢΝ ĮȡȤİȓȦȞΝ “.dcd”Ν ȖȚĮΝ țȐșİΝ

cluster įȚĮȝȠȡĳȫıİȦȞ, ʌȠȣΝ șĮΝ ȤȡȘıȚȝȠʌȠȚȘșȠȪȞΝ ıĲȘȞΝ ıȣȞȑȤİȚĮέ ȉȠ 

Script 11 ĮȟȚȠʌȠȚİȓ țĮȚΝȐȜȜĮΝScript,ΝȩʌȦȢΝĲȠΝScript 12 “converge.pl”,ΝĲȠΝ

ȠʌȠȓȠΝİȞȫȞİȚΝĲĮΝįȪȠΝĮȡȤİȓĮΝȝİΝĲĮΝframes țĮȚΝĲĮΝcluster ıİΝȑȞĮΝĮȡȤİȓȠΝțĮȚΝ

ĲȠΝScript 13 “Extract_clusters.pl”, ĲȠΝȠʌȠȓȠ įȘȝȚȠȣȡȖİȓΝĲȩıĮΝĮȡȤİȓĮΝȩıĮΝ

İȓȞĮȚΝ țĮȚΝ ĲĮΝcluster țĮȚΝ ʌȠȣΝ ʌİȡȚȑȤİȚ ĲȠΝ țĮșȑȞĮΝȝȩȞȠΝ ĲȚȢΝ įȚĮȝȠȡĳȫıİȚȢ 

ĲȠȣΝȓįȚȠȣΝcluster. 

2.6 Carma analysis 
 

Ǿ įȘȝȚȠȣȡȖȓĮΝ țĮȚΝ ĮȞȐȜȣıȘΝ ĲȦȞΝ ĮȡȤİȓȦȞΝ “.dcd”Ν ȖȚĮΝ ĲȘȞΝ İȪȡİıȘΝ ĲȦȞΝ

įȠȝȫȞΝĲȦȞΝcluster țĮȚΝĲȦȞΝȤĮȡĮțĲȘȡȚıĲȚțȫȞ ĲȠȣȢΝʌȡĮȖȝĮĲȠʌȠȚȒșȘțİΝȝİ 

ĲĮΝʌȡȠȖȡȐȝȝĮĲĮΝcarma țĮȚΝgrcarma [40][41]. ȆȡȫĲĮ ȑȖȚȞİ least square 

superposition Φ“Fitting”)Ν ĲȠȣ backbone ĲȦȞ įȠȝȫȞ, ȝİĲȐ 

ʌȡĮȖȝĮĲȠʌȠȚȒșȘțİ ĮȞȐȜȣıȘΝ įİȣĲİȡȠĲĮȖȠȪȢΝ įȠȝȒȢ (“Stride”)Ν țĮȚΝ ĲȑȜȠȢΝ

İȪȡİıȘΝ ĲȦȞΝ representative țĮȚΝ superpositioned įȠȝȫȞ ȝİΝ ȕȐıȘΝ ĲȠΝ

backbone (“Covariance, average and representative structures”)έ 

βέι ǼȪȡİıȘ ȣįȡȠȖȠȞȠįİıȝȫȞ 
 

īȚĮΝ ĲȘȞΝ İȪȡİıȘΝ ĲȦȞΝ ȣįȡȠȖȠȞȠįİıȝȫȞΝ ʌȠȣΝ ȤĮȡĮțĲȘȡȓȗȠȣȞΝ ĲĮΝ ʌȚșĮȞȐΝ

ʌȜȒșȘΝ ĲȦȞΝ ȝİĲĮȕĮĲȚțȫȞΝ țĮĲĮıĲȐıİȦȞΝ ΦTSE) İȟİĲȐıĲȘțĮȞΝ ȩȜĮΝ ĲĮΝ

țȣȡȓĮȡȤĮΝ cluster ȝİΝ ĲȠΝ ʌȡȩȖȡĮȝȝĮΝ vmd [42]. īȚĮΝ ȞĮΝ ȖȓȞİȚΝ ĮȣĲȩΝ

įȘȝȚȠȣȡȖȒșȘțĮȞΝ “.pdb”Ν ĮȡȤİȓĮΝ ĲȠȣΝ țȐșİ țȣȡȓĮȡȤȠȣ cluster ȝİΝ ĲȘȞΝ

ȕȠȒșİȚĮΝ ĲȠȣΝ carma,Ν ȝİΝ ĲȠ Script 14 “pdb.sh”,Ν ȝİΝ ĲȘȞΝ İȞĲȠȜȒ ıĲȠΝ

ĲİȡȝĮĲȚțȩ: 

~pdp.sh 
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ȀǼĭǹȁǹǿȅΝ3 
 

 

 

 

 

ǹȆȅȉǼȁǼȈȂǹȉǹ 
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3.1 ǻȚȐȖȡĮȝȝĮ ȉ-Q 
 

Ǿ ȕĮıȚțȒΝ ȚįȑĮΝ ʌȠȣΝ țȡȪȕİĲĮȚΝ ʌȓıȦΝ ĮʌȩΝ ĲȘȞΝ ʌĮȡȠȪıĮΝ İȡȖĮıȓĮΝ İȓȞĮȚΝ ȞĮΝ

İȟİĲĮıĲİȓΝ ĲȠΝ İȞįİȤȩȝİȞȠΝ İȐȞΝ ȝʌȠȡİȓΝ ȞĮΝ ȕȡİșİȓΝ ĲȠΝ ʌȜȒșȠȢΝ ĲȦȞΝ

ȝİĲĮȕĮĲȚțȫȞΝțĮĲĮıĲȐıİȦȞΝĮʌȩΝȑȞĮΝįȚȐȖȡĮȝȝĮΝȉ-Q țĮȚΝİȐȞΝȞĮȚΝıİΝʌȠȚȠΝ

İȪȡȠȢΝȉΝțĮȚΝQέΝǲĲıȚ, İʌȚȜȑȤșȘțİΝȑȞĮΝİȪȡȠȢΝȉΝțĮȚΝQ, ʌȚșĮȞȩΝȞĮΝʌİȡȚȑȤİȚΝ

ĲȠΝ ʌȜȒșȠȢΝ ĲȦȞΝ ȝİĲĮȕĮĲȚțȫȞΝ țĮĲĮıĲȐıİȦȞ,Ν țĮȚΝ ĮʌȩΝ ĮȣĲȩΝ

įȘȝȚȠȣȡȖȒșȘțĮȞ įȪȠΝȠȝȐįİȢΝĮȡȤİȓȦȞ,ΝȝȚĮΝʌȠȣΝʌİȡȚȑȤİȚΝĮȡȤİȓĮΝȝİΝĲȠΝȓįȚȠΝ

İȪȡȠȢΝQ ĮȜȜȐΝȝİΝįȚĮĳȠȡİĲȚțȩΝİȪȡȠȢΝȉ,ΝțĮȚΝĲȘȞΝȐȜȜȘΝʌȠȣΝʌİȡȚȑȤİȚΝĮȡȤİȓĮΝ

ȝİΝ ĲȠΝ ȓįȚȠΝ İȪȡȠȢΝȉΝĮȜȜȐΝȝİΝįȚĮĳȠȡİĲȚțȩΝİȪȡȠȢΝQ. ȂİΝĮȣĲȩȞΝĲȠȞΝ ĲȡȩʌȠΝ

ȝʌȠȡȠȪȞΝ ȞĮΝ ʌȡĮȖȝĮĲȠʌȠȚȘșȠȪȞΝ ĮȞĮȜȪıİȚȢΝ ıĲĮΝ ȤĮȡĮțĲȘȡȚıĲȚțȐΝ ĲȠȣΝ

ʌȜȒșȠȣȢΝĲȦȞΝįȚĮȝȠȡĳȫıİȦȞ,ΝȩʌȦȢΝȠΝȤĮȡĮțĲȘȡȚıȝȩȢ ĲȘȢΝįİȣĲİȡȠĲĮȖȠȪȢΝ

įȠȝȒȢΝĲȠȣȢΝțĮȚΝȘΝİȪȡİıȘΝĲȦȞΝıȤȘȝĮĲȚıȝȑȞȦȞΝȣįȡȠȖȠȞȠįİıȝȫȞ,ΝȫıĲİ ȞĮΝ

İȜİȖȤșİȓΝȘΝıȘȝĮıȓĮΝĲȠȣΝȉΝțĮȚΝ ĲȠȣΝQ ıĲȠȞΝȝȘȤĮȞȚıȝȩΝĮȞĮįȓʌȜȦıȘȢΝĲȠȣΝ

CLN025. 

3.2 ȅȝȐįİȢ įİįȠȝȑȞȦȞ 
 

ȂİĲȐΝ ĲȘȞΝ ȤȡȒıȘΝ ĲȦȞΝ Script 1, Script 2, Script 4 țĮȚΝ Script 9 

įȘȝȚȠȣȡȖȒșȘțĮȞΝ βιΝ ȠȝȐįİȢΝ įİįȠȝȑȞȦȞΝ ĲȦȞΝ ȠʌȠȓȦȞΝ ĲĮΝ ȤĮȡĮțĲȘȡȚıĲȚțȐΝ

ʌĮȡĮĲȓșİȞĲĮȚΝıĲȠȞΝȆȓȞĮțĮ 1. 

ȆǿȃǹȀǹȈΝ1κΝȆĮȡȠȣıȚȐȗİĲĮȚΝĲȠΝİȪȡȠȢΝȉ,ΝĲȠΝİȪȡȠȢΝQ țĮȚΝĲȠΝʌȜȒșȠȢΝĲȦȞΝįȚĮȝȠȡĳȫıİȦȞΝțȐșİΝȠȝȐįĮȢΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝ

įİįȠȝȑȞȦȞέ ΦȈȣȞİȤȓȗİĲĮȚΝțĮȚΝıĲȘȞΝİʌȩȝİȞȘΝıİȜȓįĮ) 

ȅȝȐįĮΝ

įİįȠȝȑȞȦȞ 

T Q ȆȜȒșȠȢΝ

įȚĮȝȠȡĳȫıİȦȞ 

File1 467.4721μT≤εγίέιθηδ ίέδι≤Q≤ίέζγ 17011 

File2 δζηέδηβ1μT≤εγίέιθηδ ίέδι≤Q≤ίέζγ 17012 

File3 δίγέιεζιμT≤δζηέδηβ1 ίέδι≤Q≤ίέζγ 21220 

File4 δίγέιεζιμT≤δζηέδηβ1 ίέδι≤Q≤ίέζγ 21221 
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File5 δίγέιεζιμT≤δζηέδηβ1 ίέδι≤Q≤ίέζγ 21221 

File6 γδίέδδ1ημT≤δίγέιεζι ίέδι≤Q≤ίέζγ 19735 

File7 γδίέδδ1ημT≤δίγέιεζι ίέδι≤Q≤ίέζγ 19736 

File8 γδίέδδ1ημT≤δίγέιεζι ίέδι≤Q≤ίέζγ 19736 

File9 βηζέιβζε≤T≤γδίέδδ1η ίέδι≤Q≤ίέζγ 22931 

File10 βηζέιβζε≤T≤εγίέιθηδ ίέδι≤Qμίέδιη 17178 

File11 βηζέιβζε≤T≤εγίέιθηδ ίέδιη≤Qμίέείδ 16495 

File12 βηζέιβζε≤T≤εγίέιθηδ ίέείδ≤Qμίέε11 15641 

File13 βηζέιβζε≤T≤εγίέιθηδ ίέε11≤Qμίέε1θ 15343 

File14 βηζέιβζε≤T≤εγίέιθηδ ίέε1θ≤Qμίέεβε 14761 

File15 βηζέιβζε≤T≤εγίέιθηδ ίέεβε≤Qμίέεγβ 14106 

File16 βηζέιβζε≤T≤εγίέιθηδ ίέεγβ≤Qμίέεγι 13452 

File17 βηζέιβζε≤T≤εγίέιθηδ ίέεγι≤Qμίέεδζ 13345 

File18 βηζέιβζε≤T≤εγίέιθηδ ίέεδζ≤Qμίέεεγ 12975 

File19 βηζέιβζε≤T≤εγίέιθηδ ίέεεγ≤Qμίέεζί 12951 

File20 βηζέιβζε≤T≤εγίέιθηδ ίέεζί≤Qμίέεζη 13250 

File21 βηζέιβζε≤T≤εγίέιθηδ ίέεζη≤Qμίέεηδ 13567 

File22 βηζέιβζε≤T≤εγίέιθηδ ίέεηδ≤Qμίέ581 13793 

File23 βηζέιβζε≤T≤εγίέιθηδ ίέεθ1≤Qμίέεθθ 14354 

File24 βηζέιβζε≤T≤εγίέιθηδ ίέεθθ≤Qμίέειε 14718 

File25 βηζέιβζε≤T≤εγίέιθηδ ίέειε≤Qμίέζίβ 15198 

File26 βηζέιβζε≤T≤εγίέιθηδ ίέζίβ≤Qμίέζίι 15849 

File27 βηζέιβζε≤T≤εγίέιθηδ ίέζίι≤Qμίέζ1ζ 16688 

File28 βηζέιβζε≤T≤εγίέιθηδ ίέζ1ζ≤Qμίέζβγ 17545 

File29 βηζέιβζε≤T≤εγίέιθηδ ίέζβγ≤Q≤ίέζγί 18429 
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ǼȚțȩȞĮΝι: A) ȆĮȡȠȣıȚȐȗİĲĮȚΝ ĲȠΝĮȡȤȚțȩΝįȚȐȖȡĮȝȝĮΝȉ-Q. Ǻ)ΝȆĮȡȠȣıȚȐȗȠȞĲĮȚΝ ĲĮΝȩȡȚĮΝ ĲȦȞΝFile1-9 ȝİΝ

