
           

         

 

 

                        

 

      

 

 

  ɇȽɇȿɃɆ ɄȷɅȷȹɃɇȺɃɈ: ũŮɜŮŰɘəɐ ŬˊŬɚɞɘűɐ ɔɞɜɘŭɑɤɜ ůɢŮŰɘɕɧɛŮɜɤɜ ɛŮ ɎɜɞɘŬ    

   ůŮ ɜŮɡɟɤɜɘəɎ əɨŰŰŬɟŬ   

 

   ƂƊƌƐƄƐſ ƂƎƁſƏƆſƏ 4:  ſƧƗÙƭƮƨƢ ƥƮƭƭƜƪƤƥƷƧ ƥƜƤ ơƲƤƥƷƧ ÕƩƧƭƘƦƲƧ, ƥƜƣƷƫ ƥƜƤ ƧƘƲƧ ƝƤƩƟƠƤƥƭƷƧ    

    ƞƤƜ ƭƤƫ ƧƠƮƪƩƠƥƯƮƦƤƬƭƤƥƘƫ ƜƬƣƘƧƠƤƠƫ Alzheimer ƥƜƤ Parkinson. 

 

   ƑƍƂƑƅƑƊƄ ƂƎƂƑƊƄƐƆƇƄ ƌƉſæſ (ƒƌƎƂſƏ):  ƏƍƑƎƆæÝƊ ƂƑƅƑƉƆƌƍƌƑƈƌƏ  (ƂƇƍſ) 

ȹɟɎůɖ çȺɛɓɚɖɛŬŰɘəɏɠ ŭɟɎůŮɘɠ ůŮ ŭɘŬɗŮɛŬŰɘəɏɠ ŮˊɘůŰɖɛɞɜɘəɏɠ ˊŮɟɘɞɢɏɠ ɛŮ 
Ůɘŭɘəɧ ŮɜŭɘŬűɏɟɞɜ ɔɘŬ Űɖɜ ůɨɜŭŮůɖ ɛŮ Űɞɜ ˊŬɟŬɔɤɔɘəɧ ɘůŰɧè ID 16618 

 
Ⱥɗɜɘəɧ ŭɑəŰɡɞ ɏɟŮɡɜŬɠ ɔɘŬ Űɖɜ ŬɜɎŭŮɘɝɖ Űɖɠ ɔŮɜŮŰɘəɐɠ ɓɎůɖɠ Űɤɜ 
ɜŮɡɟɞŮəűɡɚɘůŰɘəɩɜ ɜɧůɤɜ Alzheimer əŬɘ Parkinson,  Űɖɜ ŬɜɑɢɜŮɡůɖ 
ŬɝɘɧˊɘůŰɤɜ ɓɘɞŭŮɘəŰɩɜ əŬɘ Űɖɜ ŬɜɎˊŰɡɝɖ əŬɘɜɞŰɧɛɤɜ ɡˊɞɚɞɔɘůŰɘəɩɜ 
ŰŮɢɜɞɚɞɔɘɩɜ əŬɘ ɗŮɟŬˊŮɡŰɘəɩɜ ůŰɟŬŰɖɔɘəɩɜ ůŰɖ ɓɎůɖ Űɖɠ ɘŬŰɟɘəɐɠ 
ŬəɟɘɓŮɑŬɠ (BRAIN PRECISION, TAEDR-0535850) 



           

         

 

 

ũŮɜŮŰɘəɐ ŬˊŬɚɞɘűɐ ɔɞɜɘŭɑɤɜ ůɢŮŰɘɕɧɛŮɜɤɜ ɛŮ ɎɜɞɘŬ ůŮ ɜŮɡɟɤɜɘəɎ 

əɨŰŰŬɟŬ 

 

 

ƂƂ4. ǥȊǼɸŰȏȋȄ ȇȏŰŰŬȍȆȇȗȊ ȇŬȆ ȃȒȆȇȗȊ ȉȌȊŰǽȈȒȊ, ȇŬȅȗȎ ȇŬȆ ȊǽȒȊ ȁȆȌŭŮȆȇŰȗȊ ȂȆŬ ŰȆȎ ȊŮȏȍȌŮȇűȏȈȆůŰȆȇǽȎ 

ŬůȅǽȊŮȆŮȎ Alzheimer ȇŬȆ Parkinson. 

ƍƜƪƜƟƩƭƘƩ 4.3.  ũŮȊŮŰȆȇǾ ŬɸŬȈȌȆűǾ ȂȌȊȆŭǿȒȊ ůȐŮŰȆȃȕȉŮȊȒȊ ȉŮ ǼȊȌȆŬ ůŮ ȊŮȏȍȒȊȆȇǼ ȇȖŰŰŬȍŬ. 

 

         ȺȽɆȷũɋũȼ 

 
ɶ ˄ˈˋˇˌ ɮ˂ˍˋ˔ʱʽ˃ʶˊ ʶʾ˄ʰʽ ˃ʽʰ ʰˋʻʷ˄ʶʽʰ ˉˇˎ ˉˊˇˋʲʱ˂˂ʶʽ ˁˎˊʾ˖ˌ ʱˍˇ˃ʰ ˉˊˇ˔˖ˊʹ˃ʷ˄ʹˌ ʹ˂ʽˁʾʰˌΣ ʰ˂˂ʱ ˃ˉˇˊʶʾ ˄ʰ 

ʶ˃˒ʰ˄ʽˋˍʶʾ ˁʰʽ ˋ ʁ˄ʶˈˍʶˊʰ ʱˍˇ˃ʰ ˋˍʽˌ ˉʶˊʽˉˍ˗ˋʶʽˌ ˍˇˎ ˉˊ˗ʽ˃ˇˎ ˍˏˉˇˎ ˍʹˌ ˄ˈˋˇˎ1, 2. ɶ ˄ˈˋˇˌ ˔ʰˊʰˁˍʹˊʾʸʶˍʰʽ 

ʰˉˈ ˋˎ˃ˉˍ˗˃ʰˍʰ ˏ˒ʶˋʹˌ ˍʹˌ ˃˄ʺ˃ʹˌ ˁʰʽ ˍʹˌ ʴ˄˖ˋˍʽˁʺˌ ˂ʶʽˍˇˎˊʴʾʰˌΣ ˋˎ˃ˉʶˊʽ˒ˇˊʽˁʷˌ ʰ˂˂ʰʴʷˌΣ ˁʰʽ ˉˊˇˇʵʶˎˍʽˁʺ 

ʰˉ˗˂ʶʽʰ ˄ʶˎˊ˗˄˖˄Σ ˄ʶˎˊˇʿ˄ʽʵʽʰˁʱ ʵʶ˃ʱˍʽʰ ˉˇˎ ʰˉˇˍʶ˂ˇˏ˄ˍʰʽ ʰˉˈ ˒˖ˋ˒ˇˊˎ˂ʽ˖˃ʷ˄ʹ ǘŀǳ ˉˊ˖ˍʶˀ˄ʹΣ ˁʰʽ 

˄ʶˎˊʽˍʽˁʷˌκʰ˃ˎ˂ˇʶʽʵʽˁʷˌ ˉ˂ʱˁʶˌΦ ʆˊʶʽˌ ˉˊ˖ˍʶˀ˄ʶˌ ˉˇˎ ʶ˃ˉ˂ʷˁˇ˄ˍʰʽ ʱ˃ʶˋʰ ˋˍʹ˄ ʶ˅ʷ˂ʽ˅ʹ ˍʹˌ ˄ˈˋˇˎ ʶʾ˄ʰʽ ʹ 

ˉˊˈʵˊˇ˃ʹ ˉˊ˖ˍʶˀ˄ʹ ˍˇˎ ʰ˃ˎ˂ˇʶʽʵˇˏˌ ό!ƳȅƭƻƛŘ tǊŜŎǳǊǎƻǊ tǊƻǘŜƛƴΣ !ttύΣ ʹ ˋ˔ʶˍʽʸˈ˃ʶ˄ʹ ˃ʶ ˍˇˎˌ ˃ʽˁˊˇˋ˖˂ʹ˄ʾˋˁˇˎˌ 

ˉˊ˖ˍʶˀ˄ʹ TAU (microtubule associated protein tau, MAPT) ˁʰʽ  ́ˉˊʶˋʶ˄ʽ˂ʾ˄ʹ 1 (Presenilin1, PSEN1). ɶ APP ʶʾ˄ʰʽ 

ˍˇ ˉˊˈʵˊˇ˃ˇ ˃ˈˊʽˇ ˍˇˎ ʲ-ʰ˃ˎ˂ˇʶʽʵˇˏˌ ˉˇˎ ʰˉˇˍʶ˂ʶʾ ˍˇ ˋˎˋˍʰˍʽˁˈ ˍ˖˄ ˄ʶˎˊʽˍʽˁ˗˄ ˉ˂ʰˁ˗˄Σ ʹ a!t¢ ˋˎ˃ʲʱ˂˂ʶʽ 

ˋˍʹ˄ ˋˍʰʻʶˊˇˉˇʾʹˋʹ ˍ˖˄ ˃ʽˁˊˇˋ˖˂ʹ˄ʾˋˁ˖˄ ˍˇˎ ˁˎˍˍʰˊˇˋˁʶ˂ʶˍˇˏ ˍˇˎ ˁˎˍˍʱˊˇˎΣ ˁʰʽ ʹ t{9bм ʰˉˇˍʶ˂ʶʾ ˍˇ 

ˁʰˍʰ˂ˎˍʽˁˈ ˁʷ˄ˍˊˇ ˍˇˎ ʶ˄ʸˏ˃ˇˎ ˍʹˌ ʴ-ˋʶˁˊʶˍʱˋʹˌ ˉˇˎ ˃ʶˋˇ˂ʰʲʶʾ ˋˍʹ˄ ʵʹ˃ʽˇˎˊʴʾʰ ˍˇˎ -̡ʰ˃ˎ˂ˇʶʽʵˇˏˌΦ 

ɾʶˍʰ˂˂ʱ˅ʶʽˌ ˁʰʽ ˋˍʽˌ о ˉˊ˖ˍʶˀ˄ʶˌ ˃ˉˇˊʶʾ ˄ʰ ˉˊˇˁʰ˂ʷˋˇˎ˄ ˍʹ ˄ˈˋˇ ɮ˂ˍˋ˔ʱʽ˃ʶˊΦ ɾˉˇˊˇˏ˄ ʶˉʾˋʹˌ ˄ʰ ʶˉʹˊʶʱˋˇˎ˄ 

ʱ˂˂ʶˌ ˂ʶʽˍˇˎˊʴʾʶˌ ʰˎˍ˗˄ ˍ˖˄ ˉˊ˖ˍʶʿ˄˗˄Φ ʃʱˊʰ ˉˇ˂˂ʱ ˒ʱˊ˃ʰˁʰ ʷ˔ˇˎ˄ ʵˇˁʽ˃ʰˋˍʶʾ ˋ ʁˁ˂ʽ˄ʽˁʷˌ ʵˇˁʽ˃ʷˌ ʴʽʰ ˍʹ˄ 

˄ˈˋˇ ɮ˂ˍˋ˔ʱʽ˃ʶˊ ˃ʶ ˒ˍ˖˔ʱ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰΦ ɴ˄ʰˌ ʰˉˈ ˍˇˎˌ ˂ˈʴˇˎˌ ˃ˉˇˊʶʾ ˄ hʶʾ˄ʰʽ ˈˍʽ ˇʽ ʰˋʻʶ˄ʶʾˌ ˉˇˎ 

ˋˎ˃˃ʶˍʷ˔ˇˎ˄ ˋʶ ʰˎˍʷˌ ˍʽˌ ʵˇˁʽ˃ʷˌ ʶʾ˄ʰʽ ˃ʶʴʱ˂ʹˌ ʹ˂ʽˁʾʰˌ όʹ˂ʽˁʽ˖˃ʷ˄ˇʽύ ˃ʶ ʶˁˍʶˍʰ˃ʷ˄ˇ ˄ʶˎˊˇʶˁ˒ˎ˂ʽˋ˃ˈ ˉˇˎ 

ˉˊˇ˔˖ˊʱʶʽ ˃ʶ ˎ˕ʹ˂ˈ ˊˎʻ˃ˈΦ ɳˉʽˉˊˇˋʻʷˍ˖ˌΣ ˃ˉˇˊʶʾ ˄ʰ ˇ˒ʶʾ˂ʶˍʰʽ ˋˍʹ˄ ʰˉˇˎˋʾʰ ʲʽˇʵʶʽˁˍ˗˄ ʴʽʰ ˄ʰ 

ˁʰˍʹʴˇˊʽˇˉˇʽʺˋˇˎ˃ʶ ʰˋʻʶ˄ʶʾˌ ˁʰʽ ˄ʰ ˁʰʻˇˊʾˋˇˎ˃ʶ ʰˎˍˇˏˌ ˉˇˎ ʻʰ ˃ˉˇˊˇˏˋʰ˄ ˄ʰ ʶˉ˖˒ʶ˂ʹʻˇˏ˄ ʰˉˈ ʰˎˍʱ ˍʰ 

˒ʱˊ˃ʰˁʰΦ ʅˎ˄ʶˉ˗ˌΣ ʶʾ˄ʰʽ ʶˉʽˍʰˁˍʽˁˈ ˄ hʲˊʶʻˇˏ˄ ʵʽʰʴ˄˖ˋˍʽˁˇʾ ʵʶʾˁˍʶˌ ˁʰʽ ʱ˂˂ˇʽ ʲʽˇʵʶʾˁˍʶˌ ˉˇˎ ʻ  hʶˉʽˍˊʷ˕ˇˎ˄ 

ˍʹ˄ ˁʰˍʹʴˇˊʽˇˉˇʽʺˋʹ ˍ˖˄ ʰˋʻʶ˄˗˄Φ ɶ ʶˏˊʶˋʹ ʵʽʰʴ˄˖ˋˍʽˁ˗˄ ʵʶʽˁˍ˗˄ ʻʰ ʶˉʽˍˊʷ˕ʶʽ ˍʹ˄ ˋˎ˃ˉʶˊʾ˂ʹ˕ʹ ˋʶ ˁ˂ʽ˄ʽˁʷˌ 

ʵˇˁʽ˃ʷˌ ˄ʶˈˍʶˊ˖˄ ʰˋʻʶ˄˗˄ ˉˇˎ ʻʰ ʰ˄ʰˉˍˏ˅ˇˎ˄ ˍʹ˄ ʰˋʻʷ˄ʶʽʰ ˋˍˇ ˃ʷ˂˂ˇ˄Σ ʶ˒ˈˋˇ˄ ˋʺ˃ʶˊʰ ʻʶ˖ˊʶʾˍʰʽ ˈˍʽ ʹ 

ʰˋʻʷ˄ʶʽʰ ʰ˄ʰˉˍˏˋˋʶˍʰʽ ˍˇˎ˂ʱ˔ʽˋˍˇ˄ 10-15 ˔ˊˈ˄̔ ʰ ˉˊʽ˄ ˍʹ˄ ʶ˃˒ʱ˄ʽˋʹ ˍ˖˄ ˋˎ˃ˉˍ˖˃ʱˍ˖˄Φ ʃˊˇˌ ˎˉˇˋˍʺˊʽ˅ʹ 

ʰˎˍʺˌ ˍʹˌ ˉˊˇˋʷʴʴʽˋʹˌΣ ʷ˔ʶʽ ʵʶʽ˔ʻʶʾ ˈˍʽ ʹ ʻʶˊʰˉʶʾʰ ʰˋʻʶ˄˗˄ ˉˇˎ ˉʱˋ˔ˇˎ˄ ʰˉˈ ˊʶˎ˃ʰˍˇʶʽʵʺ ʰˊʻˊʾˍʽʵʰ ˃ʶ ˃ʹ 

ˋˍʶˊˇʶʽʵʺ ʰ˄ˍʽ˒˂ʶʴ˃ˇ˄˗ʵʹ ˒ʱˊ˃ʰˁʰ7 ̋  ˃ʶˍʶ˃˃ʹ˄ˇˉʰˎˋʽʰˁ˗˄ ʴˎ˄ʰʽˁ˗˄ ˃ʶ ˇʽˋˍˊˇʴˈ˄ʰ8Σ ˇʵʹʴʶʾ ˋʶ ˃ʶʽ˖˃ʷ˄ʹ 

ˋˎ˔˄ˈˍʹˍʰ ʶ˃˒ʱ˄ʽˋʹˌ ˍʹˌ ˄ˈˋˇˎ ɮ˂ˍˋ˔ʱʽ˃ʶˊ ˋʶ ʰˎˍˇˏˌ ˍˇˎˌ ˉ˂ʹʻˎˋ˃ˇˏˌΦ ʅʶ ʰˎˍʷˌ ˍʽˌ ˉʶˊʽˉˍ˗ˋʶʽˌ ˇʽ ʻʶˊʰˉʶʾʶˌ 

ʶ˒ʰˊ˃ˈˋˍʹˁʰ˄ ˋʶ ʱˍˇ˃ʰ ʹ˂ʽˁʾʰˌ пр-рр ʶˍ˗˄ ˍʰ ˇˉˇʾʰ ʵʶ˄ ʶʾ˔ʰ˄ ˋˎ˃ˉˍ˗˃ʰˍʰ ˍʹˌ ˄ˈˋˇˎ ɮ˂ˍˋ˔ʱʽ˃ʶˊΦ ʃʰˊˈ˂ʰˎˍʰΣ 

ˈˍʰ˄ ʰˎˍʷˌ ˇʽ ʻʶˊʰˉʶʾʶˌ ʶ˒ʰˊ˃ˈˋˍʹˁʰ˄ ˋʶ ˁ˂ʽ˄ʽˁʷˌ ʵˇˁʽ˃ʷˌ ˋʶ ʰˋʻʶ˄ʶʾˌ ˃ʶ ʶˉʽʲʶʲʰʽ˖˃ʷ˄ʹ ˄ˈˋˇ ɮ˂ˍˋ˔ʱʽ˃ʶˊ ˁʰʽ 

ʹ˂ʽˁʾʰ ˃ʶʴʰ˂ˏˍʶˊʹ ˍ˖˄ ср ʶˍ˗˄Σ ʵʶ˄ ʺˍʰ˄ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁʷˌΦ ɱʽʰ ˄ʰ ʶˉʽˍʰ˔ˎ˄ʻʶʾ ʹ ʰ˄ʰˁʱ˂ˎ˕ʹ ˒ʰˊ˃ʱˁ˖˄ ʴʽʰ ˍʹ˄ 



           

         

˄ˈˋˇ ɮ˂ˍˋ˔ʱʽ˃ʶˊ ʻʶ˖ˊˇˏ˃ʶ ˈˍʽ ʹ ʷˊʶˎ˄ʰ ˉˊʷˉʶʽ ˄ʰ ʶˋˍʽʰˋˍʶʾ ˋˍʹ˄ ʰ˄ʰˁʱ˂ˎ˕ʹ ʲʽˇʵʶʽˁˍ˗˄ ˉˇˎ ˉˊˇʲ˂ʷˉˇˎ˄ ˍʹ˄ 

˃ʶ˂˂ˇ˄ˍʽˁʺ ʶ˃˒ʱ˄ʽˋʹ ˍʹˌ ˄ˈˋˇˎ ɮ˂ˍˋ˔ʱʽ˃ʶˊΦ 

ʅˎ˄ʶˉ˗ˌ ˉˊˇˍʶʾ˄ˇˎ˃ʶ ˄ʰ ʵʽʶ˅ʱʴˇˎ˃ʶ ˉʶʽˊʱ˃ʰˍʰ ʴʽʰ ˍʹ˄ ʶˏˊʶˋʹ ʲʽˇʵʶʽˁˍ˗˄ ʴʽʰ ˍʹ˄ ˄ˈˋˇ ɮ˂ˍˋ˔ʱʽ˃ʶˊ Φ ɱʽʰ ˍʹ˄ 

