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  ƤǊǐǌǐǄǀǂǓ ƥǆǎǆǕǊǋƿǓ 

ƴǆǑǕƾǍǃǒǊǐǓ



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ƪǂ ƿǉǆǌǂ ǎǂ ǆǖǘǂǒǊǔǕƿǔǚ Ǖǐǎ ǋǂǉǈǄǈǕƿ 
Ǎǐǖ, ǋ. ƯǊǋǝǌǂǐ Ʈ. ƥǌǖǋǝ, ǄǊǂ Ǖǈǎ 
ǑǐǌǞǕǊǍǈ ǃǐƿǉǆǊƽ Ǖǐǖ. Ʃ ǋǂǕǂǎǝǈǔǈ Ǒǐǖ 
ƾǅǆǊǏǆ, ǈ ǆǑǊǍǐǎƿ, ǂǌǌƽ ǋǖǒǀǚǓ ǈ ǖǑǐǍǐǎƿ 
Ǖǐǖ, Ǎǆ ǅǀǅǂǏǂǎ ǑǐǌǞ ǑǆǒǊǔǔǝǕǆǒǂ ǂǑ’ ǝǔǂ 
ǉǂ ǍǑǐǒǐǞǔǂǎ ǎǂ ǘǚǒƾǔǐǖǎ ǔǕǊǓ ǔǆǌǀǅǆǓ 
ǂǖǕƿǓ ǕǈǓ ǅǊǑǌǚǍǂǕǊǋƿǓ ǆǒǄǂǔǀǂǓ. 
ƧǑǀǔǈǓ ǉǂ ƿǉǆǌǂ ǎǂ ǆǖǘǂǒǊǔǕƿǔǚ ǕǐǖǓ 
ǔǖǎǂǅƾǌǗǐǖǓ Ǎǐǖ, ǋ. ƥǆǚǒǄǐǞǌǊǂ 
ƲǂǎǂǄǊǟǕǂ, ǋ. ƦǂǒǍǂǎƿ ƴǑǖǒǀǅǚǎǂ, ǋ. 
ƲǂǌǊǕǔǋƽǒǈ ƦǈǍƿǕǒǊǐ ǋǂǊ ǋ. ƲǐǖǄǐǞǎǊǂ 
ƣǊǋǂǕǆǒǀǎǈ, ǄǊǂ Ǖǐ ǆǖǘƽǒǊǔǕǐ ǑǆǒǊǃƽǌǌǐǎ 
ǆǒǄǂǔǀǂǓ Ǒǐǖ ǃǐƿǉǈǔǂǎ ǎǂ ǅǈǍǊǐǖǒǄƿǔǐǖǍǆ, 
ǋǂǕƽ Ǖǈ ǅǊƽǒǋǆǊǂ ǕǈǓ ǑǂǒǂǍǐǎƿǓ ǍǂǓ ǔǕǐ 
ǆǒǄǂǔǕƿǒǊǐ. 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ƴǕǐǖǓ ǄǐǎǆǀǓ Ǎǐǖ ƥǊƽǎǎǈ ǋǂǊ ƣǔǈǍǐǞǌǂ, 
ǋǂǉǟǓ ǋǂǊ ǔǕǈǎ ǂǅǆǒǗƿ Ǎǐǖ ƤǊǃƿ. Ʃ ǃǐƿǉǆǊǂ 
ǋǂǊ ǈ ǔǖǍǑǂǒƽǔǕǂǔƿ ǔǂǓ ƿǕǂǎ, ǆǀǎǂǊ ǋǂǊ ǉǂ 
ǆǀǎǂǊ ǑǐǌǞ ǔǈǍǂǎǕǊǋƾǓ ǄǊǂ Ǎƾǎǂ. ƱǊ ǂǏǀǆǓ, ǐǊ 
ǔǖǍǃǐǖǌƾǓ, ǂǌǌƽ ǋǖǒǀǚǓ ǈ ǂǄƽǑǈ Ǒǐǖ Ǎǐǖ 
ǅǟǔǂǕǆ, ǔǖǎƾǃǂǌǂǎ ǔǕǐ ǎǂ Ǆǀǎǚ ǐ ƽǎǉǒǚǑǐǓ 
Ǒǐǖ ǆǀǍǂǊ ǔƿǍǆǒǂ. Ƶǐ ǌǊǄǝǕǆǒǐ Ǒǐǖ ǍǑǐǒǟ 
ǎǂ ǋƽǎǚ ǆǀǎǂǊ ǎǂ ǔǂǓ ǂǗǊǆǒǟǔǚ Ǖǈ 
ǅǊǑǌǚǍǂǕǊǋƿ Ǎǐǖ ǆǒǄǂǔǀǂ. ƴǂǓ ǆǖǘǂǒǊǔǕǟ 
ǄǊǂ ǝǌǂ!!!  



ƲǆǒǊǆǘǝǍǆǎǂ 
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ȉȠ ʌȡȩȕȜȘȝĮ ĲȘȢ ĮȞĮįȓʌȜȦıȘȢ ĲȦȞ ʌȡȦĲİȧȞȫȞ ĮʌĮıȤȠȜİȓ ĲȠȣȢ İʌȚıĲȒȝȠȞİȢ 

İįȫ țĮȚ ȤȡȩȞȚĮ țĮȚ ĮʌȠĲİȜİȓ ȑȞĮ ıȘȝĮȞĲȚțȩ ʌİįȓȠ ȑȡİȣȞĮȢ. ȂȑȤȡȚ ıȒȝİȡĮ ȑȤȠȣȞ 
ĮȞĮʌĲȣȤșİȓ ʌȠȜȜȑȢ ȝȑșȠįȠȚ ȖȚĮ ȞĮ ȝʌȠȡȑıȠȣȝİ ȞĮ ʌȡȠıİȖȖȓıȠȣȝİ ĲȠ ʌȡȩȕȜȘȝĮ ĮȣĲȩ. 
ȈĮȞ ȝȠȞĲȑȜȠ ıĲȘȞ ȑȡİȣȞĮ ĮȣĲȒ İʌȚȜȑȤșȘțİ Ș Rop, ȝȚĮ ȝȚțȡȒ ȠȝȠįȚȝİȡȒȢ ʌȡȦĲİǸȞȘ 

ʌȠȣ ıȤȘȝĮĲȓȗİȚ ȑȞĮ 4-Į-İȜȚțȠİȚįȑȢ įİȝȐĲȚȠ. ǼȝʌȜȑțİĲĮȚ ıĲȠȞ ȑȜİȖȤȠ ĲȦȞ ĮȞĲȚȖȡȐĳȦȞ 
ĲȠȣ ʌȜĮıȝȚįȓȠȣ ColE1 ĲȘȢ Escherichia coli, țĮșȫȢ ʌȡȠıįȑȞİĲĮȚ ıĲȠ ıȪȝʌȜȠțȠ ĲȦȞ 
ȝȠȡȓȦȞ RNAI-RNAII. ȈĮȞ ıȪıĲȘȝĮ ȖȚĮ ĲȚȢ ȝİȜȑĲİȢ ʌȠȣ ȝĮȢ ĮĳȠȡȠȪȞ ʌĮȡȠȣıȚȐȗİȚ 
ʌȠȜȜȐ ʌȜİȠȞİțĲȒȝĮĲĮ įȠȝȚțȐ țĮȚ ȜİȚĲȠȣȡȖȚțȐ. ǹȟȚȠıȘȝİȓȦĲȠ İȓȞĮȚ ĲȠ ȖİȖȠȞȩȢ ȩĲȚ 
ȝʌȠȡİȓ ȞĮ ȤȡȘıȚȝȠʌȠȚȘșİȓ ȖȚĮ ĲȘ įȘȝȚȠȣȡȖȓĮ ʌĮȡĮȜȜĮȖȫȞ ĲȘȢ, ȝȚĮ Įʌȩ ĲȚȢ ȠʌȠȓİȢ 
İȓȞĮȚ țĮȚ Ș Ala2Ile2-6 (Willis et al., 2000), Ș ʌĮȡĮȜȜĮȖȒ ĲȘȞ ȠʌȠȓĮ ıțȠʌİȪȠȣȝİ ȞĮ 

ȝİȜİĲȒıȠȣȝİ. ȆȡȩțİȚĲĮȚ ȖȚĮ ȝȚĮ ʌĮȡĮȜȜĮȖȒ ȩʌȠȣ Ƞ ȣįȡȩĳȠȕȠȢ ʌȣȡȒȞĮȢ ȑȤİȚ 
İʌĮȞĮıȤİįȚĮıĲİȓ ȫıĲİ ĲĮ ȑȟȚ ȝİıĮȓĮ ıĲȡȫȝĮĲȐ (layers) ĲȠȣ ȞĮ ĮʌȠĲİȜȠȪȞĲĮȚ ȝȩȞȠ 

Įʌȩ țĮĲȐȜȠȚʌĮ ĮȜĮȞȓȞȘȢ țĮȚ ȚıȠȜİȣțȓȞȘȢ. Ǿ ʌȡȦĲİǸȞȘ ĮȣĲȒ ȑȤİȚ ȝİȜİĲȘșİȓ įȚİȟȠįȚțȐ 

ȩıȠ ĮĳȠȡȐ ĲȚȢ țȚȞȘĲȚțȑȢ țĮȚ șİȡȝȠįȣȞĮȝȚțȑȢ ȚįȚȩĲȘĲȑȢ ĲȘȢ (Willis et al., 2000). 

ȆĮȡȠȣıȚȐȗİȚ ȩȝȦȢ ȝȚĮ ȚįȚĮȚĲİȡȩĲȘĲĮ ȩıȠ ĮĳȠȡȐ ĲȘ įȠȝȒ ĲȘȢ. ȆĮȡĮĲȘȡİȓĲĮȚ ȝȚĮ 

ıĲȡȠĳȒ ĲȠȣ İȞȩȢ ȝȠȞȠȝİȡȠȪȢ țĮĲȐ 180˚ ȖȪȡȦ Įʌȩ ĲȘȞ țȠȚȞȒ İʌȚĳȐȞİȚĮ ĲȦȞ 
ȝȠȞȠȝİȡȫȞ. Ǿ įȚĮĳȠȡİĲȚțȒ ĮȣĲȒ įȚĮȝȩȡĳȦıȘ țĮȚ Ș ĮʌȫȜİȚĮ ĲȘȢ ȜİȚĲȠȣȡȖȚțȩĲȘĲĮȢ 
ĲȘȢ ĳȣıȚțȒȢ ʌȡȦĲİǸȞȘȢ İȓȞĮȚ țȐʌȠȚĮ Įʌȩ ĲĮ İȡİșȓıȝĮĲĮ ʌȠȣ ȝĮȢ ȦșȠȪȞ ıĲȠ ȞĮ 

ĮıȤȠȜȘșȠȪȝİ ʌİȡĮȚĲȑȡȦ ȝİ ĲȘ ȝİȜȑĲȘ ĲȘȢ ĮȞĮįȓʌȜȦıȘȢ ĲȘȢ ʌȡȦĲİǸȞȘȢ ȝȑıȦ 

ʌȡȠıȠȝȠȚȫıİȦȞ ȝȠȡȚĮțȒȢ įȣȞĮȝȚțȒȢ. ȅȚ ʌȡȠıȠȝȠȚȫıİȚȢ ȝȠȡȚĮțȒȢ įȣȞĮȝȚțȒȢ 
ĮʌȠĲİȜȠȪȞ ȑȞĮ ȚıȤȣȡȩ İȡȖĮȜİȓȠ, ʌȠȣ ȝʌȠȡİȓ ȞĮ įȫıİȚ ʌȠȜȜȑȢ ʌȜȘȡȠĳȠȡȓİȢ ıİ ʌȠȚțȓȜĮ 

İʌȓʌİįĮ ĮȞȐȜȣıȘȢ. Ǿ ʌȡȠıȠȝȠȓȦıȘ ȑȤİȚ ĮʌȠįİȚȤșİȓ ȤȡȒıȚȝȘ ıĲȘȞ țĮĲĮȞȩȘıȘ ĲȦȞ 
ȝȘȤĮȞȚıȝȫȞ ĲȘȢ ʌȡȦĲİȧȞȚțȒȢ ĮȞĮįȓʌȜȦıȘȢ (Duan et al., 1998). īȚĮ ĲȠ ȜȩȖȠ ĮȣĲȩ 
ȤȡȘıȚȝȠʌȠȚȠȪȞĲĮȚ İįȫ țĮȚ ȤȡȩȞȚĮ țĮȚ șİȦȡȠȪȞĲĮȚ ĮȡțİĲȐ ĮȟȚȩʌȚıĲİȢ (Karplus, 2003; 

Karplus et al., 2002).   

 ǼȟĮȚĲȓĮȢ ĲȘȢ įȚĮĳȠȡȐȢ ıĲȘ įȠȝȒ țĮȚ ĲȚȢ ȚįȚȩĲȘĲİȢ ȝİĲĮȟȪ ĲȘȢ Ala2Ile2-6 țĮȚ 
ĲȘȢ ĳȣıȚțȒȢ Rop, ʌȡȠĲȐșȘțİ ȝȚĮ ȣʌȩșİıȘ ıȤİĲȚțȐ ȝİ ĲȠ ʌȠȚĮ įȠȝȒ İȓȞĮȚ ĲİȜȚțȐ ʌȚȠ 
ıĲĮșİȡȒ (Willis et al., 2000). ȆȡĮȖȝĮĲȠʌȠȚȒıĮȝİ ȜȠȚʌȩȞ ʌȡȠıȠȝȠȚȫıİȚȢ ȖȚĮ ĲĮ 

ıȣıĲȒȝĮĲĮ įȣȠ įȚȝİȡȫȞ ȝİ įȚĮĳȠȡİĲȚțȑȢ ĲȠʌȠȜȠȖȓİȢ (ȑȞĮ ȝİ ĲȘȞ ĲȠʌȠȜȠȖȓĮ ĲȘȢ 
Ala2Ile2-6, syn țĮȚ ȑȞĮ ȝİ ĲȘȞ ĮȜȜȘȜȠȣȤȓĮ ĲȘȢ Ala2Ile2-6țĮȚ ĲȘȞ ĲȠʌȠȜȠȖȓĮ ĲȘȢ 
ĳȣıȚțȒȢ Rop, anti). ǹʌȩ ĲĮ ĮʌȠĲİȜȑıȝĮĲĮ įİȞ ʌȡȠțȪʌĲİȚ țȐʌȠȚȠ ıĲȠȚȤİȓȠ ʌȠȣ ȞĮ 

İȟȘȖİȓ ĲȠ ȜȩȖȠ ȖȚĮ ĲȠȞ ȠʌȠȓȠ Ș Ala2Ile2-6 ʌȡȠĲȚȝȐ ĲȘ įȚĮȝȩȡĳȦıȘ syn. ȆĮȡȩȜĮ ĮȣĲȐ 

ıĲȩȤȠȢ ȝĮȢ İȓȞĮȚ ȞĮ ȝʌȠȡȑıȠȣȝİ ȞĮ ʌĮȡĮțȠȜȠȣșȒıȠȣȝİ ȑȞĮ ȖİȖȠȞȩȢ ĮȞĮįȓʌȜȦıȘȢ. 
ǲĲıȚ ȤȡȘıȚȝȠʌȠȚȠȪȝİ ĮʌȠȝȠȞȦȝȑȞĮ ȝȠȞȠȝİȡȒ, ȝİ įȚĮĳȠȡİĲȚțȑȢ ĮȡȤȚțȑȢ 
įȚĮȝȠȡĳȫıİȚȢ, ȝİ ıțȠʌȩ ĲȘȞ ʌȡĮȖȝĮĲȠʌȠȓȘıȘ ȣʌȠȜȠȖȚıĲȚțȫȞ įȚȝȠȡȚĮțȫȞ 
ıȣȖțȡȠȪıİȦȞ (bimolecular cillisions). ǼȞĲȠȪĲȠȚȢ, ȩȞĲĮȢ ȤȡȠȞȚțȐ ʌİȡȚȠȡȚıȝȑȞȠȚ, ıĲȘȞ 
İȡȖĮıȓĮ ĮȣĲȒ șĮ ĮıȤȠȜȘșȠȪȝİ ȝİ ĲȘ ȝİȜȑĲȘ ȠȡȚıȝȑȞȦȞ ıȣıĲȘȝȐĲȦȞ įȚȝİȡȫȞ țĮȚ 
ȝȠȞȠȝİȡȫȞ ȝȠȡȓȦȞ.  
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The protein folding problem has concerned scientists for many years and 

represents a very important field of research. Several methods have been developed in 

order to approach this problem. As a model in this research we have chosen Rop, a 

small homodimeric protein that forms a 4-Į-helix bundle. Rop is involved in the 

control process of the copy number of Escherichia coli’s ColE1 plasmid, as it binds 

the RNAI-RNAII complex. This protein shows a lot of advantages structural and 

functional. It has been used as a model system for designing several variants, such as 

Ala2Ile2-6 (Willis et al., 2000), the variant we are about to study. Its hydrophobic core 

is redesigned so that the middle six layers consist only of alanine and isoleukine 

residues. This protein has been fully studied as far as it concerns its kinetic and 

thermodynamic properties (Willis et al., 2000). Ala2Ile2-6 has a very interesting 

feature as far as it concerns its structure. A structural flip of one of the two monomers 

about 180˚ around the common surface of the two monomers is observed. This new 

conformation and the loss of the wild type protein’s function are a few of the things 

that motivate us to study further the protein’s folding process through molecular 

dynamics simulations. Molecular dynamics simulations have been a powerful tool 

that can provide rich information at various levels of resolution. Simulation has been 

instrumental in understanding protein folding mechanisms (Duan et al., 1998). These 

are a few reasons why they are being used for years and they are considered very 

reliable (Karplus, 2003; Karplus et al., 2002).   

  Due to the difference in the structure and the properties between Ala2Ile2-6 

and wild type Rop, a suggestion has been made concerning their stabilities (Willis et 

al., 2000). We have performed MD simulations for the systems of two dimmers with 

different topologies (one with the syn topology of Ala2Ile2-6 and one with the anti 

topology of the wild type Rop). The results cannot explain why Ala2Ile2-6 prefers the 

syn conformation. Nevertheless our intention is to observe, if possible, a folding event, 

through bimolecular collisions of monomers, starting from different conformations. 

However, due to the lack of time, we will perform simulations of two dimmers and a 

few monomers with different topologies.   

 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

          
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Ʃ 
ȚțĮȞȩĲȘĲĮ ȝȚĮȢ ʌȡȦĲİǸȞȘȢ ȞĮ ĮȞĮįȚʌȜȫȞİĲĮȚ ĮȟȚȩʌȚıĲĮ ıİ ȝȚĮ     

ʌȡȠțĮșȠȡȚıȝȑȞȘ įȚĮȝȩȡĳȦıȘ, ʌĮȡȐ ĲȠȞ ıȤİįȩȞ ĮʌİȡȚȩȡȚıĲȠ ĮȡȚșȝȩ 
įȚĮȝȠȡĳȫıİȦȞ, įİȞ ȑȤİȚ ȖȓȞİȚ ĮțȩȝĮ țĮĲĮȞȠȘĲȒ. ǼȓȞĮȚ ȖȞȦıĲȩ, İįȫ 

țĮȚ ʌȠȜȪ țĮȚȡȩ, ʌȦȢ Ș įȠȝȒ ȝȚĮȢ ʌȡȦĲİǸȞȘȢ țĮșȠȡȓȗİĲĮȚ ĮʌȠțȜİȚıĲȚțȐ Įʌȩ ĲȘȞ 
ĮȝȚȞȠȟȚțȒ ĮȜȜȘȜȠȣȤȓĮ (Anfinsen, 1973) țĮȚ Ș įȠȝȒ ȝȚĮȢ ʌȡȦĲİǸȞȘȢ țĮșȠȡȓȗİȚ ĲȘ 

ȜİȚĲȠȣȡȖȓĮ ĲȘȢ. ȀĮĲ’ İʌȑțĲĮıȘ, Ș ȜİȚĲȠȣȡȖȓĮ ȝȚĮȢ ʌȡȦĲİǸȞȘȢ İȟĮȡĲȐĲĮȚ ĮʌȠțȜİȚıĲȚțȐ 

Įʌȩ ĲȘȞ ȚțĮȞȩĲȘĲĮ ĲȘȢ ʌȡȦĲİǸȞȘȢ ȞĮ ĮȞĮįȚʌȜȫȞİĲĮȚ ȖȡȒȖȠȡĮ țĮȚ ȝİ ĮȟȚȠʌȚıĲȓĮ ıĲȘȞ 
ĳȣıȚțȒ ĲȘȢ įȠȝȒ. 

Ȉİ ʌȠȜȜȑȢ ʌȡȦĲİǸȞİȢ ʌĮȡĮĲȘȡİȓĲĮȚ ĲȠ ĳĮȚȞȩȝİȞȠ ĲȘȢ ĮȣșȩȡȝȘĲȘȢ 
ĮȞĮįȓʌȜȦıȘȢ ıĲȘ ĳȣıȚțȒ ĲȠȣȢ įȠȝȒ, ȩĲĮȞ ȕȡİșȠȪȞ ȝȑıĮ ıİ ȣįĮĲȚțȩ įȚȐȜȣȝĮ. Ǿ 

įȚĮįȚțĮıȓĮ ĮȣĲȒ ĲȘȢ ĮȞĮįȓʌȜȦıȘȢ ʌȡȑʌİȚ ȞĮ ȚțĮȞȠʌȠȚİȓ įȣȠ ıȣȞșȒțİȢ, ȝȚĮ 

șİȡȝȠįȣȞĮȝȚțȒ țĮȚ ȝȚĮ țȚȞȘĲȚțȒ. ǹʌȩ șİȡȝȠįȣȞĮȝȚțȒȢ ȐʌȠȥȘȢ, Ș ʌȡȦĲİǸȞȘ ĮʌȠțĲȐ 

ȝȚĮ ȝȠȞĮįȚțȒ, ıĲĮșİȡȒ țĮȚ ĮȞĮįȚʌȜȦȝȑȞȘ įȚĮȝȩȡĳȦıȘ. ǵıȠ ȖȚĮ ĲȘȞ țȚȞȘĲȚțȒ ĮȟȓȦıȘ, 

Ș ʌȡȦĲİǸȞȘ ʌȡȑʌİȚ ȞĮ ĮȞĮįȚʌȜȫȞİĲĮȚ ıĲȘ ĳȣıȚțȒ ĲȘȢ įȠȝȒ ıİ ʌȡȠțĮșȠȡȚıȝȑȞȘ 

ȤȡȠȞȚțȒ țȜȓȝĮțĮ. ȊʌȐȡȤİȚ ȝȚĮ ȣʌȩșİıȘ ıȪȝĳȦȞĮ ȝİ ĲȘȞ ȠʌȠȓĮ ȖȚĮ ȝȚĮ ʌȡȦĲİǸȞȘ ȝİ 
100 ĮȝȚȞȠȟȑĮ, ȝȚĮ țĮșĮȡȐ ĲȣȤĮȓĮ ȑȡİȣȞĮ įȚĮȝȩȡĳȦıȘȢ șĮ ĮʌĮȚĲȠȪıİ ȑȞĮ ȤȡȠȞȚțȩ 
įȚȐıĲȘȝĮ Įʌȩ țȐʌȠȚĮ įİȣĲİȡȩȜİʌĲĮ ȑȦȢ țȐʌȠȚĮ ȤȡȩȞȚĮ (Dobson et al., 1998). 

ȆĮȡȩȜĮ ĮȣĲȐ ȠȚ ʌȡȦĲİǸȞİȢ İȓȞĮȚ ȚțĮȞȑȢ ȞĮ ĮȞĮįȚʌȜȫȞȠȞĲĮȚ ıİ ȑȞĮ ȤȡȠȞȚțȩ įȚȐıĲȘȝĮ 

ĲȘȢ ĲȐȟİȦȢ ĲȦȞ ȤȚȜȚȠıĲȫȞ ĲȠȣ įİȣĲİȡȠȜȑʌĲȠȣ (ms). ǲȤȠȣȞ ʌȡȠĲĮșİȓ ʌȠȜȜȐ 

șİȦȡȘĲȚțȐ ȝȠȞĲȑȜĮ ĮȞĮįȓʌȜȦıȘȢ, ȝİ ıțȠʌȩ ȞĮ İȟȘȖȒıȠȣȞ ĲȠȞ ĲȡȩʌȠ ȝİ ĲȠȞ ȠʌȠȓȠ 
ʌȡĮȖȝĮĲȠʌȠȚİȓĲĮȚ ȝİ ĲȑĲȠȚİȢ ĲĮȤȪĲȘĲİȢ Ș ĮȟȚȩʌȚıĲȘ ĮȞĮįȓʌȜȦıȘ ĲȦȞ ʌȡȦĲİȧȞȫȞ 
(ȖȞȦıĲȩ țĮȚ ȦȢ ʌȡȩȕȜȘȝĮ ĲȘȢ ĮȞĮįȓʌȜȦıȘȢ ĲȦȞ ʌȡȦĲİȧȞȫȞ, protein folding problem) 

(Wetlaufer, 1973; Kim et al., 1990; Bashford et al., 1988; Matheson et al., 1978; 

Harrison et al., 1985). ȉȠ İȡȫĲȘȝĮ ĮȣĲȩ İȓȞĮȚ ȖȞȦıĲȩ ȦȢ ʌĮȡȐįȠȟȠ ĲȠȣ Levinthal țĮȚ 
ȑȤİȚ İʌȚțȡĮĲȒıİȚ ıĲȚȢ ıȣȗȘĲȒıİȚȢ ȖȚĮ ĲȘȞ ĮȞĮįȓʌȜȦıȘ ʌȐȞȦ Įʌȩ 30 ȤȡȩȞȚĮ (Levinthal, 

1968). 

ǹʌȩ ĲȘ ıĲȚȖȝȒ ʌȠȣ ȣʌȐȡȤİȚ ȑȞĮȢ ȝİȖȐȜȠȢ ĮȡȚșȝȩȢ ʌȡȠıȚĲȫȞ įȚĮȝȠȡĳȫıİȦȞ 
ȖȚĮ ȝȚĮ ȝȘ ĮȞĮįȚʌȜȦȝȑȞȘ ʌȠȜȣʌİʌĲȚįȚțȒ ĮȜȣıȓįĮ, įİȞ İȓȞĮȚ ʌȡĮțĲȚțȐ įȣȞĮĲȩ ȖȚĮ ȝȚĮ 

ʌȡȦĲİǸȞȘ ȞĮ ʌİȡȐıİȚ Įʌȩ ȩȜİȢ ĮȣĲȑȢ ĲȚȢ įȚĮȝȠȡĳȫıİȚȢ ȫıĲİ ȞĮ ȜȐȕİȚ ĲİȜȚțȐ ĲȘȞ 
țĮĲȐȜȜȘȜȘ įȠȝȒ. ȉȠ ȖİȖȠȞȩȢ ĮȣĲȩ ȣʌȠįȘȜȫȞİȚ ʌȦȢ İȜȑȖȤİĲĮȚ ȝȩȞȠ ȑȞĮ ȝȚțȡȩ ȝȑȡȠȢ 
ĲȠȣ ȤȫȡȠȣ įȚĮȝȩȡĳȦıȘȢ ĲȦȞ ʌȡȦĲİȧȞȫȞ țĮĲȐ ĲȘ įȚȐȡțİȚĮ ĲȘȢ įȚĮįȚțĮıȓĮȢ 
ĮȞĮįȓʌȜȦıȘȢ țĮȚ ĮȣĲȩ ȝİ ĲȘ ıİȚȡȐ ĲȠȣ ȣʌȠįȘȜȫȞİȚ ĲȘȞ ȪʌĮȡȟȘ ĲȦȞ țȚȞȘĲȚțȫȞ 
ȝȠȞȠʌĮĲȚȫȞ ĮȞĮįȓʌȜȦıȘȢ ȩʌȦȢ ȚıȤȣȡȓıĲȘțİ ʌȡȫĲȠȢ țĮȚ Ƞ Levinthal ĲȠ 1968 

(Levinthal, 1968). Ȉİ ĮȣĲȐ ĲĮ ȝȠȞȠʌȐĲȚĮ ȜȠȚʌȩȞ, ĲĮ ʌȡȦĲİȧȞȚțȐ ȝȩȡȚĮ șĮ ʌİȡȞȠȪıĮȞ 
Įʌȩ țĮȜȐ ȤĮȡĮțĲȘȡȚıȝȑȞĮ țĮȚ ȝİȡȚțȫȢ įȠȝȘȝȑȞĮ İȞįȚȐȝİıĮ ȝȩȡȚĮ. 

ǲȞĮ ĮȡȤȚțȩ ȝȠȞĲȑȜȠ (Wetlaufer, 1973), ȣʌȠıĲȒȡȚȗİ ĲȘȞ İȝĳȐȞȚıȘ ȝȑıȦ 

ĲȣȤĮȓȦȞ ĲĮȜĮȞĲİȪıİȦȞ ȝȚĮȢ ĮȡțİĲȐ ȝȚțȡȒȢ įȠȝȒȢ “ʌȣȡȒȞĮ”, Ș ȠʌȠȓĮ įİ șĮ ȒĲĮȞ 
ıĲĮșİȡȒ, șĮ ȜİȚĲȠȣȡȖȠȪıİ ȩȝȦȢ ıĮȞ İțȝĮȖİȓȠ ʌȐȞȦ ıĲȠ ȠʌȠȓȠ ĲȠ ȣʌȩȜȠȚʌȠ ĲȘȢ 
ʌȠȜȣʌİʌĲȚįȚțȒȢ ĮȜȣıȓįĮȢ șĮ ȝʌȠȡȠȪıİ ȞĮ ĮȞĮįȚʌȜȦșİȓ ĲĮȤȪĲĮĲĮ. ȅ ȡȣșȝȩȢ ĲȘȢ 
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ĮȞĮįȓʌȜȦıȘȢ ıĲȠ ȝȠȞĲȑȜȠ ĮȣĲȩ țĮșȠȡȓȗİĲĮȚ Įʌȩ ĮȡȤȚțȩ ȕȒȝĮ ĲȠȣ ıȤȘȝĮĲȚıȝȠȪ ĲȠȣ 
“ʌȣȡȒȞĮ”. ǻȣȠ ȐȜȜĮ ȝȠȞĲȑȜĮ, ĲĮ ȠʌȠȓĮ İȓȞĮȚ ĮȡțİĲȐ ȩȝȠȚĮ, İȓȞĮȚ ĲȠ ȝȠȞĲȑȜȠ ĲȦȞ 
įȠȝȫȞ (framework model) (Kim et al., 1990; Baldwin, 1989) țĮȚ ĲȠ ȝȠȞĲȑȜȠ 
įȚȐȤȣıȘȢ - ıȪȖțȡȠȣıȘȢ - ıȣȖțȩȜȜȘıȘȢ (diffusion - collision -adhesion model) 

(Karplus et al., 1979; Bashford et al., 1988). ȈȪȝĳȦȞĮ ȝİ ĲȠ ʌȡȫĲȠ ȝȠȞĲȑȜȠ, Ƞ 
ıȤȘȝĮĲȚıȝȩȢ ĲȘȢ ĮȞĮįȚʌȜȦȝȑȞȘȢ įȠȝȒȢ İȓȞĮȚ ĮʌȠĲȑȜİıȝĮ ĲȠȣ ʌĮțİĲĮȡȓıȝĮĲȠȢ 
ʌȡȠȨʌĮȡȤȩȞĲȦȞ ĮȞİȟȐȡĲȘĲȦȞ ıĲȠȚȤİȓȦȞ įİȣĲİȡȠĲĮȖȠȪȢ įȠȝȒȢ. Ǽįȫ Ƞ ȡȣșȝȩȢ 
țĮșȠȡȓȗİĲĮȚ Įʌȩ ĲȠ ıȣȞįȣĮıȝȩ țĮȚ ĲȠ ʌĮțİĲȐȡȚıȝĮ ĲȦȞ ıĲȠȚȤİȓȦȞ įİȣĲİȡȠĲĮȖȠȪȢ 
įȠȝȒȢ. ȈĲȠ įİȪĲİȡȠ İȞȑȤİĲĮȚ Ș ȣʌȩșİıȘ ȩĲȚ ȣʌȐȡȤȠȣȞ ĮȞİȟȐȡĲȘĲĮ ıĲȠȚȤİȓĮ ĲȘȢ 
ĳȣıȚțȒȢ įİȣĲİȡȠĲĮȖȠȪȢ įȠȝȒȢ, Ȓ “ȝȚțȡȠ-İʌȚțȡȐĲİȚİȢ”, ĲĮ ȠʌȠȓĮ įȚĮȤȑȠȞĲĮȚ ȝĮȗȓ țĮȚ 
ıȣȖțȡȠȪȠȞĲĮȚ, ȫıĲİ ȞĮ ıȤȘȝĮĲȚıĲİȓ Ș ĲȡȚĲȠĲĮȖȒȢ įȠȝȒ. ǹȡȤȚțȐ ĮȣĲȑȢ ȠȚ “ȝȚțȡȠ-
İʌȚțȡȐĲİȚİȢ” İȓȞĮȚ ĮıĲĮșİȓȢ, ʌĮȡȩȜĮ ĮȣĲȐ ȩȝȦȢ ȩĲĮȞ ȕȡİșȠȪȞ țȠȞĲȐ ıĲĮșİȡȠʌȠȚİȓ Ș 

ȝȚĮ ĲȘȞ ȐȜȜȘ ȝȑıȦ ĲȦȞ ȝİĲĮȟȪ ĲȠȣȢ ĮȜȜȘȜİʌȚįȡȐıİȦȞ. ȅ ȡȣșȝȩȢ ıȤȘȝĮĲȚıȝȠȪ İȞȩȢ 
ıĲĮșİȡȩĲİȡȠȣ ıȣȝʌȜȩțȠȣ įȓȞİĲĮȚ Įʌȩ ĲȠ ȖȚȞȩȝİȞȠ ĲȠȣ ȡȣșȝȠȪ ĲȘȢ ĲĮȣĲȩȤȡȠȞȘȢ 
įȚȐȤȣıȘȢ İʌȓ ĲȘȞ ʌȚșĮȞȩĲȘĲĮ ȩȜİȢ ȠȚ “ȝȚțȡȠ-İʌȚțȡȐĲİȚİȢ” ȞĮ ȑȤȠȣȞ ĲȘȞ țĮĲȐȜȜȘȜȘ 

įȚĮȝȩȡĳȦıȘ (Northey, 2001). ǲȞĮȢ ĮțȩȝȘ ȝȘȤĮȞȚıȝȩȢ İȓȞĮȚ ĲȠ ȝȠȞĲȑȜȠ ĲȘȢ 
ȣįȡȩĳȠȕȘȢ “țĮĲȐȡȡİȣıȘȢ” (hydrophobic collapse model), ıȪȝĳȦȞĮ ȝİ ĲȠ ȠʌȠȓȠ Ș 

ĮȞĮįȓʌȜȦıȘ ȟİțȚȞȐ ȝİ ȝȚĮ ȖȡȒȖȠȡȘ ȣįȡȩĳȠȕȘ “țĮĲȐȡȡİȣıȘ” (Matheson et al., 1978; 

Wuthcich et al., 1978; Dill, 1985, 1990). Ǿ țȚȞȘĲȒȡȚĮ įȪȞĮȝȘ ĲȘȢ ĮȞĮįȓʌȜȦıȘȢ 
ĮʌİȚțȠȞȓȗİĲĮȚ ȝİ ĲȘȞ ȑȟȠįȠ ĲȠȣ ȞİȡȠȪ Įʌȩ ȑȞĮȞ ĲĮȤȪĲĮĲĮ ıȤȘȝĮĲȚȗȩȝİȞȠ ȣįȡȩĳȠȕȠ 
ʌȣȡȒȞĮ, ȝȑıĮ ıĲȠȞ ȠʌȠȓȠ įȘȝȚȠȣȡȖȠȪȞĲĮȚ įȚĮįȠȤȚțȐ Ș įİȣĲİȡȠĲĮȖȒȢ țĮȚ Ș ĲȡȚĲȠĲĮȖȒȢ 
įȠȝȒ. Ȉİ ĮȞĲȓșİıȘ ȝİ ĲĮ ʌȚȠ ʌȐȞȦ ȝȠȞĲȑȜĮ, İȝĳĮȞȓȗİĲĮȚ ĲȠ ȝȠȞĲȑȜȠ ıȣȞĮȡȝȠȜȩȖȘıȘȢ 
(jigsaw puzzle model), ıȪȝĳȦȞĮ ȝİ ĲȠ ȠʌȠȓȠ įİȞ ȣʌȐȡȤİȚ țȐʌȠȚȠ ʌȡȠĲȚȝȘĲȑȠ ıȘȝİȓȠ 
İțțȓȞȘıȘȢ ĲȘȢ ĮȞĮįȓʌȜȦıȘȢ țĮȚ țȐșİ ʌȡȠıʌȐșİȚĮ ĮȞĮįȓʌȜȦıȘȢ ĮțȠȜȠȣșİȓ 
įȚĮĳȠȡİĲȚțȩ ȝȠȞȠʌȐĲȚ (Harrison et al., 1985). ȉȠ ȝȠȞĲȑȜȠ ĮȣĲȩ İȓȞĮȚ ʌĮȡȩȝȠȚȠ ȝİ ĲȘ 

“ȞȑĮ ȩȥȘ” ĲȘȢ ʌȡȦĲİȧȞȚțȒȢ ĮȞĮįȓʌȜȦıȘȢ, ıȪȝĳȦȞĮ ȝİ ĲȘȞ ȠʌȠȓĮ ȠȚ ʌȡȦĲİǸȞİȢ 
ĮȞĮįȚʌȜȫȞȠȞĲĮȚ ȝȑıȦ İȞȩȢ ıȣȞȩȜȠȣ ȝȠȞȠʌĮĲȚȫȞ țĮȚ ĲĮ ȝİȝȠȞȦȝȑȞĮ İȞįȚȐȝİıĮ 

ȝȩȡȚĮ įİȞ ȣʌȐȡȤȠȣȞ (Bryngelson et al., 1995). 

ȆȚȠ ʌȐȞȦ ĮȞĮĳȑȡĮȝİ ĮȜȜȘȜİʌȚįȡȐıİȚȢ ȠȚ ȠʌȠȓİȢ ıĲĮșİȡȠʌȠȚȠȪȞ ĲȘ įȠȝȒ ĲȘȢ 
ʌȡȦĲİǸȞȘȢ. ǲȤİȚ ȕȡİșİȓ ʌȦȢ Ș ıĲĮșİȡȩĲȘĲĮ ĲȘȢ ĳȣıȚțȒȢ țĮĲȐıĲĮıȘȢ ȝȚĮȢ ʌȡȦĲİǸȞȘȢ, 
ȩıȠ ĮĳȠȡȐ ĲȘ ȝȘ ĮȞĮįȚʌȜȦȝȑȞȘ ȝȠȡĳȒ ĲȘȢ, İȓȞĮȚ ȠȡȚĮțȒ. Ǿ İȜİȪșİȡȘ İȞȑȡȖİȚĮ ĲȠȣ 
Gibb (ǻGu), ıİ ıȤȑıȘ ȝİ ĲȘȞ ʌȡȦĲİȧȞȚțȒ ĮȞĮįȓʌȜȦıȘ İȓȞĮȚ ȖİȞȚțȐ ȝİĲĮȟȪ -5 țĮȚ -15 

kcal/mol (Seckler et al., 1992). īȚĮ ȞĮ ʌȡȠıįȚȠȡȚıĲİȓ ȩȝȦȢ ʌȠȚİȢ ĮȜȜȘȜİʌȚįȡȐıİȚȢ 
İȓȞĮȚ ıȘȝĮȞĲȚțȑȢ ıĲȠȞ țĮșȠȡȚıȝȩ ĲȘȢ ıĲĮșİȡȩĲȘĲĮȢ țĮȚ įȚĮȝȩȡĳȦıȘȢ ĲȦȞ 
ʌȡȦĲİȧȞȚțȫȞ ȝȠȡȓȦȞ, ĮȞĮʌĲȪȤșȘțĮȞ ȠȚ ȝȑșȠįȠȚ ĲȘȢ ʌȡȦĲİȧȞȚțȒȢ ȝȘȤĮȞȚțȒȢ.  

ȆĮȡȩȜĮ ĮȣĲȐ, ĲĮ ĲİȜİȣĲĮȓĮ ȤȡȩȞȚĮ ȑȤİȚ ĮȞĮʌĲȣȤșİȓ ȑȞĮȢ ȝİȖȐȜȠȢ ȩȖțȠȢ 
ʌİȚȡĮȝĮĲȚțȫȞ įİįȠȝȑȞȦȞ, ʌȠȣ ȣʌȠıĲȘȡȓȗİȚ ʌȦȢ Ƞ ȡȣșȝȩȢ țĮȚ ȠȚ ȝȘȤĮȞȚıȝȠȓ ĲȘȢ 
ʌȡȦĲİȧȞȚțȒȢ ĮȞĮįȓʌȜȦıȘȢ İȓȞĮȚ ıȣȞĲȘȡȘȝȑȞȠȚ țĮȚ țĮșȠȡȓȗȠȞĲĮȚ țĮĲȐ ȑȞĮ ȝİȖȐȜȠ 
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ȝȑȡȠȢ Įʌȩ ĲȘȞ ĲȠʌȠȜȠȖȓĮ ĲȘȢ ĳȣıȚțȒȢ įȠȝȒȢ, ʌĮȡȐ Įʌȩ ĲȚȢ İȚįȚțȑȢ ĮȜȜȘȜİʌȚįȡȐıİȚȢ, 
ȠȚ ȠʌȠȓİȢ ıĲĮșİȡȠʌȠȚȠȪȞ ĲȘ įȠȝȒ ȝȚĮȢ ʌȡȦĲİǸȞȘȢ. 

īȚĮ ȞĮ ȝʌȠȡȑıȠȣȝİ ȞĮ  ʌȡȠıİȖȖȓıȠȣȝİ țĮĲȐ țȐʌȠȚȠ ĲȡȩʌȠ ĲȘȞ ĮȞĮįȓʌȜȦıȘ 

ĲȦȞ ʌȡȦĲİȧȞȫȞ, ȤȡȘıȚȝȠʌȠȚȒıĮȝİ ıĮȞ ıȪıĲȘȝĮ ĮȞĮĳȠȡȐȢ ĲȘȞ ʌȡȦĲİǸȞȘ Rop. 

ȆȡȩțİȚĲĮȚ ȖȚĮ ȝȚĮ ʌȡȦĲİǸȞȘ, Ș ʌȠȜȣʌİʌĲȚįȚțȒ ĮȜȣıȓįĮ ĲȘȢ ȠʌȠȓĮȢ İȓȞĮȚ Įʌȩ ĲȚȢ 
țĮĲĮȜȜȘȜȩĲİȡİȢ ȖȚĮ ĲȑĲȠȚȠȣ İȓįȠȣȢ ȝİȜȑĲİȢ, İȟĮȚĲȓĮȢ ĲȦȞ ʌȜİȠȞİțĲȘȝȐĲȦȞ ʌȠȣ ĲȘ 

ȤĮȡĮțĲȘȡȓȗȠȣȞ. ȀȦįȚțȠʌȠȚİȓĲĮȚ Įʌȩ ĲȠ ȖȠȞȓįȚȠ rop / rom, ĲȝȒȝĮ ĲȠȣ ʌȜĮıȝȚįȓȠȣ 
ColE1, ĲȘȢ E. coli. ǼȓȞĮȚ ȝȚĮ ȝȚțȡȒ, ȩȟȚȞȘ țĮĲȐ ȕȐıȘ, ʌȡȦĲİǸȞȘ, Ș ʌȠȜȣʌİʌĲȚįȚțȒ 

ĮȜȣıȓįĮ ĲȘȢ ȠʌȠȓĮȢ ĮʌȠĲİȜİȓĲĮȚ Įʌȩ 63 ĮȝȚȞȠȟȚțȐ țĮĲȐȜȠȚʌĮ (Polisky, 1988). ǼȓȞĮȚ 
ĲȠ ĮʌȜȠȪıĲİȡȠ țĮȚ ʌȚȠ ıȣȝȝİĲȡȚțȩ ȓıȦȢ ȝȑȜȠȢ ȝȚĮȢ ȠȚțȠȖȑȞİȚĮȢ ʌȡȦĲİȧȞȫȞ, 
ȤĮȡĮțĲȘȡȚıĲȚțȩ ĲȦȞ ȠʌȠȓȦȞ İȓȞĮȚ ȑȞĮ įİȝȐĲȚȠ ʌȠȣ ıȤȘȝĮĲȓȗİĲĮȚ Įʌȩ ĲȑııİȡȚȢ 
ĮȞĲȚʌĮȡȐȜȜȘȜİȢ ȑȜȚțİȢ (Castagnoli et al., 1994). Ǿ įȠȝȒ ĲȘȢ İȓȞĮȚ ȖȞȦıĲȒ ıĲȘȞ 
țȡȣıĲĮȜȜȚțȒ ȝȠȡĳȒ (țȡȣıĲĮȜȜȠȖȡĮĳȓĮ ĮțĲȓȞȦȞ-ȋ ıİ ĮȞȐȜȣıȘ 1,7 Å) (Banner et al., 

1987), țĮșȫȢ țĮȚ ıĲȠ įȚȐȜȣȝĮ (2D NMR ĮȞȐȜȣıȘ) (Eberle et al., 1991). ǳĲĮȞ Ș 

ʌȡȫĲȘ įȠȝȒ ıʌİȚȡȦȝȑȞȠȣ ıʌİȚȡȐȝĮĲȠȢ ʌȠȣ İʌȚȜȪșȘțİ ıİ ĲȩıȠ ȣȥȘȜȒ ĮȞȐȜȣıȘ. 

ȆĮȡȩȜĮ ĮȣĲȐ ȩȝȦȢ, İȓȞĮȚ ĮȟȚȠıȘȝİȓȦĲȠ ĲȠ ȖİȖȠȞȩȢ ȩĲȚ ĲĮ ĲİȜİȣĲĮȓĮ 7 ĮȝȚȞȠȟȑĮ ʌȠȣ 
ȕȡȓıțȠȞĲĮȚ ıĲȠ C-ĲİȜȚțȩ ȐțȡȠ, įİȞ ȝʌȠȡȠȪȞ ȞĮ İȞĲȠʌȚıĲȠȪȞ ıĲȘȞ țȡȣıĲĮȜȜȚțȒ įȠȝȒ, 

ʌȚșĮȞȫȢ ȜȩȖȦ ĲȘȢ ȣȥȘȜȒȢ țȚȞȘĲȚțȩĲȘĲĮȢ ĮȣĲȫȞ ĲȦȞ țĮĲĮȜȠȓʌȦȞ (Steif et al., 1993).   

Ǿ ȜİȚĲȠȣȡȖȓĮ ĲȘȢ Rop ȑȖțİȚĲĮȚ ıĲȠȞ ȑȜİȖȤȠ ĲȦȞ ĮȞĲȚȖȡȐĳȦȞ ĲȠȣ ʌȜĮıȝȚįȓȠȣ 
ColE1. ȆȜĮıȝȓįȚĮ ȝİ ȑȜȜİȚȝȝĮ ȝȑȡȠȣȢ Ȓ țĮȚ ȠȜȩțȜȘȡȠȣ ĲȠȣ ȖȠȞȚįȓȠȣ rop ȤȐȞȠȣȞ ĲȘȞ 
İȞİȡȖȩĲȘĲĮ ȖȠȞȚįȓȠȣ țĮĲĮıĲȠȜȒȢ (Moser et al., 1984). ȈȪȝĳȦȞĮ ȝİ ʌİȚȡȐȝĮĲĮ 

ĳșȠȡȚıȝȠȪ (ȤȡȘıȚȝȠʌȠȚȫȞĲĮȢ 2-aminopurine-2ǯ-O-methyl ribose, 2-AP) ȖȚĮ ĲȘ 

ȝȑĲȡȘıȘ ĲȘȢ ȚțĮȞȩĲȘĲĮȢ ıȣȖțȡȐĲȘıȘȢ įȪȠ ȝİĲĮȖȡȐĳȦȞ RNA ĲȠȣ ʌȜĮıȝȚįȓȠȣ ColE1, 

ĲȠȣ RNA ǿ (țȚȞȘĲȚțȐ İȜİȖȤȩȝİȞȠȢ țĮĲĮıĲȠȜȑĮȢ ĲȘȢ ĮȞĲȚȖȡĮĳȒȢ) țĮȚ ĲȠȣ 
ıȣȝʌȜȘȡȦȝĮĲȚțȠȪ ĲȠȣ RNA ǿǿ (İțțȚȞȘĲȒȢ ĲȘȢ ĮȞĲȚȖȡĮĳȒȢ ĲȠȣ ʌȜĮıȝȚįȓȠȣ), 
ʌȡȠțȪʌĲİȚ ȩĲȚ Ș Rop ȜİȚĲȠȣȡȖİȓ ȦȢ İȞȚıȤȣĲȒȢ ĲȘȢ ıĲĮșİȡȩĲȘĲĮȢ ĲȠȣ İȞįȚȐȝİıȠȣ 
ıȣȝʌȜȩțȠȣ RNA ǿ – RNA ǿǿ, ʌȡȠıįİȞȩȝİȞȘ ı’ ĮȣĲȩ (Castagnoli et al., 1989; Rist et 

al., 2001). ȆİȚȡȐȝĮĲĮ ȝİĲĮȜȜȐȟİȦȞ ȑįİȚȟĮȞ ʌȦȢ ĲĮ țĮĲȐȜȠȚʌĮ İțİȓȞĮ ʌȠȣ ĳĮȓȞİĲĮȚ ȞĮ 

ʌȡȠıįȓįȠȣȞ ıĲȘ Rop ĲȘ įȣȞĮĲȩĲȘĲĮ ȞĮ ĮȞĮȖȞȦȡȓȗİȚ ĲȠ RNA țĮȚ ȞĮ ʌȡȠıįȑȞİĲĮȚ ı’ 

ĮȣĲȩ, ȕȡȓıțȠȞĲĮȚ ıĲȚȢ șȑıİȚȢ 10, 14, 18 țĮȚ 25 ıĲȘȞ ʌȡȫĲȘ ȑȜȚțĮ (1/1ǯ) țĮșİȞȩȢ Įʌȩ 
ĲĮ įȪȠ ȝȠȞȠȝİȡȒ. ǲȞĮ İʌȚʌȜȑȠȞ țĮĲȐȜȠȚʌȠ ıĲȘ șȑıȘ 3 ĳĮȓȞİĲĮȚ ȞĮ ıȣȝȝİĲȑȤİȚ ıĲȘȞ 
ʌȡȩıįİıȘ, ȤȦȡȓȢ ȩȝȦȢ ȞĮ įȚĮįȡĮȝĮĲȓȗİȚ ıȘȝĮȞĲȚțȩ ȡȩȜȠ (Predki et al., 1995). 

ȆȜİȠȞȑțĲȘȝĮ ıĲȘ ȤȡȒıȘ ĲȘȢ Rop ıĮȞ ıȪıĲȘȝĮ ĮȞĮĳȠȡȐȢ, İȓȞĮȚ Ș įȣȞĮĲȩĲȘĲĮ 

įȘȝȚȠȣȡȖȓĮȢ ʌĮȡĮȜȜĮȖȫȞ ĲȘȢ ʌȡȦĲİǸȞȘȢ, țȣȡȓȦȢ ȝȑıȦ ıȘȝİȚĮțȫȞ ȝİĲĮȜȜȐȟİȦȞ, țĮȚ 
Ș İțĲİĲĮȝȑȞȘ ȝİȜȑĲȘ ĲȠȣȢ (Magliery et al., 2004), țĮșȫȢ țĮȚ Ș įȣȞĮĲȩĲȘĲĮ ȝİȜȑĲȘȢ 
ĲȘȢ ʌȡȩȖȞȦıȘȢ ʌİȡȚȠȡȚıȝȫȞ ʌȠȣ ȕĮıȓȗȠȞĲĮȚ ıĲȘȞ ĲȠʌȠȜȠȖȓĮ ĲȠȣ ʌȡȦĲİȧȞȚțȠȪ 
ıțİȜİĲȠȪ (Presnell et al., 1989), țȣȡȓȦȢ ȜȩȖȦ ĲȘȢ įȠȝȒȢ ĲȘȢ, įȘȜĮįȒ ĲȘȢ įȠȝȒȢ ĲȠȣ 4-

Į-İȜȚțȠİȚįȠȪȢ įİȝĮĲȓȠȣ.   

 12



ȉȠ 4-Į-İȜȚțȠİȚįȑȢ įİȝȐĲȚȠ ĮʌȠĲİȜİȓ ȑȞĮ țȠȚȞȩ įȠȝȚțȩ ȝȠĲȓȕȠ ĮȞȐȝİıĮ ıĲȚȢ 
ĳȣıȚțȑȢ ʌȡȦĲİǸȞİȢ, ĲȠ ȠʌȠȓȠ įȠȝȚțȐ ȝʌȠȡİȓ ȞĮ ʌĮȡĮĲȘȡȘșİȓ İȓĲİ ĮȞİȟȐȡĲȘĲĮ, İȓĲİ ıĮȞ 
ıȣıĲĮĲȚțȩ ȝİȖĮȜȪĲİȡȦȞ ʌȡȦĲİȧȞȫȞ (Harris et al., 1994). īȚĮ ʌĮȡȐįİȚȖȝĮ Ș įȠȝȒ ĮȣĲȒ 

ȤĮȡĮțĲȘȡȓȗİȚ ʌȡȦĲİǸȞİȢ ȩʌȦȢ, Ș ĮȞșȡȫʌȚȞȘ ĮȣȟȘĲȚțȒ ȠȡȝȩȞȘ, Ș ĮʌȠȜȚʌȠʌȡȦĲİǸȞȘ țĮȚ 
ȠȚ ȚȞĲİȡȜİȣțȓȞİȢ. ȁİȚĲȠȣȡȖȚțȐ ȝʌȠȡİȓ ȞĮ ıȣȝȝİĲȑȤİȚ ıİ įȚȐĳȠȡİȢ įȚĮįȚțĮıȓİȢ, Įʌȩ 
ĲȘȞ ĮʌȠșȒțİȣıȘ ȝİĲȐȜȜȦȞ ȝȑȤȡȚ țĮȚ ĲȘȞ țȣĲĲĮȡȚțȒ įȚȑȖİȡıȘ (Kamterkat et al., 1995). 

ǻȣȠ ȝȠȡĳȑȢ ĲȦȞ 4-Į-İȜȚțȠİȚįȫȞ įİȝĮĲȓȦȞ İȓȞĮȚ ȖȞȦıĲȑȢ. ȈĲȘȞ ʌȡȫĲȘ, ĲȠ İıȦĲİȡȚțȩ 
ĲȦȞ įİȝĮĲȓȦȞ ȜİȚĲȠȣȡȖİȓ ıĮȞ ȣʌȠįȠȤȑĮȢ ȝȚĮȢ ʌȡȠıșİĲȚțȒȢ ȠȝȐįĮȢ țĮȚ ıİ ĮȣĲȒ ĲȘȞ 
ʌİȡȓʌĲȦıȘ ĲȠ įİȝȐĲȚȠ ıȣȞȒșȦȢ ĮʌȠțȜȓȞİȚ Įʌȩ ĲȠ ȑȞĮ ȐțȡȠ. ȈĲȘ įİȪĲİȡȘ įİȞ ȝİĲȑȤİȚ 
țȐʌȠȚĮ ʌȡȠıșİĲȚțȒ ȠȝȐįĮ țĮȚ ȠȚ 4 Į ȑȜȚțİȢ ĮʌȠțȜȓȞȠȣȞ ıȣȝȝİĲȡȚțȐ Įʌȩ ĲȠ țİȞĲȡȚțȩ 
ıȘȝİȓȠ ıĲȠ ȠʌȠȓȠ ȕȡȓıțȠȞĲĮȚ ʌȚȠ ıĲİȞȐ ʌĮțİĲĮȡȚıȝȑȞİȢ (Cohen et al., 1990). ȉȠ 
įİȝȐĲȚȠ ĮȞĲȚʌȡȠıȦʌİȪİĲĮȚ Įʌȩ ĲȘȞ ĮȞĲȚʌĮȡȐȜȜȘȜȘ įȚİȣșȑĲȘıȘ ĲİııȐȡȦȞ Į İȜȓțȦȞ, 
ȠȚ ȠʌȠȓİȢ įȚĮıĲĮȣȡȫȞȠȞĲĮȚ ȝİ ȖȦȞȓĮ ʌİȡȓʌȠȣ 20˚ (Presnell et al., 1989) (ǼȚțȩȞĮ 1-1). 

Ǿ įȚİȣșȑĲȘıȘ ĲȦȞ İȜȓțȦȞ țĮĲȐ ĮȣĲȒ ĲȘ ĳȠȡȐ ȠĳİȓȜİĲĮȚ ıİ ȝȘ ȠȝȠȚȠʌȠȜȚțȑȢ 
ĮȜȜȘȜİʌȚįȡȐıİȚȢ ʌȠȣ ȠįȘȖȠȪȞ ıĲȠ ȚıȤȣȡȩ ʌĮțİĲȐȡȚıȝȐ ĲȠȣȢ, İȞȫ ȠȚ ȘȜİțĲȡȠıĲĮĲȚțȑȢ 
ĮȜȜȘȜİʌȚįȡȐıİȚȢ İȓȞĮȚ İțİȓȞİȢ ʌȠȣ ʌĮȓȗȠȣȞ ıȘȝĮȞĲȚțȩ ȡȩȜȠ ıĲȘȞ ʌȡȠĲȓȝȘıȘ ĲȘȢ 
ĮȞĲȚʌĮȡȐȜȜȘȜȘȢ įȚİȣșȑĲȘıȘȢ ĲȦȞ ȖİȚĲȠȞȚțȫȞ İȜȓțȦȞ ıĲȠ įİȝȐĲȚȠ (Chou et al., 1988).  

 

 

ǼȚțȩȞĮ 1-1: ǹȡȚıĲİȡȐ: ȆȜĮȧȞȒ ȩȥȘ İȞȩȢ 4-Į-İȜȚțȠİȚįȠȪȢ įİȝĮĲȓȠȣ. Ȃİ ȝʌȜİ ȤȡȫȝĮ ĮʌİȚțȠȞȓȗȠȞĲĮȚ ȠȚ 
ʌİȡȚȠȤȑȢ ĲȦȞ İȜȓțȦȞ țĮȚ ȝİ țȩțțȚȞȠ ȠȚ ʌİȡȚȠȤȑȢ ĲȘȢ șȘȜȚȐȢ,, ĲȦȞ 2 ʌȡȫĲȦȞ N-ĲİȜȚțȫȞ țĮȚ ĲȦȞ 2 

ĲİȜİȣĲĮȓȦȞ C-ĲİȜȚțȫȞ țĮĲĮȜȠȓʌȦȞ țȐșİ ȝȠȞȠȝİȡȠȪȢ, ʌȠȣ įİ ıȣȝȝİĲȑȤȠȣȞ ıĲȠ ıȤȘȝĮĲȚıȝȩ Į ȑȜȚțĮȢ. 
ǻİȟȚȐ: ȀȐĲȠȥȘ ĲȠȣ 4-Į-İȜȚțȠİȚįȠȪȢ įİȝĮĲȓȠȣ. (1)    

 

ȈĲȘ ĳȣıȚțȒ Rop, įȣȠ ĳȠȣȡțȑĲİȢ ĲȘȢ ȝȠȡĳȒȢ ȑȜȚțĮ - șȘȜȚȐ - ȑȜȚțĮ ıİ ȝȚĮ 

įȚİȣșȑĲȘıȘ ȝİ ĳȠȡȐ țİĳĮȜȒ ʌȡȠȢ ȠȣȡȐ, ıȤȘȝĮĲȓȗȠȣȞ ȑȞĮ ĮȡȚıĲİȡȩıĲȡȠĳȠ, 

ĮȞĲȚʌĮȡȐȜȜȘȜȠ 4-Į-İȜȚțȠİȚįȑȢ įİȝȐĲȚȠ ȝİ İıȦĲİȡȚțȑȢ ȖȦȞȓİȢ ʌİȡȓʌȠȣ 20º țĮȚ ȝȚĮ 
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įİȟȚȩıĲȡȠĳȘ ȣʌİȡİȜȚțȠİȚįȒ ĲȠʌȠȜȠȖȓĮ (ǼȚțȩȞĮ 1-2) (Predki et al., 1995; Kresse et al., 

2001). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ǼȚțȩȞĮ 1-2: ȈȤȘȝĮĲȚțȩ ıĲİȡİȠįȚȐȖȡĮȝȝĮ ĲȘȢ ĳȣıȚțȒȢ Rop. ȉĮ įȣȠ ȝȠȞȠȝİȡȒ ĮʌİȚțȠȞȓȗȠȞĲĮȚ ȝİ ȝʌȜİ 
ȤȡȫȝĮ, İȞȫ İʌȚıȘȝĮȓȞȠȞĲĮȚ ȝİ țȩțțȚȞȠ ȤȡȫȝĮ Ș ʌİȡȚȠȤȒ ĲȘȢ ıĲȡȠĳȒȢ, ĲĮ 2 ȃ-ĲİȜȚțȐ țĮȚ 2 C-ĲİȜȚțȐ 

țĮĲȐȜȠȚʌĮ țȐșİ ȝȠȞȠȝİȡȠȪȢ, ʌȠȣ įİ ıȣȝȝİĲȑȤȠȣȞ ıĲȠ ıȤȘȝĮĲȚıȝȩ Į ȑȜȚțĮȢ.  

 

ȉȠ ȚıȤȣȡȩ ʌĮțİĲȐȡȚıȝĮ ıĲȠ İıȦĲİȡȚțȩ ĲȦȞ ʌȡȦĲİȧȞȫȞ ȠįȒȖȘıİ ıĲȘȞ 
ȣʌȩșİıȘ ȩĲȚ ıȣȝʌȜȘȡȦȝĮĲȚțȐ ıȤȒȝĮĲĮ țĮȚ ȝİȖȑșȘ țĮĲĮȜȠȓʌȦȞ ĲȠȣ ʌȣȡȒȞĮ 

țĮșȠȡȓȗȠȣȞ ĲȘȞ ĮȞĮįȓʌȜȦıȘ ĲȘȢ ʌȡȦĲİǸȞȘȢ ȝİ ȑȞĮȞ ĲȡȩʌȠ ĮȞȐȜȠȖȠ ȝİ ĲȠȞ ĲȡȩʌȠ ʌȠȣ 
ĲĮ țȠȝȝȐĲȚĮ İȞȩȢ ʌĮȗȜ țĮșȠȡȓȗȠȣȞ ĲȘȞ ĲİȜȚțȒ ȝȠȡĳȒ ĲȠȣ (Plaxco et al., 1998). ȈĲĮ 4-

Į-İȜȚțȠİȚįȒ įİȝȐĲȚĮ ĲȠ ʌĮțİĲȐȡȚıȝĮ ĲȠȣ ȣįȡȩĳȠȕȠȣ ʌȣȡȒȞĮ ĳĮȓȞİĲĮȚ ȞĮ İȓȞĮȚ 
țȡȓıȚȝȠ ȖȚĮ ĲȘ ıĲĮșİȡȠʌȠȓȘıȘ ĲȘȢ ʌȡȦĲİȧȞȚțȒȢ įȠȝȒȢ. ȅȚ ıĳĮȚȡȚțȑȢ ʌȡȦĲİǸȞİȢ 
ȤĮȡĮțĲȘȡȓȗȠȞĲĮȚ Įʌȩ țĮȜȐ ʌĮțİĲĮȡȚıȝȑȞȠȣȢ ȣįȡȩĳȠȕȠȣȢ ʌȣȡȒȞİȢ, ȠȚ ȠʌȠȓȠȚ 
įȚĮįȡĮȝĮĲȓȗȠȣȞ ıȘȝĮȞĲȚțȩ ȡȩȜȠ ĲȩıȠ ıĲȘȞ ĮȞĮįȓʌȜȦıȘ ȩıȠ țĮȚ ıĲȘ ıĲĮșİȡȩĲȘĲĮ 

ĲȦȞ ʌȡȦĲİȧȞȫȞ (Dill, 1990). Ǿ țĮĲĮȞȩȘıȘ ĲȘȢ ıȣȝȕȠȜȒȢ ȝİȝȠȞȦȝȑȞȦȞ ȣįȡȩĳȠȕȦȞ 
țĮĲĮȜȠȓʌȦȞ ıĲȘȞ İȜİȪșİȡȘ İȞȑȡȖİȚĮ ĲȦȞ ʌȡȦĲİȧȞȫȞ, İȓȞĮȚ ȑȞĮ ıȘȝĮȞĲȚțȩ ʌȡȩȕȜȘȝĮ, 

ʌȠȣ ıİ ĮȡțİĲȑȢ ʌİȡȚʌĲȫıİȚȢ ʌȡȠıİȖȖȓȗİĲĮȚ ȝİ ĮȞȐȜȣıȘ İȞİȡȖİȚĮțȫȞ țĮȚ įȠȝȚțȫȞ 
ĮȜȜĮȖȫȞ ʌȠȣ İȚıȐȖȠȞĲĮȚ ȝİ ȝİĲĮȜȜȐȟİȚȢ (Vlassi et al., 1999).  ȉȑĲȠȚȠȣ İȓįȠȣȢ ȝİȜȑĲİȢ 
ʌȡĮȖȝĮĲȠʌȠȚȒșȘțĮȞ ȤȡȘıȚȝȠʌȠȚȫȞĲĮȢ ĲȘ ĳȣıȚțȒ Rop (Steif et al., 1995), țĮșȫȢ țĮȚ 
ʌĮȡĮȜȜĮȖȑȢ ĲȘȢ (Vlassi et al., 1994). ȅȚ ȝİȜȑĲİȢ ĮȣĲȑȢ ȑįİȚȟĮȞ ȩĲȚ Ș ĮȞĮįȓʌȜȦıȘ țĮȚ 
Ș ıĲĮșİȡȩĲȘĲĮ țĮșȠȡȓȗȠȞĲĮȚ țĮĲȐ ȑȞĮ ȝİȖȐȜȠ ȕĮșȝȩ Įʌȩ ȑȞĮ ıȣȝȝİĲȡȚțȩ ȝȠĲȓȕȠ 
ȣįȡȩĳȠȕȦȞ ĮȜȜȘȜİʌȚįȡȐıİȦȞ ĲȠȣ ʌȣȡȒȞĮ. ȉȠ ȝȠĲȓȕȠ ĮȣĲȩ ʌİȡȚȜĮȝȕȐȞİȚ ȝȚĮ 

İʌĮȞȐȜȘȥȘ İʌĲȐ țĮĲĮȜȠȓʌȦȞ, Ș ȠʌȠȓĮ ĲȠʌȠșİĲİȓ ıȣȖțİțȡȚȝȑȞĮ țĮĲȐȜȠȚʌĮ ıİ 
ıȣȖțİțȡȚȝȑȞİȢ șȑıİȚȢ (Cohen et al., 1986). ȈȤİĲȚțȑȢ ıĲĮĲȚıĲȚțȑȢ ĮȞĮȜȪıİȚȢ ȑįİȚȟĮȞ 
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ȩĲȚ ıĲĮ 4-Į-İȜȚțȠİȚįȒ įİȝȐĲȚĮ, ȠȚ șȑıİȚȢ ĲȠȣ ȣįȡȩĳȠȕȠȣ ʌȣȡȒȞĮ ȑȤȠȣȞ ȝȚĮ 

ʌȡȠįȚȐșİıȘ ȞĮ ʌȡȠĲȚȝȠȪȞ țĮĲȐȜȠȚʌĮ ȩʌȦȢ ȜİȣțȓȞȘ Ȓ ĮȜĮȞȓȞȘ (Paliakasis et al., 1992). 

ȆİȚȡȐȝĮĲĮ ȣʌȠțĮĲȐıĲĮıȘȢ ĲȦȞ țĮĲĮȜȠȓʌȦȞ ĲȠȣ ʌȣȡȒȞĮ ȑįİȚȟĮȞ ȩĲȚ įȘȝȚȠȣȡȖȠȪȞĲĮȚ 
ʌȡȦĲİǸȞİȢ ıĲĮșİȡȑȢ, įȚȝİȡİȓȢ ʌȠȣ ȝȠȚȐȗȠȣȞ ȝİ ĲȘ ĳȣıȚțȒ ʌȡȦĲİǸȞȘ, ȩȝȦȢ İȝĳĮȞȓȗȠȣȞ 
ĮȣȟȘȝȑȞĮ İʌȓʌİįĮ ĮʌȠįȚȐĲĮȟȘȢ țĮȚ ĮȞĮįȓʌȜȦıȘȢ (Munson et al., 1996).  H Rop 

ȤȡȘıȚµȠʌȠȚȒșȘțİ ȖȚĮ ĲȘȞ İȪȡİıȘ țȡȣµµȑȞȦȞ ȠµȠȚȠĲȒĲȦȞ µİ ȐȜȜİȢ ʌȡȦĲİǸȞİȢ, µȑıȦ 

µȓĮȢ ʌȡȠıȑȖȖȚıȘȢ Ș ȠʌȠȓĮ įȘµȚȠȣȡȖİȓ µȓĮ ıİȚȡȐ Įʌȩ ȜİȚĲȠȣȡȖȚțȐ µİĲĮȜȜȐȖµĮĲĮ 

(µȑıȦ ıȣȞįȣĮıĲȚțȒȢ µİĲĮȜȜĮȟȚȖȑȞİıȘȢ) țĮȚ ıĲȘ ıȣȞȑȤİȚĮ  ȤȡȘıȚµȠʌȠȚİȓ ĮȣĲȒ ĲȘ 

ıȣȜȜȠȖȒ µİĲĮȜȜĮȖµȑȞȦȞ ĮȜȜȘȜȠȣȤȚȫȞ ıİ µȓĮ ȑȡİȣȞĮ ĲȦȞ ȕȐıİȦȞ įİįȠµȑȞȦȞ ȖȚĮ 

ʌȡȦĲİȧȞȚțȑȢ įȠµȑȢ. ǹȣĲȒ Ș ʌȡȠıȑȖȖȚıȘ (mutational envelope scanning) µʌȠȡİȓ ȞĮ 

İȓȞĮȚ ĮȡțİĲȐ ȚıȤȣȡȒ ȫıĲİ ȞĮ ĮȞȚȤȞİȪıİȚ ʌİȡȚȠȤȑȢ ʌİȡȚȠȡȚıµȑȞȘȢ ȑțĲĮıȘȢ, ʌȠȣ İȓȞĮȚ 
ıȣȞĲȘȡȘµȑȞİȢ ȜİȚĲȠȣȡȖȚțȐ, ĮȞİȟȐȡĲȘĲĮ Įʌȩ ĲȘȞ İȟİȜȚțĲȚțȒ ıȤȑıȘ ʌȠȣ ȑȤȠȣȞ ȠȚ 
ʌȡȦĲİǸȞİȢ (Christ et al., 2003).  

ȂȚĮ ıȣȤȞȒ İȡȫĲȘıȘ ıȤİĲȚțȐ ȝİ ĲȘȞ ĮȞĮįȓʌȜȦıȘ ĲȦȞ ʌȡȦĲİȧȞȫȞ İȓȞĮȚ țĮĲȐ 

ʌȩıȠ ʌĮȓȗȠȣȞ țȐʌȠȚȠ ȡȩȜȠ ȠȚ ıĲȡȠĳȑȢ țĮȚ ȠȚ șȘȜȚȑȢ. ǼȓȞĮȚ ĮʌȜȐ țĮȚ ȝȩȞȠ ıȪȞįİıȝȠȚ 
ȝİĲĮȟȪ ĲȦȞ ıĲȠȚȤİȓȦȞ ĲȘȢ įİȣĲİȡȠĲĮȖȠȪȢ įȠȝȒȢ Ȓ ıȣȝȝİĲȑȤȠȣȞ ȝİ ʌȚȠ įȡĮıĲȚțȩ 

ĲȡȩʌȠ ıĲȠȞ țĮșȠȡȚıȝȩ ĲȠȣ ȝȠȞȠʌĮĲȚȠȪ ĮȞĮįȓʌȜȦıȘȢ țĮȚ ıĲȠȞ țĮșȠȡȚıȝȩ ĲȘȢ ĲİȜȚțȒȢ 
įȠȝȒȢ (Nagi et al., 1999); ĬİȦȡİȓĲĮȚ ʌȦȢ Ƞ ıȤȘȝĮĲȚıȝȩȢ șȘȜȚȐȢ Ȓ ıĲȡȠĳȒȢ ʌȣȡȠįȠĲİȓ 
ĲȘȞ ʌȡȦĲİȧȞȚțȒ ĮȞĮįȓʌȜȦıȘ (Linhananta et al., 2002; Wright et al., 1988) țĮȚ 
ĳĮȓȞİĲĮȚ ȞĮ ʌȡȠıįȓįİȚ ıĲĮșİȡȩĲȘĲĮ ıĲȘ įȠȝȒ (Kresse et al., 2001). ǼʌȓıȘȢ ȝİȜȑĲİȢ 
ȑįİȚȟĮȞ ȩĲȚ ȠȚ ĮȜȜȘȜİʌȚįȡȐıİȚȢ șȘȜȚȐȢ - ȑȜȚțĮȢ İȓȞĮȚ ʌȚȠ ȚıȤȣȡȑȢ Įʌȩ İțİȓȞİȢ ȝİĲĮȟȪ 
ĲȦȞ İȜȓțȦȞ (Chou et al., 1992). ȈȣȖțİțȡȚȝȑȞĮ ȝİȜȑĲİȢ ĲȘȢ Regan țĮȚ ĲȦȞ 
ıȣȞİȡȖĮĲȫȞ ĲȘȢ (Nagi et al., 1997) ȑįİȚȟĮȞ ʌȦȢ ĲȠ ȝȒțȠȢ ĲȘȢ șȘȜȚȐȢ ĮʌȜȫȞ șȘȜȚȫȞ 
ʌȠȜȣȖȜȣțȓȞȘȢ İȓȞĮȚ țĮșȠȡȚıĲȚțȩȢ ʌĮȡȐȖȠȞĲĮȢ ȖȚĮ ĲȘ ıĲĮșİȡȩĲȘĲĮ ĲȠȣ įİȝĮĲȓȠȣ. 
ǹȞȐȜȠȖİȢ șİȦȡȘĲȚțȑȢ ʌȡȠıİȖȖȓıİȚȢ İȓȤĮȞ ȒįȘ ʌȡĮȖȝĮĲȠʌȠȚȘșİȓ ıȤİĲȚțȐ ȝİ ĲȠ ʌȩıȠ 
țĮșȠȡȚıĲȚțȩ ȡȩȜȠ ʌĮȓȗİȚ ĲȠ ȝȒțȠȢ ĲȘȢ șȘȜȚȐȢ ıĲȘ ıĲĮșİȡȩĲȘĲĮ ĲȘȢ įȠȝȒȢ ĲȦȞ 
ʌȡȦĲİȧȞȫȞ (Thomas, 1990). ȀĮșȫȢ ĲȠ ȝȒțȠȢ ĲȘȢ șȘȜȚȐȢ ȝİȖĮȜȫȞİȚ, ĮȣȟȐȞİȚ İʌȓıȘȢ 
țĮȚ Ƞ ȡȣșȝȩȢ ĮʌȠįȚȐĲĮȟȘȢ, İȞȫ ĮȞĲȓșİĲĮ Ƞ ȡȣșȝȩȢ İʌĮȞĮįȚȐĲĮȟȘȢ İȜĮĲĲȫȞİĲĮȚ (Nagi 

et al., 1997).  

Ǿ ʌİȡȚȠȤȒ ĲȘȢ ıĲȡȠĳȒȢ ıĲȘ Rop ʌȡȠıİȜțȪİȚ ĲȠ İȞįȚĮĳȑȡȠȞ, ȩȤȚ ȝȩȞȠ İȟĮȚĲȓĮȢ 
ĲȘȢ įȚĮȝȐȤȘȢ ȖȚĮ ĲȠ ȡȩȜȠ ĲȘȢ șȘȜȚȐȢ ıĲȘȞ ĮȞĮįȓʌȜȦıȘ țĮȚ ĲȘ ıĲĮșİȡȩĲȘĲĮ ĲȦȞ 
įİȝĮĲȓȦȞ țĮȚ ĲȦȞ ʌȡȦĲİȧȞȫȞ ȖİȞȚțȩĲİȡĮ. ǿįȚĮȓĲİȡĮ ĲĮ țĮĲȐȜȠȚʌĮ 30, 31 țĮȚ 32 ȑȤȠȣȞ 
ĮʌȠĲİȜȑıİȚ ĮȞĲȚțİȓȝİȞȠ ȖȚĮ ʌȠȜȣȐȡȚșȝİȢ ȝİȜȑĲİȢ ȝİĲĮȜȜȐȟİȦȞ (Castagnoli et al., 

1994). ȈȘȝĮȞĲȚțȩ ʌĮȡȐįİȚȖȝĮ ıȤİĲȚțȐ ȝİ ĲȘ ıĲĮșİȡȩĲȘĲĮ ĲȘȢ įȠȝȒȢ țĮȚ ĲȠ ĲȚ ȡȩȜȠ 

ʌĮȓȗİȚ Ș ıĲȡȠĳȒ, ĮʌȠĲİȜİȓ Ș ǹ31ȇ, ȝȚĮ ʌĮȡĮȜȜĮȖȒ ĲȘȢ ĳȣıȚțȒȢ Rop. Ǿ 

ȝİĲĮȜȜĮȖȝȑȞȘ ĮȣĲȒ ʌȡȦĲİǸȞȘ ĳȑȡİȚ ĮȞĲȓ ȖȚĮ ĮȜĮȞȓȞȘ ıĲȘ șȑıȘ 31, ĲȠ țĮĲȐȜȠȚʌȠ ĲȘȢ 
ʌȡȠȜȓȞȘȢ (Glykos et al., 1999). Ǿ ĮȜȜĮȖȒ ĮȣĲȒ ȠįȘȖİȓ ȩȤȚ ȝȩȞȠ ıİ įȚĮĳȠȡİĲȚțȒ 

įȚĮȝȩȡĳȦıȘ ĲȘȢ įȠȝȒȢ ĲȠȣ įİȝĮĲȓȠȣ, ĮȜȜȐ ʌĮȡȐȜȜȘȜĮ țĮȚ ıİ ĮȜȜĮȖȑȢ ıĲȚȢ ȚįȚȩĲȘĲİȢ 
ĲȘȢ İʌȚĳȐȞİȚĮȢ ĲȠȣ ȝȠȡȓȠȣ țĮȚ ıĲȠ ʌĮțİĲȐȡȚıȝĮ ĲȠȣ ȣįȡȩĳȠȕȠȣ ʌȣȡȒȞĮ (Glykos et 
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al., 2004). ȆȚȠ ıȣȖțİțȡȚȝȑȞĮ İȝĳĮȞȓȗİĲĮȚ ȝİȓȦıȘ țĮĲȐ 7% ıĲȘȞ ʌİȡȚİțĲȚțȩĲȘĲĮ ĲȠȣ 
ȝȠȡȓȠȣ ıİ Į ȑȜȚțĮ, țĮșȫȢ țĮȚ ʌȠȜȪ ıȘȝĮȞĲȚțȒ ȝİȓȦıȘ ıĲȘ ıĲĮșİȡȩĲȘĲĮ ĲȠȣ ȝȠȡȓȠȣ 
ıİ ıȤȑıȘ ȝİ ĲȘ ĳȣıȚțȒ Rop, ʌȠȣ ʌȚșĮȞȩȞ ȞĮ ȠĳİȓȜİĲĮȚ ıĲȘ įȚĮĳȠȡİĲȚțȒ ĲȠʌȠȜȠȖȓĮ 

ĲȘȢ ǹ31ȇ țĮȚ ĲȘȞ ʌȚșĮȞȒ ĮʌȫȜİȚĮ țȐʌȠȚȦȞ ȣįȡȠȖȠȞȠįİıȝȫȞ (Peters et al., 1997). 

ǼʌȓıȘȢ, ĮʌȠȝȐțȡȣȞıȘ ĲȦȞ ʌȑȞĲİ ĮȝȚȞȠȟȚțȫȞ țĮĲĮȜȠȓʌȦȞ ĲȘȢ ıĲȡȠĳȒȢ, ȠįȘȖİȓ ıĲȘ 

įȘȝȚȠȣȡȖȓĮ ĲȘȢ ȝİĲĮȜȜĮȖȝȑȞȘȢ ʌȡȦĲİǸȞȘȢ RM6, Ș ȠʌȠȓĮ ʌĮȡȠȣıȚȐȗİȚ įȡĮȝĮĲȚțȑȢ 
ĮȜȜĮȖȑȢ ĲȩıȠ ıĲȘ įȠȝȒ ȩıȠ țĮȚ ıĲȘ ıĲĮșİȡȩĲȘĲĮ, ıİ ıȪȖțȡȚıȘ ȝİ ĲȘ ĳȣıȚțȒ 

ʌȡȦĲİǸȞȘ. ȉȠ µȠĲȓȕȠ Įʌȩ ȠµȠįȚµİȡȑȢ 4-Į-İȜȚțȠİȚįȑȢ ȝİĲĮĲȡȑʌİĲĮȚ ıİ ȠµȠĲİĲȡĮµİȡȑȢ 
4-Į-İȜȚțȠİȚįȑȢ įİµȐĲȚȠ țĮȚ Ș șİȡµȠțȡĮıȓĮ ĲȒȟȘȢ, Įʌȩ 71º C ıĲȘ ĳȣıȚțȒ ʌȡȦĲİǸȞȘ, 

ĮȣȟȐȞİĲĮȚ ıĲȠȣȢ 101º C (Lassalle et al., 1998). 

 ȅ ȡȩȜȠȢ ĲȘȢ ıĲȡȠĳȒȢ ıĲȠȞ țĮșȠȡȚıȝȩ ĲȘȢ įȠȝȒȢ țĮȚ ĲȘȢ ıĲĮșİȡȩĲȘĲĮȢ ĲȦȞ 
ʌȡȦĲİȧȞȫȞ įİȞ ȒĲĮȞ İȪțȠȜȠ ȞĮ țĮĲĮȞȠȘșİȓ. īȚĮ ĲȠ ȜȩȖȠ ĮȣĲȩ ʌȡĮȖȝĮĲȠʌȠȚȒșȘțİ ȝȚĮ 

ıİȚȡȐ ȣʌȠțĮĲĮıĲȐıİȦȞ ıĲȘȞ ʌȡȦĲİǸȞȘ Rop țĮȚ ʌȚȠ ıȣȖțİțȡȚȝȑȞĮ ȣʌȠțĮĲĮıĲȐșȘțİ Ș 

Asp 30, ĲȠ ʌȡȫĲȠ țĮĲȐȜȠȚʌȠ ĲȘȢ ıĲȡȠĳȒȢ, ȝİ țĮșȑȞĮ Įʌȩ ĲĮ ȣʌȩȜȠȚʌĮ 19 țĮĲȐȜȠȚʌĮ. 

ȈĲȘȞ ʌȜİȚȠȥȘĳȓĮ ĲȠȣȢ ȠȚ ʌĮȡĮȜȜĮȖȑȢ ĲȘȢ ĳȣıȚțȒȢ Rop įİȞ ĮʌȑțȜȚȞĮȞ ʌȠȜȪ Įʌȩ ĲȘ 

ĳȣıȚțȒ įȠȝȒ. ȆĮȡȩȜĮ ĮȣĲȐ ȩȝȦȢ, įȫįİțĮ Įʌȩ ĮȣĲȑȢ ĲȚȢ 30 ʌĮȡĮȜȜĮȖȑȢ, ĮʌȠĲİȜȠȪȞ 
ʌȡȦĲİǸȞİȢ ıĲĮșİȡȩĲİȡİȢ Įʌȩ ĲȘ ĳȣıȚțȒ ʌȡȦĲİǸȞȘ. ȈȣȞİʌȫȢ ĳĮȓȞİĲĮȚ ʌȦȢ ȣʌȐȡȤȠȣȞ 
įȚĮțȡȚĲȑȢ șİȡȝȠįȣȞĮȝȚțȑȢ ʌȡȠĲȚȝȒıİȚȢ ȖȚĮ ĲȘȞ ĲĮȣĲȩĲȘĲĮ ĲȠȣ ĮȝȚȞȠȟȑȠȢ ıĲȘ șȑıȘ 30 

ĲȘȢ ʌȡȦĲİȧȞȚțȒȢ ĮȜȜȘȜȠȣȤȓĮȢ (Predki et al., 1996). ȈȣȞȠʌĲȚțȐ ȝʌȠȡȠȪȝİ ȞĮ 

ʌĮȡĮĲȘȡȒıȠȣȝİ ʌȦȢ įİȞ İȓȞĮȚ ĲȩıȠ ĲȠ İȓįȠȢ ĲȦȞ țĮĲĮȜȠȓʌȦȞ ʌȠȣ ʌĮȓȗİȚ ȡȩȜȠ ıĲȘ 

ıȘȝĮȞĲȚțȩĲȘĲĮ ĲȘȢ ıĲȡȠĳȒȢ, ȩıȠ ĲȠ ȝȒțȠȢ ĲȘȢ.    
Ǿ ȑȡİȣȞĮ ȖȚĮ ĲȘȞ İȪȡİıȘ ĲȦȞ ʌĮȡĮȖȩȞĲȦȞ ʌȠȣ ıȣȝȝİĲȑȤȠȣȞ ıĲȠȞ țĮșȠȡȚıȝȩ 

ĲȘȢ ĮȞĮįȓʌȜȦıȘȢ ȒĲĮȞ ʌȠȜȪ ıȘȝĮȞĲȚțȒ. ǹȣĲȩ ȠįȒȖȘıİ țĮȚ ıĲȘȞ ʌȡȩțȜȘıȘ ʌȠȣ İȓȞĮȚ 
ȖȞȦıĲȒ ȦȢ “Paracelsus Challenge” (Rose et al., 1994). ǼʌȡȩțİȚĲȠ ȖȚĮ ĲȘ ȝİĲĮĲȡȠʌȒ 

ĲȘȢ ĮȞĮįȓʌȜȦıȘȢ ȝȚĮȢ ʌȡȦĲİǸȞȘȢ ıİ ȝȚĮ įȚĮĳȠȡİĲȚțȒ, Ș ȠʌȠȓĮ ȩȝȦȢ șĮ įȚĮĲȘȡȠȪıİ 
ĲȠȣȜȐȤȚıĲȠȞ 50% ĲĮȣĲȩĲȘĲĮ ĮȜȜȘȜȠȣȤȓĮȢ ȝİ ĲȘȞ ĮȡȤȚțȒ. Ǿ ʌȡȦĲİǸȞȘ ĮȣĲȒ 

ıȤİįȚȐıĲȘțİ ĲİȜȚțȐ Įʌȩ ĲȚȢ Dalal țĮȚ Regan ȑȤȠȞĲĮȢ ıĮȞ ȝȠȞĲȑȜȠ ĲȘ Rop țĮȚ 
ȠȞȠȝȐıĲȘțİ Janus. Ǿ įȚĮȝȩȡĳȦıȘ ĲȘȢ Janus İȓȞĮȚ İȜȚțȠİȚįȒȢ țĮȚ İȝĳĮȞȓȗİȚ 50% 

ȠȝȠȚȩĲȘĲĮ ıĲȘȞ ĮȜȜȘȜȠȣȤȓĮ ȝİ ĲȘȞ İʌȚțȡȐĲİȚĮ Ǻ1, Ș įȠȝȒ ĲȘȢ ȠʌȠȓĮȢ İȓȞĮȚ țȣȡȓȦȢ ȕ 

ĳȪȜȜȠ (Dalal et al., 2000).  