țȩțțȚȞİȢΝȖȡĮȝȝȑȢΝțĮȚΝĲĮΝȩȡȚĮΝĲȦȞΝFile10-29 ȝİΝȝĮȪȡİȢΝȖȡĮȝȝȑȢέ 

ȰͿ 

ȲͿ 
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3.3 ǿįĮȞȚțȩȢ ĮȡȚșȝȩȢ Cluster 
 

ǵʌȦȢ ĮȞĮĳȑȡșȘțİΝʌȡȠȘȖȠȣȝȑȞȦȢ,ΝȖȚĮΝĲȘȞΝİʌȚȜȠȖȒΝĲȠȣΝȚįĮȞȚțȠȪΝĮȡȚșȝȠȪΝ

cluster ȖȚĮΝ ĲȠΝ hierarchical clustering,Ν ʌȡȑʌİȚΝ ȞĮΝ ȖȓȞİȚΝ ĮȞȐȜȣıȘΝ ĲȦȞΝ

įİįȠȝȑȞȦȞΝȝİΝįȚȐĳȠȡİȢ ȝİșȩįȠȣȢέΝȉĮΝĮʌȠĲİȜȑıȝĮĲĮΝĮʌȩΝĲȘȞΝȤȡȒıȘΝĲȠȣΝ

Script 10 ʌĮȡĮĲȓșİȞĲĮȚΝ ıĲȠȞ ȆȓȞĮțĮ β. ǼʌȚȜȑȤșȘțİΝ ȠΝ ȝİȖĮȜȪĲİȡȠȢΝ

ĮȡȚșȝȩȢΝ cluster ȖȚĮΝ țȐșİΝ ȠȝȐįĮΝ įİįȠȝȑȞȦȞ,Ν ȐȡĮ ȠΝ ȚįĮȞȚțȩȢΝ ĮȡȚșȝȩȢΝ

cluster ȖȚĮΝĲĮΝĮȡȤİȓĮ File1, File2, File3, File4, File5, File6, File7, File8 

țĮȚΝόileιΝİȓȞĮȚΝζ,Νζ,Νε,Νζ,Νζ,Νε,Νε,Νζ, 6 ĮȞĲȓıĲȠȚȤĮ,ΝțĮȚΝȖȚĮΝĲĮΝĮȡȤİȓĮ File10, 

File11, File12, File13, File14, File15, File16, File17, File18, File19, 

File20, File21, File22, File23, File24, File25, File26, File27, όileβθΝțĮȚΝ

File29 İȓȞĮȚΝθ,Νθ,Νθ,Νθ,Νθ,Νζ,Νζ,Νζ,Νζ,Νε,Νε,Νε,Νε,Νε,Νδ,Νδ,Νδ,Νδ,Νδ,ΝδΝĮȞĲȓıĲȠȚȤĮέΝ

ĭĮȓȞİĲĮȚ ȩĲȚΝ ȩĲĮȞΝȝİĲĮȕȐȜȜİĲĮȚΝ ĲȠΝ İȪȡȠȢΝȉΝ İȞȫΝʌĮȡĮȝȑȞİȚΝıĲĮșİȡȩΝ ĲȠΝ

İȪȡȠȢΝQ, ȖȚĮΝĲĮΝĮȡȤİȓĮΝόile1- File9, ȠΝȚįĮȞȚțȩȢΝĮȡȚșȝȩȢΝcluster ʌĮȡĮȝȑȞİȚΝ

ıȤİĲȚțȐΝȓįȚȠȢ,ΝİȞȫΝȩĲĮȞΝʌĮȡĮȝȑȞİȚΝıĲĮșİȡȩΝĲȠΝİȪȡȠȢΝȉΝĮȜȜȐΝĮȜȜȐȗİȚΝĲȠΝ

İȪȡȠȢΝ Q, ȖȚĮΝ ĲĮΝ ĮȡȤİȓĮΝ όile1ί- File29,Ν ĲȩĲİΝ ʌĮȡĮĲȘȡİȓĲĮȚΝ ȝİȓȦıȘΝ ĲȠȣΝ

ĮȡȚșȝȠȪΝcluster țĮșȫȢΝȘΝĲȚȝȒΝQ ȝİĲĮțȚȞİȓĲĮȚ ʌȡȠȢΝĲȠΝ1,ΝįȘȜĮįȒΝțĮșȫȢΝȠȚΝ

įȚĮȝȠȡĳȫıİȚȢΝʌȜȘıȚȐȗȠȣȞΝʌȡȠȢΝĲȘȞΝĳȣıȚțȒΝįȠȝȒέ 

ǲĲıȚ, ʌȡĮȖȝĮĲȠʌȠȚȒșȘțİ ĲȠ hierarchical clustering ȝİΝ ĲȠ Script 11, 

ȕȜȑʌİΝ İȞȩĲȘĲĮΝ2.5,Ν țĮȚΝ įȘȝȚȠȣȡȖȒșȘțĮȞ ĮȡȤİȓĮΝ “.dcd” ȖȚĮΝ țȐșİΝcluster 

ȖȚĮΝȩȜİȢΝĲȚȢΝȠȝȐįİȢΝįİįȠȝȑȞȦȞ. 
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ǼȚțȩȞĮ 10: Plotting ĲȠȣ hierarchical clustering ĲȠȣ ĮȡȤİȓȠȣ File9. 
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ȆǿȃǹȀǹȈ 2: ȈȤİįȚĮȖȡȐȝȝĮĲĮ WSS, fviz_nbclust(kmeans), fviz_nbclust(pam) țȐșİ ȠȝȐįĮȢ 

įİįȠȝȑȞȦȞ. ΦȈȣȞİȤȓȗİĲĮȚΝțĮȚΝıĲȚȢΝİʌȩȝİȞİȢΝıİȜȓįİȢ) 

ȅȝȐįĮΝ
įİįȠȝȑȞȦȞ 

WSS Kmeans Pam 

File1 

   
File2 

   
File3 

   
File4 

   
File5 

   
File6 

   
File7 

   
File8 

   
File9 
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File10 

   
File11 

   
File12 

   
File13 

   
File14 

   
File15 

   
File16 

   
File17 

   
File18 

   
File19 
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File20 

  
File21 

  
File22 

  
File23 

  
File24 

  
File25 

  
File26 

  
File27 

  
File28 

  
File29 
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3.4 ȋĮȡĮțĲȘȡȚıĲȚțȐ įȠȝȫȞ 
 

ȉĮΝ ĮȡȤİȓĮΝ “.dcd”Ν ĮȞĮȜȪșȘțĮȞΝ ȝİΝ ĲȠΝ ʌȡȩȖȡĮȝȝĮΝ grcarma țĮȚΝ ĲĮ 

ʌȡȠȖȡȐȝȝĮĲĮ STRIDE (STRuctural IDEntification),ΝȑȞĮΝʌȡȩȖȡĮȝȝĮΝʌȠȣΝ

ʌȡȠıįȚȠȡȓȗİȚΝĲȘȞΝįİȣĲİȡȠĲĮȖȒΝįȠȝȒ, țĮȚΝWebLogo [43][44] țĮȚΝȕȡȑșȘțĮȞΝ

ȠȚΝ įȠȝȑȢΝ ĲȦȞΝ cluster țĮȚΝ ĲĮΝ ȤĮȡĮțĲȘȡȚıĲȚțȐ ĲȘȢΝ įİȣĲİȡȠĲĮȖȠȪȢΝ įȠȝȒȢΝ

ĲȠȣȢέ ȉȠΝ WebLogo ʌĮȡȐȖİȚΝ ȝȚĮΝ ĮȞĮʌĮȡȐıĲĮıȘΝ ĲȘȢΝ ĮȜȜȘȜȠȣȤȓĮȢΝ ĮʌȩΝ

ıĲȠȚȕĮȖȝȑȞĮ ȖȡȐȝȝĮĲĮΝıİΝȑȞĮȞΝʌȓȞĮțĮέΝȀȐșİΝȖȡȐȝȝĮΝĮȞĲȚıĲȠȚȤİȓΝıİΝȑȞĮΝ

ĮȝȚȞȠȟȪΝ ĲȘȢΝĮȜȜȘȜȠȣȤȓĮȢΝțĮȚΝ ĲȠΝ ȖȡȐȝȝĮΝȝİΝ ĲȘȞΝȝİȖĮȜȪĲİȡȘΝıȣȤȞȩĲȘĲĮΝ

ʌĮȡĮĲȘȡİȓĲĮȚ ıĲȠΝ İʌȐȞȦΝ ȝȑȡȠȢΝ ĲȘȢΝ ıĲȠȓȕĮȢέΝ ȉĮΝ ĮʌȠĲİȜȑıȝĮĲĮΝ

ʌĮȡĮĲȓșİȞĲĮȚΝ ıĲȠȞΝ ȆȓȞĮțĮ 3. ǾΝ ĮȞĲȚıĲȠȓȤȘıȘΝ ĲȦȞΝ ȖȡĮȝȝȐĲȦȞΝ ȝİΝ ĲĮΝ

ıĲȠȚȤİȓĮΝ įİȣĲİȡȠĲĮȖȠȪȢΝ įȠȝȒȢΝ İȓȞĮȚΝ ȘΝ İȟȒȢκΝ C ȖȚĮΝ ĲȠΝ ĲȣȤĮȓȠΝ ıʌİȓȡĮȝĮ 

(coil), T ȖȚĮΝĲȘȞΝıĲȡȠĳȒ (turn), G ȖȚĮΝĲȘȞΝγ10 ȑȜȚțĮ,ΝǺΝȖȚĮΝțĮĲȐȜȠȚʌȠΝıİΝ

ĮʌȠȝȠȞȦȝȑȞȘΝȕ-ȖȑĳȣȡĮΝΦȕ-bridge), E ȖȚĮΝĲȠΝȕ-ĳȪȜȜȠΝΦȕ-sheet), H ȖȚĮΝĲȘȞΝ

Į-ȑȜȚțĮ. 

 ȉĮΝĮʌȠĲİȜȑıȝĮĲĮΝĮȣĲȐΝ įİȓȤȞȠȣȞΝȩĲȚΝ ıĲȠΝ țȣȡȓĮȡȤȠΝcluster ĲȠȣΝ ĮȡȤİȓȠȣΝ

File13 İʌȚțȡĮĲİȓΝįȚĮĳȠȡİĲȚțȒΝįȚĮȝȩȡĳȦıȘΝıİΝıȤȑıȘΝȝİΝĲĮΝȐȜȜĮΝcluster 

ĮȜȜȐΝĮʌȩΝ ĲȠ weblogo ĲȠȣΝĳĮȓȞİĲĮȚΝȩĲȚΝ ĲĮΝțĮĲȐȜȠȚʌĮΝįȚĮĲȘȡȠȪȞΝıȤİįȩȞΝ

ĲȠΝ ȓįȚȠΝʌȡȩĲȣʌȠΝȝİΝ ĲĮΝțĮĲȐȜȠȚʌĮΝ ĲȦȞΝȣʌȠȜȠȓʌȦȞΝcluster. ȆĮȡĮĲȘȡİȓĲĮȚ 

ȩĲȚΝıİΝȩȜĮΝ ĲĮΝțȣȡȓĮȡȤĮ cluster ĲĮΝȐțȡĮΝ ĲȘȢΝȝȓȞȚΝ ʌȡȦĲİǸȞȘȢ,Ν įȘȜĮįȒΝ ĲĮΝ

ĮȝȚȞȠȟȑĮΝTyr1 țĮȚΝTyr10, įȚĮĲȘȡȠȪȞΝįȚĮȝȩȡĳȦıȘΝĲȣȤĮȓȠȣΝıʌİȚȡȐȝĮĲȠȢ,Ν

ĮȣĲȩΝĳĮȓȞİĲĮȚΝțĮȚΝıĲȚȢΝsuperpositioned įȠȝȑȢΝȩʌȠȣΝĳĮȓȞİĲĮȚΝȩĲȚΝĲĮΝȐțȡĮΝ

įİȞΝ įȚĮĲȘȡȠȪȞΝ ȑȞĮΝıĲĮșİȡȩΝȝȠĲȓȕȠ,Ν ĮȜȜȐΝ țĮĲĮȜĮȝȕȐȞȠȣȞΝ ĮȡțİĲȩΝ ȤȫȡȠΝ

ȝİΝ ĲȣȤĮȓİȢ įȚĮȝȠȡĳȫıİȚȢέ ȉĮΝ ĮȝȚȞȠȟȑĮΝ Tyr2 țĮȚΝ Trp9 ȑȤȠȣȞΝ țĮȚΝ ĮȣĲȐΝ

țȣȡȓȦȢΝ ȤĮȡĮțĲȘȡȚıĲȚțȐΝ ĲȣȤĮȓȠȣΝ ıʌİȚȡȐȝĮĲȠȢ,Ν ĮȜȜȐΝ ȝʌȠȡİȓΝ ȞĮΝ

ʌĮȡȠȣıȚȐıȠȣȞΝțĮȚΝȤĮȡĮțĲȘȡȚıĲȚțȐΝȕ-ȖȑĳȣȡĮȢΝȒΝȕ-ĳȪȜȜȠȣ,ΝțȣȡȓȦȢΝȩıȠΝȠȚΝ

įȚĮȝȠȡĳȫıİȚȢΝ ʌȜȘıȚȐȗȠȣȞΝ ĲȘȞΝ ĳȣıȚțȒΝ įȚĮȝȩȡĳȦıȘέΝ ȉȠΝ ĮȝȚȞȠȟȪΝ Asp3 

įȚĮĲȘȡİȓΝ țȣȡȓȦȢΝ ȤĮȡĮțĲȘȡȚıĲȚțȐΝ ıĲȡȠĳȒȢ,Ν ȩȝȦȢΝ țĮșȫȢΝ ȘΝ șİȡȝȠțȡĮıȓĮΝ
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ȝİȚȫȞİĲĮȚΝ ȒΝ ȠȚ įȚĮȝȠȡĳȫıİȚȢΝ ʌȜȘıȚȐȗȠȣȞΝ ĲȘȞΝ ĳȣıȚțȒΝ įȠȝȒ,Ν ȣȚȠșİĲİȓ 