ʶ˅ʰˁˊʾʲ˖ˋʹ ˍʹˌ ʶʽʵʽˁˈˍʹˍʰˌ ʰˎˍ˗˄ ˍ˖˄ ʲʽˇʵʶʽˁˍ˗˄ ʴʽʰ ˍʹ˄ ˄ˈˋˇ ɮ˂ˍˋ˔ʱʽ˃ʶˊΣ ˉˊˇˍʶʾ˄ˇˎ˃ʶ ˄ʰ ʶ˒ʰˊ˃ˈˋˇˎ˃ʶ ˍʹ˄ 

ˉʶʽˊʰ˃ʰˍʽˁʺ ˉˊˇˋʷʴʴʽˋʹ ˉˇˎ ˉʶˊʽʴˊʱ˒ʶˍʰʽ ˉʰˊʰˁʱˍ˖ ˁʰʽ ʴʽʰ ˍʹ˄ ʶˏˊʶˋʹ ʵʶʽˁˍ˗˄ ʴʽʰ ˍʹˌ ʱ˄ˇʽʶˌ 

ˍˇˎ̝́ ˖˃ˇˋ˗˃ʰˍˇˌ 13, ˇʽˁˇʴʶ˄ʶʾˌ ɯ˄ˇʽʶˌ ˍˏˉˇˎ ɰˊʶˍʰ˄ʾʰˌ ˁʰʽ ɲʰ˄ʾʰˌΦ ɮˎˍʷˌ ˇ ̔ʱ˄ˇʽʶˌ ˃ˇʽˊʱʸˇ˄ˍʰʽ 

˄ʶˎˊˇˉʰʻˇ˂ˇʴʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˃ʶ ˍʹ˄ ˄ˈˋˇ ɮ˂ˍˋ˔ʱʽ˃ʶˊΣ ˈˉ˖ˌ ʶ˄ʰˉˈʻʶˋʹ ʰ˃ˎ˂ˇʶʽʵˇˏˌ όˉˇˎ ʵʽʰ˒ʷˊʶʽ ʰˉˈ ˍˇ 

ɮʲύΣ ˄ʶˎˊˇʿ˄ʽʵʽʰˁʱ ˋˎ˃ˉ˂ʷʴ˃ʰˍʰΣ ˄ʶˎˊ˖˄ʽˁˈ ʻʱ˄ʰˍˇ ˁʰʽ ʱ˄ˇʽʰΦ ʅʶ ʰˎˍʺ ˍʹ˄ ˉʶˊʾˉˍ˖ˋʹΣ ˃ʶˍʰ˂˂ʱ˅ʶʽˌ ˋˍʹ˄ .wLн 

ˉˊ˖ˍʶˀ˄ʹ ˋˎ˄ʵʷˇ˄ˍʰʽ ˃ʶ ˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ˍʹˌ ˄ˈˋˇˎΦ ʅˎ˄ʶˉ˗ˌ ʶʾ˄ʰʽ ˉʽʻʰ˄ˈ ˈˍʽ ˉʰˊˈ˃ˇʽʰ ˃ˇ˄ˇˉʱˍʽʰ ˉˇˎ ˇʵʹʴˇˏ˄ 

ˋˍˇ˄ ˄ʶˎˊˇʶˁ˒ˎ˂ʽˋ˃ˈ ˄ʰ ʶˉʹˊʶʱʸˇ˄ˍʰʽΦ ʍˌ ʶˉʽˉ˂ʷˇ˄ ʵˇˁʽ˃ʰˋʾʰ ʴʽʰ ˍʹ˄ ʶʽʵʽˁˈˍʹˍʰ ˍ˖˄ ʵʶʽˁˍ˗˄ ʴʽʰ ˍʹ ˄ˈˋˇ 

ɮ˂ˍˋ˔ʱʽ˃ʶˊΣ ʻʰ ˃ʶ˂ʶˍʺˋˇˎ˃ʶ ʶˉʾˋʹˌ ˍʹ˄ ʱ˂˒ʰ-ˋˎ˄ˇˎˁ˂ʶˀ˄ʹ όŀƭǇƘŀ-ǎȅƴǳŎƭŜƛƴΣ {b/!ύ ˃ʶˍʰ˂˂ʱ˅ʶʽˌ ˍˇˎ ʴˇ˄ʽʵʾˇˎ ˍʹˌ 

ˇˉˇʾʰˌ ˇʵʹʴˇˏ˄ ˋˍʹ˄ ʶ˃˒ʱ˄ʽˋʹ ˍʹˌ ˄ˈˋˇˎ ʃʱˊˁʽ˄ˋˇ˄Φ 

ɱʽʰ ˄ʰ ˉʶˍˏ˔ˇˎ˃ʶ ˍˇˎˌ ˋˍˈ˔ˇˎˌ ˃ʰˌΣ ʻʰ ˉˊˇˋʵʽˇˊʾˋˇˎ˃ʶ ʵʽʰ˒ˇˊʽˁʱ ʶˁ˒ˊʰʸˈ˃ʶ˄ʰ ʴˇ˄ʾʵʽʰΣ ˁʰʽ ʻʰ ˁʰʻˇˊʾˋˇˎ˃ʶ 

ˍʰ ʲʽˇ˂ˇʴʽˁʱ ˃ˇ˄ˇˉʱˍʽʰ ˉˇˎ ʶˉʹˊʶʱʸˇ˄ˍʰʽ ʷˉʶʽˍʰ ʰˉˈ ʶ˅ʱ˂ʶʽ˕ʹ όYƴƻŎƪƻǳǘΣ Yhύ ˁʰʻʶ˄ˈˌ ʰˉˈ ˍʰ р ʴˇ˄ʾʵʽʰ 

ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΦ ɱʽʰ ˄ʰ ʶˉʽˍˏ˔ˇˎ˃ʶ ɼʁ ˍ˖˄ ˉˊˇʰ˄ʰ˒ʶˊʻʷ˄ˍ˖˄ ʴˇ˄ʽʵʾ˖˄Σ ʻʰ ˔ˊʹˋʽ˃ˇˉˇʽʺˋˇˎ˃ʶ ˍˇ ˋˏˋˍʹ˃ʰ 

/wL{twκ/ŀǎфΣ ˉˇˎ ʶʾ˄ʰʽ ʷ˄ʰ ˁʰʽ˄ˇˍˈ˃ˇ ʶˊʴʰ˂ʶʾˇ ʴʽʰ ˍˇ˄ ˔ʶʽˊʽˋ˃ˈ ʴˇ˄ʽʵʾ˖˄Φ ʋˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ǎƛƴƎƭŜ ƎǳƛŘŜ wb! 

ˋˎ˃ˉ˂ʹˊ˖˃ʰˍʽˁʱ ˋʶ ʰ˂˂ʹ˂ˇˎ˔ʾʶˌ 5b! ˁʰʻʶ˄ˈˌ ʰˉˈ ʰˎˍʱ ˍʰ ʴˇ˄ʾʵʽʰΣ ʹ ˉˊ˖ˍʶˀ˄ʹ /ŀǎф ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ /wL{tw 

˃ˉˇˊʶʾ ˋˍˇ˔ʶˎ˃ʷ˄ʰ ˄ʰ ʰ˒ʰʽˊʷˋʶʽΣ ˄ʰ ˉˊˇˋʻʷˋʶʽ ʺ ˄ʰ ʰ˄ˍʽˁʰˍʰˋˍʺˋʶʽ ˍ˃ʺ˃ʰˍʰ 5b! ˋʶ ʴˇ˄ʾʵʽʰΦ 

ʅˍʹ˄ ˋˎ˄ʷ˔ʶʽʰΣ ʻʰ ʶ˒ʰˊ˃ˇˋˍʶʾ ʹ ˍʶ˔˄ˇ˂ˇʴʾʰ wb!-{Ŝǉ ʴʽʰ ˄ʰ ˉˊˇˋʵʽˇˊʽˋˍˇˏ˄ ʵʽʰ˒ˇˊʽˁʱ ʶˁ˒ˊʰˋ˃ʷ˄ʰ ʴˇ˄ʾʵʽʰΦ ɶ 

ˍʶ˔˄ˇ˂ˇʴʾʰ wb!-{Ŝǉ ʶˉʽˍˊʷˉʶʽ ˍʹ˄ ˔ʰˊˍˇʴˊʱ˒ʹˋʹ ˁʰʽ ˉˇˋˇˍʽˁˇˉˇʾʹˋʹ ˋˎ˄ˇ˂ʽˁʱ ˍˇˎ ˃ʶˍʰʴˊʰ˒˗˃ʰˍˇˌ ˍˇˎ 

ˁˎˍˍʱˊˇˎ ˋʶ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˔ˊˇ˄ʽˁʺ ˋˍʽʴ˃ʺΣ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ƘƛƎƘ-ǘƘǊƻǳƎƘǇǳǘ ˃ʶʻˈʵˇˎˌ ˈˉ˖ˌ ˍʹ˄ ʰ˂˂ʹ˂ˇˏ˔ʽˋʹ 

˄ʷʰˌ ʴʶ˄ʽʱˌ όbŜȄǘ DŜƴŜǊŀǘƛƻƴ {ŜǉǳŜƴŎƛƴƎύ3 . ʆˇ wb!-{Ŝǉ ʵʾ˄ʶʽ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ˈ˔ʽ ˃ˈ˄ˇ ʴʽʰ ˍʰ ʵʽʰ˒ˇˊʽˁʱ 

ʶˁ˒ˊʰʸˈ˃ʶ˄ʰ wb! ˋʶ ʷ˄ʰ ʲʽˇ˂ˇʴʽˁˈ ʵʶʾʴ˃ʰ4Σ ʰ˂˂ʱ ʵʾ˄ʶʽ ʶˉʾˋʹˌ ˁʰʽ ˃ʽʰ ʶʽˁˈ˄ʰ ʴʽʰ ˍʰ ʲʽˇ˂ˇʴʽˁʱ ˃ˇ˄ˇˉʱˍʽʰ ˁʰʽ ˍʽˌ 

˂ʶʽˍˇˎˊʴʾʶˌ ˋˍʽˌ ˇˉˇʾʶˌ ʰˎˍʱ ˍʰ ʴˇ˄ʾʵʽʰ ʶ˃ˉ˂ʷˁˇ˄ˍʰʽΦ 

ʋˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˍʹ˄ Kyoto Encyclopaedia of Genes and Genomes (KEGG)5,  ́ʵʽʰ˒ˇˊʽˁʺ ʷˁ˒ˊʰˋʹ ʴˇ˄ʽʵʾ˖˄ 

˃ˉˇˊʶʾ ˄ʰ ʵʽʰˋʰ˒ʹ˄ʾˋʶʽ ˍʰ ˃ˇ˄ˇˉʱˍʽʰ ˋˍʰ ˇˉˇʾʰ ʶ˃ˉ˂ʷˁˇ˄ˍʰʽ ˋˏ˄ˇ˂ʰ ʵʽʰ˒ˇˊʽˁʱ ʶˁ˒ˊʰʸˈ˃ʶ˄˖˄ ʴˇ˄ʽʵʾ˖˄Σ ˉˇʽʰ 

ʰˉˈ ʰˎˍʱ ˃ˉˇˊʶʾ ˄ hʶʾ˄ʰʽ ˁˇʽ˄ʱ  ̋ʵʽʰˁˊʽˍʱΣ ˁʰʽ ˃ ʁˉˇʽʶˌ ˂ʶʽˍˇˎˊʴʾʶˌκʵʽʶˊʴʰˋʾʶˌ ʰˎˍʱ ˍ hʴˇ˄ʾʵʽʰ ˋ˔ʶˍʾʸˇ˄ˍʰʽΣ 

ˈˉ˖ˌ ˍˇ ˃ˇ˄ˇˉʱˍʽ ˋʹ˃ʰˍˇʵˈˍʹˋʹˌ ˍʹˌ ʽ˄ˋˇˎ˂ʾ˄ʹˌ όLb{wΣ Lw{Σ tLоYΣ tLtоΣ !ƪǘύΣ ʹ ˃ʽˍˇ˔ˇ˄ʵˊʽʰˁʺ ʵˎˋ˂ʶʽˍˇˎˊʴʾʰ ʺ ˇ 

ˁˎˍˍʰˊʽˁˈˌ ʻʱ˄ʰˍˇˌ ό/!{tоΣ CASP12, ROS). ʅˎ˄ʶˉ˗ˌΣ ʷ˔ˇˎ˃ʶ ˈ˔ʽ ˃ˈ˄ˇ ˉˇˋˇˍʽˁʺ ʰ˂˂ʱ ˁʰʽ ˂ʶʽˍˇˎˊʴʽˁʺ ʶˊ˃ʹ˄ʶʾʰ 

ˍʹˌ ʴˇ˄ʽʵʽʰˁʺˌ ʷˁ˒ˊʰˋʹˌΦ 

ɶ ʰ˄ʱ˂ˎˋʹ ʴˇ˄ʽʵʽʰˁʺˌ ˇ˄ˍˇ˂ˇʴʾʰˌ όDŜƴŜ hƴǘƻƭƻƎȅΣ Dhύ6 ̄ ʰˊʷ˔ʶʽ ʵʶʵˇ˃ʷ˄ʰ ʴʽʰ ˃ˇ˄ˇˉʱˍʽʰ ˁʰʽ ˁˎˍˍʰˊʽˁʱ 

ˋˎˋˍʰˍʽˁʱ ˋˍʰ ˇˉˇʾʰ ʰ˄ˍʽˋˍˇʽ˔ˇˏ˄ ˍʰ ʵʽʰ˒ˇˊʽˁʱ ʶˁ˒ˊʰʸˈ˃ʶ˄ʰ ʴˇ˄ʾʵʽʰΣ ˈˉ˖ˌ ˉΦ˔Φ ʹ ˒ˎˋʽˇ˂ˇʴʽˁʺ ʵʹ˃ʽˇˎˊʴʾʰ 

ʰ˃ˎ˂ˇʶʽʵʽˁ˗˄ ˋˎ˃ˉ˂ʶʴ˃ʱˍ˖˄ όwLtмΣ wLtо ƪƛƴŀǎŜǎύΣ ʹ ˋˏ˄ʵʶˋʹ ˉˊ˖ˍʶʿ˄˗˄ ˃ʶ ʲ ʰ˃ˎ˂ˇʶʽʵʷˌ ό[5[wΣ L¢aн.ύΣ ˍʰ 

˃ʽˍˇ˔ˈ˄ʵˊʽʰ όwh{ύΣ ˍˇ ʶ˄ʵˇˉ˂ʰˋ˃ʰˍʽˁˈ ʵʾˁˍˎˇΣ ˁΦʰΦ 

 



           

         

 
 

 
ʅˏ˄ˇ˂ˇ ˉʰˊʰʵˇˍʷ˖˄ 

 
ɼ˂˖˄ˇˉˇʾʹˋʹ ˉ˂ʰˋ˃ʽʵʾ˖˄ ˃ʶ ˍʰ ˁʰˍʱ˂˂ʹ˂ʰ ǎƎwb!ǎΥ ɱʽʰ ˍˇ˄ ˉˊˇˋʵʽˇˊʽˋ˃ˈ ʴˇ˄ʽʵʾ˖˄ ˉˇˎ ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˃ʶ ˍʹ˄ 

ʷˁ˒ˊʰˋʹ ˁʰʽ ˍʹ ˂ʶʽˍˇˎˊʴʾʰ ˍʹˌ !ttΣ ˍʹˌ t{9bмΣ ˍʹˌ a!t¢Σ ˍʹˌ .wLн ʺ ˍʹˌ {b/!Σ ˉˊʰʴ˃ʰˍˇˉˇʽʺˋʰ˃ʶ ɼʁ ˍˇˎ 

ʰ˄ˍʾˋˍˇʽ˔ˇˎ ʴˇ˄ʽʵʾˇˎ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˍˇ ˋˏˋˍʹ˃ʰ /wL{twκ/ŀǎфΦ ʃʰˊʰˁʱˍ˖Σ ˉʶˊʽʴˊʱ˒ˇˎ˃ʶΣ ˖ˌ ˉʰˊʱʵʶʽʴ˃ʰΣ ˍʹ˄ 

ʶ˅ʱ˂ʶʽ˕ʹ ˍˇˎ ʴˇ˄ʽʵʾˇˎ !tt ˋʶ ˁˏˍˍʰˊʰ {Yb-{I όʰ˄ʻˊ˗ˉʽ˄ˇˎ ˄ʶˎˊˇʲ˂ʰˋˍ˗˃ʰˍˇˌ ˃ʶ ʶˉʽʻʹ˂ʽʰˁʺ ˃ˇˊ˒ˇ˂ˇʴʾʰύΦ 

ɼ˂˖˄ˇˉˇʽʺˋʰ˃ʶ ˋˍˇ˄ ˒ˇˊʷʰ Ǉ·ооо ό!ŘŘƎŜƴŜ ІсплтоΣ ˉʰˊʷ˔ʶˍʰʽ ʰˉˈ ˍˇ˄ ɲˊΦ ʃʰ˄ˍʶ˂ʺ ʋʰˍʸʺ ˍʹˌ ɾˇ˄ʱʵʰˌ 

ɱˇ˄ʽʵʽ˖˃ʰˍʽˁʺˌ ɳΦɼɳΦɰΦɳΦ ʊ˂ʷ˃ʽ˄ʴˁύΣ ˃ʶˍʰ˅ˏ ˍ˖˄ ˉʶˊʽˇˊʽˋˍʽˁ˗˄ ʻʷˋʶ˖˄ .ōǎL ˁʰʽ .ǎŀLΣ ʵˏˇ ǎƎwb! ˉˇˎ ˋˍˇ˔ʶˏˇˎ˄ 

˃ʽʰ ˉʶˊʽˇ˔ʺ ˍˇˎ ʴˇ˄ʽʵʾˇˎ ɮʄʄ ˉˇˎ ˃ʶˍʰʴˊʱ˒ʶˍʰʽ ˁʰʽ ˃ʶˍʰ˒ˊʱʸʶˍʰʽ ˋʶ ˈ˂ʶˌ ˍʽˌ ʽˋˇ˃ˇˊ˒ʷˌ ˍʹˌ ˉˊ˖ˍʶˀ˄ʹˌΦ ɶ 

ʶˉʽˍˎ˔ʺˌ ˁ˂˖˄ˇˉˇʾʹˋʹ ʶˉʽʲʶʲʰʽ˗ʻʹˁʶ ˃ʶ t/w ˁʰʽ ʹ˂ʶˁˍˊˇ˒ˈˊʹˋʹ ˋʶ ˉʺˁˍ˖˃ʰ ʰʴʰˊˈʸʹˌΣ ʹ ˇˉˇʾʰ ʷʵʶʽ˅ʶ ˈˍʽ ˍʰ 

ˉˊˇʿˈ˄ˍʰ ˍʹˌ t/w ʶʾ˔ʰ˄ ˍˇ ˁʰˍʱ˂˂ʹ˂ˇ ˃ʷʴʶʻˇˌ όɳʽˁˈ˄ʰ мύΦ ɳˉʽˉˊˇˋʻʷˍ˖ˌΣ ʹ ˁ˂˖˄ˇˉˇʾʹˋʹ ˍ˖˄ ǎƎwb! ˋˍˇ 

ˉ˂ʰˋ˃ʾʵʽˇ Ǉ·ооо ʶˉʽʲʶʲʰʽ˗ʻʹˁʶ ˃ʶ {ŀƴƎŜǊ ǎŜǉǳŜƴŎƛƴƎΦ ʋˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˁʰˍʱ˂˂ʹ˂ˇˎˌ ʶˁˁʽ˄ʹˍʷˌΣ ˂ʱʲʰ˃ʶ ˃ʽʰ 

ʰ˂˂ʹ˂ˇˎ˔ʾʰ ˋˍʹ˄ ˇˉˇʾʰ ʶ˄ˍˇˉʾʸˇˎ˃ʶ ˁʰʽ ˍˇ ɮʄʄ-sgRNA1: рΩ !!!/¢DDDD/¢DD¢D¢¢D!¢¢DDD/ оΩ ˁʰʽ ˍˇ ɮʄʄ- 

sgRNA2: рΩ AAACCATTGGTGATCTGCAGTTCAC оΩΦ ɶ ʰ˂˂ʹ˂ˇˎ˔ʾʰ ˉˇˎ ˂ʱʲʰ˃ʶ ˒ʰʾ˄ʶˍʰʽ ˋˍʹ˄ ɳʽˁˈ˄ʰ 2 ˃ ʁˍ h2 

ǎƎwb! ˎˉˇʴˊʰ˃˃ʽˋ˃ʷ˄ʰΦ ɳˉʰ˄ʰ˂ʱʲʰ˃ʶ ˍˇ ˉˊ˖ˍˈˁˇ˂˂ˇ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ʵʽʰ˒ˇˊʶˍʽˁʱ ˍ˃ʺ˃ʰˍʰ 5b! 