ȂȚĮ ʌĮȡĮȜȜĮȖȒ ĲȘȢ Rop ʌȠȣ ʌĮȡȠȣıȚȐȗİȚ ȚįȚĮȓĲİȡȠ İȞįȚĮĳȑȡȠȞ, İȓȞĮȚ Ș  

Ala2Ile2-6. Ǿ ʌȡȦĲİǸȞȘ ĮȣĲȒ ȑȤİȚ ȑȞĮȞ İțĲİĲĮȝȑȞĮ ĮȞĮįȚĮȝȠȡĳȦȝȑȞȠ ȣįȡȩĳȠȕȠ 
ʌȣȡȒȞĮ. ȆȚȠ ıȣȖțİțȡȚȝȑȞĮ ĲĮ ȑȟȚ Įʌȩ ĲĮ ȠțĲȫ ıĲȡȫȝĮĲĮ ȣįȡȩĳȠȕȦȞ țĮĲĮȜȠȓʌȦȞ, 
ʌȠȣ ĮʌȠĲİȜȠȪȞ ĲȠȞ ȣįȡȩĳȠȕȠ ʌȣȡȒȞĮ, ĮʌȠĲİȜȠȪȞĲĮȚ Įʌȩ țĮĲȐȜȠȚʌĮ ĮȜĮȞȓȞȘȢ țĮȚ 
ȚıȠȜİȣțȓȞȘȢ (ȆȓȞĮțĮȢ 1-1). Ǿ įȠȝȒ ĲȘȢ  Ala2Ile2-6 (Willis et al., 2000) ĮʌȠțĮȜȪʌĲİȚ 
ȝȚĮ ĲİȜİȓȦȢ ȞȑĮ ĮȞĮįȓʌȜȦıȘ ʌȠȣ įȘȝȚȠȣȡȖİȓĲĮȚ Įʌȩ ȝȚĮ ıĲȡȠĳȒ ĲȠȣ İȞȩȢ Įʌȩ ĲĮ įȣȠ 
ȝȠȞȠȝİȡȒ ȖȪȡȦ Įʌȩ ĲȘȞ țȠȚȞȒ İʌȚĳȐȞİȚĮ ĲȠȣ įȚȝİȡȠȪȢ. ȉȠ ʌȡȠĳȓȜ ĲȘȢ İȜİȪșİȡȘȢ 
İȞȑȡȖİȚĮȢ ĲȘȢ Ala2Ile2-6 İȓȞĮȚ İʌȓıȘȢ ʌȠȜȪ įȚĮĳȠȡİĲȚțȩ Įʌȩ İțİȓȞȠ ĲȘȢ ĳȣıȚțȒȢ 
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ʌȡȦĲİǸȞȘȢ. Ǿ Ala2Ile2-6 ȑȤİȚ ȣȥȘȜȩĲİȡȠ ıȘȝİȓȠ ĲȒȟȘȢ Įʌȩ ĲȘ Rop, ȩȝȦȢ ȣĳȓıĲĮĲĮȚ 
ȝȚĮ İȜĮĳȡȫȢ ȝȚțȡȩĲİȡȘ ĮȜȜĮȖȒ İȜİȪșİȡȘȢ İȞȑȡȖİȚĮȢ țĮĲȐ ĲȘȞ ĮʌȠįȚȐĲĮȟȘ.  

 

 

 

ĬȑıȘ țĮĲĮȜȠȓʌȠȣ ıĲȠȞ 
ȣįȡȩĳȠȕȠ ʌȣȡȒȞĮ 

ĭȣıȚțȒ Rop Ala2Ile2-6 

5 Glu Glu 

8 Ala Ile 

12 Ala Ala 

15 Ile Ile 

19 Thr Ala 

22 Leu Ile 

26 Leu Ala 

29 Leu Leu 

31 Ala Ala 

34 Gln Ile 

38 Cys Ala 

41 Leu Ile 

45 Ala Ala 

48 Leu Ile 

52 Cys Ala 

56 Phe Phe 

ȆȓȞĮțĮȢ 1-1: ȈĲȘȞ ʌȡȫĲȘ ıĲȒȜȘ ĳĮȓȞİĲĮȚ Ș șȑıȘ ĲȠȣ țȐșİ țĮĲĮȜȠȓʌȠȣ ıĲȠȞ ȣįȡȩĳȠȕȠ ʌȣȡȒȞĮ. ȈĲȘ 
įİȪĲİȡȘ ıĲȒȜȘ İȓȞĮȚ ĲĮ țĮĲȐȜȠȚʌĮ ĲȘȢ ĳȣıȚțȒȢ Rop ʌȠȣ ĮȞĲȚıĲȠȚȤȠȪȞ ıİ ĮȣĲȑȢ ĲȚȢ șȑıİȚȢ, İȞȫ ıĲȘȞ ĲȡȓĲȘ 
ıĲȒȜȘ ĲĮ țĮĲȐȜȠȚʌĮ ĲȘȢ Ala2Ile2-6 ʌȠȣ ĮȞĲȚıĲȠȚȤȠȪȞ. Ȃİ ȝʌȜİ țĮȚ țȩțțȚȞȠ ȤȡȫȝĮ ĳĮȓȞȠȞĲĮȚ ĲĮ 

țĮĲȐȜȠȚʌĮ ʌȠȣ ȑȤȠȣȞ ȣʌȠțĮĲĮıĲĮșİȓ.  

 

 

ǹʌȩ įȚȐĳȠȡİȢ ȝİȜȑĲİȢ ʌȐȞȦ ıĲȘȞ Ala2Ile2-6 ıİ ıȪȖțȡȚıȘ ʌȐȞĲĮ ȝİ ĲȘ ĳȣıȚțȒ 

Rop, ʌȡȠȑțȣȥİ Ƞ ȆȓȞĮțĮȢ 1-2. Ǿ įȠȝȒ ĲȘȢ Ala2Ile2-6, ʌȠȣ ʌİȡȚȜĮȝȕȐȞİȚ ȑȞĮ įȚȝİȡȑȢ 
ıĲȘȞ ĮıȪȝȝİĲȡȘ ȝȠȞȐįĮ, ʌȡȠıįȚȠȡȓıĲȘțİ ȝİ țȡȣıĲĮȜȜȠȖȡĮĳȓĮ ĮțĲȓȞȦȞ-ȋ ıİ 
ĮȞĮȜȣıȘ 1,9Å (Willis et al., 2000).  
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 ĭȣıȚțȒ Rop Ala2Ile2-6 

ȉȐȟȘ ǿ ǿǿǿ 

ǼȞİȡȖȩĲȘĲĮ in vitro Y N 

ǼȞİȡȖȩĲȘĲĮ in vivo Y N 

Tm, ˚C 64 83 

ǻG˚, kcal/mol -7,7 -5,1 

ǻȠȝȒ (ȂȑșȠįȠȢ) anti (ĮțĲȓȞİȢ-ȋ, NMR) syn (ĮțĲȓȞİȢ-ȋ) 

 

ȆȓȞĮțĮȢ 1-2: ȅȚ ʌĮȡĮȜȜĮȖȑȢ ĲȘȢ Rop ȑȤȠȣȞ țĮĲĮĲĮȤșİȓ ıİ ʌȑȞĲİ ĲȐȟİȚȢ, ĮȞȐȜȠȖĮ ȝİ ĲȘ șİȡȝȠįȣȞĮȝȚțȒ 
ĲȘȢ ĮȞĮįȓʌȜȦıȒȢ ĲȠȣȢ, ĲȘȞ ȚțĮȞȩĲȘĲĮ ʌȡȩıįİıȘȢ ĲȠȣ ıȣȝʌȜȩțȠȣ RNAI-RNAII, ĲȘȞ ĲȠʌȠȜȠȖȓĮ ĲȠȣ 
įȚȝİȡȠȪȢ, țĮȚ ĲȘȞ țȚȞȘĲȚțȒ ĲȘȢ ĮȞĮįȓʌȜȦıȘȢ. ȉĮ ĮʌȠĲİȜȑıȝĮĲĮ ȕĮıȓȗȠȞĲĮȚ ıĲȘȞ in vitro İȞİȡȖȩĲȘĲĮ. 

ȈȣȞİʌȫȢ ȠȚ ʌĮȡĮȜȜĮȖȑȢ ȝİ antiĲȠʌȠȜȠȖȓĮ ĮȞȒțȠȣȞ ıĲȘȞ ǿ ĲȐȟȘ, ȩʌȦȢ Ș ĳȣıȚțȒ Rop, İȞȫ ȠȚ ʌĮȡĮȜȜĮȖȑȢ 
ȝİ syn ĲȠʌȠȜȠȖȓĮ, ȩʌȦȢ Ș Ala2Ile2-6,  ĮȞȒțȠȣȞ ıĲȘȞ ǿǿǿ ĲȐȟȘ, ıĲȘȞ ȠʌȠȓĮ ĮȞȒțȠȣȞ ȝȩȡȚĮ ȝİ ȣȥȘȜȐ 

ʌȠıȠıĲȐ Į ȑȜȚțĮȢ. Ȋ: ʌȡȦĲİǸȞȘ Rop ʌȠȣ ʌȡȠıįȑȞİȚ RNA, ȃ: țĮȝȓĮ İȞİȡȖȩĲȘĲĮ, ȉm: șİȡȝȠțȡĮıȓĮ ĲȒȟȘȢ, 
ǻG˚: țĮĲȐ ʌȡȠıȑȖȖȚıȘ İȜİȪșİȡȘ İȞȑȡȖİȚĮ ĲȠȣ Gibbs, ȤȦȡȓȢ ĮʌȠįȚĮĲĮțĲȚțȩ. (ȉĮ ĮʌȠĲİȜȑıȝĮĲĮ 

ĮȞĮʌĮȡȐȖȠȞĲĮȚ ȐȞİȣ ĮįİȓĮȢ Įʌȩ Levy et al., 2005).    

  

ǹȟȚȠıȘȝİȓȦĲȠ İȓȞĮȚ ĲȠ ȖİȖȠȞȩȢ ȩĲȚ Ș įȠȝȒ ĲȘȢ Ala2Ile2-6 ĮʌȠțĮȜȪʌĲİȚ ȝȚĮ 

ĲİȜİȓȦȢ įȚĮĳȠȡİĲȚțȒ ĲȠʌȠȜȠȖȓĮ. ȈĲȡȠĳȒ țĮĲȐ 180˚ ĲȠȣ İȞȩȢ ȝȠȞȠȝİȡȠȪȢ ĮȜȜȐȗİȚ ĲȘȞ 
ĮȞĮįȓʌȜȦıȘ ĲȘȢ ʌȡȦĲİǸȞȘȢ, ĲȠʌȠșİĲȫȞĲĮȢ țĮȚ ĲȚȢ įȣȠ ıĲȡȠĳȑȢ ĲȘȢ Ala2Ile2-6 ıĲȘȞ 
ȓįȚĮ ȝİȡȚȐ ĲȠȣ 4-Į-İȜȚțȠİȚįȠȪȢ įİȝĮĲȓȠȣ țĮȚ ĲĮ įȣȠ ȃ țĮȚ C ĲİȜȚțȐ ȐțȡĮ ıĲȘȞ ȐȜȜȘ 

ȝİȡȚȐ. ǹȣĲȒ Ș įȠȝȚțȒ ĮȜȜĮȖȒ İȟȘȖİȓ İʌȓıȘȢ țĮȚ ĲȘȞ ĮʌȫȜİȚĮ ĲȘȢ ȚțĮȞȩĲȘĲĮȢ ĲȘȢ 
ʌȡȦĲİǸȞȘȢ ȞĮ ʌȡȠıįȑȞİȚ RNA (ǼȚțȩȞĮ 1-3). ǼʌİȚįȒ Ș įȠȝȒ ĲȘȢ Ala2Ile2-6 ȑȤİȚ ȒįȘ 

İʌȚȜȣșİȓ șĮ ĲȘȞ ȤȡȘıȚȝȠʌȠȚȒıȠȣȝİ ȦȢ ȑȤİȚ, Įʌȩ ĲȘ ȕȐıȘ įİįȠȝȑȞȦȞ ĲȘȢ PDB (Protein 

Data Bank) ȖȚĮ ȞĮ ʌȡĮȖȝĮĲȠʌȠȚȒıȠȣȝİ ĲȚȢ ʌȡȠıȠȝȠȚȫıİȚȢ ʌȠȣ ȝĮȢ İȞįȚĮĳȑȡȠȣȞ. ȆȚȠ 
ıȣȖțİțȡȚȝȑȞĮ, țĮȚ ȜȩȖȦ ʌİȡȚȠȡȚıȝȠȪ ȤȡȩȞȠȣ, șĮ ȝİȜİĲȒıȠȣȝİ ıȣıĲȒȝĮĲĮ įȚȝİȡȫȞ 
țĮȚ ȝȠȞȠȝİȡȫȞ ʌȠȣ ʌȡȠțȪʌĲȠȣȞ Įʌȩ ĲȘȞ Ala2Ile2-6. ȂȑıȦ ĲȦȞ ĮʌȠĲİȜİıȝȐĲȦȞ ʌȠȣ 
șĮ ʌȡȠțȪȥȠȣȞ Įʌȩ ĲȘȞ ʌȡĮȖȝĮĲȠʌȠȓȘıȘ ĲȦȞ ʌȡȠıȠȝȠȚȫıİȦȞ ĮȣĲȫȞ țĮȚ ĲȘȢ 
ȝİĲȑʌİȚĲĮ ĮȞȐȜȣıȒȢ ĲȠȣȢ, șĮ ʌȡȠıʌĮșȒıȠȣȝİ ȞĮ țĮĲĮȞȠȒıȠȣȝİ ĲȠ ȜȩȖȠ ȖȚĮ ĲȠȞ 
ȠʌȠȓȠ Ș Ala2Ile2-6 ʌȡȠĲȚȝȐ ĮȣĲȒ ĲȘ įȚĮȝȩȡĳȦıȘ țĮȚ ȩȤȚ țȐʌȠȚĮ ȐȜȜȘ, ȩʌȦȢ ȖȚĮ 

ʌĮȡȐįİȚȖȝĮ İțİȓȞȘ ĲȘȢ ĳȣıȚțȒȢ ʌȡȦĲİǸȞȘȢ. ǹȣĲȩȢ İȓȞĮȚ țĮȚ Ƞ ıĲȩȤȠȢ ĲȘȢ 
ıȣȖțİțȡȚȝȑȞȘȢ İȡȖĮıȓĮȢ.  
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ǼȚțȩȞĮ 1-3: ȈȤȘȝĮĲȚțȩ ıĲİȡİȠįȚȐȖȡĮȝȝĮ ĲȘȢ Ala2Ile2-6. ǼȓȞĮȚ İȝĳĮȞȒȢ Ș ĮȜȜĮȖȒ ĲȘȢ ĲȠʌȠȜȠȖȓĮȢ ıİ 
ıȤȑıȘ ȝİ ĲȘ ĳȣıȚțȒ Rop. ȅȚ įȣȠ ıĲȡȠĳȑȢ ȕȡȓıțȠȞĲĮȚ ıĲȘ ȝȚĮ ʌȜİȣȡȐ, İȞȫ ĲĮ įȣȠ ȃ țĮȚ C ĲİȜȚțȐ ȐțȡĮ 

ıĲȘȞ ȐȜȜȘ.  

 

 
(1) ǵȜİȢ ȠȚ ǼȚțȩȞİȢ ȑȤȠȣȞ ʌȡȠİĲȠȚȝĮıĲİȓ µİ ĲĮ ʌȡȠȖȡȐµµĮĲĮ Rasmol (Bernstein, 

1999), VMD (Humphrey et al., 1996) țĮȚ Raster3D (Merritt et al., 1997). 
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Ʃ 
țĮĲĮȞȩȘıȘ ĲȘȢ ĮȞĮįȓʌȜȦıȘȢ ĲȦȞ ʌȡȦĲİȧȞȫȞ İȓȞĮȚ ȑȞĮȢ Įʌȩ ĲȠȣȢ ʌȚȠ 
İʌȚșȣȝȘĲȠȪȢ ıĲȩȤȠȣȢ ĲȘȢ ıȪȖȤȡȠȞȘȢ ȝȠȡȚĮțȒȢ ȕȚȠȜȠȖȓĮȢ. Ǿ ȚțĮȞȩĲȘĲĮ 

ʌȡȩȕȜİȥȘȢ ĲȠȣ ȝȘȤĮȞȚıȝȠȪ ĮȞĮįȓʌȜȦıȘȢ țĮȚ ĲȘȢ ĲİȜȚțȒȢ įȠȝȒȢ ȝȚĮȢ 
ʌȡȦĲİǸȞȘȢ, ȕĮıȚȗȩȝİȞȠȚ ıĲȘȞ ĮȜȜȘȜȠȣȤȓĮ, șĮ ȝʌȠȡȠȪıİ ȞĮ İʌȘȡİȐıİȚ įȡĮȝĮĲȚțȐ 

įȚȐĳȠȡĮ ʌİįȓĮ, Įʌȩ ĲȘ ȕȚȠȤȘȝİȓĮ țĮȚ ĲȘ ȝȠȡȚĮțȒ ȚĮĲȡȚțȒ ȝȑȤȡȚ ĲȘ ȞĮȞȠĲİȤȞȠȜȠȖȓĮ. 

ǶıĲİȡĮ Įʌȩ įİțĮİĲȓİȢ ĮȞİȟȐȡĲȘĲȦȞ ʌİȚȡĮȝĮĲȚțȫȞ țĮȚ șİȦȡȘĲȚțȫȞ ʌȡȠıİȖȖȓıİȦȞ, ĲȠ 
ʌİįȓȠ ĲȘȢ ʌȡȦĲİȧȞȚțȒȢ ĮȞĮįȓʌȜȦıȘȢ İȚıȑȡȤİĲĮȚ ĮȡȖȐ ĮȜȜȐ ĮȞĮȝĳȚıȕȒĲȘĲĮ ıİ ȝȚĮ ʌȚȠ 
ȫȡȚȝȘ ʌİȡȓȠįȠ, ȩʌȠȣ ʌİȓȡĮȝĮ țĮȚ șİȦȡȓĮ ıȣȖțȜȓȞȠȣȞ. ȅȚ ʌİȚȡĮȝĮĲȚțȑȢ ĲİȤȞȚțȑȢ ȑȤȠȣȞ 
ʌȜȑȠȞ ĮȞĮʌĲȣȤșİȓ ĮȡțİĲȐ ȫıĲİ ȞĮ ȤȡȘıȚȝȠʌȠȚȘșȠȪȞ ȖȚĮ ĲȘȞ ȑȡİȣȞĮ ĲȘȢ ĮȞĮįȓʌȜȦıȘȢ 
ȝȚțȡȫȞ, ĲĮȤȑȦȢ ĮȞĮįȚʌȜȠȪȝİȞȦȞ ʌȡȦĲİȧȞȫȞ țĮȚ ʌȡȦĲİȧȞȚțȫȞ ıĲȠȚȤİȓȦȞ, İȞȫ Ș 

ȣʌȠȜȠȖȚıĲȚțȒ įȪȞĮȝȘ țĮȚ ȠȚ ĮȜȖȩȡȚșȝȠȚ ȑȤȠȣȞ ĳĲȐıİȚ ıİ ȑȞĮ ıȘȝİȓȠ ȩʌȠȣ Ș 

ʌȡȠıȠȝȠȓȦıȘ ĲȦȞ ʌĮȡĮʌȐȞȦ ȖİȖȠȞȩĲȦȞ ȞĮ İȓȞĮȚ ʌȜȑȠȞ İĳȚțĲȒ (Zagrovic et al., 2001). 

īȚĮ ȞĮ İȓȞĮȚ ȜİȚĲȠȣȡȖȚțȑȢ ȠȚ ʌȡȦĲİǸȞİȢ ʌȡȑʌİȚ ȞĮ ĮȞĮįȚʌȜȦșȠȪȞ ıİ ȝȚĮ 

ıȣȖțİțȡȚȝȑȞȘ ĲȡȚıįȚȐıĲĮĲȘ įȠȝȒ (ĳȣıȚțȒ țĮĲȐıĲĮıȘ) (Caflish, 2004). Ǿ ʌȡȦĲİȧȞȚțȒ 

ĮȞĮįȓʌȜȦıȘ İȓȞĮȚ ȝȚĮ ʌİȡȓʌȜȠțȘ įȚĮįȚțĮıȓĮ, Ș ȠʌȠȓĮ ʌİȡȚȜĮȝȕȐȞİȚ ȝȘ ȠȝȠȚȠʌȠȜȚțȑȢ 
ĮȜȜȘȜİʌȚįȡȐıİȚȢ ıİ ȠȜȩțȜȘȡȠ ĲȠ ȝȩȡȚȠ, ʌȠȜȜȠȪȢ ȕĮșȝȠȪȢ İȜİȣșİȡȓĮȢ țĮȚ ȝȚĮ 

ȚıȠȡȡȠʌȓĮ ĮȞȐȝİıĮ ıĲȘȞ ıȣȝȕȠȜȒ ĲȘȢ İȞșĮȜʌȓĮȢ țĮȚ ĲȘȢ İȞĲȡȠʌȓĮȢ ıĲȘȞ İȜİȪșİȡȘ 

İȞȑȡȖİȚĮ (Dill et al., 1997). Ǿ ʌȚȠ ıĲĮșİȡȒ ĮȞĮįȓʌȜȦıȘ ȝȚĮȢ ʌȡȦĲİǸȞȘȢ İȟĮȡĲȐĲĮȚ 
Įʌȩ ĲȘȞ ĮȝȚȞȠȟȚțȒ ıȪȞșİıȘ, Įʌȩ ĲȠ ʌİȡȚȕȐȜȜȠȞ įȚȐȜȣȝĮ (ıȪȞșİıȘ, ĲȚȝȒ pH), țĮȚ ĲȘ 

șİȡȝȠįȣȞĮȝȚțȒ țĮĲȐıĲĮıȘ (șİȡȝȠțȡĮıȓĮ, ʌȓİıȘ). ǹȜȜȘȜİʌȚįȡȐıİȚȢ ıİ ĮĲȠȝȚțȩ 
İʌȓʌİįȠ țĮșȠȡȓȗȠȣȞ ĲȘȞ ȚıȠȡȡȠʌȓĮ ȝİĲĮȟȪ ĲȦȞ ĮȞĮįȚʌȜȦȝȑȞȦȞ țĮȚ ĮʌȠįȚĮĲĮȖȝȑȞȦȞ 
ʌĮȡĮȖȩȞĲȦȞ. ȅȚ ȣʌȠȜȠȖȚıĲȚțȑȢ ʌȡȠıȠȝȠȚȫıİȚȢ ȝʌȠȡȠȪȞ ȞĮ ȤȡȘıȚȝȠʌȠȚȘșȠȪȞ ȖȚĮ ȞĮ 

ȣʌȠȜȠȖȚıĲİȓ Ș ȚıȠȡȡȠʌȓĮ ĮȞĮįȚʌȜȦȝȑȞȘȢ / ĮʌȠįȚĮĲĮȖȝȑȞȘȢ įȠȝȒȢ, İȞȫ ȠȚ 
ʌȡȠıȠȝȠȚȫıİȚȢ ȝȠȡȚĮțȒȢ įȣȞĮȝȚțȒȢ (MD) ȝʌȠȡȠȪȞ ȞĮ ĮʌȠįȫıȠȣȞ ĲȘȞ țȚȞȘĲȚțȒ ĲȘȢ 
įȚĮįȚțĮıȓĮȢ ĮȞĮįȓʌȜȦıȘȢ (van Gunsteren et al., 2001).   

ȅȚ ȑȡİȣȞİȢ ıİ ĮȣĲȒ ĲȘ ȕȐıȘ ȟİțȓȞȘıĮȞ ȩĲĮȞ ȠȚ Bruce țĮȚ Karplus ĮʌȠĳȐıȚıĮȞ 
ȞĮ ĮȞĮʌĲȪȟȠȣȞ ȑȞĮ ʌȡȩȖȡĮȝȝĮ ĲȠ ȠʌȠȓȠ įİįȠȝȑȞȦȞ țȐʌȠȚȦȞ ʌȜȘȡȠĳȠȡȚȫȞ, ȩʌȦȢ Ș 

ĮȝȚȞȠȟȚțȒ ĮȜȜȘȜȠȣȤȓĮ țĮȚ ȑȞĮ ıİĲ ıȣȞĲİĲĮȖȝȑȞȦȞ, șĮ ȝʌȠȡȠȪıİ ȞĮ ȣʌȠȜȠȖȓıİȚ ĲȘȞ 
İȞȑȡȖİȚĮ ĲȠȣ ıȣıĲȒȝĮĲȠȢ țĮȚ ĲĮ ʌĮȡȐȖȦȖȐ ĲȠȣ ıĮȞ ıȣȞȐȡĲȘıȘ ĲȦȞ ĮĲȠȝȚțȫȞ șȑıİȦȞ. 
ȉȠ ʌȡȩȖȡĮȝȝĮ ĮȣĲȩ ȠȞȠȝȐıĲȘțİ Pre-CHARMM (Karplus, 2003). ǻİįȠȝȑȞȠȣ İȞȩȢ 
ʌȡȠȖȡȐȝȝĮĲȠȢ ʌȠȣ șĮ ȝʌȠȡȠȪıİ ȞĮ ȣʌȠȜȠȖȓıİȚ ĲȚȢ įȣȞȐȝİȚȢ ıĲĮ ȐĲȠȝĮ ȝȚĮȢ 
ʌȡȦĲİǸȞȘȢ ȖȚĮ İȜĮȤȚıĲȠʌȠȓȘıȘ ĲȘȢ İȞȑȡȖİȚĮȢ, ĲȠ İʌȩȝİȞȠ ȕȒȝĮ șĮ ȒĲĮȞ ȞĮ 

ȤȡȘıȚȝȠʌȠȚȘșȠȪȞ ĮȣĲȑȢ ȠȚ įȣȞȐȝİȚȢ ıĲȘȞ İȟȓıȦıȘ ĲȠȣ ȃİȪĲȦȞĮ ȫıĲİ ȞĮ 

ȣʌȠȜȠȖȚıĲȠȪȞ ĲĮ įȣȞĮȝȚțȐ. ȅȚ ʌȡȠıȠȝȠȚȫıİȚȢ ȝʌȠȡȠȪȞ ȞĮ įȫıȠȣȞ ʌȠȜȜȑȢ 
ȜİʌĲȠȝȑȡİȚİȢ ʌȠȣ ĮĳȠȡȠȪȞ ȝİȝȠȞȦȝȑȞİȢ țȚȞȒıİȚȢ ıȦȝĮĲȚįȓȦȞ ıİ ıȣȞȐȡĲȘıȘ ĲȠȣ 
ȤȡȩȞȠȣ. ǼʌȠȝȑȞȦȢ ȝʌȠȡȠȪȞ ȞĮ ȤȡȘıȚȝİȪıȠȣȞ ȫıĲİ ȞĮ ĮʌİȣșȪȞȠȣȞ İȡȦĲȒȝĮĲĮ ȖȚĮ ĲȚȢ 
ȚįȚȩĲȘĲİȢ İȞȩȢ ıȣıĲȒȝĮĲȠȢ, ȝİȡȚțȑȢ ĳȠȡȑȢ ʌȚȠ İȪțȠȜĮ Įʌȩ ʌİȚȡȐȝĮĲĮ ıĲȠ ʌȡĮȖȝĮĲȚțȩ 
ıȪıĲȘȝĮ.  

ȊʌȐȡȤȠȣȞ ĲȡİȚȢ țĮĲȘȖȠȡȓİȢ İĳĮȡµȠȖȫȞ ĲȦȞ µİșȩįȦȞ ʌȡȠıȠµȠȓȦıȘȢ ıİ 
ȝĮțȡȠȝȠȡȚĮțȩ, țĮșȫȢ țĮȚ ıİ ȐȜȜĮ İʌȓʌİįĮ. Ǿ ʌȡȫĲȘ ȤȡȘıȚµȠʌȠȚİȓ ĲȚȢ 
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ʌȡȠıȠµȠȚȫıİȚȢ ȦȢ ȑȞĮ ȝȑıȠ İȜȑȖȤȠȣ ĲȠȣ ȤȫȡȠȣ ʌȠȣ įȚĮȝȠȡĳȫȞİĲĮȚ (sampling 

configuration space). ȋȡȘıȚµȠʌȠȚİȓĲĮȚ țĮĲȐ ȕȐıȘ ȖȚĮ ĲȠȞ țĮșȠȡȚıȝȩ Ȓ ĲȘ 

ȕİȜĲȚıĲȠʌȠȓȘıȘ įȠµȫȞ. Ǿ įİȪĲİȡȘ ȤȡȘıȚȝİȪİȚ ȖȚĮ ĲȘȞ ʌİȡȚȖȡĮĳȒ ĲȠȣ ıȣıĲȒµĮĲȠȢ ıİ 
țĮĲȐıĲĮıȘ ȚıȠȡȡȠʌȓĮȢ ıȣȝʌİȡȚȜĮȝȕĮȞȠȝȑȞȦȞ ĲȦȞ įȠµȚțȫȞ țĮȚ țȚȞȘĲȚțȫȞ ĲȠȣ 
ȚįȚȠĲȒĲȦȞ, țĮșȫȢ țĮȚ ĲȚȢ ĲȚȝȑȢ ĲȦȞ șİȡȝȠįȣȞĮȝȚțȫȞ ʌĮȡĮȝȑĲȡȦȞ. Ǽįȫ ʌȡȑʌİȚ ȞĮ 

ıȘȝİȚȫıȠȣȝİ ȩĲȚ İȓȞĮȚ ĮʌĮȡĮȓĲȘĲȠ ȞĮ ȣʌȠȜȠȖȚıĲİȓ İʌĮȡțȫȢ Ƞ ȤȫȡȠȢ ʌȠȣ 
įȚĮȝȠȡĳȫȞİĲĮȚ țĮȚ țȐșİ ıȘȝİȓȠ ȞĮ ıĲĮșȝȓȗİĲĮȚ ȝİ ĲȠȞ țĮĲȐȜȜȘȜȠ ʌĮȡȐȖȠȞĲĮ 

Boltzmann. ȈĲȘȞ ĲȡȓĲȘ İĳĮȡµȠȖȒ, İȟİĲȐȗİĲĮȚ Ș ʌȡĮȖȝĮĲȚțȒ įȣȞĮµȚțȒ ĲȠȣ 
ıȣıĲȒµĮĲȠȢ, ȩʌȠȣ įİȞ ĮʌĮȚĲİȓĲĮȚ ĮʌȜȐ Ƞ ȣʌȠȜȠȖȚıȝȩȢ ĲȠȣ ȤȫȡȠȣ (sampling 

configuration space) țĮȚ Ș ıĲȐșµȚıȘ µİ ĲȠȞ țĮĲȐȜȜȘȜȠ ʌĮȡȐȖȠȞĲĮ Boltzmann, ĮȜȜȐ 

șĮ ʌȡȑʌİȚ ȞĮ ȖȓȞİȚ µİ ĲȡȩʌȠ ʌȠȣ ȞĮ ĮȞĮʌĮȡȚıĲȐ ıȦıĲȐ ĲȘȞ İȟȑȜȚȟȘ ĲȠȣ ıȣıĲȒµĮĲȠȢ 
ıȣȞĮȡĲȒıİȚ ĲȠȣ ȤȡȩȞȠȣ. īȚĮ ĲȚȢ ʌȡȫĲİȢ įȪȠ İĳĮȡµȠȖȑȢ µʌȠȡȠȪȞ ȞĮ ȤȡȘıȚµȠʌȠȚȘșȠȪȞ 
ȠȚ ʌȡȠıȠµȠȚȫıİȚȢ Monte Carlo ĮȜȜȐ țĮȚ ȠȚ ʌȡȠıȠµȠȚȫıİȚȢ µȠȡȚĮțȒȢ įȣȞĮµȚțȒȢ. 
ȈĲȘȞ ĲȡȓĲȘ ʌİȡȓʌĲȦıȘ ʌȠȣ ĲȠ İȞįȚĮĳȑȡȠȞ İʌȚțİȞĲȡȫȞİĲĮȚ ıĲȚȢ țȚȞȒıİȚȢ țĮȚ ĲȘȞ 
İȟȑȜȚȟȒ ĲȠȣȢ ıĲȠ ȤȡȩȞȠ, µȩȞȠ ȠȚ ʌȡȠıȠµȠȚȫıİȚȢ µȠȡȚĮțȒȢ įȣȞĮµȚțȒȢ µĮȢ ʌĮȡȑȤȠȣȞ 
ĲȚȢ ĮʌĮȡĮȓĲȘĲİȢ ʌȜȘȡȠĳȠȡȓİȢ (Karplus et al., 2002). 

ȅȚ ȡĮȖįĮȓİȢ İȟİȜȓȟİȚȢ ĲȘȢ ȣʌȠȜȠȖȚıĲȚțȒȢ įȪȞĮȝȘȢ ĮȣȟȐȞȠȣȞ ĲȚȢ ʌȚșĮȞȩĲȘĲİȢ 
ȤȡȒıȘȢ ĲİȤȞȚțȫȞ ʌȡȠıȠȝȠȚȫıİȦȞ ȝȠȡȚĮțȒȢ įȣȞĮȝȚțȒȢ, ȫıĲİ ȞĮ įȫıȠȣȞ ıȘȝĮȞĲȚțȑȢ 
ʌȜȘȡȠĳȠȡȓİȢ ȖȚĮ ĲȘȞ ʌȡȦĲİȧȞȚțȒ ĮȞĮįȓʌȜȦıȘ. ȅȚ ʌȡȠıȠȝȠȚȫıİȚȢ ȝȠȡȚĮțȒȢ įȣȞĮȝȚțȒȢ 
ȤȡȘıȚȝȠʌȠȚȠȪȞĲĮȚ ȖȚĮ ĲȘȞ ʌĮȡĮȖȦȖȒ ȝȠȞĲȑȜȦȞ İȜİȪșİȡȘȢ İȞȑȡȖİȚĮȢ ĮȞĮįȓʌȜȦıȘȢ 
țĮșȫȢ țĮȚ ȖȚĮ ĮʌȠįȚĮĲĮȖȝȑȞİȢ Ȓ ȝİȡȚțȫȢ ĮȞĮįȚʌȜȦȝȑȞİȢ ȝȠȡĳȑȢ ȝȚĮȢ ʌȡȦĲİǸȞȘȢ 
(Smith et al., 2002). ȅȚ ʌȡȠıȠȝȠȚȫıİȚȢ ȝȠȡȚĮțȒȢ įȣȞĮȝȚțȒȢ ĮȞĲȚʌȡȠıȦʌİȪȠȣȞ ȑȞĮ 

ȚıȤȣȡȩ İȡȖĮȜİȓȠ ȖȚĮ ĲȘȞ ĮȞȐȜȣıȘ ĲȦȞ ȝȘȤĮȞȚıȝȫȞ ʌȠȣ țĮșȠȡȓȗȠȣȞ ĲȘ ȝȠȞĮįȚțȒ 

ĲȡȚıįȚȐıĲĮĲȘ įȠȝȒ ʌȠȣ șĮ ȣȚȠșİĲȒıİȚ ȝȚĮ ʌȡȦĲİǸȞȘ, İȟĮıĳĮȜȓȗȠȞĲĮȢ ĲȚȢ ĮĲȠȝȚțȑȢ 
ȜİʌĲȠȝȑȡİȚİȢ ĲȘȢ įȚĮįȚțĮıȓĮȢ ĲȘȢ ĮȞĮįȓʌȜȦıȘȢ. ǼȟĮıĳĮȜȓȗȠȣȞ įȘȜĮįȒ ȑȞĮ ȚıȤȣȡȩ 
ȝȑıȠ ȖȚĮ ĲȘȞ ȑȡİȣȞĮ ĲȦȞ ȕȚȠȜȠȖȚțȫȞ ıȣıĲȘȝȐĲȦȞ ıİ ĮĲȠȝȚțȩ İʌȓʌİįȠ. ǲȞĮȢ 
İȡİȣȞȘĲȒȢ ȝʌȠȡİȓ ȑĲıȚ ȞĮ İȟİĲȐıİȚ ĲȠ ĳȣıȚțȩ ıȪıĲȘȝĮ ʌȠȣ ĲȠȞ İȞįȚĮĳȑȡİȚ, ĮȜȜȐ 

ĲĮȣĲȩȤȡȠȞĮ țĮȚ ȞĮ ʌȡĮȖȝĮĲȠʌȠȚȒıİȚ ʌȡȠıȠȝȠȚȫıİȚȢ ȝİ ȣʌİȡȕȠȜȚțȑȢ Ȓ ĲİȤȞȘĲȑȢ 
ıȣȞșȒțİȢ, ȖȚĮ ȞĮ İȟİĲȐıİȚ ʌİȡĮȚĲȑȡȦ ĲȠȣȢ ʌȡȠĲİȚȞȩȝİȞȠȣȢ ȝȘȤĮȞȚıȝȠȪȢ (Grayson et 

al., 2003).  

ȅ țȣȡȚȩĲİȡȠȢ ʌİȡȚȠȡȚıȝȩȢ ıĲȘ ȤȡȒıȘ ĲȦȞ ʌȡȠıȠȝȠȚȫıİȦȞ İȓȞĮȚ Ƞ ȤȡȩȞȠȢ. ȅȚ 
ʌȡȠıȠȝȠȚȫıİȚȢ ʌȡĮȖȝĮĲȠʌȠȚȠȪȞĲĮȚ ıİ ȝȚĮ ȤȡȠȞȚțȒ įȚȐȡțİȚĮ ĲȘȢ ĲȐȟİȦȢ ĲȦȞ 
ȞĮȞȠįİȣĲİȡȠȜȑʌĲȦȞ, İȞȫ ıĲȘȞ ʌȡĮȖȝĮĲȚțȩĲȘĲĮ ȠȚ ʌȡȦĲİǸȞİȢ ĮȞĮįȚʌȜȫȞȠȞĲĮȚ ıİ 
ȤȚȜȚȠıĲȐ ĲȠȣ įİȣĲİȡȠȜȑʌĲȠȣ Ȓ ĮțȩȝĮ țĮȚ ıİ įİȣĲİȡȩȜİʌĲĮ. īȚĮ ȞĮ ʌĮȡĮțĮȝĳșİȓ ĲȠ 
ʌȡȩȕȜȘȝĮ ĮȣĲȩ, ʌȡȠĲȚȝȫȞĲĮȚ ʌȡȠıȠȝȠȚȫıİȚȢ ĮʌȠįȚȐĲĮȟȘȢ ȖȚĮ ĲȘ ȝİȜȑĲȘ ĲȦȞ 
ĮȜȜĮȖȫȞ ıĲȘ įȚĮȝȩȡĳȦıȘ ĲȦȞ ʌȡȦĲİȧȞȫȞ, İʌİȚįȒ ʌȡĮȖȝĮĲȠʌȠȚȠȪȞĲĮȚ ȣʌȩ ĮțȡĮȓİȢ 
ıȣȞșȒțİȢ ʌȠȣ İʌȚĲĮȤȪȞȠȣȞ ĲȠ ĳĮȚȞȩȝİȞȠ ĲȘȢ ĮʌȠįȚȐĲĮȟȘȢ, ȫıĲİ ȞĮ ʌȡȠıİȖȖȓȗİȚ ĲȘ 

ȤȡȠȞȚțȒ țȜȓȝĮțĮ ĲȦȞ ʌȡȠıȠȝȠȚȫıİȦȞ ȝȠȡȚĮțȒȢ įȣȞĮȝȚțȒȢ (Gruia et al.). Ǿ 

ȠµȠȚȠĲȚțȒ İʌȚțȡȐĲİȚĮ Engrailed ĲȘȢ Drosophila melanogaster ȑȤİȚ ĲȘ µİȖĮȜȪĲİȡȘ 

ıĲĮșİȡȐ ĲĮȤȪĲȘĲĮȢ ĮȞĮįȓʌȜȦıȘȢ țĮȚ ĮʌȠįȚȐĲĮȟȘȢ ʌȠȣ ȑȤİȚ ʌĮȡĮĲȘȡȘșİȓ µȑȤȡȚ 
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ıȒµİȡĮ. ȅ ȤȡȩȞȠȢ ȘµȚȗȦȒȢ ĲȘȢ ĮʌȠįȚȐĲĮȟȘȢ ȣʌȠȜȠȖȓȗİĲĮȚ ʌİȡȓʌȠȣ ıİ 7.5 ns ıĲȠȣȢ 
100ºC, ȖİȖȠȞȩȢ ʌȠȣ İʌȚĲȡȑʌİȚ ĲȘȞ įȠțȚµĮıȓĮ, ıİ ʌȡĮȖµĮĲȚțȩ ȤȡȩȞȠ, ʌȡȠıȠµȠȚȫıİȦȞ 
ĮʌȠįȚȐĲĮȟȘȢ ĲȠȣ ıȣıĲȒµĮĲȠȢ ĮȣĲȠȪ, ıİ ȡİĮȜȚıĲȚțȒ șİȡµȠțȡĮıȓĮ (Mayor et al., 2000). 

ǼȟĮȚĲȓĮȢ ĲȠȣ ʌİȡȚȠȡȚıȝȠȪ ʌȠȣ ĮȞĮĳȑȡșȘțİ ʌȡȠȘȖȠȣȝȑȞȦȢ, ĮȞĮʌĲȪȤșȘțĮȞ 
ʌȡȠıȠȝȠȚȫıİȚȢ ȝȠȡȚĮțȒȢ įȣȞĮȝȚțȒȢ ȩʌȠȣ ȑȞĮ ıȣȖțİțȡȚȝȑȞȠ ȖİȖȠȞȩȢ ʌȡȠțĮȜİȓĲĮȚ 
ȝȑıȦ ĲȘȢ İĳĮȡȝȠȖȒȢ ȑȝȝİıȦȞ įȣȞĮȝȚțȫȞ Ȓ İȟȦȖİȞȫȞ įȣȞȐȝİȦȞ ȠȚ ȠʌȠȓİȢ ȠįȘȖȠȪȞ 
ĲȠ ıȪıĲȘȝĮ ıİ ȝȚĮ ʌȡȠțĮșȠȡȚıȝȑȞȘ įȚĮȝȩȡĳȦıȘ. īȚĮ ĲȠ ȜȩȖȠ ĮȣĲȩ ĮȞĮʌĲȪȤșȘțĮȞ 
įȣȠ ȝȑșȠįȠȚ, Ș įİȚȖȝĮĲȠȜȘȥȓĮ țȐȜȣȥȘȢ (umbrella sampling) țĮȚ Ș țĮșȠįȘȖȠȪȝİȞȘ 

ʌȡȠıȠȝȠȓȦıȘ ȝȠȡȚĮțȒȢ įȣȞĮȝȚțȒȢ (steered molecular dynamics simulation), ȠȚ 
ȠʌȠȓİȢ İĳĮȡȝȩıĲȘțĮȞ ıİ įȚȐĳȠȡĮ ȝȠȡȚĮțȐ ıȣıĲȒȝĮĲĮ. ȈĲȘȞ ʌȡȐȟȘ ĮȣĲȑȢ ȠȚ ȝȑșȠįȠȚ 
ĮʌĮȚĲȠȪȞ ʌȡȠțĮșȠȡȚıȝȑȞİȢ ıȣȞĲİĲĮȖȝȑȞİȢ ʌȠȣ ıȣȞįȑȠȣȞ ĲȚȢ ĮȡȤȚțȑȢ țĮȚ ĲİȜȚțȑȢ 
įȚĮȝȠȡĳȫıİȚȢ ĲȦȞ ıȣıĲȘȝȐĲȦȞ. ȂȚĮ ʌȚȠ ȞȑĮ ȝȑșȠįȠȢ ʌȡȠıȠȝȠȓȦıȘȢ İȓȞĮȚ ȠȚ 
įȚĮįȡĮıĲȚțȑȢ ʌȡȠıȠȝȠȚȫıİȚȢ ȝȠȡȚĮțȒȢ įȣȞĮȝȚțȒȢ (IMD, Interactive Molecular 

Dynamics) ʌȠȣ ȤȡȘıȚȝȠʌȠȚİȓĲĮȚ ȖȚĮ ĲȘȞ İȟȑĲĮıȘ įȣȞĮȝȚțȫȞ įȚĮįȚțĮıȚȫȞ (Grayson et 

al., 2003).   

ȅȚ ȣʌȠȜȠȖȚıĲȚțȑȢ ʌȡȠıȠȝȠȚȫıİȚȢ ȜİȚĲȠȣȡȖȠȪȞ ıĮȞ ȝȚĮ ȖȑĳȣȡĮ ȝİĲĮȟȪ 
ȝȚțȡȠıțȠʌȚțȠȪ ȝȒțȠȣȢ țĮȚ țȜȓȝĮțĮȢ ȤȡȩȞȠȣ țĮȚ ĲȠȣ ȝĮțȡȠıțȠʌȚțȠȪ țȩıȝȠȣ ĲȠȣ 
İȡȖĮıĲȘȡȓȠȣ, įȘȜĮįȒ ȟİțȚȞȐȝİ ȝİ ȝȚĮ ʌȡȩȕȜİȥȘ ȖȚĮ ĲȚȢ ĮȜȜȘȜİʌȚįȡȐıİȚȢ ȝİĲĮȟȪ ĲȦȞ 
ȝȠȡȓȦȞ țĮȚ țĮĲĮȜȒȖȠȣȝİ ȝİ “ĮțȡȚȕİȓȢ” ʌȡȠȕȜȑȥİȚȢ ȖȚĮ ĲȚȢ ʌȡȦĲİǸȞİȢ (Allen, 2004). 

ȀĮĲȐ ʌȩıȠ ȠȚ ʌȡȠıȠȝȠȚȫıİȚȢ ȝȠȡȚĮțȒȢ įȣȞĮȝȚțȒȢ İȓȞĮȚ ĮȟȚȩʌȚıĲİȢ İȓȞĮȚ ȑȞĮ țĮȓȡȚȠ 
İȡȫĲȘȝĮ. Ǿ ĮʌȐȞĲȘıȘ įȓȞİĲĮȚ ȝȑıĮ Įʌȩ ıȪȖțȡȚıȘ ĮʌȠĲİȜİıȝȐĲȦȞ ȝİĲĮȟȪ ĲȦȞ 
ĮʌȠĲİȜİıȝȐĲȦȞ ĲȦȞ ʌȡȠıȠȝȠȚȫıİȦȞ țĮȚ ȐȜȜȦȞ ʌİȚȡĮȝĮĲȚțȫȞ įİįȠȝȑȞȦȞ. ǲȞĮ 

ȤĮȡĮțĲȘȡȚıĲȚțȩ ʌĮȡȐįİȚȖȝĮ ĮʌȠĲİȜİȓ Ș ȣȥȘȜȒ ʌȚıĲȩĲȘĲĮ ĲȦȞ ĮʌȠĲİȜİıȝȐĲȦȞ Įʌȩ 
ĲȘȞ ĮȞȐȜȣıȘ time-resolved x-ray įȠȝȫȞ țĮȚ MD ʌȡȠıȠȝȠȚȫıİȦȞ ıĲȠ ȝȩȡȚȠ ĲȘȢ 
ȝȣȠıĳĮȚȡȓȞȘȢ (Hummer et al., 2004).  

ȅȚ ʌȡȠıȠȝȠȚȫıİȚȢ ȝȠȡȚĮțȒȢ įȣȞĮȝȚțȒȢ ȤȡȘıȚȝȠʌȠȚȠȪȞĲĮȚ İʌȓıȘȢ ȖȚĮ ȝİȜȑĲİȢ 
ıȤİĲȚțȐ ȝİ ĲȘ įȠȝȒ țĮȚ ĲȘȞ țȓȞȘıȘ țĮȚ ĲȦȞ DNA ȠȜȚȖȠȞȠȣțȜİȠĲȚįȓȦȞ ıĲȠ įȚȐȜȣȝĮ. 

ȆȡȩıĳĮĲİȢ ȕİȜĲȚȫıİȚȢ ıĲĮ įȣȞĮȝȚțȐ ʌİįȓĮ ĲȦȞ ȞȠȣțȜİȧțȫȞ ȠȟȑȦȞ țĮȚ Ș ĮȞȐʌĲȣȟȘ 

ʌĮȡĮȖȩȞĲȦȞ “įİȪĲİȡȘȢ ȖİȞȚȐȢ” İȚįȚțȐ ȖȚĮ ʌȡȠıȠȝȠȚȫıİȚȢ ʌȠȣ ʌİȡȚȜĮȝȕȐȞȠȣȞ ĲȠ 
įȚĮȜȪĲȘ, ȑȤȠȣȞ ʌȡȠȐȖİȚ ĲȘȞ ȚțĮȞȩĲȘĲĮ ĲȦȞ ʌȡȠıȠȝȠȚȫıİȦȞ ȞĮ ʌȡȠȕȜȑȥȠȣȞ ȝİ 
ĮțȡȓȕİȚĮ ĲȘ įȠȝȒ ĲȠȣ DNA. īȚĮ ȞĮ įȚĮʌȚıĲȦșİȓ Ș ȚțĮȞȩĲȘĲĮ ĲȦȞ ʌȡȠıȠȝȠȚȫıİȦȞ 
ıĲȘȞ ʌȡȩȕȜİȥȘ ĲȘȢ įȠȝȒȢ ĲȦȞ ȞȠȣțȜİȧțȫȞ ȠȟȑȦȞ, İĳĮȡȝȩȗİĲĮȚ Ƞ ʌȣȡȘȞȚțȩȢ 
ȝĮȖȞȘĲȚțȩȢ ıȣȞĲȠȞȚıȝȩȢ NMR (Nuclear Magnetic Resonance). ȉȠ NMR, İțĲȩȢ Įʌȩ 
ĲȘ ıȣȝȝİĲȠȤȒ ıĲȠȞ ʌȡȠıįȚȠȡȚıµȩ įȠµȫȞ, ȤȡȘıȚȝİȪİȚ ıĲȘ µİȜȑĲȘ ĲȘȢ įȣȞĮµȚțȒȢ țĮȚ 
șİȡµȠįȣȞĮµȚțȒȢ ĲȦȞ µĮțȡȠµȠȡȓȦȞ. ȉĮ ĮʌȠĲİȜȑıȝĮĲĮ ʌȠȣ ʌȡȠțȪʌĲȠȣȞ ĲȩıȠ Įʌȩ ĲȠȞ 
NMR ȩıȠ țĮȚ Įʌȩ ĲȚȢ ʌȡȠıȠȝȠȚȫıİȚȢ įİȞ ĮʌȑȤȠȣȞ ʌȠȜȪ ȝİĲĮȟȪ ĲȠȣȢ, ȖİȖȠȞȩȢ ʌȠȣ 
İȞȚıȤȪİȚ ĲȘ ȤȡȒıȘ ĲȦȞ ʌȡȠıȠȝȠȚȫıİȦȞ (Arthanari et al. 2003).   

ǼȓȞĮȚ ĳĮȞİȡȩ ȩĲȚ ȠȚ MD ʌȡȠıȠȝȠȚȫıİȚȢ İȓȞĮȚ ĮȡțİĲȐ ĮȟȚȩʌȚıĲİȢ ȖȚĮ ĲȚȢ 
ȝİȜȑĲİȢ ĲȘȢ țȓȞȘıȘȢ țĮȚ ĮȞĮįȓʌȜȦıȘȢ įȚĮĳȩȡȦȞ ȝȠȡȓȦȞ, ȩȝȦȢ ʌȩıȠ İȪțȠȜȠ İȓȞĮȚ ȞĮ 

ʌȡĮȖȝĮĲȠʌȠȚȘșȠȪȞ ĲȑĲȠȚȠȣ İȓįȠȣȢ ʌȡȠıȠȝȠȚȫıİȚȢ; ȆȩıȠȚ ȣʌȠȜȠȖȚıĲȑȢ ȤȡİȚȐȗȠȞĲĮȚ 
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țĮȚ ʌȩıĮ įȓțĲȣĮ ʌȡȑʌİȚ ȞĮ įȘȝȚȠȣȡȖȘșȠȪȞ ȫıĲİ ȞĮ țĮȜȣĳșİȓ Ƞ ȩȖțȠȢ ĲȦȞ įİįȠȝȑȞȦȞ 
ʌȠȣ ĮʌĮȚĲİȓĲĮȚ ȖȚĮ ȞĮ İȓȞĮȚ İʌĮȡțȒ ĲĮ ĮʌȠĲİȜȑıȝĮĲĮ; ȅȚ ȣʌȠȜȠȖȚıĲȑȢ ʌȠȣ ȑȤȠȣȝİ ıĲȘ 

įȚȐșİıȒ ȝĮȢ ıȒȝİȡĮ įİȞ İȓȞĮȚ ĮȡțİĲȐ ȖȡȒȖȠȡȠȚ ȫıĲİ ȞĮ İȡİȣȞȘșȠȪȞ ȩȜİȢ ȠȚ įȣȞĮĲȑȢ 
įȚĮȝȠȡĳȫıİȚȢ (Hess, 2002). Ȉİ ĮȣĲȒ ĲȘ ȕȐıȘ, İȡȖȐıĲȘțİ Ƞ Izaguirre țĮȚ Ș ȠȝȐįĮ ĲȠȣ 
țĮȚ ʌȡȩĲİȚȞİ ȝȚĮ ȞȑĮ ȝȑșȠįȠ ʌȠȣ ȠȞȠȝȐȗİĲĮȚ Verlet-I/r-RESPA. ȆȡȩțİȚĲĮȚ ȖȚĮ ȝȚĮ 

ȝȑșȠįȠ ȩʌȠȣ ĲȠ ĮȡȖȩ ȝȑȡȠȢ ĲȠȣ įȣȞĮȝȚțȠȪ İȞȑȡȖİȚĮȢ ĲȡȠʌȠʌȠȚİȓĲĮȚ țĮȚ ȑȤȠȣȝİ ĲȘ 

įȣȞĮĲȩĲȘĲĮ ȝİȖĮȜȪĲİȡȦȞ ȕȘȝȐĲȦȞ ȫıĲİ ȞĮ ʌȡĮȖȝĮĲȠʌȠȚȘșȠȪȞ ʌȡȠıȠȝȠȚȫıİȚȢ 
ȝİȖĮȜȪĲİȡȘȢ įȚȐȡțİȚĮȢ (Izaguirre et al., 1999). Ǿ µİȖĮȜȪĲİȡȘȢ įȚȐȡțİȚĮȢ ȖȞȦıĲȒ 

ʌȡȠıȠµȠȓȦıȘ ĮĳȠȡȐ ĲȘȞ ĮȞĮįȓʌȜȦıȘ ĲȘȢ İʌȚțȡȐĲİȚĮȢ țİĳĮȜȒȢ ĲȘȢ ȕȚȜȜȓȞȘȢ, ȝȚĮȢ 
ʌȡȦĲİǸȞȘȢ 36 țĮĲĮȜȠȓʌȦȞ țĮȚ İȓȞĮȚ ĲȘȢ ĲȐȟȘȢ ĲȠȣ 1µs (Duan et al., 1998).  

ȅȚ MD ʌȡȠıȠȝȠȚȫıİȚȢ ȤȡȘıȚȝȠʌȠȚȒșȘțĮȞ ıİ ȝȚĮ ĮȡțİĲȐ ȝİȖȐȜȘ ʌȠȚțȚȜȓĮ 

ıȣıĲȘȝȐĲȦȞ. ȋĮȡĮțĲȘȡȚıĲȚțȩ ʌĮȡȐįİȚȖȝĮ ĮʌȠĲİȜİȓ Ș ȝİȜȑĲȘ ĲȘȢ įȚĮįȚțĮıȓĮȢ 
ĮȞĲĮȜȜĮȖȒȢ ȞȠȣțȜİȠĲȚįȓȠȣ ĲȘȢ ȣʌȠȝȠȞȐįĮȢ GĮ ĲȘȢ ȝİĲĮȖȦȖȐıȘȢ GĮt. ȉĮ 

ĮʌȠĲİȜȑıȝĮĲĮ ĮȣĲȠȪ ĲȠȣ ʌİȚȡȐȝĮĲȠȢ ĮʌȠțĮȜȪʌĲȠȣȞ ȑȞĮȞ ĮȡȚșȝȩ įȠȝȚțȫȞ țĮȚ 
įȣȞĮȝȚțȫȞ ĮȜȜĮȖȫȞ ʌȠȣ İȟĮȡĲȫȞĲĮȚ Įʌȩ ĲȠ ȞȠȣțȜİȠĲȓįȚȠ ʌȠȣ įİȞ ʌĮȡĮĲȘȡȒșȘțĮȞ 
ıĲȚȢ įȚȐĳȠȡİȢ țȡȣıĲĮȜȜȚțȑȢ įȠȝȑȢ ĲȘȢ GĮt (Ceruso et al., 2004). ǲȞĮ ĮțȩȝĮ 

ʌĮȡȐįİȚȖȝĮ İȓȞĮȚ Ș įȚİȡİȪȞȘıȘ ĲȘȢ ĳȪıȘȢ ĲȘȢ ʌĮȡĮµȩȡĳȦıȘȢ ĲȠȣ DNA ʌȠȣ 
ʌȡȠțĮȜİȓĲĮȚ Įʌȩ ȑȞĮ įȚµİȡȑȢ țȣțȜȠȕȠȣĲĮȞȓȠȣ ʌȣȡȚµȚįȓȞȘȢ (cyclobutane pyrimidine 

dimer) (Yamaguchi et al., 1998). ȅȚ ʌȡȠıȠµȠȚȫıİȚȢ ȤȡȘıȚȝȠʌȠȚȠȪȞĲĮȚ İʌȓıȘȢ ıĲȘ 

įȚİȡİȪȞȘıȘ ĲȘȢ įȣȞĮµȚțȒȢ țĮȚ ĲȦȞ įȚĮµȠȡȚĮțȫȞ ĮȜȜȘȜİʌȚįȡȐıİȦȞ ʌȡȦĲİȧȞȫȞ ȩʌȦȢ Ƞ 
trans İȞİȡȖȠʌȠȚȘĲȒȢ ĲȠȣ HIV-1, Ș Tat. ǹʌȩ ĲȑĲȠȚİȢ µİȜȑĲİȢ ĲĮȣĲȠʌȠȚȒșȘțĮȞ 
įȚĮµȠȡȚĮțȑȢ ĮȜȜȘȜİʌȚįȡȐıİȚȢ ıȘµĮȞĲȚțȑȢ ȖȚĮ ĲȘ ıĲĮșİȡȩĲȘĲĮ țĮșȫȢ țĮȚ ıȘµĮȞĲȚțȑȢ 
ȘȜİțĲȡȠıĲĮĲȚțȑȢ ĮȜȜȘȜİʌȚįȡȐıİȚȢ ĲȘȢ N-ĲİȜȚțȒȢ ʌİȡȚȠȤȒȢ µİ ĲȘ ȕĮıȚțȒ İʌȚțȡȐĲİȚĮ 

ĲȘȢ ʌȡȦĲİǸȞȘȢ, ıȪȝĳȦȞĮ ȝİ ĲȘȞ  ıĲȠȤİȣȝȑȞȘ ȝİĲĮȜȜĮȟȚȖȑȞİıȘ ʌȠȣ İĳĮȡȝȩıĲȘțİ 
(Pantano et al., 2004). Ǿ ȤȡȒıȘ ĲȦȞ MD ʌȡȠıȠȝȠȚȫıİȦȞ ȕȠȒșȘıİ ıĲȘȞ ĮʌȠțȐȜȣȥȘ 

ȝȚĮȢ ȖȑĳȣȡĮȢ ȐȜĮĲȠȢ Ș ȠʌȠȓĮ įȘȝȚȠȣȡȖİȓ ȝȚĮ țȚȞȘĲȚțȒ ʌĮȖȓįĮ (kinetic trap) ıĲȘȞ 
ĮʌȠįȚȐĲĮȟȘ ĲȘȢ truncated staphylococcal nuclease (SNase). Ǿ ȖȑĳȣȡĮ ĮȣĲȒ 

ıȤȘȝĮĲȓȗİĲĮȚ ȝİĲĮȟȪ ĲȘȢ ĮȡȖȚȞȓȞȘȢ 105 țĮȚ ĲȠȣ ȖȜȠȣĲĮȝȚȞȚțȠȪ 135 (Gruia et al., 

2003). ǿįȚĮȓĲİȡȠ İȞįȚĮĳȑȡȠȞ ʌĮȡȠȣıȚȐȗȠȣȞ ȠȚ ĮȜȜȘȜİʌȚįȡȐıİȚȢ µİĲĮȟȪ ʌȡȦĲİȧȞȫȞ, ȠȚ 
ȠʌȠȓİȢ įȚĮįȡĮµĮĲȓȗȠȣȞ ıȘȝĮȞĲȚțȠȪȢ ȡȩȜȠȣȢ ıĲȘ ȡȪșµȚıȘ ʌȠȚțȓȜȦȞ ȕȚȠȜȠȖȚțȫȞ 
įȚİȡȖĮıȚȫȞ. ȆȡȩıĳĮĲĮ, ȑȤİȚ ȤĮȡĮțĲȘȡȚıĲİȓ µȓĮ İʌȚțȡȐĲİȚĮ, Ș PB1 (Phox țĮȚ Bem1), 

Ș ȠʌȠȓĮ ȑȤİȚ ıȣȞĲȘȡȘșİȓ țĮĲȐ ĲȘȞ İȟȑȜȚȟȘ țĮȚ İȝĳĮȞȓȗİĲĮȚ ıİ įȚȐĳȠȡİȢ ʌȡȦĲİǸȞİȢ ʌȠȣ 
ıȣµµİĲȑȤȠȣȞ ıĲȘ µİĲĮȖȦȖȒ ıȒµĮĲȠȢ, ıĲȘȞ ʌȠȜȚțȩĲȘĲĮ ĲȠȣ țȣĲĲȐȡȠȣ țĮȚ ıĲȘȞ 
İʌȚȕȓȦıȘ. Ǿ İʌȚțȡȐĲİȚĮ ĮȣĲȒ țĮȚ Ș ıȣµʌİȡȚĳȠȡȐ ĲȘȢ ĮʌȠĲȑȜİıİ ĮȞĲȚțİȓµİȞȠ µİȜȑĲȘȢ 
ʌȡȠıȠµȠȚȫıİȦȞ (van Drogen-Petit et al., 2004).  
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2.1 ȆȡȠıȠȝȠȚȫıİȚȢ ȝȠȡȚĮțȒȢ įȣȞĮȝȚțȒȢ ĲȘȢ Ala2Ile2-6 
 

 

ȅȚ ʌȡȠıȠȝȠȚȫıİȚȢ ĲȘȢ Ala2Ile2-6 ʌȡĮȖȝĮĲȠʌȠȚȒșȘțĮȞ ıİ ȝȚĮ ıȣıĲȠȚȤȓĮ 

ȣʌȠȜȠȖȚıĲȫȞ ĲȪʌȠȣ Beowulf, ȝİ ĲȘ ȤȡȒıȘ ĲȠȣ įȣȞĮȝȚțȠȪ ʌİįȓȠȣ charmm27 ĲȠ ȠʌȠȓȠ 
ȝĮȢ įȓȞİȚ ĲȚȢ ʌȜȘȡȠĳȠȡȓİȢ ȖȚĮ ĲȘȞ ĲȠʌȠȜȠȖȓĮ țĮȚ ȐȜȜİȢ ʌĮȡĮµȑĲȡȠȣȢ ĲȘȢ ʌȡȦĲİǸȞȘȢ 
(MacKerell et al., 1998). ȉȠ įȣȞĮµȚțȩ ʌİįȓȠ İȓȞĮȚ µȓĮ µĮșȘµĮĲȚțȒ ȑțĳȡĮıȘ ĲȘȢ 
įȣȞĮµȚțȒȢ İȞȑȡȖİȚĮȢ ĲȦȞ ĮĲȩµȦȞ ĲȠȣ ıȣıĲȒµĮĲȠȢ. ȊʌȐȡȤȠȣȞ įȚȐĳȠȡĮ įȣȞĮȝȚțȐ 

ʌİįȓĮ ȖȚĮ ʌȡȦĲİǸȞİȢ, ȩʌȦȢ ĲĮ AMBER, CHARMM, OPLS-AA, ĲĮ ȠʌȠȓĮ ĳĮȓȞİĲĮȚ ȞĮ 

įȓȞȠȣȞ ʌĮȡȩµȠȚĮ ĮʌȠĲİȜȑıµĮĲĮ (Gnanakaran et al., 2005; Price et al., 2002; Shirts et 

al., 2003). ȉȠ ĮȡȤİȓȠ µİ ĲȚȢ ʌĮȡĮµȑĲȡȠȣȢ ʌİȡȚȑȤİȚ ʌȜȘȡȠĳȠȡȓİȢ ȩʌȦȢ Ș ȚıȤȪȢ țĮȚ ĲȠ 
µȒțȠȢ ȚıȠȡȡȠʌȓĮȢ ĲȦȞ ȠµȠȚȠʌȠȜȚțȫȞ įİıµȫȞ. ȉȠ ĮȡȤİȓȠ µİ ĲȘȞ ĲȠʌȠȜȠȖȓĮ ʌİȡȚȑȤİȚ 
ʌȜȘȡȠĳȠȡȓĮ ıȤİĲȚțȐ µİ ĲȠȣȢ ĮĲȠµȚțȠȪȢ ĲȪʌȠȣȢ, ĲĮ ĳȠȡĲȓĮ țĮȚ ĲȠȞ ĲȡȩʌȠ ıȪȞįİıȘȢ 
ĲȦȞ ĮĲȩµȦȞ ıĲȠ µȩȡȚȠ. ȈĲȠ ĮȡȤİȓȠ pdb ʌȠȣ ʌĮȓȡȞȠȣȝİ Įʌȩ ĲȘ ȕȐıȘ įİįȠȝȑȞȦȞ ĲȘȢ 
PDB ʌİȡȚȑȤİĲĮȚ Ș ʌȜȘȡȠĳȠȡȓĮ ȖȚĮ ĲȚȢ ıȣȞĲİĲĮȖµȑȞİȢ ĲȦȞ ĮĲȩµȦȞ. ǹțȠȜȠȣșİȓ Ș 

İȣșȣȖȡȐȝȝȚıȘ ĲȦȞ ĮȟȩȞȦȞ ĲȘȢ ĮįȡȐȞİȚĮȢ ĲȠȣ µȠȡȓȠȣ µİ ĲȠ ȠȡșȠțĮȞȠȞȚțȩ ıȪıĲȘµĮ 

ĮȟȩȞȦȞ țĮȚ Ș ĲȠʌȠșȑĲȘıȘ ĲȠȣ țȑȞĲȡȠȣ ȕȐȡȠȣȢ ĲȠȣ ıĲȘȞ ĮȡȤȒ ĲȦȞ ĮȟȩȞȦȞ 
ȤȡȘıȚȝȠʌȠȚȫȞĲĮȢ ĲȠ ʌȡȩȖȡĮȝȝĮ moleman (Kleywegt, 1995). Ǿ ʌȡȠıȠµȠȓȦıȘ 

ʌȡĮȖµĮĲȠʌȠȚİȓĲĮȚ ıİ ȩȟȚȞȠ pH țĮȚ ȩȤȚ ıİ ȠȣįȑĲİȡȠ, țĮĲȐ ıȣȞȑʌİȚĮ ȠȚ ȚıĲȚįȓȞİȢ șĮ 

ʌȡȑʌİȚ ȞĮ ȕȡȓıțȠȞĲĮȚ ıİ ʌȡȦĲȠȞȚȦµȑȞȘ µȠȡĳȒ, įȘȜĮįȒ ĲĮ įȪȠ ȐĲȠµĮ ĮȗȫĲȠȣ ʌȡȑʌİȚ 
ȞĮ İȓȞĮȚ ıİ ʌȡȦĲȠȞȚȦȝȑȞȘ ȝȠȡĳȒ (ĮȞĲȓ ȖȚĮ HIS ȤȡȘıȚȝȠʌȠȚȠȪȝİ HSP). ǼȞĮȜȜĮțĲȚțȐ, 

µʌȠȡİȓ ȞĮ İȓȞĮȚ ʌȡȦĲȠȞȚȦµȑȞȠ µȩȞȠ ĲȠ į ȐȗȦĲȠ (ȠʌȩĲİ ĮȞĮĳȑȡİĲĮȚ ıĮȞ HSD), Ȓ 

µȩȞȠ ĲȠ İ (ȠʌȩĲİ ĮȞĮĳȑȡİĲĮȚ ıĮȞ HSE). ȉȑȜȠȢ, ȤȡȘıȚȝȠʌȠȚİȓĲĮȚ ȑȞĮ ĮȡȤİȓȠ psf 

(protein structure file) ıĲȠ ȠʌȠȓȠ ʌİȡȚȑȤİĲĮȚ Ș ʌȜȘȡȠĳȠȡȓĮ ıȤİĲȚțȐ ȝİ ĲȘ įȠȝȒ ĲȘȢ 
ʌȡȦĲİǸȞȘȢ țĮȚ ĲȠ ĮȡȤİȓȠ pdb ʌȠȣ ĮȞĮĳȑȡĮȝİ ʌȡȠȘȖȠȣȝȑȞȦȢ. ȉȠ psf įȘµȚȠȣȡȖİȓĲĮȚ µİ 
ĲȘ ȕȠȒșİȚĮ ĲȠȣ psfgen, ĲȠ ȠʌȠȓȠ İȝʌİȡȚȑȤİĲĮȚ ıĲȠ NAMD (Kale et al., 1999). ǲĲıȚ, 
ȑȤȠȣȝİ ȩȜİȢ ĲȚȢ ĮʌĮȡĮȓĲȘĲİȢ ʌȜȘȡȠĳȠȡȓİȢ ȖȚĮ ĲȘȞ ʌȡȦĲİǸȞȘ.  

ǹțȠȜȠȪșȦȢ ĮıȤȠȜȠȪȝĮıĲİ ȝİ ĲȘȞ ʌȡȠİĲȠȚµĮıȓĮ ĲȠȣ ıȣıĲȒµĮĲȠȢ ĲȘȞ ȠʌȠȓĮ 

ʌİȡȚȖȡȐĳȠȣȝİ ĮȞĮȜȣĲȚțȐ ıĲȠ 3Ƞ țİĳȐȜĮȚȠ. Ǿ ʌȡȦĲİǸȞȘ ıĲȠ ıȘȝİȓȠ ĮȣĲȩ ĲȠʌȠșİĲİȓĲĮȚ 
ıİ ȑȞĮ țȠȣĲȓ µİ ȞİȡȐ țĮȚ ȚȩȞĲĮ ȫıĲİ ȞĮ įȘȝȚȠȣȡȖȘșİȓ ȑȞĮ țĮĲȐ ʌȡȠıȑȖȖȚıȘ 

ĳȣıȚȠȜȠȖȚțȩ ȣįĮĲȚțȩ ʌİȡȚȕȐȜȜȠȞ. ȉĮ µȩȡȚĮ ȞİȡȠȪ ʌȠȣ ȤȡȘıȚµȠʌȠȚȠȪȞĲĮȚ İȓȞĮȚ ĲȪʌȠȣ 
TIP3 (Shirts et al., 2003). Ǿ ʌĮȡȠȣıȓĮ ĲȦȞ ȚȩȞĲȦȞ ȤȡȘıȚȝİȪİȚ ıĲȘȞ “İȟȠȣįİĲȑȡȦıȘ” 

ĲȠȣ ĳȠȡĲȓȠȣ țĮȚ ȑĲıȚ ıȣµȕȐȜȜİȚ ıĲȘ ıĲĮșİȡȩĲȘĲĮ ĲȠȣ ıȣıĲȒµĮĲȠȢ. ȉȣʌȚțȐ ĲĮ ȚȩȞĲĮ 

ʌȡȑʌİȚ ȞĮ ĲȠʌȠșİĲȘșȠȪȞ ıİ ʌİȡȚȠȤȑȢ ȩʌȠȣ İȝĳĮȞȓȗȠȞĲĮȚ ĲȠʌȚțȐ İȜȐȤȚıĲĮ ĲȠȣ 
įȣȞĮµȚțȠȪ, ĮĳȠȪ țĮĲȐ ĲȘ įȚȐȡțİȚĮ ĲȘȢ ʌȡȠıȠµȠȓȦıȘȢ șĮ ȝİĲĮĲȠʌȚıĲȠȪȞ ʌȡȠȢ ĮȣĲȑȢ 
ĲȚȢ ʌİȡȚȠȤȑȢ. ȉȠ ĳȠȡĲȓȠ ĲȠȣ ıȣıĲȒµĮĲȠȢ ʌİȡȚȑȤİĲĮȚ ıĲȠ ĮȡȤİȓȠ psf. ȈĲȚȢ 
ʌȡȠıȠµȠȚȫıİȚȢ µȠȡȚĮțȒȢ įȣȞĮµȚțȒȢ µİ periodic boundary conditions Ș İȞȑȡȖİȚĮ 

ȜȩȖȦ ȘȜİțĲȡȠıĲĮĲȚțȫȞ ĮȜȜȘȜİʌȚįȡȐıİȦȞ ȣʌȠȜȠȖȓȗİĲĮȚ µİ ĲȘ µȑșȠįȠ particle-mesh 

Ewald (PME), Ș ȠʌȠȓĮ ĮʌĮȚĲİȓ ĲȘȞ ȪʌĮȡȟȘ ȠȣįȑĲİȡȠȣ ıȣıĲȒµĮĲȠȢ (Darden et al., 
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1993). ǼȐȞ ĲȠ µȩȡȚȠ ĳȑȡİȚ ıȤİĲȚțȐ µȚțȡȩ ȘȜİțĲȡȚțȩ ĳȠȡĲȓȠ, Ƞ ʌȚȠ İȪțȠȜȠȢ ĲȡȩʌȠȢ ȞĮ 

ĲȠʌȠșİĲȘșȠȪȞ ĲĮ ȚȩȞĲĮ ıĲȠ ıȪıĲȘµĮ İȓȞĮȚ ĮȣĲȩµĮĲĮ µİ ĲȘ ȕȠȒșİȚĮ ĲȠȣ VMD 

(Humphrey et al. 1996). ǲĲıȚ ȣʌȠȜȠȖȓȗİĲĮȚ Ƞ ĮȡȚșȝȩȢ ĲȦȞ ȚȩȞĲȦȞ ȞĮĲȡȓȠȣ țĮȚ 
ȤȜȦȡȓȠȣ ʌȠȣ ĮʌĮȚĲȠȪȞĲĮȚ țĮȚ ĲȠʌȠșİĲȠȪȞĲĮȚ ĲȣȤĮȓĮ ıĲȠ įȚȐȜȣµĮ, ĮȜȜȐ ʌĮȡȐȜȜȘȜĮ 

įȚĮĲȘȡȠȪȞĲĮȚ ȠȚ İȜȐȤȚıĲİȢ ĮʌȠıĲȐıİȚȢ ĮȞȐµİıĮ ıĲĮ ȚȩȞĲĮ țĮȚ ĲȠ µȩȡȚȠ, ĮȜȜȐ țĮȚ 
µİĲĮȟȪ ĲȦȞ ȚȩȞĲȦȞ. ȉȠ µȑȖİșȠȢ ĲȠȣ țȠȣĲȚȠȪ ʌȠȣ ȤȡȘıȚµȠʌȠȚİȓĲĮȚ İȓȞĮȚ ĮȡțİĲȐ 

µİȖȐȜȠ ȫıĲİ ȞĮ ĮʌȠĳİȣȤșİȓ Ș ıȪȖțȡȠȣıȘ µİ țȐʌȠȚȠ Įʌȩ ĲĮ ȖİȚĲȠȞȚțȐ İȓįȦȜĮ, ĮĳȠȪ 
ȠȚ ʌȡȠıȠµȠȚȫıİȚȢ ʌȡĮȖµĮĲȠʌȠȚȠȪȞĲĮȚ ıİ periodic boundary conditions. ǵĲĮȞ ȑȤȠȣȝİ 
periodic boundary conditions, ĲȠʌȠșİĲȠȪȝİ ȖȪȡȦ Įʌȩ ĲȠ ıȪıĲȘȝĮ ʌȠȣ ȝİȜİĲȐȝİ 
(primary cell) (țĮȚ ıĲȚȢ ĲȡİȚȢ įȚĮıĲȐıİȚȢ) ʌĮȞȠȝȠȚȩĲȣʌİȢ ȝȠȞȐįİȢ ĲȠȣ İĮȣĲȠȪ ĲȠȣ Ȓ 

“ĮȞĲȓȖȡĮĳĮ” (replicas). ȉĮ “ĮȞĲȓȖȡĮĳĮ” ĮȣĲȐ ȜȑȖȠȞĲĮȚ “image cells” (Haile, 1997). 

ȀĮĲ’ ĮȣĲȩ ĲȠȞ ĲȡȩʌȠ ĲĮ ʌİȡȚȕȐȜȜȠȞĲĮ ıȣıĲȒȝĮĲĮ ĮȜȜȘȜİʌȚįȡȠȪȞ ȝİ ĲĮ ȐĲȠȝĮ ĲȠȣ 
ʌȡĮȖȝĮĲȚțȠȪ ıȣıĲȒȝĮĲȠȢ, ȝİ ĮʌȠĲȑȜİıȝĮ ĲȘ įȘȝȚȠȣȡȖȓĮ İȞȩȢ ʌİȡȚȕȐȜȜȠȞĲȠȢ ȩʌȠȣ ĲȠ 
ıȪıĲȘȝĮ įİ ȕȜȑʌİȚ țİȞȩ. ȅȚ ıȣȞșȒțİȢ ĮȣĲȑȢ İȜĮȤȚıĲȠʌȠȚȠȪȞ ıİ ȝİȖȐȜȠ ȕĮșȝȩ ĲȘȞ 
İʌȚĳĮȞİȚĮțȒ ĮȜȜȘȜİʌȓįȡĮıȘ ĲȦȞ µȠȡȓȦȞ ȞİȡȠȪ. ǲĲıȚ ĲȠ ıȪıĲȘȝĮ įȚĮĳȑȡİȚ ıȤİĲȚțȐ 

Įʌȩ ȑȞĮ ʌİȡȚȕȐȜȜȠȞ ʌȠȣ ȝȠȚȐȗİȚ ʌİȡȚııȩĲİȡȠ ȝİ ĲȘȞ țȡȣıĲĮȜȜȚțȒ țĮĲȐıĲĮıȘ.   

ȂİĲȐ ĲȘȞ ʌȡȠİĲȠȚµĮıȓĮ ĲȘȢ ʌȡȠıȠȝȠȓȦıȘȢ ȑʌİĲĮȚ Ș İȜĮȤȚıĲȠʌȠȓȘıȘ ĲȘȢ 
İȞȑȡȖİȚĮȢ (energy minimization) țĮȚ Ș İȟȚıȠȡȡȩʌȘıȘ (equilibration). ȉĮ ȕȒµĮĲĮ ʌȠȣ 
ĮțȠȜȠȣșȠȪȞĲĮȚ ʌİȡȚȖȡȐĳȠȞĲĮȚ ĮȞĮȜȣĲȚțȐ ıĲȠ 3Ƞ țİĳȐȜĮȚȠ. ȀĮĲȐ ĲȘȞ ʌĮȡĮȖȦȖȚțȒ 

ĳȐıȘ İʌȚȜȪȠȞĲĮȚ ȠȚ İȟȚıȫıİȚȢ ĲȠȣ ȃİȪĲȦȞĮ ȖȚĮ țȐșİ ȐĲȠµȠ ĲȠȣ ıȣıĲȒµĮĲȠȢ țĮȚ 
țĮĲĮȖȡȐĳİĲĮȚ Ș ĲȡȠȤȚȐ ʌȠȣ ĮțȠȜȠȣșİȓ. ȅȚ ıȣȞșȒțİȢ ʌȠȣ İʌȚțȡĮĲȠȪȞ İȓȞĮȚ 
ȚıȠȕĮȡȒȢ/ȚıȩșİȡµȘ (NpT), įȘȜĮįȒ ıĲĮșİȡȩȢ ĮȡȚșµȩȢ ĮĲȩµȦȞ (ȃ), ıĲĮșİȡȒ ʌȓİıȘ (ȇ) 

țĮȚ ıĲĮșİȡȒ șİȡµȠțȡĮıȓĮ (ȉ). īȚĮ ĲȘȞ įȚĮĲȒȡȘıȘ ĲȘȢ ʌȓİıȘȢ țĮȚ șİȡµȠțȡĮıȓĮȢ 
ȤȡȘıȚµȠʌȠȚȠȪȞĲĮȚ ĲĮ Nosé-Hoover Langevin Dynamics țĮȚ Ș µȑșȠįȠȢ İȜȑȖȤȠȣ 
Langevin piston barostat. īȚĮ ĲȚȢ İȟȚıȫıİȚȢ ĲȘȢ ĲĮȤȪĲȘĲĮȢ İʌȚȜȪİĲĮȚ Ƞ ĮȜȖȩȡȚșµȠȢ 
Verlet. ȅ ĮȜȖȩȡȚșµȠȢ Verlet İȓȞĮȚ ĮʌİȣșİȓĮȢ ȤȡȠȞȚțȐ ĮȞĮıĲȡȑȥȚµȠȢ (exactly time 

reversible), ıȣµʌȜİțĲȚțȩȢ (symplectic), ȑȤİȚ ȤĮµȘȜȒ ĲȐȟȘ µİȖȑșȠȣȢ ıĲȠ ȤȡȩȞȠ (low 

order in time) ȠʌȩĲİ İʌȚĲȡȑʌİȚ µİȖĮȜȪĲİȡĮ ȕȒµĮĲĮ (timesteps), ĮʌĮȚĲİȓ µȩȞȠ ȑȞĮȞ 
ȣʌȠȜȠȖȚıµȩ įȪȞĮµȘȢ ıİ țȐșİ ȕȒµĮ țĮȚ İȓȞĮȚ İȪțȠȜȠȢ Ƞ ʌȡȠȖȡĮµµĮĲȚıµȩȢ (Allen, 

2004). ǼĳȩıȠȞ Ș ȜȪıȘ ĲȦȞ İȟȚıȫıİȦȞ ȖȓȞİĲĮȚ țĮĲȐ ʌȡȠıȑȖȖȚıȘ ıİ įȚĮțȡȚĲȐ ȤȡȠȞȚțȐ 

ȕȒµĮĲĮ, ȠȚ ʌİȡȚȠȡȚıµȠȓ (constraints) įİȞ șĮ ĲȘȡȠȪȞĲĮȚ ıİ ȩȜȘ ĲȘ įȚȐȡțİȚĮ ĲȘȢ 
ʌȡȠıȠµȠȓȦıȘȢ. ǹȣĲȩ ĲȠ İȝʌȩįȚȠ ȝʌȠȡİȓ ȞĮ ʌĮȡĮțĮȝĳșİȓ ȝİ ĲȠȞ ʌȡȠıįȚȠȡȚıȝȩ ĲȦȞ 
įȣȞȐȝİȦȞ ʌİȡȚȠȡȚıȝȠȪ ȫıĲİ ȠȚ ʌİȡȚȠȡȚıµȠȓ ȞĮ ȚțĮȞȠʌȠȚȠȪȞĲĮȚ ĮțȡȚȕȫȢ ıĲȠ ĲȑȜȠȢ 
țȐșİ ȤȡȠȞȚțȠȪ ȕȒµĮĲȠȢ (timestep). ǹȣĲȩ İʌȚĲȣȖȤȐȞİĲĮȚ µȑıȦ ĲȠȣ ĮȜȖȩȡȚșµȠȣ 
SHAKE (Ryckaert et al., 1977).  
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ĲȠ țİĳȐȜĮȚȠ ĮȣĲȩ șĮ ȖȓȞİȚ ȝȚĮ ʌȜȒȡȘȢ ʌİȡȚȖȡĮĳȒ ĲȘȢ ʌȡȠİĲȠȚȝĮıȓĮȢ țȐșİ 
ıȣıĲȒȝĮĲȠȢ ʌȠȣ ȤȡȘıȚȝȠʌȠȚȒșȘțİ ȖȚĮ ĲȚȢ ʌȡȠıȠȝȠȚȫıİȚȢ, ȤȦȡȚıĲȐ. Ǿ 

ʌȡȠİĲȠȚȝĮıȓĮ ʌİȡȚȜĮȝȕȐȞİȚ ĲȘȞ ĲȡȠʌȠʌȠȓȘıȘ ĲȠȣ ȝȠȡȓȠȣ ĲȘȢ ʌȡȦĲİǸȞȘȢ ʌȠȣ 
ȝİȜİĲȐȝİ, ĲȘȞ țĮĲĮıțİȣȒ ĲȠȣ ʌȜĮȚıȓȠȣ ȝİ ĲĮ ȞİȡȐ, ĲȘȞ ĲȠʌȠșȑĲȘıȘ ĲȦȞ ȚȩȞĲȦȞ țĮȚ ȐȜȜĮ. 

ȉĮ ȝȩȡȚĮ ʌȠȣ ȤȡȘıȚȝȠʌȠȚȒıĮȝİ İȓȞĮȚ ĲĮ ĮțȩȜȠȣșĮ: 

ƴ 

 

 ǻȚȝİȡȑȢ ĲȘȢ Ala2Ile2-6 ȝİ ĲȠʌȠȜȠȖȓĮ Ala2Ile2-6 țĮȚ ĮȜȜȘȜȠȣȤȓĮ Ala2Ile2-6 (Syn 

ĲȠʌȠȜȠȖȓĮ)  

 ǻȚȝİȡȑȢ ĲȘȢ Ala2Ile2-6 ȝİ ĲȠʌȠȜȠȖȓĮ ĲȘȢ ĳȣıȚțȒȢ Rop țĮȚ ĮȜȜȘȜȠȣȤȓĮ Ala2Ile2-6 (Anti 

ĲȠʌȠȜȠȖȓĮ) 

 ĭȣıȚțȩ (native) ȝȠȞȠȝİȡȑȢ ĲȘȢ Ala2Ile2-6  

 ȉİȤȞȘĲȩ (artificial) ȝȠȞȠȝİȡȑȢ ĲȘȢ Ala2Ile2-6  

 ȂȠȞȠȝİȡȑȢ ĲȘȢ Ala2Ile2-6  ȝİ ĲȘ įȚĮȝȩȡĳȦıȘ İȞȩȢ ǹ31ȇ ȝȠȞȠȝİȡȠȪȢ țĮȚ ĮȜȜȘȜȠȣȤȓĮ 

Ala2Ile2-6 (7 ʌȡȠıȠȝȠȚȫıİȚȢ) 
 

ȈĲȠȞ ȆȓȞĮțĮ 3-1 ȕȜȑʌȠȣȝİ ıȣȞȠʌĲȚțȐ ĲȚ ʌİȡȚȜĮȝȕȐȞİȚ țĮșȑȞĮ Įʌȩ ĲĮ ıȣıĲȒȝĮĲĮ. 