ȤĮȡĮțĲȘȡȚıĲȚțȐΝ İȓĲİΝ ȕ-ȖȑĳȣȡĮȢΝ İȓĲİΝ ȕ-ĳȪȜȜȠȣέΝ ȆĮȡȩȝȠȚĮ,Ν țĮȚΝ ıĲȠΝ

ĮȝȚȞȠȟȪΝThr8 İȞȫΝțȣȡȚĮȡȤȠȪȞΝĲĮΝȤĮȡĮțĲȘȡȚıĲȚțȐΝĲȣȤĮȓȠȣΝıʌİȚȡȐȝĮĲȠȢ,Ν

țĮșȫȢΝ ȘΝ șİȡȝȠțȡĮıȓĮΝ ȝİȚȫȞİĲĮȚΝ ȒΝ ȠȚΝ įȚĮȝȠȡĳȫıİȚȢΝ ʌȜȘıȚȐȗȠȣȞΝ ĲȘȞΝ

ĳȣıȚțȒΝįȠȝȒ, ĮȡȤȓȗİȚΝȞĮΝȣȚȠșİĲİȓ ȤĮȡĮțĲȘȡȚıĲȚțȐΝİȓĲİΝȕ-ȖȑĳȣȡĮȢΝİȓĲİΝȕ-

ĳȪȜȜȠȣέΝȈĲĮΝĮȝȚȞȠȟȑĮΝPro4, Glu5, Thr6 țȣȡȚĮȡȤȠȪȞΝĲĮΝȤĮȡĮțĲȘȡȚıĲȚțȐΝ

ıĲȡȠĳȒȢΝıİΝȩȜİȢΝĲȚȢΝįȚĮțȣȝȐȞıİȚȢΝĲȦȞΝȉΝțĮȚΝQ,ΝİȞȫΝĲȠΝȓįȚȠΝıȣȝȕĮȓȞİȚΝıİΝ

ȝȚțȡȩĲİȡȘΝıȣȤȞȩĲȘĲĮΝȖȚĮΝĲȠΝGly7. 

 

ȆǿȃǹȀǹȈ 3: ǼȚțȩȞİȢ ĲȦȞ superpositioned įȠȝȫȞ, ĲȦȞ representative įȠȝȫȞ țĮȚ ĲȦȞ Weblogo ĲȦȞ 

                       țȣȡȓĮȡȤȦȞ cluster țȐșİ ȠȝȐįĮȢ įİįȠȝȑȞȦȞ. ΦȈȣȞİȤȓȗİĲĮȚΝțĮȚΝıĲȚȢΝİʌȩȝİȞİȢΝıİȜȓįİȢ) 

ȀȣȡȓĮȡȤȠΝcluster Superposition 
structures 

Representative 
structure 

WebLogo 

ίέδι≤Q≤ίέζγ 
δζηέδηβ1μT≤εγίέιθηδ 
Cluster 2 
(8117 įȠȝȑȢ)    
ίέδι≤Q≤ίέζγ 
δζηέδηβ1μT≤εγίέιθηδ 
Cluster 1 
ΦειειΝįȠȝȑȢ)    
ίέδι≤Q≤ίέζγ 
δζηέδηβ1μT≤εγίέιθηδ 
Cluster 4 
ΦειιθΝįȠȝȑȢ)    
ίέδι≤Q≤ίέζγ 
δίγέιεζιμT≤δζηέδηβ1 
Cluster 3 
ΦηγθεΝįȠȝȑȢ)    
ίέδι≤Q≤ίέζγ 
δίγέιεζιμT≤δζηέδηβ1 
Cluster 2 
Φιζ1εΝįȠȝȑȢ)    
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ίέδι≤Q≤ίέζγ 
δίγέιεζιμT≤δζηέδηβ1 
Cluster 2 
Φηη1γΝįȠȝȑȢ)    
ίέδι≤Q≤ίέζγ 
γδίέδδ1ημT≤δίγέιεζι 
Cluster 1 
Φζγ1εΝįȠȝȑȢ)    
ίέδι≤Q≤ίέζγ 
γδίέδδ1ημT≤δίγέιεζι 
Cluster 1 
ΦζίηίΝįȠȝȑȢ)    
ίέδι≤Q≤ίέζγ 
γδίέδδ1ημT≤δίγέιεζι 
Cluster 3 
ΦθζβεΝįȠȝȑȢ)    
ίέδι≤Q≤ίέζγ 
γδίέδδ1ημT≤δίγέιεζι 
Cluster 1 
Φιη1βΝįȠȝȑȢ)    
ίέδι≤Q≤ίέζγ 
βηζέιβζε≤T≤γδίέδδ1η 
Cluster 2 
ΦθθιίΝįȠȝȑȢ)    
ίέδι≤Qμίέδιη 
βηζέιβζε≤T≤εγίέιθηδ 
Cluster 3 
(4029 įȠȝȑȢ)    
ίέδιη≤Q<0.504 
βηζέιβζε≤T≤εγίέιθηδ 
Cluster 1 
ΦδιβδΝįȠȝȑȢ)    
ίέείδ≤Qμίέε11 
βηζέιβζε≤T≤εγίέιθηδ 
Cluster 1 
(4842 įȠȝȑȢ)    
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ίέε11≤Qμίέε1θ 
βηζέιβζε≤T≤εγίέιθηδ 
Cluster 3 
ΦδγθδΝįȠȝȑȢ)    
ίέε1θ≤Qμίέεβε 
βηζέιβζε≤T≤εγίέιθηδ 
Cluster 1 
Φδί1ιΝįȠȝȑȢ)    
ίέεβε≤Q<0.532 
βηζέιβζε≤T≤εγίέιθηδ 
Cluster 2 
ΦεζζίΝįȠȝȑȢ)    
ίέεγβ≤Qμίέεγι 
βηζέιβζε≤T≤εγίέιθηδ 
Cluster 3 
ΦγιγγΝįȠȝȑȢ)    
ίέεγι≤Qμίέεδζ 
βηζέιβζε≤T≤εγίέιθηδ 
Cluster 2 
ΦγθίιΝįȠȝȑȢ)    
ίέεδζ≤Qμίέεεγ 
βηζέιβζε≤T≤εγίέιθηδ 
Cluster 3 
ΦγηζγΝįȠȝȑȢ)    
ίέεεγ≤Q<0.560 
βηζέιβζε≤T≤εγίέιθηδ 
Cluster 2 
ΦηζγίΝįȠȝȑȢ)    
ίέεζί≤Qμίέεζη 
βηζέιβζε≤T≤εγίέιθηδ 
Cluster 2 
ΦθίγθΝįȠȝȑȢ)    
ίέεζη≤Qμίέεηδ 
βηζέιβζε≤T≤εγίέιθηδ 
Cluster 2 
ΦζηιβΝįȠȝȑȢ)    
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ίέεηδ≤Qμίέεθ1 
βηζέιβζε≤T≤εγίέιθηδ 
Cluster 2 
ΦζιειΝįȠȝȑȢ)    
ίέεθ1≤Q<0.588 
βηζέιβζε≤T≤εγίέιθηδ 
Cluster 1 
ΦεδηίΝįȠȝȑȢ)    
ίέεθθ≤Qμίέειε 
βηζέιβζε≤T≤εγίέιθηδ 
Cluster 2 
Φηεγ1ΝįȠȝȑȢ)    
ίέειε≤Qμίέζίβ 
βηζέιβζε≤T≤εγίέιθηδ 
Cluster 1 
Φ1βδδίΝįȠȝȑȢ)    
ίέζίβ≤Qμίέζίι 
βηζέιβζε≤T≤εγίέιθηδ 
Cluster 2 
ΦθθηζΝįȠȝȑȢ)    
ίέζίι≤Qμίέζ1ζ 
βηζέιβζε≤T≤εγίέιθηδ 
Cluster 1 
ΦηβζθΝįȠȝȑȢ)    
ίέζ1ζ≤Qμίέζβγ 
βηζέιβζε≤T≤εγίέιθηδ 
Cluster 1 
ΦιδγηΝįȠȝȑȢ)    
ίέζβγ≤Q≤ίέζγ 
βηζέιβζε≤T≤εγίέιθηδ 
Cluster 3 
ΦιβιζΝįȠȝȑȢ)    
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3.5 ȊįȡȠȖȠȞȠįİıȝȠȓ 
 

ȂİĲȐΝĮʌȩΝĲȘȞΝĮȞȐȜȣıȘΝĲȦȞΝțȣȡȓĮȡȤȦȞΝcluster ȝİΝĲȠΝʌȡȩȖȡĮȝȝĮΝvmd, ȝİΝ

cutoff 3.2 ȖȚĮΝĲȘȞΝĮʌȩıĲĮıȘΝȝİĲĮȟȪΝįȩĲȘΝțĮȚΝįȑțĲȘΝțĮȚΝȖȦȞȓĮΝȃ-Ǿ ȅΝ

ȝİȖĮȜȪĲİȡȘΝĮʌȩΝ1γίȠ [22][45], ȕȡȑșȘțĮȞΝȠȡȚıȝȑȞȠȚΝȣįȡȠȖȠȞȠįİıȝȠȓΝʌȠȣΝ

İȝĳĮȞȓȗȠȞĲĮȚΝ ıİΝ ȩȜĮΝ ĲĮΝ cluster ȒΝ ıȤİįȩȞΝ ıİΝ ȩȜĮέ ȀĮȚΝ ıĲȚȢΝ ȠȝȐįİȢΝ

įİįȠȝȑȞȦȞΝȩʌȠȣΝĮȜȜȐȗİȚΝĲȠΝİȪȡȠȢΝT ĮȜȜȐΝțĮȚΝıĲȚȢΝȠȝȐįİȢΝȩʌȠȣΝĮȜȜȐȗİȚΝ

ĲȠΝ İȪȡȠȢΝ ĲȠȣΝ Q, ʌĮȡĮĲȘȡȠȪȞĲĮȚΝ ȣįȡȠȖȠȞȠįİıȝȠȓΝ ʌȠȣΝ İȓĲİΝ ȝȑȞȠȣȞΝ

ıĲĮșİȡȠȓ,ΝʌĮȡȐΝĲȘȞΝĮȜȜĮȖȒΝT ȒΝQ,ΝİȓĲİΝĮȜȜȐȗİȚΝȘΝıȣȤȞȩĲȘĲĮ İȝĳȐȞȚıȒȢΝ

ĲȠȣȢέΝ 

ȅȚΝȣįȡȠȖȠȞȠįİıȝȠȓΝʌȠȣΝʌĮȡĮĲȘȡȠȪȞĲĮȚ ıĲȚȢΝȠȝȐįİȢΝȝİĲĮȕȠȜȒȢΝȉΝțĮȚΝȘΝ

ıȣȝʌİȡȚĳȠȡȐΝĲȘȢΝıȣȤȞȩĲȘĲĮȢ İȝĳȐȞȚıȒȢ ĲȠȣȢΝİȓȞĮȚΝȠȚΝİȟȒȢκΝ 

 Gly7 N   Asp3 OκΝ ȘΝ ıȣȤȞȩĲȘĲĮΝ İȝĳȐȞȚıȒȢΝ ĲȠȣΝ ʌĮȡĮȝȑȞİȚΝ

ıȤİĲȚțȐΝıĲĮșİȡȒΝıİΝȩȜȠΝĲȠΝİȪȡȠȢΝȉέ 

 Tyr1 N   Tyr10 OκΝ ȩıȠΝ İȜĮĲĲȫȞİĲĮȚΝ ȘΝ șİȡȝȠțȡĮıȓĮ,Ν

İȜĮĲĲȫȞİĲĮȚΝțĮȚΝȘΝıȣȤȞȩĲȘĲĮΝİȝĳȐȞȚıȒȢΝĲȠȣέ 

 Tyr1 N   Tyr10 OXTκΝ ȩıȠΝ İȜĮĲĲȫȞİĲĮȚΝ ȘΝ șİȡȝȠțȡĮıȓĮ,Ν

İȜĮĲĲȫȞİĲĮȚΝțĮȚΝȘΝıȣȤȞȩĲȘĲĮΝİȝĳȐȞȚıȒȢΝĲȠȣέ 

 Thr6 OG1   Asp3 OD1κΝıİΝȣȥȘȜȑȢΝșİȡȝȠțȡĮıȓİȢΝȘΝıȣȤȞȩĲȘĲĮΝ

İȝĳȐȞȚıȒȢΝ ĲȠȣΝ İȓȞĮȚΝ ĮȡțİĲȐΝ ȝȚțȡȒ,Ν İȞȫΝ ıİΝ ȝȚțȡȩĲİȡİȢΝ

șİȡȝȠțȡĮıȓİȢΝİȓȞĮȚΝȝİȖĮȜȪĲİȡȘΝțĮȚΝıĲĮșİȡȒέ 

 Thr6 OG1   Asp3 ODβκΝʌĮȡĮĲȘȡİȓĲĮȚΝȘΝ ȓįȚĮΝıȣȝʌİȡȚĳȠȡȐΝȝİΝ

ĲȠȞΝȣįȡȠȖȠȞȠįİıȝȩΝThr6 OG1   Asp3 OD1. 