ˋˎ˃ˉ˂ʹˊ˖˃ʰˍʽˁʱ ˃ʶ ʰˁˇ˂ˇˎʻʾʶˌ ʶ˅˖˄ʾ˖˄ ˍʹˌ t{9bмΣ .wLнΣ a!t¢Σ {b/! ʴʽʰ ˄ʰ ʵʹ˃ʽˇˎˊʴʺˋˇˎ˃ʶ п ˄ʷʰ ˉ˂ʰˋ˃ʾʵʽʰ 

ʴʽʰ ɼʁ ˍʹˌ t{9bмΣ .wLнΣ a!t¢Σ {b/!Σ ʰ˄ˍʾˋˍˇʽ˔ʰΦ ʅˍʹ˄ ʶʽˁˈ˄ʰ м ˒ʰʾ˄ˇ˄ˍʰʽ ʶˉʾˋʹˌ ˇʽ ʶˉʽˍˎ˔ʶʾˌ ˁ˂˖˄ˇˉˇʽʺˋʶʽˌ ʴʽʰ 

ˍʰ ǎƎwb! ˈ˂˖˄ ˖˄ ʴˇ˄ʽʵʾ˖˄Φ ɶ t/w ˁʰʽ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍˇˎ {ŀƴƎŜǊ ǎŜǉǳŜƴŎƛƴƎ ʶˉʽʲʶʲʰʾ˖ˋʰ˄ ˍʹ˄ ˋ˖ˋˍʺ 

ˁ˂˖˄ˇˉˇʾʹˋʹ ˁʰʽ ˋʶ ʰˎˍʷˌ ˍʽˌ ˉʶˊʽˉˍ˗ˋʶʽˌ όʶʽˁˈ˄ʶˌ нΣоΣпΣрΣсύΦ 

 

 

 

 

 

 

 

 

 

 

 



           

         

 

 

 

 



           

         

 
 

 
 

 
 

ɳʽˁˈ˄ʰ нΦ ɶ ʰ˂˂ʹ˂ˇˎ˔ʾʰ ˉˇˎ ˂ʱʲʰ˃ʶ ʷˉʶʽˍʰ ʰˉˈ {ŀƴƎŜǊ ǎŜǉǳŜƴŎƛƴƎ ˃ʶ ˁʰˍʱ˂˂ʹ˂ˇˎˌ ʶˁˁʽ˄ʹˍʷˌ ʴʽʰ !ttYhΦ APP- 

ǎƎwb!мΥрΩ !!!/¢DDDD/¢DD¢D¢¢D!¢¢DDD/ оΩΣ !tt-ǎƎwb!нΥрΩ !!!//!¢¢DD¢D!¢/¢D/!D¢¢/!/ оΩΦ ɮˎˍˈ 

ʶˉʽʲʶʲʰʽ˗˄ʶʽ ˍʹ˄ ˋ˖ˋˍʺ ˁ˂˖˄ˇˉˇʾʹˋʹΦ 

ɳʽˁˈ˄ʰ пΦ ɶ ʰ˂˂ʹ˂ˇˎ˔ʾʰ ˉˇˎ ˂ʱʲʰ˃ʶ ʷˉʶʽˍʰ ʰˉˈ {ŀƴƎŜǊ ǎŜǉǳŜƴŎƛƴƎ ˃ʶ ˁʰˍʱ˂˂ʹ˂ˇˎˌ ʶˁˁʽ˄ʹˍʷˌ ʴʽʰ t{9bмYhΦ 

PSEN1-ǎƎwb!мΥрΩ !!!//!DDD¢!!/¢///DD/!DD¢/ оΩΣ t{9bм-ǎƎwb!нΥрΩ !!!/!DD¢/¢!!//D¢¢!//¢¢D!/ оΩΦ 

ɮˎˍˈ ʶˉʽʲʶʲʰʽ˗˄ʶʽ ˍʹ˄ ˋ˖ˋˍʺ ˁ˂˖˄ˇˉˇʾʹˋʹΦ 



           

         

 
 

 

 

 

 

ɳʽˁˈ˄ʰ оΦ ɶ ʰ˂˂ʹ˂ˇˎ˔ʾʰ ˉˇˎ ˂ʱʲʰ˃ʶ ʷˉʶʽˍʰ ʰˉˈ {ŀƴƎŜǊ ǎŜǉǳŜƴŎƛƴƎ ˃ʶ ˁʰˍʱ˂˂ʹ˂ˇˎˌ ʶˁˁʽ˄ʹˍʷˌ ʴʽʰ .wLнYhΦ BRI2- 

ǎƎwb!мΥрΩ !!!/!D!¢D!¢D¢DD¢!//!D¢¢D/ оΩΣ .wLн-ǎƎwb!нΥрΩ !!!//¢///D!¢D¢D/!¢¢!/!!!/ оΩΦ ɮˎˍˈ 

ʶˉʽʲʶʲʰʽ˗˄ʶʽ ˍʹ˄ ˋ˖ˋˍʺ ˁ˂˖˄ˇˉˇʾʹˋʹΦ 

>20231103AS1P2_H12_2023-11-06.ab1 MAPT 

GGGGAACTTKWKKYGGGTGTKGGCGGTCAGCCAGGCGGGCCATTTACCGTAAGTTATGTAACGGGTACCCCA

TTTGTCTGCMGAATTGGCGCACGCGCTAAAAACGGACTAGCCTTATTTTAACTTGCTATTTCTAGCTCTAAAACA 

AAAAAGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTTGCTATTTCTAGCTCT 

AAAACCTGTGTCCTCAGGTCCTGTCGGTGTTTCGTCCTTTCCACAAGATATATAAAGCCAAGAAATCGAAATACT 

TTCAAGTTACGGTAAGCATATGATAGTCCATTTTAAAACATAATTTTAAAACTGCAAACTACCCAAGAAATTATTACT 

TTCTACGTCACGTATTTTGTACTAATATCTTTGTGTTTACAGTCAAATTAATTCCAATTATCTCTCTAACAGCCTTGTA 

TCGTATATGCAAATATGAAGGAATCATGGGAAATAGGCCCTCTCTAGAGCCATTTGTCTGCAGAATTGGCGCAC

GCGCTAAAAACGGACTAGCCTTATTTTAACTTGCTATTTCTAGCTCTAAAACAAAAAAGCACCGACTCGGTGCCA  

CTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTTGCTATTTCTAGCTCTAAAACCGCCTTTTTGTCCCCACT 

CCGGTGTTTCGTCCTTTCCACAAGATATATAAAGCCAAGAAATCGAAATACTTTCAAGTTACGGTAAGCATATGAT 

AGTCCATTTTAAAACATAATTTTAAAACTGCAAACTACCCAAGAAATTATTACTTTCTACGTCACGTATTTTGTACTA 

ATATCTTTGTGTTTACAGTCAAATTAATTCCAATTATCTCTCTAACAGCCTTGTATCGTATATGCAATATGAAGGAAT 

CATGGGAAATAGCCCTCACATGCGCCATTCTCGAGCATGCTCGAGATTGGCGCATGCTCGAGAATGGYGCAT

GTGAGCAAAGYCAGCAAAGCCAGGAYCGTAAAAGCGCGTGCTGCGTTTTTCAWAGCTCCGCCCCCTGACKA   

GCATCACAAAATCGACGCTYCAGTCRRAGGTGCGACCCGACMGACTATAAGATWCAGGCGATCCCATGAGC   

TCAYGTGCCTTCTGATTCGACTTGCSTTACGATCGTTCGCTTACCATCGAACGKACCATTWCYTAGAGYTTCMG 

ɳʽˁˈ˄ʰ рΦ ɶ ʰ˂˂ʹ˂ˇˎ˔ʾʰ ˉˇˎ ˂ʱʲʰ˃ʶ ʷˉʶʽˍʰ ʰˉˈ {ŀƴƎŜǊ ǎŜǉǳŜƴŎƛƴƎ ˃ʶ ˁʰˍʱ˂˂ʹ˂ˇˎˌ ʶˁˁʽ˄ʹˍʷˌ ʴʽʰ a!t¢YhΦ 

MAPT-ǎƎwb!мΥрΩ !!!//¢D¢D¢//¢/!DD¢//¢D¢/ оΩΣ a!t¢-ǎƎwb!нΥрΩ !!!//D//¢¢¢¢¢D¢////!/¢// оΩΦ ɮˎˍˈ 

ʶˉʽʲʶʲʰʽ˗˄ʶʽ ˍʹ˄ ˋ˖ˋˍʺ ˁ˂˖˄ˇˉˇʾʹˋʹΦ 



           

         

>20230418AS1P1_A04_2023-04-20.ab1 SNCA FORWARD 

AAGTWRARYWGAATAGCAGTTAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTT 

TTTGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTTTTAGCGCGTGCGCCAATTCTGCAGACAA 

ATGGCTCTAGAGAGGGCCTATTTCCCATGATTCCTTCATATTTGCATATACGATACAAGGCTGTTAGAGAGATAAT 

TGGAATTAATTTGACTGTAAACACAAAGATATTAGTACAAAATACGTGACGTAGAAAGTAATAATTTCTTGGGTAGT 

TTGCAGTTTTAAAATTATGTTTTAAAATGGACTATCATATGCTTACCGTAACTTGAAAGTATTTCGATTTCTTGGCTTT 

ATATATCTTGTGGAAAGGACGAAACACCGACTTTGAATGAGAACTTTCGGTTTTAGAGCTAGAAATAGCAAGTTAA 

AATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTGTTTTAGAGCTAGAAATAGCA 

AGTTAAAATAAGGCTAGTCCGTTTTTAGCGCGTGCGCCAATTCTGCAGACAAATGGGGTACCCGTTACATAACTT 

ACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAGTAACGCCAATAGG    

GACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAKTACATCAAGTGTATCATAT 

GCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTGTGCCCAGTACATGACCTT   

ATGGGACTTTCCTACTTGGCAGTACATCTACGTATTWAGTCATCGCTATTACCAWGGTCGAGGTGAGCCCCAC  

GTTCTGCTTCACTCTCCCCATYTCCCCCCCCTCCCCACCCSCAATTTTGTATTTATTTATTTTTTAATTAWTTTGTG 

CAACGATGGGGGCSGGGGGGGG 
>20230418AS1P2_B04_2023-04-20.ab1 SNCA REVERSE 

GGGKTTATSGGKGSSKTKGGGSGGTMGCCAGGCGGGCCATTTACCGTAAGTTATGTAACGGGTACCCCATTTG  

TCTGCAGAATTGGCGCACGCGCTAAAAACGGACTAGCCTTATTTTAACTTGCTATTTCTAGCTCTAAAACAAAAA 

AGCACCGACTCGGTGCCACTTTTTCAAGTTGATAACGGACTAGCCTTATTTTAACTTGCTATTTCTAGCTCTAAAA 

CCGAAAGTTCTCATTCAAAGTCGGTGTTTCGTCCTTTCCACAAGATATATAAAGCCAAGAAATCGAAATACTTTCA 

AGTTACGGTAAGCATATGATAGTCCATTTTAAAACATAATTTTAAAACTGCAAACTACCCAAGAAATTATTACTTTCT 

ACGTCACGTATTTTGTACTAATATCTTTGTGTTTACAGTCAAATTAATTCCAATTATCTCTCTAACAGCCTTGTATCGT 

ATATGCAAATATGAAGGAATCATGGGAAATAGGCCCTCTCTAGAGCCATTTGTCTGCAGAATTGGCGCACGCG  

CTAAAAACGGACTAGCCTTATTTTAACTTGCTATTTCTAGCTCTAAAACAAAAAAGCACCGACTCGGTGCCACTTT 

TTCAAGTTGATAACGGACTAGCCTTATTTTAACTTGCTATTTCTAGCTCTAAAACAACCCATCACTCATGAACAAC 

GGTGTTTCGTCCTTTCCACAAGATATATAAAGCCAAGAAATCGAAATACTTTCAAGTTACGGTAAGCATATGATAG 

TCCATTTTAAAACATAATTTTAAAACTGCAAACTACCCAAGAAATTATTACTTTCTACGTCACGTATTTTGTACTAATA 

 

ɳʽˁˈ˄ʰ сΦ ɶ ʰ˂˂ʹ˂ˇˎ˔ʾʰ ˉˇˎ ˂ʱʲʰ˃ʶ ʷˉʶʽˍʰ ʰˉˈ {ŀƴƎŜǊ ǎŜǉǳŜƴŎƛƴƎ ˃ʶ ˁʰˍʱ˂˂ʹ˂ˇˎˌ ʶˁˁʽ˄ʹˍʷˌ ʴʽʰ {b/!YhΦ 

SNCA-ǎƎwb!мΥрΩ /!//D!/¢¢¢D!!¢D!D!!/¢¢¢/D оΩΣ {b/!-ǎƎwb!нΥрΩ !!!/!!///!¢/!/¢/!¢D!!/!!/ оΩΦ 

ɮˎˍˈ ʶˉʽʲʶʲʰʽ˗˄ʶʽ ˍʹ˄ ˋ˖ˋˍʺ ˁ˂˖˄ˇˉˇʾʹˋʹΦ 



           

         

ɲʹ˃ʽˇˎˊʴʾʰ ˁ ˂˗˄˖˄ ˁˎˍˍʱˊ˖˄ {Y-N-{I ˃ʶ ɼʁ ˍ˖˄ ʴˇ˄ʽʵʾ˖˄ !ttΣ t{9bмΣ a!t¢Σ {b/! ʺ .wLн ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ 

CRISPR-˃ʶˋˇ˂ʰʲˇˏ˃ʶ˄ʹ ʰˉʰ˂ˇʽ˒ʺ ˍˇˎ ʴˇ˄ʽʵʾˇˎ. ɾʶʻˇʵˇ˂ˇʴʾʰΥ ʶˉʽ˃ˈ˂ˎ˄ˋʹ ˁˎˍˍʱˊ˖˄ SKN-SH 

˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˍˇˎˌ ˒ˇˊʶʾˌ ˉˇˎ ˁʰˍʰˋˁʶˎʱˋˍʹˁʰ˄ ˉʰˊʰˉʱ˄˖ ʴʽʰ ˄ʰ ˉʰˊʰ˔ʻʶʾ ʴˇ˄ʽʵʽʰˁˈ ƪƴƻŎƪƻǳǘ ˃ʶ ˍʹ 

˃ʶˋˇ˂ʱʲʹˋʹ ˍʹˌ /wL{twΣ ʶˉʽ˂ˇʴʺ ˁ˂˗˄˖˄ ʰ˄ʻʶˁˍʽˁ˗˄ ˋʶ ʰ˄ˍʽʲʽˇˍʽˁˈ ˁʰʽ ʶˉʰ˂ʺʻʶˎˋʹ ˍʹˌ ʵʽʰʴˊʰ˒ʺˌ ʴˇ˄ʽʵʾˇˎ ˃ʶ 

t/wΦ ʆʰ SKN-SH ˁˏˍˍʰˊʰ ʶʾ˄ʰʽ ˁˏˍˍʰˊʰ ʰ˄ʻˊ˗ˉʽ˄ˇˎ ˄ʶˎˊˇʲ˂ʰˋˍ˗˃ʰˍˇˌΣ ˍ hˇˉˇʾʰ ʶʾ˄ʰʽ ʵʶˁˍʽˁʱ ˋʶ ʶˉʽ˃ˈ˂ˎ˄ˋʹ 

ˁʰʽ ʻʰ ˃ʰˌ ʶˉʽˍˊʷ˕ˇˎ˄ ˄ʰ ˃ˇ˄ˍʶ˂ˇˉˇʽʺˋˇˎ˃ʶ ˍˇˎˌ ˄ʶˎˊ˗˄ʶˌ ˉˇˎ ʶˉʹˊʶʱʸˇ˄ˍʰʽ ˋˍʹ˄ !5Φ 

ɾʶˍʱ ˍʹ˄ ʶˉʽˍˎ˔ʺ ˉʰˊʰʴ˖ʴʺ ˍˇˎ ˉ˂ʰˋ˃ʽʵʾˇˎ ˃ʶ ˍʰ н ǎƎwb! όǇ·ооо-APP, pX333-PSEN1 pX333-MAPT, pX333-SNCA 

ˁʰʽ Ǉ·ооо-.wLнύΣ ˍˇ ʶʽˋʱʴʰ˃ʶΣ ˃ʰʸʾ ˃ʶ ˍˇ ˉ˂ʰˋ˃ʾʵʽˇ ǇŎ5b!с¢w ˁʰʽ ˍˇ ˇˉˇʾˇ ʻʰ ˉʰˊʷ˔ʶʽ ʰ˄ˍʾˋˍʰˋʹ ˋˍˇ ʰ˄ˍʽʲʽˇˍʽˁˈ 

.ƭŀǎǘƛŎƛŘƛƴΣ ˋʶ ˁˏˍˍʰˊʰ ʰ˄ʻˊ˗ˉʽ˄ˇˎ ˄ʶˎˊˇʲ˂ʰˋˍ˗˃ʰˍˇˌ ό{Yb-{Iύ ˃ʶ ˔ʹ˃ʽˁʺ ʶˉʽ˃ˈ˂ˎ˄ˋʹ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˍˇ 

ʰ˄ˍʽʵˊʰˋˍʺˊʽˇ ʶˉʽ˃ˈ˂ˎ˄ˋʹˌ tƻƭȅCŜŎǘ όvƛŀƎŜƴύΦ ʆˇ ˉ˂ʰˋ˃ʾʵʽˇ ǇŎ5b!с¢w ˔ˇˊʹʴʺʻʹˁʶ ʰˉˈ ˍˇ˄ ɲˊ ʃʰ˄ˍʶ˂ʺ ʋʰˍʸʺ 

όɳΦɼɳΦɰΦɳΦ ʊ˂ʷ˃ʽ˄ʴˁύΦ ʆˇ ˁ˂˖˄ˇˉˇʽʹ˃ʷ˄ˇ ˉ˂ʰˋ˃ʾʵʽˇ Ǉ·ооо ˉʰˊʷ˔ʶˍʰʽ ˋʶ ˉʶˊʾˋˋʶʽʰ ˋʶ ˋˏʴˁˊʽˋʹ ˃ʶ ˍˇ ˉ˂ʰˋ˃ʾʵʽˇ 

pcDNA6TR ʴʽʰ ˄ hʵʽʰˋ˒ʰ˂ʽˋˍʶʾ ˈˍʽ ˁˏˍˍʰˊʰ ʰ˄ʻʶˁˍʽˁʱ ˋˍʹ Blasticidin ʻ  hʷ˔ˇˎ˄ ʶˉʾˋʹˌ ʵʽʰ˃ˇ˂ˎ˄ʻʶʾ ˃ ʁˍˇ 