 

 

 

3.1 ǼȚıĮȖȦȖȒ 
 

 

Ǿ įȚȝİȡȒȢ ʌȡȦĲİǸȞȘ Rop, ȩʌȦȢ İȓįĮȝİ ıĲȠ ȀİĳȐȜĮȚȠ 1, İȓȞĮȚ ȑȞĮ 4-Į-İȜȚțȠİȚįȑȢ 
įİȝȐĲȚȠ ȝİ ȑȞĮȞ țĮȜȠıȤȘȝĮĲȚıȝȑȞȠ ȣįȡȩĳȠȕȠ ʌȣȡȒȞĮ. Ǿ Ala2Ile2-6 İȓȞĮȚ ȝȚĮ ʌĮȡĮȜȜĮȖȒ 

ĲȘȢ Rop ȝİ ȑȞĮȞ İțĲİĲĮȝȑȞĮ ĮȞĮıȤİįȚĮıȝȑȞȠ ȣįȡȩĳȠȕȠ ʌȣȡȒȞĮ. ǹȟȚȠıȘȝİȓȦĲȠ İȓȞĮȚ ĲȠ 
ȖİȖȠȞȩȢ ȩĲȚ Ș įȠȝȒ ĲȘȢ Ala2Ile2-6 ĮʌȠțĮȜȪʌĲİȚ ȝȚĮ ĲİȜİȓȦȢ ȞȑĮ ȝȠȡĳȒ ĮȞĮįȓʌȜȦıȘȢ 
(ǼȚțȩȞĮ 3-1), Ș ȠʌȠȓĮ ıȤȘȝĮĲȓȗİĲĮȚ ȝȑıȦ ȝȚĮȢ įȠȝȚțȒȢ ʌİȡȚıĲȡȠĳȒȢ ĲȦȞ įȪȠ ȝȠȞȠȝİȡȫȞ 
ȖȪȡȦ Įʌȩ ĲȘȞ țȠȚȞȒ İʌȚĳȐȞİȚĮ ĲȠȣ įȚȝİȡȠȪȢ (Willis et al., 2000). Ǿ įȠȝȒ ĮȣĲȒ ĲȘȢ Ala2Ile2-

6 įİȓȤȞİȚ ĲȘ ıȘȝĮȞĲȚțȩĲȘĲĮ ĲȠȣ ıĲİȞȠȪ ʌĮțİĲĮȡȓıȝĮĲȠȢ ĲȦȞ țĮĲĮȜȠȓʌȦȞ ĲȠȣ ʌȣȡȒȞĮ țĮȚ 
ĲȘȞ ȣȚȠșȑĲȘıȘ ĲȦȞ İȣȞȠȧțȫȞ ĲȚȝȫȞ ȖȚĮ ĲȚȢ ʌȜİȣȡȚțȑȢ ĮȜȣıȓįİȢ ĲȦȞ ıĲȡȠĳȠȝİȡȫȞ ĲȠȣ 
ʌȣȡȒȞĮ, ıĲȠȞ țĮșȠȡȚıȝȩ ĲȦȞ ĮȜȜȘȜİʌȚįȡȐıİȦȞ ȝİĲĮȟȪ ĲȦȞ İȜȓțȦȞ ıĲȠ ĲȑııİȡĮ-

İȜȚțȠİȚįȑȢ įİȝȐĲȚȠ. 
ȆȡȑʌİȚ İʌȓıȘȢ ȞĮ ıȘȝİȚȫıȠȣȝİ ȩĲȚ Ș Ala2Ile2-6 ȑȤİȚ ȣȥȘȜȩĲİȡȠ ıȘȝİȓȠ ĲȒȟȘȢ Įʌȩ 

ĲȘ ĳȣıȚțȒ Rop, ȣĳȓıĲĮĲĮȚ ȝȚĮ İȜȐȤȚıĲȘ ȝİȓȦıȘ ıĲȘȞ İȜİȪșİȡȘ İȞȑȡȖİȚĮ țĮĲȐ ĲȠ ȟİĲȪȜȚȖȝĮ 

țĮȚ, ĮȞĲȓșİĲĮ ȝİ ĲȘ ĳȣıȚțȒ Rop, Ȓ ȐȜȜİȢ ʌĮȡĮȜȜĮȖȑȢ ĲȘȢ, įİȞ ʌȡȠıįȑȞİȚ RNA. ȆȚȠ 
ĮȞĮȜȣĲȚțȐ, Ș Ala2Ile2-6 ʌȡȠțȪʌĲİȚ Įʌȩ ĲȘȞ ĲȠʌȠșȑĲȘıȘ țĮĲĮȜȠȓʌȦȞ ĮȜĮȞȓȞȘȢ ıĲȚȢ șȑıİȚȢ 
“a” țĮȚ țĮĲĮȜȠȓʌȦȞ ȚıȠȜİȣțȓȞȘȢ ıĲȚȢ șȑıİȚȢ “d” ıĲĮ ȑȟȚ ȝİıĮȓĮ ıĲȡȫȝĮĲĮ (layers) ĲȠȣ 
ʌȣȡȒȞĮ ĲȘȢ ĳȣıȚțȒȢ Rop (ȆȓȞĮțĮȢ 3-2, ǼȚțȩȞĮ 3-2). 
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ǵȞȠȝĮ ȝȠȡȓȠȣ 
ǹȡȚșȝȩȢ 

țĮĲĮȜȠȓʌȦȞ  
ʌȡȦĲİǸȞȘȢ 

ǹȡȚșȝȩȢ 
ĮĲȩȝȦȞ 
ʌȡȦĲİǸȞȘȢ 

ǹȡȚșȝȩȢ 
ĮĲȩȝȦȞ Ǿ2ȅ 

(TIP3) 

ǹȡȚșȝȩȢ 
Na+ 

ǹȡȚșȝȩȢ 
Cl¯ 

ǻȚĮıĲȐıİȚȢ 
țȣȥİȜȓįĮȢ (Å3) 

ǻȚȐȡțİȚĮ 
ʌȡȠıȠȝȠȓȦıȘȢ 

ıİ ns 

ǹ: 60 ǹ: 929 
ǹla2ǿle2-6 ȝİ syn ĲȠʌȠȜȠȖȓĮ 

Ǻ: 56 Ǻ: 891 
24669  7 1 80.7 x 58.9 x 58.9  10 

ǹ: 56 ǹ: 901 ǹla2ǿle2-6 ȝİ anti ĲȠʌȠȜȠȖȓĮ 
(Rop-like) Ǻ: 56 Ǻ: 901 

23571  6 2 
78.59 x 60.1 x 

56.85 
10 

Native Ala2Ile2-6 ǹ: 60 ǹ: 929 18423 5 1 80.4 x 51.3 x 49.9 20 

Artificial Ala2Ile2-6 ǹ: 60 ǹ: 929 18804 5 1 79.6 x 50.6 x 51.9 8 

ǹ: 56 ǹ: 901 20850 4 2 78.2 x 60.1 x 49.2 2 

ǹ: 56 ǹ: 901 20850 4 2 78.2 x 60.1 x 49.2 2 

ǹ: 56 ǹ: 901 20850 4 2 78.2 x 60.1 x 49.2 2 

ǹ: 56 ǹ: 901 20850 4 2 78.2 x 60.1 x 49.2 2 

ǹ: 56 ǹ: 901 20850 4 2 78.2 x 60.1 x 49.2 2 

ǹ: 56 ǹ: 901 20850 4 2 78.2 x 60.1 x 49.2 1.4 

 
Ala2Ile2-6  ȝİ įȚĮȝȩȡĳȦıȘ 
ȝȠȞȠȝİȡȠȪȢ ǹ31ȇ (x 7) 

  

ǹ: 56 ǹ: 901 20850 4 2 78.2 x 60.1 x 49.2 10 

ȆȓȞĮțĮȢ 3-1: ȀȐșİ ȖȡĮȝȝȒ ĮȞĲȚıĲȠȚȤİȓ ıİ țĮșİȝȓĮ Įʌȩ ĲȚȢ ʌȡȠıȠȝȠȚȫıİȚȢ ʌȠȣ ʌȡĮȖȝĮĲȠʌȠȚȒșȘțĮȞ. ǻȓįȠȞĲĮȚ Ƞ  ĮȡȚșȝȩȢ ĲȦȞ ĮĲȩȝȦȞ ĲȠȣ ȝȠȡȓȠȣ ĲȘȢ ʌȡȦĲİǸȞȘȢ, ĲȦȞ ȝȠȡȓȦȞ 
ĲȠȣ ȞİȡȠȪ, ĲȠȞ ĮȡȚșȝȩ ĲȦȞ ȚȩȞĲȦȞ, ȠȚ įȚĮıĲȐıİȚȢ ĲȘȢ țȐșİ țȣȥİȜȓįĮȢ țĮȚ ĲȠ ȤȡȠȞȚțȩ įȚȐıĲȘȝĮ ʌȠȣ įȚȒȡțİıİ Ș țȐșİ ʌȡȠıȠȝȠȓȦıȘ. ȈĲȘ įİȪĲİȡȘ ıĲȒȜȘ ȝİ ǹ țĮȚ Ǻ ıȘȝĮȓȞȠȞĲĮȚ ȠȚ 
ĮȜȣıȓįİȢ ĲȠȣ ȝȠȡȓȠȣ ĲȘȢ ʌȡȦĲİǸȞȘȢ. Ȃİ țȣĮȞȩ ȤȡȫȝĮ ıțȚȐȗȠȞĲĮȚ ĲĮ įİįȠȝȑȞĮ ʌȠȣ ĮȞĲȚıĲȠȚȤȠȪȞ ıĲĮ įȚȝİȡȒ, İȞȫ ȝİ țȓĲȡȚȞȠ ȤȡȫȝĮ İțİȓȞĮ ʌȠȣ ĮȞĲȚıĲȠȚȤȠȪȞ ıĲĮ ȝȠȞȠȝİȡȒ.      
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ǼȚțȩȞĮ 3-1: ǹȡȚıĲİȡȐ: ǱʌȠȥȘ 
ĲȠȣ 4Į-İȜȚțȠİȚįȠȪȢ įİȝĮĲȓȠȣ ĲȘȢ 
Rop (ȝİ țȣĮȞȩ ȤȡȫȝĮ). Ȃİ ȝȠȕ 
ȤȡȫȝĮ ȝʌȠȡȠȪȝİ ȞĮ įȠȪȝİ ĲȠ 
țĮĲȐȜȠȚʌȠ Phe ĲȘȢ șȑıȘȢ 14. 
ǻİȟȚȐ: ǱʌȠȥȘ ĲȘȢ įȠȝȒȢ ĲȘȢ 
Ala2Ile2-6 (ȝİ țȓĲȡȚȞȠ ȤȡȫȝĮ). Ȃİ 
ʌȡȐıȚȞȠ ȤȡȫȝĮ ʌĮȡĮĲȘȡȠȪȝİ ĲȘ 
Phe  14. ȉĮ țĮĲȐȜȠȚʌĮ Phe 
ȤȡȘıȚȝȠʌȠȚȠȪȞĲĮȚ       ȖȚĮ ȞĮ 
įİȓȟȠȣȝİ ĲȘȞ ĮȜȜĮȖȒ  ıĲȘȞ  
ĮȞĮįȓʌȜȦıȘ, ȝİ  ĲȘȞ ʌİȡȚıĲȡȠĳȒ   
ĲȦȞ ȝȠȞȠȝİȡȫȞ ȖȪȡȦ Įʌȩ  ĲȘȞ       
țȠȚȞȒ İʌȚĳȐȞİȚĮ ĲȠȣ įȚȝİȡȠȪȢ.   
 

 

 

 

 

 

 

ȆȡȦĲİǸȞȘ 
ǹȡȚșȝȩȢ 

țĮĲĮȜȠȓʌȦȞ ǹȜȜȘȜȠȣȤȓĮ 
ȂȠȡȚĮțȩ 
ȕȐȡȠȢ 

ǹȞȐȜȣıȘ 
ĮțĲȓȞȦȞ-ȋ 

ĭȣıȚțȒ Rop 
(PDBID: 1ROP) 

63 

MET1 THR2 LYS3 GLN4 GLU5 LYS6 
THR7 ALA8 LEU9 ASN10 MET11 
ALA12 ARG13 PHE14 ILE15 ARG16 
SER17 GLN18 THR19 LEU20 THR21 
LEU22 LEU23 GLU24 LYS25 LEU26 
ASN27 GLU28 LEU29 ASP30 ALA31 
ASP32 GLU33 GLN34 ALA35 ASP36 
ILE37 CYS38 GLU39 SER40 LEU41 
HIS42 ASP43 HIS44 ALA45 ASP46 
GLU47 LEU48 TYR49 ARG50 SER51 
CYS52 LEU53 ALA54 ARG55 PHE56 
GLY57 ASP58 ASP59 GLY60 GLU61 
ASN62 LEU63         

7210 1.70 Å 

Ala2Ile2-6 
(PDBID: 1F4N) 

63 

GLY1 THR2 LYS3 GLN4 GLU5 LYS6 
THR7 ILE8 LEU9 ASN10 MET11 
ALA12 ARG13 PHE14 ILE15 ARG16 
SER17 GLN18 ALA19 LEU20 THR21 
ILE22 LEU23 GLU24 LYS25 ALA26 
ASN27 GLU28 LEU29 ASP30 ALA31 
ASP32 GLU33 ILE34 ALA35 ASP36 
ILE37 ALA38 GLU39 SER40 ILE41 
HIS42 ASP43 HIS44 ALA45 ASP46 
GLU47 ILE48 TYR49 ARG50 SER51 
ALA52 LEU53 ALA54 ARG55 PHE56 
GLY57 ASP58 ASP59 GLY60 GLU61 
ASN62 LEU63 

 
7027 

 
1.90 Å 

 

ȆȓȞĮțĮȢ 3-2: ȈĲȘȞ ʌȡȫĲȘ ıĲȒȜȘ ĳĮȓȞȠȞĲĮȚ ĲĮ ȠȞȩȝĮĲĮ țĮȚ ȠȚ țȦįȚțȠȓ ĲȦȞ įȪȠ įȠȝȫȞ ʌȠȣ ʌȒȡĮȝİ Įʌȩ 
ĲȘ ȕȐıȘ įİįȠȝȑȞȦȞ ĲȘȢ PDB (Protein Data Bank). ȈĲȘ įİȪĲİȡȘ ıĲȒȜȘ ĳĮȓȞİĲĮȚ Ƞ ĮȡȚșȝȩȢ ĲȦȞ 
țĮĲĮȜȠȓʌȦȞ ĮȞȐ ĮȜȣıȓįĮ. Ǿ ĲȡȓĲȘ ıĲȒȜȘ ʌİȡȚȜĮȝȕȐȞİȚ ĲȘȞ ĮȜȜȘȜȠȣȤȓĮ ȝȚĮȢ ĮȜȣıȓįĮȢ Įʌȩ țȐșİ ȝȩȡȚȠ. 
Ȃİ ȝʌȜİ ıțȓĮıȘ ȝʌȠȡȠȪȝİ ȞĮ įȚĮțȡȓȞȠȣȝİ ĲĮ țĮĲȐȜȠȚʌĮ ıĲȚȢ șȑıİȚȢ “a”, İȞȫ ȝİ țȩțțȚȞȘ ĲĮ țĮĲȐȜȠȚʌĮ 

ıĲȚȢ șȑıİȚȢ “d” ĲȦȞ ȑȟȚ țİȞĲȡȚțȫȞ layers ĲȠȣ ȣįȡȩĳȠȕȠȣ ʌȣȡȒȞĮ. ȉĮ țĮĲȐȜȠȚʌĮ ĲȦȞ “a” șȑıİȦȞ ĲȘȢ 
ĳȣıȚțȒȢ Rop ȑȤȠȣȞ ĮȞĲȚțĮĲĮıĲĮșİȓ ȝİ ȚıȠȜİȣțȓȞȘ, İȞȫ ĲȦȞ “d” șȑıİȦȞ ȝİ ĮȜĮȞȓȞȘ. ȈĲȘȞ ĲȑĲĮȡĲȘ țĮȚ 
ʌȑȝʌĲȘ ıĲȒȜȘ ĳĮȓȞȠȞĲĮȚ ĲȠ ȝȠȡȚĮțȩ ȕȐȡȠȢ ĮȞȐ ĮȜȣıȓįĮ ĲȠȣ ȝȠȡȓȠȣ țĮȚ Ș įȚĮțȡȚĲȚțȩĲȘĲĮ ĲȦȞ 
țȡȣıĲĮȜȜȠȖȡĮĳȚțȐ ʌȡȠıįȚȠȡȚıȝȑȞȦȞ įȠȝȫȞ, ĮȞĲȓıĲȠȚȤĮ.      
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Į

 

ȚțȩȞĮ 3-2.ȕ: ȈĲȠȓȤȚıȘ ĲȦȞ ĮȜȜȘȜȠȣȤȚȫȞ ĲȘȢ ĳȣıȚțȒȢ Rop țĮȚ ĲȘȢ Ala2Ile2-6 ȝİ ĲȠȞ ĮȡȚșȝȩ ĲȦȞ 

 įȠȝȒ ĲȘȢ Ala2Ile2-6, ʌȠȣ ʌİȡȚȜĮȝȕȐȞİȚ ȝȩȞȠ ȑȞĮ įȚȝİȡȑȢ ıĲȘȞ ĮıȪȝȝİĲȡȘ 

ȝȠȞȐįĮ

ǼȚțȩȞĮ 3-2.Į: ǱʌȠȥȘ ĲȠȣ ʌȣȡȒȞĮ 

ĲȘȢ Rop. ȉĮ țĮĲȐȜȠȚʌĮ ıĲȚȢ șȑıİȚȢ 
“a” (ȝİ ȝʌȜİ) țĮȚ “d” (ȝİ țȩțțȚȞȠ) 
ıȤȘȝĮĲȓȗȠȣȞ ĲȠȞ ȣįȡȩĳȠȕȠ ʌȣȡȒȞĮ 

țĮȚ ĮȞĲȚıĲȠȚȤȠȪȞ ıĲĮ țĮĲȐȜȠȚʌĮ ʌȠȣ 
ĮȞĲȚțĮșȓıĲĮȞĲĮȚ ıĲȘȞ 
ĮȞĮıȤİįȚĮıȝȑȞȘ  ʌȡȦĲİǸȞȘ Ala2Ile2-6. 

ĭĮȓȞȠȞĲĮȚ įȣȠ İʌȓʌİį  ĲȠȣ ʌȣȡȒȞĮ. 

Ȃİ 1 țĮȚ 2 ȠȡȓȗȠȞĲĮȚ ȠȚ ȑȜȚțİȢ ĲȠȣ ǹ 

ȝȠȞȠȝİȡȠȪȢ țĮȚ ȝİ 1’ țĮȚ 2’ ȠȚ ȑȜȚțİȢ 
ĲȠȣ Ǻ ȝȠȞȠȝİȡȠȪȢ. ȉĮ ȕȑȜȘ įİȓȤȞȠȣȞ 
ĲȘȞ țĮĲİȪșȣȞıȘ ĲȘȢ ʌȠȜȣʌİʌĲȚįȚțȒȢ 
ĮȜȣıȓįĮȢ Įʌȩ ĲȠ ȃ-ĲİȜȚțȩ ʌȡȠȢ ĲȠ C-

ĲİȜȚțȩ ȐțȡȠ (ĮȞĮʌĮȡȐȖİĲĮȚ ȐȞİȣ 
ĮįİȓĮȢ Įʌȩ Willis et al., 2000).          
 

 

 

 

Ǽ
țĮĲĮȜȠȓʌȦȞ ĲȠʌȠșİĲȘȝȑȞȠ Įʌȩ ʌȐȞȦ ĮȞȐ įȑțĮ țĮĲȐȜȠȚʌĮ. ȉĮ  țĮĲȐȜȠȚʌĮ ıĲȚȢ șȑıİȚȢ “a”  țĮȚ “d” 

ȤȡȦȝĮĲȓȗȠȞĲĮȚ ĮȞȐȜȠȖĮ ȝİ ĲȠ įȚȐȖȡĮȝȝĮ. īȚĮ ĲȘȞ įȘȝȚȠȣȡȖȓĮ ĲȘȢ Ala2Ile2-6, ĲĮ țĮĲȐȜȠȚʌĮ ıĲȚȢ șȑıİȚȢ 
“a”  țĮȚ “d” ĲȘȢ Rop ȐȜȜĮȟĮȞ ıİ ĮȜĮȞȓȞȘ țĮȚ ȚıȠȜİȣțȓȞȘ ĮȞĲȓıĲȠȚȤĮ. ȉȠ ĲİȜİȣĲĮȓȠ ıĲȡȫȝĮ ıİ țȐșİ 
ȐțȡȠ ĲȠȣ ĲȑııİȡĮ İȜȚțȠİȚįȠȪȢ įİȝĮĲȓȠȣ, ʌȠȣ ʌİȡȚȜĮȝȕȐȞİȚ ĲĮ țĮĲȐȜȠȚʌĮ 5, 29, 31 țĮȚ 56, įİȞ ȐȜȜĮȟİ. ȉȠ 
țĮĲȐȜȠȚʌȠ 56, ıĲȘ șȑıȘ “e” ȜİȚĲȠȣȡȖİȓ ıĮȞ “d” țĮĲȐȜȠȚʌȠ ʌĮțİĲȐȡȠȞĲĮȢ ĲȘȞ ʌȜİȣȡȚțȒ ĲȠȣ ĮȜȣıȓįĮ ıĲȘȞ 
țĮĲȐȜȜȘȜȘ șȑıȘ ıĲȠȞ ʌȣȡȒȞĮ.                 

 

 

Ǿ
, ĮʌȠțĮȜȪʌĲİȚ ȝȚĮ įȡĮȝĮĲȚțȒ ĮȜȜĮȖȒ ıĲȘȞ ĲȠʌȠȜȠȖȓĮ Įʌ’ ȩĲȚ İțİȓȞȘ ĲȘȢ 

ĳȣıȚțȒȢ Rop, Ȓ ĲȘȢ  ʌĮȡĮȜȜĮȖȒȢ ĲȘȢ Rop ʌȠȣ ʌȡȠȑțȣȥİ Įʌȩ ȝȚĮ ıȘȝİȚĮțȒ 

ȝİĲȐȜȜĮȟȘ (ǹ31ȇ: ĮȜȜĮȖȒ ĲȘȢ ĮȜĮȞȓȞȘȢ ıĲȘ șȑıȘ 31 ıİ ʌȡȠȜȓȞȘ) țĮȚ ĮʌȑțĲȘıİ 
ĲİȜİȓȦȢ įȚĮĳȠȡİĲȚțȒ ĮȞĮįȓʌȜȦıȘ (ǼȚțȩȞİȢ 3-3, 3-4).  

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

ǼȚțȩȞĮ 3-3: ȈȤȘȝĮĲȚțȩ ıĲİȡİȠįȚȐȖȡĮȝȝĮ ĲȘȢ ĳȣıȚțȒȢ Rop (1ROP.pdb). Ȃİ țȩțțȚȞȠ ȤȡȫȝĮ ȕȜȑʌȠȣȝİ 
ĲȘȞ ĮȜȣıȓįĮ ǹ, İȞȫ ȝİ ȝʌȜİ ĲȘȞ ĮȜȣıȓįĮ Ǻ. ȈȘȝİȚȫȞȠȞĲĮȚ İʌȓıȘȢ țĮȚ ĲĮ ȃ-ĲİȜȚțȐ țĮȚ C-ĲİȜȚțȐ ȐțȡĮ. 
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ǼȚțȩȞĮ 3-4: ȈȤȘȝĮĲȚțȩ ıĲİȡİȠįȚȐȖȡĮȝȝĮ ĲȠȣ ȝȠȞȠȝİȡȠȪȢ ĲȘȢ ǹ31ȇ ʌȠȣ ʌȡȠȑțȣȥİ ȝİ ȤȡȒıȘ ĲȦȞ 
ıȣȞĲİĲĮȖȝȑȞȦȞ ĲȘȢ įȠȝȒȢ 1B6Q ʌȠȣ ʌȒȡĮȝİ Įʌȩ ĲȘ ȕȐıȘ įİįȠȝȑȞȦȞ ĲȘȢ PDB (Protein Data Bank). Ȃİ 
ʌȠȡĲȠțĮȜȓ  ȤȡȫȝĮ ȕȜȑʌȠȣȝİ ĲȘȞ ʌȡȠȜȓȞȘ ıĲȘ șȑıȘ 31 (ıİ CPK). ȈȘȝİȚȫȞȠȞĲĮȚ İʌȓıȘȢ ĲȠ ȃ-ĲİȜȚțȩ țĮȚ ĲȠ 

C-ĲİȜȚțȩ ȐțȡȠ.     
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ĲȘȞ ĮʌȫȜİȚĮ ĲȘȢ įȡĮıĲȚțȩĲȘĲĮȢ ʌȡȩıįİıȘ

 

ǼȚțȩȞĮ 3 5: Ȉİ ĮȞĲȚʌĮȡȐșİıȘ ȠȚ įȠȝȑȢ ĲȘȢ ĳȣıȚțȒȢ Rop (ĮȡȚıĲİȡȐ, ȝİ țȩțțȚȞȠ Ș ĮȜȣıȓįĮ ǹ, ȝİ ȝʌȜİ Ș 

ȓȞĮȚ ȖİȖȠȞȩȢ ȩĲȚ ȠȚ ʌĮȡĮȜȜĮȖȑȢ ĲȚȢ Rop țĮȚ ȠȚ įȚĮĳȠȡİĲȚțȑȢ įȚĮȝȠȡĳȫıİȚȢ 
țĮȚ ȚįȚȩ

Ĳ

Ǿ Ala2Ile2-6 ĮʌȠĲİȜİȓĲĮȚ Įʌȩ įȣȠ ȝȠȞȠȝİȡȒ ȝİ ĲȘ ȝȠȡĳȒ ȑȜȚțĮ-ıĲȡȠĳȒ-ȑȜȚțĮ, 

ʌȠȣ ıȤȘȝĮĲȓȗȠȣȞ ȑȞĮ ĲȑııİȡĮ-İȜȚțȠİȚįȑȢ įİȝȐĲȚȠ. Ǿ țȠȚȞȒ İʌȚĳȐȞİȚĮ ĲȠȣ įȚȝİȡȠȪȢ, 
ʌĮȡȩȜĮ ĮȣĲȐ, ȝİĲĮıȤȘȝĮĲȓȗİĲĮȚ Įʌȩ ȝȚĮ ʌİȡȚıĲȡȠĳȒ țĮĲȐ 180˚ ĲȠȣ İȞȩȢ ȝȠȞȠȝİȡȠȪȢ 
ȖȪȡȦ Įʌȩ ȑȞĮȞ ȐȟȠȞĮ țȐșİĲȠ ʌȡȠȢ ĲȘȞ țȠȚȞȒ İʌȚĳȐȞİȚĮ. ǹȣĲȒ Ș ĮȞĮʌȡȠıĮȡȝȠȖȒ 

ȝİĲĮȕȐȜȜİȚ ĲȘȢ ĮȞĮįȓʌȜȦıȘ ĲȘȢ ʌȡȦĲİǸȞȘȢ, ĲȠʌȠșİĲȫȞĲĮȢ ĲȚȢ įȣȠ ıĲȡȠĳȑȢ ĲȘȢ 
Ala2Ile2-6 ıĲȘ ȝȚĮ ʌȜİȣȡȐ ĲȠȣ ĲȑııİȡĮ-İȜȚțȠİȚįȠȪȢ įİȝĮĲȓȠȣ țĮȚ ĲĮ N țĮȚ C-ĲİȜȚțȐ 

ȐțȡĮ ıĲȘȞ ȐȜȜȘ ʌȜİȣȡȐ (ǼȚțȩȞĮ 3-5). ǹȣĲȒ Ș įȠȝȚțȒ ĮȞĮıĲȡȠĳȒ İȟȘȖİȓ İʌȓıȘȢ țĮȚ 
Ȣ RNA.               

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

-

ĮȜȣıȓįĮ Ǻ) țĮȚ ıĲȘȢ Ala2Ile2-6 (įİȟȚȐ, ȝİ ȝȠȕ Ș ĮȜȣıȓįĮ ǹ țĮȚ ȝİ țȣĮȞȩ Ș ĮȜȣıȓįĮ Ǻ).  

 

Ǽ
ĲȘĲİȢ ʌȠȣ ȑȤİȚ Ș țĮșİȝȓĮ, ȑȤȠȣȞ ȖȓȞİȚ ĮȞĲȚțİȓȝİȞȠ ĮȡțİĲȫȞ (ʌȠȜȜȑȢ ĳȠȡȑȢ 

ĮȞĲȚțȡȠȣȩȝİȞȦȞ) ȝİȜİĲȫȞ. Ȉİ ȝȚĮ ʌȡȩıĳĮĲȘ ȑȡİȣȞĮ ȑȖȚȞİ Ș ȣʌȩșİıȘ (Levy et al., 

2005) ȩĲȚ ĲȠ ĮȓȞȚȖȝĮ ĲȘȢ Rop ȝʌȠȡİȓ ȞĮ įȚĮȜİȣțĮȞșİȓ ȝİ ĲȘȞ ʌĮȡĮįȠȤȒ ĲȘȢ ȪʌĮȡȟȘȢ 
İȞȩȢ ȣʌȠșİĲȚțȠȪ įȚʌȜȠȪ İȞİȡȖİȚĮțȠȪ ʌİįȓȠȣ ȖȚĮ ĲȘȞ ʌȡȦĲİǸȞȘ Rop. ȅȚ ʌĮȡĮȜȜĮȖȑȢ 
ĲȘȢ Rop, ȠȚ ȠʌȠȓİȢ İȝĳĮȞȓȗȠȣȞ įȚĮĳȠȡİĲȚțȑȢ țȚȞȘĲȚțȑȢ ĮȞĮįȓʌȜȦıȘȢ, ȣȚȠșİĲȠȪȞ 
ĲȠʌȠȜȠȖȚțȐ įȚĮĳȠȡİĲȚțȑȢ įȠȝȑȢ ȝİ İȜȐȤȚıĲȘ İȞȑȡȖİȚĮ Ȓ ĲȠȣȜȐȤȚıĲȠȞ ȑȤȠȣȞ 
ĲȠʌȠȜȠȖȓİȢ ʌȠȣ ȜİȚĲȠȣȡȖȠȪȞ ȦȢ ʌĮȖȓįİȢ. ǼȟĮȚĲȓĮȢ ĲȦȞ ıȣȝȝİ ȡȚțȫȞ ĮȜȜȘȜȠȣȤȚȫȞ 
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 Ĳ

ȚțȩȞĮ 3-6: ȈȤȘȝĮĲȚțȩ įȚȐȖȡĮȝȝĮ ĲȠȣ įȚʌȜȠȪ İȞİȡȖİȚĮțȠȪ ʌİįȓȠȣ ĲȠȣ įȚȝİȡȠȪȢ ĲȘȢ Rop țĮȚ 
ıĲȚȢ ĲȡİȚȢ

ĮȣĲȫȞ ĲȦȞ ȝȠȡȓȦȞ, ȠȚ anti țĮȚ syn ĲȠʌȠȜȠȖȓİȢ İȝĳĮȞȓȗȠȣȞ ʌĮȡȩȝȠȚȠ ʌĮțİĲȐȡȚıȝĮ ĲȠȣ 
ʌȣȡȒȞĮ. ǻȚĮĳȑȡȠȣȞ țȣȡȓȦȢ ıĲȘ ıȤİĲȚțȒ șȑıȘ ĲȘȢ ıĲȡȠĳȒȢ. Ǿ ĲȠʌȠȜȠȖȓĮ U ĲȘȢ ǹ31ȇ 

įİ ĳĮȓȞİĲĮȚ ȞĮ ĮȞĲĮȖȦȞȓȗİĲĮȚ ȚįȚĮȓĲİȡĮ ĲȚȢ ĲȠʌȠȜȠȖȓİȢ anti țĮȚ syn İȟĮȚĲȓĮȢ ĲȠȣ 
İȜȐȤȚıĲȠȣ ʌĮțİĲĮȡȓıȝĮĲȠȢ țĮȚ ĲȦȞ ȚįȚȠĲȒĲȦȞ ʌȠȣ ȑȤİȚ ȦȢ įȚȐȤȣĲȠ ıĳĮȚȡȓįȚȠ (molten 

globule). ȆĮȡȩȜĮ ĮȣĲȐ ȝʌȠȡİȓ ȞĮ ȜİȚĲȠȣȡȖȒıİȚ ıĮȞ ȑȞĮ ȣȥȘȜȒȢ İȞȑȡȖİȚĮȢ  
İȞįȚȐȝİıȠ ıĲȘȞ ĮȞĮįȓʌȜȦıȘ ȐȜȜȦȞ ĲȠʌȠȜȠȖȚȫȞ. ǲĲıȚ ȣʌȑșİıĮȞ ȩĲȚ ȖȚĮ ĲȚȢ 
ĮȞĮıȤİįȚĮıȝȑȞİȢ ĮȜȜȘȜȠȣȤȓİȢ ĲȘȢ Rop, țȣȡȓȦȢ ʌĮțİĲȐȡȠȞĲĮȢ İț ȞȑȠȣ ĲĮ ȐțȡĮ Ƞȣ 
ʌȣȡȒȞĮ, ȝʌȠȡİȓ ȞĮ ıȣȝȕİȓ ȝȚĮ ȝİĲȐȕĮıȘ ĲȘȢ įȠȝȒȢ ĲȘȢ Rop Įʌȩ ĲȘȞ anti ĲȠʌȠȜȠȖȓĮ 

ıĲȘ syn (ǼȚțȩȞĮ 3-6).       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Ǽ
 ĲȠʌȠȜȠȖȓİȢ ʌȠȣ ĮȞĲȚıĲȠȚȤȠȪȞ ıĲȘ ĳȣıȚțȒ (WT) Rop, țĮȚ ĲȚȢ ʌĮȡĮȜȜĮȖȑȢ A31P țĮȚ Ala2Ile2-6. 

ȈĲȚȢ įȠȝȑȢ ĮȣĲȑȢ ĲȠ ȑȞĮ ȝȠȞȠȝİȡȑȢ ȤȡȦȝĮĲȓȗİĲĮȚ ȖțȡȚ țĮȚ ĲȠ ȐȜȜȠ ȝʌȜİ. Ǿ șȘȜȚȐ ĮȞȐȝİıĮ ıĲȚȢ įȣȠ ȑȜȚțİȢ 
ȤȡȦȝĮĲȓȗİĲĮȚ ʌȠȡĲȠțĮȜȓ(ĮȞĮʌĮȡȐȖİĲĮȚ ȐȞİȣ ĮįİȓĮȢ Įʌȩ Levy et al., 2005) .    
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3.2 īİȞȚțȒ ʌȡȠİĲȠȚȝĮıȓĮ  

Ȃİ ȕȐıȘ ȩȜĮ ĲĮ ʌȡȠȘȖȠȪȝİȞĮ ĮʌȠĳĮıȓıĮȝİ ȞĮ ȝİȜİĲȒıȠȣȝİ ĲȘȞ ʌȡȦĲİǸȞȘ 

Ala2Ile

Ƞ ıȘȝĮȞĲȚțȩȢ įȚĮȜȪĲȘȢ ıĲȘ ĳȪıȘ. ȅȚ ĮıȣȞȒșȚıĲİȢ ȚįȚȩĲȘĲȑȢ 
ĲȠȣ ʌȡȠ

,    ʌ

 

TIP5P 

 

 

2-6 ʌȡĮȖȝĮĲȠʌȠȚȫȞĲĮȢ ȝȚĮ ıİȚȡȐ Įʌȩ ʌȡȠıȠȝȠȚȫıİȚȢ. ȅȚ ʌȡȠıȠȝȠȚȫıİȚȢ ĮȣĲȑȢ 
ȖȓȞȠȞĲĮȚ ȝİ ĲȠ ʌȡȩȖȡĮȝȝĮ NAMD, ĲȠ ȠʌȠȓȠ ȩʌȦȢ İȓįĮȝİ țĮȚ ıĲȠ țİĳȐȜĮȚȠ 2 

ȤȡȘıȚȝȠʌȠȚİȓ ĲȠ CHARMM27 įȣȞĮȝȚțȩ ʌİįȓȠ țĮȚ ʌİȡȚȠįȚțȑȢ ȠȡȚĮțȑȢ ıȣȞșȒțİȢ 
(Periodic Boundary Conditions, PBC) ıİ ĲȡİȚȢ įȚĮıĲȐıİȚȢ. ǼʌȓıȘȢ ʌİȡȚȜĮȝȕȐȞİȚ ĲȠȞ 
ĮȜȖȩȡȚșȝȠ Particle Mesh Ewald (PME). ȆȡȩțİȚĲĮȚ ȖȚĮ ȝȚĮ ʌȜȒȡȘ ĮʌȠĲİȜİıȝĮĲȚțȒ 

ȘȜİțĲȡȠıĲĮĲȚțȒ ȝȑșȠįȠ ʌȠȣ ȤȡȘıȚȝȠʌȠȚİȓĲĮȚ ıİ ıȣȞįȣĮıȝȩ ȝİ ĲȚȢ PBC. īȚĮ ĲȘȞ 
ʌȡĮȖȝĮĲȠʌȠȓȘıȘ ĮȣĲȫȞ ĲȦȞ ʌȡȠıȠȝȠȚȫıİȦȞ İȓȞĮȚ ĮʌĮȡĮȓĲȘĲȘ Ș ʌȡȠİĲȠȚȝĮıȓĮ İȞȩȢ 
ıȣıĲȒȝĮĲȠȢ, ĲȠ ȠʌȠȓȠ șĮ ʌİȡȚȜĮȝȕȐȞİȚ ĲȘȞ ʌȡȦĲİǸȞȘ ȝȑıĮ ıİ ȑȞĮ ʌȜĮȓıȚȠ ȖİȝȐĲȠ 
ȝȩȡȚĮ ȞİȡȠȪ, ıĲȘȞ ʌȡȠıʌȐșİȚĮ ȞĮ ĮʌȠįȫıȠȣȝİ ȩıȠ țĮȜȪĲİȡĮ ȝʌȠȡȠȪȝİ ĲȚȢ ıȣȞșȒțİȢ 
ʌȠȣ İʌȚțȡĮĲȠȪȞ in vivo.  

ȉȠ Ȟİȡȩ İȓȞĮȚ Ƞ ʌȚ
țȪʌĲȠȣȞ ĲȩıȠ Įʌȩ ĲȠ ȝȚțȡȩ ȝȑȖİșȠȢ ĲȠȣ ȝȠȡȓȠȣ, ȩıȠ țĮȚ Įʌȩ ĲȘȞ ȚțĮȞȩĲȘĲĮ 

ĲȦȞ ȝȠȡȓȦȞ ĲȠȣ ȞİȡȠȪ ȞĮ ıȤȘȝĮĲȓȗȠȣȞ ıĲȠ ȤȫȡȠ ȑȞĮ įȓțĲȣȠ įİıȝȫȞ ȣįȡȠȖȩȞȠȣ. Ǿ 

ĮȞĮʌĮȡĮȖȦȖȒ ĲȦȞ ȚįȚȠĲȒĲȦȞ ĲȠȣ ȞİȡȠȪ ıĲȚȢ ʌȡȠıȠȝȠȚȫıİȚȢ İȓȞĮȚ įȪıțȠȜȘ – ȝȑȤȡȚ 
ĲȫȡĮ ȑȤȠȣȞ ȤȡȘıȚȝȠʌȠȚȘșİȓ ʌȠȜȜȐ įȚĮĳȠȡİĲȚțȐ ȝȠȞĲȑȜĮ ȖȚĮ ĲȘ įȣȞĮȝȚțȒ İȞȑȡȖİȚĮ 

ĲȦȞ ĮȜȜȘȜİʌȚįȡȐıİȦȞ. ȉĮ ȝȠȞĲȑȜĮ ĮȣĲȐ ȝĮȢ İʌȚĲȡȑʌȠȣȞ ȞĮ ĮȞĮʌĮȡȐȖȠȣȝİ ĮȡțİĲȑȢ 
Įʌȩ ĲȚȢ ĳȣıȚțȑȢ ȚįȚȩĲȘĲİȢ ĲȠȣ ȞİȡȠȪ ȩʌȦȢ ȖȚĮ ʌĮȡȐįİȚȖȝĮ ĲȘȞ ʌȣțȞȩĲȘĲĮ, ĲȘ 

įȚȘȜİțĲȡȚțȒ ıĲĮșİȡȐ, ĲȘ ıȣȝʌȓİıȘ, ĲȠ ıȣȞĲİȜİıĲȒ įȚȐȤȣıȘȢ, țĮșȫȢ țĮȚ ʌȠȜȜȑȢ ȐȜȜİȢ, 
ıȣȝʌİȡȚȜĮȝȕĮȞȠȝȑȞȘȢ ĲȘȢ șİȡȝȠțȡĮıȓĮȢ Ȓ ĲȘȢ İȟȐȡĲȘıȘȢ ĮȣĲȫȞ ĲȦȞ ʌȠıȠĲȒĲȦȞ Įʌȩ 
ĲȘȞ ʌȓİıȘ. ȉĮ ȝȠȞĲȑȜĮ ĮȣĲȐ ȤȡȘıȚȝȠʌȠȚȒșȘțĮȞ İʌȓıȘȢ ȖȚĮ ĲȘ ȝİȜȑĲȘ ʌȚȠ ʌİȡȓʌȜȠțȦȞ 
įȚĮįȚțĮıȚȫȞ, ȩʌȦȢ Ș ȣįȡȠĳȠȕȚțȒ İȞȣįȐĲȦıȘ Ȓ Ș İʌȚȡȡȠȒ ĲȠȣ ȞİȡȠȪ ıĲȘ įȚĮȝȩȡĳȦıȘ 

ĲȦȞ ȕȚȠȝȠȡȓȦȞ ıĲȠ įȚȐȜȣȝĮ. Ȉİ ĲȑĲȠȚȠȣ İȓįȠȣȢ ıȣıĲȒȝĮĲĮ, ȠȚ ĮȜȜȘȜİʌȚįȡȐıİȚȢ 
ĮȞȐȝİıĮ ıĲȠ įȚĮȜȪĲȘ țĮȚ ĲȘ įȚĮȜȣĲȒ ȠȣıȓĮ įȚĮįȡĮȝĮĲȓȗȠȣȞ ʌȠȜȪ ıȘȝĮȞĲȚțȩ ȡȩȜȠ. Ǿ 

ĲİȜȚțȒ ȝȠȡĳȒ İȞȩȢ ȝȠȡȓȠȣ ȝȑıĮ ıĲȠ įȚȐȜȣȝĮ İȓȞĮȚ ĲȠ ĮʌȠĲȑȜİıȝĮ ĲȘȢ ȚıȠȡȡȠʌȓĮȢ 
ȝİĲĮȟȪ įȣȠ įȚİȡȖĮıȚȫȞ: ĲȦȞ ĮȜȜȘȜİʌȚįȡȐıİȦȞ ȝİĲĮȟȪ įȚĮȜȪĲȘ – įȚĮȜȣĲȒȢ ȠȣıȓĮȢ 
(ıȣȝʌİȡȚȜĮȝȕĮȞȠȝȑȞȦȞ țĮȚ ĲȦȞ ȣįȡȩĳȠȕȦȞ ĮȜȜȘȜİʌȚįȡȐıİȦȞ) țĮȚ ĲȘȢ ĮʌȫȜİȚĮȢ ĲȘȢ 
įȠȝȚțȒȢ İȞĲȡȠʌȓĮȢ ĲȘȢ ʌȠȜȣʌİʌĲȚįȚțȒȢ ĮȜȣıȓįĮȢ. ȈȣȝʌİȡĮȓȞȠȣȝİ ȜȠȚʌȩȞ ȩĲȚ, ĮĳȠȪ ĲĮ 

ĮʌȠĲİȜȑıȝĮĲĮ ĲȦȞ ʌȡȠıȠȝȠȚȫıİȦȞ İȟĮȡĲȫȞĲĮȚ Įʌȩ ĲȠ ȝȠȞĲȑȜȠ ʌȠȣ șĮ 

ȤȡȘıȚȝȠʌȠȚȘșİȓ ȑĲıȚ țĮȚ Ș įȠȝȒ ĲȦȞ ȝȠȡȓȦȞ ĲȠȣ ȞİȡȠȪ (ıİ ȣȖȡȒ ȝȠȡĳȒ) Ƞȣ 
ȤȡȘıȚȝȠʌȠȚȠȪȞĲĮȚ, İȟĮȡĲȐĲĮȚ Įʌȩ ĲȠȞ ĲȪʌȠ ĲȠȣ ȞİȡȠȪ ʌȠȣ șĮ ȤȡȘıȚȝȠʌȠȚȒıȠȣȝİ.       

ȊʌȐȡȤȠȣȞ įȚȐĳȠȡȠȚ ĲȪʌȠȚ ȞİȡȠȪ, ȩʌȦȢ ȖȚĮ ʌĮȡȐįİȚȖȝĮ ĲĮ SPC, SPCE, TIP4P,

țĮȚ TIP3. ȀȐșİ ĲȪʌȠȢ ȑȤİȚ įȚĮĳȠȡİĲȚțȑȢ ȚįȚȩĲȘĲİȢ țĮȚ ȤȡȘıȚȝȠʌȠȚİȓĲĮȚ Įʌȩ 
įȚĮĳȠȡİĲȚțȐ ʌȡȠȖȡȐȝȝĮĲĮ ĮȞȐȜȠȖĮ ȝİ ĲȚȢ ĮʌĮȚĲȒıİȚȢ ĲȠȣ țĮșİȞȩȢ țĮȚ ĮȞȐȜȠȖĮ ȝİ ĲȘ 

șİȡȝȠțȡĮıȓĮ ʌȠȣ İĳĮȡȝȩȗȠȣȝİ ıĲȠ ıȪıĲȘȝĮ ʌȠȣ ȝİȜİĲȐȝİ. ȆĮȡȩȜȠ ʌȠȣ Įʌ’ ȩȜȠȣȢ 
ĲȠȣȢ ĲȪʌȠȣȢ ȞİȡȠȪ ʌȠȣ ȖȞȦȡȓȗȠȣȝİ, ĲĮ SPC țĮȚ TIP4P ĮȞĮʌĮȡȐȖȠȣȞ ĲȚȢ įȠȝȚțȑȢ ĲȠȣ 
ȞİȡȠȪ ȝİ ĲȠȞ țĮȜȪĲİȡȠ ĲȡȩʌȠ (Zielkiewicz, J., 2005), ıĲȘȞ įȚțȒ ȝĮȢ ʌİȡȓʌĲȦıȘ șĮ 
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Ț

 Įʌȩ ĲȠ ʌȡȩȖȡĮȝȝĮ VMD ȝİ ĲȘȞ    
İȞĲȠȜȒ

1.80 –t 15.0 
 

 psfgen.psf țĮȚ psfgen.pdb  ĲȠ ʌȡȩȖȡĮȝȝĮ. 

İ Ȣ

ȡȘıȚȝȠʌȠȚİȓĲĮȚ ıĲȚȢ ʌȡȠıȠȝȠȚȫıİȚȢ ĮʌĮȚĲİȓ ĲȠ 
ıȣȞȠȜȚț

Ȃİ ĲȠȞ ĲȡȩʌȠ ĮȣĲȩ ȣʌȠ  ȫıĲİ ĲȠ 

 ĲȣȤĮȓȠ ĲȡȩʌȠ, ʌĮȡȩȜĮ ĮȣĲȐ ȩȝȦȢ, 
ȣʌȐȡȤİȚ

ȣ ĮțȠȜȠȣșȒșȘțİ ȖȚĮ ĲȘȞ 
ʌȡȠİĲȠ

ȤȡȘıȚȝȠʌȠȚȒıȠȣȝİ ȞİȡȐ ĲȪʌȠȣ ȉǿȇ3, ȝȚĮȢ țĮȚ ĮȣĲȩȢ İȓȞĮȚ Ƞ ĲȪʌȠȢ ȞİȡȠȪ ȝİ ȕȐıȘ ĲȠȞ 
ȠʌȠȓȠ ʌĮȡĮȝİĲȡȠʌȠȚȒșȘțİ ĲȠ CHARMM27. ȉȠ CHARMM ȤȡȘıȚȝȠʌȠȚİȓ ȑȞĮ 

İʌȚʌȜȑȠȞ įİıȝȩ Ǿ-Ǿ, ȠʌȩĲİ ʌȡȑʌİȚ ȞĮ ĮʌȠĳȪȖȠȣȝİ ĲȘ įȘȝȚȠȣȡȖȓĮ ȖȦȞȚȫȞ țĮȚ 
įȓİįȡȦȞ ȖȚĮ ĲĮ ĲȝȒȝĮĲĮ ʌȠȣ ʌİȡȚȜĮȝȕȐȞȠȣȞ ȝȩȡȚĮ ȞİȡȠȪ. ǲĲıȚ Ƞ ĲȪʌȠȢ ȞİȡȠȪ ʌȠȣ 
ȤȡȘıȚȝȠʌȠȚİȓ İȓȞĮȚ ĲĮ ȉǿȇ3. ǼʌȚʌȜȑȠȞ ĲĮ ȉǿȇ3 ıȤİįȚȐıĲȘțĮȞ ȑĲıȚ ȫıĲİ ȞĮ 

ĮȞĮʌĮȡȐȖȠȣȞ ĲȚȢ ȚįȚȩĲȘĲİȢ ĲȠȣ ȞİȡȠȪ ıĲȘȞ “ȣȖȡȒ” ĲȠȣ ȝȠȡĳȒ țĮ  ȚįȚĮȓĲİȡĮ ıĲȘ 

șİȡȝȠțȡĮıȓĮ ʌȠȣ İĳĮȡȝȩȗȠȣȝİ ıĲȠ ıȪıĲȘȝĮ.   

ȉȠ ʌȜĮȓıȚȠ ȝİ ĲĮ ȞİȡȐ įȘȝȚȠȣȡȖİȓĲĮȚ
 solvate. Ǿ ȠȜȠțȜȘȡȦȝȑȞȘ İȞĲȠȜȒ ȑȤİȚ ȦȢ İȟȒȢ:  
 

solvate psfgen.psf psfgen.pdb –b 

ȉĮ İȓȞĮȚ ĲĮ ĮȡȤİȓĮ ʌȠȣ șĮ ȤȡȘıȚȝȠʌȠȚȒıİȚ
Ǿ İʌȚȜȠȖȒ –b ĮĳĮȚȡİȓ ȩıĮ ȝȩȡȚĮ ȞİȡȠȪ ȕȡȓıțȠȞĲĮȚ ıİ ĮʌȩıĲĮıȘ ȝȚțȡȩĲİȡȘ ĲȦȞ 1.80 

Å Įʌȩ ĲȠ ȝȩȡȚȠ ĲȘȢ ʌȡȦĲİǸȞȘȢ. Ǿ İʌȚȜȠȖȒ –t įȘȝȚȠȣȡȖİȓ ĲȚȢ įȚĮıĲȐıİȚȢ ĲȠȣ ʌȜĮȚıȓȠȣ 
ȝİ ĲĮ ȞİȡȐ ȑĲıȚ ȫıĲİ ȞĮ ȣʌȐȡȤİȚ ȑȞĮ ıĲȡȫȝĮ ȞİȡȠȪ ĲȘȢ ĲȐȟȘȢ ĲȦȞ 15.0 Å Įʌȩ ĲȠ 
ȐĲȠȝȠ ȝİ ĲȘ ȝİȖĮȜȪĲİȡȘ ıȣȞĲİĲĮȖȝȑȞȘ ȝȑȤȡȚ ĲȠ ȐțȡȠ ĲȠȣ ʌȜĮȚıȓȠȣ ʌȡȠȢ  
ȠʌȠȚĮįȒʌȠĲ  țĮĲİȪșȣȞıȘ. ȆȡȠțȪʌĲİȚ ȜȠȚʌȩȞ, ȝȚĮ İȜȐȤȚıĲȘ ĮʌȩıĲĮıȘ ĲȘȢ ĲȐȟȘ  ĲȦȞ 
30 Å ȝİĲĮȟȪ įȚĮįȠȤȚțȫȞ İȚįȫȜȦȞ.   

ȅ ĮȜȖȩȡȚșȝȠȢ PME ʌȠȣ Ȥ
ȩ ĳȠȡĲȓȠ ĲȠȣ ıȣıĲȒȝĮĲȠȢ ȞĮ ȚıȠȪĲĮȚ ȝİ ĲȠ ȝȘįȑȞ. Ǿ İĳĮȡȝȠȖȒ autoionize ĲȠȣ 

ʌȡȠȖȡȐȝȝĮĲȠȢ VMD ʌĮȡȑȤİȚ ȝȚĮ ȖȡȒȖȠȡȘ țĮȚ İȪțȠȜȘ ȝȑșȠįȠ ȖȚĮ ȞĮ ȖȓȞİȚ ĲȠ 
ıȣȞȠȜȚțȩ ĳȠȡĲȓȠ ĲȠȣ ıȣıĲȒȝĮĲȠȢ ȓıȠ ȝİ ĲȠ ȝȘįȑȞ, ʌȡȠıșȑĲȠȞĲĮȢ ȚȩȞĲĮ ȞĮĲȡȓȠȣ țĮȚ 
ȤȜȦȡȓȠȣ ıĲȠ įȚȐȜȣȝĮ. Ǿ İȞĲȠȜȒ ʌȠȣ ȤȡȘıȚȝȠʌȠȚİȓ ĲȠ ʌȡȩȖȡĮȝȝĮ ȑȤİȚ ȦȢ İȟȒȢ: 

 

autoionize –psf hydrated.psf –pdb hydrated.pdb –is 0.50 
 

 ȜȠȖȓȗİĲĮȚ Ƞ ĮȡȚșȝȩȢ ĲȦȞ ȚȩȞĲȦȞ ȞĮĲȡȓȠȣ țĮȚ ȤȜȦȡȓȠȣ
ıȣȞȠȜȚțȩ ĳȠȡĲȓȠ ȞĮ ȚıȠȪĲĮȚ ȝİ ĲȠ ȝȘįȑȞ. ȉĮ ĮȡȤİȓĮ hydrated.psf  țĮȚ hydrated.pdb 

İȓȞĮȚ ĮȣĲȐ ʌȠȣ șĮ ȤȡȘıȚȝȠʌȠȚȒıİȚ ĲȠ ʌȡȩȖȡĮȝȝĮ. Ǿ İʌȚȜȠȖȒ –is țĮșȚıĲȐ ĲȘ ȝȑıȘ 

ȚȠȞĲȚțȒ ȚıȤȪ ĲȠȣ įȚĮȜȪȝĮĲȠȢ ȓıȘ ȝİ 50mM.  

Ǿ ĲȠʌȠșȑĲȘıȘ ĲȦȞ ȚȩȞĲȦȞ ȖȓȞİĲĮȚ țĮĲȐ
 ȑȞĮ İȜȐȤȚıĲȠ ıĲȚȢ ĮʌȠıĲȐıİȚȢ ĲȩıȠ ĮȞȐȝİıĮ ıĲĮ ȚȩȞĲĮ țĮȚ ĲȠ ȝȩȡȚȠ, ȩıȠ țĮȚ 

ĮȞȐȝİıĮ ıĲĮ ȓįȚĮ ĲĮ ȚȩȞĲĮ. ĬĮ ȝʌȠȡȠȪıĮȝİ ȞĮ ȝȘȞ ĲȠʌȠșİĲȒıȠȣȝİ ĲĮ ȚȩȞĲĮ ĲȣȤĮȓĮ, 

ĮȜȜȐ ȞĮ ȕȡȠȪȝİ ĲĮ ıȘȝİȓĮ ıĲĮ ȠʌȠȓĮ ĲȠ ȘȜİțĲȡȠıĲĮĲȚțȩ įȣȞĮȝȚțȩ İȓȞĮȚ İȜȐȤȚıĲȠ țĮȚ 
ȞĮ ĲĮ ĲȠʌȠșİĲȒıȠȣȝİ ȝȩȞȠȚ ȝĮȢ ıİ țĮĲȐȜȜȘȜȘ ĮʌȩıĲĮıȘ. ǺȑȕĮȚĮ ĮȣĲȩ įİ ȝĮȢ 
İȖȖȣȐĲĮȚ ĲȠ İʌȚșȣȝȘĲȩ ĮʌȠĲȑȜİıȝĮ țĮȚ șĮ ȒĲĮȞ ĮȡțİĲȐ ʌİȡȓʌȜȠțȠ țĮȚ ȤȡȠȞȠȕȩȡȠ, 
ȠʌȩĲİ ʌȡȠĲȚȝȠȪȝİ ĲȘȞ ĮȣĲȩȝĮĲȘ ĲȠʌȠșȑĲȘıȘ ĲȦȞ ȚȩȞĲȦȞ.  

ȆĮȡĮțȐĲȦ șĮ įȠȪȝİ ĮȞĮȜȣĲȚțȐ ĲȘ įȚĮįȚțĮıȓĮ ʌȠ
ȚȝĮıȓĮ țȐșİ ıȣıĲȒȝĮĲȠȢ.  
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3.3 ȆȡȠİĲȠȚȝĮıȓĮ įȚȝİȡȠȪȢ ĲȘȢ Ala2Ile2-6 ȝİ ĲȠʌȠȜȠȖȓĮ syn 

ȉȠ ʌȡȫĲȠ ȕȒȝĮ ȒĲĮȞ ȞĮ ȕȡȠȪȝİ ĲȚȢ ıȣȞĲİĲĮȖȝȑȞİȢ ĲȠȣ ȝȠȡȓȠȣ ĲȘȢ ʌȡȦĲİǸȞȘȢ. īȚĮ ĲȠ 

 

ǼȚțȩȞĮ 3-7: ȈȤȘȝĮĲȚțȩ 

Ƞȣ

ǼȚțȩȞĮ 3-8: ȉȡȓĮ ĲȑııİȡĮ-

 

 

 

ȜȩȖȠ ĮȣĲȩ ĮȞĮĲȡȑȟĮȝİ ıĲȘ ȕȐıȘ įİįȠȝȑȞȦȞ ĲȘȢ Protein Data Bank (PDB), ȩʌȠȣ 
ȕȡȒțĮȝİ įȪȠ įȠȝȑȢ ʌȠȣ ĮȞĲȚıĲȠȚȤȠȪıĮȞ ıĲȘȞ Ala2Ile2-6. ȆȡȩțİȚĲĮȚ ȖȚĮ ĲȚȢ 1F4N 

(ǼȚțȩȞĮ 3-7) țĮȚ 1F4Ȃ (ǼȚțȩȞĮ 3-8). Ǿ ʌȡȫĲȘ ʌİȡȚȜĮȝȕȐȞİȚ ȑȞĮ ĲȑııİȡĮ-İȜȚțȠİȚįȑȢ 
įİȝȐĲȚȠ ıİ įȚĮțȡȚĲȚțȩĲȘĲĮ   1.9 Å. Ǿ įİȪĲİȡȘ ʌİȡȚȜĮȝȕȐȞİȚ ĲȡȓĮ ĲȑııİȡĮ-İȜȚțȠİȚįȒ 

įİȝȐĲȚĮ ıİ įȚĮțȡȚĲȚțȩĲȘĲĮ 2.25 Å.  

ıĲİȡİȠįȚȐȖȡĮȝȝĮ ĲȠȣ 4Į-

İȜȚțȠİȚįȠȪȢ įİȝĮĲȓ  ĲȘȢ įȠȝȒȢ 
1F4N ıİ įȚĮțȡȚĲȚțȩĲȘĲĮ 1.9 Å. 

Ȃİ ȝȠȕ ĳĮȓȞİĲĮȚ Ș ĮȜȣıȓįĮ ǹ 

țĮȚ ȝİ țȣĮȞȩ Ș ĮȜȣıȓįĮ Ǻ 

(ıȘȝİȚȫȞȠȞĲĮȚ țĮȚ ĲĮ ȃ-ĲİȜȚțȐ 

țĮȚ C-ĲİȜȚțȐ ȐțȡĮ).  

 

 

 

 

 

 

 

 

 

İȜȚțȠİȚįȒ įİȝȐĲȚĮ ĲȘȢ įȠȝȒȢ 
1F4M ıİ įȚĮțȡȚĲȚțȩĲȘĲĮ 2.25 Å. 

Ȃİ ȝȠȕ ĳĮȓȞİĲĮȚ Ș ĮȜȣıȓįĮ ǹ, 

ȝİ țȣĮȞȩ Ș ĮȜȣıȓįĮ Ǻ, ȝİ 
țȩțțȚȞȠ Ș ĮȜȣıȓįĮ C, ȝİ ȝʌȜİ Ș 
ĮȜȣıȓįĮ D, ȝİ ʌȠȡĲȠțĮȜȓ Ș 
ĮȜȣıȓįĮ Ǽ țĮȚ ȝİ ʌȡȐıȚȞȠ Ș 
ĮȜȣıȓįĮ F.   
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ȟȚȠıȘȝİȓȦĲȠ İȓȞĮȚ ĲȠ ȖİȖȠȞȩȢ ȩĲȚ țȐșİ įȠȝȒ ʌİȡȚİȓȤİ įȚĮĳȠȡİĲȚțȩ ĮȡȚșȝȩ 
țĮĲĮȜȠ

ǻȠ ȀĮĲȐȜȠȚʌĮ 

ǹ
ȓʌȦȞ ĮȞȐ įİȝȐĲȚȠ (ȆȓȞĮțĮȢ 3-3).  

ȝȒ ǹȜȣıȓįİȢ 

A 

GLY1   THR2  LYS3  GLN4  HR7  ILE8  LEU9    ASN10 GLU5  LYS6  T
MET11 ALA12 ARG13 PHE14 ILE15 ARG16 SER17 GLN18 ALA19 LEU20 
THR21 ILE22 LEU23 GLU24 LYS25 ALA26 ASN27 GLU28 LEU29 ASP30 
ALA31 ASP32 GLU33 ILE34 ALA35 ASP36 ILE37 ALA38 GLU39 SER40 
ILE41 HIS42 ASP43 HIS44 ALA45 ASP46 GLU47 ILE48 TYR49 ARG50 
SER51 ALA52 LEU53 ALA54 ARG55 PHE56 GLY57 ASP58 ASP59 GLY60 

1F4N 

B 

GLU5 LYS6 THR7 ILE8 LEU9 ASN10 MET11 ALA12 ARG13 PHE14 ILE15 
ARG16 SER17 GLN18 ALA19 LEU20 THR21 ILE22 LEU23 GLU24 LYS25 
ALA26 ASN27 GLU28 LEU29 ASP30 ALA31 ASP32 GLU33 ILE34 ALA35 
ASP36 ILE37 ALA38 GLU39 SER40 ILE41 HIS42 ASP43 HIS44 ALA45 
ASP46 GLU47 ILE48 TYR49 ARG50 SER51 ALA52 LEU53 ALA54 ARG55 

A 

GLY1   THR2  LYS3  GLN4  GLU5  LYS6  THR7  ILE8  LEU9    ASN10 
MET11 ALA12 ARG13 PHE14 ILE15 ARG16 SER17 GLN18 ALA19 LEU20 
THR21 ILE22 LEU23 GLU24 LYS25 ALA26 ASN27 GLU28 LEU29 ASP30 
ALA31 ASP32 GLU33 ILE34 ALA35 ASP36 ILE37 ALA38 GLU39 SER40 
ILE41 HIS42 ASP43 HIS44 ALA45 ASP46 GLU47 ILE48 TYR49 ARG50 
SER51 ALA52 LEU53 ALA54 ARG55 PHE56 

B 

THR2 LYS3 GLN4 GLU5 LYS6 THR7 ILE8 LEU9 ASN10 MET11 ALA12 
ARG13 PHE14 ILE15 ARG16 SER17 GLN18 ALA19 LEU20 THR21 ILE22 
LEU23 GLU24 LYS25 ALA26 ASN27 GLU28 LEU29 ASP30 ALA31 ASP32 
GLU33 ILE34 ALA35 ASP36 ILE37 ALA38 GLU39 SER40 ILE41 HIS42 
ASP43 HIS44 ALA45 ASP46 GLU47 ILE48 TYR49 ARG50 SER51 ALA52 
LEU53 ALA54 ARG55 PHE56 GLY57 

C 

  THR2 LYS3 GLN4 GLU5 LYS6 THR7 ILE8 LEU9 ASN10 MET11 ALA12 
ARG13 PHE14 ILE15 ARG16 SER17 GLN18 ALA19 LEU20 THR21 ILE22 
LEU23 GLU24 LYS25 ALA26 ASN27 GLU28 LEU29 ASP30 ALA31 ASP32 
GLU33 ILE34 ALA35 ASP36 ILE37 ALA38 GLU39 SER40 ILE41 HIS42 
ASP43 HIS44 ALA45 ASP46 GLU47 ILE48 TYR49 ARG50 SER51 ALA52 
LEU53 ALA54 ARG55 

D 

GLY1 THR2 LYS3 GLN4 GLU5 LYS6 THR7 ILE8 LEU9 ASN10 MET11 
ALA12 ARG13 PHE14 ILE15 ARG16 SER17 GLN18 ALA19 LEU20 THR21 
ILE22 LEU23 GLU24 LYS25 ALA26 ASN27 GLU28 LEU29 ASP30 ALA31 
ASP32 GLU33 ILE34 ALA35 ASP36 ILE37 ALA38 GLU39 SER40 ILE41 
HIS42 ASP43 HIS44 ALA45 ASP46 GLU47 ILE48 TYR49 ARG50 SER51 
ALA52 LEU53 ALA54 ARG55 PHE56 GLY57 

E 

GLU5 LYS6 THR7 ILE8 LEU9 ASN10 MET11 ALA12 ARG13 PHE14 ILE15 
ARG16 SER17 GLN18 ALA19 LEU20 THR21 ILE22 LEU23 GLU24 LYS25 
ALA26 ASN27 GLU28 LEU29 ASP30 ALA31 ASP32 GLU33 ILE34 ALA35 
ASP36 ILE37 ALA38 GLU39 SER40 ILE41 HIS42 ASP43 HIS44 ALA45 
ASP46 GLU47 ILE48 TYR49 ARG50 SER51 ALA52 LEU53 ALA54 ARG55 
PHE56 GLY57 

1F4M 

F 

GLN4 GLU5 LYS6 THR7 ILE8 LEU9 ASN10 MET11 ALA12 ARG13 PHE14 
ILE15 ARG16 SER17 GLN18 ALA19 LEU20 THR21 ILE22 LEU23 GLU24 
LYS25 ALA26 ASN27 GLU28 LEU29 ASP30 ALA31 ASP32 GLU33 ILE34 
ALA35 ASP36 ILE37 ALA38 GLU39 SER40 ILE41 HIS42 ASP43 HIS44 
ALA45 ASP46 GLU47 ILE48 TYR49 ARG50 SER51 ALA52 LEU53 ALA54 
ARG55 PHE56 GLY57 

ȆȓȞĮțĮȢ 3-3: ǺȜȑʌȠȣȝİ Ĳ
1.9 Å) țĮȚ ĲȘȢ 1F4M (įȚĮțȡȚĲȚțȩĲȘĲĮ 2.25 Å). Ȃİ țȣĮȞȩ ȤȡȫȝĮ ıțȚȐȗȠȞĲĮȚ ĲĮ țĮĲȐȜȠȚʌĮ ʌȠȣ įİȞ 
İȝĳĮȞȓȗȠȞĲĮȚ ıİ ȩȜİȢ ĲȚȢ ĮȜȣıȓįİȢ.  

ȚȢ ĮȜȜȘȜȠȣȤȓİȢ ȩȜȦȞ ĲȦȞ ĮȜȣıȓįȦȞ ĲȦȞ įȪȠ įȠȝȫȞ, ĲȘȢ 1F4N (įȚĮțȡȚĲȚțȩĲȘĲĮ 



ȉȠ ȖİȖȠȞȩȢ ĮȣĲȩ ȝĮȢ ȠįȒȖȘıİ ıĲȠ İȟȒȢ İȡȫĲȘȝĮ: ȖȚĮĲȓ ıİ ȣȥȘȜȩĲİȡȘ 

įȚĮțȡȚĲȚțȩĲȘĲĮ įİȞ İȝĳĮȞȓȗȠȞĲĮȚ ıĲȘȞ țȡȣıĲĮȜȜȚțȒ įȠȝȒ ȩȜĮ ĲĮ țĮĲȐȜȠȚʌĮ ĲȘȢ 
ʌȡȦĲİǸȞȘȢ; ǲĲıȚ ĮʌȠĳĮıȓıĮȝİ ȞĮ įȘȝȚȠȣȡȖȒıȠȣȝİ ȝȚĮ țĮȚȞȠȪȡȚĮ “įȠȝȒ” Ș ȠʌȠȓĮ șĮ 

ıȣȞįȪĮȗİ ĲȘȞ ȣȥȘȜȩĲİȡȘ įȚĮțȡȚĲȚțȩĲȘĲĮ țĮȚ ĲȠ ȝİȖĮȜȪĲİȡȠ ĮȡȚșȝȩ țĮĲĮȜȠȓʌȦȞ. īȚĮ 

ĲȠ ȜȩȖȠ ĮȣĲȩ, ĮȡȤȚțȐ, ȤȡȘıȚȝȠʌȠȚȫȞĲĮȢ ĲȠ ʌȡȩȖȡĮȝȝĮ VMD, țȐȞĮȝİ ȣʌȑȡșİıȘ 

ȩȜȦȞ ĲȦȞ ĲȑııİȡĮ-İȜȚțȠİȚįȫȞ įİȝĮĲȓȦȞ, ĮȞȐ įȣȠ, ȖȚĮ ȞĮ İȜȑȖȟȠȣȝİ țĮĲȐ ʌȩıȠ İȓȞĮȚ 
ȩȝȠȚĮ (Įʌȩ ȐʌȠȥȘ ʌȜİȣȡȚțȫȞ ĮȜȣıȓįȦȞ ĲȦȞ țĮĲĮȜȠȓʌȦȞ ĮĳȠȪ ĲĮ țĮĲȐȜȠȚʌĮ İȓȞĮȚ 
ȓįȚĮ ıİ ȩȜĮ ĲĮ įİȝȐĲȚĮ). ȆĮȡĮĲȘȡȒıĮȝİ ȜȠȚʌȩȞ, ȩĲȚ įİȞ ȣʌȒȡȤİ țȐʌȠȚĮ įȚĮĳȠȡȐ ıĲȘ 

įȚĮȝȩȡĳȦıȘ ĲȦȞ ʌȜİȣȡȚțȫȞ ĮȜȣıȓįȦȞ ĲȦȞ țĮĲĮȜȠȓʌȦȞ. ǲĲıȚ ʌȡȠȤȦȡȒıĮȝİ ıĲȘ 

įȘȝȚȠȣȡȖȓĮ ĲȠȣ ȝȠȡȓȠȣ.  
ȋȡȘıȚȝȠʌȠȚȒıĮȝİ ĲȠ įİȝȐĲȚȠ ǹǺ Įʌȩ ĲȘ įȠȝȒ 1F4N țĮȚ ĲȠ įİȝȐĲȚȠ ǹǺ Įʌȩ 

ĲȘ įȠȝȒ 1F4M. Ȃİ ĲȘ ȕȠȒșİȚĮ țĮȚ ʌȐȜȚ ĲȠȣ ʌȡȠȖȡȐȝȝĮĲȠȢ VMD țȐȞĮȝİ ȣʌȑȡșİıȘ 

ĲȦȞ įȣȠ

 39

ȝİ ȝʌȜİ ȤȡȫȝĮ) țĮȚ 1F4M (ȝİ ʌȠȡĲȠțĮȜȓ 
ı ȣʌȑȡșİıȘ. ǼȓȞĮȚ İȝĳĮȞȒȢ Ș įȚĮĳȠȡȐ ĲȠȣ 

 pdb ĮȡȤİȓȠȣ țĮȚ ĮĳȠȪ țȡĮĲȒıĮȝİ ĲȚȢ 
țĮĲĮĳȑȡĮȝİ ȞĮ ʌȡȠıșȑıȠȣȝİ ıĲȘȞ ĮȜȣıȓįĮ Ǻ 

 ȝȠȡȓȦȞ (ǼȚțȩȞĮ 3-9) țĮȚ ıĲȘ ıȣȞȑȤİȚĮ ıȫıĮȝİ ȑȞĮ ĮȡȤİȓȠ pdb ĲȠ ȠʌȠȓȠ 
ʌİȡȚİȓȤİ ĲȚȢ ıȣȞĲİĲĮȖȝȑȞİȢ țĮȚ ĲȦȞ įȣȠ ȝȠȡȓȦȞ.  

 

ǼȚțȩȞĮ 3-9: ȈȤȘȝĮĲȚțȩ įȚȐȖȡĮȝȝĮ ĲȦȞ įȚȝİȡȫȞ 
1F4N (

ȤȡȫȝĮ) İ 
ĮȡȚșȝȠȪ ĲȦȞ țĮĲĮȜȠȓʌȦȞ ıĲĮ ȐțȡĮ ĲȦȞ ĮȜȣıȓįȦȞ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ǶıĲİȡĮ Įʌȩ İʌİȟİȡȖĮıȓĮ ĲȠȣ
ıȣȞĲİĲĮȖȝȑȞİȢ ȝȩȞȠ ĲȦȞ Ǻ ĮȜȣıȓįȦȞ,  

ĲȘȢ įȠȝȒȢ 1F4N ĲĮ țĮĲȐȜȠȚʌĮ ʌȠȣ ȑȜİȚʌĮȞ, ȤȡȘıȚȝȠʌȠȚȫȞĲĮȢ ĲĮ ĮȞĲȓıĲȠȚȤĮ Įʌȩ ĲȘȞ 
ĮȜȣıȓįĮ Ǻ ĲȘȢ įȠȝȒȢ 1F4Ȃ. ȆȚȠ ıȣȖțİțȡȚȝȑȞĮ, ʌȡȠıșȑıĮȝİ ĲĮ țĮĲȐȜȠȚʌĮ 2-10 ıĲȠ 
ȃ-ĲİȜȚțȩ ȐțȡȠ țĮȚ 50-57 ıĲȠ C-ĲİȜȚțȩ ȐțȡȠ, ʌĮȡȩȜȠ ʌȠȣ Įʌȩ ĲȘ įȠȝȒ ȑȜİȚʌĮȞ ȝȩȞȠ 
ĲĮ țĮĲȐȜȠȚʌĮ 2-4 țĮȚ 56-57. ǹȣĲȩ ȑȖȚȞİ ȖȚĮ ȞĮ “ıȤȘȝĮĲȚıĲİȓ” țĮȚ ĲȠ ʌȡȫĲȠ İʌȓʌİįȠ 
ĲȠȣ ȣįȡȩĳȠȕȠȣ ʌȣȡȒȞĮ, ȑȞĮ Įʌȩ ĲĮ țĮĲȐȜȠȚʌĮ ĲȠȣ ȠʌȠȓȠȣ (ĲȠ țĮĲȐȜȠȚʌȠ ĲȘȢ șȑıȘȢ 
56) įİȞ ȣʌȒȡȤİ ıĲȠ ȝȠȞȠȝİȡȑȢ Ǻ ĲȘȢ 1F4N įȠȝȒȢ, įȚĮĲȘȡȫȞĲĮȢ ĲȚȢ ĮʌĮȡĮȓĲȘĲİȢ 

ıĲȠ 
ȃ-ĲİȜȚțȩ ȐțȡȠ țĮȚ 50-57 ıĲȠ C-ĲİȜȚțȩ ȐțȡȠ, ʌĮȡȩȜȠ ʌȠȣ Įʌȩ ĲȘ įȠȝȒ ȑȜİȚʌĮȞ ȝȩȞȠ 
ĲĮ țĮĲȐȜȠȚʌĮ 2-4 țĮȚ 56-57. ǹȣĲȩ ȑȖȚȞİ ȖȚĮ ȞĮ “ıȤȘȝĮĲȚıĲİȓ” țĮȚ ĲȠ ʌȡȫĲȠ İʌȓʌİįȠ 
ĲȠȣ ȣįȡȩĳȠȕȠȣ ʌȣȡȒȞĮ, ȑȞĮ Įʌȩ ĲĮ țĮĲȐȜȠȚʌĮ ĲȠȣ ȠʌȠȓȠȣ (ĲȠ țĮĲȐȜȠȚʌȠ ĲȘȢ șȑıȘȢ 
56) įİȞ ȣʌȒȡȤİ ıĲȠ ȝȠȞȠȝİȡȑȢ Ǻ ĲȘȢ 1F4N įȠȝȒȢ, įȚĮĲȘȡȫȞĲĮȢ ĲȚȢ ĮʌĮȡĮȓĲȘĲİȢ 
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-10: ȈȤȘȝĮĲȚțȩ įȚȐȖȡĮȝȝĮ ĲȘȢ ĮȜȣıȓįĮȢ Ǻ ĲȘȢ 
2 2 . Ȃİ CPK ȝʌȠȡȠȪȝİ ȞĮ įȠȪȝİ ĲĮ țĮĲȐȜȠȚʌĮ ĲȦȞ 

ʌȠȓȦȞ ĮȜȜȐȟĮȝİ ĲĮ ıĲȡȠĳȠȝİȡȒ. Ȃİ ʌȡȐıȚȞȠ ĳĮȓȞİĲĮȚ Ș 
et11, ȝİ ȝʌȜİ Ș Arg13 țĮȚ ȝİ ȝȠȕ Ș  Gln18.   

 

 

 

ȚțȩȞĮ 3-11: ȈȤȘȝĮĲȚțȩ įȚȐȖȡĮȝȝĮ ĲȘȢ ĮȜȣıȓįĮȢ Ǻ 
Ȣ Ala2Ile2-6. Ȃİ CPK ȝʌȠȡȠȪȝİ ȞĮ įȠȪȝİ ĲĮ 
ĲȐȜȠȚʌĮ ʌȠȣ ʌȡȠıșȑıĮȝİ ıĲȠ ȃ-ĲİȜȚțȩ țĮȚ C-

 ȐțȡȠ ĲȘȢ ĮȜȣıȓįĮȢ.   

ĮȜȜȘȜİʌȚįȡȐıİȚȢ ȝİ ĲĮ ȖİȚĲȠȞȚțȐ ȐĲȠȝĮ. ǲʌİȚĲĮ, ȤȡȘıȚȝȠʌȠȚȫȞĲĮȢ ĲȠ ʌȡȩȖȡĮȝȝĮ X-

fit, ĮȜȜȐȟĮȝİ ĲĮ ıĲȡȠĳȠȝİȡȒ ĲȡȚȫȞ țĮĲĮȜȠȓʌȦȞ (Met11, Arg13 țĮȚ Gln18) (ǼȚțȩȞĮ 

3-10) ȫıĲİ ȠȚ ʌȜİȣȡȚțȑȢ ĮȜȣıȓįİȢ ĲȠȣȢ ȞĮ ȝȘȞ ʌĮȡİȝʌȠįȓȗȠȣȞ ĲĮ ȣʌȩȜȠȚʌĮ 

țĮĲȐȜȠȚʌĮ, ȠʌȩĲİ ʌȡȠȑțȣȥİ Ș ȠȜȠțȜȘȡȦȝȑȞȘ ĮȜȣıȓįĮ Ǻ (ǼȚțȩȞĮ 3-11). ȉȑȜȠȢ, 
ʌȡȠıșȑıĮȝİ țĮȚ ĲȚȢ ıȣȞĲİĲĮȖȝȑȞİȢ ĲȘȢ ĮȜȣıȓįĮȢ ǹ Įʌȩ ĲȘ įȠȝȒ 1F4N ȫıĲİ ȞĮ 

ıȤȘȝĮĲȚıĲİȓ ĲȠ įȚȝİȡȑȢ, ȠʌȩĲİ țĮȚ ʌȡȠțȪʌĲİȚ Ƞ ĮțȩȜȠȣșȠȢ ʌȓȞĮțĮȢ (ȆȓȞĮțĮȢ 3-4). 

(ȉȠ ȞȑȠ įȚȝİȡȑȢ șĮ ȠȞȠȝȐȗİĲĮȚ Ala2Ile2-6).   
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ǻȠȝȒ ǹȜȣıȓįİȢ ȀĮĲȐȜȠȚʌĮ 

 

ǹ 

GLY1   THR2  LYS3  GLN4  GLU5  LYS6  THR7  
ILE8  LEU9 ASN10 MET11 ALA12 ARG13 
PHE14 ILE15 ARG16 SER17 GLN18 ALA19 
LEU20 THR21 GLU24 LYS25 ILE22 LEU23 

GLU28 LEU29 ALA26 ASN27 ASP30 ALA31 
ASP32 GLU33 ILE34 ALA35 ASP36 ILE37 
ALA38 GLU39 SER40 ILE41 HIS42 ASP43 HIS44 
ALA45 ASP46 GLU47 ILE48 TYR49 ARG50 
SER51 ALA52 LEU53 ALA54 ARG55 PHE56 
GLY57 ASP58 ASP59 GLY60 Ala2Ile2-6 

Ǻ 

THR2 LYS3 GLN4 GLU5 LYS6 THR7 ILE8 LEU9 
ASN10 MET11 ALA12 ARG13 PHE14 ILE15 
ARG16 SER17 GLN18 ALA19 LEU20 THR21 
ILE22 LEU23 GLU24 LYS25 ALA26 ASN27 
GLU28 LEU29 ASP30 ALA31 ASP32 GLU33 
ILE34 ALA35 ASP36 ILE37 ALA38 GLU39 
SER40 ILE41 HIS42 ASP43 HIS44 ALA45 ASP46 
GLU47 ILE48 TYR49 ARG50 SER51 ALA52 
LEU53 ALA54 ARG55 PHE56 GLY57 

 

ȆȓȞĮțĮȢ 3-4: ǺȜȑʌȠȣȝİ ĲȚȢ ĮȜȜȘȜȠȣȤȓİȢ ĲȦȞ
țĮĲĮıțİȣȐıĮȝİ. Ȃİ ȡȠȗ ȤȡȫȝĮ ıțȚȐȗȠȞĲĮȚ ĲĮ țĮĲ

ȤȠȣȞ 
ĲȚȢ ʌĮȡĮȝȑĲȡȠȣȢ țĮȚ ĲȚȢ ĲȠʌȠȜȠȖȓİȢ ĲȠȣ įȣȞĮȝȚțȠȪ ʌİįȓȠȣ CHARMM27. ǹʌȩ ĲȠ pdb 

ĮȡȤİȓȠ 

 ĮȜȣıȓįȦȞ ǹ țĮȚ Ǻ ĲȠȣ ȝȠȡȓȠȣ Ala2Ile2-6 ʌȠȣ 
ȐȜȠȚʌĮ İțİȓȞĮ ʌȠȣ ʌȡȠıșȑıĮȝİ ıĲȘȞ ĮȜȣıȓįĮ Ǻ.  

 

ǲȤȠȞĲĮȢ ĲȠ ȝȩȡȚȠ ʌȠȣ ȤȡİȚĮȗȩȝĮıĲİ, ʌȡȑʌİȚ ȞĮ ʌȡȠİĲȠȚȝȐıȠȣȝİ ĲȠ ıȪıĲȘȝĮ 

ʌȠȣ ĮʌĮȚĲİȓĲĮȚ ȖȚĮ ĲȘȞ ʌȡȠıȠȝȠȓȦıȘ. ǹȡȤȚțȐ ȤȡİȚĮȗȩȝĮıĲİ ĲĮ ĮȡȤİȓĮ ʌȠȣ ʌİȡȚȑ

ʌȠȣ įȚĮșȑĲȠȣȝİ ȝİ țĮĲȐȜȜȘȜȘ İʌİȟİȡȖĮıȓĮ, țȡĮĲȐȝİ ȝȩȞȠ ĲĮ ıĲȠȚȤİȓĮ İțİȓȞĮ 

ʌȠȣ ĮȞĲȚıĲȠȚȤȠȪȞ ıĲĮ įȚĮțȡȚĲȚțȐ ATOM țĮȚ TER, țĮșȫȢ țĮȚ ĲȠ ĲİȜȚțȩ END. ȈĲȠ 
ıȘȝİȓȠ ĮȣĲȩ ʌȡȑʌİȚ ȞĮ ʌȡȠıȑȟȠȣȝİ ȠȚ ĮȜȣıȓįİȢ ȝĮȢ ȞĮ ȑȤȠȣȞ įȚĮĳȠȡİĲȚțȐ įȚĮțȡȚĲȚțȐ, 

įȘȜĮįȒ ǹ țĮȚ Ǻ. ǲʌİȚĲĮ İȣșȣȖȡĮȝȝȓȗȠȣȝİ ĲȠȣȢ ȐȟȠȞİȢ ĲȘȢ ĮįȡȐȞİȚĮȢ ĲȠȣ ȝȠȡȓȠȣ ȝİ 
ĲȠ ȠȡșȠȖȫȞȚȠ ʌȜĮȓıȚȠ (ǼȚțȩȞĮ 3-12). ǹȣĲȩ İʌȚĲȣȖȤȐȞİĲĮȚ ȝȑıȦ ĲȠȣ ʌȡȠȖȡȐȝȝĮĲȠȢ 
moleman, ĲȠ ȠʌȠȓȠ įȚĮȕȐȗİȚ ĲȚȢ ıȣȞĲİĲĮȖȝȑȞİȢ ĲȠȣ ȝȠȡȓȠȣ ȝĮȢ țĮȚ ȖȡȐĳİȚ ȑȞĮ ȞȑȠ 
ĮȡȤİȓȠ pdb ĲȠ aligned.pdb. ȈĲȘ ıȣȞȑȤİȚĮ țȐȞȠȣȝİ įȣȠ ĮȞĲȓȖȡĮĳĮ ĲȠȣ ĮȡȤİȓȠȣ 
aligned.pdb țĮȚ ĲĮ ȠȞȠȝȐȗȠȣȝİ A.pdb țĮȚ B.pdb. ȈĲȠ ʌȡȫĲȠ įȚĮĲȘȡȠȪȝİ ĲȚȢ 
ıȣȞĲİĲĮȖȝȑȞİȢ ĲȘȢ ĮȜȣıȓįĮȢ ǹ țĮȚ ıĲȠ įİȪĲİȡȠ ĲȘȢ ĮȜȣıȓįĮȢ Ǻ ȝİ ȑȞĮ END ıĲȠ 
ĲȑȜȠȢ țȐșİ ĮȡȤİȓȠȣ. ǹțȠȜȠȪșȦȢ ıĲĮ įȣȠ ĮȣĲȐ ĮȡȤİȓĮ ȕȡȓıțȠȣȝİ țĮȚ ĮȞĲȚțĮșȚıĲȠȪȝİ 
ĲĮ țĮĲȐȜȠȚʌĮ HIS ȝİ HSP. ȆȡȩțİȚĲĮȚ ȖȚĮ ʌȜȒȡȦȢ ʌȡȦĲȠȞȚȦȝȑȞĮ țĮĲȐȜȠȚʌĮ ȚıĲȚįȓȞȘȢ, 
ĲĮ ȠʌȠȓĮ ĮȞĲĮʌȠțȡȓȞȠȞĲĮȚ țĮȜȪĲİȡĮ ıĲȘȞ ʌȡĮȖȝĮĲȠʌȠȓȘıȘ ȝȚĮȢ ʌȡȠıȠȝȠȓȦıȘȢ ıİ 
pH < 6. (īȚĮ ȝȚĮ ʌȡȠıȠȝȠȓȦıȘ ıİ ȠȣįȑĲİȡȠ pH ȠȚ HIS șĮ ȑʌȡİʌİ ȞĮ ĮȞĲȚțĮșȓıĲĮȞĲĮȚ 
İȓĲİ ȝİ HSE İȓĲİ ȝİ HSD ĮȞȐȜȠȖĮ ȝİ ĲȠ ĮȞ Ș ȚıĲȚįȓȞȘ ʌȡȦĲȠȞȚȫȞİĲĮȚ ıĲȠ į Ȓ ıĲȠ İ 
ȐĲȠȝȠ. ǹȣĲȩ ȝʌȠȡİȓ ȞĮ țĮșȠȡȚıĲİȓ Įʌȩ ĲȠ ȝȠĲȓȕȠ ĲȠȣ ȣįȡȠȖȠȞȠįİıȝȠȪ ĲȘȢ ȚıĲȚįȓȞȘȢ 
(ıĲȠ ʌİȡȚİȤȩȝİȞȠ ĲȘȢ įȠȝȒȢ).  