 Asp3 N   Thr8 OκΝȩıȠΝİȜĮĲĲȫȞİĲĮȚΝȘΝșİȡȝȠțȡĮıȓĮ,ΝĮȣȟȐȞİĲĮȚΝ

ȘΝıȣȤȞȩĲȘĲĮΝİȝĳȐȞȚıȒȢΝĲȠȣέ 

 Thr6 N   Asp3 OD1κΝȝȚțȡȩĲİȡȘΝȘΝıȣȤȞȩĲȘĲĮΝİȝĳȐȞȚıȒȢΝĲȠȣΝıİΝ

ȣȥȘȜȑȢΝ șİȡȝȠțȡĮıȓİȢΝ ıİΝ ıȤȑıȘΝ ȝİΝ ĲȘȞΝ ıȣȤȞȩĲȘĲĮΝ ĲȠȣΝ ıİΝ

ȝȚțȡȩĲİȡİȢΝșİȡȝȠțȡĮıȓİȢέ 
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 Glu5 N   Asp3 OD1κΝʌĮȡĮĲȘȡİȓĲĮȚΝȘΝȓįȚĮΝıȣȝʌİȡȚĳȠȡȐΝȝİΝĲȠȞΝ

ȣįȡȠȖȠȞȠįİıȝȩΝThr6 N   Asp3 OD1. 

 Thr8 N   Asp3 OκΝ ʌĮȡĮĲȘȡİȓĲĮȚΝ ȘΝ ȓįȚĮΝ ıȣȝʌİȡȚĳȠȡȐΝ ȝİΝ ĲȠȣȢΝ

ȣįȡȠȖȠȞȠįİıȝȠȪȢΝ Thr6 N   Asp3 OD1Ν țĮȚΝ Glu5 N   Asp3 

OD1. 

ȅȚΝȣįȡȠȖȠȞȠįİıȝȠȓΝʌȠȣΝʌĮȡĮĲȘȡȠȪȞĲĮȚΝıĲȚȢΝȠȝȐįİȢΝȝİĲĮȕȠȜȒȢΝQ țĮȚΝȘΝ

ıȣȝʌİȡȚĳȠȡȐΝĲȘȢΝıȣȤȞȩĲȘĲȐȢΝİȝĳȐȞȚıȒȢΝĲȠȣȢΝİȓȞĮȚΝȠȚΝİȟȒȢκ 

 Thr6 OG1   Asp3 ODβκΝʌĮȡĮĲȘȡİȓĲĮȚΝıİΝȠȜȩțȜȘȡȠΝĲȠΝİȪȡȠȢΝQ 

ȝİΝıȤİįȩȞΝıĲĮșİȡȒΝıȣȤȞȩĲȘĲĮέ 

 Thr6 OG1   Asp3 OD1κΝ İȝĳĮȞȓȗİĲĮȚΝ ȝİΝ ȝİȖĮȜȪĲİȡȘΝ țĮȚΝ

ıȤİĲȚțȐΝıĲĮșİȡȒΝıȣȤȞȩĲȘĲĮΝȖȚĮΝĲȚȢΝĲȚȝȑȢΝίέε11≤Q≤ίέζγέ 

 Gly7 N   Asp3 OκΝİȝĳĮȞȓȗİĲĮȚΝıİΝȠȜȩțȜȘȡȠΝĲȠΝİȪȡȠȢΝQ ȝİΝȜȓȖȠΝ

ȝİȖĮȜȪĲİȡȘΝ ıȣȤȞȩĲȘĲĮΝ ıĲȚȢΝ ȠȝȐįİȢΝ įİįȠȝȑȞȦȞΝ ʌȠȣΝ ȑȤȠȣȞΝ

ȝİȖĮȜȪĲİȡȠΝQ. 

 Tyr1 N   Tyr10 OκΝ ĮȡțİĲȐΝ ȝȚțȡȒΝ ıȣȤȞȩĲȘĲĮΝ ıĲȚȢΝ ȠȝȐįİȢΝ ȝİΝ

ȤĮȝȘȜȩΝQ, ȝİȖĮȜȪĲİȡȘΝțĮȚΝıĲĮșİȡȒΝıȣȤȞȩĲȘĲĮΝıĲȠΝİȞįȚȐȝİıȠΝ

İȪȡȠȢΝQ,Ν İȞȫΝ ȑȤİȚΝ ĮȡțİĲȐΝȝİȖĮȜȪĲİȡȘΝıȣȤȞȩĲȘĲĮΝıĲȚȢΝ ȠȝȐįİȢΝ

ȝİΝ ĲȠΝ ȝİȖĮȜȪĲİȡȠΝ Q,Ν įİȞΝ ȣʌȐȡȤİȚΝ ıĲȠΝ File1γΝ ȜȩȖȦΝ ĲȘȢΝ

įȚĮĳȠȡİĲȚțȒȢΝįȠȝȒȢΝĲȠȣέ 

 Tyr1 N   Tyr10 OXTκΝ ıĲĮșİȡȒΝıȤİĲȚțȐΝıȣȤȞȩĲȘĲĮΝıİΝȩȜȠΝ ĲȠΝ

İȪȡȠȢΝ Q,Ν İțĲȩȢΝ ĲȦȞΝ ȠȝȐįȦȞΝ ȝİΝ ʌȠȜȪΝ ȝȚțȡȩΝ Q țĮȚΝ ĲȠȣΝ File13 

ȜȩȖȦΝĲȘȢΝįȠȝȒȢΝĲȠȣέ 

 Asp3 N   Thr8 OκΝ ȩıȠΝ ȝİȖĮȜȫȞİȚΝ ȘΝ ĲȚȝȒΝ Q,Ν ĮȣȟȐȞİȚΝ țĮȚΝ ȘΝ

ıȣȤȞȩĲȘĲĮΝ İȝĳȐȞȚıȒȢΝ ĲȠȣΝȝİΝıȤİįȩȞΝ įȚʌȜȐıȚĮΝıȣȤȞȩĲȘĲĮΝıĲȚȢΝ

ȠȝȐįİȢΝȝİΝĲȚȢΝȝİȖĮȜȪĲİȡİȢΝĲȚȝȑȢΝQ, įİȞΝİȝĳĮȞȓȗİĲĮȚΝıĲȠΝFile13 

ȜȩȖȦΝĲȘȢΝįȠȝȒȢΝĲȠȣέ 

 Thr6 N   Asp3 OD1κΝʌĮȡĮĲȘȡİȓĲĮȚΝȖȚĮΝĲȚȝȑȢΝQ ȝİȖĮȜȪĲİȡİȢΝĲȠȣΝ

ίέεγβΝȝİΝıĲĮșİȡȒΝıȤİĲȚțȐΝıȣȤȞȩĲȘĲĮέ 
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 Thr6 N   Asp3 ODβκΝʌĮȡĮĲȘȡİȓĲĮȚΝȘΝȓįȚĮΝıȣȝʌİȡȚĳȠȡȐΝȝİΝĲȠȞΝ

ȣįȡȠȖȠȞȠįİıȝȩΝThr6 N   Asp3 OD1. 

 Glu5 N   Asp3 OD1: İȝĳĮȞȓȗİĲĮȚ ȝİΝ ȝİȖĮȜȪĲİȡȘΝ ıȣȤȞȩĲȘĲĮΝ

țȣȡȓȦȢΝȝİĲȐΝĲȘȞΝĲȚȝȒΝQ 0.588. 

 Glu5 N   Asp3 ODβκΝʌĮȡĮĲȘȡİȓĲĮȚΝȘΝȓįȚĮΝıȣȝʌİȡȚĳȠȡȐΝȝİΝĲȠȞΝ

ȣįȡȠȖȠȞȠįİıȝȩΝGlu5 N   Asp3 OD1. 

 Thr8 OG1   Tyr1 OκΝ İȝĳĮȞȓȗİĲĮȚΝ ȝİΝ ȝİȖĮȜȪĲİȡȘΝ ıȣȤȞȩĲȘĲĮΝ

ıĲȠΝİȪȡȠȢΝίέεγι≤Q≤ίέεζηέ 

 Tyr10 N   Tyr1 O: İȝĳĮȞȓȗİĲĮȚΝȝİΝȝİȖȐȜȘΝıȣȤȞȩĲȘĲĮΝȝȩȞȠΝıĲȚȢΝ

ȠȝȐįİȢΝȝİΝίέζ1ί≤Q. 

ȅȚΝȣįȡȠȖȠȞȠįİıȝȠȓΝGly7 N   Asp3 O, Thr6 N   Asp3 OD1, Thr6 N   

Asp3 OD2, Glu5 N   Asp3 OD1 țĮȚ Glu5 N   Asp3 OD2 ıȣȝȕȐȜȠȣȞΝ

ıĲȠȞΝıȤȘȝĮĲȚıȝȩΝĲȘȢΝıĲȡȠĳȒȢ,ΝİȞȫΝȠȚΝȣįȡȠȖȠȞȠįİıȝȠȓΝTyr1 N   Tyr10 

OXT, Tyr10 N   Tyr1 O, Asp3 N   Thr8 O țĮȚΝ Tyr1 N   Tyr10 O 

ıȣȝȕȐȜȠȣȞΝ ıĲȠȞΝ ıȤȘȝĮĲȚıȝȩΝ ĲȠȣΝ ȕ-ĳȪȜȜȠȣΝ [46]. ǼʌȓıȘȢ, ȠȚΝ

ȣįȡȠȖȠȞȠįİıȝȠȓ Tyr10 N   Tyr1 O, Asp3 N   Thr8 O, Thr6 N   Asp3 

OD1, Glu5 N   Asp3 OD1 țĮȚ Gly7 N   Asp3 O İȞĲȠʌȓȗȠȞĲĮȚΝ ıĲȘȞΝ

țȡȣıĲĮȜȜȚțȒΝįȠȝȒ ĲȠȣΝCLN025, İȞȫΝȠȚΝȣįȡȠȖȠȞȠįİıȝȠȓΝAsp3 N   Thr8 

O, Thr8 N   Asp3 O, Gly7 N   Asp3 O țĮȚΝ Thr6 N   Asp3 OD1 

İȞĲȠʌȓȗȠȞĲĮȚΝ ıĲȘȞΝ įȠȝȒΝ ĲȠȣΝ CLN025 ıİΝ ȣȖȡȩΝ įȚȐȜȣȝĮ. ȅΝ

ȣįȡȠȖȠȞȠįİıȝȩȢΝ Tyr1 N   Tyr10 OXT șİȦȡİȓĲĮȚΝ ȖȑĳȣȡĮΝ ȐȜĮĲȠȢΝ ıĲȘȞΝ

țȡȣıĲĮȜȜȚțȒΝįȠȝȒ ĲȠȣΝ[47]. 
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ȀǼĭǹȁǹǿȅΝ4 
 

 

 

 

 

ȈȊǽǾȉǾȈǾ 
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ǾΝ ʌĮȡȠȪıĮΝ İȡȖĮıȓĮΝ İȓȤİΝ ȦȢΝ ıțȠʌȩΝ ȞĮΝ įȚİȡİȣȞȒıİȚΝ İȐȞΝ İȓȞĮȚΝ İĳȚțĲȒΝ ȘΝ