ˉ˂ʰˋ˃ʾʵʽˇ ǇȄоооΦ ɾʶˍʱ ˍʹ ʵʽʰ˃ˈ˂ˎ˄ˋʹΣ ʷ˄ʰ ʻˊʶˉˍʽˁˈ ʶˉʽ˂ˇʴʺˌ ˉˇˎ ˉʶˊʽʷ˔ʶʽ .ƭŀǎǘƛŎƛŘƛƴ ʶˉʷˍˊʶ˕ʶ ˍʹ˄ ʶˉʽʲʾ˖ˋʹ 

˃ˈ˄ˇ ʶˁʶʾ˄˖˄ ˍ˖˄ ˁˎˍˍʱˊ˖˄ ˉˇˎ ʷ˔ˇˎ˄ ʵʽʰ˃ˇ˂ˎ˄ʻʶʾ ʶˉʽˍˎ˔˗ˌ ˁʰʽ ˃ʶ ˍʰ ʵˏˇ ˉ˂ʰˋ˃ʾʵʽʰΦ ɮˎˍʱ ˍʰ ˁˏˍˍʰˊʰ 

ʵʹ˃ʽˇˏˊʴʹˋʰ˄ ʰˉˇʽˁʾʶˌ ˉˇˎ ʶ˂ʷʴ˔ʻʹˁʰ˄Σ ˈˉ˖ˌ ˉʶˊʽʴˊʱ˒ʶˍʰʽ ˉʰˊʰˁʱˍ˖Σ ʰ˄ ʶʾ˄ʰʽ ɼʁ ʴʽʰ ˍʰ ʴˇ˄ʾʵʽʰ !ttΣ t{9bмΣ 

a!t¢Σ {b/! ʺ .wLнΦ 

ɳ˅ʷˍʰˋʹ ˍ˖˄ ˄ʶˇˋˏˋˍʰˍ˖˄ ˁˎˍˍʰˊʽˁ˗˄ ˋʶʽˊ˗˄ ʴʽʰ ˄ hˉˊˇˋʵʽˇˊʾˋˇˎ˃ʶ ʶˉʽˍˎ˔ʷˌ ɼʁ ˍ˖˄ ʴˇ˄ʽʵʾ˖˄Φ 

 
ʁʽ ˃ʶ˃ˇ˄˖˃ʷ˄ʶˌ ʰˉˇʽˁʾʶˌ ˋˎ˂˂ʷ˔ʻʹˁʰ˄ ˁʰʽ ʰ˄ʰˉˍˏ˔ʻʹˁʰ˄ ˋʶ ˔˖ˊʽˋˍʱ ˉʹʴʰʵʱˁʽʰ ˋʶ мн-ǿŜƭƭ ǇƭŀǘŜǎΦ ʅˍʹ˄ 

ˋˎ˄ʷ˔ʶʽʰΣ ʹ ʶ˅ʱ˂ʶʽ˕ʹ ʺ ˃ʹ ˍˇˎ ˁʱʻʶ ʴˇ˄ʽʵʾˇˎ ʶˉʽʲʶʲʰʽ˗ʻʹˁʶ ˃ʶ ʰ˄ʱ˂ˎˋʹ t/w ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ʴʶ˄˖˃ʽˁˈ 5b! 

ʰˉˈ ˒ˎˋʽˁˇˏ ˍˏˉˇˎ όǿƛƭŘ ǘȅǇŜΣ ²¢ύ ˁˏˍˍʰˊʰ {Yb-{I ˁʰʽ Yh SKN-{I ˁˏˍˍʰˊʰ ˁʰʽ ˁʰˍʱ˂˂ʹ˂ˇˎˌ ʶˁˁʽ˄ʹˍʷˌΦ ɶ 

ˉʰˊˇˎˋʾʰ ˍ˃ʺ˃ʰˍˇˌ 5b! ˃ʶ ˃ʽˁˊˈˍʶˊˇ ˃ʷʴʶʻˇˌ ˋʶ ɼʁ ˁˏˍˍʰˊʰ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʰ ²¢ ˋˍˇ ˉʺˁˍ˖˃ʰ ʰʴʰˊˈʸʹˌ 

ˎˉˇʵʶʽˁ˄ˏʶʽ ʶˉʽˍˎ˔ʺ ʵʽʰʴˊʰ˒ʺ ˍˇˎ ʴˇ˄ʽʵʾˇˎΦ 

ɮˎˍˈ ʶʾ˔ʶ ʶˉʽˍʶˎ˔ʻʶʾ ʴʽʰ ˍʰ ʴˇ˄ʾʵʽʰ !ttΣ t{9bмΣ .wLн ˁʰʽ {b/! ˁʰʽ ˋˍˇ ˔ˊˇ˄ʽˁˈ ʵʽʱˋˍʹ˃ʰ ммκнлнп-мнκнлнр ʷʴʽ˄ʶ 

ʰˎˍʺ ʹ ʵʽʰʵʽˁʰˋʾʰ ʴʽʰ ˍ hʴˇ˄ʾʵʽʰ MAPT. ɶ ʰˉʰ˂ˇʽ˒ʺ ˒ʰʾ˄ʶˍʰʽ ʰˉˈ ˍʹ˄ ʰˉˇˁ˂ʶʽˋˍʽˁʺ ˏˉʰˊ˅ʹ ˃ʽˁˊˈˍʶˊʹˌ 

˃ˉʱ˄ˍʰˌ ˋˍˇ ˍʸʶ˂ ʰʴʰˊˈʸʹˌ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʰ ˒ˎˋʽˁˇˏ ˍˏˉˇˎ ˁˏˍˍʰˊʰ όɳʽˁˈ˄ʰ тύΦ 



           

         

A B C 

 

 

 
ɳʽˁˈ˄ʰ тΦ ɶ˂ʶˁˍˊˇ˒ˈˊʹˋʹ ˋʶ ˉʹˁˍ˖˃ʰ ʰʴʰˊˈʸʹˌ ˍ˖˄ ˉˊˇʿˈ˄ˍ˖˄ t/w ˍˇˎ ˇ˂ʽˁˇˎ 5b! ʴʽʰ ˍʰ ˁˏˍˍʰˊʰ {Yb{IΦ ɮΥ 

!ttYhΣ ɰΥ t{9bмYhΣ /Υ.wLYh 5Υ{b/!YhΣ 9Υa!t¢YhΦ I t/w ʵʽʶ˅ʺ˔ʻʹ ˋʶ ˇ˂ʽˁˈ 5b! ˃ʶ ʶˁˁʽ˄ʹˍʷˌ ʶˁʰˍʷˊ˖ʻʶ˄ ˁʰʽ 

ʶ˅˖ˍʶˊʽˁʱ ˍ˖˄ ˋʹ˃ʶʾ˖˄ ˁˇˉʺˌ ˍʹˌ /ŀǎф ʷˍˋʽ ˗ˋˍʶ ˍˇ ²¢ ˉˊˇʿˈ˄ ˄ʰ ʶʾ˄ʰʽ ˃ʶʴʰ˂ˏˍʶˊˇ ʰˉˈ ˍˇ ɼʁΦ ɮ˄ʰ˃ʶ˄ˈ˃ʶ˄ʰ 

ˉˊˇʿˈ˄ˍʰ t/w ʴʽʰ ˍʹ˄ ɮʄʄΥ ²¢Ґрно ōǇΣ YhҐосоōǇΦ ɮ˄ʰ˃ʶ˄ˈ˃ʶ˄ʰ ˉˊˇʿˈ˄ˍʰ t/w ʴʽʰ ˍʹ˄ t{9bмΥ ²¢ҐофуōǇΣ 

YhҐнонōǇ ɮ˄ʰ˃ʶ˄ˈ˃ʶ˄ʰ ˉˊˇʿˈ˄ˍʰ t/w ʴʽʰ ˍʹ˄ ɮʄʄΥ ²¢Ґпрл ōǇΣ YhҐнмлōǇΦ ɮ˄ʰ˃ʶ˄ˈ˃ʶ˄ʰ ˉˊˇʿˈ˄ˍʰ t/w ʴʽʰ ˍʹ˄ 

SNCA: WT=720 bp, KO=485bp. ɮ˄ʰ˃ʶ˄ˈ˃ʶ˄ʰ ˉˊˇʿˈ˄ˍʰ t/w ʴʽʰ ˍʹ˄ a!t¢Υ ²¢Ґтон ōǇΣ YhҐпутōǇΦ ɼʰʽ ˋˍʽˌ р 

ˉʶˊʽˉˍ˗ˋʶʽˌΣ ʶ˄ˍˇˉʾˋˍʹˁʰ˄ ˉˊˇʿˈ˄ˍʰ ˃ʶ ˍˇ ˁʰˍʱ˂˂ʹ˂ˇ ˃ʷʴʶʻˇˌΦ 
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ɳʽˁˈ˄ʰ уΦ ɮ˄ˇˋˇˋˍˏˉ˖˃ʰ ˁʰˍʱ ²ŜǎǘŜǊƴ ˋʶ ˇ˂ʽˁˈ ʵʶʾʴ˃ʰ ˉˊ˖ˍʶˀ˄ʹˌ ʴʽʰ ˍʰ ˁˏˍˍʰˊʰ {Yb{IΦ ɮΥ ʰ˄ˍʾˋ˖˃ʰ ˁʰˍʱ ˍʹˌ 

ɮʄʄΣ ɰΥ ʰ˄ˍʾˋ˖˃ʰ ˁʰˍʱ ˍʹˌ .wLΣ /Υ ʰ˄ˍʾˋ˖˃ʰ ˁʰˍʱ ˍʹˌ t{9bм 5Υ ʰ˄ˍʾˋ˖˃ʰ ˁʰˍʱ ˍʹˌ a!t¢Σ 9Υ ʰ˄ˍʾˋ˖˃ʰ ˁʰˍʱ ˍʹˌ 

SNCA. I ²ŜǎǘŜǊƴ ʵʽʶ˅ʺ˔ʻʹ ˋʶ ˇ˂ʽˁʺ ˉˊ˖ˍʶˀ˄ʹ ˃ʶ ʰ˄ˍʽˋ˗˃ʰˍʰ ˉˇˎ ʰ˄ʰʴ˄˖ˊʾʸˇˎ˄ ˍʽˌ ˉˊ˖ˍʶˀ˄ʶˌ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˁʰʽ 

ʵʶˏˍʶˊʰ ʰ˄ˍʽˋ˗˃ʰˍʰ ʶʽʵʽˁʱ ʴʽʰ ˍʰ ˉˊ˖ˍˇʴʶ˄ʺΦ ʅʶ ˁʱʻʶ ˉʶˊʾˉˍ˖ˋʹΣ ʶˉʽʲʶʲʰʽ˗ʻʹˁʶ ʹ ʰˉʰ˂ˇʽ˒ʺ ˍˇˎ ʴˇ˄ʽʵʾˇˎ ˋʶ 

ˉˊ˖ˍʶʽ˄ʽˁˈ ʶˉʾˉʶʵˇΦ 

  

Anti-PSEN 

(33B10) 

ǥnti-MAPT () 

 

Anti-SNCA (BD610787) 

ſ 

Anti-APP (Ras57) 

 

ǥnti-ITM2B 

(5727+340)  



           

         

RNAseq 

 
ɶ ʰ˂˂ʹ˂ˇˏ˔ʽˋʹ wb! ʰˉˇˁʰ˂ˏˉˍʶʽ ˉˇʽ˖˄ ʴˇ˄ʽʵʾ˖˄ ʹ ʷˁ˒ˊʰˋʹ ʷ˔ʶʽ ʰˎ˅ʹʻʶʾΣ ˃ʶʽ˖ʻʶʾ ʺ ʷ˔ʶʽ ˉʰˊʰ˃ʶʾ˄ʶʽ ʹ ʾʵʽʰΦ 

ʃʶˊʰʽˍʷˊ˖ ʰ˄ʱ˂ˎˋʹ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ wb!-{Ŝǉ ˉʰˊʷ˔ʶʽ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ʴʽʰ ˍʹ ˂ʶʽˍˇˎˊʴʾʰ ˁʰʽ ˍʽˌ ˋ˔ʶˍʽˁʷˌ ˇʵˇˏˌ 

ˋˍʽˌ ˇˉˇʾʶˌ ʶ˃ˉ˂ʷˁˇ˄ˍʰʽ ʰˎˍʱ ˍʰ ʴˇ˄ʾʵʽʰΦ ɶ ˋˏʴˁˊʽˋʹ ˃ʶˍʰ˅ˏ ˍ˖˄ ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ɼʁ ˁˎˍˍʰˊʽˁ˗˄ ˃ˇ˄ˍʷ˂˖˄ 

ʰ˄ʰʵʶʽˁ˄ˏʶʽ ˍʹ˄ ʶ˃ˉ˂ˇˁʺ ˍˇˎˌ ˋʶ ˁˇʽ˄ʷˌ ˁʰʽ ʵʽʰˁˊʽˍʷˌ ʲʽˇ˂ˇʴʽˁʷˌ ʵʽʰʵʽˁʰˋʾʶˌ ˁʰʽ ˂ʶʽˍˇˎˊʴʾʶˌΦ 

о ʰˉˈ ˍʽˌ ˁˎˍˍʰˊʽˁʷˌ ˋʶʽˊʷˌ ˃ʰˌΥ !ttYhΣ t{9bмYh ˁʰʽ {b/!Yh ˎˉˇʲ˂ʺʻʹˁʰ˄ ˋʶ ʰ˄ʱ˂ˎˋʹ wb!ǎŜǉΣ ˋʶ ˋˏʴˁˊʽˋʹ 

˃ʶ ˍʹ˄ ˃ʹˍˊʽˁʺ ˋʶʽˊʱ {Y-N-{I ˁʰʽ ˍʹ˄ ˋʶʽˊʱ ɼʁ- ̟ ˌ ŎƻƴǘǊƻƭǎ όɳʽˁˈ˄ʰ фύΦ 

ɳ˄ ˍʷ˂ʶʽ ʰˉˇ˒ʰˋʾˋˍʹˁʶ ˈˍʽ ˇ ˁʰˍʱ˂˂ʹ˂ˇˌ ˃ʱˊˍˎˊʰˌ όŎƻƴǘǊƻƭύ ʶʾ˄ʰʽ ʹ ˁˎˍˍʰˊʽˁʺ ˋʶʽˊʱ ɼʁ-Σ ˋˎ˄ʶˉ˗ˌ ʰˎˍʺ 

˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˋʶ ˈ˂ʶˌ ˍʽˌ ˉʶˊʰʽˍʷˊ˖ ʰ˄ʰ˂ˏˋʶʽˌΦ ɮˉˈ ˍˇ ˋˏ˄ˇ˂ˇ ˍ˖˄ ˃ʶˍʰʴˊʱ˒˖˄ ˉˇˎ ʰ˄ʽ˔˄ʶˏʻʹˁʰ˄ ˃ʶ ˍʹ˄ 

ʰ˂˂ʹ˂ˇˏ˔ʽˋʹ wb!Σ ʶˉʽ˂ʷ˔ʻʹˁʰ˄ ʴʽʰ ʰ˄ʱ˂ˎˋʹ ʰˎˍʱ ˍ˖˄ ˇˉˇʾ˖˄ ʹ ʷˁ˒ˊʰˋʹ ʷ˔ʶʽ ˍˇˎ˂ʱ˔ʽˋˍˇ˄ ˎˉˇʵʽˉ˂ʰˋʽʰˋˍʶʾ ˁʰʽ 

ʰˎˍʱ ˍ˖˄ ˇˉˇʾ˖˄ ʹ ʷˁ˒ˊʰˋʹ ʷ˔ʶʽ ʰˎ˅ʹʻʶʾ ˁʰˍʱ ˃ʽˋˈ ʺ ˉʰˊʰˉʱ˄˖Φ 

 

ɳʽˁˈ˄ʰ фΦ ±ƻƭŎŀƴƻ Ǉƭƻǘǎ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˍˇˎ wb! ǎŜǉǳŜƴŎƛƴƎΦ ɼʱʻʶ ˁˇˎˁˁʾʵʰ ʰ˄ˍʽˉˊˇˋ˖ˉʶˏʶʽ ʷ˄ʰ ʴˇ˄ʾʵʽˇ ˉˇˎ 

ʰ˄ʰʴ˄˖ˊʾˋˍʹˁʶ ό˖ˌ mRNA). ɾ  ʁˁˈˁˁʽ˄ˇ ˒ʰʾ˄ˇ˄ˍʰʽ ˍʰ ˃ʶˍʱʴˊʰ˒ʰ ˍ˖˄ ˇˉˇʾ˖˄ ʹ ʷˁ˒ˊʰˋʹ ʷ˔ʶʽ ʰˎ˅ʹʻʶʾ ˁʰʽ ˃ʶ 

ˉˊʱˋʽ˄ˇ ʰˎˍʱ ˉˇˎ ʷ˔ˇˎ˄ ˃ʶʽ˖˃ʷ˄ʹ ʷˁ˒ˊʰˋʹΣ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʹ˄ ˁˎˍˍʰˊʽˁʺ ˋʶʽˊʱ {Y-N-SH (A-/ύΣ ˁʰʽ ˍʹ˄ ɼʁ- (D-Cύ ʹ 

ˇˉˇʾʰ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˖ˌ ŎƻƴǘǊƻƭΦ 

 

 
ɳˁˍˈˌ ʰˉˈ ˍˇ ʲʰˋʽˁˈ wb!-ǎŜǉ ˉˇˎ ʷʵ˖ˋʶ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ʴʽʰ ˍʰ ʵʽʰ˒ˇˊʽˁʱ ʶˉʾˉʶʵʰ ˍ˖˄ ʶˁ˒ˊʰʸˈ˃ʶ˄˖˄ ʴˇ˄ʽʵʾ˖˄Σ ʹ 

ˉʶˊʰʽˍʷˊ˖ ʰ˄ʱ˂ˎˋʹ όY9DDΣ Dhύ ʰˎˍ˗˄ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˉʰˊʷ˔ʶʽ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ˋ˔ʶˍʽˁʱ ˃ʶ ˍˇ ˉˇʽʶˌ ʲʽˇ˂ˇʴʽˁʷˌ 

ʵʽʶˊʴʰˋʾʶˌ ʶˉʹˊʶʱʸˇ˄ˍʰʽ ʰˉˈ ˍʰ ʰ˂˂ʰʴ˃ʷ˄ʰ ʶˉʾˉʶʵʰ ʷˁ˒ˊʰˋʹˌΦ ɮˎˍˈ ˃ʶ ˍʹ ˋʶʽˊʱ ˍˇˎ ˃ʰˌ ʶˉʽˍˊʷˉʶʽ ˄ʰ 

ſ 
 

  

 
 

 
 

 
 

F 
 



           

         

ſ 

ʶ˅ʶˊʶˎ˄ʺˋˇˎ˃ʶ ˍʽˌ ˁʰˍʱ˂˂ʹ˂ʶˌ ʲʽˇ˂ˇʴʽˁʷˌ ˇʵˇˏˌ ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ hˇˊʾˋˇˎ˃ʶ ˍʽˌ ˂ʶʽˍˇˎˊʴʾʶˌ ˍ˖˄ APP, PSEN1, 

a!t¢Σ {b/! ʺ .wLн ʰ˄ˍʾˋˍˇʽ˔ʰΦ ɳˉʽˉ˂ʷˇ˄Σ ˃ˉˇˊʶʾ ˄ʰ ʶ˄ˍˇˉʾˋˇˎ˃ʶ ˁˇʽ˄ʱ ʵʽʰ˒ˇˊʽˁʱ ʶˁ˒ˊʰʸˈ˃ʶ˄ʰ ʴˇ˄ʾʵʽʰ 