 

 



 

ǼȚțȩȞĮ 3-12: ǹȡȚıĲİȡȐ: Ǿ șȑıȘ ĲȠȣ ȝȠȡȓȠȣ 
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İȣșȣȖȡȐȝȝȚıȘ ĲȦȞ ĮȟȩȞȦȞ ĲȘȢ ĮįȡȐȞİȚĮȢ ĲȠȣ ȝȠȡȓ

ıĲİȡĮ, ȝİ ȤȡȒıȘ İȞȩȢ ȐȜȜȠȣ ʌȡȠȖȡȐȝȝĮĲȠȢ, ĲȠȣ psfgen, ĲȠ ȠʌȠȓȠ ȝİĲȐ Įʌȩ 
İʌİȟİȡȖĮıȓĮ ĲȘȢ ĲȠʌȠȜȠȖȓĮȢ ĲȠȣ įȣȞĮȝȚțȠȪ ʌİįȓȠȣ țĮȚ ĲȦȞ ĮȡȤİȓȦȞ A.pdb țĮȚ B.pdb, 

ȝĮȢ įȓȞ

 

ȡȚȜĮȝȕȐȞİȚ ĲȠ ȝȩȡȚȠ ĲȘȢ ʌȡȦĲİǸȞȘȢ (ȝİ ȝȠȕ Ș 
ĲĮ ȚȩȞĲĮ C țĮȚ ȝİ țȓĲȡȚȞȠ ĲĮ ȚȩȞĲĮ Na+, ıİ 

VDW, ȝİ  ıĳĮȓȡĮȢ 0.9) țĮȚ ĲĮ ȝȩȡȚĮ ĲȠȣ ȞİȡȠȪ. ǻİȟȚȐ: ȀȐĲȠȥȘ  ȓįȚȠȣ ʌȜĮȚıȓȠȣ.   

ıȪȝĳȦȞĮ ȝİ ĲȠ ȠȡșȠțĮȞȠȞȚțȩ ıȪıĲȘȝĮ ĮȟȩȞȦȞ ʌȡȚȞ ĲȘȞ 
Ƞȣ. ǻİȟȚȐ: Ǿ șȑıȘ ĲȠȣ ȝȠȡȓȠȣ ȝİĲȐ ĲȘȞ İȣșȣȖȡȐȝȝȚıȘ 

ĲȦȞ ĮȟȩȞȦȞ. Ȃİ ȝȠȕ ȤȡȫȝĮ ȕȜȑʌȠȣȝİ ĲȘȞ ĮȜȣıȓįĮ ǹ țĮȚ ȝİ țȣĮȞȩ ĲȘȞ ĮȜȣıȓįĮ Ǻ.   

 

 

Ƕ

İȚ ĲȡȓĮ ȞȑĮ ĮȡȤİȓĮ, ĲȠ psfgen.pdb, ĲȠ psfgen.psf (ĲȠ ȠʌȠȓȠ İȓȞĮȚ ĮʌĮȡĮȓĲȘĲȠ ȖȚĮ 

ĲȠ ʌȡȩȖȡĮȝȝĮ NAMD ʌȠȣ șĮ ȤȡȘıȚȝȠʌȠȚȒıȠȣȝİ ȖȚĮ ȞĮ țȐȞȠȣȝİ ĲȘȞ ʌȡȠıȠȝȠȓȦıȘ) 

țĮȚ ĲȠ psfgen.log.  

 

 

ǼȚțȩȞĮ 3-13 : ǹȡȚıĲİȡȐ: ȆȜĮȧȞȒ ȩȥȘ ĲȠȣ ʌȜĮȚıȓȠȣ ʌȠȣ ʌİ
ĮȜȣıȓįĮ ǹ țĮȚ ȝİ țȣĮȞȩ Ș ĮȜȣıȓįĮ Ǻ), ĲĮ ȚȩȞĲĮ (ȝİ ȖĮȜȐȗȚȠ l- 

 ĲȠȣ țȜȓȝĮțĮ
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ĲȓȠ. ǲĲıȚ 
țĮĲĮȜȒȖȠȣȝİ

 NAMD 

ȤȡȘıȚȝȠʌȠȚȫȞĲĮȢ . ǹȡȤȚțȐ ȑȖȚȞİ 
İȜĮȤȚıĲȠʌȠȓȘıȘ ȆĮȡȐȡĲȘȝĮ 3-1) 

țĮȚ ıĲȘ  İȟȚıȠȡȡȩʌȘıȘ ȣʌ ıȣȞșȒțİȢ

ȂİĲȐ įȘȝȚȠȣȡȖȠȪȝİ ȑȞĮ script ȖȚĮ ĲȠ ʌȡȩȖȡĮȝȝĮ VMD, ĲȠ make_all.vmd, ĲȠ 
ȠʌȠȓȠ șĮ ȝĮȢ ȕȠȘșȒıİȚ ȞĮ țĮĲĮıțİȣȐıȠȣȝİ ĲȠ ʌȜĮȓıȚȠ ȝİ ĲĮ ȞİȡȐ țĮȚ ȞĮ 

ĲȠʌȠșİĲȒıȠȣȝİ ĮȣĲȩȝĮĲĮ ĲĮ ȚȩȞĲĮ, ȫıĲİ ȞĮ İȟȠȣįİĲİȡȦșİȓ ĲȠ ıȣȞȠȜȚțȩ ĳȠȡ
 ȝİ įȚȐĳȠȡĮ ĮȡȤİȓĮ, ȩʌȦȢ ĲĮ hydrated.psf, hydrated.pdb, restrain_ca.pdb, 

fix_backbone.pdb, ionized.psf țĮȚ ionized.pdb. ȉĮ įȣȠ ĲİȜİȣĲĮȓĮ ĮȞĲȚıĲȠȚȤȠȪȞ ıĲȠ 
ȝȩȡȚȠ ĲȘȢ ʌȡȦĲİȓȞȘȢ ȝĮȗȓ ȝİ ĲĮ ȞİȡȐ țĮȚ ĲĮ ȚȩȞĲĮ. ȈȣȖțİțȡȚȝȑȞĮ ʌȡȩțİȚĲĮȚ ȖȚĮ ȑȞĮ 

ȠȡșȠȖȫȞȚȠ ʌȜĮȓıȚȠ ȝİ ʌȡȠ-ȚıȠȡȡȠʌȘȝȑȞĮ ȝȩȡȚĮ ȞİȡȠȪ ĲȪʌȠȣ ȉǿȇ3, įȚĮıĲȐıİȦȞ 80.7 

x 58.9 x 58.9 Å3 (ǼȚțȩȞĮ 3-13). ǵȜĮ ĲĮ ȝȩȡȚĮ ȞİȡȠȪ ʌȠȣ ȕȡȓıțȠȞĲĮȞ ıİ ĮʌȩıĲĮıȘ 

ȝȚțȡȩĲİȡȘ Įʌȩ 1.8 Å ĮʌȠȝĮțȡȪȞșȘțĮȞ. ȉȠ ĲİȜȚțȩ ıȪıĲȘȝĮ ʌİȡȚȜĮȝȕȐȞİȚ 1820 ȐĲȠȝĮ 

ʌȡȦĲİǸȞȘȢ, 24667 ȐĲȠȝĮ ȞİȡȠȪ, 7 ȚȩȞĲĮ Na+ (SOD) țĮȚ 1 ȚȩȞ Cl- (CLA).  

ȉȠ ĲİȜİȣĲĮȓȠ ȕȒȝĮ ʌȡȚȞ ĲȘ ȤȡȒıȘ ĲȠȣ ʌȡȠȖȡȐȝȝĮĲȠȢ NAMD İȓȞĮȚ ȞĮ 

țĮșȠȡȓıȠȣȝİ ĲĮ ȩȡȚĮ ĲȠȣ ıȣıĲȒȝĮĲȠȢ (țĮĲȐ ȝȒțȠȢ ĲȠȣ ȠȡșȠȖȫȞȚȠȣ ʌȜĮȚıȓȠȣ). ǹȣĲȩ 
ȝʌȠȡİȓ ȞĮ ȖȓȞİȚ ȖȡȒȖȠȡĮ ȝİ ĲȠ ʌȡȩȖȡĮȝȝĮ pdbset ıĲȘ ȝȠȡĳȒ CCP4. ȉȚȢ 
ıȣȞĲİĲĮȖȝȑȞİȢ ĲȦȞ ȠȡȓȦȞ ĲȠȣ ȠȡșȠȖȫȞȚȠȣ ʌȜĮȚıȓȠȣ ȝʌȠȡȠȪȝİ ȞĮ ĲȚȢ ȕȡȠȪȝİ ıĲȠ 
ĮȡȤİȓȠ pdbset.log ʌȠȣ ʌȡȠțȪʌĲİȚ. īȚĮ ĲȘȞ Ala2Ile2-6 ĮȣĲȑȢ ȑȤȠȣȞ ȦȢ İȟȒȢ: 

 

                              Minimum   Maximum    Centre     Range 

       On X :                 -39.84           40.89        0.53      80.74 

       On Y :                 -29.18           29.69        0.26      58.87 

       On Z :                 -27.91           30.95        1.52      58.85 

 

ǵȜȠȚ ȠȚ ȣʌȩȜȠȚʌȠȚ ȣʌȠȜȠȖȚıȝȠȓ ȑȖȚȞĮȞ ȝİ ĲȠ ʌȡȩȖȡĮȝȝĮ
 ĲȠ įȣȞĮȝȚțȩ ʌİįȓȠ CHARMM27 ȦȢ ĮțȠȜȠȪșȦȢ

 ĲȘȢ İȞȑȡȖİȚĮȢ ĲȠȣ ıȣıĲȒȝĮĲȠȢ ȖȚĮ 2000 ȕȒȝĮĲĮ (

 ıȣȞȑȤİȚĮ  ĲȘȢ İȞȑȡȖİȚĮȢ ȖȚĮ 0.2 ns ȩ  NpT, ȝİ ȝȚĮ 

ȕĮșȝȓįȦıȘ (ǻ = 20 Ȁ) ıĲȘȞ ĮȪȟȘıȘ ĲȘȢ șİȡȝȠțȡĮıȓĮȢ Įʌȩ 10 ȑȦȢ 320Ȁ ȖȚĮ ȑȞĮ 

įȚȐıĲȘȝĮ 20 ps. Ǿ ʌȓİıȘ įȚĮĲȘȡȒșȘțİ ıĲĮșİȡȒ 1 atm (1.01325 bar). ȈĲȠ ĲȑȜȠȢ ĲȘȢ 
İȟȚıȠȡȡȩʌȘıȘȢ ĲȘȢ İȞȑȡȖİȚĮȢ ȠȚ įȚĮıĲȐıİȚȢ ĲȠȣ ʌȜĮȚıȓȠȣ ȝİ ĲĮ ȞİȡȐ ȒĲĮȞ 79.3 x 57.8 

x 57.8 Å3. ȂȚĮ NpT ʌȡȠıȠȝȠȓȦıȘ ȝȠȡȚĮțȒȢ įȣȞĮȝȚțȒȢ ʌȡĮȖȝĮĲȠʌȠȚȒșȘțİ ȖȚĮ 10 ns 

(ȆĮȡȐȡĲȘȝĮ 3-2) ȤȡȘıȚȝȠʌȠȚȫȞĲĮȢ Nosé-Hoover Langevin dynamics țĮȚ ȝİșȩįȠȣȢ 
Langevin piston barostat control (ȩʌȦȢ ʌȡȠȕȜȑʌİĲĮȚ Įʌȩ ĲȠ ʌȡȩȖȡĮȝȝĮ NAMD) ȖȚĮ 

ĲȘ įȚĮĲȒȡȘıȘ ĲȘȢ ʌȓİıȘȢ țĮȚ ĲȘȢ șİȡȝȠțȡĮıȓĮȢ ıĲȘ 1 atm țĮȚ ıĲȠȣȢ 320 Ȁ 

ĮȞĲȓıĲȠȚȤĮ. ȉȠ ȕȒȝĮ ȒĲĮȞ 2 fs, İĳĮȡȝȩıĲȘțĮȞ Periodic Boundary Conditions, ȠȚ 
ʌȜȒȡİȚȢ ȘȜİțĲȡȠıĲĮĲȚțȑȢ ĮȜȜȘȜİʌȚįȡȐıİȚȢ ȣʌȠȜȠȖȓȗȠȞĲĮȞ țȐșİ ĲȑııİȡĮ ȕȒȝĮĲĮ ȝİ 
ĲȘ ȝȑșȠįȠ PME (Particle Mesh Ewald), İĳĮȡȝȩıĲȘțİ ȑȞĮ cutoff ȖȚĮ ĲȚȢ van der 

Waals ĮȜȜȘȜİʌȚįȡȐıİȚȢ ıİ ĮʌȩıĲĮıȘ 12 Å, țĮȚ ĲȠ Shake ȤȡȘıȚȝȠʌȠȚȒșȘțİ ȖȚĮ ĲȠȞ 
ʌİȡȚȠȡȚıȝȩ ȩȜȦȞ ĲȦȞ įİıȝȫȞ ʌȠȣ ʌİȡȚİȜȐȝȕĮȞĮȞ ĲĮ ȐĲȠȝĮ ȣįȡȠȖȩȞȠȣ. ȅȚ ĲȡȠȤȚȑȢ 
(trajectories) įȚĮȝȠȡĳȫșȘțĮȞ ıȫȗȠȞĲĮȢ ĲȚȢ ĮĲȠȝȚțȑȢ ıȣȞĲİĲĮȖȝȑȞİȢ ȠȜȩțȜȘȡȠȣ ĲȠȣ 
ıȣıĲȒȝĮĲȠȢ țȐșİ 0.4 ps.      
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ȉȠ ȖİȖȠȞȩȢ ȩĲȚ Ș ĮȞĮįȓʌȜȦıȘ ĲȘȢ Ala Ile -6 İȓȞĮȚ ĲİȜİȓȦȢ įȚĮĳȠȡİĲȚțȒ Įʌȩ İțİȓȞȘ ĲȘȢ 
 Įʌȩ 

ĲȘȞ țȠȚȞȒ İʌȚĳȐȞİȚĮ ĲȠȣ įȚȝİȡȠȪȢ, ȝĮȢ ȠįȒȖȘıİ ıĲȠ İȟȒȢ İȡȫĲȘȝĮ: ĲȚ șĮ ıȣȞȑȕĮȚȞİ 
ıĲȠ ȝȩȡȚȠ İȐȞ įȚĮĲȘȡȠȪıİ ĲȘȞ ĲȠʌȠȜȠȖȓĮ ĲȘȢ ĳȣıȚțȒȢ Rop țĮȚ ĲȘȞ ĮȜȜȘȜȠȣȤȓĮ ĲȘȢ 

ĮıĲȡȠĳȒ. ǲȞĮȢ ȐȜȜȠȢ ĲȡȩʌȠȢ İȓȞĮȚ ȞĮ ʌȐȡȠȣȝİ ĲȘ įȠȝȒ 

ĲȘȢ ĳȣı

ȠʌȠȚȫȞĲĮȢ 
ĲȠ ʌȡȩȖ

ȝ

3.4 ȆȡȠİĲȠȚȝĮıȓĮ įȚȝİȡȠȪȢ ĲȘȢ Ala2Ile2-6 ȝİ ĲȠʌȠȜȠȖȓĮ anti 
 

 

2 2

ĳȣıȚțȒȢ Rop, İȟĮȚĲȓĮȢ ĲȘȢ ʌİȡȚıĲȡȠĳȒȢ ĲȠȣ İȞȩȢ ȝȠȞȠȝİȡȠȪȢ țĮĲȐ 180˚ ȖȪȡȦ

Ala2Ile2-6; ǲĲıȚ ĮʌȠĳĮıȓıĮȝİ ȞĮ țĮĲĮıțİȣȐıȠȣȝİ ȑȞĮ ȝȩȡȚȠ ȝİ ĲȘȞ ĲȠʌȠȜȠȖȓĮ ĲȘȢ 
ĳȣıȚțȒȢ Rop țĮȚ ĲȘȞ ĮȜȜȘȜȠȣȤȓĮ ĲȘȢ Ala2Ile2-6, ȫıĲİ ȞĮ ȝʌȠȡȑıȠȣȝİ ȞĮ 

ȝİȜİĲȒıȠȣȝİ ĲȠȣȢ ȜȩȖȠȣȢ ȖȚĮ ĲȠȣȢ ȠʌȠȓȠȣȢ Ș įȠȝȒ ĲȠȣ ȝȠȡȓȠȣ įİ ȝȠȚȐȗİȚ ȝİ İțİȓȞȘ 

ĲȘȢ ĳȣıȚțȒȢ Rop (Rop-like). 

ǹȣĲȩ ȝʌȠȡİȓ ȞĮ ȖȓȞİȚ ȝİ įȣȠ ĲȡȩʌȠȣȢ. ǲȞĮȢ ĲȡȩʌȠȢ İȓȞĮȚ ȞĮ ʌȐȡȠȣȝİ ĲȠ 
įȚȝİȡȑȢ ĲȘȢ Ala2Ile2-6 ȝİ ĲȘ syn ĲȠʌȠȜȠȖȓĮ țĮȚ ȞĮ țȐȞȠȣȝİ ȝȚĮ ĮȞĮıĲȡȠĳȒ ĲȠȣ İȞȩȢ 
ȝȠȞȠȝİȡȠȪȢ țĮĲȐ 180˚ ȖȪȡȦ Įʌȩ ĲȘȞ țȠȚȞȒ İʌȚĳȐȞİȚĮ ĲȠȣ įȚȝİȡȠȪȢ, ȝİ ȐȜȜĮ ȜȩȖȚĮ ȞĮ 

ĮȞĲȚıĲȡȑȥȠȣȝİ ĲȘȞ ĮȡȤȚțȒ ĮȞ
ȚțȒȢ Rop țĮȚ ȤȡȘıȚȝȠʌȠȚȫȞĲĮȢ țȐʌȠȚȠ ʌȡȩȖȡĮȝȝĮ ȞĮ ĮȜȜȐȟȠȣȝİ ĲĮ ĮȝȚȞȠȟȑĮ 

ʌȠȣ ȝĮȢ İȞįȚĮĳȑȡȠȣȞ, ȫıĲİ ȞĮ ʌȐȡȠȣȝİ ĲİȜȚțȐ ĲȘȞ ĮȜȜȘȜȠȣȤȓĮ ĲȘȢ Ala2Ile2-6. 

ǹʌȠĳĮıȓıĮȝİ ȞĮ ĮțȠȜȠȣșȒıȠȣȝİ ĲȠ įİȪĲİȡȠ ĲȡȩʌȠ ȖȚĮ ȜȩȖȠȣȢ İȣțȠȜȓĮȢ.  
ǹȞĮĲȡȑȤȠȞĲĮȢ ȜȠȚʌȩȞ, ıĲȘ ȕȐıȘ įİįȠȝȑȞȦȞ ĲȘȢ Protein Data Bank (PDB), 

ȕȡȒțĮȝİ ĲȚȢ ıȣȞĲİĲĮȖȝȑȞİȢ ĲȘȢ ĳȣıȚțȒȢ Rop (1rop.pdb). ǹȣĲȑȢ ĲȚȢ ıȣȞĲİĲĮȖȝȑȞİȢ șĮ 

ȤȡȘıȚȝȠʌȠȚȒıȠȣȝİ ıĮȞ İțȝĮȖİȓȠ ȖȚĮ ȞĮ țȐȞȠȣȝİ ĲȚȢ ĲȡȠʌȠʌȠȚȒıİȚȢ ʌȠȣ İȓȞĮȚ 
ĮʌĮȡĮȓĲȘĲİȢ ȫıĲİ ȞĮ ʌȐȡȠȣȝİ ĲȘȞ Ala2Ile2-6 ȝİ ĲȘ ȞȑĮ ĲȠʌȠȜȠȖȓĮ. ȋȡȘıȚȝ

ȡĮȝȝĮ X-fit, țȐȞĮȝİ ıȘȝİȚĮțȑȢ ȝİĲĮȜȜĮȖȑȢ ıĲĮ ĮȝȚȞȠȟȑĮ ĲȦȞ șȑıİȦȞ “a” țĮȚ 
“d” ĲȦȞ ȑȟȚ țİȞĲȡȚțȫȞ ıĲȡȦȝȐĲȦȞ ĲȠȣ įȚȝİȡȠȪȢ. ǶıĲİȡĮ ĮțȠȜȠȪșȘıİ ȝȚĮ ȕİȜĲȓȦıȘ 

ĲȘȢ ȖİȦȝİĲȡȓĮȢ ĲȠȣ ȝȠȡȓȠȣ ȫıĲİ ȞĮ ȝȘȞ ʌĮȡİȝʌȠįȓȗİȚ Ș ȝȚĮ ʌȜİȣȡȚțȒ ĮȜȣıȓįĮ ĲȘȞ 
ȐȜȜȘ. ȈĲȘ ıȣȞȑȤİȚĮ ȑʌȡİʌİ ȞĮ İʌȚȜȑȟȠȣȝİ ĲĮ țĮĲȐȜȜȘȜĮ ıĲȡȠĳȠȝİȡȒ ȖȚĮ ĲȚȢ 
ʌȜİȣȡȚțȑȢ ĮȜȣıȓįİȢ ĲȦȞ țĮĲĮȜȠȓʌȦȞ ĲȘȢ ȚıȠȜİȣțȓȞȘȢ ʌȠȣ ıȣȝȝİĲİȓȤĮȞ ıĲĮ ȑȟȚ 
țİȞĲȡȚțȐ ıĲȡȫȝĮĲĮ. ǲĲıȚ țȐȞĮȝİ ȣʌȑȡșİıȘ ĲȘȢ įȠȝȒȢ ʌȠȣ ȝȑȤȡȚ ĲȫȡĮ ȑȤȠȣȝİ 
ĳĲȚȐȟİȚ, ȝİ ĲȘ įȠȝȒ 1F4N ĲȘȢ Ala2Ile2-6 (ȝʌȠȡȠȪıĮȝİ ȞĮ ȤȡȘıȚȝȠʌȠȚȒıȠȣȝİ 
ȠʌȠȚȠįȒʌȠĲİ įȚȝİȡȑȢ Įʌȩ ĲȚȢ įȠȝȑȢ 1F4N țĮȚ 1F4Ȃ, ĮĳȠȪ ȩʌȦȢ İȓįĮȝİ 
ʌȡȠȘȖȠȣȝȑȞȦȢ įİȞ ȑȤȠȣȞ țĮȝȓĮ įȚĮĳȠȡȐ). ȆĮȡĮĲȘȡȒıĮȝİ ʌȡȠıİțĲȚțȐ ĲȘ įȚİȣșȑĲȘıȘ 

ĲȦȞ ʌȜİȣȡȚțȫȞ ĮȜȣıȓįȦȞ ĲȦȞ țĮĲĮȜȠȓʌȦȞ ĲȘȢ ȚıȠȜİȣțȓȞȘȢ ıĲȘ įȠȝȒ 1F4N țĮȚ 
ȤȡȘıȚȝȠʌȠȚȫȞĲĮȢ țĮȚ ʌȐȜȚ ĲȠ ʌȡȩȖȡĮȝȝĮ X-fit, ĮȜȜȐȟĮȝİ ĲĮ ıĲȡȠĳȠȝİȡȒ ıĲȘ įȠȝȒ 

ʌȠȣ ĳĲȚȐȤȞȠȣȝİ, ȫıĲİ ȞĮ ȝȠȚȐȗȠȣȞ ȩıȠ ĲȠ įȣȞĮĲȩ ʌİȡȚııȩĲİȡȠ İ İțİȓȞĮ ĲȘȢ 
țĮȞȠȞȚțȒȢ įȠȝȒȢ. ȀĮĲĮȜȒȟĮȝİ ȜȠȚʌȩȞ, ȝİ ȑȞĮ įȚȝİȡȑȢ ĲȠ ȠʌȠȓȠ ȑȤİȚ ĲȘȞ ĲȠʌȠȜȠȖȓĮ 

ĲȘȢ ĳȣıȚțȒȢ Rop (anti) țĮȚ ĲȘȞ ĮȜȜȘȜȠȣȤȓĮȢ ĲȘȢ Ala2Ile2-6.  

ȈİȚȡȐ ȑȤİȚ Ș ʌȡȠİĲȠȚȝĮıȓĮ ĲȠȣ ıȣıĲȒȝĮĲȠȢ, Ș ȠʌȠȓĮ ıİ ȖİȞȚțȑȢ ȖȡĮȝȝȑȢ İȓȞĮȚ 
ȓįȚĮ ȝİ İțİȓȞȘ ʌȠȣ ʌİȡȚȖȡȐȥĮȝİ ʌȡȠȘȖȠȣȝȑȞȦȢ ȖȚĮ ĲȘȞ Ala2Ile2-6 ȝİ ĲȠʌȠȜȠȖȓĮ syn. 

ǲȞĮ Įʌȩ ĲĮ ıȘȝİȓĮ İțİȓȞĮ ıĲĮ ȠʌȠȓĮ ʌĮȡȠȣıȚȐȗȠȞĲĮȚ įȚĮĳȠȡȑȢ ĮĳȠȡȐ ĲȘȞ 
İȣșȣȖȡȐȝȝȚıȘ ĲȦȞ ĮȟȩȞȦȞ ĲȘȢ ĮįȡȐȞİȚĮȢ (ǼȚțȩȞĮ 3-14). 
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 ȝİ ĲȠ ȠȡșȠțĮȞȠȞȚțȩ ıȪıĲȘȝĮ ĮȟȩȞȦȞ ʌȡȚȞ ĲȘȞ 
. ǻİȟȚȐ: Ǿ șȑıȘ ĲȠȣ ȝȠȡȓȠȣ ȝİĲȐ ĲȘȞ İȣșȣȖȡȐȝȝȚıȘ 

ĮȜȣıȓįĮ ǹ țĮȚ İ ȝʌȜİ ĲȘȞ ĮȜȣıȓįĮ Ǻ.   

0.1 x 56.85 

Å3 (ǼȚțȩȞĮ 3-15). ȀĮȚ İįȫ ȩȜĮ ĲĮ ȝȩȡȚĮ ȞİȡȠȪ ʌȠȣ ȕȡȓıțȠȞĲĮȞ ıİ ĮʌȩıĲĮıȘ 

ȝȚțȡȩĲİȡȘ Įʌȩ 1.8 Å ĮʌȠȝĮțȡȪȞșȘțĮȞ. ȉȠ ĲİȜȚțȩ ıȪıĲȘȝĮ ʌİȡȚȜĮȝȕȐȞİȚ 1802 ȐĲȠȝĮ 

ʌȡȦĲİǸ

ʌȠȡĲȠțĮȜȓ Ș ĮȜȣıȓįĮ ǹ țĮȚ ȝİ ȝʌȜİ Ș ĮȜȣıȓįĮ Ǻ), ĲĮ Țȩ
ȚȩȞĲĮ Na+, ıİ VDW ȝİ țȜȓȝĮțĮ ıĳĮȓȡĮȢ 2.9) țĮȚ ĲĮ ȝȩȡȚĮ 

 

ǼȚțȩȞĮ 3-14: ǹȡȚıĲİȡȐ: Ǿ șȑıȘ ĲȠȣ ȝȠȡȓȠȣ ıȪȝĳȦȞĮ
İȣșȣȖȡȐȝȝȚıȘ ĲȦȞ ĮȟȩȞȦȞ ĲȘȢ ĮįȡȐȞİȚĮȢ ĲȠȣ ȝȠȡȓȠȣ
ĲȦȞ ĮȟȩȞȦȞ. Ȃİ ʌȠȡĲȠțĮȜȓ  ȤȡȫȝĮ ȕȜȑʌȠȣȝİ ĲȘȞ  ȝ

 

 

ǼʌȓıȘȢ įȚĮĳȠȡȐ ʌĮȡȠȣıȚȐȗİĲĮȚ ıĲȚȢ įȚĮıĲȐıİȚȢ ĲȠȣ ȠȡșȠȖȫȞȚȠȣ ʌȜĮȚıȓȠȣ ȝİ 
ĲĮ ʌȡȠ-ȚıȠȡȡȠʌȘȝȑȞĮ ȝȩȡȚĮ ȞİȡȠȪ ĲȪʌȠȣ ȉǿȇ3, ȠȚ ȠʌȠȓİȢ İȓȞĮȚ 78.59 x 6

ȞȘȢ, 23571 ȐĲȠȝĮ ȞİȡȠȪ, 6 ȚȩȞĲĮ Na+ (SOD) țĮȚ 2 ȚȩȞĲĮ Cl- (CLA).  

 

 

 

 

ǼȚțȩȞĮ 3-15: ǹȡȚıĲİȡȐ: ȆȜĮȧȞȒ ȩȥȘ ĲȠȣ ʌȜĮȚıȓȠȣ ʌȠȣ ʌİȡȚȜĮȝȕȐȞİȚ ĲȠ ȝȩȡȚȠ ĲȘȢ ʌȡȦĲİǸȞȘȢ (ȝİ 
ȞĲĮ (ȝİ ȖĮȜȐȗȚȠ ĲĮ ȚȩȞĲĮ Cl- țĮȚ ȝİ țȓĲȡȚȞȠ ĲĮ 

ĲȠȣ ȞİȡȠȪ. ǻİȟȚȐ: ȀȐĲȠȥȘ ĲȠȣ ȓįȚȠȣ ʌȜĮȚıȓȠȣ.   
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ǹȣĲȩ ȖȓȞİĲĮȚ İȪțȠȜĮ ȝİ ĲȠ ʌȡȩȖȡĮȝȝĮ pdbset. ȉȚȢ ıȣȞĲİĲĮȖȝȑȞİȢ ĲȦȞ ȠȡȓȦȞ ĲȠȣ 
ȠȡșȠȖȫȞȚȠȣ ȝʌȠȡȠȪȝİ    ĮȡȤİȓȠ

 NAMD 

ȤȡȘıȚȝȠʌȠȚȫȞĲĮȢ ȚıĲȠʌȠȓȘıȘ țĮȚ 
ĲȘȞ İȟȚıȠȡȡȩʌȘıȘ  ĲĮ ȞİȡȐ ȒĲĮȞ       
76.97 x 58.68 x 55.68 Å3

 

ȉȠ ĲİȜİȣĲĮȓȠ ȕȒȝĮ ʌȡȚȞ ĲȘ ȤȡȒıȘ ĲȠȣ ʌȡȠȖȡȐȝȝĮĲȠȢ NAMD İȓȞĮȚ Ƞ 
țĮșȠȡȚıȝȩȢ ĲȦȞ ȠȡȓȦȞ ĲȠȣ ıȣıĲȒȝĮĲȠȢ (țĮĲȐ ȝȒțȠȢ ĲȠȣ ȠȡșȠȖȫȞȚȠȣ ʌȜĮȚıȓȠȣ). 

 ʌȜĮȚıȓȠȣ  ȞĮ ĲȚȢ ȕȡȠȪȝİ ıĲȠ  pdbset.log ʌȠȣ ʌȡȠțȪʌĲİȚ. 
īȚĮ ĲȘȞ Ala2Ile2-6 ȝİ ĲȠʌȠȜȠȖȓĮ anti ĮȣĲȑȢ ȑȤȠȣȞ ȦȢ İȟȒȢ: 

 

                              Minimum   Maximum    Centre     Range 

       On X :                 -39.29           39.30        0.00      78.59 

       On Y :                 -30.04           30.06        0.01      60.10 

       On Z :                 -26.03            30.82        2.39      56.85 

 

ǵȜȠȚ ȠȚ ȣʌȩȜȠȚʌȠȚ ȣʌȠȜȠȖȚıȝȠȓ ȑȖȚȞĮȞ ȠȝȠȓȦȢ ȝİ ĲȠ ʌȡȩȖȡĮȝȝĮ
 ĲȠ įȣȞĮȝȚțȩ ʌİįȓȠ CHARMM27. ȂİĲȐ ĲȘȞ İȜĮȤ

 ĲȘȢ İȞȑȡȖİȚĮȢ ȠȚ įȚĮıĲȐıİȚȢ ĲȠȣ ʌȜĮȚıȓȠȣ ȝİ
. ȂȚĮ NpT ʌȡȠıȠȝȠȓȦıȘ ȝȠȡȚĮțȒȢ įȣȞĮȝȚțȒȢ 

ʌȡĮȖȝĮĲȠʌȠȚȒșȘțİ ȖȚĮ 10 ns ȤȡȘıȚȝȠʌȠȚȫȞĲĮȢ Nosé-Hoover Langevin dynamics țĮȚ 
ȝİșȩįȠȣȢ Langevin piston barostat control (ȩʌȦȢ ʌȡȠȕȜȑʌİĲĮȚ Įʌȩ ĲȠ ʌȡȩȖȡĮȝȝĮ 

NAMD) ȖȚĮ ĲȘ įȚĮĲȒȡȘıȘ ĲȘȢ ʌȓİıȘȢ țĮȚ ĲȘȢ șİȡȝȠțȡĮıȓĮȢ ıĲȘ 1 atm țĮȚ ıĲȠȣȢ 320 

Ȁ ĮȞĲȓıĲȠȚȤĮ. ȉȠ ȕȒȝĮ ȒĲĮȞ 2 fs, İĳĮȡȝȩıĲȘțĮȞ Periodic Boundary Conditions, ȠȚ 
ʌȜȒȡİȚȢ ȘȜİțĲȡȠıĲĮĲȚțȑȢ ĮȜȜȘȜİʌȚįȡȐıİȚȢ ȣʌȠȜȠȖȓȗȠȞĲĮȞ țȐșİ ĲȑııİȡĮ ȕȒȝĮĲĮ ȝİ 
ĲȘ ȝȑșȠįȠ PME (Particle Mesh Ewald), İĳĮȡȝȩıĲȘțİ ȑȞĮ cutoff ȖȚĮ ĲȚȢ van der 

Waals ĮȜȜȘȜİʌȚįȡȐıİȚȢ ıİ ĮʌȩıĲĮıȘ 12 Å, țĮȚ ĲȠ Shake ȤȡȘıȚȝȠʌȠȚȒșȘțİ ȖȚĮ ĲȠȞ 
ʌİȡȚȠȡȚıȝȩ ȩȜȦȞ ĲȦȞ įİıȝȫȞ ʌȠȣ ʌİȡȚİȜȐȝȕĮȞĮȞ ĲĮ ȐĲȠȝĮ ȣįȡȠȖȩȞȠȣ. ȅȚ ĲȡȠȤȚȑȢ 
(trajectories) İȟĮıĳĮȜȓıĲȘțĮȞ ıȫȗȠȞĲĮȢ ĲȚȢ ĮĲȠȝȚțȑȢ ıȣȞĲİĲĮȖȝȑȞİȢ ȠȜȩțȜȘȡȠȣ ĲȠȣ 
ıȣıĲȒȝĮĲȠȢ țȐșİ 0.4 ps.      
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.5 ȆȡȠİĲȠȚȝĮıȓĮ native ȝȠȞȠȝİȡȠȪȢ ĲȘȢ Ala2Ile2-6 
 

ĲȘȢ Ala2Ile2-6 șĮ 

ȝʌȠȡȠȪıİ ȞĮ ʌȡȠȑȜșİȚ Įʌȩ ıȪȖțȡȠȣıȘ ʌȡȠıȤȘȝĮĲȚıȝȑȞȦȞ ȝȠȞȠȝİȡȫȞ (įȘȜĮįȒ 

ȝȠȞȠȝİȡȫȞ ʌȠȣ ȒįȘ İȓȤĮȞ ĮȞĮįȚʌȜȦșİȓ ȦȢ ȑȜȚțĮ-ıĲȡȠĳȒ-ȑȜȚțĮ). ǲĲıȚ ʌȡȠȑțȣȥİ ĲȠ 

ȪȢ ʌȠȣ ʌȡȠȑțȣȥĮȞ ȒĲĮȞ İțİȓȞİȢ ʌȠȣ 
ȤȡȘıȚȝ

Į 3-16) įȓȞİȚ İȚțȩȞĮ įȚĮĳȠȡİĲȚțȒ Įʌȩ ĲȚȢ 
ʌȡȠȘȖȠ

șȣȖȡȐȝȝȚıȘ ĲȦȞ ĮȟȩȞȦȞ ĲȘȢ ĮįȡȐȞİȚĮȢ ĲȠȣ ȝȠȡȓȠȣ. ǻİȟȚȐ: Ǿ șȑıȘ ĲȠȣ ȝȠȡȓȠȣ ȝİĲȐ ĲȘȞ İȣșȣȖȡȐȝȝȚıȘ 
Ȟ ĮȟȩȞȦȞ.  

 x 49.9 Å3 (ǼȚțȩȞĮ 3-17). ǵȜĮ ĲĮ ȝȩȡȚĮ ȞİȡȠȪ ʌȠȣ ȕȡȓıțȠȞĲĮȞ ıİ 
ĮʌȩıĲĮıȘ ȝȚțȡȩĲİȡȘ Įʌȩ 1.8 Å ĮʌȠȝĮțȡȪȞșȘțĮȞ. ȉȠ ĲİȜȚțȩ ıȪıĲȘȝĮ ʌİȡȚȜĮȝȕȐȞİȚ 
929 ȐĲȠȝĮ ʌȡȦĲİǸȞȘȢ, 18,423 ȐĲȠȝĮ ȞİȡȠȪ, 5 ȚȩȞĲĮ Na+ (SOD) țĮȚ 1 ȚȩȞ Cl- (CLA).  

3

 

ȂȚĮ Įʌȩ ĲȚȢ ĮʌȠȡȓİȢ ʌȠȣ ȝĮȢ įȘȝȚȠȣȡȖȒșȘțĮȞ ȒĲĮȞ İȐȞ ĲȠ įȚȝİȡȑȢ 

İȡȫĲȘȝĮ: İȓȞĮȚ ȑȞĮ ʌȡȠıȤȘȝĮĲȚıȝȑȞȠ ȝȠȞȠȝİȡȑȢ ıĲĮșİȡȩ; Ȃİ ȐȜȜĮ ȜȩȖȚĮ șȑȜȠȣȝİ 
ȞĮ įȠȪȝİ İȓȞĮȚ İȐȞ ıĲȠ ȝȠȞȠȝİȡȑȢ ȝʌȠȡİȓ ȞĮ įȘȝȚȠȣȡȖȘșİȓ ȣįȡȩĳȠȕȠȢ ʌȣȡȒȞĮȢ, Ȓ İȐȞ 
ĮȣĲȩ șĮ įȚĮȜȣșİȓ ȝȑıĮ ıĲȠ ʌȜĮȓıȚȠ ȝİ ĲĮ ȞİȡȐ.  

ǲȤȠȞĲĮȢ ĲȚȢ ıȣȞĲİĲĮȖȝȑȞİȢ ĲȠȣ ȝȠȡȓȠȣ 1F4N Įʌȩ ĲȘ ȕȐıȘ įİįȠȝȑȞȦȞ ĲȘȢ 
PDB, ȝİ țĮĲȐȜȜȘȜȘ İʌİȟİȡȖĮıȓĮ țȡĮĲȒıĮȝİ ıİ ȑȞĮ ĮȡȤİȓȠ ȝȩȞȠ ĲȚȢ ıȣȞĲİĲĮȖȝȑȞİȢ 
ĲȘȢ ĮȜȣıȓįĮȢ ǹ. ȅȚ ıȣȞĲİĲĮȖȝȑȞİȢ ĲȠȣ ȝȠȞȠȝİȡȠ

ȠʌȠȚȒıĮȝİ ȖȚĮ ĲȘȞ ʌȡȠıȠȝȠȓȦıȘ.  

ǹțȠȜȠȪșȘıİ Ș ʌȡȠİĲȠȚȝĮıȓĮ ĲȠȣ ıȣıĲȒȝĮĲȠȢ ȝİ ĲȡȩʌȠ ȩȝȠȚȠ ȝİ İțİȓȞȠ ĲȦȞ 
ʌȡȠȘȖȠȪȝİȞȦȞ ʌȡȠıȠȝȠȚȫıİȦȞ. Ǽįȫ Ș İȣșȣȖȡȐȝȝȚıȘ ĲȦȞ ĮȟȩȞȦȞ ĲȘȢ ĮįȡȐȞİȚĮȢ ĲȠȣ 
ȝȠȡȓȠȣ ȝİ ĲȠ ȠȡșȠȖȫȞȚȠ ʌȜĮȓıȚȠ (ǼȚțȩȞ

ȪȝİȞİȢ, ĮĳȠȪ ȑȤȠȣȝİ ȞĮ țȐȞȠȣȝİ ʌȜȑȠȞ ȝİ ȑȞĮ ȝȠȞȠȝİȡȑȢ.  
  
 

 

 

 

ǼȚțȩȞĮ 3-16: ǹȡȚıĲİȡȐ: Ǿ șȑıȘ ĲȠȣ ȝȠȡȓȠȣ ıȪȝĳȦȞĮ ȝİ ĲȠ ȠȡșȠțĮȞȠȞȚțȩ ıȪıĲȘȝĮ ĮȟȩȞȦȞ ʌȡȚȞ ĲȘȞ 
İȣ
ĲȦ

 

ȅȚ įȚĮıĲȐıİȚȢ ĲȠȣ ʌȜĮȚıȓȠȣ ȝİ ĲĮ ȝȩȡȚĮ ȞİȡȠȪ ĲȪʌȠȣ ȉǿȇ3 ĮȞĲȚıĲȠȚȤȠȪȞ ıİ 
80.4 x 51.3



 

 

ǼȚțȩȞĮ 3-17: ǹȡȚıĲİȡȐ: ȆȜĮȧȞȒ ȩȥȘ ĲȠȣ ʌȜĮȚıȓȠȣ ʌȠȣ ʌİȡȚȜĮȝȕȐȞİȚ
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(ȝİ ȖĮȜȐȗȚȠ ĲĮ ȚȩȞĲĮ Cl- țĮȚ ȝİ țȓĲȡȚȞȠ ĲĮ ȚȩȞĲĮ Na+, ıİ VDW 

ȞİȡȠȪ. ǻİȟȚȐ: ȀȐĲȠȥȘ ĲȠȣ ȓįȚȠȣ ʌȜĮȚıȓȠȣ.   

ȣȞ ȦȢ İȟȒȢ: 

     -0.92      51.29 

     On Z :                  -24.76          25.11         0.17      49.87 

ĲȘȢ İȞȑȡȖİȚĮȢ ȠȚ 
įȚĮıĲȐı 48.8 Å3. ȉȑȜȠȢ 
ʌȡĮȖȝĮ  20 ns (Ȓ ĮȜȜȚȫȢ 
10.000.000 ȕȒȝĮĲĮ) ĮȣĲȒ ĲȘ ĳȠȡȐ, ȝİ ĲȚȢ ĮĲȠȝȚțȑȢ ıȣȞĲİĲĮȖȝȑȞİȢ ĲȠȣ ıȣıĲȒȝĮĲȠȢ ȞĮ 

ıȫȗȠȞĲ

 

 ĲȠ ȝȩȡȚȠ ĲȠȣ ȝȠȞȠȝİȡȠȪȢ, ĲĮ ȚȩȞĲĮ 

ȝİ țȜȓȝĮțĮ ıĳĮȓȡĮȢ 2.9) țĮȚ ĲĮ ȝȩȡȚĮ ĲȠȣ 

 

ǹțȠȜȠȣșİȓ Ƞ țĮșȠȡȚıȝȩȢ ĲȦȞ ȠȡȓȦȞ ĲȠȣ ıȣıĲȒȝĮĲȠȢ (țĮĲȐ ȝȒțȠȢ ĲȠȣ 
ȠȡșȠȖȫȞȚȠȣ ʌȜĮȚıȓȠȣ). ȅȚ ıȣȞĲİĲĮȖȝȑȞİȢ ĲȦȞ ȠȡȓȦȞ ĲȠȣ ȠȡșȠȖȫȞȚȠȣ ʌȜĮȚıȓȠȣ ȖȚĮ Ĳo 

native ȝȠȞȠȝİȡȑȢ ĲȘȢ Ala2Ile2-6 ȑȤȠ
 

                              Minimum   Maximum    Centre     Range 

       On X :                  -40.31          40.13       -0.09      80.44 

       On Y :                  -26.57          24.73  

  

 

ǲʌİȚĲĮ Įʌȩ ĲȘȞ İȜĮȤȚıĲȠʌȠȓȘıȘ țĮȚ ĲȘȞ İȟȚıȠȡȡȩʌȘıȘ 

İȚȢ ĲȠȣ ʌȜĮȚıȓȠȣ ȝİ ĲĮ ȞİȡȐ ȒĲĮȞ 78.7 x 50.2 x 

ĲȠʌȠȚȒıĮȝİ ȝȚĮ NpT ʌȡȠıȠȝȠȓȦıȘ ȝȠȡȚĮțȒȢ įȣȞĮȝȚțȒȢ ȖȚĮ

ĮȚ țȐșİ 0.4 ps 
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.6 ȆȡȠİĲȠȚȝĮıȓĮ artificial ȝȠȞȠȝİȡȠȪȢ ĲȘȢ Ala2Ile2-6 
 

 

ȉȠ ȖİȖȠ  ȩĲȚ ȣʌȐȡȤİȚ ʌȚșĮȞȩĲȘĲĮ ĲȠ ȝȠȞȠȝİȡȑȢ ĲȘȢ Ala2Ile2-6 ȞĮ ȝȘ ȝʌȠȡȑıİȚ Įʌȩ 
ȠȪȝİ ȩĲȚ ȓıȦȢ 

șĮ ȝʌȠȡȠȪıĮȝİ ȞĮ ıĲȡȑȥȠȣȝİ ĲȚȢ Į ȑȜȚțİȢ ʌȡȠȢ ĲĮ “ȝȑıĮ” ȫıĲİ ȞĮ įȘȝȚȠȣȡȖȒıȠȣȝİ 
ȑȞĮ “ȣʌȩȕĮșȡȠ” ȖȚĮ ĲȠ ıȤȘȝĮĲȚıȝȩ ĲȠȣ ʌȣȡȒȞĮ. ȅȚ ʌȜİȣȡȚțȑȢ ĮȜȣıȓįİȢ ĲȦȞ Į-İȜȓțȦȞ 

 

ǼȚțȩȞĮ 18: ĳĮȓȞİĲĮȚ Ș 
ĮȜȣıȓįĮ, İ ȝʌȜİ ȤȡȫȝĮ ȝʌȠȡȠȪȝİ ȞĮ įȚĮțȡȓȞȠȣȝİ ĲĮ țĮĲȐȜȠȚʌĮ Ala, ȝİ ʌȡȐıȚȞȠ ĲĮ țĮĲȐȜȠȚʌĮ Ile, ȝİ 
ȡȠȗ ĲĮ țĮĲȐȜȠȚʌĮ Leu, İȞȫ ȝİ ȝȠȕ ĲȠ țĮĲȐȜȠȚʌȠ Phe (ıİ CPK). ȉĮ țĮĲȐȜȠȚʌĮ ĮȣĲȐ İȓȞĮȚ İțİȓȞĮ  ʌȠȣ 
ıȤȘȝĮĲȓȗ Ȟ ĲȠȞ ȣįȡȩĳȠȕȠ ʌȣȡȒȞĮ. ȂİĲȐ Įʌȩ țĮĲȐȜȜȘȜȘ İʌİȟİȡȖĮıȓĮ ĲĮ țĮĲȐȜȠȚʌĮ ȕȡȓıțȠȞĲĮȚ ıȤİįȩȞ 
ĲȠ İıȦĲİȡȚțȩ İȞȩȢ ȣʌȠșİĲȚțȠȪ ȣįȡȩĳȠȕȠȣ ʌȣȡȒȞĮ.   

 

3

ȞȩȢ
ȝȩȞȠ ĲȠȣ ȞĮ įȘȝȚȠȣȡȖȒıİȚ ȣįȡȩĳȠȕȠ ʌȣȡȒȞĮ, ȝĮȢ ȫșȘıİ ıĲȠ ȞĮ ıțİĳĲ

ıĲȠ ȝȠȞȠȝİȡȑȢ İȓȞĮȚ ıĲȡĮȝȝȑȞİȢ ʌȡȠȢ ĲĮ ȑȟȦ, ĮĳȠȪ Ș įȠȝȒ ĲȠȣ İȓȞĮȚ ĮțȡȚȕȫȢ ȩʌȦȢ 
țĮȚ ıĲȠ įȚȝİȡȑȢ. ǹȣĲȩ ʌȠȣ țȐȞĮȝİ ȒĲĮȞ, ȝİ ĲȘ ȤȡȒıȘ ĲȠȣ ʌȡȠȖȡȐȝȝĮĲȠȢ X-fit, ȞĮ 

ıĲȡȓȥȠȣȝİ ĲȚȢ Į-ȑȜȚțİȢ ʌȡȠȢ ĲĮ ȝȑıĮ, ȩıȠ ĲȠ įȣȞĮĲȩ ʌİȡȚııȩĲİȡȠ, ȫıĲİ ȠȚ ʌȜİȣȡȚțȑȢ 
ĮȜȣıȓįİȢ ĲȦȞ țĮĲĮȜȠȓʌȦȞ ʌȠȣ ıȤȘȝĮĲȓȗȠȣȞ ĲȠȞ ȣįȡȩĳȠȕȠ ʌȣȡȒȞĮ ȞĮ ȕȡȓıțȠȞĲĮȚ ıĲȠ 
İıȦĲİȡȚțȩ İȞȩȢ ȣʌȠĲȚșȑȝİȞȠȣ ʌȣȡȒȞĮ (ǼȚțȩȞĮ 3-18). ȈĲȘ ıȣȞȑȤİȚĮ İȜȑȖȟĮȝİ ĲȚȢ 
ʌȜİȣȡȚțȑȢ ĮȜȣıȓįİȢ ȫıĲİ ȞĮ ȝȘȞ İȝʌȠįȓȗȠȣȞ Ș ȝȚĮ ĲȘȞ ȐȜȜȘ țĮȚ țȐȞĮȝİ ȝȚĮ ȕİȜĲȓȦıȘ 

ĲȘȢ ȖİȦȝİĲȡȓĮȢ ĲȠȣ ȝȠȡȓȠȣ. ǲĲıȚ țĮĲĮȜȒȟĮȝİ ȝİ ĲȠ İʌȚșȣȝȘĲȩ ȝȩȡȚȠ, ȠʌȩĲİ İȓȝĮıĲİ 
ȑĲȠȚȝȠȚ ȞĮ ʌȡȠİĲȠȚȝȐıȠȣȝİ ĲȠ ıȪıĲȘȝĮ ȖȚĮ ĲȘȞ ʌȡȠıȠȝȠȓȦıȘ.    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3- ȈȤȘȝĮĲȚțȩ ıĲİȡİȠįȚȐȖȡĮȝȝĮ ĲȠȣ artificial ȝȠȞȠȝİȡȠȪȢ. Ȃİ țĮĳȑ ȤȡȫȝĮ 

ȝ

Ƞȣ
ı



Ǿ įȚĮįȚțĮıȓĮ ĲȘȢ ʌȡȠİĲȠȚȝĮıȓĮȢ įİ įȚĮĳȑȡİȚ ȠȪĲİ İįȫ Įʌȩ İțİȓȞȘ ʌȠȣ İȓįĮȝİ 
ıĲȚȢ ʌȡȠȘȖȠȪȝİȞİȢ İȞȩĲȘĲİȢ. ȈĲȘȞ ʌĮȡĮțȐĲȦ İȚțȩȞĮ ȕȜȑʌȠȣȝİ ĲȘ șȑıȘ ĲȠȣ ȝȠȡȓȠȣ 
ʌȡȚȞ țĮȚ ȝİĲȐ ĲȘȞ İȣșȣȖȡȐȝȝȚıȘ ĲȦȞ ĮȟȩȞȦȞ ĲȘȢ ĮįȡȐȞİȚĮȢ (ǼȚțȩȞĮ 3-17). Ǿ ĮȜȜĮȖȒ 

ıĲȘ șȑıȘ İȓȞĮȚ İȝĳĮȞȒȢ.   
  

 
ǼȚțȩȞĮ 3-17: ǹȡȚıĲİȡȐ: Ǿ șȑıȘ ĲȠȣ ȝȠȡȓȠȣ ıȪȝĳȦȞĮ ȝİ ĲȠ ȠȡșȠțĮȞȠȞȚțȩ ıȪıĲȘȝĮ ĮȟȩȞȦȞ ʌȡȚȞ ĲȘȞ 

Ƞȣ. ǻİȟȚȐ: Ǿ șȑıȘ ĲȠȣ ȝȠȡȓȠȣ ȝİĲȐ ĲȘȞ İȣșȣȖȡȐȝȝȚıȘ 

 ȠȡșȠȖȫȞȚȠ ʌȜĮȓıȚȠ ȝİ ʌȡȠ-ȚıȠȡȡȠʌȘȝȑȞĮ 

 79.6 x 50.6 x 51.9 Å3 (ǼȚțȩȞĮ 3-18).  

İȣșȣȖȡȐȝȝȚıȘ ĲȦȞ ĮȟȩȞȦȞ ĲȘȢ ĮįȡȐȞİȚĮȢ ĲȠȣ ȝȠȡȓ
ĲȦȞ ĮȟȩȞȦȞ.  

 

ǹțȠȜȠȣșİȓ İȞȣįȐĲȦıȘ ĲȠȣ ȝȠȞȠȝİȡȠȪȢ ıİ
ȝȩȡȚĮ ȞİȡȠȪ ĲȪʌȠȣ ȉǿȇ3, įȚĮıĲȐıİȦȞ

 

ǼȚțȩȞĮ 3-18: ǹȡȚıĲİȡȐ: ȆȜĮȧȞȒ ȩȥȘ ĲȠȣ ʌȜĮȚıȓȠȣ ʌȠȣ ʌİ
(ȝİ ȖĮȜȐȗȚȠ ĲĮ ȚȩȞĲĮ Cl- țĮȚ ȝİ țȓĲȡȚȞȠ ĲĮ ȚȩȞĲĮ Na+, ıİ VDW 

ȞİȡȠȪ. ǻİȟȚȐ: ȀȐĲȠȥȘ ĲȠȣ ȓįȚȠȣ ʌȜĮȚıȓȠȣ.   

 

 

ȡȚȜĮȝȕȐȞİȚ ĲȠ ȝȩȡȚȠ ĲȠȣ ȝȠȞȠȝİȡȠȪȢ, ĲĮ ȚȩȞĲĮ 

ȝİ țȜȓȝĮțĮ ıĳĮȓȡĮȢ 2.9) țĮȚ ĲĮ ȝȩȡȚĮ ĲȠȣ 
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ǵȜĮ ĲĮ ȝȩȡȚĮ ȞİȡȠȪ ʌȠȣ ȕȡȓıțȠȞĲĮȞ ıİ ĮʌȩıĲĮıȘ ȝȚțȡȩĲİȡȘ Įʌȩ 1.8 Å 

ĮʌȠȝĮțȡȪȞșȘțĮȞ. ȉȠ ĲİȜȚțȩ ıȪıĲȘȝĮ ʌİȡȚȜĮȝȕȐȞİȚ 929 ȐĲȠȝĮ ʌȡȦĲİǸȞȘȢ, 18804 

. ȈĲȠ ĲȑȜȠȢ 
țĮȚ ĲȘȢ ȞİȡȐ ȒĲĮȞ 78.0 x 

49.6 x 50.8 Å ȝİ ĲȚȢ ĮĲȠȝȚțȑȢ 
ıȣȞĲİĲĮȖȝȑȞİȢ

 ĮțȩȝĮ ȑȞĮ 

ĲȡȩʌȠ ȖȚĮ  

ĮȞĲȚʌĮȡȐȜȜȘȜȠ İıʌİȚȡĮȝȑȞȠ 
ȝʌ
Į 

 

 

ȐĲȠȝĮ ȞİȡȠȪ, 5 ȚȩȞĲĮ Na+ (SOD) țĮȚ 1 ȚȩȞ Cl- (CLA). ȅ țĮșȠȡȚıȝȩȢ ĲȦȞ ȠȡȓȦȞ ĲȠȣ 
ȠȡșȠȖȫȞȚȠȣ ʌȜĮȚıȓȠȣ ȖȚĮ ĲȠ artificial ȝȠȞȠȝİȡȑȢ Ala2Ile2-6 įȓȞİȚ ĲĮ ĮțȩȜȠȣșĮ 

ĮʌȠĲİȜȑıȝĮĲĮ: 

                              Minimum   Maximum    Centre     Range 

       On X :                  -24.41          24.40         0.54      48.81 

       On Y :                    -9.75            9.73        -0.11      19.47 

       On Z :                  -10.23          10.15         1.01      20.38 

 

ǹțȠȜȠȣșİȓ Ș İȜĮȤȚıĲȠʌȠȓȘıȘ țĮȚ Ș İȟȚıȠȡȡȩʌȘıȘ ĲȘȢ İȞȑȡȖİȚĮȢ
 ĳȐıȘȢ İȟȚıȠȡȡȩʌȘıȘȢ ȠȚ įȚĮıĲȐıİȚȢ ĲȠȣ ʌȜĮȚıȓȠȣ ȝİ ĲĮ 

3. Ǿ ʌȡȠıȠȝȠȓȦıȘ ȝȠȡȚĮțȒȢ įȣȞĮȝȚțȒȢ įȚĮȡțİȓ 8 ns, 

 ĲȠȣ ıȣıĲȒȝĮĲȠȢ ȞĮ ıȫȗȠȞĲĮȚ țȐșİ 0.4 ps 

 ıȘȝİȓȠ ĮȣĲȩ ʌȡȑʌİȚ ȞĮ ıȘȝİȚȫıȠȣȝİ ȩĲȚ ȤȡȘıȚȝȠʌȠȚȒıĮȝİȈĲȠ
 ȞĮ ȖȣȡȓıȠȣȝİ ĲȚȢ ʌȜİȣȡȚțȑȢ ĮȜȣıȓįİȢ ĲȦȞ țĮĲĮȜȠȓʌȦȞ ĲȠȣ ʌȣȡȒȞĮ ʌȡȠȢ ĲĮ 

ȝȑıĮ. ȈțİĳĲȒțĮȝİ ȞĮ țȐȞȠȣȝİ ȣʌȑȡșİıȘ ĲȠȣ ȝȠȞȠȝİȡȠȪȢ ʌȠȣ įȚĮșȑĲȠȣȝİ ȝİ ȑȞĮ 

İıʌİȚȡĮȝȑȞȠ ıʌİȓȡĮȝĮ, ȞĮ ȕȡȠȪȝİ ıİ ĮȣĲȩ ĲĮ ĮȞĲȓıĲȠȚȤĮ țĮĲȐȜȠȚʌĮ ıĲȚȢ șȑıİȚȢ “a”  

țĮȚ “d” țĮȚ ȝİ țĮȜȠȪʌȚ ĮȣĲȩ ĲȠ ıʌİȚȡȦȝȑȞȠ ıʌİȓȡĮȝĮ, ȞĮ ıĲȡȓȥȠȣȝİ ĲȚȢ ʌȜİȣȡȚțȑȢ 
ĮȜȣıȓįİȢ ĲȦȞ țĮĲĮȜȠȓʌȦȞ.  

 

ǼȚțȩȞĮ 3-19: ȈȤȘȝĮĲȚțȩ 
ıĲİȡİȠįȚȐȖȡĮȝȝĮ ȝȚĮȢ įȠȝȒȢ 
ĲȘȢ ʌȡȦĲİǸȞȘȢ Prop, Ș ȠʌȠȓĮ 

ʌȡȠțȪʌĲİȚ Įʌȩ ĲȘȞ NMR įȠȝȒ 
1R48.pdb. ȆȡȩțİȚĲĮȚ ȖȚĮ ȑȞĮ 

ıʌİȓȡĮȝĮ  Ȃİ Ȝİ ȤȡȫȝĮ 

ĳĮȓȞİĲĮȚ Ș ĮȜȣıȓį ǹ țĮȚ ȝİ 
țȩțțȚȞȠ Ș ĮȜȣıȓįĮ Ǻ.   

 

 

 

 

 

 

. 
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ĲıȚ ȥȐȤȞȠȞĲĮȢ ıĲȘ ȕȐıȘ įİįȠȝȑȞȦȞ ĲȘȢ PDB ȕȡȒțĮȝİ ĲȘȞ ʌȡȦĲİǸȞȘ Prop 

(1R48.pdb) ĲȘȢ E.coli, Įʌȩ ĲȘȞ ȠʌȠȓĮ ȤȡȘıȚȝȠʌȠȚȒıĮȝİ ĲȘȞ C-ĲİȜȚțȒ 

țȣĲĲĮȡȠʌȜĮıȝĮĲȚțȒ İʌȚțȡȐĲİȚĮ. ȆȡȩțİȚĲĮȚ ȖȚĮ NMR įȠȝȒ (51 įȠȝȑȢ ıİ ȑȞĮ ĮȡȤİȓȠ 
pdb). ǹʌȩ ĲȚȢ 51 ĮȣĲȑȢ įȠȝȑȢ ĮʌȠșȘțİȪıĮȝİ ĲȘ ȝȚĮ ıİ ȑȞĮ ȟİȤȦȡȚıĲȩ ĮȡȤİȓȠ pdb, ĲȠ 
ȠʌȠȓȠ ȠȞȠȝȐıĮȝİ Prop.pdb (ǼȚțȩȞĮ 3-19). 

 Ȧ Ƞ  ı

Ȣ ıȣȞįȣĮıȝȩȢ ȑȤİȚ ĲȠ ȝȚțȡȩĲİȡȠ RMSD). 

ǻȠțȚȝȐ

ǲ

ǲȤȠȞĲĮȢ ȜȠȚʌȩȞ ĲĮ ȝȩȡȚĮ ʌȠȣ ȤȡİȚĮȗȩȝĮıĲİ, ȤȡȘıȚȝȠʌȠȚȒıĮȝİ ĲȠ ʌȡȩȖȡĮȝȝĮ 

VMD ȖȚĮ ȞĮ țȐȞȠȣȝİ ȣʌȑȡșİıȘ Ĳ Ȟ įȪ  įȠȝȫȞ (ĲȠȣ ıʌİȚȡȦȝȑȞȠȣ ʌİȚȡȐȝĮĲȠȢ țĮȚ 
ĲȦȞ įȣȠ Į-İȜȓțȦȞ ĲȠȣ ȝȠȞȠȝİȡȠȪȢ Ala2Ile2-6 ȤȦȡȓȢ ĲĮ țĮĲȐȜȠȚʌĮ 28-32 ĲȘȢ ıĲȡȠĳȒȢ) 
țĮȚ ȞĮ ȕȡȠȪȝİ, ȝȑıȦ ĲȘȢ ĲȣʌȚțȒȢ ĮʌȩțȜȚıȘȢ (RMSD), ʌȠȚİȢ ȑȜȚțİȢ ĲĮȚȡȚȐȗȠȣȞ 
țĮȜȪĲİȡĮ țĮȚ ıİ ʌȠȚĮ ıȘȝİȓĮ (įȘȜĮįȒ ʌȠȚȠ

ıĮȝİ ȩȜȠȣȢ ĲȠȣȢ įȣȞĮĲȠȪȢ ıȣȞįȣĮıȝȠȪȢ (ȆȓȞĮțİȢ 3-5 ȑȦȢ 3-8). ȆȚȠ 
ıȣȖțİțȡȚȝȑȞĮ, ȝİ țȓĲȡȚȞȠ ȤȡȫȝĮ ıĲȠȣȢ ʌȓȞĮțİȢ ȕȜȑʌȠȣȝİ ȠȡȚȗȩȞĲȚĮ ĲĮ ĲȝȒȝĮĲĮ ĲȦȞ 
Į İȜȓțȦȞ ĲȘȢ Ala2Ile2-6 țĮȚ țȐșİĲĮ ĲȘȢ PROP, ĲĮ ȠʌȠȓĮ ȤȡȘıȚȝȠʌȠȚȒșȘțĮȞ ȖȚĮ ĲȘȞ 
ȣʌȑȡșİıȘ. Ȃİ ȖĮȜȐȗȚȠ țĮȚ ȡȠȗ ȕȜȑʌȠȣȝİ ĲȠȣȢ ıȣȞįȣĮıȝȠȪȢ a-d țĮȚ d-a ĮȞĲȓıĲȠȚȤĮ, 

ĲȦȞ șȑıİȦȞ a țĮȚ d ĲȠȣ ȣįȡȩĳȠȕȠȣ ʌȣȡȒȞĮ țĮȚ ȝİ Ȝİȣțȩ ĲȚȢ ĲȚȝȑȢ ĲȠȣ RMSD ʌȠȣ 
ʌȡȠȑțȣȥĮȞ Įʌȩ ĲȠȣȢ İțȐıĲȠĲİ ıȣȞįȣĮıȝȠȪȢ.   

  

 RMSD (Ala2-Ile2)6 țĮĲȐȜȠȚʌĮ 1-27 (Ala2-Ile2)6 țĮĲȐȜȠȚʌĮ 33-60 

a – d 5-26 d – a 34-56 

3-24 1.1484 6-28 0.9012 
PROP ĮȜȣıȓįĮ A 

 
10-31 1.1091 - - 

a – d 5-26 d – a 34-56 

3-24 1.1536 6-28 0.8997 
PROP  B ĮȜȣıȓįĮ

 
10-31 1  .0869 - - 

 

ȆȓȞĮțĮȢ 3-5: Ȋ ȝȩȢ RMSD ȫȝĮĲĮ ĲȠ Į. 
 
 

2- ĮĲȐȜȠȚʌ  (Ala țĮĲȐȜȠȚʌ 0 

ʌȠȜȠȖȚı  ȖȚĮ 7 ıĲȡ ȣ ʌȣȡȒȞ

RMSD (Ala Ile2)6 ț Į 1-27 2-Ile2)6 Į 33-6

a – d 5-22 a – d 38-56 

3-20 0.9993 3-21 1.1671 

10-27 0.8307 10-28 0.7799 

d – a 8-26 d – a 34-52 

6-24 0.7762 6-24 0.7002 

PROP ĮȜȣıȓįĮ
 

 A 

13-31 0  .9643 13-31 0.7657 

a – d 5-22 a – d 38-56 

3-20 1.0128 3-21 1.1876 

10-27 0  .7954 10-28 0.7667 

d – a 8-26 d – a 34-52 

6-24 0.7823 6-24 0.7086 

PROP ĮȜȣıȓįĮ B 

 

13-31 0  .9459 13-31 0.7708 
ȆȓȞĮțĮȢ 3-6: Ȋ ȝȩȢ RMSD ȫȝĮĲĮ ĲȠ Į. 

 
ʌȠȜȠȖȚı  ȖȚĮ 6 ıĲȡ ȣ ʌȣȡȒȞ
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RMSD (Ala2 ĮĲȐȜȠȚ (Ala țĮĲȐȜȠȚ 0 -Ile2)6 ț ʌĮ 1-27 2-Ile2)6 ʌĮ 33-6

a – d 5-19 12-26 a – d 38-52 - 

3-1 0.9680  7 0.8714 3- 1.037617  - 

10- 0.6329  24 0.5728 10 0.5615-24  - 

17-31 0.8128 0.7832 17-31 0.7745 - 

d – a 8-22 - d – a 34-48 41-56 

6-20 0  .6105 - 6-20 0.4998 0.8909 

PROP ĮȜȣıȓįĮ
 

 A 

13-27 0.7221 - 13-27 0.5240 0.7156 

a – d 5-19 12-26 a – d 38-52 - 

3-17 0.9842 0.8775 3-17 1.0608 - 

10-24 0  0.5673 .6251 10-24 0.5520 - 

17-31 0.8213 0.7768 17-31 0.7888 - 

d – a 8-22 - d – a 34-48 41-56 

6-20 0.6297 - 6-20 0.5225 0.9115 

PROP ĮȜȣıȓįĮ B 

 

13-27 0.6838 - 13-27 0.5075 0.6996 
 

ĮțĮȢ 3 ȠȖȚı  ȝĮĲ . 

RMSD (Ala2-Ile2)6 țĮĲȐȜȠȚʌĮ 1 2-Ile ȜȠ -60 

ȆȓȞ -7: ȊʌȠȜ ȝȩȢ RMSD ȖȚĮ 5 ıĲȡȫ Į ĲȠȣ ʌȣȡȒȞĮ
 

-27 (Ala 2)6 țĮĲȐ ȚʌĮ 33

a – d 5-15 12-22 a – d 38-48 45-56 

3-13 0.90 0 27 0.893 3-1 0.9836 4 0.8809 

10-20 0.4865 0.3992 10-21 0.3825 0.6623 

17-27 0.4720 0.5531 17-28 0.3830 0.6515 

d – a 8-19 15-26 d – a 34-45 41-52 

6-17 0  .5907 0.4526 6-17 0.4564 0.7653 

13-24 0.5052 0.5405 13-24 0.4336 0.4583 

PROP 
ĮȜȣıȓįĮ A 

 

20-31 0.7670 0.7286 20-31 0.6522 0.8017 

a – d 5-15 12-22 a – d 38-48 45-56 

3-13 0  .9073 0.8900 3-14 0.8868 0.9897 

10-20 0.4959 0.4069 10-21 0.3934 0.6634 

17-27 0.4491 0.5136 17-28 0.3689 0.6441 

d – a 8-19 15-26 d – a 34-45 41-52 

6-17 0  .6138 0.4738 6-17 0.4800 0.7918 

13-24 0.4931 0.5360 13-24 0.4300 0.4386 

PROP 
ĮȜȣıȓįĮ B 

 

20-31 0.7795 0.7284 20-31 0.6535 0.8169 

 

ȆȓȞĮ ȠȖȚıȝȩ  4 ıĲȡȫ  ʌȣȡȒȞĮ. 

 ȝİȜİĲȒ ĮʌȠĲİȜȑı ĮĲĮȜȒȟĮ Ț ĲĮȚȡȚȐȗ ȪĲİȡĮ Ș 

ĮȜȣıȓį Ȣ Prop ĮĲȐȜȠȚʌĮ ĲȠȣ ȝȠȞ  ĲȘȢ Ala2Ile2-6 țĮȚ Ș 

ĮȜȣıȓį Ȣ Prop ĲȐȜȠȚʌĮ  ȝȠȞȠȝ  Ala2 ǼȚțȩȞİȢ 
ȑȦȢ 3-24).  ĲȘȢ Prop ȝİ ĲĮ 

țĮĲȐȜȠȚʌĮ 34-48 ĲȠȣ ȝȠȞȠȝİȡȠȪȢ ĲȘȢ Ala2Ile2-6 (ȝİ ȝȠȕ ȤȡȫȝĮ ıĲȠȞ ȆȓȞĮțĮ 3-7) 

țĮȢ 3-8: ȊʌȠȜ Ȣ RMSD ȖȚĮ ȝĮĲĮ ĲȠȣ
 

ǹĳȠȪ ıĮȝİ ĲĮ ȝĮĲĮ, ț ȝİ ȩĲ ȠȣȞ țĮȜ
Į ǹ ĲȘ  ȝİ ĲĮ ț  33-60 ȠȝİȡȠȪȢ
Į Ǻ ĲȘ ȝİ ĲĮ țĮ 1-27 ĲȠȣ İȡȠȪȢ ĲȘȢ Ile2-6 (

3-20 ȆȚȠ ıȣȖțİțȡȚȝȑȞĮ ĲĮ țĮĲȐȜȠȚʌĮ 6-20 ĲȘȢ ĮȜȣıȓįĮȢ ǹ



țĮȚ ĲĮ

 

 

 

 

ĲȘȢ 
Ala2Ile2 ȝİ ȝȠȕ ȤȡȫȝĮ țĮȚ ĲĮ țĮĲȐȜȠȚʌĮ 

 

ǼȚțȩȞĮ 3- : ȈȤȘȝĮĲȚțȩ ıĲİȡİȠįȚȐȖȡĮȝȝĮ ĲȘȢ 
įȠȝȒȢ ĲȠ ȝȠȞȠȝİȡȠȪȢ ĲȘȢ Ala2Ile2-6 ıİ 
ȣʌȑȡșİıȘ ȝ  ĲȘȞ Prop, ıİ ʌȜĮȧȞȒ ȩȥȘ. ǺȜȑʌȠȣȝİ 
ĲȘȞ ĮȜȣıȓįĮ ǹ ĲȘȢ Prop ȝİ ȝʌȜİ ȤȡȫȝĮ, ĲȘȞ 
ĮȜȣıȓįĮ Ǻ Ȣ Prop ȝİ ȡȠȗ ȤȡȫȝĮ, ĲĮ țĮĲȐȜȠȚʌĮ 

1-27 ĲȘȢ Ala2Ile2-6 ȝİ ȝȠȕ ȤȡȫȝĮ țĮȚ ĲĮ 

 țĮĲȐȜȠȚʌĮ 6-20 ĲȘȢ ĮȜȣıȓįĮȢ Ǻ ĲȘȢ Prop ȝİ ĲĮ țĮĲȐȜȠȚʌĮ 8-22 ĲȠȣ 
ȝȠȞȠȝİȡȠȪȢ ĲȘȢ Ala2Ile2-6 (ȝİ ʌȠȡĲȠțĮȜȓ ȤȡȫȝĮ ıĲȠȞ ȆȓȞĮțĮ 3-7).   

ȆĮȡȩȜȠ, ȕȑȕĮȚĮ, ʌȠȣ Ș ȩȜȘ ĮȣĲȒ įȚĮįȚțĮıȓĮ șĮ ȝʌȠȡȠȪıİ ȞĮ ȝĮȢ įȫıİȚ ȑȞĮ 

ʌȚȠ ıȦıĲȐ įȠȝȘȝȑȞȠ ȝȠȞȠȝİȡȑȢ, Ș įȚĮįȚțĮıȓĮ ĮȞĮțĮĲĮıțİȣȒȢ ĲȘȢ ıĲȡȠĳȒȢ ıĲȠ 
ȝȠȞȠȝİȡȑȢ Ala2Ile2-6 (įȘȜĮįȒ Ș İʌĮȞĮĲȠʌȠșȑĲȘıȘ ĲȦȞ țĮĲĮȜȠȓʌȦȞ 28-32) ȒĲĮȞ 
ĮȡțİĲȐ ʌİȡȓʌȜȠțȘ țĮȚ įȪıțȠȜȘ. ȈȣȞİʌȫȢ Ș ʌȡȠıʌȐșİȚĮ ĮȣĲȒ įİȞ țĮĲȑȜȘȟİ țȐʌȠȣ.  
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ǼȚțȩȞĮ 3-20: ȈȤȘȝĮĲȚțȩ ıĲİȡİȠįȚȐȖȡĮȝȝĮ ĲȘȢ
įȠȝȒȢ ĲȠȣ ȝȠȞȠȝİȡȠȪȢ ĲȘȢ Ala2Ile2-6 ıİ
ȣʌȑȡșİıȘ ȝİ ĲȘȞ Prop. ǺȜȑʌȠȣȝİ ĲȘȞ ĮȜȣıȓįĮ
ǹ ĲȘȢ Prop ȝİ ȝʌȜİ ȤȡȫȝĮ, ĲȘȞ ĮȜȣıȓįĮ Ǻ ĲȘȢ
Prop ȝİ ȡȠȗ ȤȡȫȝĮ, ĲĮ țĮĲȐȜȠȚʌĮ 1-27 

-6 

33-60 ĲȘȢ Ala2Ile2-6 ȝİ țȣĮȞȩ ȤȡȫȝĮ.  

 

 

 

 

 

 

 

 

 

 

 

21

ȣ 
İ

 ĲȘ
 

țĮĲȐȜȠȚʌĮ 33-60 ĲȘȢ Ala2Ile2-6 ȝİ țȣĮȞȩ 
ȤȡȫȝĮ.  

 

 

 

 

 

 

 

 



 

 

ǼȚțȩȞĮ 3-22: ȈȤȘȝĮĲȚțȩ ıĲİȡİȠįȚȐȖȡĮȝȝĮ ĲȘȢ įȠȝȒȢ 
ĲȠȣ ȝȠȞȠȝİȡȠȪȢ ĲȘȢ Ala2Ile2-6 ıİ ȣʌȑȡșİıȘ ȝİ ĲȘȞ 
Prop, ıİ ʌȜĮȧȞȒ ȩȥȘ. ǺȜȑʌȠȣȝİ ĲȘȞ ĮȜȣıȓįĮ ǹ ĲȘȢ 
Prop ȝİ ȝʌȜİ ȤȡȫȝĮ, ĲȘȞ ĮȜȣıȓįĮ Ǻ ĲȘȢ Prop ȝİ ȡȠȗ 
ȤȡȫȝĮ, ĲĮ țĮĲȐȜȠȚʌĮ 1-27 ĲȘȢ Ala2Ile2-6 ȝİ ȝȠȕ 
ȤȡȫȝĮ țĮȚ ĲĮ țĮĲȐȜȠȚʌĮ 33-60 ĲȘȢ Ala2Ile2-6 ȝİ 

ǼȚțȩȞĮ 23: ȈȤȘȝĮĲȚțȩ ıĲİȡİȠįȚȐȖȡĮȝȝĮ ĲȘȢ įȠȝȒȢ 
ĲȠȣ ȝȠȞȠȝİȡȠȪȢ ĲȘȢ Ala2Ile2-6 ıİ ȣʌȑȡșİıȘ ȝİ ĲȘȞ 
Prop, ıİ ʌȜĮȧȞȒ ȩȥȘ. ǺȜȑʌȠȣȝİ ĲȘȞ ĮȜȣıȓįĮ Ǻ ĲȘȢ 
Prop ȝİ ȡȠȗ ȤȡȫȝĮ țĮȚ ĲĮ țĮĲȐȜȠȚʌĮ 1-27 ĲȘȢ 
Ala2Ile2-6 ȝİ ȝȠȕ. ȅȚ ʌȜİȣȡȚțȑȢ ȠȝȐįİȢ ĲȦȞ 
țĮĲĮȜȠȓʌȦȞ ʌȠȣ ıȣȝȝİĲȑȤȠȣȞ ıĲȠȞ ȣįȡȩĳȠȕȠ ʌȣȡȒȞĮ 

ĳĮȓȞȠȞĲĮȚ ıİ licorice. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

țȣĮȞȩ ȤȡȫȝĮ. ȅȚ ʌȜİȣȡȚțȑȢ ȠȝȐįİȢ ĲȦȞ țĮĲĮȜȠȓʌȦȞ 
ʌȠȣ ıȣȝȝİĲȑȤȠȣȞ ıĲȠȞ ȣįȡȩĳȠȕȠ ʌȣȡȒȞĮ ĳĮȓȞȠȞĲĮȚ ıİ 
CPK (0.8).  
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ǼȚțȩȞĮ 3-24: ȈȤȘȝĮĲȚțȩ ıĲİȡİȠįȚȐȖȡĮȝȝĮ ĲȘȢ įȠȝȒȢ 
ĲȠȣ ȝȠȞȠȝİȡȠȪȢ ĲȘȢ Ala2Ile2-6 ıİ ȣʌȑȡșİıȘ ȝİ ĲȘȞ 
Prop, ıİ ʌȜĮȧȞȒ ȩȥȘ. ǺȜȑʌȠȣȝİ ĲȘȞ ĮȜȣıȓįĮ ǹ ĲȘȢ 
Prop ȝİ ȝʌȜİ ȤȡȫȝĮ țĮȚ ĲĮ țĮĲȐȜȠȚʌĮ 33-60 ĲȘȢ 
Ala2Ile2-6 ȝİ țȣĮȞȩ ȤȡȫȝĮ. ȅȚ ʌȜİȣȡȚțȑȢ ȠȝȐįİȢ ĲȦȞ 
țĮĲĮȜȠȓʌȦȞ ʌȠȣ ıȣȝȝİĲȑȤȠȣȞ ıĲȠȞ ȣįȡȩĳȠȕȠ ʌȣȡȒȞĮ 

ĳĮȓȞȠȞĲĮȚ ıİ licorice.  
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.7 ȆȡȠİĲȠȚȝĮıȓĮ ȝȠȞȠȝİȡȠȪȢ ĲȘȢ Ala2Ile2-6 ȝİ ĮȞĮįȓʌȜȦıȘ ĲȘȢ 
31P 

 

 

ıĲİȡĮ Įʌȩ ĮȣĲȑȢ ĲȚȢ įȠțȚȝȑȢ ȝİ ĲĮ ȝȠȞȠȝİȡȒ ĲȘȢ Ala2Ile2-6, ıțİĳĲȒțĮȝİ ȞĮ 

ȐȞȠȣȝİ ĮțȩȝĮ ȝȚĮ ʌȡȠıȠȝȠȓȦıȘ ȝİ ȑȞĮ ȝȠȞȠȝİȡȑȢ, ĲȠ ȠʌȠȓȠ ĮȣĲȒ ĲȘ ĳȠȡȐ șĮ İȓȤİ 
Ȟ ĮȜȜȘȜȠȣȤȓĮ ĲȘȢ Ala2Ile2-6, ĮȜȜȐ ĲȘȞ ĮȞĮįȓʌȜȦıȘ ĲȘȢ A31P. ǼʌİȚįȒ, ȩʌȦȢ 
ȦȡȓȗȠȣȝİ Ș įȠȝȒ ĲȘȢ ǹ31ȇ İȓȞĮȚ ȚįȚĮȓĲİȡȘ, İȟĮȚĲȓĮȢ ĲȠȣ ȐțĮȝʌĲȠȣ įĮțĲȣȜȓȠȣ ĲȘȢ 
ȡȠȜȓȞȘȢ ıĲȘ șȑıȘ 31, șȑȜĮȝİ ȞĮ įȠȪȝİ țĮĲȐ ʌȩıȠ ĲȠ ıȣȖțİțȡȚȝȑȞȠ ȝȠȞȠȝİȡȑȢ șĮ 

ȞĮĲȡȑȟĮȝİ ȖȚĮ ȝȚĮ ĮțȩȝȘ ĳȠȡȐ ıĲȘ ȕȐıȘ įİįȠȝȑȞȦȞ PDB țĮȚ ȕȡȒțĮȝİ ĲȘ 

įȠȝȒ ĲȘȢ A31P ʌȠȣ ȤȡİȚĮȗȩȝĮıĲİ. ȆȡȩțİȚĲĮȚ ȖȚĮ ĲȘȞ 1B6Q.pdb (ǼȚțȩȞĮ 3-25). 

ȋȡȘıȚȝȠʌȠȚȫȞĲĮȢ ĲȠ ʌȡȩȖȡĮȝȝĮ X-fit țȐȞĮȝİ ĲȚȢ ĮʌĮȡĮȓĲȘĲİȢ ĮȜȜĮȖȑȢ ıĲĮ 

ǼȚțȩȞĮ ĲȐȜȠȚʌȠ 
ĲȘȢ ʌȡ

ȓȝĮıĲİ ȑĲȠȚȝȠȚ ȖȚĮ ĲȘȞ ʌȡȠİĲȠȚȝĮıȓĮ ĲȠȣ ıȣıĲȒȝĮĲȠȢ. ȋȐȡȚȞ İȣțȠȜȓĮȢ įİ șĮ 

ĮȞĮĳȑȡȠȣȝİ ĲȘ įȚĮįȚțĮıȓĮ, ĮĳȠȪ İȓȞĮȚ ȒįȘ ȖȞȦıĲȒ. ĬĮ İʌȚıȘȝȐȞȠȣȝİ ȝȩȞȠ ȠȡȚıȝȑȞĮ 

ıȘȝİȓĮ ĲĮ ȠʌȠȓĮ ȣʌȐȡȤİȚ įȚĮĳȠȡȐ, ȩʌȦȢ Ș İȣșȣȖȡȐȝȝȚıȘ ĲȦȞ ĮȟȩȞȦȞ ĲȘȢ ĮįȡȐȞİȚĮȢ 
(ǼȚțȩȞĮ 3-26).  

Ǿ İȞȣįȐĲȦıȘ ĲȠȣ ȝȠȞȠȝİȡȠȪȢ ȖȓȞİĲĮȚ ıİ ȠȡșȠȖȫȞȚȠ ʌȜĮȓıȚȠ ȝİ ȝİ ʌȡȠ-
ȚıȠȡȡȠʌȘȝȑȞĮ ȝȩȡȚĮ ȞİȡȠȪ ĲȪʌȠȣ ȉǿȇ3, įȚĮıĲȐıİȦȞ 78.2 x 60.1 x 49.2 Å3 (ǼȚțȩȞĮ 3-

27). ǵȜĮ ĲĮ ȝȩȡȚĮ ȞİȡȠȪ ʌȠȣ ȕȡȓıțȠȞĲĮȞ ıİ ĮʌȩıĲĮıȘ ȝȚțȡȩĲİȡȘ Įʌȩ 1.8 Å 

3

A

Ƕ
ț
ĲȘ
ȖȞ
ʌ
įȚĮȜȣșİȓ ıĲȠ įȚȐȜȣȝĮ.  

ǹ

țĮĲȐȜȠȚʌĮ ʌȠȣ ıȣȝȝİĲȑȤȠȣȞ ıĲȠ ıȤȘȝĮĲȚıȝȩ ĲȠȣ ȣįȡȩĳȠȕȠȣ ʌȣȡȒȞĮ. ȀĮĲĮȜȒȟĮȝİ 
ȑĲıȚ ȝİ ĲȘȞ İʌȚșȣȝȘĲȒ įȠȝȒ.  

 

 

 

 

 

 

 

 

 

 

 3-25: ȈȤȘȝĮĲȚțȩ ıĲİȡİȠįȚȐȖȡĮȝȝĮ ĲȘȢ 1B6Q ȝİ ȝʌȜİ ȤȡȫȝĮ. ȈĲȘ șȑıȘ 31 ĳĮȓȞİĲĮȚ ĲȠ țĮ
ȠȜȓȞȘȢ ȝİ ȤȡȫȝĮ țȣĮȞȩ (CPK).    