İȪȡİıȘΝ ĲȦȞΝ ȝİĲĮȕĮĲȚțȫȞΝ țĮĲĮıĲȐıİȦȞΝ ĲȘȢΝ ȝȓȞȚΝ ʌȡȦĲİǸȞȘȢΝ CLN025 

ȝȑıȦΝ ĲȠȣΝ įȚĮȖȡȐȝȝĮĲȠȢΝ T-Q,Ν ĲȠΝ ȠʌȠȓȠΝ țĮĲĮıțİȣȐıĲȘțİ ĮʌȩΝ

ʌȡȠıȠȝȠȓȦıȘΝ ȝȠȡȚĮțȒȢΝ įȣȞĮȝȚțȒȢέΝ ȉȠΝ CLN025 İȓȞĮȚΝ ȑȞĮΝ ĮȡțİĲȐΝ

ıĲĮșİȡȩΝ țĮȚΝ ȖȡȒȖȠȡĮΝ ĮȞĮįȚʌȜȠȪȝİȞȠΝ ȝȩȡȚȠ,Ν țĮȚΝ ȘΝ ȝİȜȑĲȘΝ ĲȦȞΝ

ȝİĲĮȕĮĲȚțȫȞΝ țĮĲĮıĲȐıİȦȞΝ ĲȠȣΝ șĮΝ ȕȠȘșȒıİȚΝ ıĲȘȞΝ ȝİȜȑĲȘ,Ν țĮȚΝ ȓıȦȢΝ

ĮȞĮȖȞȫȡȚıȘ,ΝĲȠȣΝȝȘȤĮȞȚıȝȠȪΝĮȞĮįȓʌȜȦıȘȢΝĲȦȞΝȕ-ĳȪȜȜȦȞέ 

ǲȤȠȞĲĮȢΝĮʌȠȝȠȞȫıİȚΝ ĲȚȢΝįȚĮȝȠȡĳȫıİȚȢΝıĲȠΝİȪȡȠȢΝĲȦȞΝĲȚȝȫȞΝQ,ΝĮʌȩΝĲȠΝ

įȚȐȖȡĮȝȝĮΝ ȉ-Q,Ν ʌȠȣΝ ʌȚıĲİȪȠȣȝİΝ ȩĲȚΝ ȕȡȓıțȠȞĲĮȚΝ ȠȚΝ ȝİĲĮȕĮĲȚțȑȢΝ

țĮĲĮıĲȐıİȚȢ,Ν įȚĮȤȦȡȓıĮȝİΝ ĮȣĲȑȢΝ ĲȚȢΝ įȚĮȝȠȡĳȫıİȚȢΝ ıİΝ ȠȝȐįİȢΝ ʌȠȣΝ İȓĲİΝ

ʌĮȡĮȝȑȞİȚΝ ıĲĮșİȡȩΝ ĲȠΝ İȪȡȠȢΝ ȉΝ țĮȚΝ ȝİĲĮȕȐȜȜİĲĮȚΝ ĲȠΝ İȪȡȠȢΝ Q, İȓĲİΝ

ʌĮȡĮȝȑȞİȚΝıĲĮșİȡȩΝĲȠΝİȪȡȠȢΝQ țĮȚΝȝİĲĮȕȐȜȜİĲĮȚΝĲȠΝİȪȡȠȢΝȉέΝǹȣĲȩΝȑȖȚȞİΝ

ȖȚĮΝ ȞĮΝ ȖȚĮΝ ȞĮΝ ıȣȖțȡȚșȠȪȞΝ ĲĮΝ ĮʌȠĲİȜȑıȝĮĲĮΝ ĮʌȩΝ ĲȚȢΝ įȪȠΝ ȠȝȐįİȢΝ țĮȚΝ ȞĮΝ

ĳĮȞİȡȦșȠȪȞΝ ĲȣȤȩȞΝ įȚĮĳȠȡȑȢΝ ʌȠȣΝ șĮΝ ȣʌȠįȘȜȫȞȠȣȞΝ ĲȘȞΝ ıȘȝĮıȓĮΝ ĲȘȢΝ

șİȡȝȠțȡĮıȓĮȢΝ ȒΝ ĲȠȣΝ Q ıĲȠȞΝ ȝȘȤĮȞȚıȝȩΝ ĮȞĮįȓʌȜȦıȘȢέΝ ǲʌİȚĲĮΝ

ʌȡĮȖȝĮĲȠʌȠȚȒșȘțİΝ hierarchical cluster analysis ıİΝ ĮȣĲȑȢΝ ĲȚȢΝ ȠȝȐįİȢΝ ȝİΝ

ıțȠʌȩΝ ȞĮΝ įȚĮȤȦȡȚıĲȠȪȞΝ ȠȚΝ įȚĮĳȠȡİĲȚțȑȢΝ įȚĮȝȠȡĳȫıİȚȢΝ țĮȚΝ ȞĮΝ ĳĮȞİȓΝ ĲȠΝ

țȣȡȓĮȡȤȠΝ cluster,Ν įȘȜĮįȒΝ ȠȚΝ įȚĮȝȠȡĳȫıİȚȢΝ ʌȠȣΝ İʌȚțȡĮĲȠȪȞΝ ıİΝ țȐșİΝ

ȠȝȐįĮέΝ ǹȞĮȜȪȠȞĲĮȢΝ ĲȘȞΝ įȠȝȒΝ țĮȚΝ ĲĮΝ ıĲȠȚȤİȓĮΝ ĲȦȞΝ įİȣĲİȡȠĲĮȖȫȞΝ

įȚĮȝȠȡĳȫıİȦȞΝ ʌȠȣΝ ȣȚȠșİĲȠȪȞ ȠȚΝ įȚĮȝȠȡĳȫıİȚȢΝ ĲȦȞΝ țȣȡȓĮȡȤȦȞΝ cluster, 

ĳȐȞȘțİΝȩĲȚΝȠȚΝįȚĮȝȠȡĳȫıİȚȢΝĮʌȩΝȩȜĮΝĲĮΝțȣȡȓĮȡȤĮΝcluster ȑȤȠȣȞΝȣʌȠıĲİȓΝ

hydrophobic collapse țĮȚΝ ȑȤȠȣȞΝ ıȤȘȝĮĲȚıȝȑȞȘΝ ĲȘȞΝ ıĲȡȠĳȒ,Ν İȞȫΝ ıĲȚȢΝ

ȤĮȝȘȜȩĲİȡİȢΝ șİȡȝȠțȡĮıȓİȢΝ ȒΝ țĮșȫȢΝ ĲȠΝ Q ĮȣȟȐȞİĲĮȚΝ ĮȡȤȓȗȠȣȞΝ ȞĮΝ

ĮʌȠțĲȠȪȞΝ ĲȘȞΝ įȚĮȝȩȡĳȦıȘ ĲȠȣΝ ȕ-ĳȪȜȜȠȣέΝ ȉȑȜȠȢ,Ν ĮȞĮȜȪıĮȝİΝ ĲȚȢΝ

įȚĮȝȠȡĳȫıİȚȢΝ ȖȚĮΝ ȞĮΝ ȕȡȠȪȝİΝ ĲȠȣȢΝ ȣįȡȠȖȠȞȠįİıȝȠȪȢΝ ʌȠȣΝ įȚȑʌȠȣȞΝ ĲĮΝ

țȣȡȓĮȡȤĮΝcluster. ǾΝĮȞȐȜȣıȘΝĲȦȞΝȠȝȐįȦȞΝʌȠȣΝȝİĲĮȕȐȜȜİĲĮȚΝĲȠΝİȪȡȠȢΝȉΝ

įİȓȤȞİȚΝ ȩĲȚΝ ȩıȠΝ ȝİȚȫȞİĲĮȚΝ ȘΝ șİȡȝȠțȡĮıȓĮΝ ĮʌȠıĲĮșİȡȠʌȠȚȠȪȞĲĮȚΝ ȠȚΝ

ȣįȡȠȖȠȞȠįİıȝȠȓΝ ĲȦȞΝ ȐțȡȦȞΝ țĮȚΝ ıĲĮșİȡȠʌȠȚȠȪȞĲĮȚΝ ȠȚΝ ȣįȡȠȖȠȞȠįİıȝȠȓΝ
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ĲȘȢΝıĲȡȠĳȒȢΝțĮȚΝĮȣĲȠȓΝ ʌȠȣΝȕȡȓıțȠȞĲĮȚΝ țȠȞĲȐΝıİΝĮȣĲȒέΝǾΝĮȞȐȜȣıȘΝ ĲȦȞΝ

ȠȝȐįȦȞΝ ʌȠȣΝ ȝİĲĮȕȐȜȜİĲĮȚΝ ĲȠΝ İȪȡȠȢΝ Q įİȓȤȞİȚΝ ȩĲȚΝ ȠȚΝ įȚĮȝȠȡĳȫıİȚȢΝ ȝİΝ

ȝȚțȡȩΝQ ȑȤȠȣȞΝ ıȤȘȝĮĲȓıİȚΝ țȣȡȓȦȢΝ ȣįȡȠȖȠȞȠįİıȝȠȪȢΝıĲȘȞΝıĲȡȠĳȒ,Ν İȞȫΝ

ȩıȠΝĮȣȟȐȞİĲĮȚΝĲȠΝQ ĮȡȤȓȗȠȣȞΝȞĮΝıȤȘȝĮĲȓȗȠȣȞΝĲȠȣȢΝȣįȡȠȖȠȞȠįİıȝȠȪȢΝĲȠȣΝ

ȕ-ĳȪȜȜȠȣέ ȈȣȞİʌȫȢ,Ν ĲĮΝ ĮʌȠĲİȜȑıȝĮĲĮΝ ĮȣĲȐΝ įİȓȤȞȠȣȞΝ ȩĲȚΝ ȘΝ ĮȪȟȘıȘΝ ĲȘȢΝ

șİȡȝȠțȡĮıȓĮȢΝ ȕȠȘșȐΝ ĲȠȞΝ ıȤȘȝĮĲȚıȝȩΝ ĲȦȞΝ ȣįȡȠȖȠȞȠįİıȝȫȞΝ ʌȠȣΝ

ıȣȝȕȐȜȠȣȞΝ ıĲȠȞΝ ıȤȘȝĮĲȚıȝȩΝ ĲȠȣΝ ȕ-ĳȪȜȜȠȣ,Ν İȞȫΝ țĮĲȐΝ ĲȘȞΝ ʌȠȡİȓĮΝ ĲȦȞΝ

įȚĮȝȠȡĳȫıİȦȞΝĮʌȩΝĲȚȢ ĮʌȠįȚĮĲİĲĮȖȝȑȞİȢ įȚĮȝȠȡĳȫıİȚȢΝʌȡȠȢΝĲȘȞ ĳȣıȚțȒΝ

įȚĮȝȩȡĳȦıȘΝ ȘΝ ȕ-ĳȠȣȡțȑĲĮΝ ıȤȘȝĮĲȓȗİĲĮȚ,Ν țĮȚΝ İʌȠȝȑȞȦȢ ȠȚΝ

ȣįȡȠȖȠȞȠįİıȝȠȓ, ȝİΝ ĲȠΝ ȝȠĲȓȕȠΝ “ĳİȡȝȠȣȐȡ”,Ν įȘȜĮįȒΝ ĮʌȩΝ ĲȘȞΝ ıĲȡȠĳȒΝ

ʌȡȠȢΝĲĮΝȐțȡĮέ 

ǹȣĲȐΝ ĲĮΝĮʌȠĲİȜȑıȝĮĲĮΝıȣȝĳȦȞȠȪȞ,Ν İȞΝȝȑȡȘ, ȝİΝ ĲĮΝĮʌȠĲİȜȑıȝĮĲĮΝȝȚĮȢΝ

ʌȡȩıĳĮĲȘȢΝȑȡİȣȞĮȢΝĲȦȞΝMcKieman et al., ʌȠȣΝȝİȜȑĲȘıĮȞΝĲȠȞΝȝȘȤĮȞȚıȝȩΝ

ĮȞĮįȓʌȜȦıȘȢΝĲȠȣΝCLNίβεΝțĮȚΝȑįİȚȟĮȞΝȩĲȚΝʌȡȫĲĮΝıȣȝȕĮȓȞİȚΝhydrophobic 

collapse ĲȘȢΝįȠȝȒȢΝțĮȚΝȝİĲȐΝĮʌȩΝȜȓȖȠΝıȤȘȝĮĲȓȗİĲĮȚΝȘΝıĲȡȠĳȒ,ΝȝİΝĲİȜȚțȩΝ

ıĲȐįȚȠΝĲȠȞΝıȤȘȝĮĲȚıȝȩΝĲȦȞΝȣįȡȠȖȠȞȠįİıȝȫȞΝȝİΝĲȠΝȝȠĲȓȕȠΝ “ĳİȡȝȠȣȐȡ” 

[29]έΝǻİȞΝıȣȝĳȦȞİȓΝıĲȠΝȩĲȚΝ ʌȡȫĲĮΝıȣȝȕĮȓȞİȚΝhydrophobic collapse ĲȘȢΝ

įȠȝȒȢΝ țĮȚΝ ȑʌİȚĲĮΝ ıȤȘȝĮĲȓȗİĲĮȚΝ ȘΝ ıĲȡȠĳȒ,Ν įȚȩĲȚΝ įİȞΝ ĮȡțȠȪȞΝ ĲĮΝ

ĮʌȠĲİȜȑıȝĮĲĮΝ ȝĮȢΝ ȖȚĮΝ ȞĮΝ ȖȓȞİȚΝ ĮȣĲȒΝ ȘΝ įȚȐțȡȚıȘΝ țĮșȫȢΝ ıİΝ ĮȣĲȐΝ ȠȚΝ

įȚĮȝȠȡĳȫıİȚȢΝ ȑȤȠȣȞΝ ȒįȘ ıȤȘȝĮĲȚıȝȑȞȘΝ ĲȘȞ ıĲȡȠĳȒΝ țĮȚΝ ȑȤȠȣȞ ȣʌȠıĲİȓΝ

hydrophobic collapse.  