ό5ƛŦŦŜǊŜƴǘƛŀƭƭȅ ŜȄǇǊŜǎǎŜŘ ƎŜƴŜǎΣ 59DǎύΣ ʲʽˇ˂ˇʴʽˁʷˌ ˇʵˇˏˌ ˁʰʽ ʵʽʶˊʴʰˋʾʶˌ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ʶʾ˄ʰʽ ˋʹ˃ʰ˄ˍʽˁʷˌ ʺ 

ˋˎˋˍʰˍʽˁʱ ˍ˖˄ ˄ʶˎˊˇʶˁ˒ˎ˂ʽˋˍʽˁ˗˄ ˇʵ˗˄ ˉˇˎ ˉʰˊʰˍʹˊˇˏ˄ˍʰʽ ˋʶ ʰˎˍʷˌ ˍʽˌ ˄ʶˎˊˇʶˁ˒ˎ˂ʽˋˍʽˁʷˌ ʰˋʻʷ˄ʶʽʶˌ όʃʾ˄ʰˁʰˌ 

мΣ ɳʽˁˈ˄ʰ млύΦ 

ʃʾ˄ʰˁʰˌ мΦ ɳˉʶ˅ʶˊʴʰˋʾʰ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ wb!ǎŜǉ ˃ʶ ˍˇ ˉˊˈʴˊʰ˃˃ʰ DŜƴŜŎƻŘƛǎ пΦ ɮ˄ʱ˂ˎˋʹ ˖ˌ ˉˊˇˌ ˍˇ 

ʲʽˇ˂ˇʴʽˁˈ ˃ˇ˄ˇˉʱˍʽΦ A: APPKO, B: PSEN1KO, C: SNCAKO. ʅˍʹ˄ !ttYh ʵʶ˄ ʲˊʷʻʹˁʰ˄ ʵʽʰ˒ˇˊʽˁʱ ʶˁ˒ˊʰʸˈ˃ʶ˄ʰ 

ʴˇ˄ʾʵʽʰ ˉˇˎ ˄ʰ ˋˎ˃ʲʱ˂˂ˇˎ˄ ˋˍʰˍʽˋˍʽˁʱ ˋʹ˃ʰ˄ˍʽˁʱ ˋʶ ˁʱˉˇʽˇ ˃ˇ˄ˇˉʱˍʽΣ ˈˉ˖ˌ ˒ʰʾ˄ʶˍʰʽ ʰˉˈ ˍˇ ˉˊˇˋʰˊ˃ˇˋ˃ʷ˄ˇ 

ʶˉʾˉʶʵˇ ˋʹ˃ʰ˄ˍʽˁˈˍʹˍʰˌ όǇ-ǾŀƭǳŜ ŀŘƧǳǎǘŜŘΣ ҖлΦлрύΦ ʅˍʹ˄ t{9bмYhΣ ʷ˔ʶʽ ˍˊˇˉˇˉˇʽʹʻʶʾ ʹ ʷˁ˒ˊʰˋʹ ʴˇ˄ʽʵʾ˖˄ ˉˇˎ 

ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˃ʶ ˃ˇ˄ˇˉʱˍʽʰ ʰ˄ʱˉˍˎ˅ʹˌ ˍˇˎ ˄ʶˎˊʽˁˇˏ ˋˎˋˍʺ˃ʰˍˇˌΣ ʰ˄ʱˉˍˎ˅ʹˌ ˍˇˎ ˄ʶˎˊʽˁˇˏ ˋ˖˂ʺ˄ʰ ˁʰʽ ʰˊ˄ʹˍʽˁʺˌ 

ˊˏʻ˃ʽˋʹˌ ˍʹˌ ˄ʶˎˊ˖˄ʽˁʺˌ ʰˉˈˉˍ˖ˋʹˌΦ ʅˍʹ˄ {b/!YhΣ ʷ˔ʶʽ ˍˊˇˉˇˉˇʽʹʻʶʾ ʹ ʷˁ˒ˊʰˋʹ ʴˇ˄ʽʵʾ˖˄ ˉˇˎ ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˃ʶ 

ʰˉˇˉˍ˖ˍʽˁʷˌ ʵʽʰʵʽˁʰˋʾʶˌ ˁʰʽ ˁˎˍˍʰˊʽˁʺ ˉˊˇˋˁˈ˂˂ʹˋʹΦ 

 
 
description 

genes_ 
found 

input_ 
size 

term_ 
genes 

 
pval 

 
pval_adj 

 
genes 

angiogenesis 14 270 283 0.000882 0.150765 AMOTL2, EPHA2, CASP8, NR2E1, SH2D2A, TNFRSF12A, SOX18, RORA, NOS3, HOXA7, C1GALT1, PXDN, HAND1, APOLD1 

embryonic heart tube morphogenesis 3 270 9 0.000253 0.159007 YAP1, MESP1, ACVR1 

positive regulation of transcription by RNA polymerase II 34 270 1219 0.000279 0.159007 
MESP1, APP, CREBRF, MYB, TOX3, HOXA7, TWIST1, HOXA9, SLC40A1, USF3, SIX2, ACVR1, RNASEL, ETS1, LDB1, HAND1, 

PPARG 
positive regulation of odontogenesis of dentin-containing tooth 2 270 3 0.000649 0.221831 PRKCB, CSF1 

plasma membrane lactate transport 2 270 3 0.000649 0.221831 EMB, SLC16A7 

 

 

 
description 

genes 
_foun 

input 
_size 

term_ 
genes 

 
pval 

 
pval_adj 

 
genes 

 
homophilic cell adhesion via plasma membrane adhesion molecu 

 
42 

 
597 

 
167 

 
1.34E-09 

 
3.89E-07 

CDH3, PCDHGB5, PCDHA12, PCDHA11, MPZL2, PCDHGB3, PCDHA1, PCDHGC3, PCDHGA2, PCDHA3, EMB, PCDHGA11, PCDHA8, 

PCDHA2, PCDHGA1, PCDHGA9, PCDHGA8, NECTIN4, PCDHA7, PCDHGB1, PCDHA10, PCDHGA7, PCDHA13, PCDHGA4, PCDHGB2, 

PCDHAC1, PCDHGA10, CDHR1, PCDH9, PCDHGA5, PCDHGB7, PCDHA5, PCDHAC2, PCDHGC5, PCDHGA3, PCDHGA12, PCDHA6, 
PCDHGC4, PCDHA4, PCDHGB4, PCDHGA6, PCDHA9 

 

 
nervous system development 

 

 
69 

 

 
597 

 

 
596 

 

 
3.72E-04 

 

 
5.40E-01 

ZNF365, PCDHGB5, PCDHA12, GAP43, PCDHA11, SPOCK1, TUBB2B, NR2E1, CRIM1, FOS, MEF2C, PCDHGB3, PCDHA1, PCDHGC3, 

PCDHGA2, PCDHA3, DEAF1, BEX1, PCDHGA11, PCDHA8, UNCX, PCDHA2, PCDHGA1, CAMK2B, PLXNA4, PAFAH1B3, BTBD3, 

LRP5, PCDHGA9, TRAPPC6B, PCDHGA8, PCDHA7, PCDHGB1, PCDHA10, JAG1, PCDHGA7, PCDHA13, PCDHGA4, PCDHGB2, 

PCDHAC1, PCDHGA10, ARX, EPHA7, HDAC4, SLIT2, CHRDL1, MBD5, FGF13, ARHGAP26, PCDHGA5, PCDHGB7, PCDHA5, 

PCDHAC2, LDB1, PCDHGC5, PCDHGA3, PCDHGA12, PCDHA6, PCDHGC4, PCDHA4, PCDHGB4, GPM6B, PCDHGA6, NGFR, FGF12, 
WDPCP, SCN2A, NEURL1, PCDHA9 

 

 
cell adhesion 

 

 
62 

 

 
597 

 

 
657 

 

 
5.76E+01 

 

 
5.57E+05 

CDH3, LMLN, CCN1, PCDHGB5, ITGA2, EPHA2, PCDHA12, CCN2, PCDHA11, CNTNAP3, SPOCK1, SVEP1, ADAM23, MPZL2, 

COL5A1, PCDHGB3, PCDHA1, PCDHGC3, PCDHGA2, PCDHA3, EMB, PCDHGA11, PCDHA8, PCDHA2, PCDHGA1, TLN2, ITGA4, 

PCDHGA9, PCDHGA8, NECTIN4, PCDHA7, CLDN19, PCDHGB1, PCDHA10, PCDHGA7, SUSD5, COL6A1, PCDHA13, PCDHGA4, 

PCDHGB2, PCDHAC1, PCDHGA10, PTK2B, CDHR1, PCDH9, PCDHGA5, PCDHGB7, PCDHA5, PCDHAC2, LDB1, PCDHGC5, 
PCDHGA3, PCDHGA12, SLC23A2, PCDHA6, PCDHGC4, PCDHA4, PCDHGB4, PCDHGA6, COL14A1, NPNT, PCDHA9 

positive regulation of alkaline phosphatase activity 4 597 4 1.14E+09 0.000662 MEF2C, PPARGC1B, GPLD1, NPNT 

anterior/posterior pattern specification 16 597 114 9.46E+08 0.000662 HOXB5, TBX1, HOXC13, TCF15, LRP5, GLI2, RING1, WNT3A, SFRP1, HOXA7, ZBTB16, HOXA5, WNT5A, HOXA3, ARC, HOXD10 

establishment of protein localization 8 597 42 5.57E+10 0.026684 ADAM11, RCC2, RAP2A, DZIP1, ELFN1, WDPCP, SMYD3, NPNT 

insulin-like growth factor receptor signaling pathway 7 597 32 6.43E+10 0.026684 CRIM1, COL6A1, GHR, PLCB1, IGFBP5, IRS1, IGF2 

 
negative regulation of neuron apoptotic process 

 
15 

 
597 

 
151 

 
0.000133 

 
0.043516 

CCND1, GBE1, MFSD8, CITED1, ARMCX5-GPRASP2, MEF2C, PCDHGC3, TOX3, SNCA, PTK2B, ISL1, BHLHB9, CRLF1, PCDHGC5, 
PCDHGC4 

neural tube development 8 597 48 0.000150 0.043516 PLXNA2, EPHA2, GLI2, GDF7, TBC1D32, SFRP1, WNT5A, WDPCP 

osteoblast differentiation 14 597 135 0.000140 0.043516 CCN1, EPHA2, MEF2C, CREB3L1, GLI2, COL6A1, WNT3A, SFRP1, TWIST1, HDAC4, IGFBP5, TP53INP2, IGF2, MAP2K6 

 
 
description 

genes_ 

found 

input_ 

size 

term_ 

genes 
 
pval 

 
pval_adj 

 
genes 

 
 

 
positive regulation of transcription by RNA polymerase 

 
 

 
63 

 
 

 
524 

 
 

 
1219 

 
 

 
4.17E+09 

 
 

 
0.006207 

ELF3, CCN1, KLF4, PAX1, BACH1, CITED1, NR1D1, NR2E1, HEY2, RUNX1, CSRNP1, NR4A1, AHR, SETD4, ZNF43, ETV5, MAF, MAML2, CDK9, 

NLRC5, LHX4, IRF9, EAF2, SP100, KLF10, BCL11B, SCX, GLI2, C1orf61, CSRNP3, VDR, SERTAD1, JAG1, CEBPG, MYB, TOX3, MAFF, CITED2, 

ZNF786, ATF6B, GABPB2, SPX, MTF1, USF3, CASK, PRKD1, E2F2, RPS6KA3, ETS1, LDB1, CGA, ZNF485, HOXA13, HAND1, FOSL1, RARA, 
BCLAF3, NKX3-1, SOX12, EGFR, AKNA, ABLIM3, PTMS 

 

 
apoptotic process 

 

 
45 

 

 
524 

 

 
745 

 

 
2.27E+09 

 

 
0.006207 

SGK1, CCN1, EPHA2, APAF1, PRKCB, BIK, CASP8, CITED1, EMP3, PPP2R2B, GADD45B, CTSV, NR2E1, CSRNP1, NR4A1, AHR, TNFRSF12A, 

YARS1, LHX4, TRIM35, ITPR1, EAF2, PPP1R15A, IER3, BCL11B, IFI6, TNFAIP3, GADD45A, CSRNP3, NCKAP1, PRICKLE1, DDX47, TOX3, 
TGFBR2, BCL10, PTK2B, ERRFI1, EPHA7, PRKD1, G0S2, EMP1, NKX3-1, MAP2K6, EVA1A, CHAC1 

 

 
cell adhesion 

 

 
39 

 

 
524 

 

 
657 

 

 
1.63E+11 

 

 
0.012110 

CDH3, CCN1, EPHA2, NEDD9, CCN2, CNTNAP3, AJUBA, SPOCK1, SVEP1, PLPP3, MPZL2, LAMB3, FN1, MXRA8, TNFRSF12A, COL5A1, 

TLN2, GPNMB, PCDH19, LAMA4, PKP3, SPON1, NECTIN4, PCDH10, LGALS3BP, PTK2B, AOC3, LAMA5, CASK, CD44, RND3, PXDN, RIPOR2, 

SDK1, LDB1, FAT3, AMBN, CD99, COL14A1 

 
cell migration 

 
23 

 
524 

 
291 

 
1.26E+11 

 
0.012110 

CDH3, USP45, EPHA2, NEDD9, SORL1, CCN2, COL5A1, SYDE2, TNFAIP3, NCKAP1, PRICKLE1, PRAG1, ERRFI1, LAMA5, PHLDB2, RHOF, 
CD44, RND3, SCYL3, PIK3CD, TGFB2, ARC, FLT1 

hematopoietic stem cell migration 3 524 3 2.36E+09 0.014066 GPLD1, BCL11B, KIT 

cardiac septum morphogenesis 5 524 15 4.55E+11 0.022598 HEY2, DHRS3, JAG1, CITED2, HAND1 

 
positive regulation of apoptotic process 

 
23 

 
524 

 
328 

 
8.21E+10 

 
0.032093 

CCN1, APAF1, CASP8, GADD45B, NR4A1, TNFRSF12A, BIN1, TRIM35, ITPR1, GPLD1, GADD45A, CSRNP3, DUSP6, PNMA2, SFRP1, BCL10, 
DCUN1D3, TXNIP, HPGD, FOSL1, MAP2K6, ADM, NEURL1 

response to type II interferon 6 524 27 9.70E+10 0.032093 CXCL16, CITED1, CYP27B1, SP100, BST2, TRIM21 

cell-cell adhesion 17 524 205 9.39E+09 0.032093 CDH3, CCN1, PLPP3, MPZL2, TJP2, TLN2, LRRC7, PKP3, ANXA1, PRICKLE1, LIMS2, TRIM29, CD44, FAT3, KRT18, COL14A1, EGFR 

vasculogenesis 9 524 66 0.000108 0.032112 TNNI3, EPHA2, CITED1, HEY2, CITED2, TGFBR2, HOXA13, ADM, CAV1 

vascular associated smooth muscle cell development 4 524 10 0.000124 0.033428 HEY2, EDNRA, EFEMP2, ADM 

 

 



           

         

 
 

 

 
 

ɳʽˁˈ˄ʰ млΦ .ŀǊ ŎƘŀǊǘ ˍ˖˄ ʰ˄˖ˍʷˊ˖ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ όʃʾ˄ʰˁʰˌ мύΣ ˈˉ˖ˌ ˉˊˇˁˏˉˍʶʽ ʰˉˈ ˍˇ DŜƴŜŎƻŘƛǎΦ !Υ ˍʰ 

˃ˇ˄ˇˉʱˍʽʰ ˋˍʰ ˇˉˇʾʰ ʶ˃ˉ˂ʷˁˇ˄ˍʰʽ ʴˇ˄ʾʵʽʰ ʵʽʰ˒ˇˊʽˁʱ ʶˁ˒ˊʰʸˈ˃ʶ˄ʰ ˋˍʹ˄ t{9bмYhΦ ɰΥ ˍʰ ˃ˇ˄ˇˉʱˍʽʰ ˋˍʰ ˇˉˇʾʰ 

ʶ˃ˉ˂ʷˁˇ˄ˍʰʽ ʴˇ˄ʾʵʽʰ ʵʽʰ˒ˇˊʽˁʱ ʶˁ˒ˊʰʸˈ˃ʶ˄ʰ ˋˍʹ˄ {b/!YhΦ 

 
 
 

 
ʅˍˇ ʵʽʱˋˍʹ˃ʰ ммΦнлнп-мнΦнлнр ʷʴʽ˄ʶ ˁʰʽ ʶˉʽˉ˂ʷˇ˄ ʰ˄ʱ˂ˎˋʹ ˍ˖˄ ʰ˄˖ˍʷˊ˖ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˉˇˎ ʷʵʶʽ˅ʶ ̍ ˍʽ ˍʰ 

ʴˇ˄ʾʵʽʰ .9·мΣ D![b¢мо ˁʰʽ a/¢{нt ʷ˔ˇˎ˄ ʰˎ˅ʹ˃ʷ˄ʹ ʷˁ˒ˊʰˋʹ ˋˍʽˌ ˁˎˍˍʰˊʽˁʷˌ ˋʶʽˊʷˌ !ttYh ˁʰʽ t{9bмYh ʰ˂˂ʱ 

ʵʶ˄ ʰ˂˂ʱʸʶʽ ʹ ʷˁ˒ˊʰˋʹ ˍˇˎˌ ˋˍʹ˄ ˋʶʽˊʱ {b/!YhΦ ʆˇ ʴˇ˄ʾʵʽˇ HOXA7 ʁ ˉʾˋʹˌ ʵʶ˄ ʰ˂˂ʱʸʶʽ ʶˉʾˉʶʵʰ ʷˁ˒ˊʰˋʹˌ ˋˍʹ˄ 

ˋʶʽˊʱ {b/!Yh ˁʰʽ ʷ˔ʶʽ ʰˎ˅ʹ˃ʷ˄ʹ ʷˁ˒ˊʰˋʹ ˋˍʹ˄ ˋʶʽˊʱ t{9bмYh ˁʰʽ ˃ʶʽ˖˃ʷ˄ʹ ˋˍʹ˄ !ttYhΦ ɾʶˍʰ˅ˏ ˍ˖˄ 

ˁˎˍˍʰˊʽˁ˗˄ ˋʶʽˊ˗˄ !ttYh ˁʰʽ t{9bмYh ˅ʶ˔˖ˊʾʸˇˎ˃ʶ ˍˇ ʴˇ˄ʾʵʽˇ APP ̄ ˇˎ ʶʾ˄ʰʽ ˋʹ˃ʰ˄ˍʽˁʱ ˃ʶʽ˖˃ʷ˄ʹ ʹ ʷˁ˒ˊʰˋʹ 

ˋˍʹ˄ !ttYh ˁʰʽ ʵʶ˄ ʰ˂˂ʱʸʶʽ ˋˍʹ˄ t{9bмYhΣ ˁʰʽ ˍʰ ʴˇ˄ʾʵʽʰ b¦5¢т ˁʰʽ 5a/м ˍ˖˄ ˇˉˇʾ˖˄ ʹ ʷˁ˒ˊʰˋʹ ʰˎ˅ʱ˄ʶˍʰʽ 

ˋˍʹ˄ !ttYh ˁʰʽ ʵʶ˄ ʰ˂˂ʱʸʶʽ ˋˍʹ˄ t{9bмYhΦ ɮ˄ˍʽʻʷˍ˖ˌΣ ˍʰ ʴˇ˄ʾʵʽʰ !w·Σ Ih·!р ˁʰʽ W!Dм ʶʾ˄ʰʽ ʵʽʰ˒ˇˊʽˁʱ 

ʶˁ˒ˊʰʸˈ˃ʶ˄ʰ ˋˍʹ˄ t{9bмYh ʰ˂˂ʱ ˈ˔ʽ ˋˍʹ˄ !ttYhΦ ʆʷ˂ˇˌΣ ˍʰ ʴˇ˄ʾʵʽʰ {h·мнΣ Y[Cп ˁʰʽ a5Y ʶʾ˄ʰʽ ʵʽʰ˒ˇˊʽˁʱ 