 

Ǽ

 ı

ĮʌȠȝĮțȡȪȞșȘțĮȞ. ȉȠ ĲİȜȚțȩ ıȪıĲȘȝĮ ʌİȡȚȜĮȝȕȐȞİȚ 901 ȐĲȠȝĮ ʌȡȦĲİǸȞȘȢ, 20850 
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ȐĲȠȝĮ İȡȠȪ, 4 ȚȩȞĲĮ Na+ (SOD) țĮȚ 2 ȚȩȞĲĮ Cl- (CLA). ȋȡȘıȚȝȠʌȠȚȫȞĲĮȢ ĲȠ 
ʌȡȩȖȡĮ

ıȪȝĳȦȞĮ ȝİ ĲȠ ȠȡșȠțĮȞȠȞȚțȩ ıȪıĲȘȝĮ ĮȟȩȞȦȞ ʌȡȚȞ ĲȘȞ 
ȝȠȡȓȠȣ. ǻİȟȚȐ: Ǿ șȑıȘ ĲȠȣ ȝȠȡȓȠȣ ȝİĲȐ ĲȘȞ İȣșȣȖȡȐȝȝȚıȘ 

 

ǼȚțȩȞĮ 3-27: ǹȡȚıĲİȡȐ: ȆȜĮȧȞȒ ȩȥȘ ĲȠȣ ʌȜĮȚıȓȠȣ ʌȠȣ ʌİȡȚȜĮȝȕȐȞİȚ ĲȠ ȝȩȡȚȠ ĲȠȣ ȝȠȞȠȝİȡȠȪȢ, ĲĮ ȚȩȞĲĮ 

(ȝİ ȖĮȜȐȗȚȠ ĲĮ ȚȩȞĲĮ Cl- țĮȚ ȝİ țȓĲȡȚȞȠ ĲĮ ȚȩȞĲĮ Na+, ıİ VDW ȝİ țȜȓȝĮțĮ ıĳĮȓȡĮȢ 2.9) țĮȚ ĲĮ ȝȩȡȚĮ ĲȠȣ 
ȞİȡȠȪ. ǻİȟȚȐ: ȀȐĲȠȥȘ ĲȠȣ ȓįȚȠȣ ʌȜĮȚıȓȠȣ.   

 

 

ȉȠ ĲİȜİȣĲĮȓȠ ȕȒȝĮ ʌȡȚȞ ĲȘ ȤȡȒıȘ ĲȠȣ ʌȡȠȖȡȐȝȝĮĲȠȢ NAMD İȓȞĮȚ ȞĮ 

țĮșȠȡȓıȠȣȝİ ĲĮ ȩȡȚĮ ĲȠȣ ıȣıĲȒȝĮĲȠȢ (țĮĲȐ ȝȒțȠȢ ĲȠȣ ȠȡșȠȖȫȞȚȠȣ ʌȜĮȚıȓȠȣ). ȅȚ  
ıȣȞĲİĲĮȖȝȑȞİȢ ĲȦȞ ȠȡȓȦȞ ĲȠȣ ȠȡșȠȖȫȞȚȠȣ ʌȜĮȚıȓȠȣ ȖȚĮ ĲȠ ȝȠȞȠȝİȡȑȢ ȝİ ĲȘȞ 
ĲȠʌȠȜȠȖȓĮ ĲȘȢ ǹ31ȇ ĮȣĲȑȢ ȑȤȠȣȞ ȦȢ İȟȒȢ: 

Ȟ
ȝȝĮ Rasmol ȝİȜİĲȒıĮȝİ ĲȠ ıȪıĲȘȝĮ (ionized.pdb) ȖȚĮ ĲȘȞ ʌİȡȓʌĲȦıȘ ʌȠȣ 

țȐʌȠȚĮ ȝȩȡȚĮ ȞİȡȠȪ Ȓ ȚȩȞĲĮ ĲȠʌȠșİĲȒșȘțĮȞ ĲȣȤĮȓĮ ıĲȠ İıȦĲİȡȚțȩ ĲȠȣ ȣįȡȩĳȠȕȠȣ 
ʌȣȡȒȞĮ.  

 

 

ǼȚțȩȞĮ 3-26: ǹȡȚıĲİȡȐ: Ǿ șȑıȘ ĲȠȣ ȝȠȡȓȠȣ 
İȣșȣȖȡȐȝȝȚıȘ ĲȦȞ ĮȟȩȞȦȞ ĲȘȢ ĮįȡȐȞİȚĮȢ ĲȠȣ 
ĲȦȞ ĮȟȩȞȦȞ.    
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                              Minimum   Maximum    Centre     Range 

       On X :                  -39.64          38.50       -0.57      78.15 

       On Y :                  -28.24          31.87        1.82      60.11 

       On Z :                  -25.31          23.88        -0.71     49.19 

 

ǹțȠȜȠȣșİȓ Ș İȜĮȤȚıĲȠʌȠȓȘıȘ țĮȚ Ș İȟȚıȠȡȡȩʌȘıȘ ĲȘȢ İȞȑȡȖİȚĮȢ. ȈĲȠ ĲȑȜȠȢ 
țĮȚ ĲȘȢ ĳȐıȘȢ İȟȚıȠȡȡȩʌȘıȘȢ ȠȚ įȚĮıĲȐıİȚȢ ĲȠȣ ʌȜĮȚıȓȠȣ ȝİ ĲĮ ȞİȡȐ ȒĲĮȞ 76.6 x 

58.9 x 48.2 Å3. ʌȡĮȖȝĮĲȠʌȠȚȒșȘțĮȞ İʌĲȐ ʌȡȠıȠȝȠȚȫıİȚȢ ȝȠȡȚĮțȒȢ įȣȞĮȝȚțȒȢ. ȅȚ 
ʌȑȞĲİ Įʌȩ ĮȣĲȑȢ İȓȤĮȞ įȚȐȡțİȚĮ 2 ns, ȝȚĮ 1.4 ns țĮȚ ȐȜȜȘ ȝȚĮ 10 ns ȝİ ĲȚȢ ĮĲȠȝȚțȑȢ 
ıȣȞĲİĲĮȖȝȑȞİȢ ȠȜȩțȜȘȡȠȣ ĲȠȣ ıȣıĲȒȝĮĲȠȢ ȞĮ ıȫȗȠȞĲĮȚ țȐșİ 0.4 ps.      

 

 

 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

     

  
    

 
 
 
 
 
 
  



ĲȠ țİĳȐȜĮȚȠ ĮȣĲȩ șĮ ĮȞĮȜȪıȠȣȝİ ıĲĮįȚĮțȐ ĲĮ įİįȠȝȑȞĮ ʌȠȣ İȟȒȤșȘıĮȞ 
Įʌȩ ĲȚȢ ʌȡȠıȠȝȠȚȫıİȚȢ ĲȦȞ įȣȠ įȚȝİȡȫȞ, įȘȜĮįȒ ĲȠȣ įȚȝİȡȠȪȢ ǹla2ǿle2-

6 ȝİ syn ĲȠʌȠȜȠȖȓĮ țĮȚ ĲȠȣ ǹla2ǿle2-6 ȝİ anti (Rop-like) ĲȠʌȠȜȠȖȓĮ, ʌȠȣ 
ĮȞĮĳȑȡĮȝİ ıĲȠ ʌȡȠȘȖȠȪȝİȞȠ țİĳȐȜĮȚȠ. ǼʌȚʌȜȑȠȞ șĮ įȠȪȝİ țĮȚ șĮ ıȤȠȜȚȐıȠȣȝİ 
ıȣȞȠʌĲȚțȐ ĲĮ ĮʌȠĲİȜȑıȝĮĲĮ ĲȦȞ ʌȡȠıȠȝȠȚȫıİȦȞ ʌȠȣ ʌȡĮȖȝĮĲȠʌȠȚȒıĮȝİ ȖȚĮ ĲĮ 

ıȣıĲȒȝĮĲĮ ĲȦȞ ȝȠȞȠȝİȡȫȞ (ȕȜ. §3.5-§3.7). ȈĲȠ ıĲȐįȚȠ ĮȣĲȩ ĲȘȢ ĮȞȐȜȣıȘȢ șĮ įȠȪȝİ 
țĮĲȐ ʌȩıȠ ȠȚ įȠȝȑȢ ĲȦȞ įȪȠ ıȣıĲȘȝȐĲȦȞ İȓȞĮȚ ıĲĮșİȡȑȢ, ĮȞ įȘȜĮįȒ ʌĮȡĮȝȑȞİȚ Ș 

įȠȝȒ ĲȠȣ 4-Į İȜȚțȠİȚįȠȪȢ įİȝĮĲȓȠȣ Ȓ ĮȞ ȑȤİȚ ĮʌȠįȚĮĲĮȤșİȓ ıĲȠ įȚȐȜȣȝĮ. ǼʌȓıȘȢ șĮ 

ȝİȜİĲȒıȠȣȝİ įȚȐĳȠȡİȢ ʌĮȡĮȝȑĲȡȠȣȢ ȩʌȦȢ ȖȚĮ ʌĮȡȐįİȚȖȝĮ ĲȠ RMSD (Root Mean 

Square Deviation, ĲȣʌȚțȒ ĮʌȩțȜȚıȘ) ĲȩıȠ Įʌȩ ĲȘȞ ĮȡȤȚțȒ, ȩıȠ țĮȚ Įʌȩ ĲȘ ȝȑıȘ įȠȝȒ, 

ĲȠ RMSF (Root Mean Square Fluctuations, ĲȣʌȚțȑȢ įȚĮțȣȝȐȞıİȚȢ), ĲȠ Radius of 

Gyration (ĲȘȞ ĮțĲȓȞĮ ʌİȡȚıĲȡȠĳȒȢ ĲȦȞ ȝȠȡȓȦȞ) țĮȚ ȐȜȜĮ.  
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 įȪȠ įȠȝȫȞ. ȅȡȓȗİĲĮȚ ȦȢ: 

ʌȠȣ, Natoms İȓȞĮȚ Ƞ ĮȡȚșȝȩȢ ĲȦȞ ĮĲȩȝȦȞ ĲȦȞ ȠʌȠȓȦȞ ȠȚ șȑıİȚȢ ıȣȖțȡȓȞȠȞĲĮȚ, Ȥi ȠȚ 

 ĲȠ RMSD Įʌȩ ĲȘȞ ĮȡȤȚțȒ įȠȝȒ, șĮ ȝİȜİĲȒıȠȣȝİ țĮȚ ĲȠ 
RMSD 

Ȝ

ʌİȡȚııȩĲİȡİȢ įȚĮȝȠȡĳȫıİȚȢ. ȅȡȓȗİĲĮȚ ȦȢ: 

  ȆȡȚȞ ȟİțȚȞȒıȠȣȝİ ȩȝȦȢ ĲȘȞ ĮȞȐȜȣıȘ, șĮ įȠȪȝİ ıİ ȖİȞȚțȑȢ ȖȡĮȝȝȑȢ ʌȦȢ 
ȠȡȓȗİĲĮȚ Ș țȐșİ ʌĮȡȐȝİĲȡȠȢ țĮȚ ȖȚĮ ʌȠȚȠ ȜȩȖȠ ĲȘ ȤȡȘıȚȝȠʌȠȚȠȪȝİ. ǹȢ ȟİțȚȞȒıȠȣȝİ 
ȝİ ĲȠ RMSD Įʌȩ ĲȘȞ ĮȡȤȚțȒ įȠȝȒ, ĲȠ ȠʌȠȓȠ ȝĮȢ ʌĮȡȠȣıȚȐȗİȚ ĲȘȞ ĮʌȩțȜȚıȘ ĲȦȞ 
įȠȝȫȞ ʌȠȣ ʌĮȡȐȖȠȞĲĮȚ ȝȑıȦ ĲȘȢ ʌȡȠıȠȝȠȓȦıȘȢ Įʌȩ ĲȚȢ ĮȡȤȚțȑȢ ıȣȞĲİĲĮȖȝȑȞİȢ ĲȘȢ 
įȠȝȒȢ ĲȠȣ ȝȠȡȓȠȣ. ȆȡȩțİȚĲĮȚ ȖȚĮ ĲȘȞ ʌȚȠ İȪȤȡȘıĲȘ ʌĮȡȐȝİĲȡȠ ȩıȠ ĮĳȠȡȐ ĲȠȞ 
țĮșȠȡȚıȝȩ ĲȘȢ ıĲĮșİȡȩĲȘĲĮȢ ȝȚĮȢ ʌȡȠıȠȝȠȓȦıȘȢ ȝȠȡȚĮțȒȢ įȣȞĮȝȚțȒȢ ıİ ıȣȞȐȡĲȘıȘ 

ȝİ ĲȠ ȤȡȩȞȠ (Garemyr et al., 1999). ȉȠ RMSD ĮʌȠĲİȜİȓ ȑȞĮ ĮȡȚșȝȘĲȚțȩ ȝȑĲȡȠ ĲȘȢ 
įȚĮĳȠȡȐȢ ȝİĲĮȟȪ
  

 

 

 

 

ȩ
ıȣȞĲİĲĮȖȝȑȞİȢ ĲȦȞ ĮĲȩȝȦȞ ȖȚĮ ĲȘȞ İțȐıĲȠĲİ įȠȝȒ ĲȠȣ ȝȠȡȓȠȣ țĮĲȐ ĲȘ įȚȐȡțİȚĮ ĲȠȣ 
trajectory țĮȚ Ȥ0 ȠȚ ıȣȞĲİĲĮȖȝȑȞİȢ ĲȦȞ ĮĲȩȝȦȞ ĲȘȢ ĮȡȤȚțȒȢ įȠȝȒȢ ĲȠȣ ȝȠȡȓȠȣ 
(ȆĮȡȐȡĲȘȝĮ 4-1).  

ȆȑȡĮ ȩȝȦȢ Įʌȩ
Įʌȩ ĲȘ ȝȑıȘ įȠȝȒ. Ǿ ȝȑıȘ įȠȝȒ ĲȠȣ ıȣıĲȒȝĮĲȠȢ įİȞ ȣĳȓıĲĮĲĮȚ ʌȡĮȖȝĮĲȚțȐ, 

įȘȜĮįȒ įİȞ ʌȡȩțİȚĲĮȚ ȖȚĮ ȝȚĮ įȠȝȒ ʌȠȣ ȜĮȝȕȐȞİȚ ĲȠ ȝȩȡȚȠ țĮĲȐ ĲȘ įȚȐȡțİȚĮ ĲȘȢ 
ʌȡȠıȠȝȠȓȦıȘȢ, ʌĮȡȐ ȖȚĮ ȝȚĮ įȠȝȒ ʌȠȣ İȝİȓȢ ȣʌȠȜȠȖȓȗȠȣȝİ, ȤȡȘıȚȝȠʌȠȚȫȞĲĮȢ ıĮȞ 
ȕȐıȘ ĲȠ ıȪȞȠȜȠ ĲȦȞ įȚĮįȠȤȚțȫȞ įȚĮȝȠȡĳȫıİȦȞ ʌȠȣ ȜĮȝȕȐȞİȚ ĲȠ ȝȩȡȚȠ țĮȚ ĲȠ ȠʌȠȓȠ 
İȓȞĮȚ ȖȞȦıĲȩ ȦȢ ĲȡȠȤȚȐ (trajectory). ȆȡȑʌİȚ ȞĮ ıȘȝİȚȫıȠȣȝİ İįȫ, ʌȦȢ ĮȞĮĳİȡȩȝĮıĲİ 
ıİ ȠȚțȠȖȑȞİȚĮ įȠȝȫȞ, İʌİȚįȒ ȠȚ ĮĲȠȝȚțȑȢ ıȣȞĲİĲĮȖȝȑȞİȢ ĲȠȣ ıȣıĲȒȝĮĲȠȢ 
ȣʌȠȜȠȖȓȗȠȞĲĮȚ țȐșİ 0.4ps țĮȚ țĮĲȐ ıȣȞȑʌİȚĮ ĮȝȕȐȞȠȣȝİ ȣʌȩȥȘ ȝȚĮ ʌȜȘșȫȡĮ 

įȚĮȝȠȡĳȫıİȦȞ Įʌȩ ĲȚȢ ȠʌȠȓİȢ ʌİȡȞȐİȚ ĲȠ ȝȩȡȚȠ. ȅ ȣʌȠȜȠȖȚıȝȩȢ ȜȠȚʌȩȞ ĲȠȣ RMSD 

Įʌȩ ĲȘ ȝȑıȘ įȠȝȒ, șĮ ȝĮȢ ȕȠȘșȒıİȚ ȞĮ įȠȪȝİ İȐȞ ĲȠ ȝȩȡȚȠ ĲİȓȞİȚ ȞĮ ȜȐȕİȚ ȝȚĮ Ȓ 
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ʌȠȣ, ȩʌȦȢ İȓįĮȝİ țĮȚ ʌȡȠȘȖȠȣȝȑȞȦȢ ȖȚĮ ĲȠ RMSD Įʌȩ ĲȘȞ ĮȡȤȚțȒ įȠȝȒ, Natoms 

ĲİĲĮȖȝȑȞİȢ 

 

 

 

 

ǵʌȠȣ r  Ș șȑıȘ Ș ȝȑıȘ șȑıȘ ĲȠȣ 
ĲȩȝȠȣ i țĮĲȐ ĲȘ įȚȐȡțİȚĮ ĲȠȣ trajectory țĮȚ ri

t – ri
aver Ș ĮʌȩıĲĮıȘ ȝİĲĮȟȪ ĲȘȢ șȑıȘȢ 

Ț ʌĮȡȐȖȠȞĲİȢ Ǻ ȖȚĮ ȩȜĮ ȐĲȠȝĮ ĲȠȣ ıțİȜİĲȠȪ țĮȚ 
ȜĮ ĲĮ ȐĲȠȝĮ ĲȦȞ ʌȜİȣȡȚțȫȞ ĮȜȣıȓįȦȞ ĮȞĲȓıĲȠȚȤĮ ȣʌȠȜȠȖȓȗȠȞĲĮȚ ĮȞȐ țĮĲȐȜȠȚʌȠ țĮȚ 

ȣ radius of gyration (RG) (Zagrovic et al., 2005). ȆȡȩțİȚĲĮȚ ȖȚĮ ȝȚĮ 

                                                                                                                       

ȩ
İȓȞĮȚ Ƞ ĮȡȚșȝȩȢ ĲȦȞ ĮĲȩȝȦȞ ĲȦȞ ȠʌȠȓȦȞ ȠȚ șȑıİȚȢ ıȣȖțȡȓȞȠȞĲĮȚ, Ȥi ȠȚ ıȣȞ
ĲȦȞ ĮĲȩȝȦȞ ȖȚĮ ĲȘȞ İțȐıĲȠĲİ įȠȝȒ ĲȠȣ ȝȠȡȓȠȣ țĮĲȐ ĲȘ įȚȐȡțİȚĮ ĲȠȣ trajectory, İȞȫ 

Ȥaver ȠȚ ıȣȞĲİĲĮȖȝȑȞİȢ ĲȦȞ ĮĲȩȝȦȞ ĲȘȢ ȝȑıȘȢ įȠȝȒȢ ĲȠȣ ȝȠȡȓȠȣ (ȆĮȡȐȡĲȘȝĮ 4-2).  

 īȚĮ ĲȘȞ ĮʌȠĲȓȝȘıȘ ĲȘȢ ıȣȝĳȦȞȓĮȢ ȝİĲĮȟȪ ĲȦȞ ĮĲȠȝȚțȫȞ įȚĮțȣȝȐȞıİȦȞ țĮȚ 
ĲȦȞ ʌİȚȡĮȝĮĲȚțȫȞ Ǻ ʌĮȡĮȖȩȞĲȦȞ (B factors) ȣʌȠȜȠȖȓȗȠȣȝİ ĲȠ RMSF (Root Mean

Square Fluctuation) ȖȚĮ ĲȘ ȝȑıȘ įȠȝȒ. ȅȡȓȗİĲĮȚ ȦȢ: 
 

 

i
t ĲȠȣ ĮĲȩȝȠȣ i ıĲȘ ȤȡȠȞȚțȒ ıĲȚȖȝȒ t, ri

aver İȓȞĮȚ 
Į
ĲȠȣ ĮĲȩȝȠȣ ıİ ȝȚĮ įİįȠȝȑȞȘ ȤȡȠȞȚțȒ ıĲȚȖȝȒ țĮȚ ĲȘȢ ȝȑıȘȢ șȑıȘȢ. ȅȚ įȚĮțȣȝȐȞıİȚȢ 
ȣʌȠȜȠȖȓıĲȘțĮȞ ȖȚĮ ȩȜĮ ĲĮ ȐĲȠȝĮ țȐșİ țĮĲĮȜȠȓʌȠȣ İțĲȩȢ Įʌȩ ĲĮ ȐĲȠȝĮ ȣįȡȠȖȩȞȠȣ 
(nonhydrogen atoms). Ȉİ ʌİȡȓʌĲȦıȘ ʌȠȣ ȠȚ įȚĮțȣȝȐȞıİȚȢ İȓȞĮȚ ȚıȠĲȡȠʌȚțȑȢ (isotropic) 

ȣʌȐȡȤİȚ ȝȚĮ ĮțȡȚȕȒȢ ıȪȞįİıȘ ȝİĲĮȟȪ ĲȦȞ ĲȚȝȫȞ ĲȠȣ rms ȖȚĮ țȐșİ ĮȞİȟȐȡĲȘĲȠ ȐĲȠȝȠ 
i țĮȚ ĲȠȣ ĮȞĲȓıĲȠȚȤȠȣ ʌİȚȡĮȝĮĲȚțȠȪ ʌĮȡȐȖȠȞĲĮ șİȡȝȠțȡĮıȓĮȢ Bi, įȘȜĮįȒ: 

 

 

 

 

 

ȅ ĲĮ ȝȘ ȣįȡȠȖȠȞȚțȐ ȐĲȠȝĮ, ȩȜĮ ĲĮ 

ȩ
ȝİĲĮĲȡȑʌȠȞĲĮȚ ıİ rms įȚĮțȣȝȐȞıİȚȢ ȤȡȘıȚȝȠʌȠȚȫȞĲĮȢ ĲȠȞ ʌĮȡĮʌȐȞȦ ĲȪʌȠ (Garemyr 

et al., 1999).  

 ǲȞĮȢ ĲȡȩʌȠȢ ȖȚĮ ȞĮ İȜȑȖȟȠȣȝİ ĲȘ ıĲĮșİȡȩĲȘĲĮ țĮȚ ĲȘ įȚĮĲȒȡȘıȘ ĲȘȢ įȠȝȒȢ 
İȓȞĮȚ ȝȑıȦ ĲȠ
ʌĮȡȐȝİĲȡȠ Ș ȠʌȠȓĮ İȓȞĮȚ İȞįİȚțĲȚțȒ ĲȠȣ ȝİȖȑșȠȣȢ İȞȩȢ ıȫȝĮĲȠȢ ȠʌȠȚȠȣįȒʌȠĲİ 
ıȤȒȝĮĲȠȢ țĮȚ ĮȞĲĮȞĮțȜȐ ĲȠ țĮĲȐ ʌȩıȠ İȓȞĮȚ ĲȠ ıȫȝĮ ıȣȝʌĮȖȑȢ. ǿıȠįȣȞĮȝİȓ ȝİ ĲȘȞ 
ȣįȡȠįȣȞĮȝȚțȒ ĮțĲȓȞĮ ȝȚĮȢ ıĳĮȓȡĮȢ ȝİ ʌĮȡȩȝȠȚİȢ ȣįȡȠįȣȞĮȝȚțȑȢ ȚįȚȩĲȘĲİȢ țĮȚ 
ȠȡȓȗİĲĮȚ ȦȢ: 
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ʌȠȣ ri
t İȓȞĮȚ Ș Įʌȩı  ȝȠȡȓȠȣ ıİ țȐșİ 

ȡȠȞȚțȒ ıĲȚȖȝȒ t țĮȚ ri
aver Ș ȝȑıȘ ĮʌȩıĲĮıȘ ĲȠȣ ĮĲȩȝȠȣ i Įʌȩ ĲȠ țȑȞĲȡȠ ȕȐȡȠȣȢ ĲȠȣ 

ʌȠıĲȐıİȦȞ, 
ȑıȦ Ĳ

,. 2003), ĲȠȞ ȠʌȠȓȠ ȝİĲȐ Įʌȩ ĲȘȞ țĮȞȠȞȚțȠʌȠȓȘıȘ ĲȦȞ ĲȚȝȫȞ 

nvalues) țĮȚ ĲȦȞ 

ȐıĲĮĲȠȢ ʌȓȞĮțĮȢ (ʌ.Ȥ. ʌȓȞĮțĮȢ variance-covariance), Ȝ Ș 

ȤĮȡĮțĲȘȡȚıĲȚțȒ ĲȚȝȒ țĮȚ x ĲȠ ȤĮȡĮ ȐȞȣıȝĮ ʌȠȣ ĮȞĲȚıĲȠȚȤİȓ ıĲȘȞ ĲȚȝȒ 

ĮȣĲȒ. ǲȞĮ ȝȩȡȚȠ ʌȡĮȖȝĮĲȠʌȠȚİȓ ȝȚĮ ıȪȞșİĲȘ țȓȞȘıȘ, Ș ȠʌȠȓĮ ȝʌȠȡİȓ ȞĮ ĮȞĮȜȣșİȓ ıİ 

 

 

ȩ ĲĮıȘ ĲȠȣ ĮĲȩȝȠȣ i Įʌȩ ĲȠ țȑȞĲȡȠ ȕȐȡȠȣȢ ĲȠȣ
Ȥ
ȝȠȡȓȠȣ țĮșȩȜȘ ĲȘ įȚȐȡțİȚĮ ĲȠȣ trajectory. ǲĲıȚ ȝʌȠȡȠȪȝİ ȞĮ ȣʌȠȜȠȖȓıȠȣȝİ ĲȘ 

ȝİĲĮȕȠȜȒ ĲȠȣ RG ĲȠȣ ȝȠȡȓȠȣ ȕȐıİȚ ȝȚĮȢ ȝȑıȘȢ ĲȚȝȒȢ (ȆĮȡȐȡĲȘȝĮ 4-3).  

 ȈĲȘ ıȣȞȑȤİȚĮ ĮțȠȜȠȣșİȓ ȝȚĮ ıİȚȡȐ ĮȞĮȜȪıİȦȞ ʌȠȣ ȑȤȠȣȞ ȞĮ țȐȞȠȣȞ ȝİ ĲȚȢ 
ĮʌȠıĲȐıİȚȢ ȝİĲĮȟȪ ĲȦȞ ĮĲȩȝȦȞ. ȆȡȩțİȚĲĮȚ ȖȚĮ ĲȘ įȘȝȚȠȣȡȖȓĮ ȤĮȡĲȫȞ Į
ȝ Ƞȣ ʌȡȠȖȡȐȝȝĮĲȠȢ carma, ȠȚ ȠʌȠȓȠȚ ȤȐȡĲİȢ ʌİȡȚȑȤȠȣȞ ʌȜȘȡȠĳȠȡȓİȢ ıȤİĲȚțȐ ȝİ 
ĲȘȞ țȚȞȘĲȚțȩĲȘĲĮ ĲȘȢ ʌȡȦĲİǸȞȘȢ ʌȠȣ ȝİȜİĲȐȝİ țȐșİ ĳȠȡȐ, ȖȚĮ ʌĮȡȐįİȚȖȝĮ ıİ ʌȠȚȠ 
ĲȝȒȝĮ ĲȘȢ ʌĮȡĮĲȘȡİȓĲĮȚ ȝİȖĮȜȪĲİȡȘ țȚȞȘĲȚțȩĲȘĲĮ ıİ ıȤȑıȘ ȝİ ȐȜȜĮ țĮĲȐ ĲȘ 

įȚȐȡțİȚĮ ĲȘȢ ʌȡȠıȠȝȠȓȦıȘȢ. ȉȑĲȠȚȠȚ ȤȐȡĲİȢ İȓȞĮȚ Ƞ ȤȐȡĲȘȢ ĮʌȠıĲȐıİȦȞ ȝİĲĮȟȪ ĲȦȞ 
CĮ ĮĲȩȝȦȞ (CĮ-CĮ distance map), ȩʌȠȣ ȣʌȠȜȠȖȓȗİĲĮȚ Ș ȝȑıȘ ĮʌȩıĲĮıȘ țȐșİ CĮ 

ĮĲȩȝȠȣ Įʌȩ ĲĮ ȐȜȜĮ CĮ ȐĲȠȝĮ țĮĲȐ ĲȘ įȚȐȡțİȚĮ ĲȘȢ ʌȡȠıȠȝȠȓȦıȘȢ țĮȚ Ƞ ȤȐȡĲȘȢ ĲȦȞ 
RMSD ʌȠȣ ĮȞĲȚıĲȠȚȤȠȪȞ ıİ ĮȣĲȑȢ ĲȚȢ ĮʌȠıĲȐıİȚȢ. ǲȞĮȢ ĮțȩȝȘ İȓȞĮȚ Ƞ ȤȐȡĲȘȢ ʌȠȣ 
ʌİȡȚȜĮȝȕȐȞİȚ ĲȚȢ RMS įȚĮțȣȝȐȞıİȚȢ ĲȠȣ țȐșİ frame Įʌȩ ĲĮ ȐȜȜĮ frames (frame-to-

frame rmsd), ȕȐıİȚ ĲȠȣ ȠʌȠȓȠȣ ȝʌȠȡȠȪȝİ ȞĮ İȟȐȖȠȣȝİ ıȣȝʌİȡȐıȝĮĲĮ ȖȚĮ ĲȘȞ 
țȚȞȘĲȚțȩĲȘĲĮ ĲȠȣ ȝȠȡȓȠȣ, țĮșȫȢ İʌȓıȘȢ țĮȚ ȞĮ įȚĮțȡȓȞȠȣȝİ ȝȚĮ ʌȡȫĲȘ ȠȝĮįȠʌȠȓȘıȘ 

ĲȦȞ įȠȝȫȞ.   
 ǲʌİȚĲĮ ȣʌȠȜȠȖȓȗȠȣȝİ ĲȠȞ ʌȓȞĮțĮ variance-covariance (Ichiye et al., 1991; 

Mayer et al

ȤȡȘıȚȝȠʌȠȚȠȪȝİ ȖȚĮ ĲȘ įȘȝȚȠȣȡȖȓĮ ĲȠȣ ʌȓȞĮțĮ cross-correlation ȖȚĮ ĲĮ CĮ ȐĲȠȝĮ ĲȠȣ 
ȝȠȡȓȠȣ. ȅȚ ĲȚȝȑȢ ĲȠȣ ʌȓȞĮțĮ țȣȝĮȓȞȠȞĲĮȚ Įʌȩ -1 ȑȦȢ +1. ǹȣĲȩȢ Ƞ ʌȓȞĮțĮȢ ȝʌȠȡİȓ ȞĮ 

ȝĮȢ įȫıİȚ ʌȜȘȡȠĳȠȡȓİȢ ȖȚĮ ĲȠ ʌȫȢ ıȣıȤİĲȓȗȠȞĲĮȚ ȠȚ įȚȐĳȠȡİȢ țȚȞȒıİȚȢ ʌȠȣ 
ʌȡĮȖȝĮĲȠʌȠȚİȓ țȐșİ ĲȝȒȝĮ ĲȠȣ ȝȠȡȓȠȣ, țĮșȫȢ țĮȚ ȖȚĮ ĲĮ įİȣĲİȡȠȖİȞȒ ıĲȠȚȤİȓĮ ʌȠȣ 
țȚȞȠȪȞĲĮȚ ıĮȞ ıȪȞȠȜĮ (Hünenberger et al., 1995; Ichiye et al., 1991; Lange et al., 

2005). ǵĲĮȞ ȜȠȚʌȩȞ įȪȠ ĲȝȒȝĮĲĮ țȚȞȠȪȞĲĮȚ ȝĮȗȓ ȑȤȠȣȝİ șİĲȚțȒ ıȣıȤȑĲȚıȘ țĮȚ Ș ĲȚȝȒ 

șĮ İȓȞĮȚ +1, ĮȞ țȚȞȠȪȞĲĮȚ ĮȞĲȓșİĲĮ ȑȤȠȣȝİ ĮȡȞȘĲȚțȒ ıȣıȤȑĲȚıȘ țĮȚ Ș ĲȚȝȒ șĮ İȓȞĮȚ -1, 

İȞȫ ĮȞ įİ ıȤİĲȓȗȠȞĲĮȚ țĮșȩȜȠȣ Ș ĲȚȝȒ șĮ İȓȞĮȚ 0 (Luo et al., 2002). 

 ǹțȠȜȠȣșİȓ Ș ĮȞȐȜȣıȘ ĲȦȞ țȪȡȚȦȞ ıȣȞȚıĲȦıȫȞ (principal component 

analysis), ȩʌȦȢ Ƞ ȣʌȠȜȠȖȚıȝȩȢ ĲȦȞ ȤĮȡĮțĲȘȡȚıĲȚțȫȞ ĲȚȝȫȞ (eige

ȤĮȡĮțĲȘȡȚıĲȚțȫȞ ĮȞȣıȝȐĲȦȞ (eigenvectors) (Amadei et al., 1993; Cregut et al., 

1998). ǲȞĮ ȤĮȡĮțĲȘȡȚıĲȚțȩ ȐȞȣıȝĮ İȓȞĮȚ ȑȞĮ ȝȘ ȝȘįİȞȚțȩ ȐȞȣıȝĮ ĲȠ ȠʌȠȓȠ 
ȚțĮȞȠʌȠȚİȓ ĲȘȞ İȟȓıȦıȘ:  

Ax = Ȝx 

ȩʌȠȣ ǹ İȓȞĮȚ ȑȞĮȢ įȚıįȚ
țĲȘȡȚıĲȚțȩ 
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s

 țĮĲȐ ʌȩıȠ ȠȚ įȠȝȑȢ ıȣȖțȜȓȞȠȣȞ ȝİĲĮȟȪ ĲȠȣȢ. 
ĲȠ ıȘ

İʌȚȝȑȡȠȣȢ ĮʌȜȑȢ țȚȞȒıİȚȢ, ȠȚ ȠʌȠȓİȢ ĮȞĲȚʌȡȠıȦʌİȪȠȞĲĮȚ Įʌȩ țȐșİ ȗİȪȖȠȢ 
ȤĮȡĮțĲȘȡȚıĲȚțȒȢ ĲȚȝȒȢ - ȤĮȡĮțĲȘȡȚıĲȚțȠȪ ĮȞȪıȝĮĲȠȢ. ǼʌȓıȘȢ ȝʌȠȡȠȪȝİ ȞĮ 

įȚĮʌȚıĲȫıȠȣȝİ İȐȞ Ș įȚȐȡțİȚĮ ĲȘȢ ʌȡȠıȠȝȠȓȦıȘȢ ȒĲĮȞ ĮȡțİĲȒ ȫıĲİ ȞĮ ȑȤȠȣȝİ ȑȞĮ 

ȚțĮȞȠʌȠȚȘĲȚțȩ įİȓȖȝĮ ĲȘȢ țȓȞȘıȘȢ ĲȠȣ ȝȠȡȓȠȣ. ǹȣĲȩ ȖȓȞİĲĮȚ ȝȑıȦ ĲȘȢ ʌȡȠȕȠȜȒȢ ĲȦȞ 
ĮĲȠȝȚțȫȞ įȚĮțȣȝȐȞıİȦȞ ıİ İʌȚȜİȖȝȑȞĮ ȤĮȡĮțĲȘȡȚıĲȚțȐ Į ȪıȝĮĲĮ, ȩʌȦȢ ĲĮ ĲȡȓĮ 

ʌȡȫĲĮ ĮȞȪıȝĮĲĮ ʌȠȣ ĮȞĲȚıĲȠȚȤȠȪȞ ıĲȚȢ ȕĮıȚțȑȢ țȚȞȒıİȚȢ ĲȠȣ ȝȠȡȓȠȣ. ȀĮȚ İįȫ ȕȑȕĮȚĮ 

ʌĮȡĮĲȘȡİȓĲĮȚ Ƞ ʌİȡȚȠȡȚıȝȩȢ ʌȠȣ ĮȞĮĳȑȡșȘțİ ıĲȠ țİĳȐȜĮȚȠ 2 ıȤİĲȚțȐ ȝİ ĲȘ ȤȡȠȞȚțȒ 

įȚȐȡțİȚĮ ĲȦȞ ʌȡȠıȠȝȠȚȫıİȦȞ, Ș ȠʌȠȓĮ İȓȞĮȚ ĲȘȢ ĲȐȟȘȢ ĲȦȞ nanosecond, ıİ ıȪȖțȡȚıȘ 

ȝİ ĲȘȞ țȓȞȘıȘ ĲȘȢ ʌȡȦĲİǸȞȘȢ ıİ ȝĮțȡȠȝȠȡȚĮțȩ İʌȓʌİįȠ, ʌȠȣ ȝʌȠȡİȓ ȞĮ İȓȞĮȚ Įʌȩ 
msec ȑȦȢ țĮȚ țȐʌȠȚĮ įİȣĲİȡȩȜİʌĲĮ. ȆĮȡȩȜȠ ʌȠȣ įİ ȝʌȠȡȠȪȝİ ȞĮ ʌȠȪȝİ ȝİ ıȚȖȠȣȡȚȐ 

ȩĲȚ ʌĮȡĮĲȘȡȠȪȝİ ȩȜİȢ ĲȚȢ įȣȞĮĲȑȢ įȚĮȝȠȡĳȫıİȚȢ İȞȩȢ ȝȠȡȓȠȣ, țĮĲȐ ĲȘ įȚȐȡțİȚĮ ĲȘȢ 
ĮȞĮįȓʌȜȦıȘȢ, ĲȠ įİȓȖȝĮ ȝĮȢ (sufficient sampling) İȓȞĮȚ ĮȡțİĲȐ ȚțĮȞȠʌȠȚȘĲȚțȩ. ȉȑȜȠȢ, 
İĳȩıȠȞ ʌĮȡĮĲȘȡȘșİȓ Ș ȪʌĮȡȟȘ sufficient sampling ȖȚĮ țȐʌȠȚȠ ȤĮȡĮțĲȘȡȚıĲȚțȩ 
ȐȞȣıȝĮ, µʌȠȡȠȪµİ ȞĮ įȘµȚȠȣȡȖȒıȠȣµİ ȑȞĮ ĲİȤȞȘĲȩ trajectory ĲȠ ȠʌȠȓȠ șĮ 

ĮȞĮʌĮȡȚıĲȐ ĲȘȞ țȓȞȘıȘ ʌȠȣ ĮȞĲȚıĲȠȚȤİȓ ıĲȠ ıȣȖțİțȡȚµȑȞȠ ȐȞȣıȝĮ țĮȚ ȑĲıȚ ȞĮ 

ȝİȜİĲȒıȠȣȝİ ȝȚĮ ıȣȖțİțȡȚȝȑȞȘ țȓȞȘıȘ ʌȠȣ ʌȡĮȖµĮĲȠʌȠȚİȓ ĲȠ µȩȡȚȠ. ǹțȠȜȠȪșȦȢ 
ȝİȜİĲȐȝİ ĲȘ įȚĮțȪµĮȞıȘ ĲȦȞ eigenvector  ĮȞȐ țĮĲȐȜȠȚʌȠ. Ȃİ ĮȣĲȩ ĲȠȞ ĲȡȩʌȠ 
ȕȜȑʌȠȣȝİ ʌȠȚĮ țĮĲȐȜȠȚʌĮ ıȣµµİĲȑȤȠȣȞ ʌİȡȚııȩĲİȡȠ ıİ țȐșİ ȤĮȡĮțĲȘȡȚıĲȚțȒ țȓȞȘıȘ. 

ǲʌİȚĲĮ ȝİ ĲȠȞ ȣʌȠȜȠȖȚıȝȩ ĲȘȢ ĮșȡȠȚıĲȚțȒȢ įȚĮțȪµĮȞıȘȢ, ȑıĲȦ ĲȦȞ ʌȑȞĲİ ʌȡȫĲȦȞ 
ȤĮȡĮțĲȘȡȚıĲȚțȫȞ ĮȞȣıȝȐĲȦȞ, ȕȜȑʌȠȣµİ ʌȠȚĮ țĮĲȐȜȠȚʌĮ İȝĳĮȞȓȗȠȣȞ ĲȘ µİȖĮȜȪĲİȡȘ 

įȚĮțȪµĮȞıȘ țĮĲȐ ĲȘȞ țȓȞȘıȒ ĲȠȣȢ.  
 ȂȚĮ ĮțȩȝĮ ĮȞȐȜȣıȘ ʌȠȣ ʌȡĮȖȝĮĲȠʌȠȚȒșȘțİ İȓȞĮȚ Ș ȠȝĮįȠʌȠȓȘıȘ ĲȦȞ įȠȝȫȞ 
(cluster analysis) ʌȠȣ ʌĮȡĮĲȘȡȠȪȞĲĮȚ țĮĲȐ ĲȘ įȚȐȡțİȚĮ ĲȘȢ ʌȡȠıȠȝȠȓȦıȘȢ. ȆȡȩțİȚĲĮȚ 
ȖȚĮ ȑȞĮȞ țĮȜȩ ĲȡȩʌȠ ȞĮ įȠȪȝİ İȐȞ țĮȚ
Ȉ ȝİȓȠ ĮȣĲȩ İȓȞĮȚ įȣȞĮĲȒ Ș țĮĲĮıțİȣȒ İȞȩȢ įİȞįȡȠȖȡȐȝȝĮĲȠȢ, ĮȞȐȜȠȖȠȣ ȝİ ĲĮ 

ĳȣȜȠȖİȞİĲȚțȐ įȑȞįȡĮ, ȝİ ĲȠȞ ʌȓȞĮțĮ ĲȦȞ RMSD ȞĮ ĮʌȠĲİȜİȓ ĲȠȞ ʌȓȞĮțĮ ĲȦȞ 
ĮʌȠıĲȐıİȦȞ. ȅ ĮȡȚșȝȩȢ ĲȦȞ ȠȝȐįȦȞ / clusters ʌȠȣ șĮ ʌȡȠțȪȥİȚ İȓȞĮȚ İȞįİȚțĲȚțȩȢ 
ĲȦȞ ȕĮıȚțȫȞ įȠȝȫȞ Įʌȩ ĲȚȢ ȠʌȠȓİȢ șĮ “ʌİȡȐıİȚ” ĲȠ ȝȩȡȚȠ. Ǽįȫ ȝʌȠȡȠȪȝİ ĮțȩȝĮ ȞĮ 

ȣʌȠȜȠȖȓıȠȣȝİ ıĲĮĲȚıĲȚțȐ ĲȠ ʌȠıȠıĲȩ ĲȦȞ įȠȝȫȞ ʌȠȣ ʌİȡȚȑȤȠȞĲĮȚ ıĲȠ cluster, ȖȚĮ ȞĮ 

ȑȤȠȣȝİ ȝȚĮ İȚțȩȞĮ ĲȠȣ ʌȩıȠ ȝȑȞİȚ ĲȠ ȝȩȡȚȠ ıİ ȝȚĮ ıȣȖțİțȡȚȝȑȞȘ įȚĮȝȩȡĳȦıȘ. ȅȚ 
ȣʌȠȜȠȖȚıȝȠȓ ĮȣĲȠȓ ȖȓȞȠȞĲĮȚ ȝİ ĲȠ ʌȡȩȖȡĮȝȝĮ R (R Development Core Team, 2004).    

 ǼțĲȩȢ Įʌȩ ĲȘ įȠȝȒ ĲȘȢ Ala2Ile2-6 ʌȠȣ İȓȞĮȚ ȒįȘ ȖȞȦıĲȒ țĮȚ įȚĮșȑıȚȝȘ ıĲȘȞ 
ȕȐıȘ įİįȠȝȑȞȦȞ ĲȘȢ PDB, ȖȚĮ ĲȘȞ ȠʌȠȓĮ ȑȤİȚ ȖȓȞİȚ İțĲİȞȒȢ ȝİȜȑĲȘ ĲȩıȠ įȠȝȚțȐ ȩıȠ 
țĮȚ șİȡȝȠįȣȞĮȝȚțȐ (Willis et al., 2000), șĮ ĮȞĮȜȪıȠȣȝİ, ȩʌȦȢ İȓįĮȝİ țĮȚ ıĲȠ 
ʌȡȠȘȖȠȪȝİȞȠ țİĳȐȜĮȚȠ țĮȚ ĲĮ ĮʌȠĲİȜȑıȝĮĲĮ Įʌȩ ĲȘȞ ʌȡȠıȠȝȠȓȦıȘ ĲȘȢ Ala2Ile2-6 ȝİ 
ĲȘȞ ĲȠʌȠȜȠȖȓĮ ĲȘȢ ĳȣıȚțȒȢ Rop. ǲĲıȚ șĮ ȝʌȠȡȑıȠȣȝİ ȞĮ įȠȪȝİ țĮĲȐ ʌȩıȠ ȠȚ įȠȝȑȢ 
ĮȣĲȑȢ İȓȞĮȚ ĮȡțİĲȐ ıĲĮșİȡȑȢ, țĮșȫȢ țĮȚ ȞĮ ʌȡȠıʌĮșȒıȠȣȝİ ȞĮ țĮĲĮȞȠȒıȠȣȝİ ȖȚĮĲȓ 
ʌȡȠĲȚȝȐĲĮȚ Ș ȝȚĮ įȚĮȝȩȡĳȦıȘ İȚȢ ȕȐȡȠȢ ĲȘȢ ȐȜȜȘȢ țȐĲȦ Įʌȩ įİįȠȝȑȞİȢ ıȣȞșȒțİȢ.  
 



4.1 ǹȞȐȜȣıȘ ʌȡȠıȠȝȠȓȦıȘȢ įȚȝİȡȠȪȢ ĲȘȢ Ala2Ile2-6 ȝİ 
ĲȠʌȠȜȠȖȓĮ syn  
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Ț ȠȜȠțȜȘȡȦșİȓ țĮȚ ĮȣĲȩ ʌȠȣ ʌȡȑʌİȚ ȞĮ țȐȞȠȣȝİ ĮȡȤȚțȐ 

ȓȞĮȚ ȞĮ ȝİȜİĲȒıȠȣȝİ ĲȘȞ țȓȞȘıȘ ĲȠȣ ıȣıĲȒȝĮĲȠȢ. 

 

ǼȚțȩ ȩ ĲȘȞ ʌȡȠıȠȝȠȓȦıȘ ĲȘȢ Ala2Ile2-6 ȝİ syn ĲȠʌȠȜȠȖȓĮ (1 ıĲȚȖȝȚȩĲȣʌȠ /1500 

fra ʌȠȣȝİ ĲĮ țĮĲȐȜȠȚʌĮ 2-55 ĲȘȢ ȑȜȚțĮȢ ǹ, ȝİ ȡȠȗ ĲĮ țĮĲȐȜȠȚʌĮ 3-56 ĲȘȢ 
ȑȜȚțĮȢ Ǻ, İȞȫ ȝİ ȝʌȜİ țĮȚ ȝȠȕ ȕȜȑʌȠȣȝİ ĲĮ țĮĲȐȜȠȚʌĮ 1 țĮȚ 56-60 ĲȘȢ ǹ țĮȚ 2 țĮȚ 57 ĲȘȢ Ǻ ĮȜȣıȓįĮȢ 
ȞĲȓıĲȠȚȤĮ. ȆĮȡĮĲȘȡȠȪȝİ İʌȓıȘȢ țĮȚ ĲȠ țĮĲȐȜȠȚʌȠ Phe ıĲȘ șȑıȘ 56 ĲȘȢ ĮȜȣıȓįĮȢ ǹ ĲȠ ȠʌȠȓȠ ĮʌȠĲİȜİȓ 

 

 

Ǿ ʌȡȠıȠȝȠȓȦıȘ ȑȤİ
İ

 

ȞĮ 4-1: 18 ıĲȚȖȝȚȩĲȣʌĮ Įʌ
mes). Ȃİ țȣĮȞȩ ȤȡȫȝĮ ȕȜȑ

Į
ĲȝȒȝĮ ĲȘȢ ȣʌİȡțȚȞȘĲȚțȒȢ ȠȣȡȐȢ, ȠʌȩĲİ įİ ıȣȝȝİĲȑȤİȚ ıĲȠ ıȤȘȝĮĲȚıȝȩ ĲȠȣ 8Ƞȣ țĮȚ ĲİȜİȣĲĮȓȠȣ layer ĲȘȢ 
Ala2Ile2-6 ȝİ syn ĲȠʌȠȜȠȖȓĮ.    
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ȝȠȞȠȝİ

 

Ȃİ ĲȘ ȕȠȒșİȚĮ ĲȠȣ ʌȡȠȖȡȐȝȝĮĲȠȢ VMD (Humphrey et al., 1996) İȜȑȖȤȠȣȝİ 
ĲȘȞ ĲȡȠȤȚȐ (trajectory) ʌȠȣ ĮțȠȜȠȪșȘıİ ĲȠ ıȪıĲȘȝĮ țĮș’ ȩȜȘ ĲȘ įȚȐȡțİȚĮ ĲȘȢ 
ʌȡȠıȠȝȠȓȦıȘȢ. ȆĮȡĮțȠȜȠȣșȫȞĲĮȢ ĲȠ trajectory ʌĮȡĮĲȘȡȠȪȝİ ʌȦȢ ȠȚ “ȠȣȡȑȢ” ĲȦȞ 
įȣȠ ȡȫȞ, ıȣȖțİțȡȚȝȑȞĮ ĲĮ țĮĲȐȜȠȚʌĮ 1 țĮȚ 56-60 ĲȠȣ ȝȠȞȠȝİȡȠȪȢ ǹ, țĮșȫȢ 
țĮȚ ĲĮ 2 țĮȚ 57 ĲȠȣ ȝȠȞȠȝİȡȠȪȢ Ǻ, țȚȞȠȪȞĲĮȚ ĮțĮȞȩȞȚıĲĮ ıİ ıȤȑıȘ ȝİ ĲȠ ȣʌȩȜȠȚʌȠ 
ıȪıĲȘȝĮ (ǼȚțȩȞĮ 4-1).  

ȆȚȠ ıȣȖțİțȡȚȝȑȞĮ, ĳĮȓȞİĲĮȚ ʌȦȢ ȠȚ “ȠȣȡȑȢ” ĮȣĲȑȢ țȚȞȠȪȞĲĮȚ ʌȠȜȪ ȖȡȒȖȠȡĮ 

țĮȚ Ș ȑȜȚțĮ ıİ İțİȓȞĮ ĲĮ ıȘȝİȓĮ ȑȤİȚ ĮȡȤȓıİȚ ȞĮ ĮʌȠįȚĮĲȐııİĲĮȚ. ȉȠ ȖİȖȠȞȩȢ ĮȣĲȩ 
ȑȡȤİĲĮȚ ıİ ȝİȡȚțȒ ıȣȝĳȦȞȓĮ ȝİ ȝȚĮ Įʌȩ ĲȚȢ țȡȣıĲĮȜȜȚțȑȢ įȠȝȑȢ ĲȘȢ ǹla2ǿle2-6 ʌȠȣ 
ȤȡȘıȚȝȠʌȠȚȒıĮȝİ ȖȚĮ ĲȘȞ țĮĲĮıțİȣȒ ĲȠȣ ıȣıĲȒȝĮĲȠȢ, ĲȘȞ 1F4M, Įʌȩ ĲȘȞ ǹ ȑȜȚțĮ 

ĲȘȢ ȠʌȠȓĮȢ ĮʌȠȣıȚȐȗȠȣȞ ĲĮ ĲȑııİȡĮ ĲİȜİȣĲĮȓĮ țĮĲȐȜȠȚʌĮ. ǹȞĲȚıĲȠȓȤȦȢ ʌĮȡĮĲȘȡȠȪȝİ 
ĲȘȞ ȣʌİȡțȚȞȘĲȚțȩĲȘĲĮ ĲȠȣ ʌȡȫĲȠȣ (2) țĮȚ ĲȠȣ ĲİȜİȣĲĮȓȠȣ (57) țĮĲĮȜȠȓʌȠȣ Įʌȩ ĲȘȞ 
ĮȜȣıȓįĮ Ǻ, ıİ ıȤȑıȘ ȝİ ĲȘȞ ĮȜȣıȓįĮ Ǻ ĲȘȢ țȡȣıĲĮȜȜȚțȒȢ įȠȝȒȢ 1F4N, Įʌȩ ĲȘȞ 
ȠʌȠȓĮ ĲĮ țĮĲȐȜȠȚʌĮ ĮȣĲȐ ĮʌȠȣıȚȐȗȠȣȞ. ǼʌȓıȘȢ ȕȜȑʌȠȣȝİ ʌȦȢ ĲȠ țĮĲȐȜȠȚʌȠ Phe ıĲȘ 

șȑıȘ 56, ȜȩȖȦ ĲȘȢ ȪʌĮȡȟȒȢ ĲȠȣ İȞĲȩȢ ĲȘȢ ȣʌİȡțȚȞȘĲȚțȒȢ “ȠȣȡȐȢ”, ĮįȣȞĮĲİȓ ȞĮ 

ıȣȝȝİĲȐıȤİȚ ıĲȠ ıȤȘȝĮĲȚıȝȩ ĲȠȣ 8Ƞȣ țĮȚ ĲİȜİȣĲĮȓȠȣ ıĲȡȫȝĮĲȠȢ ĲȠȣ ȣįȡȩĳȠȕȠȣ 
ʌȣȡȒȞĮ ĲȠȣ ıȣıĲȒȝĮĲȠȢ. ȈĲȘ ıȣȞȑȤİȚĮ șĮ ȝİȜİĲȒıȠȣȝİ țĮĲȐ ʌȩıȠ Ș 

ȣʌİȡțȚȞȘĲȚțȩĲȘĲĮ ĮȣĲȒ ĲȦȞ “ȠȣȡȫȞ” İʌȘȡİȐȗİȚ ĲĮ įİįȠȝȑȞĮ ĲȘȢ ʌȡȠıȠȝȠȓȦıȘȢ, 
țĮșȫȢ țĮȚ ĲȘ ıĲĮșİȡȩĲȘĲĮ ĲȠȣ ıȣıĲȒȝĮĲȠȢ. Ȃİ ȝȚĮ ʌȡȫĲȘ ȝĮĲȚȐ ĲȠ trajectory 

ĳĮȓȞİĲĮȚ ĳȣıȚȠȜȠȖȚțȩ. ȆĮȡȩȜĮ ĮȣĲȐ ʌĮȡĮĲȘȡȫȞĲĮȢ ĲȠ ʌȚȠ ʌȡȠıİțĲȚțȐ, İȓįĮȝİ țȐĲȚ 
ĮıȣȞȒșȚıĲȠ. ǼʌȡȩțİȚĲȠ ȖȚĮ ĲȠ ıȤȘȝĮĲȚıȝȩ ȝȚĮȢ ȖȑĳȣȡĮȢ ȐȜĮĲȠȢ, țȠȞĲȐ ıĲĮ C-ĲİȜȚțȐ 

ȐțȡĮ ĲȦȞ ĮȜȣıȓįȦȞ ǹ țĮȚ Ǻ ĲȘȢ ǹla2ǿle2-6 ȝİ syn ĲȠʌȠȜȠȖȓĮ, Ș ȠʌȠȓĮ ıȤȘȝĮĲȓıĲȘțİ 
ȝİĲĮȟȪ ĲȘȢ COO- ĲİȜȚțȒȢ ȠȝȐįĮȢ ĲȠȣ țĮĲĮȜȠȓʌȠȣ Gly ıĲȘ șȑıȘ 60 ĲȘȢ ĮȜȣıȓįĮȢ ǹ 

țĮȚ ĲȠȣ țĮĲĮȜȠȓʌȠȣ Arg ıĲȘ șȑıȘ 55 ĲȘȢ ĮȜȣıȓįĮȢ Ǻ (ǼȚțȩȞĮ 4-2, 4-3).  

ǹȣĲȒ Ș ȖȑĳȣȡĮ ȐȜĮĲȠȢ, ȣʌȩ ĳȣıȚȠȜȠȖȚțȑȢ ıȣȞșȒțİȢ, įİȞ ȣʌȐȡȤİȚ ıĲȘ įȠȝȒ. ȅ 

ıȤȘȝĮĲȚıȝȩȢ ĲȘȢ ȕĮıȓȗİĲĮȚ ıĲȠ ȖİȖȠȞȩȢ ȩĲȚ Ș COO- ȠȝȐįĮ ĲȘȢ Gly 60 įİȞ ȣʌȐȡȤİȚ 
ĳȣıȚȠȜȠȖȚțȐ ıĲȘ įȠȝȒ ĲȘȢ ĮȜȣıȓįĮȢ ǹ ĲȘȢ ǹla2ǿle2-6, Ș ȠʌȠȓĮ ĮʌȠĲİȜİȓĲĮȚ Įʌȩ 63 

țĮĲȐȜȠȚʌĮ, ĮȜȜȐ ʌȡȠıĲȑșȘțİ țĮĲȐ ĲȘ įȚȐȡțİȚĮ İʌİȟİȡȖĮıȓĮȢ ĲȘȢ įȠȝȒȢ, ȩʌȦȢ 
ĮȞĮĳȑȡșȘțİ ıĲȠ ʌȡȠȘȖȠȪȝİȞȠ țİĳȐȜĮȚȠ. Ǿ ȖȑĳȣȡĮ ȐȜĮĲȠȢ ĳĮȓȞİĲĮȚ ȞĮ ıȣȖțȡĮĲİȓ 
ĲȘȞ “ȠȣȡȐ”, ʌȠȣ ĮʌȠĲİȜİȓĲĮȚ Įʌȩ ĲĮ țĮĲȐȜȠȚʌĮ 56-60 ĲȘȢ ĮȜȣıȓįĮȢ ǹ, țȠȞĲȐ ıĲȘȞ 
ĮȜȣıȓįĮ Ǻ. ȈĲȘ ıȣȞȑȤİȚĮ ȩȝȦȢ, ȜȩȖȦ ĲȘȢ ȣʌİȡțȚȞȘĲȚțȩĲȘĲĮȢ ĲȘȢ “ȠȣȡȐȢ”, Ș ȖȑĳȣȡĮ 

“ıʌȐİȚ”, ȠʌȩĲİ įİȞ įȘȝȚȠȣȡȖİȓ ʌȡȩȕȜȘȝĮ ıĲȘȞ țȓȞȘıȘ ĲȠȣ ıȣıĲȒȝĮĲȠȢ.  
ǹĳȠȪ ȠȜȠțȜȘȡȫșȘțİ Ș ȝİȜȑĲȘ ĲȘȢ țȓȞȘıȘȢ ĲȠȣ ıȣıĲȒȝĮĲȠȢ, ıİȚȡȐ ȑȤİȚ Ș 

ĮȞȐȜȣıȘ ĲȦȞ įİįȠȝȑȞȦȞ ĲȘȢ ʌȡȠıȠȝȠȓȦıȘȢ. īȚĮ ĲȠ ȜȩȖȠ ĮȣĲȩ șĮ ȤȡȘıȚȝȠʌȠȚȒıȠȣȝİ 
țȣȡȓȦȢ ʌİȡȚȜĮȝȕȐȞİȚįȣȠ ĮȡȤİȓĮ, ĲĮ protein.dcd țĮȚ protein.psf. ȉȠ ĮȡȤİȓȠ protein.psf  

ʌȜȘȡȠĳȠȡȓİȢ ȖȚĮ ĲĮ ȐĲȠȝĮ, ĲĮ țĮĲȐȜȠȚʌĮ, ĲȠ įȚĮțȡȚĲȚțȩ ĲȦȞ ĮȜȣıȓįȦȞ (segment 

name) ĲȘȢ ʌȡȦĲİǸȞȘȢ (ĲĮ ȞİȡȐ ĲȠȣ ıȣıĲȒȝĮĲȠȢ ȑȤȠȣȞ ĮĳĮȚȡİșİȓ), ȩȝȦȢ ȩȤȚ ȖȚĮ ĲȚȢ 
ıȣȞĲİĲĮȖȝȑȞİȢ ĲȠȣ ıȣıĲȒȝĮĲȠȢ, ȖȚ’ ĮȣĲȩ ȤȡȘıȚȝȠʌȠȚİȓĲĮȚ ıİ ıȣȞįȣĮıȝȩ ȝİ ĲȠ ĮȡȤİȓȠ 
protein.dcd.  
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ǼȚțȩȞĮ 4-2: ȈȤȘȝĮĲȚțȩ ıĲİȡİȠįȚȐȖȡĮȝȝĮ ĲȘȢ įȠȝȒȢ 
țĮȚ ĲȠʌȠȜȠȖȓĮȢ ĲȠȣ įȚȝİȡȠȪȢ ĲȘȢ Ala2Ile2-6. Ȃİ ȡȠȗ 

ȡȓȞȠȣȝİ ĲȘȞ ĮȜȣıȓįĮ ǹ, İȞȫ ȝİ ȝȠȕ ĲȘȞ ĮȜȣıȓįĮ 

Ȟ țĮȡȕȠȟȣ-ĲİȜȚțȫȞ ȐțȡȦȞ ĲȦȞ ĮȜȣıȓįȦȞ ǹ 

 ȡȠȗ) țĮȚ Ǻ (ȝİ ȝȠȕ) ĲȠȣ įȚȝİȡȠȪȢ ĲȘȢ 
la Ile -6. ȂʌȠȡȠȪȝİ ȞĮ įȚĮțȡȓȞȠȣȝİ ĲȠ 

įȚĮț
Ǻ. ȀȠȞĲȐ ıĲĮ țĮȡȕȠȟȣ-ĲİȜȚțȐ ĲȠȣȢ ȐțȡĮ 

ʌĮȡĮĲȘȡȠȪȝİ ĲȠ ıȤȘȝĮĲȚıȝȩ ȝȚĮȢ ȖȑĳȣȡĮȢ ȐȜĮĲȠȢ.  

 

 

 

 

 

 
 

ǼȚțȩȞĮ 4-3: ȈȤȘȝĮĲȚțȩ ıĲİȡİȠįȚȐȖȡĮȝȝĮ 

ĲȦ
(ȝİ
A 2 2

țĮĲȐȜȠȚʌȠ Arg ıĲȘ șȑıȘ 55 ĲȘȢ ĮȜȣıȓįĮȢ Ǻ 

țĮȚ ĲȘȞ COO- ȠȝȐįĮ ıĲȠ ȐțȡȠ ĲȘȢ ĮȜȣıȓįĮȢ 
ǹ. Ȃİ įȚȐıĲȚțĲİȢ ȖȡĮȝȝȑȢ įȚĮțȡȓȞȠȣȝİ ĲȘ 
ȖȑĳȣȡĮ ȐȜĮĲȠȢ.        
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.1.1 RMSD (ĲȣʌȚțȒ ĮʌȩțȜȚıȘ) Įʌȩ ĲȘȞ ĮȡȤȚțȒ įȠȝȒ 

ȈĲȠ ıȘȝİȓȠ ĮȣĲȩ șĮ ȝİȜİĲȒıȠȣȝİ ĲȘȞ ĲȣʌȚțȒ ĮʌȩțȜȚıȘ ĲȠȣ ıȣıĲȒȝĮĲȠȢ Įʌȩ 
ȘȞ ĮȡȤȚțȒ ĲȠȣ įȠȝȒ, țĮĲȐ ʌȩıȠ įȘȜĮįȒ ʌĮȡİțțȜȓȞİȚ Ș įȠȝȒ Įʌȩ ĲȘȞ ĮȡȤȒ ĲȠȣ 

trajecto

ȕȜȑʌȠȣȝİ ȝȚĮ 

ȚțȩȞĮ 4- ȝȑĲȡȘıȘ 
ȣȝʌİȡȚȜĮȝȕȐȞȠȞĲĮȚ ȩȜĮ ĲĮ ȐĲȠȝĮ ĲȠȣ ıȣıĲȒȝĮĲȠȢ. ȂʌȠȡȠȪȝİ ȞĮ ʌĮȡĮĲȘȡȒıȠȣȝİ ĲȘȞ İȝĳĮȞȒ ĮȪȟȘıȘ 

4
 

 

Ĳ
ry ȝȑȤȡȚ ĲȠ ĲȑȜȠȢ ĲȠȣ, ıİ ıȣȞȐȡĲȘıȘ ȝİ ĲȠ ȤȡȩȞȠ. ȁȩȖȦ ĲȘȢ ȪʌĮȡȟȘȢ ĲȦȞ 

ȣʌİȡțȚȞȘĲȚțȫȞ “ȠȣȡȫȞ”, ȩʌȦȢ İȓįĮȝİ ʌȡȠȘȖȠȣȝȑȞȦȢ, ȣʌȠșȑĲȠȣȝİ ʌȦȢ șĮ ȣʌȐȡȤİȚ 
țȐʌȠȚĮ İȝĳĮȞȒȢ ĮȪȟȘıȘ ĲȘȢ ĲȣʌȚțȒȢ ĮʌȩțȜȚıȘȢ Įʌȩ ĲȘȞ ĮȡȤȚțȒ įȠȝȒ.  

ȋȡȘıȚȝȠʌȠȚȫȞĲĮȢ, ȜȠȚʌȩȞ, ĲĮ ʌȡȠȖȡȐȝȝĮĲĮ X-plor (Brünger, 1992) țĮȚ Xmgr 

(Turner, P.J., 1991-1995), ʌȒȡĮȝİ ĲȘȞ ǼȚțȩȞĮ 4-4, ıĲȘȞ ȠʌȠȓĮ 

țĮȝʌȪȜȘ Ș ȠʌȠȓĮ ĮʌİȚțȠȞȓȗİȚ ĲȘȞ ĲȣʌȚțȒ ĮʌȩțȜȚıȘ (Å), ıȣȞĮȡĲȒıİȚ ĲȠȣ ȤȡȩȞȠȣ (ns). 

Ǿ ȝȑĲȡȘıȘ ȑȤİȚ ȖȓȞİȚ ȝİ ȕȐıȘ ȩȜĮ ĲĮ ȐĲȠȝĮ ĲȠȣ ıȣıĲȒȝĮĲȠȢ ǹla2ǿle2-6 (İȟĮȚȡȠȪȞĲĮȚ 
ĲĮ ȐĲȠȝĮ ĲȠȣ ȞİȡȠȪ, ĲĮ ȠʌȠȓĮ ȑȤȠȣȞ ĮĳĮȚȡİșİȓ, ȠʌȩĲİ įİȞ șĮ ıȣȝʌİȡȚȜȘĳșȠȪȞ ıİ 
țĮȝȓĮ Įʌȩ ĲȚȢ ȝİĲȡȒıİȚȢ), țĮȚ ȦȢ ȝȑĲȡȠ ıȪȖțȡȚıȘȢ ȤȡȘıȚȝȠʌȠȚİȓĲĮȚ Ș ĮȡȤȚțȒ įȠȝȒ. 

ȈĲȘȞ ǼȚțȩȞĮ 4-4 ʌĮȡĮĲȘȡȠȪȝİ ȝȚĮ ĮȡțİĲȐ ȝİȖȐȜȘ ĮȪȟȘıȘ ĲȘȢ ĲȣʌȚțȒȢ ĮʌȩțȜȚıȘȢ 
Įʌȩ 0,8Å ȝȑȤȡȚ ĲĮ 3Å ʌİȡȓʌȠȣ, ȖȚĮ ȝȚĮ ȤȡȠȞȚțȒ ʌİȡȓȠįȠ ĲȘȢ ĲȐȟİȦȢ ĲȦȞ 9ns ʌİȡȓʌȠȣ, 
Įʌȩ ĲȘȞ ĮȡȤȒ ĲȠȣ trajectory. ȈĲĮ İʌȩȝİȞĮ 1.5ns ĳĮȓȞİĲĮȚ ʌȦȢ İȜĮĲĲȫȞİĲĮȚ ĮȣĲȒ Ș 

įȚĮĳȠȡȐ ĲȘȢ ĲȣʌȚțȒȢ ĮʌȩțȜȚıȘȢ, țĮĲȐ 0.8Å ʌİȡȓʌȠȣ (Įʌȩ 3Å ʌȑĳĲİȚ ıĲĮ 2,4Å 

ʌİȡȓʌȠȣ). ǼȞȚıȤȪİĲĮȚ ıȣȞİʌȫȢ, Ș ĮȡȤȚțȒ ȝĮȢ ȣʌȩșİıȘ ʌȦȢ Ș ȣʌİȡțȚȞȘĲȚțȩĲȘĲĮ ĲȦȞ 
“ȠȣȡȫȞ” İʌȘȡİȐȗİȚ ĲȘȞ ĲȣʌȚțȒ ĮʌȩțȜȚıȘ ĲȠȣ ıȣıĲȒȝĮĲȠȢ.   
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ǽ 4: ȀĮȝʌȪȜȘ ĲȣʌȚțȒȢ ĮʌȩțȜȚıȘȢ RMSD (Å) ıȣȞĮȡĲȒıİȚ ĲȠȣ ȤȡȩȞȠȣ (ns). ȈĲȘ 
ı
ĲȘȢ ĲȣʌȚțȒȢ ĮʌȩțȜȚıȘȢ ȩıȠ țĮĲİȣșȣȞȩȝĮıĲİ ʌȡȠȢ ĲȠ ĲȑȜȠȢ ĲȠȣ trajectory.    
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ȉȠ ĮʌȠĲȑȜİıȝĮ ĮȣĲȩ ȝĮȢ ȫșȘıİ ȞĮ ȝİȜİĲȒıȠȣȝİ İțĲİȞȑıĲİȡĮ ĲȘȞ ĲȣʌȚțȒ 

ĮʌȩțȜȚ

 ıȘȝİȚȫıȠȣȝİ ʌȦȢ, İȞȫ İȓȞĮȚ İȝĳĮȞȒȢ țĮȚ ıİ ĮȣĲȒ ĲȘȞ İȚțȩȞĮ Ș 

ĮȪȟȘıȘ

  

ȚțȩȞĮ 4-  ȝȑĲȡȘıȘ 

ȈȣȞİʌȫȢ, ʌȡȑʌİȚ ȞĮ ıȣȞİȤȓıȠȣȝİ ȞĮ ȝİȜİĲȐȝİ ĲȠ ıȪıĲȘȝĮ ȝȑȤȡȚ ȞĮ ȕȡȠȪȝİ ĲȚ 
İȓȞĮȚ Į

ȠȪȝİ ȞĮ įȠȪȝİ ĲȘȞ ĲȣʌȚțȒ ĮʌȩțȜȚıȘ ȖȚĮ ȩȜĮ ĲĮ ȐĲȠȝĮ 

ȣ ȝȠ

ıȘ ĲȠȣ ıȣıĲȒȝĮĲȠȢ, ĮȣĲȒ ĲȘ ĳȠȡȐ ȩȝȦȢ Ș ȝȑĲȡȘıȘ ȑȖȚȞİ ȕȐıİȚ ĲȦȞ ĮĲȩȝȦȞ 
CĮ țĮȚ ȩȤȚ ȩȜȦȞ ĲȦȞ ĮĲȩȝȦȞ ĲȠȣ ıȣıĲȒȝĮĲȠȢ. ȈĲȘȞ ǼȚțȩȞĮ 4-5 ȕȜȑʌȠȣȝİ ĲĮ 

ĮʌȠĲİȜȑıȝĮĲĮ.  
 

ȆȡȑʌİȚ ȞĮ
 ĲȘȢ ĲȣʌȚțȒȢ ĮʌȩțȜȚıȘȢ Įʌȩ 0,5Å ȑȦȢ 3Å ʌİȡȓʌȠȣ ıĲĮ 9,5 ʌȡȫĲĮ ns (ȝİ 

ȝİȖĮȜȪĲİȡȘ ĲȚȝȒ ĲĮ 3,1Å ıĲĮ 9ns) țĮȚ Ș İȜȐĲĲȦıȘ Įʌȩ 3Å ıİ 1,7Å ıĲȠ ĲİȜİȣĲĮȓȠ 1ns 

ĲȘȢ ʌȡȠıȠȝȠȓȦıȘȢ, įİȞ İȟȐȖȠȣȝİ țĮȞȑȞĮ įȚĮĳȠȡİĲȚțȩ ıȣȝʌȑȡĮıȝĮ. 

 

 

  

 

 

 

 

 

 

 

 

 
Ǽ 5: ȀĮȝʌȪȜȘ ĲȣʌȚțȒȢ ĮʌȩțȜȚıȘȢ RMSD (Å) ıȣȞĮȡĲȒıİȚ ĲȠȣ ȤȡȩȞȠȣ (ns). ȈĲȘ
ıȣȝʌİȡȚȜĮȝȕȐȞȠȞĲĮȚ ȝȩȞȠ ĲĮ CĮ ȐĲȠȝĮ ĲȠȣ įȚȝİȡȠȪȢ ıȣıĲȒȝĮĲȠȢ. ȂʌȠȡȠȪȝİ ȞĮ ʌĮȡĮĲȘȡȒıȠȣȝİ ĲȘȞ 
ĮȪȟȘıȘ ĲȘȢ ĲȣʌȚțȒȢ ĮʌȩțȜȚıȘȢ, țĮșȫȢ țĮȚ ĲȘȞ ıȤİĲȚțȐ ĮʌȩĲȠȝȘ İȜȐĲĲȦıȒ ĲȘȢ ʌȡȠȢ ĲȠ ĲȑȜȠȢ ĲȠȣ 
trajectory.    

 

ȣĲȩ ʌȠȣ İʌȘȡİȐȗİȚ ĲȩıȠ ʌȠȜȪ ĲȘȞ ĲȣʌȚțȒ ĮʌȩțȜȚıȘ. ǹȣĲȒ ĲȘ ĳȠȡȐ șĮ 

İȟİĲȐıȠȣȝİ ĲȘȞ ĲȣʌȚțȒ ĮʌȩțȜȚıȘ ȖȚĮ țĮșȑȞĮ Įʌȩ ĲĮ ȝȠȞȠȝİȡȒ ĲȠȣ ıȣıĲȒȝĮĲȠȢ 
(ĮȜȣıȓįİȢ ǹ țĮȚ Ǻ) ȤȦȡȚıĲȐ. 

  ȈĲȘȞ ǼȚțȩȞĮ 4-6 ȝʌȠȡ
ĲȠ ȞȠȝİȡȠȪȢ ǹ. Ǿ țĮȝʌȪȜȘ İȓȞĮȚ ıİ ȖİȞȚțȑȢ ȖȡĮȝȝȑȢ ʌĮȡȩȝȠȚĮ ȝİ İțİȓȞȘ ĲȠȣ 
įȚȝİȡȠȪȢ. Ǿ ĮȣȟȠȝİȚȫıİȚȢ ĲȘȢ ĲȣʌȚțȒȢ ĮʌȩțȜȚıȘȢ İȓȞĮȚ İȝĳĮȞİȓȢ țĮȚ ȝʌȠȡȠȪȝİ ȞĮ 

ıȘȝİȚȫıȠȣȝİ ʌȦȢ İȓȞĮȚ įȣȞĮĲȩ, ĮȞȐȝİıĮ ıİ įȣȠ ıĲȚȖȝȚȩĲȣʌĮ ĲȘȢ ʌȡȠıȠȝȠȓȦıȘȢ, ȠȚ 
ĲȚȝȑȢ ĲȠȣ RMSD ȞĮ ȑȤȠȣȞ ȝİȖȐȜȘ įȚĮĳȠȡȐ. ȈȣȞİʌȫȢ ıİ țĮȝȓĮ ʌİȡȓʌĲȦıȘ ĮȣĲȩ ʌȠȣ 
ʌĮȡĮĲȘȡȠȪȝİ ıĲȘȞ ǼȚțȩȞĮ 4-6 įİȞ İȓȞĮȚ ȝȚĮ ĳȣıȚȠȜȠȖȚțȒ İȚțȩȞĮ ĲȘȢ ĲȣʌȚțȒȢ 
ĮʌȩțȜȚıȘȢ ĲȠȣ ȝȠȞȠȝİȡȠȪȢ (ȩʌȦȢ ıȣȞȑȕĮȚȞİ ȐȜȜȦıĲİ țĮȚ ʌȚȠ ʌȐȞȦ ȝİ ȠȜȩțȜȘȡȠ ĲȠ 
įȚȝİȡȑȢ). ȉȠ ȖİȖȠȞȩȢ ĮȣĲȩ ȕȑȕĮȚĮ, ȑȡȤİĲĮȚ ıİ ıȣȝĳȦȞȓĮ ȝİ ĲȘȞ ȣʌȩșİıȘ ĲȦȞ 
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ǼȚțȩȞĮ  ȝȑĲȡȘıȘ 
ıȣȝʌİȡȚȜĮȝȕȐȞȠȞĲĮȚ ȩȜĮ ĲĮ ȐĲȠȝĮ ĲȠȣ ȝȠȞȠȝİȡȠȪȢ ǹ ĲȠȣ ıȣıĲȒȝĮĲȠȢ. ȂʌȠȡȠȪȝİ ȞĮ įȚĮțȡȓȞȠȣȝİ 

ȜȠȢ 
ȣ trajectory.    

 

ʌȚțȒȢ ĮʌȩțȜȚıȘȢ ĲȩıȠ ıİ ıȤȑıȘ ȝİ ĲȠ ȝȠȞȠȝİȡȑȢ ǹ, ȩıȠ țĮȚ ȝİ ȩȜȠ ĲȠ įȚȝİȡȑȢ.  

ȉȠ İȡȫĲȘȝĮ ĲȫȡĮ İȓȞĮȚ ĮȞ ȚıȤȪİȚ țȐĲȚ ĮȞȐȜȠȖȠ țĮȚ ȖȚĮ ĲȘȞ ĲȣʌȚțȒ ĮʌȩțȜȚıȘ 

ĲȘȢ ĮȜȣıȓįĮȢ Ǻ. ȈĲȘȞ ǼȚțȩȞĮ 4-7 ȕȜȑʌȠȣȝİ ʌȦȢ Ș ĲȣʌȚțȒ ĮʌȩțȜȚıȘ ȖȚĮ ȩȜĮ ĲĮ ȐĲȠȝĮ 

ȣʌİȡțȚȞȘĲȚțȫȞ “ȠȣȡȫȞ”, įİįȠȝȑȞȠȣ ȩĲȚ Ș ȝİȖĮȜȪĲİȡȘ “ȠȣȡȐ” ĮȞĲȚıĲȠȚȤİȓ ıĲȠ 
țĮȡȕȠȟȣ-ĲİȜȚțȩ ȐțȡȠ ĲȘȢ ĮȜȣıȓįĮȢ ǹ, ıĲȘȞ ȠʌȠȓĮ ĮȞȒțȠȣȞ ĲĮ țĮĲȐȜȠȚʌĮ 56-60.   

ĮȪȟȘıȘ ĲȘȢ ĲȣʌȚțȒȢ ĮʌȩțȜȚıȘȢ ȝȑȤȡȚ ĲȠ 9Ƞ ns ʌİȡȓʌȠȣ ĲȘȢ ʌȡȠıȠȝȠȓȦıȘȢ țĮȚ İȜȐĲĲȦıȒ ĲȘȢ ʌȡȠȢ ĲȠ Ĳȑ

 4-6: ȀĮȝʌȪȜȘ ĲȣʌȚțȒȢ ĮʌȩțȜȚıȘȢ RMSD (Å) ıȣȞĮȡĲȒıİȚ ĲȠȣ ȤȡȩȞȠȣ (ns). ȈĲȘ

ĲȠ

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ǼȚțȩȞĮ 4-7: ȀĮȝʌȪȜȘ ĲȣʌȚțȒȢ ĮʌȩțȜȚıȘȢ RMSD (Å) ıȣȞĮȡĲȒıİȚ ĲȠȣ ȤȡȩȞȠȣ (ns). ȈĲȘ ȝȑĲȡȘıȘ 
ıȣȝʌİȡȚȜĮȝȕȐȞȠȞĲĮȚ ȩȜĮ ĲĮ ȐĲȠȝĮ ĲȠȣ ȝȠȞȠȝİȡȠȪȢ Ǻ ĲȠȣ ıȣıĲȒȝĮĲȠȢ. ǼȓȞĮȚ ĳĮȞİȡȒ Ș ȠȝĮȜȩĲİȡȘ 
įȚĮțȪȝĮȞıȘ ĲȘȢ Ĳȣ
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Ƞȣ ȝȠȞȠȝİȡȠȪȢ Ǻ İȝĳĮȞȓȗİȚ ȝȚĮ ʌȚȠ ȠȝĮȜȒ įȚĮțȪȝĮȞıȘ, Ș ȠʌȠȓĮ ȟİțȚȞȐİȚ Įʌȩ ĲĮ 

,8Å țĮȚ  ʌȠȣ 
ĮȓȡȞİȚ Ș ĲȣʌȚțȒ ĮʌȩțȜȚıȘ İȓȞĮȚ ĲĮ 1,5Å ʌİȡȓʌȠȣ ıĲĮ 5,4ns, İȞȫ Ș ȝİȖĮȜȪĲİȡȘ ĲĮ 

,5Å ıĲĮ 9,5ns ĲȠȣ trajectory. ȆĮȡȩȜȠ ʌȠȣ Ș įȚĮțȪȝĮȞıȘ ĲȘȢ ĲȣʌȚțȒȢ ĮʌȩțȜȚıȘȢ ȖȚĮ 

Ƞ ȝȠȞȠȝİȡȑȢ Ǻ ĳĮȓȞİĲĮȚ ʌȚȠ ȠȝĮȜȒ ĲȩıȠ ıİ ıȤȑıȘ ȝİ İțİȓȞȘ ĲȠȣ ȝȠȞȠȝİȡȠȪȢ ǹ, ȩıȠ 
ĮȚ ȝİ ĲȠȣ įȚȝİȡȠȪȢ, ʌĮȡĮĲȘȡȠȪȝİ țĮȚ İįȫ ĲȚȢ ĮʌȩĲȠȝİȢ ĮȣȟȠȝİȚȫıİȚȢ. ȆȡȑʌİȚ ȩȝȦȢ 
Į ȜȐȕȠȣȝİ ȣʌ’ ȩȥȚȞ ȩĲȚ țĮȚ ıĲȠ ȝȠȞȠȝİȡȑȢ Ǻ ȑȤȠȣȝİ ȣʌİȡțȚȞȘĲȚțȐ ȐțȡĮ. ȂʌȠȡİȓ ȞĮ 

Ș ıȣȝȝİĲȑȤȠȣȞ ʌȠȜȜȐ țĮĲȐȜȠȚʌĮ, ʌĮȡȩȜĮ ĮȣĲȐ ȣʌȐȡȤİȚ ʌȚșĮȞȩĲȘĲĮ ȞĮ İʌȘȡİȐȗȠȣȞ 
Ƞ ıȪıĲȘȝĮ.  

ȆȡȚȞ ʌȡȠȤȦȡȒıȠȣȝİ ʌĮȡĮțȐĲȦ, ĮȢ įȠȪȝİ ĲĮ ʌĮȡĮʌȐȞȦ ĮʌȠĲİȜȑıȝĮĲĮ 

ȣȖțİȞĲȡȦĲȚțȐ. ȈĲȘȞ ǼȚțȩȞĮ 4-8 ȝʌȠȡȠȪȝİ ȞĮ įȠȪȝİ ĲȘȞ ĲȣʌȚțȒ ĮʌȩțȜȚıȘ ȖȚĮ ȩȜĮ 

Į ȐĲȠȝĮ, ĲȩıȠ ȖȚĮ ĲȠ įȚȝİȡȑȢ, ȩıȠ țĮȚ ȖȚĮ ĲĮ ȝȠȞȠȝİȡȒ ǹ țĮȚ Ǻ ȤȦȡȚıĲȐ.  

 

ǼȚțȩȞĮ 

ıȣȝʌİȡȚȜ

ǼʌȓıȘȢ ıĲȘȞ ǼȚțȩȞĮ 4-9 ȝʌȠȡȠȪȝİ ȞĮ įȠȪȝİ ĲȘȞ ĲȣʌȚțȒ ĮʌȩțȜȚıȘ ȝȩȞȠ ȖȚĮ 

ĲĮ CĮ ȐĲȠȝĮ ĲȠȣ įȚȝİȡȠȪȢ țĮȚ ĲȦȞ įȣȠ ȝȠȞȠȝİȡȫȞ ȤȦȡȚıĲȐ. ȈĲȚȢ įȣȠ ĮȣĲȑȢ İȚțȩȞİȢ          
(4-8, 4-9) İȓȞĮȚ İȝĳĮȞȑȢ ʌȦȢ ĲȠ ȝȠȞȠȝİȡȑȢ ǹ İʌȘȡİȐȗİȚ ıİ ȝİȖȐȜȠ ȕĮșȝȩ ĲȘȞ ĲȣʌȚțȒ 

ĮʌȩțȜȚıȘ ĲȠȣ įȚȝİȡȠȪȢ, İȞȫ Ș ȝȚțȡȩĲİȡȘ ĲȣʌȚțȒ ĮʌȩțȜȚıȘ ĲȠȣ ȝȠȞȠȝİȡȠȪȢ Ǻ ĲȘȞ 
ĮȞĲȚıĲĮșȝȓȗİȚ İȜȐȤȚıĲĮ.   