ǼʌȠȝȑȞȦȢ,Ν ȘΝ ĮȞȐȜȣıȘΝ ĲȠȣΝ įȚĮȖȡȐȝȝĮĲȠȢΝ T-Q ȝĮȢΝ ȑįİȚȟİΝ ʌȠȚȠȓΝ

ȣįȡȠȖȠȞȠįİıȝȠȓΝ ıȤȘȝĮĲȓȗȠȞĲĮȚΝ ʌȡȫĲĮΝ țĮĲȐΝ ĲȘȞΝ įȚĮįȚțĮıȓĮΝ ĲȘȢΝ

ĮȞĮįȓʌȜȦıȘȢΝțĮȚΝ ĲȠȞΝȝȘȤĮȞȚıȝȩΝȝİΝ ĲȠȞΝȠʌȠȓȠΝıȤȘȝĮĲȓȗȠȞĲĮȚ,Ν ĮȜȜȐΝįİȞΝ

ȒĲĮȞΝ ĮȡțİĲȒΝ ȫıĲİΝ ȞĮΝ įȚĮȤȦȡȓıİȚΝ ĲȘȞΝ ȤȡȠȞȚțȒΝ ıİȚȡȐΝ ʌȠȣΝ ıȣȝȕĮȓȞİȚΝ ĲȠΝ

hydrophobic collapse ĲȦȞΝįȠȝȫȞΝțĮȚΝȠΝıȤȘȝĮĲȚıȝȩȢΝĲȘȢΝıĲȡȠĳȒȢέ ǹȣĲȩȢΝ

ȠΝ įȚĮȤȦȡȚıȝȩȢ,Ν ȓıȦȢ,Ν ȞĮΝ İȓȞĮȚΝ İĳȚțĲȩȢΝ ȝİΝ ʌİȡĮȚĲȑȡȦ ĮȞȐȜȣıȘΝ ĲȠȣΝ

įȚĮȖȡȐȝȝĮĲȠȢΝT-Q. 
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Script 1: Take_away.pl 
#!/usr/bin/perl -w 
 
( @ARGV==4 ) or die "Usage Take_away.pl file.temps file.dat number number\n";  
 
open (INPUT ,$ARGV[0]) or die "Unable to open $ARGV[0]\n";  
open (OUTPUT , ">$ARGV[1]") or die "Unable to open $ARGV[1]\n"; 
 
while ($line = <INPUT>)  
{ 
   if ( $line =~ /\d+\s(\d\d\d\W\d+)\s(\d\W\d+)/ )   { 
      if ( $1 <= 530.9874 && $1 >= 276.9265) 
      { 
         if ($2 <= $ARGV[3] && $2 >= $ARGV[2] ) 
         { 
            print OUTPUT "$line";  
         } 
      } 
   } 
} 
 
close (OUTPUT);  
close (INPUT);  
 

Script 2: perQ.sh 
#!/bin/bash 
 
./Take_away1.pl Frame_Temp_Q_PC12345.dat File10.dat 0.4900 0.4970 
./Take_away1.pl Frame_Temp_Q_PC12345.dat File11.dat 0.4970 0.5040 
./Take_away1.pl Frame_Temp_Q_PC12345.dat File12.dat 0.5040 0.5110 
./Take_away1.pl Frame_Temp_Q_PC12345.dat File13.dat 0.5110 0.5180 
./Take_away1.pl Frame_Temp_Q_PC12345.dat File14.dat 0.5180 0.5250 
./Take_away1.pl Frame_Temp_Q_PC12345.dat File15.dat 0.5250 0.5320 
./Take_away1.pl Frame_Temp_Q_PC12345.dat File16.dat 0.5320 0.5390 
./Take_away1.pl Frame_Temp_Q_PC12345.dat File17.dat 0.5390 0.5460 
./Take_away1.pl Frame_Temp_Q_PC12345.dat File18.dat 0.5460 0.5530 
./Take_away1.pl Frame_Temp_Q_PC12345.dat File19.dat 0.5530 0.5600 
./Take_away1.pl Frame_Temp_Q_PC12345.dat File20.dat 0.5600 0.5670 
./Take_away1.pl Frame_Temp_Q_PC12345.dat File21.dat 0.5670 0.5740 
./Take_away1.pl Frame_Temp_Q_PC12345.dat File22.dat 0.5740 0.5810 
./Take_away1.pl Frame_Temp_Q_PC12345.dat File23.dat 0.5810 0.5880 
./Take_away1.pl Frame_Temp_Q_PC12345.dat File24.dat 0.5880 0.5950 
./Take_away1.pl Frame_Temp_Q_PC12345.dat File25.dat 0.5950 0.6020 
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./Take_away1.pl Frame_Temp_Q_PC12345.dat File26.dat 0.6020 0.6090 

./Take_away1.pl Frame_Temp_Q_PC12345.dat File27.dat 0.6090 0.6160 

./Take_away1.pl Frame_Temp_Q_PC12345.dat File28.dat 0.6160 0.6230 

./Take_away.pl Frame_Temp_Q_PC12345.dat File29.dat 0.6230 0.6300 
 

Script 3: Take_away1.pl 
#!/usr/bin/perl -w 
 
( @ARGV==4 ) or die "Usage Take_away.pl file.temps file.dat number number\n";  
 
open (INPUT ,$ARGV[0]) or die "Unable to open $ARGV[0]\n";  
open (OUTPUT , ">$ARGV[1]") or die "Unable to open $ARGV[1]\n"; 
 
while ($line = <INPUT>)  
{ 
   if ( $line =~ /\d+\s(\d\d\d\W\d+)\s(\d\W\d+)/ )   { 
      if ( $1 <= 530.9874 && $1 >= 276.9265) 
      { 
         if ($2 < $ARGV[3] && $2 >= $ARGV[2] ) 
         { 
            print OUTPUT "$line";  
         } 
      } 
   } 
} 
 
close (OUTPUT);  
close (INPUT);  
 

Script 4: pick.sh 

#!/bin/bash 
 
echo Pick a \file you want to work with. 
 
read pick 
 
~/Ptuxiaki/Pick_T1.pl $pick.dat T1$pick.dat 
~/Ptuxiaki/Pick_T2.pl $pick.dat T2$pick.dat 
~/Ptuxiaki/Pick_T3.pl $pick.dat T3$pick.dat 
~/Ptuxiaki/Pick_T4.pl $pick.dat T4$pick.dat 
 
echo Done\! 
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Script 5: Pick_T1.pl 

#!/usr/bin/perl -w 
 
( @ARGV==2 ) or die "Usage Take_away.pl file.temps file.dat\n";  
 
open (INPUT ,$ARGV[0]) or die "Unable to open $ARGV[0]\n";  
open (OUTPUT , ">$ARGV[1]") or die "Unable to open $ARGV[1]\n";  
 
while ($line = <INPUT>) 
{ 
   if  ( $line =~ /\d+\s(\d\d\d\W\d+)\s(\d\W\d+)/ ) 
   { 
      if ( $1 <= 530.9874 && $1 > 467.4721) 
      { 
         print OUTPUT "$line";           
      } 
   } 
} 
 
close (OUTPUT);  
close (INPUT);  
  
 

Script 6: Pick_T2.pl 

#!/usr/bin/perl -w 
 
( @ARGV==2 ) or die "Usage Take_away.pl file.temps file.dat\n";  
 
open (INPUT ,$ARGV[0]) or die "Unable to open $ARGV[0]\n";  
open (OUTPUT , ">$ARGV[1]") or die "Unable to open $ARGV[1]\n";  
 
while ($line = <INPUT>) 
{ 
   if  ( $line =~ /\d+\s(\d\d\d\W\d+)\s(\d\W\d+)/ ) 
   { 
      if ($1 <= 467.4721 && $1 > 403.9569) 
      { 
         print OUTPUT "$line";           
      } 
   } 
} 
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close (OUTPUT);  
close (INPUT);  
 
 

Script 7: Pick_T3.pl 

#!/usr/bin/perl -w 
 
( @ARGV==2 ) or die "Usage Take_away.pl file.temps file.dat\n";  
 
open (INPUT ,$ARGV[0]) or die "Unable to open $ARGV[0]\n";  
open (OUTPUT , ">$ARGV[1]") or die "Unable to open $ARGV[1]\n";  
 
while ($line = <INPUT>) 
{ 
   if ( $line =~ /\d+\s(\d\d\d\W\d+)\s(\d\W\d+)/ ) 
   { 
      if ($1 <= 403.9569 && $1 > 340.4417) 
      { 
         print OUTPUT "$line";           
      } 
   } 
} 
 
close (OUTPUT);  
close (INPUT);  
 
 
 

Script 8: Pick_T4.pl 

#!/usr/bin/perl -w 
 
( @ARGV==2 ) or die "Usage Take_away.pl file.temps file.dat\n";  
 
open (INPUT ,$ARGV[0]) or die "Unable to open $ARGV[0]\n";  
open (OUTPUT , ">$ARGV[1]") or die "Unable to open $ARGV[1]\n";  
 
while ($line = <INPUT>) 
{ 
   if ( $line =~ /\d+\s(\d\d\d\W\d+)\s(\d\W\d+)/ ) 
   { 
      if ($1 <= 340.4417 && $1 >= 276.9265) 
      { 
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         print OUTPUT "$line";           
      } 
   } 
} 
 
close (OUTPUT);  
close (INPUT);  
 
 

Script 9: select.pl 

#!/usr/bin/perl -w 
 
( @ARGV==3 ) or die "Usage Take_away.py file.temps file.dat\n"; 
 
open (INPUT ,$ARGV[0]) or die "Unable to open $ARGV[0]\n";  
open (OUTPUT , ">$ARGV[1]") or die "Unable to open $ARGV[1]\n"; 
 
$i=0; 
while ($line = <INPUT>) 
{  
 $i++; 
 { 
  if ( $i%$ARGV[2]== 1 ) 
  { 
   print OUTPUT "$line"; 
  } 
 } 
} 
 
close (OUTPUT); 
close (INPUT); 
 

Script 10: cluster.sh 

#!/bin/bash 
#!/usr/bin/Rscript 
 
R --no-save <<RSCRIPT 
 
pca<-read.table("File1_PC.dat") 
library(cluster) 
library(factoextra) 
pdf("File1.pdf") 
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wss<-(nrow(pca)-1)*sum(apply(pca,2,var)) 
for(i in 2:15) wss[i]<-sum(kmeans(pca,centers=i)\$withinss) 
plot(1:15,wss,type="b",xlab="Number of clusters",ylab="Within groups sum of 
squares") 
fviz_nbclust(pca,kmeans,method="silhouette") 
fviz_nbclust(pca,pam,method="silhouette") 
dev.off() 
 
pca<-read.table("File2_PC.dat ") 
library(cluster) 
library(factoextra) 
pdf("File2.pdf") 
wss<-(nrow(pca)-1)*sum(apply(pca,2,var)) 
for(i in 2:15) wss[i]<-sum(kmeans(pca,centers=i)\$withinss) 
plot(1:15,wss,type="b",xlab="Number of clusters",ylab="Within groups sum of 
squares") 
fviz_nbclust(pca,kmeans,method="silhouette") 
fviz_nbclust(pca,pam,method="silhouette") 
dev.off() 
 
pca<-read.table("File3_PC.dat ") 
library(cluster) 
library(factoextra) 
pdf("File3.pdf") 
wss<-(nrow(pca)-1)*sum(apply(pca,2,var)) 
for(i in 2:15) wss[i]<-sum(kmeans(pca,centers=i)\$withinss) 
plot(1:15,wss,type="b",xlab="Number of clusters",ylab="Within groups sum of 
squares") 
fviz_nbclust(pca,kmeans,method="silhouette") 
fviz_nbclust(pca,pam,method="silhouette") 
dev.off() 
 
pca<-read.table("File4_PC.dat") 
library(cluster) 
library(factoextra) 
pdf("File4.pdf") 
wss<-(nrow(pca)-1)*sum(apply(pca,2,var)) 
for(i in 2:15) wss[i]<-sum(kmeans(pca,centers=i)\$withinss) 
plot(1:15,wss,type="b",xlab="Number of clusters",ylab="Within groups sum of 
squares") 
fviz_nbclust(pca,kmeans,method="silhouette") 
fviz_nbclust(pca,pam,method="silhouette") 
dev.off() 
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pca<-read.table("File5_PC.dat") 
library(cluster) 
library(factoextra) 
pdf("File5.pdf") 
wss<-(nrow(pca)-1)*sum(apply(pca,2,var)) 
for(i in 2:15) wss[i]<-sum(kmeans(pca,centers=i)\$withinss) 
plot(1:15,wss,type="b",xlab="Number of clusters",ylab="Within groups sum of 
squares") 
fviz_nbclust(pca,kmeans,method="silhouette") 
fviz_nbclust(pca,pam,method="silhouette") 
dev.off() 
 
pca<-read.table("File6_PC.dat") 
library(cluster) 
library(factoextra) 
pdf("File6.pdf") 
wss<-(nrow(pca)-1)*sum(apply(pca,2,var)) 
for(i in 2:15) wss[i]<-sum(kmeans(pca,centers=i)\$withinss) 
plot(1:15,wss,type="b",xlab="Number of clusters",ylab="Within groups sum of 
squares") 
fviz_nbclust(pca,kmeans,method="silhouette") 
fviz_nbclust(pca,pam,method="silhouette") 
dev.off() 
 
pca<-read.table("File7_PC.dat") 
library(cluster) 
library(factoextra) 
pdf("File7.pdf") 
wss<-(nrow(pca)-1)*sum(apply(pca,2,var)) 
for(i in 2:15) wss[i]<-sum(kmeans(pca,centers=i)\$withinss) 
plot(1:15,wss,type="b",xlab="Number of clusters",ylab="Within groups sum of 
squares") 
fviz_nbclust(pca,kmeans,method="silhouette") 
fviz_nbclust(pca,pam,method="silhouette") 
dev.off() 
 
pca<-read.table("File8_PC.dat") 
library(cluster) 
library(factoextra) 
pdf("File8.pdf") 
wss<-(nrow(pca)-1)*sum(apply(pca,2,var)) 
for(i in 2:15) wss[i]<-sum(kmeans(pca,centers=i)\$withinss) 
plot(1:15,wss,type="b",xlab="Number of clusters",ylab="Within groups sum of 
squares") 
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fviz_nbclust(pca,kmeans,method="silhouette") 
fviz_nbclust(pca,pam,method="silhouette") 
dev.off() 
 
pca<-read.table("File9_PC.dat") 
library(cluster) 
library(factoextra) 
pdf("File9.pdf") 
wss<-(nrow(pca)-1)*sum(apply(pca,2,var)) 
for(i in 2:15) wss[i]<-sum(kmeans(pca,centers=i)\$withinss) 
plot(1:15,wss,type="b",xlab="Number of clusters",ylab="Within groups sum of 
squares") 
fviz_nbclust(pca,kmeans,method="silhouette") 
fviz_nbclust(pca,pam,method="silhouette") 
dev.off() 
 