ʶˁ˒ˊʰˋ˃ʷ˄ʰ ˃ˈ˄ˇ ˋˍʹ˄ ˁˎˍˍʰˊʽˁʺ ˋʶʽˊʱ {b/!Yh ʶ˄˗ ˍʰ ʴˇ˄ʾʵʽʰ !vtо ˁʰʽ ¢h·о ʷ˔ˇˎ˄ ʰˎ˅ʹ˃ʷ˄ʰ ʶˉʾˉʶʵʰ 

ʷˁ˒ˊʰˋʹˌ ˋʶ ˈ˂ʶˌ ˍʽˌ ˁˎˍˍʰˊʽˁʷˌ ˋʶʽˊʷˌΦ 

ſ 

 



           

         

ɲˇˁʽ˃ʰˋʾʶˌ ˁˎˍˍʰˊˇˍˇ˅ʽˁˈˍʹˍʰˌ 

 
ʁʽ ˁˎˍˍʰˊʽˁʷˌ ˋʶʽˊʷˌ ɼʁ-Σ !ttɼʁΣ t{9bмɼʁ ˁʰʽ {b/!ɼʁ ʶˉʾˋʹˌ ˎˉˇʲ˂ʺʻʹˁʰ˄ ˋʶ ʵˇˁʽ˃ʰˋʾʶˌ ˁˎˍˍʰˊˇˍˇ˅ʽˁˈˍʹˍʰˌ 

ɾʆʆ ˃ʶ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˋˎʴˁʶ˄ˍˊ˗ˋʶʽˌ ʴʽʰ нп ˗ˊʶˌ ˎˉʶˊˇ˅ʶʽʵʾˇˎ ˍˇˎ ˎʵˊˇʴˈ˄ˇˎ όI2O2ύ ʴʽʰ ˉˊˇˋˇ˃ˇʾ˖ˋʹ 

ˇ˅ʶʽʵ˖ˍʽˁˇˏ ˋˍˊʶˌΦ ɶ ʵˇˁʽ˃ʰˋʾʰ ɾʆʆ ʶˉʽˍˊʷˉʶʽ ˍʹ˄ ˃ʷˍˊʹˋʹ ̱ ˇˎ ˉˇˋˇˋˍˇˏ ˍ˖˄ ʸ˖˄ˍʰ˄˖˄ ˁˎˍˍʱˊ˖˄ ˉˇˎ ʷ˔ˇˎ˄ 

ʰˉˇ˃ʶʾ˄ʶʽ ʷˉʶʽˍʰ ʰˉˈ ʶˉʶ˅ʶˊʴʰˋʾʰ ˃ʶ ˔ʹ˃ʽˁˇˏˌ ʺ ˒ˎˋʽˁˇˏˌ ˉʰˊʱʴˇ˄ˍʶˌΦ ɱʽʰ ˍʹ˄ ʶ˅ʷˍʰˋʹ ˍʹˌ ʵʽʱˋ˖ˋʹˌ ˍʹˌ 

ʲʽ˖ˋʽ˃ˈˍʹˍʰˌ ʵʽʶ˅ʱ˔ʻʹˁʶ ˁʰʽ ˉʶʾˊʰ˃ʰ ˉˊˇʶˉ˗ʰˋʹˌ ˃ʶ ˍˇ ˄ʶˎˊˇˋˍʶˊˇʶʽʵʷˌ ʵʽˎʵˊˇʶˉʽʰ˄ʵˊˇˋˍʶˊˈ˄ʹ ό5I9!ύ ˃ʶ о 

ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˋˎʴˁʶ˄ˍˊ˗ˋʶʽˌ 5I9! ʴʽʰ ˁʱʻʶ ˋˎʴˁʷ˄ˍˊ˖ˋʹ I2O2 όɳʽˁˈ˄ʰ ммύΦ 

 

 

 

  

ſ 



           

         

ɳʽˁˈ˄ʰ ммΦ ɱˊʰ˒ʺ˃ʰˍʰ ʲʽ˖ˋʽ˃ˈˍʹˍʰˌ ˍ˖˄ ˁˎˍˍʰˊʽˁ˗˄ ˋʶʽˊ˗˄ ɼʁ-Σ !ttɼʁΣ t{9bмɼʁ ˁʰʽ {b/!ɼʁ ʷˉʶʽˍʰ ʰˉˈ 

ʶˉ˗ʰˋʹ ˃ʶ ɮΥ л˃ɾΣ рл˃ɾΣ тр˃ɾΣ млл˃ɾΣ мрл˃ɾ I2O2 ˁ ʰʽ ɰΥ ˉˊˇ-ʶˉ˗ʰˋʹ ˃ʶ лΣм˃ɾΣ лΣр˃ɾΣ м˃ɾ 5I9! ʴʽʰ ˁʱʻʶ 

˃ʽʰ ʰˉˈ ˍʽˌ ˉˊˇʹʴˇˏ˃ʶ˄ʶˌ ˋˎʴˁʶ˄ˍˊ˗ˋʶʽˌ I2O2. ɰ˂ʷˉˇˎ˃ʶ ˈˍʽ ˇʽ ˁˎˍˍʰˊʽˁʷˌ ˋʶʽˊʷˌ !ttɼʁ ˁʰʽ {b/!ɼʁ ʷ˔ˇˎ˄ 

˃ʶʽ˖˃ʷ˄ʹ ʲʽ˖ˋʽ˃ˈˍʹˍʰ ˋʶ ˈ˂ʶˌ ˍʽˌ ˋˎʴˁʶ˄ˍˊ˗ˋʶʽˌ ˎˉʶˊˇ˅ʶʽʵʾˇˎΣ ʶ˄˗ ʹ t{9bмɼʁ ʵʶ˄ ˒ʰʾ˄ʶˍʰʽ ˄ʰ ʶˉʹˊʶʱʸʶˍʰʽΦ 

ɾ  ʁ̱ ʹ˄ ˉˊˇ-ʶˉ˗ʰˋʹ 5I9! ʲ˂ʷˉˇˎ˃ʶ ˈˍʽ ʵʶ˄ ʰ˂˂ʱʸʶʽ ˋʶ ˁʰ˃ʾʰ ˉʶˊʾˉˍ˖ˋʹ ʹ ʰˉˈˁˊʽˋʹ ˍ˖˄ ˁˎˍˍʱˊ˖˄Φ ʅˎ˄ʶˉ˗ˌ 

˃ˉˇˊˇˏ˃ʶ ˄ʰ ˋˎ˃ˉʶˊʱ˄ˇˎ˃ʶ ˈˍʽ ʹ ʰˉ˗˂ʶʽʰ ˍʹˌ !tt ˁʰʽ {b/! ʶˉʹˊʶʱʸʶʽ ˃ʹ˔ʰ˄ʽˋ˃ˇˏˌ ˎˉʶˏʻˎ˄ˇˎˌ ʴʽʰ ˍʹ˄ 

ʰˉˈˁˊʽˋʹ ˋʶ ˇ˅ʶʽʵ˖ˍʽˁˈ ˋˍˊʶˌ ˁʰʽ ˍˇ ˄ʶˎˊˇˋˍʶˊˇʶʽʵʷˌ 5I9! ʵʶ˄ ˃ˉˇˊʶʾ ˄ʰ ʵʽʰˋ˗ˋʶʽ ʰˎˍʺ ˍʹ˄ ˍˇ˅ʽˁˈˍʹˍʰΦ н-way 

!bh±! ǿƛǘƘ ƳǳƭǘƛǇƭŜ ŎƻƳǇŀǊƛǎƻƴǎ ό¢ǳƪŜȅΩǎ ǘŜǎǘύΣ Ǉ-ǾŀƭǳŜ ҖлΣлр 

 
 
 
 

 
ʅʹ˃ʰˍˇʵˇˍʽˁʱ ˃ˇ˄ˇˉʱˍʽʰ ˁʰʽ ʵʶʾˁˍʶˌ ʰˉˈˉˍ˖ˋʹˌ ˁʰʽ ˇ˅ʶʽʵ˖ˍʽˁˇˏ ˋˍˊʶˌ 

 
ɶ ʵˇˁʽ˃ʰˋʾʰ ɾʆʆ ˃ʰˌ ʶˉʷˍˊʶ˕ʶ ˄ʰ ʶˉʽ˂ʷ˅ˇˎ˃ʶ ˍʹ˄ ˋˎʴˁʷ˄ˍˊ˖ˋʹ I2O2 όпл˃ɾύ ˉˇˎ ʶʾ˄ʰʽ ˁʰˍʱ˂˂ʹ˂ʹ ʴʽʰ 

ˉʶʽˊʱ˃ʰˍʰ ˃ʷˍˊʹˋʹˌ ʶˉʽˉʷʵˇˎ ˉˊ˖ˍʶʿ˄˗˄ ˁʰʽ ˃ʶ ʰˎˍʺ ʷʴʽ˄ʰ˄ ˇʽ ʵˇˁʽ˃ʰˋʾʶˌ ʰ˄ˇˋˇˋˍˎˉ˖˃ʰˍˇˌ ˁʰˍʰ ²ŜǎǘŜǊƴΦ 

ɳ˂ʷ˔ʻʹˁʰ˄ ˍʰ ʶˉʾˉʶʵʰ ˍ˖˄ ˉˊ˖ˍʶʿ˄˗˄ /w9.Σ Ǉ/w9.Σ Ǉ9wYΣ .ŀȄΣ [/оʲ ˁʰʽ ǇWbYΦ ɲʶ˄ ʲˊʷʻʹˁʰ˄ ˋʹ˃ʰ˄ˍʽˁʷˌ 

ʵʽʰ˒ˇˊʷˌ ˋˍʰ ʶˉʾˉʶʵʰ ˍ˖˄ ˉˊ˖ˍʶʿ˄˗˄ ʰˎˍ˗˄ ˃ʶˍʰ˅ˏ ˍ˖˄ ˁˎˍˍʰˊʽˁ˗˄ ˋʶʽˊ˗˄Φ 

ɳˉʾˉʶʵʰ ˍ˖˄ ʲʰˋʽˁ˗˄ ˉˊ˖ˍʶʽ˄˗˄ ˉˇˎ ʰˉʰ˂ˇʾ˒ʻʹˁʰ˄ 

 

 
ɰ 

 

ɳʽˁˈ˄ʰ мнΦ ɳˉʾˉʶʵʰ ˉˊ˖ˍʶˀ˄ʹˌ !tt ˋˍʽˌ п ˁˎˍˍʰˊʽˁʷˌ ˋʶʽˊʷˌΦ ɮΥ ɮ˄ˇˋˇˋˍˏˉ˖˃ʰ ˁʰˍʱ ²ŜǎǘŜǊƴ ˃ʶ 

ʰ˄ˍʾˋ˖˃ʰ ˁʰˍʱ ˍʹˌ !ttΣ ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ˍˇ ʲʰˋʽˁˈ ʴˇ˄ʾʵʽˇ D!t5I ʴʽʰ ˁh˄̌ ˄̔ˁ̌̄ˇʾʹ̀ ʹ̩ˍ̟̱˖˄˄  

ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄Φ ɰΥ ɲʽʱʴˊʰ˃˃ʰ ʶˉʽˉʷʵ˖˄ ˍʹˌ ˉˊ˖ˍʶˀ˄ʹˌ !tt όˈˉ˖ˌ ˉˊˇˁˏˉˍʶʽ ʰˉˈ ˉˎˁ˄ˇ˃ʷˍˊʹˋʹ ˍ˖˄ 

ōŀƴŘǎ ˋˍˇ ɮΦ ʊʰʾ˄ʶˍʰʽ ˈˍʽ ʹ ˉˇˋˈˍʹˍʰ ˍʹˌ ˉˊ˖ˍʶˀ˄ʹˌ !tt ʶʾ˄ʰʽ ˋʹ˃ʰ˄ˍʽˁʱ ʰˎ˅ʹ˃ʷ˄ʹ ˋˍʽˌ ˁˎˍˍʰˊʽˁʷˌ 

ˋʶʽˊʷˌ t{9bмYh ˁʰʽ {b/!YhΦ ɳˉʾˉʶʵˇ ˋˍʰˍʽˋˍʽˁʺˌ ˋʹ˃ʰ˄ˍʽˁˈˍʹˍʰˌ Ǉ-valuŜ ҖлΣлрΦ 

ɮ 



           

         

 

ɳˉʾˉʶʵʰ ˉˊ˖ˍʶʽ˄˗˄ ˋʹ˃ʰˍˇʵˇˍʽˁ˗˄ ˃ˇ˄ˇˉʰˍʽ˗˄ 

 
ɰ 

 

 

 
ɳʽˁˈ˄ʰ моΦ ʃˊˇˋʵʽˇˊʽˋ˃ˈˌ ʶˉʽˉʷʵ˖˄ ˉˊ˖ˍʶˀ˄˖˄ ˋʹ˃ʰˍˇʵˇˍʽˁ˗˄ ˃ˇ˄ˇˉʰˍʽ˗˄ ˋˍʽˌ п ˁˎˍˍʰˊʽˁʷˌ ˋʶʽˊʷˌΦ ɮΥ ɮ˄ˇˋˇˋˍˏˉ˖˃ʰ 

ˁʰˍʱ ²ŜǎǘŜǊƴ ˃ʶ ʰ˄ˍʽˋ˗˃ʰˍʰ ˁʰˍʱ ˍ˖˄ 9wYмκн ˁʰʽ !ƪǘ ˁʰʽ ˍ˖˄ ˒˖ˋ˒ˇˊˎ˂ʽ˖˃ʷ˄˖˄ ˃ˇˊ˒˗˄ ˍˇˎˌΣ ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ˍˇ 

ʲʰˋʽˁˈ ʴˇ˄ʾʵʽˇ ʲ-ʰ˄ˍʰˉˍʾ˄ʹ ʴʽʰ ˁʰ˄ˇ˄ʽˁˇˉˇʾʹˋʹ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄Φ ɰΥ ɲʽʱʴˊʰ˃˃ʰ ʶˉʽˉʷʵ˖˄ ˍ˖˄ ˉˊ˖ˍʶˀ˄˖˄ όˈˉ˖ˌ 

ˉˊˇˁˏˉˍʶʽ ʰˉˈ ˉˎˁ˄ˇ˃ʷˍˊʹˋʹ ˍ˖˄ bands ˋˍˇ ɮΦ ʊʰʾ˄ʶˍʰʽ ˈˍʽ ˍ ̌ˋʹ˃ʰˍˇʵˇˍʽˁˈ ˃ˇ˄ˇˉʱˍʽ ˍ˖˄ ERKs ʵʶ˄ ʷ˔ʶʽ ʶˉʹˊʰˋˍʶʾ 

ʶ˄˗ ˃ˈ˄ˇ ˋˍʹ˄ ˁˎˍˍʰˊʽˁʺ ˋʶʽˊʱ {b/!Yh ʷ˔ʶʽ ˃ʶʽ˖ʻʶʾ ʹ ʰ˄ʰ˂ˇʴʾʰ ˍʹˌ ˒˖ˋ˒ˇˊˎ˂ʽ˖˃ʷ˄ʹˌ !ƪǘ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʹ˄ ˇ˂ʽˁʺΦ 

ɳˉʾˉʶʵˇ ˋˍʰˍʽˋˍʽˁʺˌ ˋʹ˃ʰ˄ˍʽˁˈˍʹˍʰˌ p-value ҖлΣлрΦ 

ɮ 



           

         

 

ɳˉʾˉʶʵʰ ˉˊ˖ˍʶʽ˄˗˄ ʰˎˍˇ˒ʰʴʾʰˌ ˁʰʽ ʰˉˈˉˍ˖ˋʹˌ 

ɰ 

ɳʽˁˈ˄ʰ мпΦ ʃˊˇˋʵʽˇˊʽˋ˃ˈˌ ʶˉʽˉʷʵ˖˄ ˉˊ˖ˍʶˀ˄˖˄ ʰˎˍˇ˒ʰʴʾʰˌ ˁʰʽ ʰˉˈˉˍ˖ˋʹˌ ˋˍʽˌ п ˁˎˍˍʰˊʽˁʷˌ ˋʶʽˊʷˌΦ ɮΥ ɮ˄ˇˋˇˋˍˏˉ˖˃ʰ 

ˁʰˍʱ ²ŜǎǘŜǊƴ ˃ʶ ʰ˄ˍʽˋ˗˃ʰˍʰ ˁʰˍʱ ˍ˖˄ .ŜŎƭƛƴмΣ .ŎƭнΣ [/оLκLLΣ ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ˍˇ ʲʰˋʽˁˈ ʴˇ˄ʾʵʽˇ ʲ-ʰ˄ˍʰˉˍʾ˄ʹ ʴʽʰ 

ˁʰ˄ˇ˄ʽˁˇˉˇʾʹˋʹ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄Φ ɰ: ɲʽʱʴˊʰ˃˃ʰ ʶˉʽˉʷʵ˖˄ ˍ˖˄ ˉˊ˖ˍʶˀ˄˖˄ όˈˉ˖ˌ ˉˊˇˁˏˉˍʶʽ ʰˉˈ ˉˎˁ˄ˇ˃ʷˍˊʹˋʹ ˍ˖˄ 

bands ˋˍˇ ɮΦ ʆʰ ˃ˇ˄ˇˉʱˍʽʰ ˍʹˌ ʰˎˍˇ˒ʰʴʾʰˌ ˁʰʽ ʰˉˈˉˍ˖ˋʹˌ ʵʶ˄ ʷ˔ˇˎ˄ ʶˉʹˊʶʰˋˍʶʾΦ ɳˉʾˉʶʵˇ ˋˍʰˍʽˋˍʽˁʺˌ ˋʹ˃ʰ˄ˍʽˁˈˍʹˍʰˌ 

p-ǾŀƭǳŜ ҖлΣлрΦ 

ɮ 



           

         

 

ɳˉʾˉʶʵʰ ˉˊ˖ˍʶʽ˄˗˄ ˋʹ˃ʰˍˇʵˇˍʽˁ˗˄ ˃ˇ˄ˇˉʰˍʽ˗˄ ˋ ʁˇ˅ʶʽʵ˖ˍʽˁˈ ˋˍˊʶˌ ˁʰʽ ˎˉˇ˅ʾʰ 

 
ʆʰ ˁˏˍˍʰˊʰ ˎˉˇʲʱ˂˂ˇ˄ˍʰʽ ˋʶ ˋˎ˄ʻʺˁʶˌ ˇ˅ʶʽʵ˖ˍʽˁˇˏ ˋˍˊʶˌ ˃ʶ ˍʹ˄ ˔ˇˊʺʴʹˋʹ ˍˇˎˌ ˎˉʶˊˇ˅ʶʾʵʽˇ ˍˇˎ ˎʵˊˇʴˈ˄ˇˎ 

(H2O2Σ плɾ˃Σ ˈˉ˖ˌ ˉˊˇˋʵʽˇˊʽˋˍʹˁʶ ʰˉˈ ˍʽˌ ʵˇˁʽ˃ʰˋʾʶˌ ˁˎˍˍʰˊˇˍˇ˅ʽˁˈˍʹˍʰˌύ ˁʰʽ ˋʶ ˋˎ˄ʻʺˁʶˌ ˔ʹ˃ʽˁʺˌ ˎˉˇ˅ʾʰˌΣ 

ˉˇˎ ˁʰˍˇˊʻ˗˄ʶˍʰʽ ˃ʶ ˍʹ ˔ˇˊʺʴʹˋʹ /ƻ/ƭ2. 