Ĳ
0  ıĲȠ ĲȑȜȠȢ ĲȘȢ ʌȡȠıȠȝȠȓȦıȘȢ ĳĲȐȞİȚ ıĲĮ 2,2Å.Ǿ ȝȚțȡȩĲİȡȘ ĲȚȝȒ
ʌ
2

Ĳ
ț
Ȟ
ȝ
Ĳ

ı
Ĳ
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4-8: ȀĮȝʌȪȜȘ ĲȣʌȚțȒȢ ĮʌȩțȜȚıȘȢ RMSD (Å) ıȣȞĮȡĲȒıİȚ ĲȠȣ ȤȡȩȞȠȣ (ns). ȈĲȘ ȝȑĲȡȘıȘ 
ĮȝȕȐȞȠȞĲĮȚ ȩȜĮ ĲĮ ȐĲȠȝĮ ĲȠȣ ıȣıĲȒȝĮĲȠȢ. Ǿ ȝȠȕ țĮȝʌȪȜȘ ĮȞĲȚıĲȠȚȤİȓ ıĲȠ įȚȝİȡȑȢ, Ș ĳȠȪȟȚĮ 

ıĲȠ ȝȠȞȠȝİȡȑȢ ǹ țĮȚ Ș țȣĮȞȒ ıĲȠ ȝȠȞȠȝİȡȑȢ Ǻ. ȆĮȡĮĲȘȡȠȪȝİ ʌȦȢ ĲȠ ȝȠȞȠȝİȡȑȢ ǹ İȓȞĮȚ ĮȣĲȩ ʌȠȣ 
İʌȘȡİȐȗİȚ ʌİȡȚııȩĲİȡȠ ĲȘȞ ĲȣʌȚțȒ ĮʌȩțȜȚıȘ ȠȜȩțȜȘȡȠȣ ĲȠȣ ıȣıĲȒȝĮĲȠȢ.   
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ȚțȩȞĮ 4-9: ȀĮȝʌȪȜȘ ĲȣʌȚțȒȢ ĮʌȩțȜȚıȘȢ RMSD (Å) ıȣȞĮȡĲȒıİȚ ĲȠȣ ȤȡȩȞȠȣ (ns). ȈĲȘ ȝȑĲȡȘıȘ 

 

4.1.1.1 ȉȚ șĮ ıȣȝȕİȓ ĮȞ “țȠʌȠȪȞ ȠȚ ȠȣȡȑȢ;” 
 

ȋȡȘıȚȝȠʌȠȚȫȞĲĮȢ țĮȚ İįȫ ĲȠ ʌȡȩȖȡĮȝȝĮ X-plor, ĲȡȠʌȠʌȠȚȫȞĲĮȢ ĮȣĲȒ ĲȘ 

ĳȠȡȐ ĲȠ script ȫıĲİ ȞĮ ȝȘȞ ıȣȝʌİȡȚȜȘĳșȠȪȞ ıĲȘ ȝȑĲȡȘıȘ ĲȠȣ RMSD ĲȚȢ “ȠȣȡȑȢ”, 

(įȘȜĮįȒ ĲĮ țĮĲȐȜȠȚʌĮ 1 țĮȚ 56-60 ĲȘȢ ĮȜȣıȓįĮȢ ǹ țĮȚ 2 țĮȚ 57 ĲȘȢ ĮȜȣıȓįĮȢ Ǻ) 

țĮșȫȢ țĮȚ ĲȠ Xmgr, țĮȚ ĮțȠȜȠȣșȫȞĲĮȢ ĲȘȞ ȓįȚĮ ıİȚȡȐ ıĲĮ ȖȡĮĳȒȝĮĲĮ, ʌȡȠțȪʌĲİȚ 
ĮȡȤȚțȐ Ș ǼȚțȩȞĮ 4-10. ǼȓȞĮȚ İȝĳĮȞȑȢ ʌȦȢ Ș ĲȣʌȚțȒ ĮʌȩțȜȚıȘ ȑȤİȚ İȜĮĲĲȦșİȓ țĮĲȐ 

ȑȞĮ ȝİȖȐȜȠ ȕĮșȝȩ. Ǿ ĲȚȝȒ ĲȘȢ țȣȝĮȓȞİĲĮȚ Įʌȩ 0,6Å ȑȦȢ 1,5Å, ȩȝȦȢ ȖİȞȚțȩĲİȡĮ, țĮĲȐ 

ĲȘ įȚȐȡțİȚĮ ĲȠȣ trajectory ʌĮȡĮĲȘȡȠȪȝİ ȝȚĮ įȚĮțȪȝĮȞıȘ ȖȪȡȦ Įʌȩ ĲĮ 0,9Å ʌİȡȓʌȠȣ, 
ʌȠȣ ıȘȝĮȓȞİȚ ȩĲȚ ĮȞ ĮĳĮȚȡİșȠȪȞ ȠȚ ȣʌİȡțȚȞȘĲȚțȑȢ “ȠȣȡȑȢ” Įʌȩ ĲȘ ȝȑĲȡȘıȘ ĲȠȣ 
RMSD, Ș įȠȝȒ ʌĮȡĮȝȑȞİȚ ıİ ȖİȞȚțȑȢ ȖȡĮȝȝȑȢ ȓįȚĮ ȝİ ĲȘȞ ĮȡȤȚțȒ. Ǿ įȚĮĳȠȡȐ ȝİ ĲȘȞ 
ĮȡȤȚțȒ ȝȑĲȡȘıȘ İȓȞĮȚ ʌȠȜȪ ȝİȖȐȜȘ. ȈȣȝʌİȡĮȓȞȠȣȝİ ȜȠȚʌȩȞ ʌȦȢ İȟĮȚĲȓĮȢ ĲȦȞ 
ȣʌİȡțȚȞȘĲȚțȫȞ ȐțȡȦȞ ĲȦȞ ȝȠȞȠȝİȡȫȞ ǹ țĮȚ Ǻ ʌȡȠȑțȣʌĲİ ĮȣĲȒ Ș ĮıȣȞȒșȚıĲȘ 

ĮȪȟȘıȘ ıĲȘȞ ĲȚȝȒ ĲȘȢ ĲȣʌȚțȒȢ ĮʌȩțȜȚıȘȢ. ǴıȦȢ ĲİȜȚțȐ ĮȣĲȒ ȞĮ İȓȞĮȚ țĮȚ Ș ĮȚĲȓĮ ĲȘȢ 
ĮʌȠȣıȓĮȢ ĲȦȞ ĮțȡĮȓȦȞ țĮĲĮȜȠȓʌȦȞ Įʌȩ ĲȘȞ țȡȣıĲĮȜȜȚțȒ įȠȝȒ.    

Ǽ
ıȣȝʌİȡȚȜĮȝȕȐȞȠȞĲĮȚ ȝȩȞȠ ĲĮ ȐĲȠȝĮ CĮ, ĲȩıȠ ĲȠȣ įȚȝİȡȠȪȢ, ȩıȠ țĮȚ ĲȦȞ įȣȠ ȝȠȞȠȝİȡȫȞ. Ǿ ȝȠȕ 
țĮȝʌȪȜȘ ĮȞĲȚıĲȠȚȤİȓ ıĲȠ įȚȝİȡȑȢ, Ș ĳȠȪȟȚĮ ıĲȠ ȝȠȞȠȝİȡȑȢ ǹ țĮȚ Ș țȣĮȞȒ ıĲȠ ȝȠȞȠȝİȡȑȢ Ǻ. ȆĮȡȩȜȠ ʌȠȣ 
ĲȠ ȝȠȞȠȝİȡȑȢ ǹ İʌȘȡİȐȗİȚ ıȘȝĮȞĲȚțȐ ĲȘȞ ĲȣʌȚțȒ ĮʌȩțȜȚıȘ ĲȠȣ įȚȝİȡȠȪȢ, ȕȜȑʌȠȣȝİ ʌȦȢ ĲȠ ȝȠȞȠȝİȡȑȢ Ǻ 

ĮȞĲȚıĲĮșȝȓȗİȚ țĮĲȐ ȑȞĮ ȝȑȡȠȢ ĲȘ įȚĮțȪȝĮȞıȘ.    

 

ǵȜĮ ĮȣĲȐ ȝȐȜȜȠȞ ıĲȘȡȓȗȠȣȞ, ʌĮȡȐ ĮʌȠțȜİȓȠȣȞ ĲȘȞ ĮȡȤȚțȒ ȣʌȩșİıȒ ȝĮȢ ȩĲȚ ȠȚ 
“ȠȣȡȑȢ” ıĲĮ ȐțȡĮ ĲȦȞ ȝȠȞȠȝİȡȫȞ İʌȘȡİȐȗȠȣȞ ıȘȝĮȞĲȚțȐ ĲȘȞ ĲȣʌȚțȒ ĮʌȩțȜȚıȘ ĲȠȣ 
įȚȝİȡȠȪȢ. ȈĲȘ ıȣȞȑȤİȚĮ șĮ ʌȡȠıʌĮșȒıȠȣȝİ ȞĮ ĮʌȠįİȓȟȠȣȝİ ĲȘȞ ȣʌȩșİıȘ ĮȣĲȒ țĮȚ ȞĮ 

įȠȪȝİ ĲȚ ĲȚȝȑȢ șĮ ʌȐȡİȚ Ș ĲȣʌȚțȒ ĮʌȩțȜȚıȘ, ĮȞ șĮ ʌĮȡĮȝİȓȞİȚ ȦȢ ȑȤİȚ Ȓ ĮȞ șĮ 

ȝİĲĮȕȜȘșİȓ.  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ǼȚțȩȞĮ 4-10: ȀĮȝʌȪȜȘ ĲȣʌȚțȒȢ ĮʌȩțȜȚıȘȢ RMSD (Å) ıȣȞĮȡĲȒıİȚ ĲȠȣ ȤȡȩȞȠȣ (ns). ȈĲȘ ȝȑĲȡȘıȘ 
ıȣȝʌİȡȚȜĮȝȕȐȞȠȞĲĮȚ ȩȜĮ ĲĮ ȐĲȠȝĮ ĲȠȣ įȚȝİȡȠȪȢ, İțĲȩȢ Įʌȩ ĲĮ ȣʌİȡțȚȞȘĲȚțȐ ȐțȡĮ. ǼȓȞĮȚ ĳĮȞİȡȒ Ș 
ȝİĲĮȕȠȜȒ ıĲȘȞ ĲȚȝȒ ĲȘȢ ĲȣʌȚțȒȢ ĮʌȩțȜȚıȘȢ, Ș ȠʌȠȓĮ ıİ ĮȞĲȓșİıȘ ȝİ ĲȘȞ ĮȡȤȚțȒ ĲȚȝȒ, İȓȞĮȚ țĮĲȐ ȝȑıȠ ȩȡȠ 
0,9Å.  
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ǼȚțȩȞĮ 4-11: ȀĮȝʌȪȜȘ ĲȣʌȚțȒȢ ĮʌȩțȜȚıȘȢ RMSD (Å) ıȣȞĮȡĲȒıİȚ ĲȠȣ ȤȡȩȞȠȣ (ns). ȈĲȘ ȝȑĲȡȘıȘ 
ıȣȝʌİȡȚȜĮȝȕȐȞȠȞĲĮȚ ȝȩȞȠ ĲĮ ȐĲȠȝĮ CĮ ĲȠȣ įȚȝİȡȠȪȢ, İțĲȩȢ Įʌȩ ĲĮ ȣʌİȡțȚȞȘĲȚțȐ ȐțȡĮ. ǼȓȞĮȚ ĳĮȞİȡȒ Ș 
ȝİĲĮȕȠȜȒ ıĲȘȞ ĲȚȝȒ ĲȘȢ ĲȣʌȚțȒȢ ĮʌȩțȜȚıȘȢ, Ș ȠʌȠȓĮ ıİ ĮȞĲȓșİıȘ ȝİ ĲȘȞ ĮȡȤȚțȒ ĲȚȝȒ, İȓȞĮȚ țĮĲȐ ȝȑıȠ ȩȡȠ 
0,9Å.  
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 ıĲȘȞ 
ȑĲȡȘıȘ ȝȩȞȠ ĲĮ ȐĲȠȝĮ CĮ ĲȠȣ įȚȝİȡȠȪȢ (ǼȚțȩȞĮ 4-11).ǼȞȫ ʌȡȠȘȖȠȣȝȑȞȦȢ ȣʌȒȡȤİ 
ȚĮ įȚĮĳȠȡȐ ĮȞȐȝİıĮ ıĲȠ RMSD ĲȠȣ įȚȝİȡȠȪȢ ȩĲĮȞ Ș ȝȑĲȡȘıȘ ȑȖȚȞİ ȝİ ȕȐıȘ ȩȜĮ ĲĮ 

ĲȠȝĮ țĮȚ ĲĮ ȐĲȠȝĮ CĮ (ıĲȘ įİȪĲİȡȘ ʌİȡȓʌĲȦıȘ Ș țĮȝʌȪȜȘ ȒĲĮȞ ʌȚȠ țȣȡĲȒ țĮȚ ȠȚ 
ȣȟȠȝİȚȫıİȚȢ ĲȦȞ ĲȚȝȫȞ ʌȚȠ ȑȞĲȠȞİȢ), ıĲȘ ıȣȖțİțȡȚȝȑȞȘ ʌİȡȓʌĲȦıȘ ĳĮȓȞİĲĮȚ ʌȦȢ ȠȚ 
ȣȠ țĮȝʌȪȜİȢ įİȞ ȑȤȠȣȞ İȝĳĮȞİȓȢ įȚĮĳȠȡȑȢ. ȉȠ ȝȑȖȚıĲȠ țĮȚ ıĲĮ įȣȠ ȖȡĮĳȒȝĮĲĮ İȓȞĮȚ 
,5Å ıĲĮ 8,5ns, İȞȫ ĲȠ İȜȐȤȚıĲȠ İȓȞĮȚ 0,55Å ıĲĮ 0,6ns.  

ȆĮȡȩȜȠ ʌȠȣ ʌĮȡĮĲȘȡȠȪȝİ ȩĲȚ ĮȖȞȠȫȞĲĮȢ ĲȚȢ ȣʌİȡțȚȞȘĲȚțȑȢ “ȠȣȡȑȢ” ĲȠ 
MSD ıĲĮșİȡȠʌȠȚİȓĲĮȚ ıİ ȝȚĮ ĳȣıȚȠȜȠȖȚțȒ ĲȚȝȒ, șĮ ıȣȞİȤȓıȠȣȝİ ĲȚȢ ȝİĲȡȒıİȚȢ ȖȚĮ 

Ȑșİ ȝȠȞȠȝİȡȑȢ ȤȦȡȚıĲȐ, ȩʌȦȢ țȐȞĮȝİ țĮȚ ȝİ ȠȜȩțȜȘȡȘ ĲȘ įȠȝȒ, ȖȚĮ ȞĮ įȠȪȝİ ĮȞ șĮ 

ʌȐȡȟȠȣȞ țĮȚ İțİȓ įȚĮĳȠȡȑȢ ȝİ ĲĮ ĮȡȤȚțȐ ȖȡĮĳȒȝĮĲĮ. ȈĲȘȞ ǼȚțȩȞĮ 4-12 İȓȞĮȚ İʌȓıȘȢ 
ĮȞİȡȒ țĮȚ İȞĲȣʌȦıȚĮțȒ Ș “ȠȝĮȜȠʌȠȓȘıȘ” ĲȠȣ RMSD ĲȠȣ ȝȠȞȠȝİȡȠȪȢ ǹ. Ǿ 

ȑĲȡȘıȘ ȑȖȚȞİ ȝİ ȕȐıȘ ȩȜĮ ĲĮ ȐĲȠȝĮ ĲȠȣ ȝȠȞȠȝİȡȠȪȢ, İțĲȩȢ Įʌȩ ĲĮ ȐĲȠȝĮ ĲȦȞ 
ĮĲĮȜȠȓʌȦȞ ʌȠȣ ıȣȝȝİĲȑȤȠȣȞ ıĲĮ ȣʌİȡțȚȞȘĲȚțȐ ȐțȡĮ, ȝİ ȝȑȖȚıĲȘ ĲȚȝȒ İȓȞĮȚ 1,6Å 

ĲĮ 8,5ns, İȞȫ Ș İȜȐȤȚıĲȘ 0,45Å ıĲĮ 0,55ns. Ǿ ȝȑıȘ ĲȚȝȒ țȣȝĮȓȞİĲĮȚ țĮȚ İįȫ ıĲĮ 

,9Å, ȖİȖȠȞȩȢ ʌȠȣ ıȘȝĮȓȞİȚ ȩĲȚ Ș įȠȝȒ İȓȞĮȚ ĮȡțİĲȐ ıĲĮșİȡȒ.  

ȚțȩȞĮ 4-12: ȀĮȝʌȪȜȘ ĲȣʌȚțȒȢ ĮʌȩțȜȚıȘȢ RMSD (Å) ıȣȞĮȡĲȒıİȚ ĲȠȣ ȤȡȩȞȠȣ (ns). ȈĲȘ ȝȑĲȡȘıȘ 
ȣȝʌİȡȚȜĮȝȕȐȞȠȞĲĮȚ ȩȜĮ ĲĮ ȐĲȠȝĮ ĲȠȣ ȝȠȞȠȝİȡȠȪȢ ǹ, İțĲȩȢ Įʌȩ ĲĮ ȣʌİȡțȚȞȘĲȚțȐ ȐțȡĮ. ǼȓȞĮȚ 
ĲȣʌȦıȚĮțȒ Ș ȝİĲĮȕȠȜȒ ĲȘȢ ĲȣʌȚțȒȢ ĮʌȩțȜȚıȘȢ țĮȚ ʌȚȠ ıȣȖțİțȡȚȝȑȞĮ Ș ıĲĮșİȡȠʌȠȓȘıȒ ĲȘȢ ıİ ȝȚĮ ĲȚȝȒ 
ȡȦ Įʌȩ ĲĮ  0,9Å.  

 ȩȜȦȞ ĲȦȞ țĮĲĮȜȠȓʌȦȞ İțĲȩȢ Įʌȩ ĲĮ Thr 2 țĮȚ Gly 57, ĲĮ ȠʌȠȓĮ țȚȞȠȪȞĲĮȚ ʌȠȜȪ 

ǹȢ įȠȪȝİ ȩȝȦȢ ĲȚ ȖȓȞİĲĮȚ țĮȚ ȝİ ĲȠ RMSD ȜĮȝȕȐȞȠȞĲĮȢ ȣʌ’ ȩȥȚȞ
ȝ
ȝ
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ǹȢ įȠȪȝİ ȩȝȦȢ ĲȚ ıȣȝȕĮȓȞİȚ țĮȚ ȝİ ĲȠ ȝȠȞȠȝİȡȑȢ Ǻ. ȈĲȘȞ ǼȚțȩȞĮ 4-13 

ȝʌȠȡȠȪȝİ ȞĮ įȠȪȝİ ĲȚ ıȣȝȕĮȓȞİȚ ȝİ ĲȠ RMSD ĮȞ ıĲȘ ȝȑĲȡȘıȘ ȜȘĳșȠȪȞ ȣʌ’ ȩȥȚȞ ĲĮ 

ȐĲȠȝĮ
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ıİ ıȤȑ

 

ȚțȩȞĮ 4-13: ȀĮȝʌȪȜȘ ĲȣʌȚțȒȢ ĮʌȩțȜȚıȘȢ RMSD (Å) ıȣȞĮȡĲȒıİȚ ĲȠȣ ȤȡȩȞȠȣ (ns). ȈĲȘ ȝȑĲȡȘıȘ 
ȣȝʌİȡȚȜĮȝȕȐȞȠȞĲĮȚ ȩȜĮ ĲĮ ȐĲȠȝĮ ĲȠȣ ȝȠȞȠȝİȡȠȪȢ Ǻ, İțĲȩȢ Įʌȩ ĲĮ ȐĲȠȝĮ ĲȦȞ țĮĲĮȜȠȓʌȦȞ Thr 2 țĮȚ 

7, ĲĮ ȠʌȠȓĮ ĮʌȠĲİȜȠȪȞ ĲȚȢ ȣʌİȡțȚȞȘĲȚțȑȢ “ȠȣȡȑȢ” ĲȠȣ ıȣȖțİțȡȚȝȑȞȠȣ ȝȠȞȠȝİȡȠȪȢ. ȈĲȠ ȖȡȐĳȘȝĮ 

ȣĲȩ, ʌĮȡĮĲȘȡİȓĲĮȚ İȜȐĲĲȦıȘ ĲȠȣ RMSD.  

ȈĲȠ ıȘȝİȓȠ ĮȣĲȩ șĮ įȠȪȝİ ĲĮ ĮʌȠĲİȜȑıȝĮĲĮ ıȣȖțİȞĲȡȦĲȚțȐ, ĲȩıȠ ȖȚĮ ĲȠ 
ȚȝİȡȑȢ ȩıȠ țĮȚ ȖȚĮ ĲĮ įȣȠ ȝȠȞȠȝİȡȒ ȤȦȡȚıĲȐ. Ǿ ȝȑĲȡȘıȘ ȑȤİȚ ȖȓȞİȚ ȝİ ȕȐıȘ ȩȜĮ ĲĮ 

ĲȠȝĮ, İțĲȩȢ Įʌȩ İțİȓȞĮ ʌȠȣ ĮʌĮȡĲȓȗȠȣȞ ĲȚȢ “ȠȣȡȑȢ” (ǼȚțȩȞĮ 4-14).  

ȈĲȘȞ ǼȚțȩȞĮ 4-15 ȕȜȑʌȠȣȝİ ĲȚȢ ĮȞĲȓıĲȠȚȤİȢ țĮȝʌȪȜİȢ, ȝȩȞȠ ʌȠȣ ĮȣĲȒ ĲȘ 

ȠȡȐ Ș ȝȑĲȡȘıȘ ȑȖȚȞİ ȝİ ȕȐıȘ ȝȩȞȠ ĲĮ ȐĲȠȝĮ CĮ, İȟĮȚȡȠȣȝȑȞȦȞ țĮȚ ʌȐȜȚ ĲȦȞ 
ĲȩȝȦȞ ĲȦȞ “ȠȣȡȫȞ”.  

ȈĲȚȢ įȣȠ ʌĮȡĮțȐĲȦ İȚțȩȞİȢ ȕȜȑʌȠȣȝİ ʌȦȢ Ș țĮȝʌȪȜȘ ĲȠȣ RMSD ĲȠȣ 

 

ıȘ ȝİ ĲĮ ȣʌȩȜȠȚʌĮ țĮĲȐȜȠȚʌĮ ĲȠȣ ȝȠȞȠȝİȡȠȪȢ, țĮĲȐ ĲȘ įȚȐȡțİȚĮ ĲȘȢ 
ʌȡȠıȠȝȠȓȦıȘȢ. ȈȣȖțȡȓȞȠȞĲĮȢ ĲȘȞ țĮȝʌȪȜȘ ĮȣĲȒ ȝİ ĲȘȞ ĮȡȤȚțȒ, ʌĮȡĮĲȘȡİȓĲĮȚ İʌȓıȘȢ 
İȜȐĲĲȦıȘ ĲȠȣ RMSD țĮĲȐ ȝȑıȠ ȩȡȠ 1,5Å ʌİȡȓʌȠȣ. ȂȑȤȡȚ ĲȠ 7Ƞns ȣʌȐȡȤİȚ ȝȚĮ 

įȚĮțȪȝĮȞıȘ ȖȪȡȦ Įʌȩ ĲĮ 0,7Å, ȝİĲȐ ȩȝȦȢ ȑȤȠȣȝİ ıȣȤȞȑȢ ĮȣȟȠȝİȚȫıİȚȢ ȠȚ ȠʌȠȓİȢ ıĲȠ 
ĲȑȜȠȢ ĲȘȢ ʌȡȠıȠȝȠȓȦıȘȢ ȠįȘȖȠȪȞ ıİ ȑȞĮ RMSD ĲȘȢ ĲȐȟȘȢ ĲȦȞ 0,8Å. Ǽįȫ Ș ȝȑȖȚıĲȘ 

ĲȚȝȒ İȓȞĮȚ 1,25Å ıĲĮ 8,1ns, İȞȫ Ș ȝȚțȡȩĲİȡȘ İȓȞĮȚ 0,4Å ıĲĮ 1,8ns ĲȘȢ ʌȡȠıȠȝȠȓȦıȘȢ.  
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įȚȝİȡȠȪȢ țĮȚ ĲȠȣ ȝȠȞȠȝİȡȠȪȢ ǹ ıȤİįȩȞ ĲĮȣĲȓȗȠȞĲĮȚ. ǼȞȚıȤȪİĲĮȚ ȜȠȚʌȩȞ Ș ȐʌȠȥȘ ȝĮȢ 
ȩĲȚ  ĲİȜȚțȐ ȞĮ İȓȞĮȚ ĲȠ ȝȠȞȠȝİȡȑȢ ǹ İțİȓȞȠ ʌȠȣ İʌȘȡİȐȗİȚ ʌİȡȚııȩĲİȡȠ ĲȘȞ ĲȣʌȚțȒ 

ĮʌȩțȜȚıȘ ȠȜȩțȜȘȡȠȣ ĲȠȣ įȚȝİȡȠȪȢ.  
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ȞĮ 4-14: ȀĮȝʌȪȜȘ ĲȣʌȚțȒȢ ĮʌȩțȜȚıȘȢ RMSD (Å) ıȣȞĮȡĲȒıİȚ ĲȠȣ ȤȡȩȞȠȣ (ns). ȈĲȘ ȝȑĲȡȘıȘ 
ȣȝʌİȡȚȜĮȝȕȐȞȠȞĲĮȚ ȩȜĮ ĲĮ ȐĲȠȝĮ ĲȠȣ ıȣıĲȒȝĮĲȠȢ, İțĲȩȢ Įʌȩ ĲĮ ȐĲȠȝĮ ĲȦȞ “ȠȣȡȫȞ”. Ǿ ȝȠȕ țĮȝʌȪȜȘ 
ȞĲȚıĲȠȚȤİȓ ıĲȠ įȚȝİȡȑȢ, Ș ĳȠȪȟȚĮ ıĲȠ ȝȠȞȠȝİȡȑȢ ǹ țĮȚ Ș țȣĮȞȒ ıĲȠ ȝȠȞȠȝİȡȑȢ Ǻ. ȆĮȡĮĲȘȡȠȪȝİ ʌȦȢ ĲȠ 
MSD ĲȠȣ įȚȝİȡȠȪȢ ıȤİįȩȞ ıȣȝʌȓʌĲİȚ ȝİ İțİȓȞȠ ĲȠȣ ȝȠȞȠȝİȡȠȪȢ ǹ, İȞȫ ĮȣĲȩ ʌȠȣ ĮȞĲȚıĲȠȚȤİȓ ıĲȠ 
ȠȞȠȝİȡȑȢ Ǻ ȟİȤȦȡȓȗİȚ.  

 

 

 

ȚțȩȞĮ 4-15: ȀĮȝʌȪȜȘ ĲȣʌȚțȒȢ ĮʌȩțȜȚıȘȢ RMSD (Å) ıȣȞĮȡĲȒıİȚ ĲȠȣ ȤȡȩȞȠȣ (ns). ȈĲȘ ȝȑĲȡȘıȘ 
ȡȚȜĮȝȕȐȞȠȞĲĮȚ ȝȩȞȠ ĲĮ ȐĲȠȝĮ CĮ, ĲȩıȠ ĲȠȣ įȚȝİȡȠȪȢ, ȩıȠ țĮȚ ĲȦȞ įȣȠ ȝȠȞȠȝİȡȫȞ ȝİ İȟĮȓȡİıȘ ĲĮ 

ĲȠȝĮ ĲȦȞ “ȠȣȡȫȞ”. Ǿ ȝȠȕ țĮȝʌȪȜȘ ĮȞĲȚıĲȠȚȤİȓ ıĲȠ įȚȝİȡȑȢ, Ș ĳȠȪȟȚĮ ıĲȠ ȝȠȞȠȝİȡȑȢ ǹ țĮȚ Ș țȣĮȞȒ 
ĲȠ ȝȠȞȠȝİȡȑȢ Ǻ. Ǿ țĮȝʌȪȜȘ ĲȠȣ įȚȝİȡȠȪȢ ʌĮȡȩȜĮ ĮȣĲȐ ıȤİįȩȞ ıȣȝʌȓʌĲİȚ ȝİ ĲȘȞ țĮȝʌȪȜȘ ĲȠȣ 
ȝȠȞȠȝİȡȠȪȢ ǹ.  
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.1.1.2 ǻȚĮĳȠȡȑȢ ĮȞȐȝİıĮ ıĲȘȞ Ala2Ile2-6 ȝİ ĲȠʌȠȜȠȖȓĮ syn ȝİ ĲĮ 

ʌİȡțȚȞȘĲȚțȐ ȐțȡĮ țĮȚ ĲȘȞ Ala2Ile2-6 ȝİ ĲȠʌȠȜȠȖȓĮ syn ȤȦȡȓȢ ĮȣĲȐ 

ǹȢ įȠȪȝİ ȩȝȦȢ ʌȦȢ ĳĮȓȞİĲĮȚ Ș įȚĮĳȠȡȐ ĮȞȐȝİıĮ ıĲȚȢ țĮȝʌȪȜİȢ ʌȡȚȞ țĮȚ ȝİĲȐ 

ȘȞ “ĮĳĮȓȡİıȘ” ĲȦȞ ȣʌİȡțȚȞȘĲȚțȫȞ ȐțȡȦȞ. ȈĲȘȞ ǼȚțȩȞĮ 4-16 ȕȜȑʌȠȣȝİ ĲȠ RMSD 

Ƞȣ įȚȝİȡȠȪȢ. Ǿ ʌȡȐıȚȞȘ țĮȝʌȪȜȘ ĮȞĲȚıĲȠȚȤİȓ ıİ ȠȜȩțȜȘȡȠ ĲȠ įȚȝİȡȑȢ, İȞȫ Ș 

ȠȡĲȠțĮȜȓ ıĲȠ įȚȝİȡȑȢ ȤȦȡȓȢ ĲȚȢ “ȠȣȡȑȢ”. ȈĲȘȞ ǼȚțȩȞĮ 4-17 ȕȜȑʌȠȣȝİ ĲȠ RMSD ĲȠȣ 
ȠȞȠȝİȡȠȪȢ ǹ. Ǿ ʌȡȐıȚȞȘ țĮȝʌȪȜȘ ĮȞĲȚıĲȠȚȤİȓ ıİ ȠȜȩțȜȘȡȠ ĲȠ ȝȠȞȠȝİȡȑȢ, İȞȫ Ș 

ȠȡĲȠțĮȜȓ ıĲȠ ȝȠȞȠȝİȡȑȢ ȤȦȡȓȢ ĲȚȢ “ȠȣȡȑȢ”. ȀĮȚ ıĲĮ įȣȠ ȖȡĮĳȒȝĮĲĮ ʌĮȡĮĲȘȡȠȪȝİ 
ȣĲȩ ʌȠȣ ʌİȡȚȖȡȐȥĮȝİ ʌȡȠȘȖȠȣȝȑȞȦȢ, įȘȜĮįȒ ĲȘȞ ȠȝĮȜȠʌȠȓȘıȘ ĲȠȣ RMSD. ȉȑȜȠȢ 
ĲȘȞ ǼȚțȩȞĮ 4-18 ȕȜȑʌȠȣȝİ ĲȠ RMSD ĲȠȣ ȝȠȞȠȝİȡȠȪȢ Ǻ. ȀĮȚ İįȫ Ș ʌȡȐıȚȞȘ 

ĮȝʌȪȜȘ ĮȞĲȚıĲȠȚȤİȓ ıİ ȠȜȩțȜȘȡȠ ĲȠ ȝȠȞȠȝİȡȑȢ, İȞȫ Ș ʌȠȡĲȠțĮȜȓ ıĲȠ ȝȠȞȠȝİȡȑȢ 
ȦȡȓȢ ĲȚȢ “ȠȣȡȑȢ”. Ǿ įȚĮĳȠȡȐ ȝİ ĲĮ įȣȠ ʌȡȠȘȖȠȪȝİȞĮ ȖȡĮĳȒȝĮĲĮ (ǼȚțȩȞİȢ 4-16,     

-17) İȓȞĮȚ ȩĲȚ ĲȠ RMSD ĲȠȣ ȝȠȞȠȝİȡȠȪȢ Ǻ ȝȑȤȡȚ ĲĮ 7ns ĳĮȓȞİĲĮȚ ıĮȞ ȞĮ İȓȤİ 

ȚțȩȞĮ 4-16: ȀĮȝʌȪȜȘ ĲȣʌȚțȒȢ ĮʌȩțȜȚıȘȢ RMSD (Å) ıȣȞĮȡĲȒıİȚ ĲȠȣ ȤȡȩȞȠȣ (ns). Ǿ țĮȝʌȪȜȘ ȝİ ĲȠ 
ȡȐıȚȞȠ ȤȡȫȝĮ ĮȞĲȚıĲȠȚȤİȓ ıĲȠ įȚȝİȡȑȢ ȝİ ĲĮ ȣʌİȡțȚȞȘĲȚțȐ ȐțȡĮ, İȞȫ İțİȓȞȘ ȝİ ĲȠ ʌȠȡĲȠțĮȜȓ ȤȡȫȝĮ 

ȞĲȚıĲȠȚȤİȓ ıĲȠ įȚȝİȡȑȢ ȤȦȡȓȢ ĲĮ ȣʌİȡțȚȞȘĲȚțȐ ȐțȡĮ. Ǿ ȝȑĲȡȘıȘ ȑȖȚȞİ ȝİ ȕȐıȘ ȩȜĮ ĲĮ ȐĲȠȝĮ.  
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ȝİĲĮĲȠʌȚıĲİȓ 1Å ʌȚȠ ʌȐȞȦ. ȂİĲȐ ĲĮ 7ns ȣʌȐȡȤİȚ įȚĮĳȠȡȐ ĮȞȐȝİıĮ ıĲȚȢ įȣȠ 
țĮȝʌȪȜİȢ ȝİ ĲȘ įİȪĲİȡȘ (ʌȠȡĲȠțĮȜȓ) ȞĮ ȝȠȚȐȗİȚ ʌȚȠ ĳȣıȚȠȜȠȖȚțȒ. 
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 ȝİ ĲȠ ʌȠȡĲȠțĮȜȓ 
 ȝİ ȕȐıȘ ȩȜĮ ĲĮ ȐĲȠȝĮ.   

ȪȜȘ ȝİ ĲȠ 
ȐıȚȞȠ ȤȡȫȝĮ ĮȞĲȚıĲȠȚȤİȓ ıĲȠ ȝȠȞȠȝİȡȑȢ Ǻ ȝİ ĲĮ ȣʌİȡțȚȞȘĲȚțȐ ȐțȡĮ, İȞȫ İțİȓȞȘ ȝİ ĲȠ ʌȠȡĲȠțĮȜȓ 

ȠȝİȡȑȢ Ǻ ȤȦȡȓȢ ĲĮ ȣʌİȡțȚȞȘĲȚțȐ ȐțȡĮ. Ǿ ȝȑĲȡȘıȘ ȑȖȚȞİ ȝİ ȕȐıȘ ȩȜĮ ĲĮ ȐĲȠȝĮ.   

.1.2 Ǿ ȝȑıȘ įȠȝȒ țĮȚ ȠȚ ĮȞĲȓıĲȠȚȤİȢ įȚĮțȣȝȐȞıİȚȢ  

 

 

 

 

 

 

 

 

 

 

ǼȚțȩȞĮ 4-17: ȀĮȝʌȪȜȘ ĲȣʌȚțȒȢ ĮʌȩțȜȚıȘȢ RMSD (Å) ıȣȞĮȡĲȒıİȚ ĲȠȣ ȤȡȩȞȠȣ (ns). Ǿ țĮȝʌȪȜȘ ȝİ ĲȠ 
ʌȡȐıȚȞȠ ȤȡȫȝĮ ĮȞĲȚıĲȠȚȤİȓ ıĲȠ ȝȠȞȠȝİȡȑȢ ǹ ȝİ ĲĮ ȣʌİȡțȚȞȘĲȚțȐ ȐțȡĮ, İȞȫ İțİȓȞȘ
ȤȡȫȝĮ ĮȞĲȚıĲȠȚȤİȓ ıĲȠ ȝȠȞȠȝİȡȑȢ ǹ ȤȦȡȓȢ ĲĮ ȣʌİȡțȚȞȘĲȚțȐ ȐțȡĮ. Ǿ ȝȑĲȡȘıȘ ȑȖȚȞİ

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ǼȚțȩȞĮ 4-18: ȀĮȝʌȪȜȘ ĲȣʌȚțȒȢ ĮʌȩțȜȚıȘȢ RMSD (Å) ıȣȞĮȡĲȒıİȚ ĲȠȣ ȤȡȩȞȠȣ (ns). Ǿ țĮȝʌ
ʌȡ
ȤȡȫȝĮ ĮȞĲȚıĲȠȚȤİȓ ıĲȠ ȝȠȞ
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Į ĲȠȣ 
ȡȠȖȡȐȝȝĮĲȠȢ X-plor, țĮĲĮĳȑȡĮȝİ ȞĮ ĮȞĮțĲȒıȠȣȝİ ȑȞĮ ĮȡȤİȓȠ pdb ıĲȠ ȠʌȠȓȠ 
ȝʌİȡȚȑȤȠȞĲĮȚ ȠȚ ıȣȞĲİĲĮȖȝȑȞİȢ İȞȩȢ įȚȝİȡȠȪȢ ʌȠȣ ĮȞĲȚıĲȠȚȤİȓ ıİ ȝȚĮ ȝȑıȘ įȠȝȒ ĲȠȣ 
ȡȤȚțȠȪ ıȣıĲȒȝĮĲȠȢ. ǶıĲİȡĮ Įʌȩ ȝȚĮ İʌİȟİȡȖĮıȓĮ ĲȠȣ ĮȡȤİȓȠȣ ĮȣĲȠȪ ȝİ ĲȠ 
ȡȩȖȡĮȝȝĮ VMD, įȘȝȚȠȣȡȖȒıĮȝİ ȑȞĮ ıĲİȡİȠįȚȐȖȡĮȝȝĮ ĲȘȢ ȝȑıȘȢ ĮȣĲȒȢ įȠȝȒȢ 

 4-19).  

ȚțȩȞĮ 4-19: ȈȤȘȝĮĲȚțȩ ıĲİȡİȠįȚȐȖȡĮȝȝĮ ĲȘȢ ȝȑıȘȢ įȠȝȒȢ ĲȠȣ ıȣıĲȒȝĮĲȠȢ Ala2Ile2-6. ǹȡȚıĲİȡȐ ȝİ ĲȠ 
Ƞȗ ȕȑȜȠȢ ȕȡȓıțİĲĮȚ Ș ĮȜȣıȓįĮ ǹ țĮȚ įİȟȚȐ ȝİ ĲȠ ȝȠȕ ȕȑȜȠȢ Ș ĮȜȣıȓįĮ Ǻ. Ȉİ ȖİȞȚțȑȢ ȖȡĮȝȝȑȢ įİȞ 
ĮȡĮĲȘȡȠȪȝİ ȝİȖȐȜİȢ įȚĮĳȠȡȑȢ Įʌȩ ĲȘȞ ĮȡȤȚțȒ įȠȝȒ ĲȠȣ ıȣıĲȒȝĮĲȠȢ, ȝİ İȜȐȤȚıĲİȢ İȟĮȚȡȑıİȚȢ.    

ȈĲȘȞ İȚțȩȞĮ įȚĮțȡȓȞȠȣȝİ ĲȘȞ ĮȜȣıȓįĮ ǹ ĮȡȚıĲİȡȐ țĮȚ ĲȘ Ǻ įİȟȚȐ, ıİ țȐșİ 
ȝȒȝĮ ĲȠȣ ıĲİȡİȠįȚĮȖȡȐȝȝĮĲȠȢ. ǻİȞ ȣʌȐȡȤȠȣȞ ʌȠȜȜȑȢ įȚĮĳȠȡȑȢ ȩıȠ ĮĳȠȡȐ ıĲȘ 

ȠȝȒ ĲȠȣ ıȣıĲȒȝĮĲȠȢ ıİ ıȤȑıȘ ȝİ ĲȘȞ ĮȡȤȚțȒ. ǼȟĮȓȡİıȘ ĮʌȠĲİȜȠȪȞ ȠȡȚıȝȑȞĮ 

ĮĲȐȜȠȚʌĮ ıĲĮ ȐțȡĮ ĲȦȞ ĮȜȣıȓįȦȞ, ȩʌȦȢ İȓȞĮȚ ĲĮ țĮĲȐȜȠȚʌĮ Asp58, Asp59 ĲȘȢ 
ȜȣıȓįĮȢ ǹ țĮȚ Arg55 ĲȘȢ ĮȜȣıȓįĮȢ Ǻ, țĮșȫȢ țĮȚ ıĲȚȢ ıĲȡȠĳȑȢ, ȩʌȦȢ ȖȚĮ 

ĮȡȐįİȚȖȝĮ ĲĮ țĮĲȐȜȠȚʌĮ Leu29 țĮȚ Asp30 ĲȦȞ ĮȜȣıȓįȦȞ ǹ țĮȚ Ǻ, ĲĮ ȠʌȠȓĮ 

 

.1.2.1 RMSD Įʌȩ ĲȘ ȝȑıȘ įȠȝȒ 

ǶıĲİȡĮ Įʌȩ İʌİȟİȡȖĮıȓĮ ȠȜȩțȜȘȡȠȣ ĲȠȣ trajectory ȝİ ĲȘ ȕȠȒșİȚ
ʌ
İ
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(ǼȚțȩȞĮ
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ĳĮȓȞİĲĮȚ ʌȦȢ įİȞ ȑȤȠȣȞ ȜȐȕİȚ ȝȚĮ ıȣȖțİțȡȚȝȑȞȘ įȚĮȝȩȡĳȦıȘ ıĲȠ ȤȫȡȠ țĮĲȐ ĲȘ 

įȚȐȡțİȚĮ ĲȘȢ ʌȡȠıȠȝȠȓȦıȘȢ.  
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ȈĲȠ ĮȡȤİȓȠ pdb ʌȠȣ įȘȝȚȠȣȡȖȒıĮȝİ, ȣʌȐȡȤİȚ ȝȚĮ ıĲȒȜȘ Ș ȠʌȠȓĮ ĮȞĲȚıĲȠȚȤİȓ 
ıĲĮ RM

ȚțȩȞĮ 4-20: ȀĮȝʌȪȜȘ ĲȣʌȚțȒȢ ĮʌȩțȜȚıȘȢ RMSD (Å) Įʌȩ ĲȘ ȝȑıȘ įȠȝȒ ıȣȞĮȡĲȒıİȚ ĲȠȣ ȤȡȩȞȠȣ (ns). 

ĲȘ ȝȑĲȡȘıȘ ıȣȝʌİȡȚȜĮȝȕȐȞȠȞĲĮȚ ȝȩȞȠ ĲĮ ȐĲȠȝĮ CĮ, ĲȩıȠ ĲȠȣ įȚȝİȡȠȪȢ, ȩıȠ țĮȚ ĲȦȞ įȣȠ ȝȠȞȠȝİȡȫȞ. Ǿ 

Ǿ ĲȣʌȚțȒ ĮʌȩțȜȚıȘ ȖȚĮ ĲȠ įȚȝİȡȑȢ țĮȚ ĲȠ ȝȠȞȠȝİȡȑȢ ǹ ĳĮȓȞİĲĮȚ ʌȦȢ țĮȚ İįȫ 

İȓȞĮȚ ı

ĲȠȣ trajectory.  

SD Įʌȩ ĲȘ ȝȑıȘ įȠȝȒ ȖȚĮ ĲĮ CĮ ȐĲȠȝĮ 

Ƞȣ įȚȝİȡȠȪȢ țĮȚ ĲȦȞ ȝȠȞȠȝİȡȫȞ ǹ țĮȚ Ǻ ȤȦȡȓȢ ȞĮ ȣʌȠȜȠȖȓıȠȣȝİ ĲĮ ȐĲȠȝĮ ĲȦȞ 

SF ĲȦȞ ĮĲȩȝȦȞ. ǹʌȩ ĲȘ ıĲȒȜȘ ĮȣĲȒ țȡĮĲȒıĮȝİ ĲĮ RMSF ȝȩȞȠ ĲȦȞ ĮĲȩȝȦȞ 
CĮ ȖȚĮ ȞĮ ȣʌȠȜȠȖȓıȠȣȝİ ĲȘ įȚĮțȪȝĮȞıȘ ȖȚĮ țĮșȑȞĮ Įʌȩ ĲĮ ȐĲȠȝĮ ĮȣĲȐ. ȈĲȘȞ ǼȚțȩȞĮ 

4-20 ȝʌȠȡȠȪȝİ ȞĮ įȠȪȝİ ĲȠ RMSD Įʌȩ ĲȘ ȝȑıȘ įȠȝȒ ȖȚĮ ĲĮ CĮ ȐĲȠȝĮ ĲȩıȠ ĲȠȣ 
įȚȝİȡȠȪȢ, ȩıȠ țĮȚ ĲȦȞ ȝȠȞȠȝİȡȫȞ ǹ țĮȚ Ǻ.  

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ǽ
Ȉ
ȝȠȕ țĮȝʌȪȜȘ ĮȞĲȚıĲȠȚȤİȓ ıĲȠ įȚȝİȡȑȢ, Ș ĳȠȪȟȚĮ ıĲȠ ȝȠȞȠȝİȡȑȢ ǹ țĮȚ Ș țȣĮȞȒ ıĲȠ ȝȠȞȠȝİȡȑȢ Ǻ. Ǿ 

țĮȝʌȪȜȘ ĲȠȣ įȚȝİȡȠȪȢ ʌĮȡȩȜĮ ĮȣĲȐ ıȤİįȩȞ ıȣȝʌȓʌĲİȚ ȝİ ĲȘȞ țĮȝʌȪȜȘ ĲȠȣ ȝȠȞȠȝİȡȠȪȢ ǹ.  

 

ȤİįȩȞ ĲĮȣĲȩıȘȝİȢ. ȆĮȡĮĲȘȡİȓĲĮȚ Ș ȓįȚĮ įȚĮțȪȝĮȞıȘ ȝİ ȝİĲĮĲȩʌȚıȘ ʌİȡȓʌȠȣ 
0,5Å. īȚĮ ĲȠ įȚȝİȡȑȢ Ș įȚĮțȪȝĮȞıȘ İȓȞĮȚ Įʌȩ 0,7Å ȑȦȢ 2Å, ȝİ ȝȑȖȚıĲȠ ĲȘȞ ĮȡȤȚțȒ 

ĲȚȝȒ ĲȦȞ 2Å țĮȚ İȜȐȤȚıĲȠ ĲĮ 0,7Å ıĲĮ 2,6 ns ʌİȡȓʌȠȣ ĲȠȣ trajectory. īȚĮ ĲȠ 
ȝȠȞȠȝİȡȑȢ ǹ ȑȤȠȣȝİ ȝȑȖȚıĲȠ 2,5Å ıĲȘȞ ĮȡȤȒ ĲȠȣ trajectory țĮȚ İȜȐȤȚıĲȠ ıĲĮ 0,6Å 

İʌȓıȘȢ ıĲĮ 2,6 ns ĲȠȣ trajectory. ȉȠ ȝȠȞȠȝİȡȑȢ Ǻ țĮȚ İįȫ įİȞ İʌȘȡİȐȗİĲĮȚ ȩıȠ 
ĮĳȠȡȐ ĲȘ įȚĮțȪȝĮȞıȘ, Ș ĲȚȝȒ ĲȘȢ ȠʌȠȓĮȢ țȚȞİȓĲĮȚ ȖȪȡȦ Įʌȩ ĲĮ 0,6Å ıİ ȩȜȘ ĲȘ 

įȚȐȡțİȚĮ ĲȠȣ trajectory, ȝİ ȝȚĮ ȝȚțȡȒ ĮȪȟȘıȘ ʌȡȠȢ ĲȠ ĲȑȜȠȢ ĲȠȣ țĮȚ ȑȞĮ ĲȠʌȚțȩ 
ȝȑȖȚıĲȠ ıĲĮ 1,2Å, ıĲȠ įȑțĮĲȠ ns 

 

 

 ȈĲȘȞ ǼȚțȩȞĮ 4-21 ȕȜȑʌȠȣȝİ ĲȠ RM

Ĳ
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ȠȣȡȫȞ”. ǼȓȞĮȚ ȠȜȠĳȐȞİȡȘ Ș įȚĮĳȠȡȐ ıĲȘ įȚĮțȪȝĮȞıȘ. ȆȜȑȠȞ Ș ĲȚȝȒ ĲȘȢ 
įȚĮțȪȝ

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ǼȚțȩ Ƞ  (ns). 

ȈĲȘ ȝȑĲȡȘıȘ ıȣȝʌİȡȚȜĮȝȕȐȞȠȞĲĮȚ ȝȩȞȠ ĲĮ ȐĲȠȝĮ CĮ, ĲȩıȠ ĲȠȣ įȚȝİȡȠȪȢ, ȩıȠ țĮȚ ĲȦȞ įȣȠ ȝȠȞȠȝİ Ȟ ȝİ 
İȟĮȓȡİıȘ ĲĮ ȐĲȠȝĮ ĲȦȞ “ȠȣȡȫȞ”. Ǿ ȝȠȕ țĮȝʌȪȜȘ ĮȞĲȚıĲȠȚȤİȓ ıĲȠ įȚȝİȡȑȢ, Ș ĳȠȪȟȚĮ ıĲȠ ȝȠȞȠȝİȡȑ ǹ țĮȚ 
Ș țȣĮȞȒ ıĲȠ ȝȠȞȠȝİȡȑȢ Ǻ. Ǿ țĮȝʌȪȜȘ ĲȠȣ įȚȝİȡȠȪȢ ʌĮȡȩȜĮ ĮȣĲȐ ıȤİįȩȞ ıȣȝʌȓʌĲİȚ ȝİ ĲȘȞ țĮȝʌȪȜȘ ĲȠȣ 

Į ȐĲȠȝĮ ĲȦȞ ȣʌİȡțȚȞȘĲȚțȫȞ ȐțȡȦȞ ȝʌȠȡȠȪȞ ȞĮ ʌĮȡĮȜȘĳșȠȪȞ Įʌȩ ĲȚȢ ȝİĲȡȒıİȚȢ, 
ĮĳȠȪ Ĳ

Ȓ. ȈĲȘȞ ǼȚțȩȞĮ 4-22 ȝʌȠȡȠȪȝİ ȞĮ 

įȠȪȝİ  țĮĲȐȜȠȚʌĮ ʌȠȣ ʌĮȡȠȣıȚȐȗȠȣȞ ĲȘ ȝİȖĮȜȪĲİȡȘ țȚȞȘĲȚțȩĲȘĲĮ (ĹįȚĮțȪȝĮȞıȘ 

ĺ ĹțȚȞȘĲȚțȩĲȘĲĮ). 

“

ĮȞıȘȢ ĲȩıȠ ȖȚĮ ĲȠ įȚȝİȡȑȢ, ȩıȠ țĮȚ ȖȚĮ ĲĮ įȣȠ ȝȠȞȠȝİȡȒ țȣȝĮȓȞİĲĮȚ ȖȪȡȦ Įʌȩ 
ĲĮ 0,5Å ıİ ȩȜȘ ĲȘ įȚȐȡțİȚĮ ĲȠȣ trajectory.  

 

 

 

ȣȞĮ 4-21: ȀĮȝʌȪȜȘ ĲȣʌȚțȒȢ ĮʌȩțȜȚıȘȢ RMSD (Å) Įʌȩ ĲȘ ȝȑıȘ įȠȝȒ ıȣȞĮȡĲȒıİȚ ĲȠȣ ȤȡȩȞ
ȡȫ
Ȣ 

ȝȠȞȠȝİȡȠȪȢ ǹ.  

 

 Ȃİ ȕȐıȘ ĲĮ ȑȦȢ ĲȫȡĮ įİįȠȝȑȞĮ, ȝʌȠȡȠȪȝİ ȞĮ ʌȠȪȝİ ȝİ ıȤİĲȚțȒ ıȚȖȠȣȡȚȐ ʌȦȢ 
Ĳ

Ƞ ȝȩȞȠ ʌȠȣ țȐȞȠȣȞ İȓȞĮȚ ȞĮ ĮȜȜȠȚȫȞȠȣȞ ĲĮ ĮʌȠĲİȜȑıȝĮĲĮ. ȅʌȩĲİ Įʌȩ İįȫ țĮȚ 
ıĲȠ İȟȒȢ įİ șĮ ȜĮȝȕȐȞȠȞĲĮȚ ȣʌ’ ȩȥȚȞ.   
 

 

4.1.3 RMSF 
 

 

 ȉȠ RMSF İȓȞĮȚ ȝȚĮ ʌĮȡȐȝİĲȡȠȢ ʌȠȣ ĮȞĲȚțĮĲȠʌĲȡȓȗİȚ ĲȘ įȚĮțȪȝĮȞıȘ İȞȩȢ 
ĮĲȩȝȠȣ ıİ ıȤȑıȘ ȝİ ĲȘ șȑıȘ ĲȠȣ ıĲȘ ȝȑıȘ įȠȝ

ĲĮ
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ȚțȩȞĮ 4-22: RMSF ĲȦȞ ĮĲȩȝȦȞ ĲȠȣ įȚȝİȡȠȪȢ ıİ ıȤȑıȘ ȝİ ĲȘ șȑıȘ ĲȠȣȢ ıĲȘ ȝȑıȘ įȠȝȒ. ȉȠ RMSF 

ʌȠȜȠȖȓȗİĲĮȚ ıİ Å. 

ȉȚȢ ȣȥȘȜȩĲİȡİȢ ĲȚȝȑȢ İȝĳĮȞȓȗȠȣȞ ĲĮ țĮĲȐȜȠȚʌĮ ıĲȘȞ ĮȡȤȒ (1-2), ıĲȚȢ ıĲȡȠĳȑȢ 
8-31) țĮȚ ıĲȠ ĲȑȜȠȢ (54-56) țȐșİ ȝȠȞȠȝİȡȠȪȢ. ȉĮ țĮĲȐȜȠȚʌĮ ĮȣĲȐ ȩʌȦȢ İȓįĮȝİ țĮȚ 
ĲȠ țİĳȐȜĮȚȠ 1 įİ ıȣȝȝİĲȑȤȠȣȞ ıĲȠ ıȤȘȝĮĲȚıȝȩ ȑȜȚțĮȢ, İʌȠȝȑȞȦȢ įȚțĮȚȠȜȠȖȘȝȑȞĮ 

ȣȝİ ĲĮ țȡȣıĲĮȜȜȠȖȡĮĳȚțȐ Bs țĮȚ ĲĮ RMSF ĲȘȢ ʌȡȠȘȖȠȪȝİȞȘȢ 
ȚțȩȞĮȢ șĮ įȠȪȝİ ʌȦȢ, ʌĮȡȩȜȠ ʌȠȣ ȠȚ țȡȣıĲĮȜȜȠȖȡĮĳȚțȑȢ ĲȚȝȑȢ İȓȞĮȚ ʌȠȜȪ ʌȚȠ 
ĮȣȟȘȝȑȞİȢ, ȑȤȠȣȝİ ȝȑȖȚıĲİȢ ĲȚȝȑȢ ıĲĮ ȓįȚĮ țĮĲȐȜȠȚʌĮ, įȘȜĮįȒ ıĲĮ țĮĲȐȜȠȚʌĮ ĲȦȞ 

Ǽ
ȣ

 

  

(2

ı
İȝĳĮȞȓȗȠȣȞ ĲȠ ȝİȖĮȜȪĲİȡȠ ȕĮșȝȩ țȚȞȘĲȚțȩĲȘĲĮȢ ıİ ıȪȖțȡȚıȘ ȝİ ĲĮ ȣʌȩȜȠȚʌĮ 

țĮĲȐȜȠȚʌĮ. ȈĲȘȞ ǼȚțȩȞĮ 4-23 ȝʌȠȡȠȪȝİ ȞĮ įȠȪȝİ ĲȚȢ ĲȚȝȑȢ ĲȦȞ țȡȣıĲĮȜȜȠȖȡĮĳȚțȫȞ 
Ǻ ʌĮȡĮȖȩȞĲȦȞ (B factors) ĲȦȞ CĮ ĮĲȩȝȦȞ ĲȘȢ įȠȝȒȢ 1F4N.  

ǼȚțȩȞĮ 4-23: Ǻ factor ĮȞȐ CĮ ȐĲȠȝȠ ĲȘȢ įȠȝȒȢ 1F4N. 

 

 ǹȞ ıȣȖțȡȓȞȠ
İ



 83

ıĲȡȠĳȫȞ țĮȚ ıĲĮ țĮĲȐȜȠȚʌĮ ʌȠȣ ȕȡȓıțȠȞĲĮȚ ıĲȘȞ ĮȡȤȒ țĮȚ ıĲȠ ĲȑȜȠȢ țȐșİ 
ȝȠȞȠȝİȡȠȪȢ. Ǽįȫ ȞĮ ıȘȝİȚȫıȠȣȝİ ʌȦȢ ıĲȚȢ įȣȠ İȚțȩȞİȢ įİȞ ĮȞĲȚıĲȠȚȤİȓ Ƞ ȓįȚȠȢ 
ĮȡȚșȝȩȢ țĮĲĮȜȠȓʌȦȞ. ȈĲȘ įȠȝȒ 1F4N ĲĮ țĮĲȐȜȠȚʌĮ İȓȞĮȚ ȜȚȖȩĲİȡĮ, ȩʌȦȢ ȑȤȠȣȝİ ȒįȘ 

ĮȞĮĳȑȡİȚ ıĲȠ țİĳȐȜĮȚȠ 3.  

 

 

4.1.4 ǼȟȑȜȚȟȘ ĲȠȣ RG, Radius of Gyration 
 

 

 ȈĲȘȞ İȚțȩȞĮ 4-24 ȝʌȠȡȠȪȝİ ȞĮ įȠȪȝİ ĲȘȞ İȟȑȜȚȟȘ ĲȠȣ RG ĲȦȞ ȝȠȞȠȝİȡȫȞ ǹ 

țĮȚ Ǻ ĲȘȢ Ala2Ile2-6. Ǿ ĲȚȝȒ ĲȠȣ RG țȣȝĮȓȞİĲĮȚ ȖȚĮ ĲȠ ȝȠȞȠȝİȡȑȢ ǹ ȖȪȡȦ Įʌȩ ĲĮ 

14,6Å țĮȚ ȖȚĮ ĲȠ ȝȠȞȠȝİȡȑȢ Ǻ ȖȪȡȦ Įʌȩ ĲĮ 14,5Å țĮȚ įİ ĳĮȓȞİĲĮȚ ȞĮ ʌĮȡȠȣıȚȐȗİȚ 
ıȘȝĮȞĲȚțȑȢ įȚĮțȣȝȐȞıİȚȢ, ĮȞ İȟĮȚȡȑıȠȣȝİ ĲȘ ȝȚțȡȒ ĮȪȟȘıȘ ıĲĮ ĲİȜİȣĲĮȓĮ 2 ns 

ȡȓȗȠȣȝİ ȒįȘ Įʌȩ ĲĮ ʌȡȠȘȖȠȪȝİȞĮ ĮʌȠĲİȜȑıȝĮĲĮ.   

 

 

 

 

 

 

  

 

 

 

ǼȚțȩȞĮ 4-24: RG ĲȦȞ ȝȠȞȠȝİȡȫȞ ǹ (ȝİ ȝʌȜİ ȤȡȫȝĮ) țĮȚ Ǻ (ȝİ țȣĮȞȩ ȤȡȫȝĮ).  

 

ʌİȡȓʌȠȣ ĲȠȣ trajectory. ȈȣȞİʌȫȢ ʌĮȡĮĲȘȡȠȪȝİ ʌȦȢ ĲȠ ȝȩȡȚȠ İȓȞĮȚ ĮȡțİĲȐ ıĲĮșİȡȩ, 
ʌȡȐȖȝĮ ʌȠȣ ȖȞȦ
 

 

 

 

 

 

 

 

 



4.1.5 ȋȐȡĲȘȢ ȝȑıȘȢ ĮʌȩıĲĮıȘȢ ȝİĲĮȟȪ ĲȦȞ CĮ ĮĲȩȝȦȞ țĮȚ ĲȠ 
ĮȞĲȓıĲȠȚȤȠ RMSD 
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ȈȪȝĳȦȞĮ ȝİ ȩıĮ ĮȞĮĳȑȡșȘțĮȞ ıĲȘȞ ĮȡȤȒ ĲȠȣ țİĳĮȜĮȓȠȣ, İȓȞĮȚ įȣȞĮĲȩȞ ȞĮ 

ĲȚȐȟȠȣȝİ ȑȞĮȞ ʌȓȞĮțĮ ʌȠȣ ȞĮ ʌİȡȚȜĮȝȕȐȞİȚ ĲȚȢ ȝȑıİȢ ĮʌȠıĲȐıİȚȢ ȝİĲĮȟȪ ĲȦȞ 
ȞĮ 4-25. Ǿ ȠȡȚȗȩȞĲȚĮ ȖȡĮȝȝȒ 

ĲȘȞ ʌȐȞȦ ʌȜİȣȡȐ țĮȚ Ș țȐșİĲȘ ȖȡĮȝȝȒ ıĲȘȞ ĮȡȚıĲİȡȒ ʌȜİȣȡȐ ĮȞĲȚıĲȠȚȤȠȪȞ ıĲĮ 

ĲȠȝĮ CĮ ĲȦȞ țĮĲĮȜȠȓʌȦȞ ĲȦȞ įȪȠ ȝȠȞȠȝİȡȫȞ ǹ țĮȚ Ǻ. ǺȜȑʌȠȣȝİ ȩĲȚ Ƞ ʌȓȞĮțĮȢ 
ȩȖȦ ı

ȈĲȘȞ ǼȚțȩȞĮ 4-26 ȕȜȑʌȠȣȝİ ȝȚĮ ȖȡĮĳȚțȒ ĮȞĮʌĮȡȐıĲĮıȘ ĲȦȞ RMSD ʌȠȣ 
ȞĲȚıĲȠȚȤȠȪȞ ıĲȘȞ ǼȚțȩȞĮ 4-25. ȀĮȚ İįȫ ȚıȤȪȠȣȞ ȩıĮ țĮȚ ʌȡȠȘȖȠȣȝȑȞȦȢ ȝİ ĲȘ ȝȩȞȘ 

ȚĮĳȠȡȐ ȩĲȚ ȑȤȠȣȝİ ĮȞĲȓıĲȡȠĳȘ ĲȦȞ ȤȡȦȝȐĲȦȞ. Ǿ ȝİȖĮȜȪĲİȡȘ ĲȚȝȒ ĲȠȣ RMSD İȓȞĮȚ 
Į 5,2Å. ȂʌȠȡȠȪȝİ țĮȚ İįȫ ȞĮ įȠȪȝİ ʌȠȚĮ țĮĲȐȜȠȚʌĮ İȝĳĮȞȓȗȠȣȞ ĲȘ ȝİȖĮȜȪĲİȡȘ 

ȚȞȘĲȚțȩĲȘĲĮ. ȆȡȩțİȚĲĮȚ ȖȚĮ ĲĮ țĮĲȐȜȠȚʌĮ ĲȘȢ ıĲȡȠĳȒȢ ĲȠȣ ȝȠȞȠȝİȡȠȪȢ ǹ ıİ ıȤȑıȘ 

İ ĲȘ ıĲȡȠĳȒ ĲȠȣ ȝȠȞȠȝİȡȠȪȢ Ǻ, ĲĮ ȠʌȠȓĮ įİ ıȤȘȝĮĲȓȗȠȣȞ ȑȜȚțĮ. ȉĮ țĮĲȐȜȠȚʌĮ ĲȦȞ 
ʌİȡțȚȞȘĲȚțȫȞ ȐțȡȦȞ įİȞ ȣʌȠȜȠȖȓȗȠȞĲĮȚ ȩʌȦȢ ĮȞĮĳȑȡșȘțİ ʌȡȠȘȖȠȣȝȑȞȦȢ.    

 

 

 

ĳ
ĮĲȩȝȦȞ CĮ. ǲȞĮȢ ĲȑĲȠȚȠȢ ʌȓȞĮțĮȢ ĳĮȓȞİĲĮȚ ıĲȘȞ ǼȚțȩ
ı
Ȑ
Ȝ ȣȝȝİĲȡȓĮȢ ȤȦȡȓȗİĲĮȚ ıİ ĲİĲȡȐȖȦȞĮ. ȉȠ ʌȡȫĲȠ ĲİĲȡȐȖȦȞȠ ĮȞĲȚıĲȠȚȤİȓ ıĲȠ 
ʌȡȫĲȠ ȝȠȞȠȝİȡȑȢ țĮȚ ĲȠ įİȪĲİȡȠ ıĲȠ įİȪĲİȡȠ ȝȠȞȠȝİȡȑȢ, İȞȫ ĲĮ țĮĲȐȜȠȚʌĮ ĲȘȢ 
ıĲȡȠĳȒȢ ȕȡȓıțȠȞĲĮȚ ıĲȠ țȑȞĲȡȠ ĲȠȣ ĲİĲȡĮȖȫȞȠȣ. ȅȚ ȝȚțȡȩĲİȡİȢ ĮʌȠıĲȐıİȚȢ ȝİĲĮȟȪ 
ĲȦȞ CĮ ĮĲȩȝȦȞ ĮʌİȚțȠȞȓȗȠȞĲĮȚ ȝİ ȝĮȪȡȠ ȤȡȫȝĮ țĮȚ ȠȚ ȝİȖĮȜȪĲİȡİȢ ȝİ Ȝİȣțȩ ȤȡȫȝĮ. 

Ǿ ȝȑȖȚıĲȘ ĮʌȩıĲĮıȘ ȣʌȠȜȠȖȓȗİĲĮȚ ıĲĮ 45,23Å țĮȚ İȝĳĮȞȓȗİĲĮȚ ıĲĮ ȐĲȠȝĮ ĲȘȢ 
ıĲȡȠĳȒȢ ĲȠȣ ȝȠȞȠȝİȡȠȪȢ ǹ ıİ ıȤȑıȘ ȝİ ĲȠ ȝȠȞȠȝİȡȑȢ B. 
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 ǼȚțȩȞĮ 4-25: ȋȐȡĲȘȢ ĮʌȠıĲȐıİȦȞ CĮ-CĮ                      ǼȚțȩȞĮ 4-26: RMSD ʌȠȣ ĮȞĲȚıĲȠȚȤİȓ ıĲȠ ȤȐȡĲȘ 
ĮʌȠıĲȐıİȦȞ CĮ-CĮ   



4.1.6 Frame-to-Frame RMSD  
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Ȃİ ĲȠ frame-to-frame RMSD ȑȤȠȣȝİ ȝȚĮ ʌȚȠ ȠȜȠțȜȘȡȦȝȑȞȘ ȐʌȠȥȘ ȖȚĮ ĲȘȞ 

es țĮȚ Ƞ 
ȣʌȠȜȠȖȚıȝȩȢ ȑȖȚȞİ ȝİ ȕȒȝĮ 10.  

 

 

 ȀȐșİ ıȘȝİȓȠ ıĲȠȞ ȠȡȚȗȩȞĲȚȠ țĮȚ țȐșİĲȠ ȐȟȠȞĮ ĮȞĲȚıĲȠȚȤİȓ ıİ frames ȝİ ȕȒȝĮ 

10. ȂĮȗȓ ȝİ ĲȘ ĳȐıȘ ĲȠȣ heating İȓȞĮȚ ıȣȞȠȜȚțȐ [2573 x 2573] = 6.620.329. Ǿ 

ȝȑȖȚıĲȘ ĲȚȝȒ İȓȞĮȚ 1,5Å ȩʌȠȣ ĲȠ ȤȡȫȝĮ İȓȞĮȚ ȝĮȪȡȠ, İȞȫ Ș İȜȐȤȚıĲȘ 0Å ȩʌȠȣ ĲȠ 
ȤȡȫȝĮ İȓȞĮȚ ȐıʌȡȠ, ʌȡȐȖȝĮ ʌȠȣ ĳĮȓȞİĲĮȚ țĮȚ ıĲȘȞ ǼȚțȩȞĮ 4-5. ǼʌȚʌȜȑȠȞ 
ʌĮȡĮĲȘȡİȓĲĮȚ țĮȚ ȝȚĮ ȠȝĮįȠʌȠȓȘıȘ ĲȦȞ įȠȝȫȞ (clusters) ĲȘȞ ȠʌȠȓĮ ȩȝȦȢ șĮ 

ʌİȡȚȖȡȐȥȠȣȝİ ĮȞĮȜȣĲȚțȩĲİȡĮ ıİ İʌȩȝİȞȘ İȞȩĲȘĲĮ.  

 

 

4.1.7 Variance-Covariance țĮȚ Cross-Correlation  

 

 

ǵʌȦȢ İȓįĮȝİ ʌȡȠȘȖȠȣȝȑȞȦȢ Ƞ ʌȓȞĮțĮȢ ĲȦȞ variance-covariance țĮȚ cross-

orrelation ȝĮȢ įİȓȤȞİȚ ʌȠȚĮ ĲȝȒȝĮĲĮ ĲȠȣ ȝȠȡȓȠȣ țȚȞȠȪȞĲĮȚ ʌȡȠȢ ĲȘȞ ȓįȚĮ Ȓ ʌȡȠȢ 
ȞĲȓșİĲȘ țĮĲİȪșȣȞıȘ. ȅ ʌȓȞĮțĮȢ ĮȣĲȩȢ ʌĮȡȠȣıȚȐȗİĲĮȚ ıĲȘȞ ǼȚțȩȞĮ 4-28.  

 

țȚȞȘĲȚțȩĲȘĲĮ ĲȠȣ ȝȠȡȓȠȣ Įʌȩ İțİȓȞȘ ʌȠȣ ȝĮȢ įȓȞİȚ ĲȠ RMSD Įʌȩ ĲȘȞ ĮȡȤȚțȒ įȠȝȒ. 

ȈĲȘȞ ǼȚțȩȞĮ 4-27 ĮʌİȚțȠȞȓȗİĲĮȚ ĲȠ frame-to-frame RMSD.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ǼȚțȩȞĮ 4-27: Frame-to-Frame RMSD. ȈĲȠȞ ȠȡȚȗȩȞĲȚȠ țĮȚ țȐșİĲȠ ȐȟȠȞĮ ĮȞĲȚıĲȠȚȤȠȪȞ fram
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                        ǼȚțȩȞĮ 4-28: Variance-covariance țĮȚ cross-correlation 

ȈĲȠȣȢ įȣȠ ȐȟȠȞİȢ ĳĮȓȞȠȞĲĮȚ ĲĮ țĮĲȐȜȠȚʌĮ ĲȠȣ ǹ ȝȠȞȠȝİȡȠȪȢ (1-56) țĮȚ ĲȠȣ 
 ȝȠȞȠȝİȡȠȪȢ (57-112). ǻİȟȚȐ įȓʌȜĮ Įʌȩ ĲȠȞ ʌȓȞĮțĮ ĳĮȓȞİĲĮȚ Ș ȤȡȦȝĮĲȚțȒ 

ȚĮȕȐșȝȚıȘ Įʌȩ ȝĮȪȡȠ (-1, ĮȡȞȘĲȚțȒ ıȣıȤȑĲȚıȘ) ıİ țȓĲȡȚȞȠ (+1, șİĲȚțȒ ıȣıȤȑĲȚıȘ), 

Ȟȫ İțİȓ ȩʌȠȣ įİȞ ȣʌȐȡȤİȚ țĮșȩȜȠȣ ıȣıȤȑĲȚıȘ, įȘȜĮįȒ ȩʌȠȣ Ș ĲȚȝȒ İȓȞĮȚ 0 

ȞĲȚıĲȠȚȤİȓ ĲȠ țȩțțȚȞȠ ȤȡȫȝĮ. Ǿ ʌİȡȚȠȤȒ ȝİ ĲȠ ȑȞĲȠȞȠ țȓĲȡȚȞȠ (Ș įȚĮȖȫȞȚȠȢ) 

Ț țĮȚ ȖȚĮ ĲĮ ʌȜĮȧȞȐ ıİ ĮȣĲȩ țĮĲȐȜȠȚʌĮ ĲĮ ȠʌȠȓĮ İȓȞĮȚ 
ȝȠȚȠʌȠȜȚțȐ ıȣȞįİįİȝȑȞĮ ȝİ ĮȣĲȩ. ǱȜȜĮ țĮĲȐȜȠȚʌĮ ʌȠȣ ĳĮȓȞİĲĮȚ ȞĮ ıȣıȤİĲȓȗİĲĮȚ Ș 

ȓȞȘıȒ

į

ĲȠȣȢ İȝĳĮȞȓȗȠȞĲĮȚ ȝİĲĮȟȪ ĲȦȞ 
ĮĲĮȜȠȓʌȦȞ ʌȠȣ ĮȞȒțȠȣȞ ıİ įȚĮĳȠȡİĲȚțȑȢ ȑȜȚțİȢ țĮȚ įİȞ țȚȞȠȪȞĲĮȚ ȝĮȗȓ. ȉĮ 

ȞĲȓıĲȠȚȤĮ ıȘȝİȓĮ ĮʌİȚțȠȞȓȗȠȞĲĮȚ ȝİ ȝȦȕ țĮȚ ȝĮȪȡȠ ȤȡȫȝĮ, ȩʌȦȢ ȖȚĮ ʌĮȡȐįİȚȖȝĮ ĲĮ 

ȜȠȚʌĮ ĲȘȢ ıĲȡȠĳȒȢ 

  

  

 

 

Ǻ
į
İ
Į
ĮȞĲȚıĲȠȚȤİȓ ıĲȠ ȓįȚȠ țĮĲȐȜȠȚʌȠ ĲȠ ȠʌȠȓȠ ʌȡȠĳĮȞȫȢ ȑȤİȚ ʌȜȒȡȘ ıȣıȤȑĲȚıȘ ȝİ ĲȠȞ 
İĮȣĲȩ ĲȠȣ. ȉȠ ȓįȚȠ ȚıȤȪİ
Ƞ
ț  ĲȠȣȢ ȕȡȓıțȠȞĲĮȚ ıĲĮ ıȘȝİȓĮ ȝİ ĲȠ ʌȠȡĲȠțĮȜȓ ȤȡȫȝĮ, ʌȠȣ İȓȞĮȚ ʌİȡȓʌȠȣ ıĲĮ 

țĮĲȐȜȠȚʌĮ ʌȠȣ ȕȡȓıțȠȞĲĮȚ ıĲȚȢ ıĲȡȠĳȑȢ ĲȦȞ ȝȠȞȠȝİȡȫȞ. ȉȠ ȓįȚȠ ȚıȤȪİȚ țĮȚ ȖȚĮ ĲĮ 

țĮĲȐȜȠȚʌĮ ĲȘȢ țȐșİ Į ȑȜȚțĮȢ (ʌȠȡĲȠțĮȜȓ įȚĮȖȫȞȚİȢ țȐșİĲİȢ ıĲȘȞ țȓĲȡȚȞȘ įȚĮȖȫȞȚȠ). 
ǼʌȓıȘȢ ĲĮ țĮĲȐȜȠȚʌĮ ʌȠȣ įȘȝȚȠȣȡȖȠȪȞ ĲĮ İʌȓʌİįĮ Ȓ ȚʌȜĮȞȐ İʌȓʌİįĮ țȚȞȠȪȞĲĮȚ ȝĮȗȓ 
ȜȩȖȦ ĲȦȞ ĮȜȜȘȜİʌȚįȡȐıİȦȞ ʌȠȣ ĮȞĮʌĲȪııȠȞĲĮȚ ȫıĲİ ȞĮ ıĲĮșİȡȠʌȠȚȘșİȓ Ƞ ʌȣȡȒȞĮȢ. 
ȅȚ țȚȞȒıİȚȢ ʌȠȣ įİ ıȤİĲȓȗȠȞĲĮȚ țĮșȩȜȠȣ ȝİĲĮȟȪ 
ț
Į
țĮĲȐȜȠȚʌĮ ĲȘȢ ıĲȡȠĳȒȢ ĲȠȣ İȞȩȢ ȝȠȞȠȝİȡȠȪȢ ıİ ıȤȑıȘ ȝİ ĲĮ țĮĲȐ

 ȐȜȜȠȣ ȝȠȞȠȝİȡȠȪȢ.   ĲȠȣ
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.1.8 ȋĮȡĮțĲȘȡȚıĲȚțȑȢ ĲȚȝȑȢ (eigenvalues) țĮȚ ȤĮȡĮțĲȘȡȚıĲȚțȐ 

ȞȪıȝĮĲĮ (eigenvectors)  

īȚĮ ȞĮ įȠȪȝİ ĲȚȢ ȤĮȡĮțĲȘȡȚıĲȚțȑȢ țȚȞȒıİȚȢ ĲȠȣ ȝȠȡȓȠȣ, ȩʌȦȢ ĮȞĮĳȑȡșȘțİ țĮȚ 
 ĮȡȤȒ ĲȠȣ țİĳĮȜĮȓȠȣ, ʌȡȑʌİȚ ȞĮ ȣʌȠȜȠȖȓıȠȣȝİ ĲȚȢ ȤĮȡĮțĲȘȡȚıĲȚțȑȢ ĲȚȝȑȢ 

alues) țĮȚ ĲĮ ȤĮȡĮțĲȘȡȚıĲȚțȐ ĮȞȪıȝĮĲĮ (eigenvectors). ǹȡȤȚțȐ ȩȝȦȢ ʌȡȑʌİȚ 
 İȜȑȖȟȠȣȝİ ĮȞ ȣʌȐȡȤİȚ sufficient sampling, ȠʌȩĲİ ȣʌȠȜȠȖȓȗȠȣȝİ ĲȚȢ įȚĮțȣȝȐȞıİȚȢ 

 ĲȡȚȫȞ ʌȡȫĲȦȞ eigenvectors ʌȠȣ ĳĮȓȞİĲĮȚ ȩĲȚ șĮ ĮȞĲȚʌȡȠıȦʌİȪȠȣȞ ĲȘȞ 
 ĲȦȞ ȕĮıȚțȫȞ țȚȞȒıİȦȞ ĲȠȣ ȝȠȡȓȠȣ. ȈĲȘȞ ǼȚțȩȞĮ 4-29 ȑȤȠȣȝİ ĲȘ 

 ĮʌİȚțȩȞȚıȘ ĲȦȞ 3 ʌȡȫĲȦȞ eigenvectors. ǼȐȞ Ƞ ȤȡȩȞȠȢ ĲȘȢ ʌȡȠıȠȝȠȓȦıȘȢ 
 ĮȡțİĲȩȢ ȖȚĮ sufficient sampling ȠȡȚıȝȑȞȦȞ țȚȞȒıİȦȞ, ĲȠ ȚıĲȩȖȡĮȝȝĮ șĮ 

 ıİ ȝȠȞȠįȚȐıĲĮĲȘ (1D) țĮȞȠȞȚțȒ țĮĲĮȞȠȝȒ ȖȪȡȦ Įʌȩ ĲȠ ȝȘįȑȞ, ĲȠ 
ıȤȘȝĮĲȓȗȠȣȞ ȠȚ 3 ʌȡȫĲȠȚ eigenvectors, ıȣȞįȣĮȗȩȝİȞȠȚ ĮȞȐ įȣȠ, șĮ 

 ĲȘ șȑıȘ 0,0 țĮȚ ĲȠ 
ʌȓʌİįȠ ʌȠȣ ıȤȘȝĮĲȓȗȠȣȞ ȠȚ 3 ʌȡȫĲȠȚ eigenvectors șĮ ĮȞĲȚıĲȠȚȤİȓ ıİ ĲȡȚıįȚȐıĲĮĲȘ 

D) ț

4

Į
 

 

 

ıĲȘȞ
(eigenv

ȞĮ
ĲȦȞ
ʌȜİȚȠȥȘĳȓĮ
ȖȡĮĳȚțȒ
İȓȞĮȚ
ĮȞĲȚıĲȠȚȤİȓ
İʌȓʌİįȠ ʌȠȣ 
ĮȞĲȚıĲȠȚȤİȓ ıİ įȚıįȚȐıĲĮĲȘ (2D) țĮȞȠȞȚțȒ țĮĲĮȞȠȝȒ ȖȪȡȦ Įʌȩ
İ
(3 ĮȞȠȞȚțȒ țĮĲĮȞȠȝȒ ȖȪȡȦ Įʌȩ ĲȘ șȑıȘ 0,0,0. ǺȜȑʌȠȣȝİ ʌȦȢ ȑȤİȚ İʌȚĲİȣȤșİȓ 
ıȤİįȩȞ sufficient sampling ȖȚĮ ĲȠȞ ʌȡȫĲȠ eigenvector, ȩȝȦȢ ȕȜȑʌȠȣȝİ ĲȘȞ ȪʌĮȡȟȘ 

İȞȩȢ ȝİȖȐȜȠȣ  cluster țĮȚ ȓıȦȢ țȐʌȠȚȠȣ ȝȚțȡȩĲİȡȠȣ. ȀȐĲȚ ĮȞĲȓıĲȠȚȤȠ ıȣȝȕĮȓȞİȚ ıİ 
ȝȚțȡȩĲİȡȠ ȕĮșȝȩ țĮȚ ȝİ ĲȠȞ įİȪĲİȡȠ eigenvector, İȞȫ ıĲȠȞ ĲȡȓĲȠ Ƞ ȤȡȩȞȠȢ ĲȘȢ 
ʌȡȠıȠȝȠȓȦıȘȢ ĳĮȓȞİĲĮȚ ʌȦȢ İȓȞĮȚ ĮȡțİĲȩȢ ȖȚĮ ȞĮ ĲȠȞ ʌĮȡĮțȠȜȠȣșȒıȠȣȝİ. ȈĲȠ țȐĲȦ 

ȝȑȡȠȢ ĲȘȢ İȚțȩȞĮȢ, ȩʌȠȣ ȑȤȠȣȝİ ĲȘȞ ĲȡȚıįȚȐıĲĮĲȘ ĮʌİȚțȩȞȚıȘ ĲȘȢ ʌȡȠȕȠȜȒȢ ĲȦȞ 3 

eigenvectors ĳĮȓȞİĲĮȚ ʌȦȢ įȘȝȚȠȣȡȖȠȪȞĲĮȚ įȣȠ clusters. ǵȝȦȢ Ș ĮʌİȚțȩȞȚıȘ ĮȣĲȒ įİ 
ȝʌȠȡİȓ ȞĮ ȝĮȢ įİȓȟİȚ ĲȘ ıȣȞİȚıĳȠȡȐ ıİ țȐșİ cluster. ȋȡİȚĮȗȩȝĮıĲİ ȜȠȚʌȩȞ ȝȚĮ 

ĮʌİȚțȩȞȚıȘ ıĲȘȞ ȠʌȠȓĮ șĮ İʌȚıȘȝĮȓȞİĲĮȚ Ș ʌȜȘȡȠĳȠȡȓĮ ıȤİĲȚțȐ ȝİ ĲȘȞ ʌȣțȞȩĲȘĲĮ 

ĲȦȞ ıȘȝİȓȦȞ. ȀȐĲȚ ĮȞȐȜȠȖȠ įȘȜĮįȒ ȝİ ĲȘȞ ǼȚțȩȞĮ 4-30, ȩʌȠȣ Ș ȤȡȦȝĮĲȚțȒ 

įȚĮȕȐșȝȚıȘ Įʌȩ ȝĮȪȡȠ (0) ıİ țȓĲȡȚȞȠ (90) ĮțȠȜȠȣșİȓ ĲȘȞ ĮȣȟȘĲȚțȒ ʌȠȡİȓĮ ĲȘȢ 
ʌȣțȞȩĲȘĲĮȢ ĲȦȞ ıȘȝİȓȦȞ. ȈȣȞİʌȫȢ ĳĮȓȞȠȞĲĮȚ įȣȠ clusters ĲĮ ȠʌȠȓĮ ıȤİįȩȞ 
İʌȚțĮȜȪʌĲȠȞĲĮȚ İȞȫ ȑȞĮ ĲȡȓĲȠ ȝȚțȡȩĲİȡȠ įİȞ İȝĳĮȞȓȗİȚ ıȘȝĮȞĲȚțȩ ĮȡȚșȝȩ ıȘȝİȓȦȞ. 
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ǼȚțȩȞĮ 4-29  

ȆȐȞȦ: ȆȡȠȕȠȜȒ įȚĮțȣȝȐȞıİȦȞ ĲȦȞ 3 ʌȡȫĲȦȞ eigenvectors ıİ ȝȚĮ įȚȐıĲĮıȘ 
ȈĲȘ ȝȑıȘ: ȆȡȠȕȠȜȒ įȚĮțȣȝȐȞıİȦȞ ĲȦȞ 3 ʌȡȫĲȦȞ eigenvectors, ıȣȞįȣĮıȝȑȞȦȞ ĮȞȐ 2 (1-2, 1-3, 2-3 Įʌȩ 

ĮȡȚıĲİȡȐ ʌȡȠȢ įİȟȚȐ) ıĲȚȢ įȣȠ įȚĮıĲȐıİȚȢ  
ȀȐĲȦ: ȈȤȘȝĮĲȚțȩ ıĲİȡİȠįȚȐȖȡĮȝȝĮ ĲȘȢ ʌȡȠȕȠȜȒȢ ĲȦȞ 3 ʌȡȫĲȦȞ eigenvectors ıİ ĲȡİȚȢ įȚĮıĲȐıİȚȢ.  
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ǼȚțȩȞĮ 4-30 ĲȦȞ ıȘȝİȓȦȞ.  

 

 

 ȈĲȘȞ ıĲİȡİȠįȚȐȖȡĮȝȝĮ ʌȠȣ 
ĮȞĲȚıĲȠȚȤİȓ  eigenvalue-

igenvector ȖȚĮ ȠȜȩțȜȘȡȘ ĲȘ įȚȐȡțİȚĮ ĲȘȢ ʌȡȠıȠȝȠȓȦıȘȢ. Ǿ ȤȡȦȝĮĲȚțȒ įȚĮȕȐșȝȚıȘ 

ʌȩ ȝʌȜİ ıİ țȩțțȚȞȠ ȣʌȠįİȚțȞȪİȚ ĲȠ İȪȡȠȢ ĲȘȢ țȓȞȘıȘȢ.  

ȝĮ ĲȘȢ țȓȞȘıȘȢ ĲȠȣ ȝȠȡȓȠȣ, ȕȐıİȚ ĲȠȣ ʌȡȫĲȠȣ ȗİȪȖȠȣȢ 

 

 

: ȆȡȠȕȠȜȒ įȚĮțȣȝȐȞıİȦȞ ĮȞȐ ȗİȪȖȘ eigenvectors ȝİ ȕȐıȘ ĲȘȞ ʌȣțȞȩĲȘĲĮ 

 ǼȚțȩȞĮ 4-31 ȝʌȠȡȠȪȝİ ȞĮ įȠȪȝİ ȑȞĮ ıȤȘȝĮĲȚțȩ 
 ıĲȘȞ țȓȞȘıȘ ĲȠȣ ȝȠȡȓȠȣ ȕȐıİȚ ĲȠȣ ʌȡȫĲȠȣ ȗİȪȖȠȣȢ

e

Į
 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ǼȚțȩȞĮ 4-31: ȈȤȘȝĮĲȚțȩ ıĲİȡİȠįȚȐȖȡĮȝ
eigenvalue-eigenvector ıİ ȩȜȘ ĲȘ įȚȐȡțİȚĮ ĲȠȣ trajectory.  
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īȚĮ ȞĮ ȠȜȠțȜȘȡȫıȠȣȝİ ĲȘ ȝİȜȑĲȘ ĲȦȞ eigenvectors ȝȑȞİȚ ȞĮ ȝİȜİĲȒıȠȣȝİ ĲȘȞ 
ĮĲĮȞȠȝȒ ĲȦȞ įȚĮțȣȝȐȞıİȦȞ ĮȞȐ țĮĲȐȜȠȚʌȠ. ǲĲıȚ ȝʌȠȡȠȪȝİ ȞĮ ȑȤȠȣȝİ ȝȚĮ 

ȜȠțȜȘȡȦȝȑȞȘ ȐʌȠȥȘ ȖȚĮ ĲȘȞ ʌȠıȩĲȘĲĮ ĲȦȞ ıȤİĲȚȗȩȝİȞȦȞ įȚĮțȣȝȐȞıİȦȞ ĲȠȣ 
ĮȡĮțĲȘȡȚıĲȚțȠȪ ĮȞȪıȝĮĲȠȢ ȝİĲĮȟȪ ĲȦȞ țĮĲĮȜȠȓʌȦȞ. ȈĲȘȞ ǼȚțȩȞĮ 4-32 ĳĮȓȞİĲĮȚ Ș 

ȚĮțȪȝĮȞıȘ ĲȦȞ ʌȑȞĲİ ʌȡȫĲȦȞ ȤĮȡĮțĲȘȡȚıĲȚțȫȞ ĮȞȣıȝȐĲȦȞ ȤȦȡȚıĲȐ ȖȚĮ țȐșİ 
ĮĲȐȜȠȚʌȠ.  