pca<-read.table("File10_PC.dat") 
library(cluster) 
library(factoextra) 
pdf("File10.pdf") 
wss<-(nrow(pca)-1)*sum(apply(pca,2,var)) 
for(i in 2:15) wss[i]<-sum(kmeans(pca,centers=i)\$withinss) 
plot(1:15,wss,type="b",xlab="Number of clusters",ylab="Within groups sum of 
squares") 
fviz_nbclust(pca,kmeans,method="silhouette") 
fviz_nbclust(pca,pam,method="silhouette") 
dev.off() 
 
pca<-read.table("File11_PC.dat") 
library(cluster) 
library(factoextra) 
pdf("File11.pdf") 
wss<-(nrow(pca)-1)*sum(apply(pca,2,var)) 
for(i in 2:15) wss[i]<-sum(kmeans(pca,centers=i)\$withinss) 
plot(1:15,wss,type="b",xlab="Number of clusters",ylab="Within groups sum of 
squares") 
fviz_nbclust(pca,kmeans,method="silhouette") 
fviz_nbclust(pca,pam,method="silhouette") 
dev.off() 
 
pca<-read.table("File12_PC.dat") 
library(cluster) 
library(factoextra) 
pdf("File12.pdf") 
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wss<-(nrow(pca)-1)*sum(apply(pca,2,var)) 
for(i in 2:15) wss[i]<-sum(kmeans(pca,centers=i)\$withinss) 
plot(1:15,wss,type="b",xlab="Number of clusters",ylab="Within groups sum of 
squares") 
fviz_nbclust(pca,kmeans,method="silhouette") 
fviz_nbclust(pca,pam,method="silhouette") 
dev.off() 
 
pca<-read.table("File13_PC.dat") 
library(cluster) 
library(factoextra) 
pdf("File13.pdf") 
wss<-(nrow(pca)-1)*sum(apply(pca,2,var)) 
for(i in 2:15) wss[i]<-sum(kmeans(pca,centers=i)\$withinss) 
plot(1:15,wss,type="b",xlab="Number of clusters",ylab="Within groups sum of 
squares") 
fviz_nbclust(pca,kmeans,method="silhouette") 
fviz_nbclust(pca,pam,method="silhouette") 
dev.off() 
 
pca<-read.table("File14_PC.dat") 
library(cluster) 
library(factoextra) 
pdf("File14.pdf") 
wss<-(nrow(pca)-1)*sum(apply(pca,2,var)) 
for(i in 2:15) wss[i]<-sum(kmeans(pca,centers=i)\$withinss) 
plot(1:15,wss,type="b",xlab="Number of clusters",ylab="Within groups sum of 
squares") 
fviz_nbclust(pca,kmeans,method="silhouette") 
fviz_nbclust(pca,pam,method="silhouette") 
dev.off() 
 
pca<-read.table("File15_PC.dat") 
library(cluster) 
library(factoextra) 
pdf("File15.pdf") 
wss<-(nrow(pca)-1)*sum(apply(pca,2,var)) 
for(i in 2:15) wss[i]<-sum(kmeans(pca,centers=i)\$withinss) 
plot(1:15,wss,type="b",xlab="Number of clusters",ylab="Within groups sum of 
squares") 
fviz_nbclust(pca,kmeans,method="silhouette") 
fviz_nbclust(pca,pam,method="silhouette") 
dev.off() 
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pca<-read.table("File16_PC.dat") 
library(cluster) 
library(factoextra) 
pdf("File16.pdf") 
wss<-(nrow(pca)-1)*sum(apply(pca,2,var)) 
for(i in 2:15) wss[i]<-sum(kmeans(pca,centers=i)\$withinss) 
plot(1:15,wss,type="b",xlab="Number of clusters",ylab="Within groups sum of 
squares") 
fviz_nbclust(pca,kmeans,method="silhouette") 
fviz_nbclust(pca,pam,method="silhouette") 
dev.off() 
 
pca<-read.table("File17_PC.dat") 
library(cluster) 
library(factoextra) 
pdf("File17.pdf") 
wss<-(nrow(pca)-1)*sum(apply(pca,2,var)) 
for(i in 2:15) wss[i]<-sum(kmeans(pca,centers=i)\$withinss) 
plot(1:15,wss,type="b",xlab="Number of clusters",ylab="Within groups sum of 
squares") 
fviz_nbclust(pca,kmeans,method="silhouette") 
fviz_nbclust(pca,pam,method="silhouette") 
dev.off() 
 
pca<-read.table("File18_PC.dat") 
library(cluster) 
library(factoextra) 
pdf("File18.pdf") 
wss<-(nrow(pca)-1)*sum(apply(pca,2,var)) 
for(i in 2:15) wss[i]<-sum(kmeans(pca,centers=i)\$withinss) 
plot(1:15,wss,type="b",xlab="Number of clusters",ylab="Within groups sum of 
squares") 
fviz_nbclust(pca,kmeans,method="silhouette") 
fviz_nbclust(pca,pam,method="silhouette") 
dev.off() 
 
pca<-read.table("File19_PC.dat") 
library(cluster) 
library(factoextra) 
pdf("File19.pdf") 
wss<-(nrow(pca)-1)*sum(apply(pca,2,var)) 
for(i in 2:15) wss[i]<-sum(kmeans(pca,centers=i)\$withinss) 
plot(1:15,wss,type="b",xlab="Number of clusters",ylab="Within groups sum of 
squares") 
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fviz_nbclust(pca,kmeans,method="silhouette") 
fviz_nbclust(pca,pam,method="silhouette") 
dev.off() 
 
pca<-read.table("File20_PC.dat") 
library(cluster) 
library(factoextra) 
pdf("File20.pdf") 
wss<-(nrow(pca)-1)*sum(apply(pca,2,var)) 
for(i in 2:15) wss[i]<-sum(kmeans(pca,centers=i)\$withinss) 
plot(1:15,wss,type="b",xlab="Number of clusters",ylab="Within groups sum of 
squares") 
fviz_nbclust(pca,kmeans,method="silhouette") 
fviz_nbclust(pca,pam,method="silhouette") 
dev.off() 
 
pca<-read.table("File21_PC.dat") 
library(cluster) 
library(factoextra) 
pdf("File21.pdf") 
wss<-(nrow(pca)-1)*sum(apply(pca,2,var)) 
for(i in 2:15) wss[i]<-sum(kmeans(pca,centers=i)\$withinss) 
plot(1:15,wss,type="b",xlab="Number of clusters",ylab="Within groups sum of 
squares") 
fviz_nbclust(pca,kmeans,method="silhouette") 
fviz_nbclust(pca,pam,method="silhouette") 
dev.off() 
 
pca<-read.table("File22_PC.dat") 
library(cluster) 
library(factoextra) 
pdf("File22.pdf") 
wss<-(nrow(pca)-1)*sum(apply(pca,2,var)) 
for(i in 2:15) wss[i]<-sum(kmeans(pca,centers=i)\$withinss) 
plot(1:15,wss,type="b",xlab="Number of clusters",ylab="Within groups sum of 
squares") 
fviz_nbclust(pca,kmeans,method="silhouette") 
fviz_nbclust(pca,pam,method="silhouette") 
dev.off() 
 
pca<-read.table("File23_PC.dat") 
library(cluster) 
library(factoextra) 
pdf("File23.pdf") 
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wss<-(nrow(pca)-1)*sum(apply(pca,2,var)) 
for(i in 2:15) wss[i]<-sum(kmeans(pca,centers=i)\$withinss) 
plot(1:15,wss,type="b",xlab="Number of clusters",ylab="Within groups sum of 
squares") 
fviz_nbclust(pca,kmeans,method="silhouette") 
fviz_nbclust(pca,pam,method="silhouette") 
dev.off() 
 
pca<-read.table("File24_PC.dat") 
library(cluster) 
library(factoextra) 
pdf("File24.pdf") 
wss<-(nrow(pca)-1)*sum(apply(pca,2,var)) 
for(i in 2:15) wss[i]<-sum(kmeans(pca,centers=i)\$withinss) 
plot(1:15,wss,type="b",xlab="Number of clusters",ylab="Within groups sum of 
squares") 
fviz_nbclust(pca,kmeans,method="silhouette") 
fviz_nbclust(pca,pam,method="silhouette") 
dev.off() 
 
pca<-read.table("File25_PC.dat") 
library(cluster) 
library(factoextra) 
pdf("File25.pdf") 
wss<-(nrow(pca)-1)*sum(apply(pca,2,var)) 
for(i in 2:15) wss[i]<-sum(kmeans(pca,centers=i)\$withinss) 
plot(1:15,wss,type="b",xlab="Number of clusters",ylab="Within groups sum of 
squares") 
fviz_nbclust(pca,kmeans,method="silhouette") 
fviz_nbclust(pca,pam,method="silhouette") 
dev.off() 
 
pca<-read.table("File26_PC.dat") 
library(cluster) 
library(factoextra) 
pdf("File26.pdf") 
wss<-(nrow(pca)-1)*sum(apply(pca,2,var)) 
for(i in 2:15) wss[i]<-sum(kmeans(pca,centers=i)\$withinss) 
plot(1:15,wss,type="b",xlab="Number of clusters",ylab="Within groups sum of 
squares") 
fviz_nbclust(pca,kmeans,method="silhouette") 
fviz_nbclust(pca,pam,method="silhouette") 
dev.off() 
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pca<-read.table("File27_PC.dat") 
library(cluster) 
library(factoextra) 
pdf("File27.pdf") 
wss<-(nrow(pca)-1)*sum(apply(pca,2,var)) 
for(i in 2:15) wss[i]<-sum(kmeans(pca,centers=i)\$withinss) 
plot(1:15,wss,type="b",xlab="Number of clusters",ylab="Within groups sum of 
squares") 
fviz_nbclust(pca,kmeans,method="silhouette") 
fviz_nbclust(pca,pam,method="silhouette") 
dev.off() 
 
pca<-read.table("File28_PC.dat") 
library(cluster) 
library(factoextra) 
pdf("File28.pdf") 
wss<-(nrow(pca)-1)*sum(apply(pca,2,var)) 
for(i in 2:15) wss[i]<-sum(kmeans(pca,centers=i)\$withinss) 
plot(1:15,wss,type="b",xlab="Number of clusters",ylab="Within groups sum of 
squares") 
fviz_nbclust(pca,kmeans,method="silhouette") 
fviz_nbclust(pca,pam,method="silhouette") 
dev.off() 
 
pca<-read.table("File29_PC.dat") 
library(cluster) 
library(factoextra) 
pdf("File29.pdf") 
wss<-(nrow(pca)-1)*sum(apply(pca,2,var)) 
for(i in 2:15) wss[i]<-sum(kmeans(pca,centers=i)\$withinss) 
plot(1:15,wss,type="b",xlab="Number of clusters",ylab="Within groups sum of 
squares") 
fviz_nbclust(pca,kmeans,method="silhouette") 
fviz_nbclust(pca,pam,method="silhouette") 
dev.off() 
q() 
n 
RSCRIPT 
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Script 11: plot_dcd.sh 
#!/bin/bash 
#!/usr/bin/Rscript 
 
R --no-save << RSCRIPT 
 
pca<-read.table("File1_PC.dat ") 
d<-dist(pca) 
fit<-hclust(d) 
png("File1.png") 
plot(fit) 
rect.hclust(fit,k=7) 
dev.off() 
groups<-cutree(fit,k=7) 
tab<-data.frame(pca,groups) 
write.table(tab,file="Groups_File1.dat",sep=" ") 
 
pca<-read.table("File2_PC.dat") 
d<-dist(pca) 
fit<-hclust(d) 
png("File2.png") 
plot(fit) 
rect.hclust(fit,k=8) 
dev.off() 
groups<-cutree(fit,k=8) 
tab<-data.frame(pca,groups) 
write.table(tab,file="Groups_File2.dat",sep=" ") 
 
pca<-read.table("File3_PC.dat") 
d<-dist(pca) 
fit<-hclust(d) 
png("File3.png") 
plot(fit) 
rect.hclust(fit,k=6) 
dev.off() 
groups<-cutree(fit,k=6) 
tab<-data.frame(pca,groups) 
write.table(tab,file="Groups_File3.dat",sep=" ") 
 
pca<-read.table("File4_PC.dat") 
d<-dist(pca) 
fit<-hclust(d) 
png("File4.png") 
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plot(fit) 
rect.hclust(fit,k=6) 
dev.off() 
groups<-cutree(fit,k=6) 
tab<-data.frame(pca,groups) 
write.table(tab,file="Groups_File4.dat",sep=" ") 
 
pca<-read.table("File5_PC.dat") 
d<-dist(pca) 
fit<-hclust(d) 
png("File5.png") 
plot(fit) 
rect.hclust(fit,k=6) 
dev.off() 
groups<-cutree(fit,k=6) 
tab<-data.frame(pca,groups) 
write.table(tab,file="Groups_File5.dat",sep=" ") 
 
pca<-read.table("File6_PC.dat") 
d<-dist(pca) 
fit<-hclust(d) 
png("File6.png") 
plot(fit) 
rect.hclust(fit,k=7) 
dev.off() 
groups<-cutree(fit,k=7) 
tab<-data.frame(pca,groups) 
write.table(tab,file="Groups_File6.dat",sep=" ") 
 
pca<-read.table("File7_PC.dat") 
d<-dist(pca) 
fit<-hclust(d) 
png("File7.png") 
plot(fit) 
rect.hclust(fit,k=7) 
dev.off() 
groups<-cutree(fit,k=7) 
tab<-data.frame(pca,groups) 
write.table(tab,file="Groups_File7.dat",sep=" ") 
 