ɮ C 

ɳʽˁˈ˄ʰ мрΦ ʃˊˇˋʵʽˇˊʽˋ˃ˈˌ ʶˉʽˉʷʵ˖˄ ˉˊ˖ˍʶˀ˄˖˄ ˍˇˎ ˋʹ˃ʰˍˇʵˇˍʽˁˇˏ ˃ˇ˄ˇˉʰˍʽˇˏ 9wY ˋʶ ˋˎ˄ʻʺˁʶˌ ˇ˅ʶʽʵ˖ˍʽˁˇˏ ˋˍˊʶˌ ˁʰʽ 

ˎˉˇ˅ʾʰˌ ˋˍʽˌ п ˁˎˍˍʰˊʽˁʷˌ ˋʶʽˊʷˌΦ ɮΣ ɰΥ ɮ˄ˇˋˇˋˍˏˉ˖˃ʰ ˁʰˍʱ ²ŜǎǘŜǊƴ ˃ʶ ʰ˄ˍʽˋ˗˃ʰˍʰ ˁʰˍʱ ˍ˖˄ 9wYмκн ˁʰʽ ˍ˖˄ 

˒˖ˋ˒ˇˊˎ˂ʽ˖˃ʷ˄˖˄ ˃ˇˊ˒˗˄ ˍˇˎˌΣ ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ˍʰ ʲʰˋʽˁʱ ʴˇ˄ʾʵʽʰ ʲ-ʰ˄ˍʰˉˍʾ˄ʹ ˁʰʽ ʰκʲ ˍˇˎ˃ˉˇˎ˂ʾ˄ʹ ʴʽʰ 

ˁʰ˄ˇ˄ʽˁˇˉˇʾʹˋʹ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄Φ C: ɲʽʱʴˊʰ˃˃ʰ ʶˉʽˉʷʵ˖˄ ˍˇˎ ˂ˈʴˇˎ ˍ˖˄ ˉˊ˖ˍʶˀ˄˖˄ ό˒˖ˋ˒ˇˊˎ˂ʽ˖˃ʷ˄ʹ ˉˊˇˌ 

ˇ˂ʽˁʺύ όˈˉ˖ˌ ˉˊˇˁˏˉˍʶʽ ʰˉˈ ˉˎˁ˄ˇ˃ʷˍˊʹˋʹ ˍ˖˄ ōŀƴŘǎ ˋˍˇ ɮ ˁʰʽ ɰΦ ɲʶ˄ ˎˉʱˊ˔ʶʽ ˋˍʰˍʽˋˍʽˁʱ ˋʹ˃ʰ˄ˍʽˁʺ ʵʽʰ˒ˇˊʱ ʰ˂˂ʱ 

ʲ˂ʷˉˇˎ˃ʶ ˃ʽʰ ˍʱˋʹ ˍʹˌ !ttYh ˄ʰ ʰ˄ˍʰˉˇˁˊʾ˄ʶˍʰʽ ˃ʶ ˃ʶʽ˖˃ʷ˄ʹ ˒˖ˋ˒ˇˊˎ˂ʾ˖ˋʹ ˁʰʽ ˋˍʽˌ ʵˎˇ ˋˎ˄ʻʺˁʶˌ ˋˍˊʶˌΣ ʹ t{9bмYh 

˃ʶ ʰˎ˅ʹ˃ʷ˄ʹ ˒˖ˋ˒ˇˊˎ˂ʾ˖ˋʹ ˁʰʽ ʹ {b/!Yh ʷ˔ʶʽ ʵʽʰ˒ˇˊʽˁʺ ʰˉˈˁˊʽˋʹ ˋˍʽˌ н ˋˎ˄ʻʺˁʶˌ Φ ɳˉʾˉʶʵˇ ˋˍʰˍʽˋˍʽˁʺˌ 

ˋʹ˃ʰ˄ˍʽˁˈˍʹˍʰˌ Ǉ-ǾŀƭǳŜ ҖлΣлрΦ 

ɰ 



           

         

 

ƉƠƭƜƝƩƦƩÕƤƥƙ ƜƧƗƦƮƬƢ ƥƮƭƭƜƪƤƥƷƧ ƬƠƤƪƷƧ knockout  ƞƤƜ 

ƞƩƧƚƟƤƜ ƬưƠƭƤơƵÕƠƧƲƧ ÕƠ ƭƢƧ ƧƵƬƩ ƭƩƮ Alzheimer  

 
ǨȏȂŮȊǿŬ ǬŬȃȌȈȆǼ, ǧǾȉȄŰȍŬ ǮɸŮȊǼȇȄ, ǨȉȉŬȊȌȏǾȈ ǮȆȇȍȕȎ 

ǵȉǾȉŬ ūŬȍȉŬȇŮȏŰȆȇǾȎ, ǨǬǲǥ 

 

ǨȆůŬȂȒȂǾ 
Ǫ ȉŮŰŬȁȌȈȌȉȆȇǾ ɸŬȍǽȐŮȆ ȉȆŬ ŬȊŰȆɸȍȌůȒɸŮȏŰȆȇǾ ŮȆȇȕȊŬ ŰȄȎ ȈŮȆŰȌȏȍȂǿŬȎ ŮȊȕȎ ȁȆȌȈȌȂȆȇȌȖ ůȏůŰǾȉŬŰȌȎ 

(ȇȖŰŰŬȍȌ, ȆůŰȕȎ, ȌȍȂŬȊȆůȉȕȎ) ɸȍȌůűǽȍȌȊŰŬȎ ɸȌȈȖŰȆȉŮȎ ɸȈȄȍȌűȌȍǿŮȎ ȂȆŬ ȉȌȍȆŬȇȌȖȎ ȉȄȐŬȊȆůȉȌȖȎ 

ɸȌȏ ůȐŮŰǿȃȌȊŰŬȆ ȉŮ ŭȆŬŰŬȍŬȐǽȎ ɸȌȏ ɸȍȌȇŬȈȌȖȊŰŬȆ Ŭɸȕ ŰȌ ɸŮȍȆȁǼȈȈȌȊ Ǿ ȒȎ ŬɸǼȊŰȄůȄ ůŮ ɸŬȅȌȈȌȂȆȇǽȎ 

ȇŬŰŬůŰǼůŮȆȎ ȕɸȒȎ Ȅ Alzheimerôs Disease. 

Ǫ ŮȍŮȏȊȄŰȆȇǾ ȌȉǼŭŬ ŰȌȏ ȇŬȅȄȂȄŰǾ ǴɸȖȍȌȏ ǨȏȅȏȉȆȕɸȌȏȈȌȏ, ůŰȌ ǵȉǾȉŬ ǦȆȌȈȌȂǿŬȎ, ŰȄȎ ǴȐȌȈǾȎ 

ŪŮŰȆȇȗȊ ǨɸȆůŰȄȉȗȊ ŰȌȏ ǨȅȊȆȇȌȖ ȇŬȆ ǬŬɸȌŭȆůŰȍȆŬȇȌȖ ǲŬȊŮɸȆůŰǾȉȆȌȏ ǥȅȄȊȗȊ ŭȄȉȆȌȏȍȂǾȅȄȇŬȊ 

ȇȏŰŰŬȍȆȇǼ ůŰŮȈǽȐȄ knock-out (KO) ůŰŬ ȌɸȌǿŬ ŬɸȌůȆȒɸǾȅȄȇŬȊ ȂȌȊǿŭȆŬ ɸȌȏ ŭȆŬŭȍŬȉŬŰǿȃȌȏȊ ȁŬůȆȇȕ 

ȍȕȈȌ ůŰȄȊ ɸŬȅȌȂǽȊŮȆŬ ŰȄȎ ȊȕůȌȏ AD. ǴȏȂȇŮȇȍȆȉǽȊŬ ŬɸȌůȆȒɸǾȅȄȇŬȊ ŰŬ ŬȇȕȈȌȏȅŬ: Ŭ) ŰȄȎ ɸȍȕŭȍȌȉȄȎ 

ɸȍȒŰŮǤȊȄȎ ŰȌȏ ŬȉȏȈȌŮȆŭȌȖȎ (Amyloid Precursor Protein Knock Out, APPKO), ŰȌ ȌɸȌǿȌ ŮȉɸȈǽȇŮŰŬȆ 

ǼȉŮůŬ ůŰȌȊ ůȐȄȉŬŰȆůȉȕ ŰȒȊ ŬȉȏȈȌŮȆŭȆȇȗȊ ɸȈŬȇȗȊ, ȁ) ŰȌ ȂȌȊǿŭȆȌ ŰȄȎ ɸȍȒŰŮǤȊȄȎ ɸȍŮůŮȊȆȈǿȊȄȎ 1 

(Presenilin-1 Knock Out, PSEN1KO), ɸȌȏ ůȏȉȉŮŰǽȐŮȆ ůŰȄ ȈŮȆŰȌȏȍȂǿŬ ŰȄȎ Ȃ-ůŮȇȍŮŰǼůȄȎ ȇŬȆ ŮɸȄȍŮǼȃŮȆ 

ŰȄȊ ɸŬȍŬȂȒȂǾ ŬȉȏȈȌŮȆŭȗȊ ɸŮɸŰȆŭǿȒȊǈ ȇŬȅȗȎ ȇŬȆ Ȃ) ŰȌ ȂȌȊǿŭȆȌ ŰȄȎ Ŭ-ůȏȊȌȏȇȈŮǤȊȄȎ (Synuclein Alpha 

Knock Out, SNCAKO), ŰȌ ȌɸȌǿȌ ůŰȌȐŮȖŰȄȇŮ ȂȆŬ ȊŬ ŭȆŬȇȍȆȅȌȖȊ ŰŬ űŬȆȊȕȉŮȊŬ ȂŮȊȆȇŮȏȉǽȊȌȏ 

ȊŮȏȍȌŮȇűȏȈȆůȉȌȖ Ŭɸȕ ŮȇŮǿȊŬ ɸȌȏ ůȐŮŰǿȃȌȊŰŬȆ ŮȆŭȆȇǼ ȉŮ ŰȄ ȊȕůȌ ŰȌȏ Alzheimer. 

ǴŰȕȐȌȎ ŰȄȎ ȉŮȈǽŰȄȎ ŮǿȊŬȆ ȊŬ ȐŬȍŬȇŰȄȍȆůȅŮǿ ȇŬȆ ȊŬ ȉŮȈŮŰȄȅŮǿ ŰȌ ȉŮŰŬȁȌȈȆȇȕ ŬɸȌŰȖɸȒȉŬ ŰȒȊ ŬȊȒŰǽȍȒ 

ůŮȆȍȗȊ ȂȆŬ ŰȄȊ ŬȊǼŭŮȆȋȄ ɸȆȅŬȊȗȊ ŮȊŭȌȇȏŰŰŬȍȆȇȗȊ ŭŮȆȇŰȗȊ, ůȐŮŰȆȇȗȊ ȉŮ ŰȄȊ ɸŬȅȌȈȌȂǿŬ ŰȄȎ ȊȕůȌȏ. 

Ǫ ȇŬŰŬȂȍŬűǾ ŰȌȏ ȉŮŰŬȁȌȈȆȇȌȖ ŬɸȌŰȏɸȗȉŬŰȌȎ ŰȒȊ ɸȌȈȆȇȗȊ ŮȇȐȏȈȆůȉǼŰȒȊ ɸȍŬȂȉŬŰȌɸȌȆǾȅȄȇŮ ȉŮ 

ȉȌȊȌŭȆǼůŰŬŰŬ űǼůȉŬŰŬ ɸȏȍȄȊȆȇȌȖ ȉŬȂȊȄŰȆȇȌȖ ůȏȊŰȌȊȆůȉȌȖ ȏȑȄȈǾȎ ŬȊǼȈȏůȄȎ (ĭH-Nuclear 

Magnetic Resonance, ¹H-NMR) Ȅ ȌɸȌǿŬ ŬɸȌŰŮȈŮǿ ǽȊŬ ůȄȉŬȊŰȆȇȕ ŮȍȂŬȈŮǿȌ ȂȆŬ ŰȆȎ ȉŮŰŬȁȌȈȌȉȆȇǽȎ 

ȉŮȈǽŰŮȎ ɸȍȌůűǽȍȌȊŰŬȎ ȏȑȄȈǾ ŮɸŬȊŬȈȄȑȆȉȕŰȄŰŬ ȇŬȆ ȈŮɸŰȌȉŮȍǾ ŬɸȌŰȖɸȒůȄ ŰȌȏ ȇȏŰŰŬȍȆȇȌȖ 

ȉŮŰŬȁȌȈȆůȉȌȖ. ǵŬ űŬůȉŬŰȌůȇȌɸȆȇǼ ŭŮŭȌȉǽȊŬ ŬȊŬȈȖȅȄȇŬȊ ȉŮ ȉȌȊȌɸŬȍŬȉŮŰȍȆȇǽȎ ȇŬȆ 

ɸȌȈȏɸŬȍŬȉŮŰȍȆȇǽȎ ůŰŬŰȆůŰȆȇǽȎ ȉŮȅȕŭȌȏȎ ůȏȂȇȍǿȊȌȊŰŬȎ ŰŬ ŭŮǿȂȉŬŰŬ ŰȒȊ ȇȏŰŰŬȍȆȇȗȊ ůŮȆȍȗȊ APPKO, 

PSEN1KO ȇŬȆ SNCAKO ůȏȂȇȍǿȊȌȊŰŬȆ ȉŮ ȌȉǼŭŬ ŮȈǽȂȐȌȏ ȉŮ ŬȊǽɸŬűȌ ȂȌȊȆŭǿȒȉŬ (KO-). 

ǲŬȍǼȈȈȄȈŬ ŭȆŮȍŮȏȊǾȅȄȇŮ Ȅ ŮɸǿŭȍŬůȄ ŰȒȊ ŬȏȋŬȊȕȉŮȊȒȊ ȇȖȇȈȒȊ ȐŮȆȍȆůȉȗȊ, Ǿ çɸŮȍŬůȉǼŰȒȊè, ůŰȌ 

ȉŮŰŬȁȌȈȆȇȕ ɸȍȌűǿȈ ŰȒȊ ȇȏŰŰǼȍȒȊ, ȗůŰŮ ȊŬ ŮȊŰȌɸȆůŰȌȖȊ ŬȈȈȌȆȗůŮȆȎ ɸȌȏ ŮȊŭǽȐŮŰŬȆ ȊŬ ȌűŮǿȈȌȊŰŬȆ 

ůŰȄȊ ɸŮȆȍŬȉŬŰȆȇǾ ŭȆŬŭȆȇŬůǿŬ ȇŬȆ ȕȐȆ ůŰȄȊ ŬɸȌȏůǿŬ ŰȒȊ ŮɸȆȈŮȂȉǽȊȒȊ ȂȌȊȆŭǿȒȊ. 

ǮŮȅȌŭȌȈȌȂǿŬ 
1. ǴȏȈȈȌȂǾ ŭŮȆȂȉǼŰȒȊ 
ũȆŬ ŰȄ ŭȆŮȋŬȂȒȂǾ ŰȒȊ ɸŮȆȍŬȉǼŰȒȊ ȐȍȄůȆȉȌɸȌȆǾȅȄȇŬȊ ŬȊȅȍȗɸȆȊȄȎ ɸȍȌǽȈŮȏůȄȎ ȇȖŰŰŬȍŬ 

ȊŮȏȍȌȁȈŬůŰȗȉŬŰȌȎ, ŰȄȎ ůŮȆȍǼȎ SK-N-SH, ɸȌȏ ȐȍȄůȆȉȌɸȌȆŮǿŰŬȆ ȒȎ ȉȌȊŰǽȈȌ ȂȆŬ ŭȆǼűȌȍŮȎ 

ȊŮȏȍȌɸŬȅȌȈȌȂǿŮȎ. ǴŰȄ ȂȌȊŮȓȇǾ ůŮȆȍǼ SK-N-SH ǽȂȆȊŮ ȂŮȊŮŰȆȇǾ ŰȍȌɸȌɸȌǿȄůȄ, ȉǽůȒ ŰȄȎ ŭȆŬŭȆȇŬůǿŬȎ 

ŭȆŬȉȕȈȏȊůȄȎ ȇȏŰŰǼȍȒȊ (transfection) ȇŬȆ ŭȄȉȆȌȏȍȂǾȅȄȇŬȊ ŰȍŮȆȎ ůŮȆȍǽȎ knockout (KO), Ůȇ ŰȒȊ 

ȌɸȌǿȒȊ ŭȖȌ ȉŮ ůŰȕȐŮȏůȄ ȂȌȊȆŭǿȒȊ ŮȆŭȆȇǼ ůȐŮŰȆȃȕȉŮȊȒȊ ȉŮ ŰȄ ȊȕůȌ Alzheimer, ȇŬȆ ůȏȂȇŮȇȍȆȉǽȊŬ ŰȄȎ 

ɸȍȕŭȍȌȉȄȎ ɸȍȒŰŮǤȊȄȎ ŰȌȏ ŬȉȏȈȌŮȆŭȌȖȎ (APPKO), ŰȄȎ ɸȍȒŰŮǤȊȄȎ ɸȍŮůŮȊȆȈǿȊȄȎ 1 (PSEN1KO), ȇŬȆ ȉǿŬ 



           

         

ȉŮ ůŰȕȐŮȏůȄ ŰȌȏ ȂȌȊȆŭǿȌȏ ŰȄȎ Ŭ-ůȏȊȌȏȇȈŮǤȊȄȎ (SNCAKO), ŰȌ ȌɸȌǿȌ ůȐŮŰǿȃŮŰŬȆ ȂŮȊȆȇǼ ȉŮ 

ȊŮȏȍȌŮȇűȏȈȆůȉȕ. ǵŬ ŮȏȍǾȉŬŰŬ ůȏȂȇȍǿȅȄȇŬȊ ȉŮ ȉȆŬ ȌȉǼŭŬ ŮȈǽȂȐȌȏ ɸȌȏ ȏɸŮȁȈǾȅȄ ůŰȄȊ 

ǿŭȆŬŮɸŮȋŮȍȂŬůǿŬ ŬȈȈǼ ŭȆŬŰǾȍȄůŮ ȕȈŬ ŰŬ ȂȌȊǿŭȆŬ ŬȊǽɸŬűŬ (KO-). ǴȏȈȈǽȐȅȄȇŬȊ ǽȋȆ ŮɸŬȊŬȈǾȑŮȆȎ 

ȇȏŰŰŬȍȌȇŬȈȈȆŮȍȂŮȆȗȊ Ŭɸȕ ȇǼȅŮ ȉǿŬ Ŭɸȕ ŰȆȎ ŰǽůůŮȍȆȎ ůŮȆȍǽȎ KO ȂȆŬ ŰȄȊ ŮȋŬȂȒȂǾ ůŰŬŰȆůŰȆȇȗȊ 

ŬɸȌŰŮȈŮůȉǼŰȒȊ. 

Ǫ ŮȍȂŬůǿŬ ɸȍŬȂȉŬŰȌɸȌȆǾȅȄȇŮ ȉŮ ŰȄ ůȏȊŭȍȌȉǾ ŰȄȎ ȏɸȌȑǾűȆŬȎ ŭȆŭǼȇŰȌȍȌȎ ŰȌȏ ǵȉǾȉŬŰȌȎ ǦȆȌȈȌȂǿŬȎ, 

ǬȈȏŰŬȆȉȊǾůŰȍŬȎ ũȆŬȊȊǼȇȄ. 