ĮĲȐȜȠȚʌȠ. Ȃİ țȩțțȚȞĮ ȕȑȜȘ ıȘȝĮȓȞȠȞĲĮȚ ȠȚ ıĲȡȠĳȑȢ țȐșİ ȝȠȞȠȝİȡȠȪȢ.   

.1.9 ȅȝĮįȠʌȠȓȘıȘ ĲȦȞ įȠȝȫȞ ĲȘȢ ʌȡȠıȠȝȠȓ ȘȢ (cluster 

nalysis) 

ǵʌȦȢ İȓįĮȝİ țĮȚ  ĮȡȤȒ ĲȠȣ țİĳĮȜĮȓȠȣ, ȖȚĮ ȞĮ  ĲȚȢ įȠȝȑȢ 
Ƞȣ trajectory ȝʌȠȡȠȪȝİ ȞĮ ĳĲȚȐȟȠȣȝİ ȑȞĮ įİȞįȡȩȖȡĮȝȝĮ, ȩʌȦȢ ĮȣĲȩ ĲȘȢ ǼȚțȩȞĮȢ 4-

3, ȩʌȠȣ șĮ ȜĮȝȕȐȞİĲĮȚ ȣʌ’ ȩȥȚȞ ĲȠ RMSD ĮȞȐȝİıĮ ıĲȚȢ įȚȐĳȠȡİȢ įȠȝȑȢ. ǲĲıȚ ȝĮȢ 
ȓȞİĲĮȚ Ș įȣȞĮĲȩĲȘĲĮ ȞĮ ʌȡȠıįȚȠȡȓıȠȣȝİ ĲȠȞ ĮȡȚșȝȩ ĲȦȞ țȪȡȚȦȞ clusters. īȚĮ ȞĮ ȖȓȞİȚ 
ȐĲȚ ĲȑĲȠȚȠ ȝʌȠȡȠȪȝİ ȞĮ ȤȡȘıȚȝȠʌȠȚȒıȠȣȝİ ĲȠ țĮĲȐȜȜȘȜȠ ʌȡȩȖȡĮȝȝĮ, ʌȠȣ șĮ ȝĮȢ 
ȠȘșȒıİȚ ȞĮ ʌȐȡȠȣȝİ ĲȚȢ ĮʌĮȡĮȓĲȘĲİȢ ʌȜȘȡȠĳȠȡȓİȢ ȖȚĮ ĲĮ ȕĮıȚțȐ clusters.      

 

ț
Ƞ
Ȥ
į
ț
 

 

 

ǼȚțȩȞĮ 4-32: ǹȞĮʌĮȡȐıĲĮıȘ ĲȦȞ įȚĮțȣȝȐȞıİȦȞ ĲȦȞ ʌȑȞĲİ ʌȡȫĲȦȞ ȤĮȡĮțĲȘȡȚıĲȚțȫȞ ĮȞȣıȝȐĲȦȞ ĮȞȐ 

ț

 

 

 

4  Ȧı
a
 

 

 ıĲȘȞ ȠȝĮįȠʌȠȚȒıȠȣȝİ
Ĳ
3

į
ț
ȕ
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ȠʌȠȓİȢ 
ʌȚțĮȜȪʌĲȠȞĲĮȚ, ȩʌȦȢ İȓįĮȝİ țĮȚ ʌȡȠȘȖȠȣȝȑȞȦȢ (ǼȞȩĲȘĲĮ 4.1.8). ȋȡȘıȚȝȠʌȠȚȒıĮȝİ  
ȠȞ ĮȜȖȩȡȚșȝȠ pam ȖȚĮ ȞĮ țȐȞȠȣȝİ ĲȠȣȢ ȣʌȠȜȠȖȚıȝȠȪȢ. 

 

 

ǼȚțȩȞĮ 4-33: ǻİȞįȡȩȖȡĮȝȝĮ ĲȦȞ įȠȝȫȞ Įʌȩ ĲȚȢ ȠʌȠȓİȢ ʌİȡȞȐ țĮĲȐ ĲȘ įȚȐȡțİȚĮ ĲȠȣ trajectory Ș 
Ala2Ile2-6, ȕȐıİȚ ĲȠȣ RMSD.  

 

 ȈĲȘȞ ǼȚțȩȞĮ 4-34 ĳĮȓȞȠȞĲĮȚ įȣȠ ıȘȝĮȞĲȚțȑȢ ȠȝȐįİȢ įȠȝȫȞ ȠȚ 
İ
Ĳ
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ǼȚțȩȞĮ 4-34: ȆȐȞȦ: ȆȡȠıįȚȠȡȚıȝȩȢ ĲȦȞ clusters ȀȐĲȦ: ȀĮĲĮȞȠȝȒ ĲȦȞ įȠȝȫȞ ıĲĮ įȣȠ clusters. 
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4.1.10 ȈȪȖțȡȚıȘ ȝİĲĮȟȪ ȝȑıȘȢ įȠȝȒȢ ĲȦȞ 2 clusters țĮȚ ĲȘȢ 
ĮȡȤȚțȒȢ įȠȝȒȢ  
 

 

ǼĳȩıȠȞ ʌȡȠıįȚȠȡȓıĲȘțİ Ƞ ĮȡȚșȝȩȢ ĲȦȞ clusters ĮȢ įȠȪȝİ ĮȞ ȣʌȐȡȤȠȣȞ 
įȚĮĳȠȡȑȢ ıĲȘ ȝȑıȘ įȠȝȒ țĮșİȞȩȢ İț ĲȦȞ įȣȠ ĮȣĲȫȞ clusters (ǼȚțȩȞĮ 4-35), İț ĲȦȞ 
ȠʌȠȓȦȞ ĲȠ ʌȡȫĲȠ ĮȞĲȚıĲȠȚȤİȓ ıĲĮ frames 1-12590 (49% ĲȠȣ ıȣȞȩȜȠȣ ĲȦȞ frames) țĮȚ 
ĲȠ įİȪĲİȡȠ ıĲĮ frames 12960-22540 (50% ĲȠȣ ıȣȞȩȜȠȣ ĲȦȞ frames), țĮșȫȢ țĮȚ 
ĮȞȐȝİıĮ ıĲȘ ȝȑıȘ įȠȝȒ țĮșİȞȩȢ cluster țĮȚ ıĲȘȞ ĮȡȤȚțȒ įȠȝȒ ĲȘȢ Ala2Ile2-6 ȝİ 
ĲȠʌȠȜȠȖȓĮ syn (ǼȚțȩȞİȢ 4-36 țĮȚ 4-37).  

 

 

ǼȚțȩȞĮ 4-35: ȈȤȘȝĮĲȚțȩ ıĲİȡİȠįȚȐȖȡĮȝȝĮ ĲȘȢ ȝȑıȘȢ įȠȝȒȢ ĲȠȣ ʌȡȫĲȠȣ (ȝİ ȝʌȜİ ȤȡȫȝĮ) țĮȚ ĲȠȣ 
įİȪĲİȡȠȣ (ȝİ ʌȠȡĲȠțĮȜȓ ȤȡȫȝĮ) cluster ıİ ȣʌȑȡșİıȘ.  

 

ȈĲȘȞ ǼȚțȩȞĮ 4-35 ȕȜȑʌȠȣȝİ ʌȦȢ įİȞ ȣʌȐȡȤİȚ țȐʌȠȚĮ ıȘȝĮȞĲȚțȒ įȚĮĳȠȡȐ 

ĮȞȐȝİıĮ ıĲȚȢ įȣȠ ȝȑıİȢ įȠȝȑȢ, İțĲȩȢ Įʌȩ ȝȚĮ ĮʌȩțȜȚıȘ ıĲȠ ʌȡȫĲȠ ȃ-ĲİȜȚțȩ țĮȚ ĲĮ 

ĲȡȓĮ ĲİȜİȣĲĮȓĮ C-ĲİȜȚțȐ țĮĲȐȜȠȚʌĮ ĲȘȢ ǹ ȑȜȚțĮȢ. ȈĲȘȞ ǼȚțȩȞĮ 4-36 ȕȜȑʌȠȣȝİ ʌȦȢ Ș 

ȝİȖĮȜȪĲİȡȘ ĮʌȩțȜȚıȘ ȝİĲĮȟȪ ĲȘȢ ȝȑıȘȢ įȠȝȒȢ ĲȠȣ ʌȡȫĲȠȣ cluster țĮȚ ĲȘȢ ĮȡȤȚțȒȢ 
įȠȝȒȢ ĲȘȢ Ala2Ile2-6 ȝİ ĲȠʌȠȜȠȖȓĮ syn ȕȡȓıțİĲĮȚ ıĲĮ țĮĲȐȜȠȚʌĮ 53-60 ĲȘȢ ǹ ȑȜȚțĮȢ. 
ȉȑȜȠȢ ıĲȘȞ ǼȚțȩȞĮ 4-37 ʌĮȡĮĲȘȡȠȪȝİ İʌȓıȘȢ ĲȘ ȝİȖĮȜȪĲİȡȘ ĮʌȩțȜȚıȘ ıĲȘȞ ǹ ȑȜȚțĮ 

ĲȘȢ ȝȑıȘȢ įȠȝȒȢ ĲȠȣ įİȪĲİȡȠȣ cluster țĮȚ ĲȘȢ ĮȡȤȚțȒȢ įȠȝȒȢ ĲȠȣ ȝȠȡȓȠȣ, ĮȣĲȒ ĲȘ 

ĳȠȡȐ ȝİĲĮȟȪ ĲȦȞ țĮĲĮȜȠȓʌȦȞ 56-60.  
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ǼȚțȩȞĮ 4-36: ȈȤȘȝĮĲȚțȩ ıĲİȡİȠįȚȐȖȡĮȝȝĮ ĲȘȢ ȝȑıȘȢ įȠȝȒȢ ĲȠȣ ʌȡȫĲȠȣ (ȝİ ȝʌȜİ ȤȡȫȝĮ) cluster țĮȚ ĲȘȢ 
ĮȡȤȚțȒȢ įȠȝȒȢ ĲȠȣ ȝȠȡȓȠȣ (ȝİ țȩțțȚȞȠ ȤȡȫȝĮ)  ıİ ȣʌȑȡșİıȘ.  
 

 

 

 

 

 

 

 

 

 ȝȑıȘȢ įȠȝȒȢ ĲȠȣ įİȪĲİȡȠȣ (ȝİ ʌȠȡĲȠțĮȜȓ ȤȡȫȝĮ) cluster 

ĮȚ ĲȘȢ ĮȡȤȚțȒȢ įȠȝȒȢ ĲȠȣ ȝȠȡȓȠȣ (ȝİ țȩțțȚȞȠ ȤȡȫȝĮ)  ıİ ȣʌȑȡșİıȘ.  

 

 

 

 

 

 

 
ǼȚțȩȞĮ 4-37: ȈȤȘȝĮĲȚțȩ ıĲİȡİȠįȚȐȖȡĮȝȝĮ ĲȘȢ
ț
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.1.11 ǹȞȐȜȣıȘ įİȣĲİȡȠĲĮȖȠȪȢ įȠȝȒȢ  

ȈĲȠ ıȘȝİȓȠ ĮȣĲȩ șĮ ȝİȜİĲȒıȠȣȝİ țĮĲȐ ʌȩıȠ įȚĮĲȘȡȠȪȞĲĮȚ ĲĮ ıĲȠȚȤİȓĮ 

İȣĲİȡȠĲĮȖȠȪȢ įȠȝȒȢ, įȘȜĮįȒ ȠȚ Į ȑȜȚțİȢ, țĮĲȐ ĲȘ įȚȐȡțİȚĮ ĲȠȣ trajectory. īȚĮ ĲȠ 
țȠʌȩ ĮȣĲȩ ȤȡȘıȚȝȠʌȠȚȠȪȝİ ȑȞĮ logo (Frishman et al., 1995), ʌȠȣ ĳĮȓȞİĲĮȚ ıĲȘȞ 
ȚțȩȞĮ 4-38.  

ǼȚțȩȞĮ 4-38: ǹȞȐȜȣıȘ ĲȘȢ įİȣĲİȡȠĲĮȖȠȪȢ įȠȝȒȢ țĮĲȐ ȝȒțȠȢ ĲȘȢ ĮȜȜȘȜȠȣȤȓĮȢ 

Ȃİ Ǿ ʌĮȡȚıĲȐȞȠȞĲĮȚ ȠȚ Į ȑȜȚțİȢ (Ǿelix) țĮȚ ȝİ C ȠȚ șȘȜȚȑȢ (Coils). Ȉİ țȐșİ 
İȚȡȐ ȕȡȓıțȠȞĲĮȚ 40 șȑıİȚȢ ĮȜȜȘȜȠȣȤȓĮȢ. ȅȚ Į ȑȜȚțİȢ įȚĮĲȘȡȠȪȞĲĮȚ țĮș’ ȩȜȘ ĲȘ 

ȚȐȡțİȚĮ ĲȠȣ trajectory țĮȚ İȓȞĮȚ ĮȡțİĲȐ ıĲĮșİȡȑȢ. ȅȚ ʌİȡȚȠȤȑȢ ʌȠȣ įİ ıȤȘȝĮĲȓȗȠȣȞ 
ĲĮșİȡȒ įȠȝȒ, ĮȜȜȐ șȘȜȚȐ, ĮȞĲȚıĲȠȚȤȠȪȞ ıĲĮ țĮĲȐȜȠȚʌĮ 1-2 ĲȠȣ ȃ-ĲİȜȚțȠȪ ȐțȡȠȣ, 
9-31 ĲȘȢ ıĲȡȠĳȒȢ țĮȚ 57-59 ĲȠȣ C-ĲİȜȚțȠȪ ȐțȡȠȣ ĲȠȣ ȝȠȞȠȝİȡȠȪȢ ǹ, țĮșȫȢ țĮȚ ıĲĮ 

ĮĲȐȜȠȚʌĮ 1-2 ĲȠȣ ȃ-ĲİȜȚțȠȪ ȐțȡȠȣ, 29-31 ĲȘȢ ıĲȡȠĳȒȢ țĮȚ 56-57 ĲȠȣ C-ĲİȜȚțȠȪ 

4
 

 

 

į
ı
Ǽ

 

 

 

ı
į
ı
2

ț
ȐțȡȠȣ ĲȠȣ ȝȠȞȠȝİȡȠȪȢ Ǻ.   
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ȠȪȢ ĲȘȢ Ala2Ile2-6 ȝİ 
ĲȠʌȠȜȠȖȓĮ anti (Rop-like)  

ȞİȢ ĲȘȢ ĳȣıȚțȒȢ Rop (1rop.pdb), ĲȚȢ ȠʌȠȓİȢ ȕȡȒțĮȝİ ıĲȘ ȕȐıȘ 

įİįȠȝȑȞȦȞ ĲȘȢ PDB. ȈĲȘ ıȣȞȑȤİȚĮ ȝİ ĲȘ ȕȠȒșİȚĮ ĲȠȣ ʌȡȠȖȡȐȝȝĮĲȠȢ X-fit 

ĲȡȠʌȠʌȠȚȒıĮȝİ ĲȘȞ ĮȜȜȘȜȠȣȤȓĮ ȫıĲİ ȞĮ ʌȐȡȠȣȝİ ĲİȜȚțȐ ĲȘȞ Ala2Ile2-6 ȝİ ĲȠʌȠȜȠȖȓĮ 

anti țĮȚ ȕİȜĲȚıĲȠʌȠȚȒıĮȝİ ĲȘ ȖİȦȝİĲȡȓĮ ĲȠȣ ȝȠȡȓȠȣ ȫıĲİ ȞĮ ȝȘȞ ʌĮȡİȝʌȠįȓȗİȚ Ș ȝȚĮ 

ʌȜİȣȡȚțȒ ĮȜȣıȓįĮ ĲȘȞ ȐȜȜȘ ıĲĮ ıĲȡȫȝĮĲĮ ĲȠȣ ȣįȡȩĳȠȕȠȣ ʌȣȡȒȞĮ. Ǽįȫ ȟİțȚȞȐȝİ ȝİ 
ȩȜĮ ĲĮ ıĲȡȫȝĮĲĮ ȞĮ ıȣȝȝİĲȑȤȠȣȞ ıĲȘȞ ȠȡȖȐȞȦıȘ ĲȠȣ ȣįȡȩĳȠȕȠȣ ʌȣȡȒȞĮ, İĳȩıȠȞ 
ȤȡȘıȚȝȠʌȠȚȒıĮȝİ ıĮȞ İțȝĮȖİȓȠ ĲȘȞ ĲȠʌȠȜȠȖȓĮ ĲȘȢ ĳȣıȚțȒȢ Rop. ȆȡȠȑțȣȥİ ȜȠȚʌȩȞ Ș 

įȠȝȒ ʌȠȣ șĮ ȤȡȘıȚȝȠʌȠȚȒıȠȣȝİ ȖȚĮ ĲȘȞ ĮȞȐȜȣıȘ (ǼȚțȩȞĮ 4-39). 

 

 

2 2

ȝȒȢ, İȞȫ ȝİ ȝʌȜİ ȤȡȫȝĮ ĲĮ țĮĲȐȜȠȚʌĮ Ala, ȝİ ʌȡȐıȚȞȠ ĲĮ țĮĲȐȜȠȚʌĮ 

e, ȝİ ȝȦȕ ĲĮ țĮĲȐȜȠȚʌĮ Phe, ȝİ ʌȠȡĲȠțĮȜȓ ĲĮ țĮĲȐȜȠȚʌĮ Glu țĮȚ ȝİ ȡȠȗ ĲĮ țĮĲȐȜȠȚʌĮ Leu, ʌȠȣ 
ʌȠĲİȜȠȪȞ ĲĮ ȠțĲȫ ıĲȡȫȝĮĲĮ (layers) ĲȠȣ ıȤȘȝĮĲȚȗȩȝİȞȠȣ ȣįȡȩĳȠȕȠȣ ʌȣȡȒȞĮ.  

4.2.1 RMSD (ĲȣʌȚțȒ ĮʌȩțȜȚıȘ) Įʌȩ ĲȘȞ ĮȡȤȚțȒ įȠȝȒ 

4.2 ǹȞȐȜȣıȘ ʌȡȠıȠȝȠȓȦıȘȢ įȚȝİȡ

 

 

ǵʌȦȢ İȓįĮȝİ țĮȚ ıĲȘȞ İȞȩĲȘĲĮ 3.2 ȖȚĮ ȞĮ įȘȝȚȠȣȡȖȒıȠȣȝİ ĲȠ įȚȝİȡȑȢ 
Ala2Ile2-6 ȝİ ĲȠʌȠȜȠȖȓĮ ȩȝȠȚĮ ȝİ İțİȓȞȘ ĲȘȢ ĳȣıȚțȒȢ Rop, ȤȡȘıȚȝȠʌȠȚȒıĮȝİ ĮȡȤȚțȐ 

ĲȚȢ ıȣȞĲİĲĮȖȝȑ

 

ǼȚțȩȞĮ 4-39: ȈȤȘȝĮĲȚțȩ ıĲİȡİȠįȚȐȖȡĮȝȝĮ ĲȘȢ Ala Ile -6 ȝİ ĲȠʌȠȜȠȖȓĮ ĲȘȢ ĳȣıȚțȒȢ Rop. Ȃİ țȣĮȞȩ 
ȤȡȫȝĮ ȕȜȑʌȠȣȝİ ĲȠ ıțİȜİĲȩ ĲȘȢ įȠ
Il

Į
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ĲȘȞ ĲȣʌȚțȒ ĮʌȩțȜȚıȘ ĲȠȣ ıȣıĲȒȝĮĲȠȢ Įʌȩ 
 ĮȡȤȚțȒ ĲȠȣ įȠȝȒ, țĮĲȐ ʌȩıȠ įȘȜĮįȒ ʌĮȡİțțȜȓȞİȚ Ș įȠȝȒ Įʌȩ ĲȘȞ ĮȡȤȒ ĲȠȣ 

ıȣȞȐȡĲȘıȘ

 

 

 

 

 

 

 

 

 

 

 

 

 

ǼȚțȩȞĮ 4-40: ȀĮȝʌȪȜȘ ĲȣʌȚțȒȢ ĮʌȩțȜȚıȘȢ RMSD (Å) ıȣȞĮȡĲȒıİȚ ĲȠȣ ȤȡȩȞȠȣ (ns). ȈĲȘ ȝȑĲȡȘıȘ 
ıȣȝʌİȡȚȜĮȝȕȐȞȠȞĲĮȚ ȩȜĮ ĲĮ ȐĲȠȝĮ ĲȠȣ ıțİȜİĲȠȪ ĲȠȣ ıȣıĲȒȝĮĲȠȢ. Ǿ ȝȠȕ țĮȝʌȪȜȘ ĮȞĲȚıĲȠȚȤİȓ ıĲȠ įȚȝİȡȑȢ, 
Ș ĳȠȪȟȚĮ ıĲȠ ȝȠȞȠȝİȡȑȢ ǹ țĮȚ Ș țȣĮȞȒ ıĲȠ ȝȠȞȠȝİȡȑȢ Ǻ.  

 

 ǹȞ ʌĮȡĮĲȘȡȒıȠȣȝİ ȩȝȦȢ ĲȘ įȚĮțȪȝĮȞıȘ Įʌȩ ĲȘȞ ĮȡȤȚțȒ įȠȝȒ ĲȦȞ ʌȜİȣȡȚțȫȞ 
ȠȝȐįȦȞ ĲȦȞ țĮĲĮȜȠȓʌȦȞ ʌȠȣ ıȤȘȝĮĲȓȗȠȣȞ ĲĮ ıĲȡȫȝĮĲĮ ĲȠȣ ȣįȡȩĳȠȕȠȣ ʌȣȡȒȞĮ 

 4-41, 4-42), șĮ įȠȪȝİ ʌȦȢ ȣʌȐȡȤİȚ ȝȚĮ ĮȪȟȘıȘ ĲȘȢ įȚĮțȪȝĮȞıȘȢ Įʌȩ ĲȠ 

ȑȤȠȣȞ ĲȠʌȠșİĲȘșİȓ 
ʌȩ İȝȐȢ țĮĲȐ ʌȡȠıȑȖȖȚıȘ țĮȚ İȓȞĮȚ ȜȠȖȚțȩ ȞĮ ʌĮȡȠȣıȚȐȗȠȣȞ ȝȚĮ ıȤİĲȚțȒ 

țȚȞȘĲȚțȩĲȘĲĮ. ǹȟȚȠıȘȝİȓȦĲȠ İȓȞĮȚ țĮȚ İįȫ ĲȠ ȖİȖȠȞȩȢ ȩĲȚ ĲȘ įȚĮțȪȝĮȞıȘ ĲȠȣ 

 

 

ȈĲȠ ıȘȝİȓȠ ĮȣĲȩ șĮ ȝİȜİĲȒıȠȣȝİ 
ĲȘȞ
trajectory ȝȑȤȡȚ ĲȠ ĲȑȜȠȢ ĲȠȣ, ıİ  ȝİ ĲȠ ȤȡȩȞȠ.  

ȋȡȘıȚȝȠʌȠȚȫȞĲĮȢ, ȜȠȚʌȩȞ, ĲĮ ʌȡȠȖȡȐȝȝĮĲĮ X-plor (Brunger, 1992) țĮȚ Xmgr, 

ʌȒȡĮȝİ ĲȘȞ ǼȚțȩȞĮ 4-40, ıĲȘȞ ȠʌȠȓĮ ȕȜȑʌȠȣȝİ ȝȚĮ țĮȝʌȪȜȘ Ș ȠʌȠȓĮ ĮʌİȚțȠȞȓȗİȚ ĲȘȞ 
ĲȣʌȚțȒ ĮʌȩțȜȚıȘ (Å), ıȣȞĮȡĲȒıİȚ ĲȠȣ ȤȡȩȞȠȣ (ns). Ǿ ȝȑĲȡȘıȘ ȑȤİȚ ȖȓȞİȚ ȝİ ȕȐıȘ ĲĮ 

ȐĲȠȝĮ ĲȠȣ ıțİȜİĲȠȪ backbone) ĲȠȣ ıȣıĲȒȝĮĲȠȢ ǹla2ǿle2-6 țĮȚ ȦȢ ȝȑĲȡȠ ıȪȖțȡȚıȘȢ 
ȤȡȘıȚȝȠʌȠȚİȓĲĮȚ Ș ĮȡȤȚțȒ įȠȝȒ. ȈĲȘȞ ǼȚțȩȞĮ 4-40 ʌĮȡĮĲȘȡȠȪȝİ ȩĲȚ Ș ĲȣʌȚțȒ 

ĮʌȩțȜȚıȘ țȣȝĮȓȞİĲĮȚ ȖȪȡȦ Įʌȩ ȝȚĮ ĲȚȝȒ ʌİȡȓʌȠȣ 1,3Å ıİ ȩȜȘ ĲȘ įȚȐȡțİȚĮ ĲȠȣ 
trajectory.  

 

 

 

 

(ǼȚțȩȞİȢ
ȑțĲȠ nsec ĲȘȢ ʌȡȠıȠȝȠȓȦıȘȢ ȝȑȤȡȚ ĲȠ ĲȑȜȠȢ ĲȘȢ. ǹȡȤȚțȐ Ș įȚĮțȪȝĮȞıȘ țȣȝĮȓȞİĲĮȚ 
ȖȪȡȦ Įʌȩ ĲĮ 1,5Å țĮȚ ıĲȘ ıȣȞȑȤİȚĮ ȖȪȡȦ Įʌȩ ĲĮ 1,8Å. Ǿ ĮȪȟȘıȘ įİȞ İȓȞĮȚ ȝİȖȐȜȘ 

țĮȚ ȝʌȠȡİȓ ȞĮ İȟȘȖȘșİȓ Įʌȩ ĲȘȞ ȐʌȠȥȘ ȩĲȚ ȠȚ ʌȜİȣȡȚțȑȢ ȠȝȐįİȢ 
Į
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țȪȝĮȞıȘ ĲȠȣ 
ȠȞȠȝİȡȠȪȢ Ǻ İȓȞĮȚ ĮȡțİĲȐ ıĲĮșİȡȒ.  

 

 

 

 

ȚțȩȞĮ 4-41: ȀĮȝʌȪȜȘ ĲȣʌȚțȒȢ ĮʌȩțȜȚıȘȢ RMSD (Å) ıȣȞĮȡĲȒıİȚ ĲȠȣ ȤȡȩȞȠȣ (ns). ȈĲȘ ȝȑĲȡȘıȘ 
ȡȚȜĮȝȕȐȞȠȞĲĮȚ ĲĮ ȐĲȠȝĮ ĲȦȞ ʌȜİȣȡȚțȫȞ ȠȝȐįȦȞ ĲȦȞ ıĲȡȦȝȐĲȦȞ ʌȠȣ įȘȝȚȠȣȡȖȠȪȞ ĲȠȞ ȣįȡȩĳȠȕȠ 

ȣȡȒȞĮ ıĲȠ įȚȝİȡȑȢ.    

                                                                               

ȞĮ 4-42: ȀĮȝʌȪȜȘ ĲȣʌȚțȒȢ ĮʌȩțȜȚıȘȢ RMSD (Å) ıȣȞĮȡĲȒıİȚ ĲȠȣ ȤȡȩȞȠȣ (ns). ȈĲȘ ȝȑĲȡȘıȘ 

                

įȚȝİȡȠȪȢ İʌȘȡİȐȗİȚ Ș įȚĮțȪȝĮȞıȘ ĲȠȣ ȝȠȞȠȝİȡȠȪȢ ǹ, İȞȫ Ș įȚĮ
ȝ
 

 

 

 

 

 

 

 

 

 

Ǽ
ıȣȝʌİ
ʌ

  

 ǼȚțȩ
ıȣȝʌİȡȚȜĮȝȕȐȞȠȞĲĮȚ ĲĮ ȐĲȠȝĮ ĲȦȞ ʌȜİȣȡȚțȫȞ ȠȝȐįȦȞ ĲȦȞ ıĲȡȦȝȐĲȦȞ ʌȠȣ įȘȝȚȠȣȡȖȠȪȞ ĲȠȞ ȣįȡȩĳȠȕȠ 
ʌȣȡȒȞĮ ıĲȠ ȝȠȞȠȝİȡȑȢ ǹ ĮȡȚıĲİȡȐ țĮȚ ıĲȠ ȝȠȞȠȝİȡȑȢ Ǻ įİȟȚȐ.    

                                                                             

 

 

 

 

4.2.2 Ǿ ȝȑıȘ įȠȝȒ țĮȚ ȠȚ ĮȞĲȓıĲȠȚȤİȢ įȚĮțȣȝȐȞıİȚȢ  
 

 



ǶıĲİȡĮ Įʌȩ İʌİȟİȡȖĮıȓĮ ȠȜȩțȜȘȡȠȣ ĲȠȣ trajectory ȝİ ĲȘ ȕȠȒșİȚĮ ĲȠȣ 
ʌȡȠȖȡȐȝȝĮĲȠȢ X-plor, țĮĲĮĳȑȡĮȝİ ȞĮ ĮȞĮțĲȒıȠȣȝİ ȑȞĮ ĮȡȤİȓȠ pdb ıĲȠ ȠʌȠȓȠ 
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İȝʌİȡȚȑȤȠȞĲĮȚ ȠȚ ıȣȞĲİĲĮȖȝȑȞİȢ İȞȩȢ įȚȝİȡȠȪȢ ʌȠȣ ĮȞĲȚıĲȠȚȤİȓ ıİ ȝȚĮ ȝȑıȘ įȠȝȒ ĲȠȣ 
ĮȡȤȚțȠȪ ıȣıĲȒȝĮĲȠȢ. ǶıĲİȡĮ Įʌȩ ȝȚĮ İʌİȟİȡȖĮıȓĮ ĲȠȣ ĮȡȤİȓȠȣ ĮȣĲȠȪ ȝİ ĲȠ 
ʌȡȩȖȡĮȝȝĮ VMD, įȘȝȚȠȣȡȖȒıĮȝİ ȑȞĮ ıĲİȡİȠįȚȐȖȡĮȝȝĮ ĲȘȢ ȝȑıȘȢ ĮȣĲȒȢ įȠȝȒȢ 
(ǼȚțȩȞĮ 4-43).  

 

 

 

 

 

 

 

 

 

 

 

ǼȚțȩȞĮ 43: ȈȤȘȝĮĲȚțȩ ıĲİȡİȠįȚȐȖȡĮȝȝĮ ĲȘȢ ȝȑıȘȢ įȠȝȒȢ ĲȠȣ ıȣıĲȒȝĮĲȠȢ Ala2Ile2-6 ȝİ ĲȠʌȠȜȠȖȓĮ anti. 

ǹȡȚıĲİȡȐ  ĲȠ ȡȠȗ ȕȑȜȠȢ ȕȡȓıțİĲĮȚ Ș ĮȜȣıȓįĮ ǹ țĮȚ įİȟȚȐ ȝİ ĲȠ ȝȠȕ ȕȑȜȠȢ Ș ĮȜȣıȓįĮ Ǻ.  

 
ĲȘȞ İȚțȩȞĮ įȚĮțȡȓȞȠȣȝİ ĲȘȞ ĮȜȣıȓįĮ ǹ ĮȡȚıĲİȡȐ țĮȚ ĲȘ Ǻ įİȟȚȐ, ıİ țȐșİ 

ĲȝȒȝĮ Ƞȣ ıĲİȡİȠįȚĮȖȡȐȝȝĮĲȠȢ. ǻİȞ ȣʌȐȡȤȠȣȞ ʌȠȜȜȑȢ įȚĮĳȠȡȑȢ ȩıȠ ĮĳȠȡȐ ıĲȘ 

įȠȝȒ ĲȠȣ ıȣıĲȒȝĮĲȠȢ ıİ ıȤȑıȘ ȝİ ĲȘȞ ĮȡȤȚțȒ.  

4.2.2.1 RMSD Įʌȩ ĲȘ ȝȑıȘ įȠȝȒ 

ȈĲȠ ĮȡȤİȓȠ pdb ʌȠȣ įȘȝȚȠȣȡȖȒıĮȝİ, ȣʌȐȡȤİȚ ȝȚĮ ıĲȒȜȘ Ș ȠʌȠȓĮ ĮȞĲȚıĲȠȚȤİȓ 
ıĲĮ RMSF ĲȦȞ ĮĲȩȝȦȞ. ǹʌȩ ĲȘ ıĲȒȜȘ ĮȣĲȒ țȡĮĲȒıĮȝİ ĲĮ RMSF ȝȩȞȠ ĲȦȞ ĮĲȩȝȦȞ 
CĮ ȖȚĮ ȞĮ ȣʌȠȜȠȖȓıȠȣȝİ ĲȘ įȚĮțȪȝĮȞıȘ ȖȚĮ țĮșȑȞĮ Įʌȩ ĲĮ ȐĲȠȝĮ ĮȣĲȐ. ȈĲȘȞ ǼȚțȩȞĮ 

4-44 ȝʌȠȡȠȪȝİ ȞĮ įȠȪȝİ ĲȠ RMSD Įʌȩ ĲȘ ȝȑıȘ įȠȝȒ ȖȚĮ ĲĮ CĮ ȐĲȠȝĮ ĲȩıȠ ĲȠȣ 
įȚȝİȡȠȪȢ, ȩıȠ țĮȚ ĲȦȞ ȝȠȞȠȝİȡȫȞ ǹ țĮȚ Ǻ.  

 

 

 

 
4-

 ȝİ

Ȉ
Ĳ
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ȑ

Ǿ ĲȣʌȚțȒ ĮʌȩțȜȚıȘ ȖȚĮ ĲȠ įȚȝİȡȑȢ țĮȚ ĲȠ ȝȠȞȠȝİȡȑȢ ǹ İȓȞĮȚ ıȤİįȩȞ 
 Įʌȩ 0,5Å ȑȦȢ 1,1Å, ȝİ ȝȑȖȚıĲȠ ĲȘȞ ĮȡȤȚțȒ ĲȚȝȒ ĲȦȞ 1,1Å țĮȚ İȜȐȤȚıĲȠ 

 0,5Å ıĲĮ 2,5 ns ʌİȡȓʌȠȣ ĲȠȣ trajectory. ȉȠ ȝȠȞȠȝİȡȑȢ Ǻ țĮȚ İįȫ įİȞ İʌȘȡİȐȗİĲĮȚ 
 ĮĳȠȡȐ ĲȘ įȚĮțȪȝĮȞıȘ, Ș ĲȚȝȒ ĲȘȢ ȠʌȠȓĮȢ țȚȞİȓĲĮȚ ȖȪȡȦ Įʌȩ ĲĮ 0,5Å ıİ ȩȜȘ ĲȘ 

 ĲȠȣ trajectory, ȝİ ȑȞĮ ĲȠʌȚțȩ ȝȑȖȚıĲȠ ıĲĮ 1,2Å ıĲȘȞ ĮȡȤȒ ĲȠȣ trajectory. 

.2.3 RMSF 

ȉȠ RMSF İȓȞĮȚ ȝȚĮ ʌĮȡȐȝİĲȡȠȢ ʌȠȣ ĮȞĲȚțĮĲȠʌĲȡȓȗİȚ ĲȘ įȚĮțȪȝĮȞıȘ İȞȩȢ 
ĲȩȝȠȣ ıİ ıȤȑıȘ ȝİ ĲȘ șȑıȘ ĲȠȣ ıĲȘ ȝȑıȘ įȠȝȒ. ȈĲȘȞ ǼȚțȩȞĮ 4-45 ȝʌȠȡȠȪȝİ ȞĮ 

ȠȪȝİ ĲĮ țĮĲȐȜȠȚʌĮ ʌȠȣ ʌĮȡȠȣıȚȐȗȠȣȞ ĲȘ ȝİȖĮȜȪĲİȡȘ țȚȞȘĲȚțȩĲȘĲĮ (ĹįȚĮțȪȝĮȞıȘ 

 ĹțȚȞȘĲȚțȩĲȘĲĮ). 

 

 

 

 

 

 

 

 

 

 

 
ǼȚțȩȞĮ 4-44: ȀĮȝʌȪȜȘ ĲȣʌȚțȒȢ ĮʌȩțȜȚıȘȢ RMSD (Å) Įʌȩ ĲȘ ȝȑıȘ įȠȝȒ ıȣȞĮȡĲȒıİȚ ĲȠȣ ȤȡȩȞȠȣ (ns). 

ȈĲȘ ȝȑĲȡȘıȘ ıȣȝʌİȡȚȜĮȝȕȐȞȠȞĲĮȚ ȝȩȞȠ ĲĮ ȐĲȠȝĮ CĮ, ĲȩıȠ ĲȠȣ įȚȝİȡȠȪȢ, ȩıȠ țĮȚ ĲȦȞ įȣȠ ȝȠȞȠȝİȡȫȞ. Ǿ 

ȝȠȕ țĮȝʌȪȜȘ ĮȞĲȚıĲȠȚȤİȓ ıĲȠ įȚȝİȡȑȢ, Ș ĳȠȪȟȚĮ ıĲȠ ȝȠȞȠȝİȡȑȢ ǹ țĮȚ Ș țȣĮȞȒ ıĲȠ ȝȠȞȠȝİȡ Ȣ Ǻ. Ǿ 

țĮȝʌȪȜȘ ĲȠȣ įȚȝİȡȠȪȢ ıȤİįȩȞ ıȣȝʌȓʌĲİȚ ȝİ ĲȘȞ țĮȝʌȪȜȘ ĲȠȣ ȝȠȞȠȝİȡȠȪȢ ǹ.  

 

ĲĮȣĲȩıȘȝİȢ
ĲĮ
ȩıȠ
įȚȐȡțİȚĮ

 

 

4
 

 

 

Į
į
ĺ
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45: 

RM

Ĳȩ
ȦȞ 
ĲȠȣ 

ȝİ 
ĲȘ 
șȑıȘ ĲȠȣ  ȝȑıȘ įȠȝȒ. ȉȠ RMSF ȣʌȠȜȠȖȓȗİĲĮȚ ıİ Å. 

 

ȉȚȢ ȣȥȘȜȩĲİȡİȢ ĲȚȝȑȢ İȝĳĮȞȓȗȠȣȞ ĲĮ țĮĲȐȜȠȚʌĮ ıĲȘȞ ĮȡȤȒ (1-2), ıĲȚȢ ıĲȡȠĳȑȢ 
8-31) țĮȚ ıĲȠ ĲȑȜȠȢ (54-56) țȐșİ ȝȠȞȠȝİȡȠȪȢ. ȉĮ țĮĲȐȜȠȚʌĮ ĮȣĲȐ ȩʌȦȢ İȓįĮȝİ țĮȚ 
ĲȠ țİĳȐȜĮȚȠ 1 įİ ıȣȝȝİĲȑȤȠȣȞ ıĲȠ ıȤȘȝĮĲȚıȝȩ ȑȜȚțĮȢ țĮȚ ĮʌȠĲİȜȠȪȞ ȝȑȡȠȢ șȘȜȚȐȢ, 
ȠȝȑȞȦȢ įȚțĮȚȠȜȠȖȘȝȑȞĮ İȝĳĮȞȓȗȠȣȞ ĲȠ ȝİȖĮȜȪĲİȡȠ ȕĮșȝȩ țȚȞȘĲȚțȩĲȘĲĮȢ ıİ 
ȪȖțȡȚıȘ ȝİ ĲĮ ȣʌȩȜȠȚʌĮ țĮĲȐȜȠȚʌĮ. ȆĮȡȩȜĮ ĮȣĲȐ ʌȡȑʌİȚ ȞĮ İʌȚıȘȝȐȞȠȣȝİ ȩĲȚ Ș 

ȚȞȘĲȚțȩĲȘĲĮ İȓȞĮȚ ıȤİĲȚțȐ ĮȣȟȘȝȑȞȘ ıİ ıȪȖțȡȚıȘ ȝİ ĲȘȞ țȚȞȘĲȚțȩĲȘĲĮ ʌȠȣ 
ĮȡĮĲȘȡİȓĲĮȚ ıĲȘ įȠȝȒ ĲȘȢ ǹla2ǿle2-6 ȝİ ĲȠʌȠȜȠȖȓĮ syn.  

.2.4 ǼȟȑȜȚȟȘ ĲȠȣ RG, Radius of Gyration 

țĮȚ įİ ĳĮȓȞİĲĮȚ ȞĮ 

ĮȡȠȣıȚȐȗİȚ ıȘȝĮȞĲȚțȑȢ įȚĮțȣȝȐȞıİȚȢ, ĮȞ İȟĮȚȡȑıȠȣȝİ ĲȘ ȝİȖĮȜȪĲİȡȘ ĲȚȝȒ ʌȠȣ 
ĮȖȖȓȗİȚ

ǼȚț
ȩȞĮ 

4-

SF 

 ĲȦȞ
Į
ȝ

įȚȝİ
ȡȠȪ
Ȣ ıİ 
ıȤȑ
ıȘ 

Ȣ ıĲȘ

(2

ı
İʌ
ı
ț
ʌ
 

 

4
 

 

ȈĲȘȞ İȚțȩȞĮ 4-46 ȝʌȠȡȠȪȝİ ȞĮ įȠȪȝİ ĲȘȞ İȟȑȜȚȟȘ ĲȠȣ RG ĲȦȞ ȝȠȞȠȝİȡȫȞ ǹ 

țĮȚ Ǻ ĲȘȢ Ala2Ile2-6 ȝİ ĲȠʌȠȜȠȖȓĮ anti. Ǿ ĲȚȝȒ ĲȠȣ RG țȣȝĮȓȞİĲĮȚ ȖȚĮ ĲȠ ȝȠȞȠȝİȡȑȢ ǹ 

 Įʌȩ ĲĮ 14,6Å țĮȚ ȖȚĮ ĲȠ ȝȠȞȠȝİȡȑȢ Ǻ ȖȪȡȦ Įʌȩ ĲĮ 14,5Å ȖȪȡȦ
ʌ

 ĲĮ 14,9Å ıĲȘȞ ĮȡȤȒ ĲȠȣ trajectory țĮȚ ĲȘ ȝȚțȡȩĲİȡȘ ʌȠȣ ĮȖȖȓȗİȚ ĲĮ 14,2Å 

ʌİȡȓʌȠȣ ıĲĮ 3,2ns ĲȠȣ trajectory. ȈȣȞİʌȫȢ ʌĮȡĮĲȘȡȠȪȝİ ʌȦȢ ĲȠ ȝȩȡȚȠ İȓȞĮȚ ĮȡțİĲȐ 

ıĲĮșİȡȩ.   
 



 

 

 

 

 

 

 

 

 

 

 

 

 

ǼȚțȩȞĮ 4-46: RG ĲȦȞ ȝȠȞȠȝİȡȫȞ ǹ (ȝİ ȝȦȕ ȤȡȫȝĮ) 
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ĲȚȝȑȢ ĲȘȢ įȚĮțȪȝĮȞıȘȢ ıȤİįȩȞ ıȣȝʌȓʌĲȠȣȞ ȖȚĮ ĲĮ įȣȠ 

 

 

4.2.5 ȋȐȡĲȘȢ ȝȑıȘȢ ĮʌȩıĲĮıȘȢ 
ĮȞĲȓıĲȠȚȤȠ RMSD 
 

 

 ȈȪȝĳȦȞĮ ȝİ ȩıĮ ĮȞĮĳȑȡșȘțĮȞ ıĲȘȞ ĮȡȤȒ ĲȠȣ țİĳĮȜĮȓȠȣ, İȓȞĮȚ įȣȞĮĲȩȞ ȞĮ 

ĲȚȐȟȠȣȝİ ȑȞĮȞ ʌȓȞĮțĮ ʌȠȣ ȞĮ ʌİȡȚȜĮȝȕȐȞİȚ ĲȚȢ ȝȑıİȢ ĮʌȠıĲȐıİȚȢ ȝİĲĮȟȪ ĲȦȞ 

 

țĮȚ Ǻ (ȝİ ĳȠȪȟȚĮ ȤȡȫȝĮ). ȆĮȡĮĲȘȡȠȪȝİ ʌȦȢ ȠȚ 
ȝȠȞȠȝİȡȒ.    

ȝİĲĮȟȪ ĲȦȞ CĮ ĮĲȩȝȦȞ țĮȚ ĲȠ 

ĳ
ĮĲȩȝȦȞ CĮ. ǲȞĮȢ ĲȑĲȠȚȠȢ ʌȓȞĮțĮȢ ĳĮȓȞİĲĮȚ ıĲȘȞ ǼȚțȩȞĮ 4-47.  

 
 ǼȚțȩȞĮ 4-47: ȋȐȡĲȘȢ ĮʌȠıĲȐıİȦȞ CĮ-CĮ       ǼȚțȩȞĮ 4-48: RMSD ʌȠȣ ĮȞĲȚıĲȠȚȤİȓ ıĲȠ ȤȐȡĲȘ 

ĮʌȠıĲȐıİȦȞ CĮ-CĮ   
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ĮȞĲȚıĲȠȚȤİȓ ıĲȠ ʌȡȫĲȠ ȝȠȞȠȝİȡȑȢ țĮȚ ĲȠ įİȪĲİȡȠ ıĲȠ įİȪĲİȡȠ ȝȠȞȠȝİȡȑȢ, 
Ȟȫ ĲĮ țĮĲȐȜȠȚʌĮ ĲȘȢ ıĲȡȠĳȒȢ ȕȡȓıțȠȞĲĮȚ ıĲȠ țȑȞĲȡȠ ĲȠȣ ĲİĲȡĮȖȫȞȠȣ. ȅȚ 
ȚțȡȩĲİȡİȢ ĮʌȠıĲȐıİȚȢ ȝİĲĮȟȪ ĲȦȞ CĮ ĮĲȩȝȦȞ ĮʌİȚțȠȞȓȗȠȞĲĮȚ ȝİ ȝĮȪȡȠ ȤȡȫȝĮ țĮȚ 
Ț ȝİȖĮȜȪĲİȡİȢ ȝİ Ȝİȣțȩ ȤȡȫȝĮ. Ǿ ȝȑȖȚıĲȘ ĮʌȩıĲĮıȘ İȝĳĮȞȓȗİĲĮȚ ıĲĮ ȐĲȠȝĮ ĲȘȢ 
ĲȡȠĳȒȢ ĲȠȣ ȝȠȞȠȝİȡȠȪȢ ǹ ıİ ıȤȑıȘ ȝİ ĲȠ ȝȠȞȠȝİȡȑȢ B. 

ȈĲȘȞ ǼȚțȩȞĮ 4-48 ȕȜȑʌȠȣȝİ ȝȚĮ ȖȡĮĳȚțȒ ĮȞĮʌĮȡȐıĲĮıȘ ĲȦȞ RMSD ʌȠȣ 
ȞĲȚıĲȠȚȤȠȪȞ ıĲȘȞ ǼȚțȩȞĮ 4-47. ȀĮȚ İįȫ ȚıȤȪȠȣȞ ȩıĮ țĮȚ ʌȡȠȘȖȠȣȝȑȞȦȢ ȝİ ĲȘ ȝȩȞȘ 

ȚĮĳȠȡȐ ȩĲȚ ȑȤȠȣȝİ ĮȞĲȓıĲȡȠĳȘ ĲȦȞ ȤȡȦȝȐĲȦȞ. ȂʌȠȡȠȪȝİ țĮȚ İįȫ ȞĮ įȠȪȝİ ʌȠȚĮ 

ĮĲȐȜȠȚʌĮ İȝĳĮȞȓȗȠȣȞ ĲȘ ȝİȖĮȜȪĲİȡȘ țȚȞȘĲȚțȩĲȘĲĮ. ȆȡȩțİȚĲĮȚ ȖȚĮ ĲĮ țĮĲȐȜȠȚʌĮ ĲȘȢ 
ĲȡȠĳȒȢ ĲȠȣ ȝȠȞȠȝİȡȠȪȢ ǹ ıİ ıȤȑıȘ ȝİ ĲȘ ıĲȡȠĳȒ ĲȠȣ ȝȠȞȠȝİȡȠȪȢ Ǻ, ĲĮ ȠʌȠȓĮ įİ 
ȤȘȝĮĲȓȗȠȣȞ ȑȜȚțĮ. ȉĮ țĮĲȐȜȠȚʌĮ ĲȦȞ ȣʌİȡțȚȞȘĲȚțȫȞ ȐțȡȦȞ įİȞ ȣʌȠȜȠȖȓȗȠȞĲĮȚ ȩʌȦȢ 
ȞĮĳȑȡșȘțİ ʌȡȠȘȖȠȣȝȑȞȦȢ.    

.2.6 Frame-to-Frame RMSD  

Ȃİ ĲȠ frame-to-frame RMSD ȑȤȠȣȝİ ȝȚĮ ʌȚȠ ȠȜȠțȜȘȡȦȝȑȞȘ ȐʌȠȥȘ ȖȚĮ ĲȘȞ 

 

ǼȚțȩȞĮ 4-49: Frame-to-Frame RMSD. ȈĲȠȞ 
ȠȡȚȗȩȞĲȚȠ țĮȚ țȐșİĲȠ ȐȟȠȞĮ ĮȞĲȚıĲȠȚȤȠȪȞ 

 

ȀȐșİ ıȘȝİȓȠ ıĲȠȞ ȠȡȚȗȩȞĲȚȠ țĮȚ țȐșİĲȠ
10. ȂĮȗȓ ȝİ ĲȘ ĳȐıȘ ĲȠȣ heating İȓȞĮȚ 
ȠȡȚȗȩȞĲȚȠ țĮȚ țȐșİĲȠ ȐȟȠȞĮ ĮȞĲȚıĲȠȚȤȠȪȞ 

Ǿ ȠȡȚȗȩȞĲȚĮ ȖȡĮȝȝȒ ıĲȘȞ ʌȐȞȦ ʌȜİȣȡȐ țĮȚ Ș țȐșİĲȘ ȖȡĮȝȝȒ ıĲȘȞ ĮȡȚıĲİȡȒ 

ʌȜİȣȡȐ ĮȞĲȚıĲȠȚȤȠȪȞ ıĲĮ ȐĲȠȝĮ CĮ ĲȦȞ țĮĲĮȜȠȓʌȦȞ ĲȦȞ įȪȠ ȝȠȞȠȝİȡȫȞ ǹ țĮȚ Ǻ. 

ǺȜȑʌȠȣȝİ ȩĲȚ Ƞ ʌȓȞĮțĮȢ ȜȩȖȦ ıȣȝȝİĲȡȓĮȢ ȤȦȡȓȗİĲĮȚ ıİ ĲİĲȡȐȖȦȞĮ. ȉȠ ʌȡȫĲȠ 
ĲİĲȡȐȖȦȞȠ 
İ
ȝ
Ƞ
ı
 

Į
į
ț
ı
ı
Į
 

 

4
 

 

 

țȚȞȘĲȚțȩĲȘĲĮ ĲȠȣ ȝȠȡȓȠȣ Įʌȩ İțİȓȞȘ ʌȠȣ ȝĮȢ įȓȞİȚ ĲȠ RMSD Įʌȩ ĲȘȞ ĮȡȤȚțȒ įȠȝȒ. 

ȈĲȘȞ ǼȚțȩȞĮ 4-49 ĮʌİȚțȠȞȓȗİĲĮȚ ĲȠ frame-to-frame RMSD.  

frames țĮȚ Ƞ ȣʌȠȜȠȖȚıȝȩȢ ȑȖȚȞİ ȝİ ȕȒȝĮ 10.  

 

 

 

 

 

 

 

 

 

 

 ȐȟȠȞĮ ĮȞĲȚıĲȠȚȤİȓ ıİ frames ȝİ ȕȒȝĮ 

ıȣȞȠȜȚțȐ [2573 x 2573] = 6.620.329. ȈĲȠȞ 
ĲĮ frames ĲĮ ȠʌȠȓĮ ȝĮȗȓ ȝİ ĲȘ ĳȐıȘ ĲȠȣ 
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eating İȓȞĮȚ ıȣȞȠȜȚțȐ 6.620.329. Ǿ ȝȑȖȚıĲȘ ĲȚȝȒ İȓȞĮȚ 1,9Å ȩʌȠȣ ĲȠ ȤȡȫȝĮ İȓȞĮȚ 
ĮȪȡȠ, İȞȫ Ș İȜȐȤȚıĲȘ 0Å ȩʌȠȣ ĲȠ ȤȡȫȝĮ İȓȞĮȚ ȐıʌȡȠ. ǼʌȚʌȜȑȠȞ ʌĮȡĮĲȘȡİȓĲĮȚ țĮȚ 
ȚĮ ȠȝĮįȠʌȠȓȘıȘ ĲȦȞ įȠȝȫȞ (clusters) ĲȘȞ ȠʌȠȓĮ ȩȝȦȢ șĮ ʌİȡȚȖȡȐȥȠȣȝİ 
ȞĮȜȣĲȚțȩĲİȡĮ ıİ İʌȩȝİȞȘ İȞȩĲȘĲĮ.  

 

Ȟ ǼȚțȩȞĮ 4-50.  

                     ǼȚțȩȞĮ 4-50: Variance-covariance țĮȚ cro relation 

 

ȈĲȠȣȢ įȣȠ ȐȟȠȞİȢ ĳĮȓȞȠȞĲĮȚ ĲĮ țĮĲȐȜȠȚ
Ǻ ȝȠȞȠȝİȡȠȪȢ (57-112). ǻİȟȚȐ įȓʌȜĮ Įʌȩ  

įȚĮȕȐșȝȚıȘ Įʌȩ ȝĮȪȡȠ (-1, ĮȡȞȘĲȚțȒ ıȣıȤȑĲȚıȘ ıİ țȓĲȡȚȞȠ (+1, șİĲȚțȒ ıȣıȤȑĲȚıȘ), 

İȞȫ İțİȓ ȩʌȠȣ įİȞ ȣʌȐȡȤİȚ țĮșȩȜȠȣ ıȣıȤȑĲȚıȘ, įȘȜĮįȒ ȩʌȠȣ Ș ĲȚȝȒ İȓȞĮȚ 0 

ĮȞĲȚıĲȠȚȤİȓ ĲȠ țȩțțȚȞȠ ȤȡȫȝĮ. Ǿ ʌİȡȚȠȤȒ ȝİ ĲȠ ȑȞĲȠȞȠ țȓĲȡȚȞȠ (Ș įȚĮȖȫȞȚȠȢ) 
ĮȞĲȚıĲȠȚȤİȓ ıĲȠ ȓįȚȠ țĮĲȐȜȠȚʌȠ ĲȠ ȠʌȠȓȠ ʌȡȠĳĮȞȫȢ ȑȤİȚ ʌȜȒȡȘ ıȣıȤȑĲȚıȘ ȝİ ĲȠȞ 
İĮȣĲȩ ĲȠȣ. ȉȠ ȓįȚȠ ȚıȤȪİȚ țĮȚ ȖȚĮ ĲĮ ʌȜĮȧȞȐ ıİ ĮȣĲȩ țĮĲȐȜȠȚʌĮ ĲĮ ȠʌȠȓĮ İȓȞĮȚ 
ȠȝȠȚȠʌȠȜȚțȐ ıȣȞįİįİȝȑȞĮ ȝİ ĮȣĲȩ. ǱȜȜĮ țĮĲȐȜȠȚʌĮ ʌȠȣ ĳĮȓȞİĲĮȚ ȞĮ ıȣıȤİĲȓȗİĲĮȚ Ș 

țȓȞȘıȒ ĲȠȣȢ ȕȡȓıțȠȞĲĮȚ ıĲĮ ıȘȝİȓĮ ȝİ ĲȠ ʌȠȡĲȠțĮȜȓ ȤȡȫȝĮ, ʌȠȣ İȓȞĮȚ ʌİȡȓʌȠȣ ıĲĮ 

țĮĲȐȜȠȚʌĮ ʌȠȣ ȕȡȓıțȠȞĲĮȚ ıĲȚȢ ıĲȡȠĳȑȢ ĲȦȞ ȝȠȞȠȝİȡȫȞ. ȉȠ ȓįȚȠ ȚıȤȪİȚ țĮȚ ȖȚĮ ĲĮ 

țĮĲȐȜȠȚʌĮ ĲȘȢ țȐșİ Į ȑȜȚțĮȢ (ʌȠȡĲȠțĮȜȓ įȚĮȖȫȞȚİȢ țȐșİĲİȢ ıĲȘȞ țȓĲȡȚȞȘ įȚĮȖȫȞȚȠ). 

h

ȝ
ȝ
Į

 

4.2.7 Variance-Covariance țĮȚ Cross-Correlation  

 

 

 ǵʌȦȢ İȓįĮȝİ ʌȡȠȘȖȠȣȝȑȞȦȢ Ƞ ʌȓȞĮțĮȢ ĲȦȞ variance-covariance țĮȚ cross-

correlation ȝĮȢ įİȓȤȞİȚ ʌȠȚĮ ĲȝȒȝĮĲĮ ĲȠȣ ȝȠȡȓȠȣ țȚȞȠȪȞĲĮȚ ʌȡȠȢ ĲȘȞ ȓįȚĮ Ȓ ʌȡȠȢ 
ĮȞĲȓșİĲȘ țĮĲİȪșȣȞıȘ. ȅ ʌȓȞĮțĮȢ ĮȣĲȩȢ ʌĮȡȠȣıȚȐȗİĲĮȚ ıĲȘ
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ss-cor

ʌĮ ĲȠȣ ǹ ȝȠȞȠȝİȡȠȪȢ (1-56) țĮȚ ĲȠȣ 
ĲȠȞ ʌȓȞĮțĮ ĳĮȓȞİĲĮȚ Ș ȤȡȦȝĮĲȚțȒ
) 
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ǼʌȓıȘȢ  țĮĲȐȜȠȚʌĮ ʌȠȣ įȘȝȚȠȣȡȖȠȪȞ ĲĮ İʌȓʌİįĮ Ȓ įȚʌȜĮȞȐ İʌȓʌİįĮ țȚȞȠȪȞĲĮȚ ȝĮȗȓ 
ȜȩȖȦ Ĳ

 

.2.8 ȋĮȡĮțĲȘȡȚıĲȚțȑȢ ĲȚȝȑȢ (eigenvalues) țĮȚ ȤĮȡĮțĲȘȡȚıĲȚțȐ 

īȚĮ ȞĮ įȠȪȝİ ĲȚȢ ȤĮȡĮțĲȘȡȚıĲȚțȑȢ țȚȞȒıİȚȢ ĲȠȣ ȝȠȡȓȠȣ, ȩʌȦȢ ĮȞĮĳȑȡșȘțİ țĮȚ 
ĲȘȞ Į

țȣȝȐȞıİȚȢ 
ȦȞ ĲȡȚȫȞ ʌȡȫĲȦȞ eigenvectors ʌȠȣ ĳĮȓȞİĲĮȚ ȩĲȚ șĮ ĮȞĲȚʌȡȠıȦʌİȪȠȣȞ ĲȘȞ 
ȜİȚȠȥȘĳȓĮ ĲȦȞ ȕĮıȚțȫȞ țȚȞȒıİȦȞ ĲȠȣ ȝȠȡȓȠȣ. ȈĲȘȞ ǼȚțȩȞĮ 4-51 ȑȤȠȣȝİ ĲȘ 

ȡĮĳȚțȒ ĮʌİȚțȩȞȚıȘ ĲȦȞ 3 ʌȡȫĲȦȞ eigenvectors. ǼȐȞ Ƞ ȤȡȩȞȠȢ ĲȘȢ ʌȡȠıȠȝȠȓȦıȘȢ 
ȓȞĮȚ ĮȡțİĲȩȢ ȖȚĮ sufficient sampling ȠȡȚıȝȑȞȦȞ țȚȞȒıİȦȞ, ĲȠ ȚıĲȩȖȡĮȝȝĮ șĮ 

ȞĲȚıĲȠȚȤİȓ ıİ ȝȠȞȠįȚȐıĲĮĲȘ (1D) țĮȞȠȞȚțȒ țĮĲĮȞȠȝȒ ȖȪȡȦ Įʌȩ ĲȠ ȝȘįȑȞ, ĲȠ 
ʌȓʌİįȠ ʌȠȣ ıȤȘȝĮĲȓȗȠȣȞ ȠȚ 3 ʌȡȫĲȠȚ eigenvectors, ıȣȞįȣĮȗȩȝİȞȠȚ ĮȞȐ įȣȠ, șĮ 

ȞĲȚıĲȠȚȤİȓ ıİ įȚıįȚȐıĲĮĲȘ (2D) țĮȞȠȞȚțȒ țĮĲĮȞȠȝȒ ȖȪȡȦ Įʌȩ ĲȘ șȑıȘ 0,0 țĮȚ ĲȠ 
ʌȓʌİįȠ ʌȠȣ ıȤȘȝĮĲȓȗȠȣȞ ȠȚ 3 ʌȡȫĲȠȚ eigenvectors șĮ ĮȞĲȚıĲȠȚȤİȓ ıİ ĲȡȚıįȚȐıĲĮĲȘ 

D) țĮȞȠȞȚțȒ țĮĲĮȞȠȝȒ ȖȪȡȦ Įʌȩ ĲȘ șȑıȘ 0,0,0. ǺȜȑʌȠȣȝİ ʌȦȢ ȑȤİȚ İʌȚĲİȣȤșİȓ 
ȤİįȩȞ sufficient sampling ȖȚĮ ĲȠȞ ʌȡȫĲȠ eigenvector, ȩȝȦȢ ȕȜȑʌȠȣȝİ ĲȘȞ ȪʌĮȡȟȘ 

ȞȩȢ ȝİȖȐȜȠȣ  cluster țĮȚ ȓıȦȢ țȐʌȠȚȠȣ ȝȚțȡȩĲİȡȠȣ. ȀȐĲȚ ĮȞĲȓıĲȠȚȤȠ ıȣȝȕĮȓȞİȚ ıİ 
ȚțȡȩĲİȡȠ ȕĮșȝȩ țĮȚ ȝİ ĲȠȞ įİȪĲİȡȠ eigenvector, İȞȫ ıĲȠȞ ĲȡȓĲȠ Ƞ ȤȡȩȞȠȢ ĲȘȢ 
ȡȠıȠȝȠȓȦıȘȢ ĳĮȓȞİĲĮȚ ʌȦȢ İȓȞĮȚ ĮȡțİĲȩȢ ȖȚĮ ȞĮ ĲȠȞ ʌĮȡĮțȠȜȠȣșȒıȠȣȝİ. ȈĲȠ țȐĲȦ 

ȑȡȠȢ ĲȘȢ İȚțȩȞĮȢ, ȩʌȠȣ ȑȤȠȣȝİ ĲȘȞ ĲȡȚıįȚȐıĲĮĲȘ ĮʌİȚțȩȞȚıȘ ĲȘȢ ʌȡȠȕȠȜȒȢ ĲȦȞ 3 

ĳĮȓȞİĲĮȚ ʌȦȢ įȘȝȚȠȣȡȖȠȪȞĲĮȚ įȣȠ clusters. ǵȝȦȢ Ș ĮʌİȚțȩȞȚıȘ ĮȣĲȒ įİ 
İȚĮȗȩȝĮıĲİ ȜȠȚʌȩȞ ȝȚĮ 

ʌİȚțȩ

 ĲĮ
ȦȞ ĮȜȜȘȜİʌȚįȡȐıİȦȞ ʌȠȣ ĮȞĮʌĲȪııȠȞĲĮȚ ȫıĲİ ȞĮ ıĲĮșİȡȠʌȠȚȘșİȓ Ƞ ʌȣȡȒȞĮȢ. 

ȅȚ țȚȞȒıİȚȢ ʌȠȣ įİ ıȤİĲȓȗȠȞĲĮȚ țĮșȩȜȠȣ ȝİĲĮȟȪ ĲȠȣȢ İȝĳĮȞȓȗȠȞĲĮȚ ȝİĲĮȟȪ ĲȦȞ 
țĮĲĮȜȠȓʌȦȞ ʌȠȣ ĮȞȒțȠȣȞ ıİ įȚĮĳȠȡİĲȚțȑȢ ȑȜȚțİȢ țĮȚ įİȞ țȚȞȠȪȞĲĮȚ ȝĮȗȓ. ȉĮ 

ĮȞĲȓıĲȠȚȤĮ ıȘȝİȓĮ ĮʌİȚțȠȞȓȗȠȞĲĮȚ ȝİ ȝȦȕ țĮȚ ȝĮȪȡȠ ȤȡȫȝĮ. ǼȓȞĮȚ ĮȟȚȠıȘȝİȓȦĲȠ ĲȠ 
ȖİȖȠȞȩȢ ȩĲȚ ĲĮ țĮĲȐȜȠȚʌĮ ĲȘȢ ʌȡȫĲȘȢ ȑȜȚțĮȢ ĲȠȣ ȝȠȞȠȝİȡȠȪȢ ǹ țȚȞȠȪȞĲĮȚ ıİ 
ĮʌȩȜȣĲȘ ıȣıȤȑĲȚıȘ ȝİĲĮȟȪ ĲȠȣȢ. ǼȓȞĮȚ İȝĳĮȞȒȢ İʌȓıȘȢ țĮȚ Ș įȘȝȚȠȣȡȖȓĮ clusters.  

 

  

4

ĮȞȪıȝĮĲĮ (eigenvectors)  
 

 

 

ı ȡȤȒ ĲȠȣ țİĳĮȜĮȓȠȣ, ʌȡȑʌİȚ ȞĮ ȣʌȠȜȠȖȓıȠȣȝİ ĲȚȢ ȤĮȡĮțĲȘȡȚıĲȚțȑȢ ĲȚȝȑȢ 
(eigenvalues) țĮȚ ĲĮ ȤĮȡĮțĲȘȡȚıĲȚțȐ ĮȞȪıȝĮĲĮ (eigenvectors). ǹȡȤȚțȐ ȩȝȦȢ ʌȡȑʌİȚ 
ȞĮ İȜȑȖȟȠȣȝİ ĮȞ ȣʌȐȡȤİȚ sufficient sampling, ȠʌȩĲİ ȣʌȠȜȠȖȓȗȠȣȝİ ĲȚȢ įȚĮ
Ĳ
ʌ
Ȗ
İ
Į
İ
Į
İ
(3

ı
İ
ȝ
ʌ
ȝ
eigenvectors 

ʌȠȡİȓ ȞĮ ȝĮȢ įİȓȟİȚ ĲȘ ıȣȞİȚıĳȠȡȐ ıİ țȐșİ cluster. ȋȡȝ
Į ȞȚıȘ ıĲȘȞ ȠʌȠȓĮ șĮ İʌȚıȘȝĮȓȞİĲĮȚ Ș ʌȜȘȡȠĳȠȡȓĮ ıȤİĲȚțȐ ȝİ ĲȘȞ ʌȣțȞȩĲȘĲĮ 

ĲȦȞ ıȘȝİȓȦȞ. ȀȐĲȚ ĮȞȐȜȠȖȠ įȘȜĮįȒ ȝİ ĲȘȞ ǼȚțȩȞĮ 4-52, ȩʌȠȣ Ș ȤȡȦȝĮĲȚțȒ 

įȚĮȕȐșȝȚıȘ Įʌȩ ȝĮȪȡȠ (0) ıİ țȓĲȡȚȞȠ (30) ĮțȠȜȠȣșİȓ ĲȘȞ ĮȣȟȘĲȚțȒ ʌȠȡİȓĮ ĲȘȢ 
ʌȣțȞȩĲȘĲĮȢ ĲȦȞ ıȘȝİȓȦȞ. ȈȣȞİʌȫȢ ĳĮȓȞȠȞĲĮȚ įȪȠ ȕĮıȚțȐ clusters ȝİ ıȘȝĮȞĲȚțȩ 
ĮȡȚșȝȩ ıȘȝİȓȦȞ. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ǼȚțȩȞĮ 4-51  

ȆȐȞȦ: ȆȡȠȕȠȜȒ įȚĮțȣȝȐȞıİȦȞ ĲȦȞ 3 ʌȡȫĲȦȞ eigenvectors ıİ ȝȚĮ įȚȐıĲĮıȘ 
ȈĲȘ ȝȑıȘ: ȆȡȠȕȠȜȒ įȚĮțȣȝȐȞıİȦȞ ĲȦȞ 3 ʌȡȫĲȦȞ eigenvectors, ıȣȞįȣĮıȝȑȞȦȞ ĮȞȐ 2 (1-2, 1-3, 2-3 Įʌȩ 

ĮȡȚıĲİȡȐ ʌȡȠȢ įİȟȚȐ) ıĲȚȢ įȣȠ įȚĮıĲȐıİȚȢ  
ȀȐĲȦ: ȈȤȘȝĮĲȚțȩ ıĲİȡİȠįȚȐȖȡĮȝȝĮ ĲȘȢ ʌȡȠȕȠȜȒȢ ĲȦȞ 3 ʌȡȫĲȦȞ eigenvectors ıİ ĲȡİȚȢ įȚĮıĲȐıİȚȢ.  
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ȚțȩȞĮ 4-52: ȆȡȠȕȠȜȒ įȚĮțȣȝȐȞıİȦȞ ĮȞȐ ȗİȪȖȘ eigenvectors ȝİ ȕȐıȘ ĲȘȞ ʌȣțȞȩĲȘĲĮ ĲȦȞ ıȘȝİȓȦȞ.  

ȈĲȘȞ ǼȚțȩȞĮ 4-53 ȝʌȠȡȠȪȝİ ȞĮ įȠȪȝİ ȑȞĮ ıȤȘȝĮĲȚțȩ ıĲİȡİȠįȚȐȖȡĮȝȝĮ ʌȠȣ 
ȞĲȚıĲȠȚȤİȓ ıĲȘȞ țȓȞȘıȘ ĲȠȣ ȝȠȡȓȠȣ ȕȐıİȚ ĲȠȣ ʌȡȫĲȠȣ ȗİȪȖȠȣȢ eigenvalue-

igenvector ȖȚĮ ȠȜȩțȜȘȡȘ ĲȘ įȚȐȡțİȚĮ ĲȘȢ ʌȡȠıȠȝȠȓȦıȘȢ. Ǿ ȤȡȦȝĮĲȚțȒ įȚĮȕȐșȝȚıȘ 

ʌȩ ȝʌȜİ ıİ țȩțțȚȞȠ ȣʌȠįİȚțȞȪİȚ ĲȠ İȪȡȠȢ ĲȘȢ țȓȞȘıȘȢ. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ȚțȩȞĮ 4-53: ȈȤȘȝĮĲȚțȩ ıĲİȡİȠįȚȐȖȡĮȝȝĮ ĲȘȢ țȓȞȘıȘȢ ĲȠȣ ȝȠȡȓȠȣ, ȕȐıİȚ ĲȠȣ ʌȡȫĲȠȣ ȗİȪȖȠȣȢ 
igenvalue-eigenvector ıİ ȩȜȘ ĲȘ įȚȐȡțİȚĮ ĲȠȣ trajectory. 

 

īȚĮ ȞĮ ȠȜȠțȜȘȡȫıȠȣȝİ ĲȘ ȝİȜȑĲȘ ĲȦȞ eigenvectors ȝȑȞİȚ ȞĮ ȝİȜİĲȒıȠȣȝİ ĲȘȞ 
ĮĲĮȞȠȝȒ ĲȦȞ įȚĮțȣȝȐȞıİȦȞ ĮȞȐ țĮĲȐȜȠȚʌȠ. ǲĲıȚ ȝʌȠȡȠȪȝİ ȞĮ ȑȤȠȣȝİ ȝȚĮ 

Ǽ
 

Į
e

Į

Ǽ
e

ț
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ȜȠțȜȘȡȦȝȑȞȘ ȐʌȠȥȘ ȖȚĮ ĲȘȞ ʌȠıȩĲȘĲĮ ĲȦȞ ıȤİĲȚȗȩȝİȞȦȞ įȚĮțȣȝȐȞıİȦȞ ĲȠȣ 
ĮȡĮțĲȘȡȚıĲȚțȠȪ ĮȞȪıȝĮĲȠȢ ȝİĲĮȟȪ ĲȦȞ țĮĲĮȜȠȓʌȦȞ. ȈĲȘȞ ǼȚțȩȞĮ 4-54 ĳĮȓȞİĲĮȚ Ș 

ȚĮțȪȝĮȞıȘ ĲȦȞ ʌȑȞĲİ ʌȡȫĲȦȞ ȤĮȡĮțĲȘȡȚıĲȚțȫȞ ĮȞȣıȝȐĲȦȞ ȤȦȡȚıĲȐ ȖȚĮ țȐșİ 
ĮĲȐȜȠȚʌȠ. 

ȠȚʌȠ. Ȃİ țȩțțȚȞĮ ȕȑȜȘ ıȘȝĮȓȞȠȞĲĮȚ ȠȚ ıĲȡȠĳȑȢ țȐșİ ȝȠȞȠȝİȡȠȪȢ.  

ȅȝĮįȠʌȠȓȘıȘ ĲȦȞ įȠȝȫȞ ĲȘȢ ʌȡȠıȠȝȠȓȦıȘȢ (cluster 

nalysis) 

ǵʌȦȢ İȓįĮȝİ țĮȚ ıĲȘȞ ĮȡȤȒ ĲȠȣ țİĳĮȜĮȓȠȣ, ȖȚĮ ȞĮ ȠȝĮįȠʌȠȚȒıȠȣȝİ ĲȚȢ įȠȝȑȢ 
ĲȠȣ tra

Ȟ

Ƞ ʌȡȩȖȡĮȝȝĮ, ʌȠȣ șĮ ȝĮȢ 
ȕȠȘșȒıİȚ ȞĮ ʌȐȡȠȣȝİ ĲȚȢ ĮʌĮȡĮȓĲȘĲİȢ ʌȜȘȡȠĳȠȡȓİȢ ȖȚĮ ĲĮ ȕĮıȚțȐ clusters.     

 

 

 

Ƞ
Ȥ
į
ț

 

ǼȚțȩȞĮ 4-54: ǹȞĮʌĮȡȐıĲĮıȘ ĲȦȞ įȚĮțȣȝȐȞıİȦȞ ĲȦȞ ʌȑȞĲİ ʌȡȫĲȦȞ ȤĮȡĮțĲȘȡȚıĲȚțȫȞ ĮȞȣıȝȐĲȦȞ ĮȞȐ 

țĮĲȐȜ

 

 

 

4.2.9 

a
 

 

 

jectory ȝʌȠȡȠȪȝİ ȞĮ ĳĲȚȐȟȠȣȝİ ȑȞĮ įİȞįȡȩȖȡĮȝȝĮ, ȩʌȦȢ ĮȣĲȩ ĲȘȢ ǼȚțȩȞĮȢ 4-

55, ȩʌȠȣ șĮ ȜĮȝȕȐ İĲĮȚ ȣʌ’ ȩȥȚȞ ĲȠ RMSD ĮȞȐȝİıĮ ıĲȚȢ įȚȐĳȠȡİȢ įȠȝȑȢ. ǲĲıȚ ȝĮȢ 
įȓȞİĲĮȚ Ș įȣȞĮĲȩĲȘĲĮ ȞĮ ʌȡȠıįȚȠȡȓıȠȣȝİ ĲȠȞ ĮȡȚșȝȩ ĲȦȞ țȪȡȚȦȞ clusters. īȚĮ ȞĮ ȖȓȞİȚ 
țȐĲȚ ĲȑĲȠȚȠ ȝʌȠȡȠȪȝİ ȞĮ ȤȡȘıȚȝȠʌȠȚȒıȠȣȝİ ĲȠ țĮĲȐȜȜȘȜ
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ǼȚțȩȞĮ 4-55: ǻİȞįȡȩȖȡĮȝȝĮ ĲȦȞ įȠȝȫȞ Įʌȩ ĲȚȢ ȠʌȠȓİȢ ʌİȡȞȐ țĮĲȐ ĲȘ įȚȐȡțİȚĮ ĲȠȣ trajectory Ș 
Ala2Ile2-6 ȝİ ĲȠʌȠȜȠȖȓĮ anti, ȕȐıİȚ ĲȠȣ RMSD.  
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ȚȒıĮȝİ  ĲȠȞ ĮȜȖȩȡȚșȝȠ 
am ȖȚĮ ȞĮ țȐȞȠȣȝİ ĲȠȣȢ ȣʌȠȜȠȖȚıȝȠȪȢ. 

 

ǼȚțȩȞĮ 4-56: ȆȐȞȦ: ȆȡȠıįȚȠȡȚıȝȩȢ ĲȦȞ clusters ȀȐĲȦ: ȀĮĲĮȞȠȝȒ ĲȦȞ įȠȝȫȞ ıĲĮ įȣȠ clusters. 

 

ȈĲȘȞ ǼȚțȩȞĮ 4-56 ĳĮȓȞȠȞĲĮȚ įȣȠ ıȘȝĮȞĲȚțȑȢ ȠȝȐįİȢ įȠȝȫȞ ȠȚ ȠʌȠȓİȢ İʌȚțĮȜȪʌĲȠȞĲĮȚ, 
ȩʌȦȢ İȓįĮȝİ țĮȚ ʌȡȠȘȖȠȣȝȑȞȦȢ (ǼȞȩĲȘĲĮ 4.1.8). ȋȡȘıȚȝȠʌȠ
p
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4.2.10 ȈȪȖțȡȚıȘ ȝİĲĮȟȪ ȝȑıȘȢ įȠȝȒȢ ĲȦȞ 2 clusters țĮȚ ĲȘȢ 
ĮȡȤȚțȒȢ įȠȝȒȢ  
 

 

ǼĳȩıȠȞ ʌȡȠıįȚȠȡȓıĲȘțİ Ƞ ĮȡȚșȝȩȢ ĲȦȞ clusters ĮȢ įȠȪȝİ ĮȞ ȣʌȐȡȤȠȣȞ 
įȚĮĳȠȡȑȢ ıĲȘ ȝȑıȘ įȠȝȒ țĮșİȞȩȢ İț ĲȦȞ įȣȠ ĮȣĲȫȞ clusters (ǼȚțȩȞĮ 4-57), İț ĲȦȞ 
ȠʌȠȓȦȞ ĲȠ ʌȡȫĲȠ ĮȞĲȚıĲȠȚȤİȓ ıĲĮ frames 1319-15833 (56% ĲȠȣ ıȣȞȩȜȠȣ ĲȦȞ frames) 

țĮȚ ĲȠ įİȪĲİȡȠ ıĲĮ frames 16163-23750 (29% ĲȠȣ ıȣȞȩȜȠȣ ĲȦȞ frames), țĮșȫȢ țĮȚ 
ĮȞȐȝİıĮ ıĲȘ ȝȑıȘ įȠȝȒ țĮșİȞȩȢ cluster țĮȚ ıĲȘȞ ĮȡȤȚțȒ įȠȝȒ ĲȘȢ Ala2Ile2-6 ȝİ 
ĲȠʌȠȜȠȖȓĮ anti (Rop-like) (ǼȚțȩȞİȢ 4-58 țĮȚ 4-59).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ǼȚțȩȞĮ 4-57: ȈȤȘȝĮĲȚțȩ ıĲİȡİȠįȚȐȖȡĮȝȝĮ ĲȘȢ ȝȑıȘȢ įȠȝȒȢ ĲȠȣ ʌȡȫĲȠȣ (ȝİ țȣĮȞȩ ȤȡȫȝĮ) țĮȚ ĲȠȣ 
įİȪĲİȡȠȣ (ȝİ ȝȠȕ ȤȡȫȝĮ) cluster ıİ ȣʌȑȡșİıȘ.  

 

 

ȈĲȘȞ ǼȚțȩȞĮ 4-57 ȕȜȑʌȠȣȝİ ʌȦȢ ȠȚ įȠȝȑȢ ıȤİįȩȞ ıȣȝʌȓʌĲȠȣȞ, įİȞ ȣʌȐȡȤİȚ 
ȝȚțȡȒ 

ȃ-ĲİȜȚțȫȞ țĮĲĮȜȠȓʌȦȞ ĲȘȢ ǹ ȑȜȚțĮȢ, ĲȩıȠ 
İĲĮȟȪ ĲȘȢ ĮȡȤȚțȒȢ įȠȝȒȢ țĮȚ ĲȘȢ ȝȑıȘȢ įȠȝȒȢ ĲȠȣ ʌȡȫĲȠȣ cluster (ǼȚțȩȞĮ 4-58), 

ȩıȠ țİȚ ȝİĲĮȟȪ ĲȘȢ ĮȡȤȚțȒȢ įȠȝȒȢ țĮȚ ĲȘȢ ȝȑıȘȢ įȠȝȒȢ ĲȠȣ įİȪĲİȡȠȣ cluster (ǼȚțȩȞĮ 

4-59).  

 

 

țȐʌȠȚĮ ıȘȝĮȞĲȚțȒ įȚĮĳȠȡȐ ĮȞȐȝİıȐ ĲȠȣȢ. ȉȑȜȠȢ ʌĮȡĮĲȘȡȠȪȝİ ȝȩȞȠ ȝȚĮ 

ĮʌȩțȜȚıȘ ȝİĲĮȟȪ ĲȦȞ ʌȑȞĲİ ʌȡȫĲȦȞ 
ȝ
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ǼȚțȩȞĮ 4-58: ȈȤȘȝĮĲȚțȩ ıĲİȡİȠįȚȐȖȡĮȝȝĮ ĲȘȢ ȝȑıȘȢ įȠȝȒȢ ĲȠȣ ʌȡȫĲȠȣ (ȝİ țȣĮȞȩ ȤȡȫȝĮ) cluster țĮȚ 
ĲȘȢ ĮȡȤȚțȒȢ įȠȝȒȢ ĲȠȣ ȝȠȡȓȠȣ (ȝİ țȩțțȚȞȠ ȤȡȫȝĮ)  ıİ ȣʌȑȡșİıȘ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ǼȚțȩȞĮ 4-59: ȈȤȘȝĮĲȚțȩ ıĲİȡİȠįȚȐȖȡĮȝȝĮ ĲȘȢ ȝȑıȘȢ įȠȝȒȢ ĲȠȣ įİȪĲİȡȠȣ (ȝİ ȝȠȕ ȤȡȫȝĮ) cluster țĮȚ ĲȘȢ 
ĮȡȤȚțȒȢ įȠȝȒȢ ĲȠȣ ȝȠȡȓȠȣ (ȝİ țȩțțȚȞȠ ȤȡȫȝĮ)  ıİ ȣʌȑȡșİıȘ.  

 

 



4.2.11 ǹȞȐȜȣıȘ įİȣĲİȡȠĲĮȖȠȪȢ įȠȝȒȢ  
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ȈĲȠ ıȘȝİȓȠ ĮȣĲȩ șĮ ȝİȜİĲȒıȠȣȝİ țĮĲȐ ʌȩıȠ įȚĮĲȘȡȠȪȞĲĮȚ ĲĮ ıĲȠȚȤİȓĮ 

įİȣĲİȡ

ǼȚțȩȞĮ 4-60: ǹȞȐȜȣıȘ ĲȘȢ įİȣĲİȡȠĲĮȖȠȪȢ įȠȝȒȢ țĮĲȐ ȝȒțȠȢ ĲȘȢ ĮȜȜȘȜȠȣȤȓĮȢ 

Ȣ (Ǿelix) țĮȚ ȝİ C ȠȚ șȘȜȚȑȢ (Coils). Ȉİ țȐșİ 
ıİȚȡȐ țȠȞĲĮȚ 40 șȑıİȚȢ ĮȜȜȘȜȠȣȤȓĮȢ. ȅȚ Į ȑȜȚțİȢ įȚĮĲȘȡȠȪȞĲĮȚ țĮș’ ȩȜȘ ĲȘ 

įȚȐȡțİȚĮ ĲȠȣ trajectory țĮȚ İȓȞĮȚ ĮȡțİĲȐ ıĲĮșİȡȑȢ. ȅȚ ʌİȡȚȠȤȑȢ ʌȠȣ įİ ıȤȘȝĮĲȓȗȠȣȞ 
ıĲĮșİȡ

 

 

ȠĲĮȖȠȪȢ įȠȝȒȢ, įȘȜĮįȒ ȠȚ Į ȑȜȚțİȢ, țĮĲȐ ĲȘ įȚȐȡțİȚĮ ĲȠȣ trajectory. īȚĮ ĲȠ 
ıțȠʌȩ ĮȣĲȩ ȤȡȘıȚȝȠʌȠȚȠȪȝİ ȑȞĮ logo (Frishman et al., 1995), ʌȠȣ ĳĮȓȞİĲĮȚ ıĲȘȞ 
ǼȚțȩȞĮ 4-60.  

 

 

Ȃİ Ǿ ʌĮȡȚıĲȐȞȠȞĲĮȚ ȠȚ Į ȑȜȚțİ
ȕȡȓı

Ȓ įȠȝȒ, ĮȜȜȐ șȘȜȚȐ, ĮȞĲȚıĲȠȚȤȠȪȞ ıĲĮ țĮĲȐȜȠȚʌĮ 1-3 ĲȠȣ ȃ-ĲİȜȚțȠȪ ȐțȡȠȣ, 
30-32 ĲȘȢ ıĲȡȠĳȒȢ țĮȚ 55-56 ĲȠȣ C-ĲİȜȚțȠȪ ȐțȡȠȣ ĲȠȣ ȝȠȞȠȝİȡȠȪȢ ǹ, țĮșȫȢ țĮȚ ıĲĮ 

țĮĲȐȜȠȚʌĮ 1-2 ĲȠȣ ȃ-ĲİȜȚțȠȪ ȐțȡȠȣ, 30-31 ĲȘȢ ıĲȡȠĳȒȢ țĮȚ 55-56 ĲȠȣ C-ĲİȜȚțȠȪ 
ȐțȡȠȣ ĲȠȣ ȝȠȞȠȝİȡȠȪȢ Ǻ.   