pca<-read.table("File8_PC.dat") 
d<-dist(pca) 
fit<-hclust(d) 
png("File8.png") 
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plot(fit) 
rect.hclust(fit,k=6) 
dev.off() 
groups<-cutree(fit,k=6) 
tab<-data.frame(pca,groups) 
write.table(tab,file="Groups_File8.dat",sep=" ") 
 
pca<-read.table("File9_PC.dat") 
d<-dist(pca) 
fit<-hclust(d) 
png("File9.png") 
plot(fit) 
rect.hclust(fit,k=6) 
dev.off() 
groups<-cutree(fit,k=6) 
tab<-data.frame(pca,groups) 
write.table(tab,file="Groups_File9.dat",sep=" ") 
 
pca<-read.table("File10_PC.dat") 
d<-dist(pca) 
fit<-hclust(d) 
png("File10.png") 
plot(fit) 
rect.hclust(fit,k=5) 
dev.off() 
groups<-cutree(fit,k=5) 
tab<-data.frame(pca,groups) 
write.table(tab,file="Groups_File10.dat",sep=" ") 
 
pca<-read.table("File11_PC.dat") 
d<-dist(pca) 
fit<-hclust(d) 
png("File11.png") 
plot(fit) 
rect.hclust(fit,k=5) 
dev.off() 
groups<-cutree(fit,k=5) 
tab<-data.frame(pca,groups) 
write.table(tab,file="Groups_File11.dat",sep=" ") 
 
pca<-read.table("File12_PC.dat") 
d<-dist(pca) 
fit<-hclust(d) 
png("File12.png") 
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plot(fit) 
rect.hclust(fit,k=5) 
dev.off() 
groups<-cutree(fit,k=5) 
tab<-data.frame(pca,groups) 
write.table(tab,file="Groups_File12.dat",sep=" ") 
 
pca<-read.table("File13_PC.dat") 
d<-dist(pca) 
fit<-hclust(d) 
png("File13.png") 
plot(fit) 
rect.hclust(fit,k=5) 
dev.off() 
groups<-cutree(fit,k=5) 
tab<-data.frame(pca,groups) 
write.table(tab,file="Groups_File13.dat",sep=" ") 
 
pca<-read.table("File14_PC.dat") 
d<-dist(pca) 
fit<-hclust(d) 
png("File14.png") 
plot(fit) 
rect.hclust(fit,k=4) 
dev.off() 
groups<-cutree(fit,k=4) 
tab<-data.frame(pca,groups) 
write.table(tab,file="Groups_File14.dat",sep=" ") 
 
pca<-read.table("File15_PC.dat") 
d<-dist(pca) 
fit<-hclust(d) 
png("File15.png") 
plot(fit) 
rect.hclust(fit,k=4) 
dev.off() 
groups<-cutree(fit,k=4) 
tab<-data.frame(pca,groups) 
write.table(tab,file="Groups_File15.dat",sep=" ") 
 
pca<-read.table("File16_PC.dat") 
d<-dist(pca) 
fit<-hclust(d) 
png("File16.png") 
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plot(fit) 
rect.hclust(fit,k=4) 
dev.off() 
groups<-cutree(fit,k=4) 
tab<-data.frame(pca,groups) 
write.table(tab,file="Groups_File16.dat",sep=" ") 
 
pca<-read.table("File17_PC.dat") 
d<-dist(pca) 
fit<-hclust(d) 
png("File17.png") 
plot(fit) 
rect.hclust(fit,k=4) 
dev.off() 
groups<-cutree(fit,k=4) 
tab<-data.frame(pca,groups) 
write.table(tab,file="Groups_File17.dat",sep=" ") 
 
pca<-read.table("File18_PC.dat") 
d<-dist(pca) 
fit<-hclust(d) 
png("File18.png") 
plot(fit) 
rect.hclust(fit,k=5) 
dev.off() 
groups<-cutree(fit,k=5) 
tab<-data.frame(pca,groups) 
write.table(tab,file="Groups_File18.dat",sep=" ") 
 
pca<-read.table("File19_PC.dat") 
d<-dist(pca) 
fit<-hclust(d) 
png("File19.png") 
plot(fit) 
rect.hclust(fit,k=4) 
dev.off() 
groups<-cutree(fit,k=4) 
tab<-data.frame(pca,groups) 
write.table(tab,file="Groups_File19.dat",sep=" ") 
 
pca<-read.table("File20_PC.dat") 
d<-dist(pca) 
fit<-hclust(d) 
png("File20.png") 
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plot(fit) 
rect.hclust(fit,k=5) 
dev.off() 
groups<-cutree(fit,k=5) 
tab<-data.frame(pca,groups) 
write.table(tab,file="Groups_File20.dat",sep=" ") 
 
pca<-read.table("File21_PC.dat") 
d<-dist(pca) 
fit<-hclust(d) 
png("File21.png") 
plot(fit) 
rect.hclust(fit,k=5) 
dev.off() 
groups<-cutree(fit,k=5) 
tab<-data.frame(pca,groups) 
write.table(tab,file="Groups_File21.dat",sep=" ") 
 
pca<-read.table("File22_PC.dat") 
d<-dist(pca) 
fit<-hclust(d) 
png("File22.png") 
plot(fit) 
rect.hclust(fit,k=5) 
dev.off() 
groups<-cutree(fit,k=5) 
tab<-data.frame(pca,groups) 
write.table(tab,file="Groups_File22.dat",sep=" ") 
 
pca<-read.table("File23_PC.dat") 
d<-dist(pca) 
fit<-hclust(d) 
png("File23.png") 
plot(fit) 
rect.hclust(fit,k=5) 
dev.off() 
groups<-cutree(fit,k=5) 
tab<-data.frame(pca,groups) 
write.table(tab,file="Groups_File23.dat",sep=" ") 
 
pca<-read.table("File24_PC.dat") 
d<-dist(pca) 
fit<-hclust(d) 
png("File24.png") 
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plot(fit) 
rect.hclust(fit,k=4) 
dev.off() 
groups<-cutree(fit,k=4) 
tab<-data.frame(pca,groups) 
write.table(tab,file="Groups_File24.dat",sep=" ") 
 
pca<-read.table("File25_PC.dat") 
d<-dist(pca) 
fit<-hclust(d) 
png("File25.png") 
plot(fit) 
rect.hclust(fit,k=4) 
dev.off() 
groups<-cutree(fit,k=4) 
tab<-data.frame(pca,groups) 
write.table(tab,file="Groups_File25.dat",sep=" ") 
 
pca<-read.table("File26_PC.dat") 
d<-dist(pca) 
fit<-hclust(d) 
png("File26.png") 
plot(fit) 
rect.hclust(fit,k=4) 
dev.off() 
groups<-cutree(fit,k=4) 
tab<-data.frame(pca,groups) 
write.table(tab,file="Groups_File26.dat",sep=" ") 
 
pca<-read.table("File27_PC.dat") 
d<-dist(pca) 
fit<-hclust(d) 
png("File27.png") 
plot(fit) 
rect.hclust(fit,k=4) 
dev.off() 
groups<-cutree(fit,k=4) 
tab<-data.frame(pca,groups) 
write.table(tab,file="Groups_File27.dat",sep=" ") 
 
pca<-read.table("File28_PC.dat") 
d<-dist(pca) 
fit<-hclust(d) 
png("File28.png") 



75 

 

plot(fit) 
rect.hclust(fit,k=5) 
dev.off() 
groups<-cutree(fit,k=5) 
tab<-data.frame(pca,groups) 
write.table(tab,file="Groups_File28.dat",sep=" ") 
 
pca<-read.table("File29_PC.dat") 
d<-dist(pca) 
fit<-hclust(d) 
png("File29.png") 
plot(fit) 
rect.hclust(fit,k=4) 
dev.off() 
groups<-cutree(fit,k=4) 
tab<-data.frame(pca,groups) 
write.table(tab,file="Groups_File29.dat",sep=" ") 
q() 
n 
RSCRIPT 
 
for i in {0..28} 
do 
echo Choose the \file you want to work with. 
 
read pick 
 
awk '{print $1}' $pick.dat > Frames_$pick.dat 
awk '{print $7}' Groups_$pick.dat > tmpfile.dat 
sed '1d' tmpfile.dat > tmpfile1.dat 
mv tmpfile1.dat Clusters_$pick.dat 
 
./converge.pl Frames_$pick.dat Clusters_$pick.dat Frames_Clusters_$pick.dat 
 
echo Write the numbers of clusters \(need eight numbers\). \If there are \less numbers 
put zeros. 
 
read p1 p2 p3 p4 p5 p6 p7 p8 
 
if [ $p1 -eq 0 ] 
then 
    echo There must be at least one cluster\! 
 exit 0 
else 
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    ./Extract_clusters.pl Frames_Clusters_$pick.dat $pick"_"$p1.dat $p1 
 carma -v -sort $pick"_"$p1.dat cln025_adapt_STAR_ILDN_COMPLETE.dcd 

mv carma.reordered.dcd carma_$pick"_"1.dcd 
fi  
 
if [ $p2 -eq 0 ] 
then 
    echo There was only one cluster and the job is done\! 
 exit 0 
else 
    ./Extract_clusters.pl Frames_Clusters_$pick.dat $pick"_"$p2.dat $p2 
 carma -v -sort $pick"_"$p2.dat cln025_adapt_STAR_ILDN_COMPLETE.dcd 
 mv carma.reordered.dcd carma_$pick"_"2.dcd 
fi  
 
if [ $p3 -eq 0 ] 
then 
    echo There were only two clusters and the job is done\! 
 exit 0 
else 
    ./Extract_clusters.pl Frames_Clusters_$pick.dat  $pick"_"$p3.dat $p3 
 carma -v -sort $pick"_"$p3.dat cln025_adapt_STAR_ILDN_COMPLETE.dcd 
 mv carma.reordered.dcd carma_$pick"_"3.dcd 
fi  
 
if [ $p4 -eq 0 ] 
then 
    echo There were only three clusters and the job is done\! 
 exit 0 
else 
    ./Extract_clusters.pl Frames_Clusters_$pick.dat $pick"_"$p4.dat $p4 
 carma -v -sort $pick"_"$p4.dat cln025_adapt_STAR_ILDN_COMPLETE.dcd 
 mv carma.reordered.dcd carma_$pick"_"4.dcd 
fi  
 
if [ $p5 -eq 0 ] 
then 
    echo There were only four clusters and the job is done\! 
 exit 0 
else 
    ./Extract_clusters.pl Frames_Clusters_$pick.dat $pick"_"$p5.dat $p5 
 carma -v -sort $pick"_"$p5.dat cln025_adapt_STAR_ILDN_COMPLETE.dcd 
 mv carma.reordered.dcd carma_$pick"_"5.dcd 
fi  
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if [ $p6 -eq 0 ] 
then 
    echo There were only five clusters and the job is done\! 
 exit 0 
else 
    ./Extract_clusters.pl Frames_Clusters_$pick.dat $pick"_"$p6.dat $p6 
 carma -v -sort $pick"_"$p6.dat cln025_adapt_STAR_ILDN_COMPLETE.dcd 
 mv carma.reordered.dcd carma_$pick"_"6.dcd 
fi  
 
if [ $p7 -eq 0 ] 
then 
    echo There were only six clusters and the job is done\! 
 exit 0 
else 
    ./Extract_clusters.pl Frames_Clusters_$pick.dat $pick"_"$p7.dat $p7 
 carma -v  sort $pick"_"$p7.dat cln025_adapt_STAR_ILDN_COMPLETE.dcd 
 mv carma.reordered.dcd carma_$pick"_"7.dcd 
fi  
 
if  [ $p8 -eq 0 ] 
then 
    echo There were only seven clusters and the job is done\! 
 exit 0 
else 
    ./Extract_clusters.pl Frames_Clusters_$pick.dat $pick"_"$p8.dat $p8 
 carma -v -sort $pick"_"$p8.dat cln025_adapt_STAR_ILDN_COMPLETE.dcd 
 mv carma.reordered.dcd carma_$pick"_"8.dcd 
fi  
done 
 

Script 12: converge.pl 
#!/usr/bin/perl -w 
 
( @ARGV==3 ) or die "Usage Take_away.pl file.temps file.dat\n";  
 
open (FILE1 ,$ARGV[0]) or die "Unable to open $ARGV[0]\n";  
open (FILE2 , $ARGV[1]) or die "Unable to open $ARGV[1]\n"; 
open (OUTPUT , ">$ARGV[2]") or die "Unable to open $ARGV[2]\n";  
 
while ($line1 = <FILE1>, $line2 = <FILE2>) 
 { 
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   chomp($line1); 
   print OUTPUT "$line1 $line2"; 
 } 
 
close(FILE1); 
close(FILE2); 
close(OUTPUT); 
 

Script 13: Extract_clusters.pl 
#!/usr/bin/perl -w 
 
( @ARGV==3 ) or die "Usage Take_away.pl file.temps file.dat\n";  
open (INPUT ,$ARGV[0]) or die "Unable to open $ARGV[0]\n";  
open (OUTPUT , ">$ARGV[1]") or die "Unable to open $ARGV[1]\n";  
 
while ($line = <INPUT>) 
{ 
   if ( $line =~ /(\d+)\s(\d)/ ) 
   { 
      if( $2 == $ARGV[2]) 
      { 
         print OUTPUT "$1 \n"; 
      } 
   } 
} 
 
close(INPUT); 
close(OUTPUT); 
 

Script 14: pdb.sh 
#!/bin/bash 
 
for i in {0..28} 
do 
echo Choose the cluster you want to work with. 
 
read pick 
 
carma  v  pdb  atmid ALLID cln025_pseudo.psf carma_$pick.pdb 
cat carma*.pdb >> $pick.pdb 
rm carma*.pdb 
 