 

 



4.3 ȈȪȖțȡȚıȘ ĮʌȠĲİȜİıȝȐĲȦȞ ĮȞȐȜȣıȘȢ ȝİĲĮȟȪ Ala2Ile2-6 ȝİ syn 

ĲȠʌȠȜȠȖȓĮ țĮȚ Ala2Ile2-6 ȝİ anti (Rop-like) ĲȠʌȠȜȠȖȓĮ 
 

 

ȈĲȚȢ İȞȩĲȘĲİȢ 4.1 țĮȚ 4.2 ĮȞĮȜȪıĮȝİ ȕȒȝĮ ʌȡȠȢ ȕȒȝĮ ĲĮ ĮʌȠĲİȜȑıȝĮĲĮ ĲȦȞ 
ʌȡȠıȠȝȠȚȫıİȦȞ ĲȦȞ įȣȠ įȚȝİȡȫȞ, ǹla2ǿle2-6 ȝİ ĲȠʌȠȜȠȖȓĮ syn țĮȚ ǹla2ǿle2-6 ȝİ 
ĲȠʌȠȜȠȖȓĮ anti. ǹʌȫĲİȡȠȢ ıțȠʌȩȢ ĲȘȢ ȝİȜȑĲȘȢ ĮȣĲȒȢ ȒĲĮȞ ȞĮ ʌȡȠıʌĮșȒıȠȣȝİ ȞĮ 

țĮĲĮȞȠȒıȠȣȝİ, ıĲȠ ȕĮșȝȩ ʌȠȣ İȓȞĮȚ İĳȚțĲȩ, ĲȠ ȜȩȖȠ ȖȚĮ ĲȠȞ ȠʌȠȓȠ ĮȞĮįȚʌȜȫȞİĲĮȚ 
țĮĲȐ ĮȣĲȩ ĲȠȞ ĲȡȩʌȠ Ș ǹla2ǿle2-6. Ǿ ȩȜȘ ʌȡȠıʌȐșİȚĮ ȕĮıȓıĲȘțİ ıĲȘȞ ĮȞĲȚʌĮȡĮȕȠȜȒ 

țĮȚ ıȪȖțȡȚıȘ ĲȦȞ ĮʌȠĲİȜİıȝȐĲȦȞ İțİȓȞȦȞ ʌȠȣ ȝʌȠȡȠȪȞ ȞĮ ȝĮȢ įȫıȠȣȞ ȝȚĮ ʌȚȠ 
ʌȜȒȡȘ İȚțȩȞĮ ȩıȠ ĮĳȠȡȐ ĲȘȞ ĮȞĮįȓʌȜȦıȘ ĲȦȞ įȣȠ įȚȝİȡȫȞ țĮȚ ĲȚȢ įȚĮĳȠȡȑȢ ʌȠȣ 
ʌȚșĮȞȫȢ ʌȡȠțȪʌĲȠȣȞ, ȩıȠ ĮĳȠȡȐ ĲȘ ıĲĮșİȡȩĲȘĲĮ ĲȦȞ įȣȠ ıȣıĲȘȝȐĲȦȞ.  
    ǹȡȤȚțȐ ĮȢ įȠȪȝİ ĲȚ ıȣȝʌİȡȐıȝĮĲĮ ȝʌȠȡȠȪȝİ ȞĮ İȟȐȖȠȣȝİ Įʌȩ ĲȘ ȝİȜȑĲȘ ĲȘȢ 
ĲȣʌȚțȒȢ ĮʌȩțȜȚıȘȢ (RMSD) Įʌȩ ĲȘȞ ĮȡȤȚțȒ įȠȝȒ, ıĲȘ ȝȑĲȡȘıȘ ĲȘȢ ȠʌȠȓĮȢ 
ȜĮȝȕȐȞȠȞĲĮȚ ȣʌ’ ȩȥȚȞ ĲĮ ȐĲȠȝĮ ĲȠȣ ıțİȜİĲȠȪ (backbone) țĮșİȞȩȢ ȝȠȡȓȠȣ (ǼȚțȩȞİȢ 
4-61, 4-62, 4-63).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ǼȚțȩȞĮ 4-61: ȀĮȝʌȪȜȘ ĲȣʌȚțȒȢ ĮʌȩțȜȚıȘȢ RMSD (Å) ıȣȞĮȡĲȒıİȚ ĲȠȣ ȤȡȩȞȠȣ (ns). ȈĲȘ ȝȑĲȡȘıȘ 
ıȣȝʌİȡȚȜĮȝȕȐȞȠȞĲĮȚ ȝȩȞȠ ĲĮ ȐĲȠȝĮ ĲȠȣ ıțİȜİĲȠȪ, ĲȩıȠ ĲȠȣ įȚȝİȡȠȪȢ, ȩıȠ țĮȚ ĲȦȞ įȣȠ ȝȠȞȠȝİȡȫȞ. Ǿ 

ȝȠȕ țĮȝʌȪȜȘ ĮȞĲȚıĲȠȚȤİȓ ıĲȠ įȚȝİȡȑȢ, Ș ĳȠȪȟȚĮ ıĲȠ ȝȠȞȠȝİȡȑȢ ǹ țĮȚ Ș țȣĮȞȒ ıĲȠ ȝȠȞȠȝİȡȑȢ Ǻ. ȆĮȡȩȜȠ 
ʌȠȣ ĲȠ ȝȠȞȠȝİȡȑȢ ǹ İʌȘȡİȐȗİȚ ıȘȝĮȞĲȚțȐ ĲȘȞ ĲȣʌȚțȒ ĮʌȩțȜȚıȘ ĲȠȣ įȚȝİȡȠȪȢ, ȕȜȑʌȠȣȝİ ʌȦȢ ĲȠ 
ȝȠȞȠȝİȡȑȢ Ǻ ĮȞĲȚıĲĮșȝȓȗİȚ țĮĲȐ ȑȞĮ ȝȑȡȠȢ ĲȘ įȚĮțȪȝĮȞıȘ.    
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ǼȚțȩȞĮ 4-62: ȀĮȝʌȪȜȘ ĲȣʌȚțȒȢ ĮʌȩțȜȚıȘȢ RMSD (Å) ıȣȞĮȡĲȒıİȚ ĲȠȣ ȤȡȩȞȠȣ (ns). ȈĲȘ ȝȑĲȡȘıȘ 
ıȣȝʌİȡȚȜĮȝȕȐȞȠȞĲĮȚ ȝȩȞȠ ĲĮ ȐĲȠȝĮ ĲȠȣ ıțİȜİĲȠȪ, ĲȩıȠ ĲȠȣ įȚȝİȡȠȪȢ, ȩıȠ țĮȚ ĲȦȞ įȣȠ ȝȠȞȠȝİȡȫȞ, ȝİ 
İȟĮȓȡİıȘ ĲĮ ȣʌİȡțȚȞȘĲȚțȐ ȐțȡĮ. Ǿ ȝȠȕ țĮȝʌȪȜȘ ĮȞĲȚıĲȠȚȤİȓ ıĲȠ įȚȝİȡȑȢ, Ș ĳȠȪȟȚĮ ıĲȠ ȝȠȞȠȝİȡȑȢ ǹ țĮȚ Ș 
țȣĮȞȒ ıĲȠ ȝȠȞȠȝİȡȑȢ Ǻ. ȆĮȡȩȜȠ ʌȠȣ ĲȠ ȝȠȞȠȝİȡȑȢ ǹ İʌȘȡİȐȗİȚ ıȘȝĮȞĲȚțȐ ĲȘȞ ĲȣʌȚțȒ ĮʌȩțȜȚıȘ ĲȠȣ 
įȚȝİȡȠȪȢ, ȕȜȑʌȠȣȝİ ʌȦȢ ĲȠ ȝȠȞȠȝİȡȑȢ Ǻ ĮȞĲȚıĲĮșȝȓȗİȚ țĮĲȐ ȑȞĮ ȝȑȡȠȢ ĲȘ įȚĮțȪȝĮȞıȘ.    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ǼȚțȩȞĮ 4-63: ȀĮȝʌȪȜȘ ĲȣʌȚțȒȢ ĮʌȩțȜȚıȘȢ RMSD (Å) ıȣȞĮȡĲȒıİȚ ĲȠȣ ȤȡȩȞȠȣ (ns). ȈĲȘ ȝȑĲȡȘıȘ 
ıȣȝʌİȡȚȜĮȝȕȐȞȠȞĲĮȚ ȝȩȞȠ ĲĮ ȐĲȠȝĮ ĲȠȣ ıțİȜİĲȠȪ, ĲȩıȠ ĲȠȣ įȚȝİȡȠȪȢ, ȩıȠ țĮȚ ĲȦȞ įȣȠ ȝȠȞȠȝİȡȫȞ. Ǿ 

ȝȠȕ țĮȝʌȪȜȘ ĮȞĲȚıĲȠȚȤİȓ ıĲȠ įȚȝİȡȑȢ, Ș ĳȠȪȟȚĮ ıĲȠ ȝȠȞȠȝİȡȑȢ ǹ țĮȚ Ș țȣĮȞȒ ıĲȠ ȝȠȞȠȝİȡȑȢ Ǻ. ȆĮȡȩȜȠ 
ʌȠȣ ĲȠ ȝȠȞȠȝİȡȑȢ ǹ İʌȘȡİȐȗİȚ ıȘȝĮȞĲȚțȐ ĲȘȞ ĲȣʌȚțȒ ĮʌȩțȜȚıȘ ĲȠȣ įȚȝİȡȠȪȢ, ȕȜȑʌȠȣȝİ ʌȦȢ ĲȠ 
ȝȠȞȠȝİȡȑȢ Ǻ ĮȞĲȚıĲĮșȝȓȗİȚ țĮĲȐ ȑȞĮ ȝȑȡȠȢ ĲȘ įȚĮțȪȝĮȞıȘ.    
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ǵʌȦȢ ĮȞĮĳȑȡĮȝİ țĮȚ ıĲȘȞ İȞȩĲȘĲĮ 4.1 țĮȚ ȩʌȦȢ ȝʌȠȡȠȪȝİ ȞĮ 

ʌĮȡĮĲȘȡȒıȠȣȝİ țĮȚ ıĲȘȞ ǼȚțȩȞĮ 4-61 , ĲĮ ȐțȡĮ ĲȦȞ įȣȠ ȝȠȞȠȝİȡȫȞ , ǹ țĮȚ Ǻ, ʌȠȣ 
ıȣȖțȡȠĲȠȪȞ ĲȠ įȚȝİȡȑȢ ǹla2ǿle2-6 ȝİ ĲȠʌȠȜȠȖȓĮ syn, țȚȞȠȪȞĲĮȚ ĮțĮȞȩȞȚıĲĮ ȝİ 
ĮʌȠĲȑȜİıȝĮ ȞĮ İʌȘȡİȐȗȠȣȞ ıİ ȝİȖȐȜȠ ȕĮșȝȩ ĲȘ ıĲĮșİȡȩĲȘĲĮ ĲȠȣ ıȣıĲȒȝĮĲȠȢ. 
ĭĮȞİȡȩ İȓȞĮȚ ĲȠ ȖİȖȠȞȩȢ ȩĲȚ ĲȠ ȝȠȞȠȝİȡȑȢ ǹ İȓȞĮȚ İțİȓȞȠ ʌȠȣ İʌȘȡİȐȗİȚ ʌȚȠ ʌȠȜȪ ĲȘ 

įȚĮțȪȝĮȞıȘ ĲȠȣ įȚȝİȡȠȪȢ. ȅȚ ȝİĲȡȒıİȚȢ ĲȘȢ įȚĮțȪȝĮȞıȘȢ ĳĮȓȞȠȞĲĮȚ ıĲȠȞ ȆȓȞĮțĮ 4-1.  

 

ǹla2ǿle2-6 syn ǹla2ǿle2-6 syn * ǹla2ǿle2-6 anti ȈȪıĲȘȝĮ ȣʌȩ 
ȝİȜȑĲȘ/ ȉȚȝȒ 

RMSD (Å) 
ǹ Ǻ ǻȚȝİȡȑȢ ǹ Ǻ ǻȚȝİȡȑȢ ǹ Ǻ ǻȚȝİȡȑȢ 

ǹȡȤȚțȒ 0,5 0,5 0,5 0,4 0,4 0,4 0,4 0,4 0,4 

ȉİȜȚțȒ 1,8 1,3 1,7 1,3 0,8 1,2 1,3 1,0 1,3 

ȂȑȖȚıĲȘ 3,9 1,5 3,0 1,6 1,3 1,5 2,0 1,8 1,7 

ǼȜȐȤȚıĲȘ** 1,0 0,5 1,0 0,6 0,4 0,7 0,6 0,6 0,8 

* ȈĲȚȢ ȝİĲȡȒıİȚȢ įİȞ ʌİȡȚȜĮȝȕȐȞȠȞĲĮȚ ĲĮ ȐĲȠȝĮ ĲȠȣ ıțİȜİĲȠȪ ĲȦȞ ȣʌİȡțȚȞȘĲȚțȫȞ ȐțȡȦȞ. 
** Ǿ İȜȐȤȚıĲȘ ĲȚȝȒ Įʌȩ ĲȘ ĳȐıȘ heating țĮȚ ȝİĲȐ.  

ȆȓȞĮțĮȢ 4-1: ȂİĲȡȒıİȚȢ ĲȣʌȚțȒȢ ĮʌȩțȜȚıȘȢ Įʌȩ ĲȘȞ ĮȡȤȚțȒ įȠȝȒ ȖȚĮ ĲĮ ıȣıĲȒȝĮĲĮ ʌȠȣ ȝİȜİĲȐȝİ. ȅȚ 
ĲȚȝȑȢ İȓȞĮȚ țĮĲȐ ʌȡȠıȑȖȖȚıȘ įİțȐĲȠȣ.  

 

ǺȜȑʌȠȣȝİ ȜȠȚʌȩȞ ʌȦȢ Ș įȚĮțȪȝĮȞıȘ ĲȠȣ įȚȝİȡȠȪȢ ǹla2ǿle2-6 ȝİ ĲȠʌȠȜȠȖȓĮ 

anti (0,8-1,7 Å) İȓȞĮȚ İȜĮĳȡȫȢ ȝİȖĮȜȪĲİȡȘ Įʌȩ İțİȓȞȘ ĲȠȣ įȚȝİȡȠȪȢ ǹla2ǿle2-6 ȝİ 
ĲȠʌȠȜȠȖȓĮ syn (0,7-1,5 Å) ȤȦȡȓȢ ĲĮ ȣʌİȡțȚȞȘĲȚțȐ ȐțȡĮ, İȞȫ Ș įȚĮțȪȝĮȞıȘ ĲȠȣ 
įȚȝİȡȠȪȢ ǹla2ǿle2-6 ȝİ ĲȠʌȠȜȠȖȓĮ syn ȟİʌİȡȞȐ țĮĲȐ ʌȠȜȪ ĲȚȢ ȐȜȜİȢ įȣȠ (1,0-3,0 Å). 

ǵȝȦȢ ȩʌȦȢ İȓʌĮȝİ țĮȚ ʌȡȠȘȖȠȣȝȑȞȦȢ ĲĮ ĮʌȠĲİȜȑıȝĮĲĮ ȖȚĮ ĲȠ ıȪıĲȘȝĮ ĲȠȣ įȚȝİȡȠȪȢ 
ǹla2ǿle2-6 ȝİ ĲȠʌȠȜȠȖȓĮ syn įİ șĮ ʌİȡȚȜĮȝȕȐȞȠȣȞ ĲĮ ȣʌİȡțȚȞȘĲȚțȐ ȐțȡĮ, ıȣȞİʌȫȢ Ș 

ıȪȖțȡȚıȘ ĲȦȞ įȣȠ ıȣıĲȘȝȐĲȦȞ șĮ ȖȓȞİȚ ȝİĲĮȟȪ ĲȦȞ ǹla2ǿle2-6 ȝİ ĲȠʌȠȜȠȖȓĮ anti țĮȚ 
ǹla2ǿle2-6 ȝİ ĲȠʌȠȜȠȖȓĮ syn ȤȦȡȓȢ ĲĮ ȣʌİȡțȚȞȘĲȚțȐ ȐțȡĮ. īİȞȚțȐ ȩȝȦȢ țĮȚ ȠȚ įȣȠ 
įȚĮțȣȝȐȞıİȚȢ ʌȠȣ ȝĮȢ ĮĳȠȡȠȪȞ İȓȞĮȚ ĮȡțİĲȐ ıĲĮșİȡȠʌȠȚȘȝȑȞİȢ, Ș ʌȡȫĲȘ (ĲȠʌȠȜȠȖȓĮ 

syn) ȖȪȡȦ Įʌȩ ĲĮ 0,9Å țĮȚ Ș įİȪĲİȡȘ (ĲȠʌȠȜȠȖȓĮ anti) ȖȪȡȦ Įʌȩ ĲĮ 1,2Å.    

   ǹȢ įȠȪȝİ ıĲȠ ıȘȝİȓȠ ĮȣĲȩ ĲȚ ȖȓȞİĲĮȚ ȝİ ĲȠȣȢ ʌȣȡȒȞİȢ ĲȦȞ įȣȠ ıȣıĲȘȝȐĲȦȞ, 
ȩıȠ ĮĳȠȡȐ ĲȘȞ ĲȣʌȚțȒ ĮʌȩțȜȚıȘ Įʌȩ ĲȘȞ ĮȡȤȚțȒ įȠȝȒ (ǼȚțȩȞİȢ 4-64, 4-65). ȈĲȚȢ įȣȠ 
İȚțȩȞİȢ ȕȜȑʌȠȣȝİ ĲȘ ȝİĲĮȕȠȜȒ ĲȘȢ ĲȣʌȚțȒȢ ĮʌȩțȜȚıȘȢ țĮĲȐ ĲȘ įȚȐȡțİȚĮ ĲȘȢ 
ʌȡȠıȠȝȠȓȦıȘȢ ȖȚĮ ĲĮ ȐĲȠȝĮ ĲȦȞ ʌȜİȣȡȚțȫȞ ȠȝȐįȦȞ ĲȦȞ țĮĲĮȜȠȓʌȦȞ ʌȠȣ 
ıȣȝȝİĲȑȤȠȣȞ ıĲȠ ıȤȘȝĮĲȚıȝȩ ĲȦȞ 8 ıĲȡȦȝȐĲȦȞ (layers) ʌȠȣ ĮʌȠĲİȜȠȪȞ ĲȠȞ 
ȣįȡȩĳȠȕȠ ʌȣȡȒȞĮ țĮșİȞȩȢ Įʌȩ ĲĮ įȣȠ ıȣıĲȒȝĮĲĮ.  
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ǼȚțȩȞĮ 4-64: ȀĮȝʌȪȜȘ ĲȣʌȚțȒȢ ĮʌȩțȜȚıȘȢ RMSD (Å) ıȣȞĮȡĲȒıİȚ ĲȠȣ ȤȡȩȞȠȣ (ns). ȈĲȘ ȝȑĲȡȘıȘ 
ıȣȝʌİȡȚȜĮȝȕȐȞȠȞĲĮȚ ȝȩȞȠ ĲĮ ȐĲȠȝĮ ĲȦȞ ʌȜİȣȡȚțȫȞ ĮȜȣıȓįȦȞ ĲȦȞ țĮĲĮȜȠȓʌȦȞ ĲȠȣ įȚȝİȡȠȪȢ ʌȠȣ 
ıȣȝȝİĲȑȤȠȣȞ ıĲȘ įȘȝȚȠȣȡȖȓĮ ĲȠȣ ȣįȡȩĳȠȕȠȣ ʌȣȡȒȞĮ. ǼȟĮȚȡȠȪȞĲĮȚ ĲĮ ȐĲȠȝĮ ĲȦȞ ȣʌİȡțȚȞȘĲȚțȫȞ ȐțȡȦȞ.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ǼȚțȩȞĮ 4-65: ȀĮȝʌȪȜȘ ĲȣʌȚțȒȢ ĮʌȩțȜȚıȘȢ RMSD (Å) ıȣȞĮȡĲȒıİȚ ĲȠȣ ȤȡȩȞȠȣ (ns). ȈĲȘ ȝȑĲȡȘıȘ 
ıȣȝʌİȡȚȜĮȝȕȐȞȠȞĲĮȚ ȝȩȞȠ ĲĮ ȐĲȠȝĮ ĲȦȞ ʌȜİȣȡȚțȫȞ ĮȜȣıȓįȦȞ ĲȦȞ țĮĲĮȜȠȓʌȦȞ ĲȠȣ įȚȝİȡȠȪȢ ʌȠȣ 
ıȣȝȝİĲȑȤȠȣȞ ıĲȘ įȘȝȚȠȣȡȖȓĮ ĲȠȣ ȣįȡȩĳȠȕȠȣ ʌȣȡȒȞĮ.  
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īȚĮ ĲȠ įȚȝİȡȑȢ ǹla2ǿle2-6 syn ȕȜȑʌȠȣȝİ ʌȦȢ ȠȚ ĲȚȝȑȢ ĲȘȢ ĲȣʌȚțȒȢ ĮʌȩțȜȚıȘȢ 
İȓȞĮȚ ȝİĲĮȟȪ 0,7Å țĮȚ 1,6Å. ȆĮȡĮĲȘȡȠȪȝİ ʌȦȢ įİȞ ıĲĮșİȡȠʌȠȚİȓĲĮȚ ȚįȚĮȓĲİȡĮ, ȑȤȠȣȝİ 
ĮȡțİĲȐ ȝȑȖȚıĲĮ țȣȡȓȦȢ ĮȜȜȐ țĮȚ İȜȐȤȚıĲĮ, ʌĮȡȩȜĮ ĮȣĲȐ ȩȝȦȢ ȑȤȠȣȝİ ȝȚĮ ȖİȞȚțȩĲİȡȘ 

įȚĮțȪȝĮȞıȘ ȖȪȡȦ Įʌȩ ĲĮ 1,0Å. īȚĮ ĲȠ įȚȝİȡȑȢ ǹla2ǿle2-6 anti ȠȚ ĲȚȝȑȢ İȓȞĮȚ ȝİĲĮȟȪ 
1,2Å țĮȚ 2,1Å. Ǿ ıĲĮșİȡȠʌȠȓȘıȘ İȓȞĮȚ İȣțȠȜȩĲİȡȘ ıĲȠ ıȪıĲȘȝĮ ĮȣĲȩ Įʌ’ ȩĲȚ ıĲȠ 
ʌȡȠȘȖȠȪȝİȞȠ, ȩȝȦȢ Ș ĲȚȝȒ ĲȠȣ RMSD İȓȞĮȚ ȖİȞȚțȩĲİȡĮ ȣȥȘȜȩĲİȡȘ, ȖȪȡȦ Įʌȩ ĲĮ 

1,7Å țĮĲȐ ĲȘ įȚȐȡțİȚĮ ĲȠȣ trajectory.  

 

ȚțȩȞĮ 4-66: ȀĮȝʌȪȜȘ ĲȣʌȚțȒȢ ĮʌȩțȜȚıȘȢ RMSD (Å) ıȣȞĮȡĲȒıİȚ ĲȠȣ ȤȡȩȞȠȣ (ns). ȈĲȘ ȝȑĲȡȘıȘ 

ǼȚțȩȞĮ 4-67: ȀĮȝʌȪȜȘ ĲȣʌȚțȒȢ ĮʌȩțȜȚıȘȢ RMS  (Å) ıȣȞĮȡĲȒıİȚ ĲȠȣ ȤȡȩȞȠȣ (ns). ȈĲȘ ȝȑĲȡȘıȘ 

 

Ǽ
ıȣȝʌİȡȚȜĮȝȕȐȞȠȞĲĮȚ ȝȩȞȠ ĲĮ ȐĲȠȝĮ ĲȦȞ ʌȜİȣȡȚțȫȞ ĮȜȣıȓįȦȞ ĲȦȞ țĮĲĮȜȠȓʌȦȞ ĲȦȞ ȝȠȞȠȝİȡȫȞ ǹ țĮȚ Ǻ 

ʌȠȣ ıȣȝȝİĲȑȤȠȣȞ ıĲȘ įȘȝȚȠȣȡȖȓĮ ĲȠȣ ȣįȡȩĳȠȕȠȣ ʌȣȡȒȞĮ. ǼȟĮȚȡȠȪȞĲĮȚ ĲĮ ȐĲȠȝĮ ĲȦȞ ȣʌİȡțȚȞȘĲȚțȫȞ 
ȐțȡȦȞ.   

 

D

ıȣȝʌİȡȚȜĮȝȕȐȞȠȞĲĮȚ ȝȩȞȠ ĲĮ ȐĲȠȝĮ ĲȦȞ ʌȜİȣȡȚțȫȞ ĮȜȣıȓįȦȞ ĲȦȞ țĮĲĮȜȠȓʌȦȞ ĲȦȞ ȝȠȞȠȝİȡȫȞ ǹ țĮȚ Ǻ 

ʌȠȣ ıȣȝȝİĲȑȤȠȣȞ ıĲȘ įȘȝȚȠȣȡȖȓĮ ĲȠȣ ȣįȡȩĳȠȕȠȣ ʌȣȡȒȞĮ. 
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ȈĲȚȢ ǼȚțȩȞİȢ 4-66 țĮȚ 4-67 ȝʌȠȡȠȪȝİ ȞĮ įȚĮțȡȓȞȠȣȝİ ĲȚȢ ĲȣʌȚțȑȢ ĮʌȠțȜȓıİȚȢ 
ȖȚĮ ĲĮ ȝ

ȞȑȤİȚĮ ȑȤȠȣȝİ ĲȘ ıȪȖțȡȚıȘ ĲȦȞ ĮʌȠĲİȜİıȝȐĲȦȞ ĲȘȢ ĲȣʌȚțȒȢ ĮʌȩțȜȚıȘȢ 
Įʌȩ ĲȘ 

 

45), ʌĮ

ĲȚȢ ǼȚțȩȞİȢ 4-24 țĮȚ 4-46 įİ ĳĮȓȞİĲĮȚ 
țȐʌȠȚĮ

ıȘ ĲȦȞ ʌȑȞĲİ ʌȡȫĲȦȞ 
eigenve

 ʌȠȣ șĮ ȝʌȠȡȠȪıİ ȓıȦȢ ȞĮ įȫıİȚ țȐʌȠȚȠ ĮʌȠĲȑȜİıȝĮ 

ʌȚȠ ȟİț

İȓȞĮȚ ĲȠ ıȪȝʌȜȠțȠ ĲȠȣ įȚȝİȡȠȪȢ.    

ȠȞȠȝİȡȒ ǹ țĮȚ Ǻ ȤȦȡȚıĲȐ. ȅȚ ĲȚȝȑȢ įİȞ ĮʌȠțȜȓȞȠȣȞ ȚįȚĮȓĲİȡĮ Įʌȩ İțİȓȞİȢ ĲȦȞ 
įȚȝİȡȫȞ țĮȚ ĲȦȞ ȝȠȞȠȝİȡȫȞ ȝİĲĮȟȪ ĲȠȣȢ. ǹȟȚȠıȘȝİȓȦĲȠ İȓȞĮȚ ĲȠ ȖİȖȠȞȩȢ ȩĲȚ ıĲȘȞ 
ĲȣʌȚțȒ ĮʌȩțȜȚıȘ ĲȠȣ ȝȠȞȠȝİȡȠȪȢ ǹ ĲȘȢ ǹla2ǿle2-6 anti İȓȞĮȚ ʌȚȠ ĳĮȞİȡȒ Ș ȪʌĮȡȟȘ 

įȣȠ clusters.  

ȈĲȘ ıȣ
ȝȑıȘ įȠȝȒ, Ș ȠʌȠȓĮ ĮʌȠĲİȜİȓ ȑȞĮ ȝȑĲȡȠ ıĲĮșİȡȩĲȘĲĮȢ ĲȠȣ ıȣıĲȒȝĮĲȠȢ, țĮșȫȢ 

ȣʌȠįİȚțȞȪİȚ țĮĲȐ ʌȩıȠ įȚĮĳȑȡİȚ Ș įȠȝȒ ĲȠȣ ıȣıĲȒȝĮĲȠȢ Įʌȩ ĲȘ ȝȑıȘ įȠȝȒ. ǵʌȦȢ 
ĳĮȓȞİĲĮȚ ıĲȚȢ ǼȚțȩȞİȢ 4-21 țĮȚ 4-44, Ș įȚĮțȪȝĮȞıȘ ĲȘȢ ĲȣʌȚțȒȢ ĮʌȩțȜȚıȘȢ ȖȚĮ ĲȠ 
įȚȝİȡȑȢ ĲȘȢ ǹla2ǿle2-6 syn, İȓȞĮȚ ȖȪȡȦ Įʌȩ ĲĮ 0,5Å ıİ ȩȜȘ ĲȘ įȚȐȡțİȚĮ ĲȠȣ trajectory, 

İȞȫ ȖȚĮ ĲȠ įȚȝİȡȑȢ ĲȘȢ ǹla2ǿle2-6 anti İȓȞĮȚ ȖȪȡȦ Įʌȩ ĲĮ 0,7Å țĮș’ ȩȜȘ ĲȘ įȚȐȡțİȚĮ 

ĲȠȣ trajectory İțĲȩȢ Įʌȩ ĲȘȞ İțțȓȞȘıȘ ĲȘȢ ʌȡȠıȠȝȠȓȦıȘȢ ʌȠȣ İȓȞĮȚ ıĲĮ 1Å, ıİ 
ĮȞĲȓșİıȘ ȝİ ĲȠ ȐȜȜȠ įȚȝİȡȑȢ ʌȠȣ İȓȞĮȚ țĮȚ İțİȓ ıĲĮ 0,5Å. ȅȚ ĮȞĲȓıĲȠȚȤİȢ ĲȚȝȑȢ İȓȞĮȚ 
İȜȐȤȚıĲĮ ʌȚȠ ȣȥȘȜȑȢ ȖȚĮ ĲĮ ȝȠȞȠȝİȡȒ ǹ țĮȚ İȜȐȤȚıĲĮ ʌȚȠ ȤĮȝȘȜȑȢ ȖȚĮ ĲĮ ȝȠȞȠȝİȡȒ Ǻ. 

ǼȐȞ ȝİȜİĲȒıȠȣȝİ ĲȠ RMSF țĮȚ ȖȚĮ ĲĮ įȪȠ ıȣıĲȒȝĮĲĮ (ǼȚțȩȞİȢ 4-22 țĮȚ 4-

ȡĮĲȘȡȠȪȝİ ʌȦȢ ȑȤȠȣȝİ ĲȚȢ ȝȑȖȚıĲİȢ ĲȚȝȑȢ ıĲȚȢ ȓįȚİȢ ʌİȡȚȠȤȑȢ, įȘȜĮįȒ țȠȞĲȐ 

ıĲĮ ȐțȡĮ ĲȦȞ ȝȠȞȠȝİȡȫȞ țĮȚ țȠȞĲȐ ıĲȚȢ ıĲȡȠĳȑȢ, ȝİ ĲȘ įȚĮĳȠȡȐ ȩĲȚ ıĲȘȞ ǹla2ǿle2-6 

anti ȠȚ ĲȚȝȑȢ İȓȞĮȚ ȠȚ ĲȚȝȑȢ ĲȠȣ RMSF İȓȞĮȚ ȤĮȝȘȜȩĲİȡİȢ ıĲȚȢ ʌİȡȚȠȤȑȢ ʌȠȣ ĮȞĮĳȑȡĮȝİ 
ʌȡȠȘȖȠȣȝȑȞȦȢ (țĮȚ ĮȣĲȩ ȜȩȖȦ ĲȦȞ ȣʌİȡțȚȞȘĲȚțȫȞ ȐțȡȦȞ ĲȘȢ ǹla2ǿle2-6 syn) țĮȚ 
ȣȥȘȜȩĲİȡİȢ ıİ ȩȜİȢ ĲȚȢ ȣʌȩȜȠȚʌİȢ ʌİȡȚȠȤȑȢ.  

ǹȢ įȠȪȝİ ĲȚ ıȣȝȕĮȓȞİȚ ȝİ ĲȘȞ RG. Ȉ
 ıȘȝĮȞĲȚțȒ įȚĮĳȠȡȐ. ȅȚ įȚĮțȣȝȐȞıİȚȢ İȓȞĮȚ ȖȚĮ ĲĮ įȣȠ ǹ ȝȠȞȠȝİȡȒ ȖȪȡȦ Įʌȩ 

ĲĮ 14,6Å țĮȚ ȖȚĮ ĲĮ įȣȠ Ǻ ȝȠȞȠȝİȡȒ ȖȪȡȦ Įʌȩ ĲĮ 14,5Å. Ǿ ȝȩȞȘ ıȘȝĮȞĲȚțȒ įȚĮĳȠȡȐ 

ĳĮȓȞİĲĮȚ ıĲȘȞ ĮȡȤȒ ĲȠȣ trajectory, ȩʌȠȣ ıĲȠ ıȪıĲȘȝĮ ǹla2ǿle2-6 syn Ș ĮțĲȓȞĮ 

ʌİȡȚıĲȡȠĳȒȢ İȓȞĮȚ ȠȝĮȜȒ, İȞȫ ıĲȠ ıȪıĲȘȝĮ ǹla2ǿle2-6 anti ȑȤȠȣȝİ ȝȚĮ ĮʌȩĲȠȝȘ 

İȜȐĲĲȦıȘ Įʌȩ ĲĮ 14,75Å. ȉĮ ĮʌȠĲİȜȑıȝĮĲĮ ĮȣĲȐ ȩȝȦȢ įİ ȝĮȢ ȕȠȘșȠȪȞ ȞĮ İȟȐȖȠȣȝİ 
țȐʌȠȚȠ ıȣȝʌȑȡĮıȝĮ ȖȚĮ ĲȠ ʌȠȚȠ ıȪıĲȘȝĮ İȓȞĮȚ ʌȚȠ ıĲĮșİȡȩ.  

ȈĲȚȢ ǼȚțȩȞİȢ 4-32 țĮȚ 4-54 ȕȜȑʌȠȣȝİ ĲȘ įȚĮțȪȝĮȞ
ctors ĮȞȐ țĮĲȐȜȠȚʌȠ țĮȚ ȖȚĮ ĲĮ įȣȠ ıȣıĲȒȝĮĲĮ. ȈĲȘȞ ĲȠʌȠȜȠȖȓĮ anti ȠȚ ĲȚȝȑȢ 

İȓȞĮȚ ȝȚțȡȩĲİȡİȢ ıĲĮ țĮĲȐȜȠȚʌĮ ĲȦȞ ıĲȡȠĳȫȞ țĮȚ ĲȦȞ ȐțȡȦȞ, ĮȜȜȐ ıȤİĲȚțȐ 

ȝİȖĮȜȪĲİȡİȢ țĮȚ ȝİ ʌİȡȚııȩĲİȡİȢ įȚĮțȣȝȐȞıİȚȢ ıĲȚȢ ȣʌȩȜȠȚʌİȢ ʌİȡȚȠȤȑȢ, ıİ ıȪȖțȡȚıȘ 

ȝİ ĲȘȞ ĲȠʌȠȜȠȖȓĮ syn.  

ǲȞĮȢ İʌȚʌȜȑȠȞ ĲȡȩʌȠȢ
ȐșĮȡȠ, İȓȞĮȚ Ƞ ȣʌȠȜȠȖȚıȝȩȢ ĲȘȢ ȑțĲĮıȘȢ ĲȘȢ ʌȡȠıȕȐıȚȝȘȢ İʌȚĳȐȞİȚĮȢ ĲȠȣ 

ȝȠȡȓȠȣ (ASA, Accessible Surface Area) ĲȩıȠ ıĲĮ įȚȝİȡȒ, ȩıȠ țĮȚ ıĲĮ ȝȠȞȠȝİȡȒ. Ǿ 

įȚĮĳȠȡȐ ĲȘȢ ASA ĲȠȣ įȚȝİȡȠȪȢ Įʌȩ ĲȠ ȐșȡȠȚıȝĮ ĲȘȢ ASA ĲȦȞ įȣȠ ȝȠȞȠȝİȡȫȞ șĮ 

ʌȡȑʌİȚ ȞĮ ĮȞĲȚțĮĲȠʌĲȡȓȗİȚ ĲȘȞ İʌȚĳȐȞİȚĮ ʌȠȣ șȐȕİĲĮȚ ȩĲĮȞ įȘȝȚȠȣȡȖİȓĲĮȚ ĲȠ 
ıȪȝʌȜȠțȠ. ȀĮĲȐ ıȣȞȑʌİȚĮ ȩıȠ ʌİȡȚııȩĲİȡȘ İʌȚĳȐȞİȚĮ șȐȕİĲĮȚ ĲȩıȠ ʌȚȠ ıĲĮșİȡȩ 
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īȚĮ ĲȠȞ ȣʌȠȜȠȖȚıȝȩ ĮȣĲȩ ȤȡȘıȚȝȠʌȠȚȒıĮȝİ ıĮȞ ȕȐıȘ ĲȘ ȝȑıȘ įȠȝȒ ȖȚĮ țȐșİ 
ıȪıĲȘȝĮ (ȆȓȞĮțĮȢ 4-2). ȋȡȘıȚȝȠʌȠȚȒșȘțİ ĲȠ ʌȡȩȖȡĮȝȝĮ areaimol (Įʌȩ ĲȠ ıȪȞȠȜȠ 
ĲȦȞ ʌȡ

 
ȖȓĮ 

syn 

ǹla2ǿle2-6 ȝİ ĲȠʌȠȜȠȖȓĮ 

anti (Rop-like) 

ȠȖȡĮȝȝȐĲȦȞ CCP4) (Kabsch et al., 1994). Ǿ ASA ȖȚĮ ĲȠ įȚȝİȡȑȢ ĲȘȢ ǹla2ǿle2-

6 ȝİ ĲȠʌȠȜȠȖȓĮ syn İȓȞĮȚ 6399Å2, İȞȫ ȖȚĮ ĲȠ ȝȠȞȠȝİȡȑȢ ǹ İȓȞĮȚ 4517Å2 țĮȚ ȖȚĮ ĲȠ 
ȝȠȞȠȝİȡȑȢ Ǻ İȓȞĮȚ 4453Å2. Ǿ ASA ȖȚĮ ĲȠ įȚȝİȡȑȢ ĲȘȢ ǹla2ǿle2-6 ȝİ ĲȠʌȠȜȠȖȓĮ anti 

(Rop-like) İȓȞĮȚ 6336Å2, İȞȫ ȖȚĮ ĲȠ ȝȠȞȠȝİȡȑȢ ǹ İȓȞĮȚ 4529Å2 țĮȚ ȖȚĮ ĲȠ ȝȠȞȠȝİȡȑȢ 
Ǻ İȓȞĮȚ 4554Å2. ȈȣȞİʌȫȢ Ș İʌȚĳȐȞİȚĮ ʌȠȣ șȐȕİĲĮȚ ıĲȘȞ ǹla2ǿle2-6 ȝİ ĲȠʌȠȜȠȖȓĮ syn 

ĮȞĲȚıĲȠȚȤİȓ ıİ [4517 + 4453] – 6399 = 2571Å2, İȞȫ ıĲȘȞ ǹla2ǿle2-6 ȝİ ĲȠʌȠȜȠȖȓĮ anti 

(Rop-like) İȓȞĮȚ [4529 + 4554] – 6336 = 2747Å2. ʌĮȡĮĲȘȡȠȪȝİ ȜȠȚʌȩȞ ʌȦȢ Ș 

İʌȚĳȐȞİȚĮ ʌȠȣ șȐȕİĲĮȚ ıĲĮ įȣȠ ıȣıĲȒȝĮĲĮ įİȞ ȑȤİȚ țȐʌȠȚĮ ıȘȝĮȞĲȚțȒ įȚĮĳȠȡȐ, ȝİ ĲȘ 

įİȪĲİȡȘ ȞĮ İȓȞĮȚ ȜȓȖȠ ȝİȖĮȜȪĲİȡȘ. Ǿ ǹla2ǿle2-6 ĳĮȓȞİĲĮȚ ʌȦȢ İȓȞĮȚ ĮȡțİĲȐ ıĲĮșİȡȒ, 

İȚįȚțȐ Įʌȩ ĲȘ ıĲȚȖȝȒ ʌȠȣ ȣʌȐȡȤȠȣȞ ʌȚȠ ʌȠȜȜȐ ȣįȡȩĳȠȕĮ țĮĲȐȜȠȚʌĮ ıĲȠȞ ʌȣȡȒȞĮ Įʌ’ 
ȩĲȚ ıĲȘ ĳȣıȚțȒ ʌȡȦĲİǸȞȘ. ǹȢ ȝȘȞ ȟİȤȞȐȝİ ʌȦȢ Ș İʌȚĳȐȞİȚĮ ĲȘȢ ĳȣıȚțȒȢ Rop ʌȠȣ 
șȐȕİĲĮȚ ıĲȠȞ ʌȣȡȒȞĮ ĮȞĲȚıĲȠȚȤİȓ ȝȩȜȚȢ ıİ 1345Å2.  

 

ǹla2ǿle2-6 ȝİ ĲȠʌȠȜȠ

A ȠȞȠȝİȡȑȢ  ȝ 4517 4529 

Ǻ ȝȠȞȠȝİȡȑȢ  4435 4554 
ASA 

(Å2) 
ǻȚȝİȡȑȢ  6399 6336 

URFACE (Å2) 2571 2747 BURIED S

  

SA ȖȚĮ ĲĮ įȚȝİ ȝİȡȒ ĲȦȞ įȣȠ ıȣıĲȘȝ ȣ ȝİȜİĲȐȝİ, 
țĮșȫȢ ț ȠȜȠȖȚıȝȩȢ ĲȘȢ İʌȚĳȐȞİȚĮȢ ʌȠȣ șȐȕİĲĮȚ ıĲȠȞ ʌȣȡȒȞĮ (buried surface). 

įİįȠȝȑȞȠ ʌȠȣ ȞĮ 

ȝĮȢ Ȧșİȓ ıĲȠ ıȣȝʌȑȡĮıȝĮ ȩĲȚ țȐʌȠȚĮ Įʌȩ ĲȚȢ įȣȠ įȠȝȑȢ İȓȞĮȚ ıĲĮșİȡȩĲİȡȘ. ǻİ 
ȝʌȠȡȠȪ

ȆȓȞĮțĮȢ 4-2: ȊʌȠȜȠȖȚıȝȩȢ ĲȘȢ A ȡȒ țĮȚ ȝȠȞȠ ȐĲȦȞ ʌȠ
ĮȚ ȣʌ

 

ȈȣȞȠȥȓȗȠȞĲĮȢ ȝʌȠȡȠȪȝİ ȞĮ ʌȠȪȝİ ȩĲȚ įİȞ ȣʌȐȡȤİȚ țȐʌȠȚȠ 

ȝİ įȘȜĮįȒ ȞĮ ʌȠȪȝİ ȝİ ȕİȕĮȚȩĲȘĲĮ ʌȠȚĮ įȚĮȝȩȡĳȦıȘ İȓȞĮȚ țĮĲĮȜȜȘȜȩĲİȡȘ 

ȖȚĮ ĲȘȞ ʌĮȡĮȜȜĮȖȒ ǹla2ǿle2-6. ȉİȜȚțȐ ȓıȦȢ țĮĲȐ ĲȘ įȚȐȡțİȚĮ ĲȘȢ ĮȞĮįȓʌȜȦıȘȢ Ș 

ǹla2ǿle2-6 ȞĮ ʌĮȓȡȞİȚ țĮȚ ĲȚȢ įȣȠ įȚĮȝȠȡĳȫıİȚȢ, ȩʌȦȢ įȚĮĲȪʌȦıİ Ƞ Levy țĮȚ ȠȚ 
ıȣȞİȡȖȐĲİȢ ĲȠȣ (Levy et al., 2005). ǴıȦȢ įȘȜĮįȒ ȞĮ ȝȘȞ ȣȚȠșİĲİȓĲĮȚ ȝȚĮ ȝȩȞȠ 
įȚĮȝȩȡĳȦıȘ, ĮȜȜȐ ȑȞĮ ıȪȞȠȜȠ įȚĮȝȠȡĳȫıİȦȞ. ȀȐĲȚ ĲȑĲȠȚȠ ȩȝȦȢ, ȖȚĮ ȞĮ İȚʌȦșİȓ ȝİ 
ıȚȖȠȣȡȚȐ ȤȡİȚȐȗİĲĮȚ ʌİȡĮȚĲȑȡȦ țĮȚ İțĲİȞȑıĲİȡȘ ȝİȜȑĲȘ.  
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4.4 ǹȞȐȜȣıȘ ʌȡȠıȠȝȠȓȦıȘȢ native ȝȠȞȠȝİȡȠȪȢ 
 

 

 ǼʌİȚįȒ Ƞ įȚĮșȑıȚȝȠȢ ȤȡȩȞȠȢ ȒĲĮȞ ȜȓȖȠȢ ıİ ıȤȑıȘ ȝİ ĲȠȞ ȩȖțȠ ĲȦȞ įİįȠȝȑȞȦȞ, 
ȒȝĮıĲİ ıİ șȑıȘ ȞĮ ĮȞĮȜȪıȠȣȝİ įȚİȟȠįȚțȐ ȝȩȞȠ ĲĮ ıȣıĲȒȝĮĲĮ ĲȦȞ įȣȠ įȚȝİȡȫȞ. ǵıȠ 
ĮĳȠȡȐ ıĲȚȢ ʌȡȠıȠȝȠȚȫıİȚȢ ĲȦȞ ȝȠȞȠȝİȡȫȞ, Ș ĮȞȐȜȣıȘ ĮȞĮȖțĮıĲȚțȐ șĮ ʌİȡȚȠȡȚıĲİȓ 
ıĲȘȞ ʌĮȡȠȣıȓĮıȘ İʌȚȜİȖȝȑȞȦȞ ıĲȚȖȝȚȩĲȣʌȦȞ Įʌȩ ĲĮ trajectories ʌȠȣ ĮʌȠĲİȜȠȪȞ 
ĮȞĲȚʌȡȠıȦʌİȣĲȚțȩ įİȓȖȝĮ ĲȘȢ țȓȞȘıȘȢ țĮȚ ĲȘȢ įȠȝȒȢ țȐșİ ȝȠȞȠȝİȡȠȪȢ țĮĲȐ ĲȘ 

įȚȐȡțİȚĮ ĲȘȢ ʌȡȠıȠȝȠȓȦıȘȢ. ȉȠ native µȠȞȠµİȡȑȢ įİȞ İȝĳĮȞȓȗİȚ ıȘȝĮȞĲȚțȒ ĮʌȩțȜȚıȘ 

Įʌȩ ĲȘȞ ĮȡȤȚțȒ įȠµȒ (ǼȚțȩȞĮ 4-68). ȅȚ ʌȜİȣȡȚțȑȢ ȠµȐįİȢ ĲȦȞ țĮĲĮȜȠȓʌȦȞ ʌȠȣ 
įȘȝȚȠȣȡȖȠȪȞ ĲĮ ȠțĲȫ ıĲȡȫȝĮĲĮ ĲȠȣ ȣįȡȩĳȠȕȠȣ ʌȣȡȒȞĮ ĲȘȢ ʌȡȦĲİǸȞȘȢ İȓȞĮȚ ĮȡțİĲȐ 

ıĲĮșİȡȑȢ, µİ İȟĮȓȡİıȘ ĲĮ țĮĲȐȜȠȚʌĮ ıĲȘ ıĲȡȠĳȒ ĲȠȣ µȠȞȠµİȡȠȪȢ țĮȚ ĲĮ ȐțȡĮ ĲȠȣ 
ȝȠȞȠȝİȡȠȪȢ, ȩʌȠȣ ıȤȘȝĮĲȓȗİĲĮȚ ĲȠ ʌȡȫĲȠ ıĲȡȫȝĮ ĲȠȣ ʌȣȡȒȞĮ. ȉȠ ȖİȖȠȞȩȢ ĮȣĲȩ įİ 
ȝĮȢ țȐȞİȚ İȞĲȪʌȦıȘ, ĮĳȠȪ ȖȞȦȡȓȗȠȣȝİ ȒįȘ ʌȦȢ ĲĮ ȐțȡĮ İȓȞĮȚ ȚįȚĮȓĲİȡĮ İȣțȓȞȘĲĮ. 

ȂȑȤȡȚ ĲȠ ĲȑȜȠȢ ĲȘȢ ʌȡȠıȠµȠȓȦıȘȢ, ȠȚ ʌȜİȣȡȚțȑȢ ȠµȐįİȢ ʌĮȡĮȝȑȞȠȣȞ ıĲȡĮȝȝȑȞİȢ 
ʌȡȠȢ ĲȠ ȐȜȜȠ µȠȞȠµİȡȑȢ, ȩʌȦȢ ȒĲĮȞ įȘȜĮįȒ ıĲȠ ȠȝȠįȚȝİȡȑȢ. ȈȣȞİʌȫȢ ĲȠ native 

ȝȠȞȠȝİȡȑȢ įİȞ İȓȞĮȚ ĮȡțİĲȩ ȞĮ ĮʌȠĲİȜȑıİȚ ȝȚĮ ıĲĮșİȡȒ įȠȝȒ Įʌȩ ȝȩȞȠ ĲȠȣ.  
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ǼȚțȩȞĮ 4-68: ȈĲȚȖȝȚȩĲȣʌĮ (ĮȞȐ 1000 frames) ĲȘȢ ʌȡȠ ȠȓȦıȘȢ ĲȠȣ native ȝȠȞȠȝİȡȠȪȢ. ȅ ıțİȜİĲȩȢ ĲȠȣ ıȠȝ
ȝȠȡȓȠȣ ĮʌİȚțȠȞȓȗİĲĮȚ ȝİ new ribbons țĮȚ ȠȚ ʌȜİȣȡȚțȑȢ ȠȝȐįİȢ ĲȦȞ țĮĲĮȜȠȓʌȦȞ ĲȠȣ ȣįȡȩĳȠȕȠȣ ʌȣȡȒȞĮ 

ȝİ licorice. Ȃİ ʌȠȡĲȠțĮȜȓ ȤȡȫȝĮ ĮʌİȚțȠȞȓȗȠȞĲĮȚ ĲĮ țĮĲȐȜȠȚʌĮ Ala, ȝİ ȡȠȗ ĲĮ țĮĲȐȜȠȚʌĮ Glu, ȝİ 
ʌȡȐıȚȞȠ ĲĮ țĮĲȐȜȠȚʌĮ Ile, ȝİ ȝʌȜİ ĲĮ țĮĲȐȜȠȚʌĮ Leu țĮȚ ȝİ ȝȦȕ ĲĮ țĮĲȐȜȠȚʌĮ Phe. 
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4.5 ǹȞȐȜȣıȘ ʌȡȠıȠȝȠȓȦıȘȢ artificial ȝȠȞȠȝİȡȠȪȢ 

ȆĮȡȩȝȠȚĮ ĮʌȠĲİȜȑıȝĮĲĮ ʌĮȡĮĲȘȡȠȪȝİ țĮȚ ıĲȠ artificial ȝȠȞȠȝİȡȑȢ. ȀĮȚ İįȫ 

İȞ ʌĮȡȠȣıȚȐȗİĲĮȚ țĮȝȓĮ ıȘȝĮȞĲȚțȒ ĮʌȩțȜȚıȘ Įʌȩ ĲȘȞ ĮȡȤȚțȒ įȠȝȒ, Ș țȚȞȘĲȚțȩĲȘĲĮ 

ȠȝȠȓȦıȘȢ ĲȠȣ artificial 

ĲĮ

 

 

 

 

į
ʌĮȡĮĲȘȡİȓĲĮȚ ıĲĮ țĮĲȐȜȠȚʌĮ ĲȘȢ ıĲȡȠĳȒȢ țĮȚ ĲȠȣ ʌȡȫĲȠȣ İʌȚʌȑįȠȣ ĲȠȣ ȣįȡȩĳȠȕȠȣ 
ʌȣȡȒȞĮ, İȞȫ ȠȚ ʌȜİȣȡȚțȑȢ ȠȝȐįİȢ ĲİȓȞȠȣȞ ȞĮ ʌĮȡĮȝİȓȞȠȣȞ ıĲȘȞ ĮȡȤȚțȒ țĮĲİȪșȣȞıȘ 

(ǼȚțȩȞĮ 4-69).  

 

  

ǼȚțȩȞĮ 4-69: ȈĲȚȖȝȚȩĲȣʌĮ (ĮȞȐ 1000 

frames) ĲȘȢ ʌȡȠı
 ȝȠȞȠȝİȡȠȪȢ. ȅ ıțİȜİĲȩȢ ĲȠȣ ȝȠȡȓȠȣ 

ĮʌİȚțȠȞȓȗİĲĮȚ ȝİ new ribbons țĮȚ ȠȚ 
ʌȜİȣȡȚțȑȢ ȠȝȐįİȢ ĲȦȞ țĮĲĮȜȠȓʌȦȞ ĲȠȣ 
ȣįȡȩĳȠȕȠȣ ʌȣȡȒȞĮ ȝİ licorice. Ȃİ 
ʌȠȡĲȠțĮȜȓ ȤȡȫȝĮ ĮʌİȚțȠȞȓȗȠȞĲĮȚ ĲĮ 

țĮĲȐȜȠȚʌĮ Ala, ȝİ ȡȠȗ ĲĮ țĮĲȐȜȠȚʌĮ Glu, 

ȝİ ʌȡȐıȚȞȠ  țĮĲȐȜȠȚʌĮ Ile, ȝİ ȝʌȜİ ĲĮ 

țĮĲȐȜȠȚʌĮ Leu țĮȚ ȝİ ȝȦȕ ĲĮ țĮĲȐȜȠȚʌĮ 

Phe. 
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4.6 ǹȞȐȜȣıȘ ʌȡȠıȠȝȠȓȦıȘȢ opened (ǹ31ȇ) ȝȠȞȠȝİȡȠȪȢ 

Ǿ ĲȠʌȠȜȠȖȓĮ ǹ31ȇ ȣȚȠșİĲİȓ ȝȚĮ ĮȞȠȚȤĲȒ įȚĮȝȩȡĳȦıȘ İʌȚĲȡȑʌȠȞĲĮȢ ıĲȚȢ 
ȜİȣȡȚțȑȢ ȠȝȐįİȢ ȞĮ țȚȞȠȪȞĲĮȚ İȜİȪșİȡĮ. ȅȚ ȑȟȚ Įʌȩ ĲȚȢ İʌĲȐ ʌȡȠıȠȝȠȚȫıİȚȢ ʌȠȣ 

ȖȪȡȦ ıĲĮ 2000 frames, ıĲȘȞ ĲȡȓĲȘ ıĲĮ 3500 frames, ıĲȘȞ 

ȞȠȝİȡȠȪȢ ʌȠȣ įȚĮȡțİȓ 10ns (ǼȚțȩȞĮ 4-76). ȉĮ 

ȑȟȚ İʌȓʌ

 

 

 

ʌ
ʌȡĮȖȝĮĲȠʌȠȚȒșȘțĮȞ, İȓȤĮȞ ȝȚțȡȒ įȚȐȡțİȚĮ (ȠȚ ʌȑȞĲİ ȒĲĮȞ įȚȐȡțİȚĮȢ 2 ns țĮȚ Ș ȝȚĮ 

įȚȐȡțİȚĮȢ 1,4 ns). ȆȡĮȖȝĮĲȠʌȠȚȫȞĲĮȢ ʌȠȜȜȑȢ țĮȚ ȝȚțȡȒȢ įȚȐȡțİȚĮȢ ʌȡȠıȠȝȠȚȫıİȚȢ 
ĮʌȠıțȠʌȠȪȝİ ıĲȠ ȞĮ ʌȡȠıįȚȠȡȓıȠȣȝİ İȐȞ ĲȠ ıȪıĲȘȝĮ ĮțȠȜȠȣșİȓ țȐșİ ĳȠȡȐ ĲȠ ȓįȚȠ 
trajectory Ȓ įȚĮĳȠȡİĲȚțȩ. ǼȓȞĮȚ ĮȟȚȠıȘȝİȓȦĲȠ ĲȠ ȖİȖȠȞȩȢ ȩĲȚ ȠȚ ʌȜİȣȡȚțȑȢ ȠȝȐįİȢ ĲȦȞ 
țĮĲĮȜȠȓʌȦȞ ʌȠȣ ıȣȝȝİĲȑȤȠȣȞ ıĲȠ ıȤȘȝĮĲȚıȝȩ ĲȠȣ ȣįȡȩĳȠȕȠȣ ʌȣȡȒȞĮ țȚȞȠȪȞĲĮȚ 
ȖȡȒȖȠȡĮ, ıȤȘȝĮĲȓȗȠȞĲĮȢ ĮȡțİĲȐ ȖȡȒȖȠȡĮ țĮĲȐ ĲȘ įȚȐȡțİȚĮ ĲȠȣ trajectory ĲĮ ȝİıĮȓĮ 

İʌȓʌİįĮ ĲȠȣ ʌȣȡȒȞĮ. ȉĮȣĲȩȤȡȠȞĮ ʌĮȡĮĲȘȡİȓĲĮȚ ĮʌȠįȚȐĲĮȟȘ ıĲĮ ĮȡȤȚțȐ İʌȓʌİįĮ ĲȠȣ 
ʌȣȡȒȞĮ țĮȚ ıĲȘȞ ʌİȡȚȠȤȒ ĲȘȢ ıĲȡȠĳȒȢ, ȜȩȖȦ ȝİȖȐȜȘȢ țȚȞȘĲȚțȩĲȘĲĮȢ ĲȦȞ țĮĲĮȜȠȓʌȦȞ 
(ǼȚțȩȞİȢ 4-70 ȑȦȢ 4-75).  

 ȈĲȘȞ ʌȡȫĲȘ ʌȡȠıȠȝȠȓȦıȘ ĲĮ ȑȟȚ Įʌȩ ĲĮ ȠțĲȫ İʌȓʌİįĮ țȜİȓȞȠȣȞ ʌİȡȓʌȠȣ ıĲĮ 

2500 frames, ıĲȘ įİȪĲİȡȘ 

ĲȑĲĮȡĲȘ ıĲĮ 4500 frames, ıĲȘȞ ʌȑȝʌĲȘ ıĲĮ 1500 frames țĮȚ ıĲȘȞ ĲİȜİȣĲĮȓĮ 

ʌȡȠıȠȝȠȓȦıȘ įİȞ țȜİȓȞȠȣȞ țĮșȩȜȠȣ.   
ǵȜĮ ĮȣĲȐ ĲĮ ȖİȖȠȞȩĲĮ ȝʌȠȡȠȪȝİ ȞĮ ĲĮ ʌĮȡĮțȠȜȠȣșȒıȠȣȝİ ʌȚȠ İȪțȠȜĮ ıĲȘȞ 

ĲİȜİȣĲĮȓĮ ʌȡȠıȠȝȠȓȦıȘ ĲȠȣ opened ȝȠ
İįĮ ĲȠȣ ȣįȡȩĳȠȕȠȣ ʌȣȡȒȞĮ țȜİȓȞȠȣȞ ȖȪȡȦ ıĲĮ 2000 frames, ʌĮȡȩȜĮ ĮȣĲȐ 

ȩȝȦȢ ıĲĮ İʌȩȝİȞĮ 3000 ȝİ 4000 frames Ș įȠȝȒ ĮȡȤȓȗİȚ ȞĮ ĮʌȠįȚĮĲȐııİĲĮȚ. Ǿ 

įȚĮįȚțĮıȓĮ ĮȣĲȒ İʌĮȞĮȜĮȝȕȐȞİĲĮȚ ȝȑȤȡȚ ĲȠ ĲȑȜȠȢ ĲȘȢ ʌȡȠıȠȝȠȓȦıȘȢ ȤȦȡȓȢ ȩȝȦȢ ȞĮ 

țȜİȓȞȠȣȞ ȩȜĮ ĲĮ İʌȓʌİįĮ ĲȠȣ ȣįȡȩĳȠȕȠȣ ʌȣȡȒȞĮ țĮȚ ȤȦȡȓȢ ȞĮ ĮʌȠįȚĮĲȐııİĲĮȚ 
ĲİȜİȓȦȢ Ș įȠȝȒ, ȝİ ĮʌȠĲȑȜİıȝĮ Ș įȠȝȒ ȞĮ ȝȘȞ İȓȞĮȚ țĮșȩȜȠȣ ıĲĮșİȡȒ.   
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ǼȚțȩȞĮ 4-70: ȈĲȚȖȝȚȩĲȣʌĮ (ĮȞȐ 500 frames) ĲȘȢ ʌȡȠıȠȝȠȓȦıȘȢ ĲȠȣ opened ȝȠȞȠȝİȡȠȪȢ. ȅ ıțİȜİĲȩȢ ĲȠȣ 
ȝȠȡȓȠȣ ĮʌİȚțȠȞȓȗİĲĮȚ ȝİ new ribbons țĮȚ ȠȚ ʌȜİȣȡȚțȑȢ ȠȝȐįİȢ ĲȦȞ țĮĲĮȜȠȓʌȦȞ ĲȠȣ ȣįȡȩĳȠȕȠȣ ʌȣȡȒȞĮ 

ȝİ licorice. Ȃİ ʌȠȡĲȠțĮȜȓ ȤȡȫȝĮ ĮʌİȚțȠȞȓȗȠȞĲĮȚ ĲĮ țĮĲȐȜȠȚʌĮ Ala, ȝİ ȡȠȗ ĲĮ țĮĲȐȜȠȚʌĮ Glu, ȝİ 
ʌȡȐıȚȞȠ ĲĮ țĮĲȐȜȠȚʌĮ Ile, ȝİ ȝʌȜİ ĲĮ țĮĲȐȜȠȚʌĮ Leu țĮȚ ȝİ ȝȦȕ ĲĮ țĮĲȐȜȠȚʌĮ Phe. 

 

 

 

 

 

 

 

 

 

 

 

 

ǼȚțȩȞĮ 4-71: ȈĲȚȖȝȚȩĲȣʌĮ (ĮȞȐ 500 frames) ĲȘȢ ʌȡȠıȠȝȠȓȦıȘȢ ĲȠȣ opened ȝȠȞȠȝİȡȠȪȢ. ȅ ıțİȜİĲȩȢ ĲȠȣ 
ȝȠȡȓȠȣ ĮʌİȚțȠȞȓȗİĲĮȚ ȝİ new ribbons țĮȚ ȠȚ ʌȜİȣȡȚțȑȢ ȠȝȐįİȢ ĲȦȞ țĮĲĮȜȠȓʌȦȞ ĲȠȣ ȣįȡȩĳȠȕȠȣ ʌȣȡȒȞĮ 

ȝİ licorice. Ȃİ ʌȠȡĲȠțĮȜȓ ȤȡȫȝĮ ĮʌİȚțȠȞȓȗȠȞĲĮȚ ĲĮ țĮĲȐȜȠȚʌĮ Ala, ȝİ ȡȠȗ ĲĮ țĮĲȐȜȠȚʌĮ Glu, ȝİ 
ʌȡȐıȚȞȠ ĲĮ țĮĲȐȜȠȚʌĮ Ile, ȝİ ȝʌȜİ ĲĮ țĮĲȐȜȠȚʌĮ Leu țĮȚ ȝİ ȝȦȕ ĲĮ țĮĲȐȜȠȚʌĮ Phe. 
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ǼȚțȩȞĮ 4-72: ȈĲȚȖȝȚȩĲȣʌĮ (ĮȞȐ 1000 frames) ĲȘȢ ʌȡȠıȠȝȠȓȦıȘȢ ĲȠȣ opened ȝȠȞȠȝİȡȠȪȢ. ȅ ıțİȜİĲȩȢ 
ĲȠȣ ȝȠȡȓȠȣ ĮʌİȚțȠȞȓȗİĲĮȚ ȝİ new ribbons țĮȚ ȠȚ ʌȜİȣȡȚțȑȢ ȠȝȐįİȢ ĲȦȞ țĮĲĮȜȠȓʌȦȞ ĲȠȣ ȣįȡȩĳȠȕȠȣ 
ʌȣȡȒȞĮ ȝİ licorice. Ȃİ ʌȠȡĲȠțĮȜȓ ȤȡȫȝĮ ĮʌİȚțȠȞȓȗȠȞĲĮȚ ĲĮ țĮĲȐȜȠȚʌĮ Ala, ȝİ ȡȠȗ ĲĮ țĮĲȐȜȠȚʌĮ Glu, ȝİ 
ȡȐıȚȞȠ ĲĮ țĮĲȐȜȠȚʌĮ Ile, ȝİ ȝʌȜİ ĲĮ țĮĲȐȜȠȚʌĮ Leu țĮȚ ȝİ ȝȦȕ ĲĮ țĮĲȐȜȠȚʌĮ Phe. ʌ

 

 

 

 

 

 

 

 

 

 

 

ǼȚțȩȞĮ 4-73: ȈĲȚȖȝȚȩĲȣʌĮ (ĮȞȐ 1000 frames) ĲȘȢ ʌȡȠıȠȝȠȓȦıȘȢ ĲȠȣ opened ȝȠȞȠȝİȡȠȪȢ. ȅ ıțİȜİĲȩȢ 
ĲȠȣ ȝȠȡȓȠȣ ĮʌİȚțȠȞȓȗİĲĮȚ ȝİ new ribbons țĮȚ ȠȚ ʌȜİȣȡȚțȑȢ ȠȝȐįİȢ ĲȦȞ țĮĲĮȜȠȓʌȦȞ ĲȠȣ ȣįȡȩĳȠȕȠȣ 
ʌȣȡȒȞĮ ȝİ licorice. Ȃİ ʌȠȡĲȠțĮȜȓ ȤȡȫȝĮ ĮʌİȚțȠȞȓȗȠȞĲĮȚ ĲĮ țĮĲȐȜȠȚʌĮ Ala, ȝİ ȡȠȗ ĲĮ țĮĲȐȜȠȚʌĮ Glu, ȝİ 
ʌȡȐıȚȞȠ ĲĮ țĮĲȐȜȠȚʌĮ Ile, ȝİ ȝʌȜİ ĲĮ țĮĲȐȜȠȚʌĮ Leu țĮȚ ȝİ ȝȦȕ ĲĮ țĮĲȐȜȠȚʌĮ Phe. 
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ǼȚțȩȞĮ 4-74: ȈĲȚȖȝȚȩĲȣʌĮ (ĮȞȐ 1000 frames) ĲȘȢ ʌȡȠıȠȝȠȓȦıȘȢ ĲȠȣ opened ȝȠȞȠȝİȡȠȪȢ. ȅ ıțİȜİĲȩȢ 
ĲȠȣ ȝȠȡȓȠȣ ĮʌİȚțȠȞȓȗİĲĮȚ ȝİ new ribbons țĮȚ ȠȚ ʌȜİȣȡȚțȑȢ ȠȝȐįİȢ ĲȦȞ țĮĲĮȜȠȓʌȦȞ ĲȠȣ ȣįȡȩĳȠȕȠȣ 
ʌȣȡȒȞĮ ȝİ licorice. Ȃİ ʌȠȡĲȠțĮȜȓ ȤȡȫȝĮ ĮʌİȚțȠȞȓȗȠȞĲĮȚ ĲĮ țĮĲȐȜȠȚʌĮ Ala, ȝİ ȡȠȗ ĲĮ țĮĲȐȜȠȚʌĮ Glu, ȝİ 
ʌȡȐıȚȞȠ ĲĮ țĮĲȐȜȠȚʌĮ Ile, ȝİ ȝʌȜİ ĲĮ țĮĲȐȜȠȚʌĮ Leu țĮȚ ȝİ ȝȦȕ ĲĮ țĮĲȐȜȠȚʌĮ Phe. 

 

 

 

ǼȚțȩȞĮ 4-75: ȈĲȚȖȝȚȩĲȣʌĮ (ĮȞȐ 500 frames) ĲȘȢ ʌȡȠıȠȝȠȓȦıȘȢ ĲȠȣ opened ȝȠȞȠȝİȡȠȪȢ. ȅ ıțİȜİĲȩȢ ĲȠȣ 
ȝȠȡȓȠȣ ĮʌİȚțȠȞȓȗİĲĮȚ ȝİ new ribbons țĮȚ ȠȚ ʌȜİȣȡȚțȑȢ ȠȝȐįİȢ ĲȦȞ țĮĲĮȜȠȓʌȦȞ ĲȠȣ ȣįȡȩĳȠȕȠȣ ʌȣȡȒȞĮ 

ȝİ licorice. Ȃİ ʌȠȡĲȠțĮȜȓ ȤȡȫȝĮ ĮʌİȚțȠȞȓȗȠȞĲĮȚ ĲĮ țĮĲȐȜȠȚʌĮ Ala, ȝİ ȡȠȗ ĲĮ țĮĲȐȜȠȚʌĮ Glu, ȝİ 
ʌȡȐıȚȞȠ ĲĮ țĮĲȐȜȠȚʌĮ Ile, ȝİ ȝʌȜİ ĲĮ țĮĲȐȜȠȚʌĮ Leu țĮȚ ȝİ ȝȦȕ ĲĮ țĮĲȐȜȠȚʌĮ Phe. 
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ǼȚțȩȞĮ 4-76: ȈĲȚȖȝȚȩĲȣʌĮ (ĮȞȐ 1000 frames) ĲȘȢ ʌȡȠıȠȝȠȓȦıȘȢ ĲȦȞ 10 ns ĲȠȣ opened ȝȠȞȠȝİȡȠȪȢ. ȅ 

ıțİȜİĲȩȢ ĲȠȣ ȝȠȡȓȠȣ ĮʌİȚțȠȞȓȗİĲĮȚ ȝİ new ribbons țĮȚ ȠȚ ʌȜİȣȡȚțȑȢ ȠȝȐįİȢ ĲȦȞ țĮĲĮȜȠȓʌȦȞ ĲȠȣ 
ȣįȡȩĳȠȕȠȣ ʌȣȡȒȞĮ ȝİ licorice. Ȃİ ʌȠȡĲȠțĮȜȓ ȤȡȫȝĮ ĮʌİȚțȠȞȓȗȠȞĲĮȚ ĲĮ țĮĲȐȜȠȚʌĮ Ala, ȝİ ȡȠȗ ĲĮ 

țĮĲȐȜȠȚʌĮ Glu, ȝİ ʌȡȐıȚȞȠ ĲĮ țĮĲȐȜȠȚʌĮ Ile, ȝİ ȝʌȜİ ĲĮ țĮĲȐȜȠȚʌĮ Leu țĮȚ ȝİ ȝȦȕ ĲĮ țĮĲȐȜȠȚʌĮ Phe. 
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ƧƲƫƭƱƥƱƴ 

 
 Ǿ Rop İȓȞĮȚ ȝȚĮ ȝȚțȡȒ ȠȝȠįȚȝİȡȒȢ ʌȡȦĲİǸȞȘ, Ș ȠʌȠȓĮ ȣȚȠșİĲİȓ ĲȠ ȝȠĲȓȕȠ ĲȠȣ 
4-Į-İȜȚțȠİȚįȠȪȢ įİȝĮĲȓȠȣ. ȉȠ ȝȚțȡȩ ĲȘȢ ȝȑȖİșȠȢ įȠȝȚțȐ įİȞ ȑȤİȚ ıİ ĲȓʌȠĲĮ ȞĮ țȐȞİȚ 
ȝİ ĲȠ ĲİȡȐıĲȚȠ ȝȑȖİșȠȢ İȡİȣȞȫȞ ʌȠȣ ȕĮıȓȗȠȞĲĮȚ ıİ ĮȣĲȒ. Ǽįȫ țĮȚ ʌȠȜȜȐ ȤȡȩȞȚĮ Ș 

ĮȞĮįȓʌȜȦıȒ ĲȘȢ, țĮșȫȢ țĮȚ Ș ĮȞĮįȓʌȜȦıȘ ĲȦȞ ʌĮȡĮȜȜĮȖȫȞ ĲȘȢ ĮʌȠĲİȜİȓ ĮȞĲȚțİȓȝİȞȠ 
ȝİȜȑĲȘȢ. ȊʌȐȡȤȠȣȞ ʌĮȡĮȜȜĮȖȑȢ ĲȘȢ Rop ĲȦȞ ȠʌȠȓȦȞ Ș įȚĮȝȩȡĳȦıȘ ıĲȠ ȤȫȡȠ įİȞ 
ȑȤİȚ țĮȝȓĮ ıȤȑıȘ ȝİ İțİȓȞȘ ĲȘȢ ĳȣıȚțȒȢ ʌȡȦĲİǸȞȘȢ, ȩʌȦȢ ȖȚĮ ʌĮȡȐįİȚȖȝĮ Ș Ala2Ile2-6 

Ș ȠʌȠȓĮ ʌȡȠȑțȣȥİ Įʌȩ ĲȠȞ İʌĮȞĮıȤİįȚĮıȝȩ ĲȠȣ ȣįȡȩĳȠȕȠȣ ʌȣȡȒȞĮ. ȄİțȓȞȘıİ ȜȠȚʌȩȞ 
ȝȚĮ įȚĮįȚțĮıȓĮ ȖȚĮ ȞĮ ȝİȜİĲȒıȠȣȝİ ʌȠȚĮ įȠȝȒ İȓȞĮȚ ʌȚȠ ıĲĮșİȡȒ, İțİȓȞȘ ĲȘȢ Ala2Ile2-

6 ȝİ ĲȠʌȠȜȠȖȓĮ syn Ȓ İțİȓȞȘ ĲȘȢ Ala2Ile2-6 ȝİ ĲȠʌȠȜȠȖȓĮ ʌȠȣ ȝȠȚȐȗİȚ ȝİ ĲȘ ĳȣıȚțȒ 

Rop. ǹʌȩ ĲĮ ĮʌȠĲİȜȑıȝĮĲĮ ĲȦȞ ʌȡȠıȠȝȠȚȫıİȦȞ ȕȜȑʌȠȣȝİ ʌȦȢ įİȞ ȣʌȐȡȤİȚ țȐʌȠȚȠ 
ıĲȠȚȤİȓȠ ʌȠȣ ȞĮ ȝĮȢ Ȧșİȓ ıĲȠ ıȣȝʌȑȡĮıȝĮ ȩĲȚ țȐʌȠȚĮ įȚĮȝȩȡĳȦıȘ İȓȞĮȚ 
ıĲĮșİȡȩĲİȡȘ Įʌȩ ĲȘȞ ȐȜȜȘ. ǼʌȠȝȑȞȦȢ įİ ȝʌȠȡȠȪȝİ ȞĮ ĮʌȠțȜİȓıȠȣȝİ țȐʌȠȚĮ 

įȚĮȝȩȡĳȦıȘ. ȆȡȑʌİȚ ȩȝȦȢ ȞĮ ıȘȝİȚȫıȠȣȝİ ȩĲȚ İȐȞ įİ ȜȐȕȠȣȝİ ȣʌ’ ȩȥȚȞ ĲĮ 

ȣʌİȡțȚȞȘĲȚțȐ ȐțȡĮ ĲȘȢ Ala2Ile2-6 ıĲȘ syn ĲȠʌȠȜȠȖȓĮ, ȠȚ ĲȚȝȑȢ ʌȠȣ ʌȡȠțȪʌĲȠȣȞ İȓȞĮȚ 
ıȤİĲȚțȐ ʌȚȠ ȤĮȝȘȜȑȢ. ǲĲıȚ İȓȞĮȚ İʌȩȝİȞȠ ȞĮ ȣʌȐȡȤİȚ ȝȚĮ İȜĮĳȡȐ ʌȡȠĲȓȝȘıȘ ʌȡȠȢ ĲȘȞ 
syn ĲȠʌȠȜȠȖȓĮ ȩıȠ ĮĳȠȡȐ ĲȘȞ Ala2Ile2-6. ǴıȦȢ ĲİȜȚțȐ Ș țȐșİ ʌȡȦĲİǸȞȘ ȞĮ ʌİȡȞȐ Įʌȩ 
įȚȐĳȠȡİȢ įȚĮȝȠȡĳȫıİȚȢ ȝȑȤȡȚ ȞĮ țĮĲĮȜȒȟİȚ ıĲȘȞ ʌȚȠ ıĲĮșİȡȒ. ȈĲȘ ȕȐıȘ ĮȣĲȒ 

ʌȡĮȖȝĮĲȠʌȠȚȒșȘțĮȞ ȠȚ ʌȡȠıȠȝȠȚȫıİȚȢ ȝİȝȠȞȦȝȑȞȦȞ ȝȠȞȠȝİȡȫȞ (native, artificial, 

opened), ȝİ įȚĮĳȠȡİĲȚțȑȢ ĮȡȤȚțȑȢ įȚĮȝȠȡĳȫıİȚȢ. ǴıȦȢ Ș ĮȞȐȜȣıȘ ĲȦȞ įİįȠȝȑȞȦȞ 
ĮȣĲȫȞ ĲȦȞ ʌȡȠıȠȝȠȚȫıİȦȞ (Ș ȠʌȠȓĮ ȜȩȖȦ ıĲİȞȩĲȘĲĮȢ ȤȡȩȞȠȣ įİȞ 
ʌȡĮȖȝĮĲȠʌȠȚȒșȘțİ), ȞĮ İȓȞĮȚ ȚțĮȞȒ ȞĮ įȫıİȚ țȐʌȠȚİȢ ĮʌĮȞĲȒıİȚȢ.     
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# 
# Input files 
# 
structure               ionized.psf 
coordinates             ionized.pdb 
parameters              par_all27_prot_na.inp 
paraTypeCharmm          on 
 
# 
# Output files & writing frequency for DCD 
# and restart files 
# 
outputname              output/heat_out 
binaryoutput            off 
restartname             output/restart 
restartfreq             1000 
binaryrestart           yes 
dcdFile                 output/heat_out.dcd 
dcdFreq                 200 
 
# 
# Frequencies for logs and the xst file 
# 
outputEnergies          20 
outputTiming            200 
xstFreq                 200 
 
# 
# Timestep & friends 
# 
timestep                2.0 
stepsPerCycle           8 
nonBondedFreq           2 
fullElectFrequency      4 
 
 
 
# 
# Simulation space partitioning 
# 
switching               on 
switchDist              10 
cutoff                  12 
pairlistdist            13.5 
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# 
# Basic dynamics 
# 
temperature             0 
COMmotion               no 
dielectric              1.0 
exclude                 scaled1-4 
1-4scaling              1.0 
rigidbonds              all 
 
# 
# Particle Mesh Ewald parameters.  
# 
Pme                     on 
PmeGridsizeX            80                      # <===== CHANGE ME 
PmeGridsizeY            64                      # <===== CHANGE ME 
PmeGridsizeZ            60                      # <===== CHANGE ME 
 
 
# 
# Periodic boundary things 
# 
wrapWater               on 
wrapNearest             on 
 
cellBasisVector1        78.60   00.00   00.00   # <===== CHANGE ME 
cellBasisVector2        00.00   60.10   00.00   # <===== CHANGE ME 
cellBasisVector3        00.00   00.00   56.83   # <===== CHANGE ME 
cellOrigin               0.00    0.00    2.44   # <===== CHANGE ME 
 
# 
# Fixed atoms for initial heating-up steps 
# 
fixedAtoms              on 
fixedAtomsForces        on 
fixedAtomsFile          fix_backbone.pdb 
fixedAtomsCol           B 
 
# 
# Restrained atoms for initial heating-up steps 
# 
constraints             on 
consRef                 restrain_ca.pdb 
consKFile               restrain_ca.pdb 
consKCol                B 
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# 
# Langevin dynamics parameters 
# 
langevin                on 
langevinDamping         10 
langevinTemp            320                     # <===== Check me 
langevinHydrogen        on 
 
langevinPiston          on 
langevinPistonTarget    1.01325 
langevinPistonPeriod    200 
langevinPistonDecay     100 
langevinPistonTemp      320                     # <===== Check me 
 
useGroupPressure        yes 
 
 
########################################## 
# The actual minimisation and heating-up  
# protocol follows. The number of steps 
# shown below are too small for a real run 
########################################## 
 
# 
# run one step to get into scripting mode 
# 
minimize                0 
 
# 
# turn off pressure control until later 
# 
langevinPiston          off 
 
# 
# minimize nonbackbone atoms 
# 
minimize                2000                     ;# <===== CHANGE ME 
output                  output/min_fix 
 
# 
# min all atoms 
# 
fixedAtoms              off 
minimize                2000                     ;# <===== CHANGE ME 
output                  output/min_all 
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# 
# heat with CAs restrained 
# 
set temp 20; 
while { $temp < 321 } {                         ;# <===== Check me 
langevinTemp            $temp 
run                     2000                     ;# <===== CHANGE ME 
output                  output/heat_ca 
set temp [expr $temp + 20]                       
} 
 
# 
# equilibrate volume with CAs restrained 
# 
langevinPiston          on 
run                     10000                     ;# <===== CHANGE ME 
output                  output/equil_ca 
 
# 
# equilibrate volume without restraints 
# 
constraintScaling       0 
run                     100000                    ;# <===== CHANGE ME 
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# 
# Input files 
# 
structure                      ionized.psf 
coordinates                 heat_out.coor 
velocities                     heat_out.vel 
extendedSystem        heat_out.xsc 
parameters                 par_all27_prot_na.inp 
paraTypeCharmm     on 
 
# 
# Output files & writing frequency for DCD 
# and restart files 
# 
outputname              output/equi_out 
binaryoutput            off 
restartname              output/restart 
restartfreq                 1000 
binaryrestart             yes 
dcdFile                      output/equi_out.dcd 
dcdFreq                     200 
 
# 
# Frequencies for logs and the xst file 
# 
outputEnergies          20 
outputTiming            200 
xstFreq                        200 
 
# 
# Timestep & friends 
# 
timestep                        2.0 
stepsPerCycle              8 
nonBondedFreq           2 
fullElectFrequency      4 
 
# 
# Simulation space partitioning 
# 
switching               on 
switchDist             10 
cutoff                      12 
pairlistdist             13.5 
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# 
# Basic dynamics 
# 
COMmotion               no 
dielectric                     1.0 
exclude                        scaled1-4 
1-4scaling                   1.0 
rigidbonds                  all 
 
# 
# Particle Mesh Ewald parameters.  
# 
Pme                     on 
PmeGridsizeX            80                      # <===== CHANGE ME 
PmeGridsizeY            64                      # <===== CHANGE ME 
PmeGridsizeZ            60                      # <===== CHANGE ME 
 
 
# 
# Periodic boundary things 
# 
wrapWater               on 
wrapNearest            on 
wrapAll                    on 
 
 
# 
# Langevin dynamics parameters 
# 
langevin                          on 
langevinDamping          1 
langevinTemp                320                     # <===== Check me 
langevinHydrogen        on 
 
langevinPiston                on 
langevinPistonTarget    1.01325 
langevinPistonPeriod    200 
langevinPistonDecay     100 
langevinPistonTemp      320                     # <===== Check me 
 
useGroupPressure        yes 
 
firsttimestep                   146000                     # <===== CHANGE ME 
run                                   5000000                    ;# <===== CHANGE ME 
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structure @../../../../../backup/dimer/ala2_ile2_syn/protein.psf end 
 
coordinates disposition=comp @psfgen.pdb 
 
evaluate ($first = 0) 
evaluate ($step  = 1) 
 
evaluate ($current = $first) 
 
read trajectory 
 
asci=false 
input=../../../../../backup/dimer/ala2_ile2_syn/protein.dcd 
begin=$first 
skip=$step 
stop=2000000000 
end 
 
set display=all.rmsd end 
 
 
while ($status # "COMPLETE") loop traj 
 
 
coor fit selection=(((name CA or name C or name O or name HN or \ 
                    name HA or name N) and not hydrogen) and not (\ 
                    (resid 56:60 and segid="A   ") or\ 
                    (resid 1 and segid="A   ") or \ 
                    (resid 2 and segid="B   ") or\ 
                    (resid 57 and segid="B   ")  )) end 
 
 
 
coor rms selection= (((name CA or name C or name O or name HN or \ 
                    name HA or name N) and not hydrogen) and not (\ 
                    (resid 56:60 and segid="A   ") or\ 
                    (resid 1 and segid="A   ") or \ 
                    (resid 2 and segid="B   ") or\ 
                    (resid 57 and segid="B   ")  )) end 
 
 
 
 



 

 149

evaluate ($rms = $RESULT) 
 
display $current $rms 
 
 
 
evaluate ($current =$current + $step) 
 
read trajectory next end 
 
end loop traj 
 
stop 
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structure @../../../../backup/dimer/ala2_ile2_syn/protein.psf end 
 
coordinates disposition=comp @aver_and_rms.pdb 
 
evaluate ($first = 0) 
evaluate ($step  = 1) 
 
evaluate ($current = $first) 
 
read trajectory 
 
asci=false 
input=../remove-global-rotation-translation/dcd/ALL_fitted.dcd 
begin=$first 
skip=$step 
stop=20000000 
end 
 
set display=aver_vs_MD_notails1.rmsd end 
 
while ($status # "COMPLETE") loop traj 
 
coor fit selection=( (not hydrogen) and not (\ 
                     (resid 1 and segid "A   ") or \ 
                     (resid 56:60 and segid "A   ") or \ 
                     (resid 2 and segid "B   ") or \             
                     (resid 57 and segid "B   ") ) ) end  
 
coor rms selection=( (not hydrogen) and not (\ 
                     (resid 1 and segid "A   ") or \ 
                     (resid 56:60 and segid "A   ") or \ 
                     (resid 2 and segid "B   ") or \             
                     (resid 57 and segid "B   ") ) ) end 
 
evaluate ($rms_ALL_ALL = $RESULT) 
 
coor fit selection=( (segid="A   " and not hydrogen) and not ( \ 
                     (resid 1 and segid "A   ") or \ 
                     (resid 56:60 and segid "A   ") ) ) end 
coor rms selection=( (segid="A   " and not hydrogen) and not ( \ 
                     (resid 1 and segid "A   ") or \ 
                     (resid 56:60 and segid "A   ") ) ) end 
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evaluate ($rms_ALL_A = $RESULT) 
 
coor fit selection=( (segid="B   " and not hydrogen) and not ( \ 
                     (resid 2 and segid "B   ") or \ 
                     (resid 57 and segid "B   ") ) ) end 
coor rms selection=( (segid="B   " and not hydrogen) and not ( \    
                     (resid 2 and segid "B   ") or \    
                     (resid 57 and segid "B   ") ) ) end 
 
evaluate ($rms_ALL_B = $RESULT) 
 
coor fit selection=( (name ca) and not (\ 
                     (resid 1 and segid "A   ") or \    
                     (resid 56:60 and segid "A   ") or \  
                     (resid 2 and segid "B   ") or \             
                     (resid 57 and segid "B   ") ) ) end 
coor rms selection=( (name ca) and not (\ 
                     (resid 1 and segid "A   ") or \ 
                     (resid 56:60 and segid "A   ") or \  
                     (resid 2 and segid "B   ") or \             
                     (resid 57 and segid "B   ") ) ) end  
 
 
evaluate ($rms_CA_ALL = $RESULT) 
 
coor fit selection=( (name ca and segid="A   ") and not( \ 
                     (resid 1 and segid "A   ") or \ 
                     (resid 56:60 and segid "A   ")) ) end 
coor rms selection=( (name ca and segid="A   ") and not( \ 
                     (resid 1 and segid "A   ") or \      
                     (resid 56:60 and segid "A   "))) end 
 
evaluate ($rms_CA_A = $RESULT) 
 
coor fit selection=((name ca and segid="B   ") and not ( \ 
                    (resid 2 and segid "B   ") or \ 
                    (resid 57 and segid "B   ") ) ) end 
 
coor rms selection=((name ca and segid="B   ") and not ( \ 
                    (resid 2 and segid "B   ") or \  
                    (resid 57 and segid "B   ") ) ) end 
 
 
evaluate ($rms_CA_B = $RESULT) 
 
 
display $current $rms_CA_ALL $rms_CA_A $rms_CA_B $rms_ALL_ALL 
$rms_ALL_A $rms_ALL_B 
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evaluate ($current =$current + $step) 
 
read trajectory next end 
 
end loop traj 
 
stop 
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G 

 
structure @../../../../backup/dimer/ala2_ile2_syn/protein.psf end 
 
evaluate ($first = 0) 
evaluate ($step  = 1) 
 
evaluate ($current = $first) 
 
read trajectory 
 
asci=false 
input=../remove-global-rotation-translation/dcd/ALL_fitted.dcd 
begin=$first 
skip=$step 
stop=20000000 
end 
 
set display=gyration.list end 
 
while ($status # "COMPLETE") loop traj 
 
coor rgyration end 
evaluate ($rg1 = $RG) 
 
coor rgyration mass=true end 
 
display $current $rg1 $RG 
 
evaluate ($current =$current + $step) 
 
read trajectory next end 
 
end loop traj 
 
stop 
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