 

2. ǨȇȐȖȈȆůȄ ŭŮȆȂȉǼŰȒȊ ȇȏŰŰŬȍȆȇȗȊ ůŮȆȍȗȊ 
ũȆŬ ŰȄ ůȏȈȈȌȂǾ ŰȒȊ ȇȏŰŰǼȍȒȊ ŰŬ ŰȍȏȁȈǿŬ ŰȌɸȌȅŮŰǾȅȄȇŬȊ ůŮ ɸǼȂȌ, ŬűŬȆȍǽȅȄȇŮ ȉŮ ŬȊŬȍȍȕűȄůȄ ŰȌ 

ȅȍŮɸŰȆȇȕ ȏȈȆȇȕ ȇŬȆ ǽȂȆȊŮ ŭȖȌ űȌȍǽȎ ǽȇɸȈȏůȄ ȉŮ ŭȆǼȈȏȉŬ űȒůűȌȍȆȇȗȊ, ȅŮȍȉȌȇȍŬůǿŬȎ 4 C PBS. ǵ Ŭ 

ȇȖŰŰŬȍŬ ŬɸȌȇȌȈȈǾȅȄȇŬȊ ȉȄȐŬȊȆȇǼ ȇŬȆ ȉŮŰŬűǽȍȅȄȇŬȊ ůŮ ɸŮȍȆǽȇŰȄ ŰȖɸȌȏ Falcon. ǥȇȌȈȌȖȅȄůŮ 

űȏȂȌȇǽȊŰȍȄůȄ 4 min, ŬɸȕȐȏůȄ ŰȌȏ ȏɸŮȍȇŮȆȉǽȊȌȏ ȇŬȆ űȖȈŬȋȄ ŰȌȏ ȇȏŰŰŬȍȆȇȌȖ ȆȃǾȉŬŰȌȎ ůŰȌȏȎ -80 C 

ȉǽȐȍȆ ŰȄȊ ŭȆŬŭȆȇŬůǿŬ ŰȄȎ ŮȇȐȖȈȆůȄȎ. ǷȍȄůȆȉȌɸȌȆǾȅȄȇŮ ŰȌ ɸȍȒŰȕȇȌȈȈȌ ŮȇȐȖȈȆůȄȎ ȉŮ ŰȍŮȆȎ ŭȆŬȈȖŰŮȎ 

(ȉŮȅŬȊȕȈȄïȊŮȍȕïȐȈȒȍȌűȕȍȉȆȌ), ɸȌȏ ŮűŬȍȉȕȃŮŰŬȆ ŮȏȍǽȒȎ, ŰȕůȌ ůŮ ȉŮȈǽŰŮȎ ȇȏŰŰŬȍȆȇȌȖ, ȕůȌ ȇŬȆ 

ȆůŰȆȇȌȖ ȉŮŰŬȁȌȈȌȉȆȇȌȖ ɸȍȌűǿȈ. 

1. ǴŰȌ ȇǼȅŮ ŭŮǿȂȉŬ ȇȏŰŰŬȍȆȇȌȖ ȆȃǾȉŬŰȌȎ ɸȍȌůŰǽȅȄȇŬȊ 2 mL ɸŬȂȒȉǽȊȄ ȉŮȅŬȊȕȈȄ ȇŬȆ 2 mL 

ɸŬȂȒȉǽȊȌȏ ȐȈȒȍȌűȌȍȉǿȌȏ (ŬȊŬȈȌȂǿŬ ȉŮȅŬȊȕȈȄȎ/ȐȈȒȍȌűȌȍȉǿȌȏ 1:1, -20 C) 

2. ǵŬ ŭŮǿȂȉŬŰŬ ŰȌɸȌȅŮŰǿȅȄȇŬȊ ůŮ ȈȌȏŰȍȕ ȏɸŮȍǾȐȒȊ ȂȆŬ 5 ȈŮɸŰǼ ůŮ ȐŬȉȄȈǾ ȅŮȍȉȌȇȍŬůǿŬ. 

3. ǲȍȌůŰǽȅȄȇŬȊ 1.8 mL ɸŬȂȒȉǽȊȌȏ (4  C) ȏɸŮȍȇǼȅŬȍȌȏ ȊŮȍȌȖ. 

4. ǥȇȌȈȌȖȅȄůŮ ůŰȍȌȁȆȈȌȉŮŰȍȆȇǾ ŬȊŬȇǿȊȄůȄ (vortex) ȂȆŬ 1 ȈŮɸŰȕ ȗůŰŮ ȊŬ ŭȄȉȆȌȏȍȂȄȅŮǿ ȌȉȌȆȌȂŮȊǽȎ 

ȂŬȈǼȇŰȒȉŬ. 

5. ǵŬ ŭŮǿȂȉŬ ɸŬȍǽȉŮȆȊŬȊ ůŮ ɸǼȂȌ ȂȆŬ 15 ȈŮɸŰǼ (ŭȆŮȏȇȌȈȖȊŮȆ ŰȌ ŭȆŬȐȒȍȆůȉȕ ŰȒȊ ŭȖȌ űǼůŮȒȊ). 

6. ǥȇȌȈȌȖȅȄůŮ űȏȂȌȇǽȊŰȍȄůȄ ůŰȆȎ 18.900 ×  g, ȂȆŬ 20 min, ůŰȌȏȎ 4 °C. 

7. Ǫ ɸȌȈȆȇǾ űǼůȄ ůȏȈȈǽȐȅȄȇŮ ȇŬȆ ȉŮŰŬűǽȍȅȄȇŮ ůŮ ȇŬȅŬȍȕ ɸŮȍȆǽȇŰȄ ŰȖɸȌȏ Eppendorf (epp) ȇŬȆ 

űȏȈǼȐŰȄȇŮ ůŰȌȏȎ 4 °C ȉǽȐȍȆ ȊŬ ȌȈȌȇȈȄȍȒȅŮǿ Ȍ ŭŮȖŰŮȍȌȎ ȇȖȇȈȌȎ ŮȇȐȖȈȆůȄȎ (ȁǾȉŬ 8). 

8. ǨɸŬȊŬȈǾűȅȄȇŮ Ȅ ŭȆŬŭȆȇŬůǿŬ ŮȇȐȖȈȆůȄȎ (ɸȍȕůȅŮůȄ ȉŮȅŬȊȕȈȄȎ/ ȐȈȒȍȌűȌȍȉǿȌȏ/ ȊŮȍȌȖ, ůŮ 

ŬȊŬȈȌȂǿŬ 2:2:1.8,  ŬȊŰǿůŰȌȆȐŬ ȇŬȆ ůȏȊŮȐǿůŰȄȇŮ Ŭɸȕ ŰȌ ȁǾȉŬ 4). 

9. Ǫ ɸȌȈȆȇǾ űǼůȄ Ŭɸȕ ŰȄȊ ŭŮȖŰŮȍȄ ŮȇȐȖȈȆůȄ ŮȊȗȅȄȇŮ ȉŮ ŰȌ ȇȈǼůȉŬ ŰȄȎ ɸȍȗŰȄȎ ŮȇȐȖȈȆůȄȎ. 

10. ǱȆ ŭȆŬȈȖŰŮȎ ŰȒȊ ŮȇȐȏȈȆůȉǼŰȒȊ ŮȋŬŰȉǿůŰȄȇŬȊ ȉǽȐȍȆ ȋȄȍȌȖ ůŮ űȏȂȌȇŮȊŰȍȄŰǾ ȇŮȊȌȖ ȇŬȆ 

ŬɸȌȅȄȇŮȖŰȄȇŬȊ ůŰȌȏȎ ī80 °C, ȉǽȐȍȆ ŰȄȊ ɸŬȍŬůȇŮȏǾ ŰȒȊ ŭŮȆȂȉǼŰȒȊ NMR. 

 

3. ǲŬȍŬůȇŮȏǾ ŭŮȆȂȉǼŰȒȊ NMR 
ǵŬ ȋȄȍǼ ŮȇȐȏȈǿůȉŬŰŬ ŬȊŬůȏȊŰǿȅŮȊŰŬȆ ůŮ 10% ȍȏȅȉȆůŰȆȇȕ ŭȆǼȈȏȉŬ űȒůűȌȍȆȇȗȊ pH 7.4 ȇŬȆ 90% D2O 

(ůȏȊȌȈȆȇȕȎ ȕȂȇȌȎ ȇǼȅŮ ŭŮǿȂȉŬŰȌȎ 650 ȉL). ǮŮ ŰȄ ȐȍǾůȄ ɸȆɸǽŰŬȎ ŬȇȍȆȁŮǿŬȎ, ȉŮŰŬűǽȍȌȊŰŬȆ 550 ȉL ŰȌȏ 

ȏɸŮȍȇŮǿȉŮȊȌȏ ůŮ ŮɸȆůȄȉŬůȉǽȊȌ ůȒȈǾȊŬ NMR Ŭɸȕ ȐŬȈŬȃǿŬ, ŭȆŬȉǽŰȍȌȏ 5 mm. 

 

4. ǭǾȑȄ űŬůȉǼŰȒȊ NMR 
ǵŬ űǼůȉŬŰŬ ŮȈǾűȅȄůŬȊ 1Ǫ 1D NMR ůŮ űŬůȉŬŰȕȉŮŰȍȌ AVANCE III  600 MHz (Brucker, Germany), ȉŮ 

ŰȄ ȁȌǾȅŮȆŬ ŰȌȏ ɸȍȌȂȍǼȉȉŬŰȌȎ ŬȏŰȌȉŬŰȆůȉȌȖ Icon NMR (Bruker BioSpin, Germany). ũȆŬ ȇǼȅŮ ŭŮǿȂȉŬ 

ŮȈǾűȅȄůŬȊ űǼůȉŬŰŬ ȏȑȄȈǾȎ ŬȊǼȈȏůȄȎ 1Ǫ NMR 1D NOESY (160 ůŬȍȗůŮȆȎ ȇŬȆ ŬȊǼȈȏůȄ 64k, ƂƤƥ. 1ſ), 

ȇŬȅȗȎ ȇŬȆ ȂȆŬ ŭŮǿȂȉŬŰŬ ŮȈǽȂȐȌȏ (ŰȏűȈǼ) ȂȆŬ ŰȌ ȍȏȅȉȆůŰȆȇȕ ŭȆǼȈȏȉŬ ȂȆŬ ŰȄȊ ɸŬȍŬůȇŮȏǾ ŭŮȆȂȉǼŰȒȊ 

NMR ȇŬȆ ȂȆŬ ŰȌȏȎ ŭȆŬȈȖŰŮȎ ŰȒȊ ŮȇȐȏȈǿůŮȒȊ. 



           

         

 

ƂƤƥƵƧƜ 1: ǷŬȍŬȇŰȄȍȆůŰȆȇȕ űǼůȉŬ ȏȑȄȈǾȎ ŬȊǼȈȏůȄȎ 1Ǫ NMR 1D NOESY ůŰȌ ɸŮȍȆȁǼȈȈȌȊ ŰȌȏ 

ɸȍȌȂȍǼȉȉŬŰȌȎ Topspin (ǥ) ȇŬȆ ŰȌ ŬȊŰǿůŰȌȆȐȌ ȑŮȏŭȌ-ŭȆůŭȆǼůŰŬŰȌ űǼůȉŬ J-resolved ŰȄȎ ǿŭȆŬȎ 

űŬůȉŬŰȆȇǾȎ ɸŮȍȆȌȐǾȎ (1.5-4.5 ppm) (Ǧ). ǴŰȌ űǼůȉŬ J-resolved Ȅ ɸȌȈȈŬɸȈȕŰȄŰŬ ŰȒȊ ȇȌȍȏűȗȊ 

ɸȍȌȁǼȈȈŮŰŬȆ ůŰȌȊ ȇǼȅŮŰȌ ǼȋȌȊŬ, ŮɸȆŰȏȂȐǼȊȌȊŰŬȎ ŰȄȊ ŬɸȈȌɸȌǿȄůȄ ŰȄȊ ɸȈȄȍȌűȌȍǿŬ ůŰȌȊ ǼȋȌȊŬ ŰȒȊ 

ȐȄȉȆȇȗȊ ȉŮŰŬŰȌɸǿůŮȒȊ, ŬȊŬȂȇŬǿŬ ȂȆŬ ŰȄȊ ŰŬȏŰȌɸȌǿȄůȄ ŰȒȊ ȇȌȍȏűȗȊ ůȏȊŰȌȊȆůȉȌȖ ŰȒȊ ȉŮŰŬȁȌȈȆŰȗȊ 

ȆŭȆŬǿŰŮȍŬ ůŮ űŬůȉŬŰȆȇǽȎ ɸŮȍȆȌȐǽȎ ŬȈȈȄȈŮɸȆȇǼȈȏȑȄȎ. (ũ) ǴŰȌ ɸŮȍȆȁǼȈȈȌȊ ŰȌȏ ɸȍȌȂȍǼȉȉŬŰȌȎ 

Chenomx, ȉŮ ȉŬȖȍȌ ɸȍȌȁǼȈȈŮŰŬȆ Ȅ ɸŮȍȆȌȐǾ 1.5-4.5 ppm ŰȌȏ ǿŭȆȌȏ űǼůȉŬŰȌȎ ȇŬȆ ȉŮ ȉɸȈŮ ŰȌ űǼůȉŬ 

ŰȌȏ ȂȈȌȏŰŬȉȆȇȌȖ ȌȋǽȌȎ ɸȌȏ ɸŮȍȆǽȐŮŰŬȆ ůŰȄ ȁȆȁȈȆȌȅǾȇȄ ŰȌȏ ɸȍȌȂȍǼȉȉŬŰȌȎ. Ǫ ɸŬȍȌȏůǿŬ Ǿ ȕȐȆ ŮȊȕȎ 

ȉŮŰŬȁȌȈǿŰȄ ůŰȌ űǼůȉŬ ŰȌȏ ȏɸȕ ŮȋǽŰŬůȄ ŭŮǿȂȉŬŰȌȎ ȁŬůǿȃŮŰŬȆ ůŰȄ ůȖȂȇȍȆůȄ ŰȒȊ ȐŬȍŬȇŰȄȍȆůŰȆȇȗȊ 

ŰȌȏ ůȏȊȕȈȌȏ ŰȒȊ ȇȌȍȏűȗȊ (ȐȄȉȆȇǾ ȉŮŰŬŰȕɸȆůȄ, ɸȌȈȈŬɸȈȕŰȄŰŬ, ŮȖȍȌȎ ȇŬȆ ǽȊŰŬůȄ ȇȌȍȏűȗȊ). 



           

         

ǨɸǿůȄȎ, ȂȆŬ ȇǼȅŮ ŭŮǿȂȉŬ ȈǾűȅȄȇŮ ȑŮȏŭȌ-ŭȆůŭȆǼůŰŬŰȌ űǼůȉŬ J-resolved, ůŰȌ ȌɸȌǿȌ ŮɸȆŰȏȂȐǼȊŮŰŬȆ 

ŭȆŬȐȒȍȆůȉȕȎ ŰȄȎ ɸȈȄȍȌűȌȍǿŬȎ ŰȄȎ ȐȄȉȆȇǾȎ ȉŮŰŬŰȕɸȆůȄȎ ȇŬȆ ŰȄȎ ȌȉȌɸȏȍȄȊȆȇǾȎ ůȖȃŮȏȋȄȎ J, ȗůŰŮ ȊŬ 

ŭȆŮȏȇȌȈȖȊŮŰŬȆ Ȅ ŬȊŬȂȊȗȍȆůȄ ŰȒȊ ȇȌȍȏűȗȊ ůȏȊŰȌȊȆůȉȌȖ ůŮ űŬůȉŬŰȆȇǽȎ ɸŮȍȆȌȐǽȎ ȏȑȄȈǾȎ 

ŬȈȈȄȈŮɸȆȇǼȈȏȑȄȎ. ǴŰȌȊ ȌȍȆȃȕȊŰȆȌ ǼȋȌȊŬ (F2) ŬɸŮȆȇȌȊǿȃŮŰŬȆ Ȅ ȐȄȉȆȇǾ ȉŮŰŬŰȕɸȆůȄ, ŮȊȗ ůŰȌȊ 

ȇŬŰŬȇȕȍȏűȌ ǼȋȌȊŬ (F1) ŬȊŬɸŬȍǿůŰŬŰŬȆ Ȅ ůȖȃŮȏȋȄ J (ƂƤƥ. 1ƀ). ũȆŬ ŮɸȆȈŮȂȉǽȊȌ ŭŮǿȂȉŬ ȇŬȆ ůȏȂȇŮȇȍȆȉǽȊŬ 

ȂȆŬ ŰȌ ŭŮǿȂȉŬ ǬǱ-1, ŮȈǾűȅȄ űǼůȉŬ ŰȖɸȌȏ TOCSY (Total Correlation Spectroscopy) ɸȌȏ ŬɸȌŰŮȈŮǿ ȉȆŬ 

ŭȆůŭȆǼůŰŬŰȄ ŬɸŮȆȇȕȊȆůȄ űǼůȉŬŰȌȎ NMR (2D NMR) Ȅ ȌɸȌǿŬ ȁŬůǿȃŮŰŬȆ ůŰȆȎ ůȏȃŮȖȋŮȆȎ J ȂȆŬ ŰȌȊ 

ɸȍȌůŭȆȌȍȆůȉȕ ŭȆŬűȌȍŮŰȆȇȗȊ ůȏůŰȄȉǼŰȒȊ spin. ǴŰȄȊ ƂƤƥƵƧƜ 1 ɸŬȍȌȏůȆǼȃŮŰŬȆ Ȅ ŭȆŬŭȆȇŬůǿŬ 

ŰŬȏŰȌɸȌǿȄůȄȎ ŰȌȏ ȂȈȌȏŰŬȉȆȇȌȖ ȌȋǽȌȎ ȇŬȆ ŰŬ ɸȍȌȂȍǼȉȉŬŰŬ ɸȌȏ ȐȍȄůȆȉȌɸȌȆȌȖȊŰŬȆ ůŰȄȊ ɸŬȍȌȖůŬ 

ŮȍȂŬůǿŬ. 

5. ǨɸŮȋŮȍȂŬůǿŬ űŬůȉǼŰȒȊ NMR ȇŬȆ ŰŬȏŰȌɸȌǿȄůȄ ȉŮŰŬȁȌȈȆŰȗȊ 
Ǫ ŮɸŮȋŮȍȂŬůǿŬ ɸŮȍȆȈŬȉȁǼȊŮȆ ŰȄȊ ŮȏȅȏȂȍǼȉȉȆůȄ ȉŮ ȁŬůȄ ŰȌ ŮůȒŰŮȍȆȇȕ ɸȍȕŰȏɸȌ ŰȌ 

(Trimethylsilylpropanoic acid (TSP). Ǫ űŬůȉŬŰȆȇǾ ɸȈȄȍȌűȌȍǿŬ ȉŮŰŬůȐȄȉŬŰǿȃŮŰŬȆ ůŮ ŬȍȆȅȉȄŰȆȇǾ ȉŮ 

ŰȄȊ ŭȆŬŭȆȇŬůǿŬ bucketing. ǴȏȂȇŮȇȍȆȉǽȊŬ ŰŬ űǼůȉŬŰŬ ȐȒȍǿȃȌȊŰŬȆ ůŮ ŭȆŬůŰǾȉŬŰŬ (buckets) ɸȈǼŰȌȏȎ 

0.001 ppm ȇŬȆ ȏɸȌȈȌȂǿȃŮŰŬȆ ŰȌ ŮȉȁŬŭȕȊ ȇǼȅŮ ŭȆŬůŰǾȉŬŰȌȎ. Ǫ űŬůȉŬŰȆȇǾ ɸȈȄȍȌűȌȍǿŬ Ŭɸȕ ŰȌ 

ɸŮǿȍŬȉŬ ȉŮŰŬůȐȄȉŬŰǿůŰȄȇŮ ůŮ ŬȍȆȅȉȄŰȆȇȕ ɸǿȊŬȇŬ Excel ȉŮ 8121 ȉŮŰŬȁȈȄŰǽȎ ȂȆŬ ŰȌ űǼůȉŬ ȇǼȅŮ 

ŭŮǿȂȉŬŰȌȎ. ǥűŬȆȍǽȅȄȇŮ Ȅ ɸŮȍȆȌȐǾ ~4.7ï5.0 ppm (ȏɸȕȈŮȆȉȉŬ ŰȄȎ ȇȌȍȏűǾȎ ŰȌȏ ȊŮȍȌȖ). ũȆŬ ŰȄȊ 

ŰŬȏŰȌɸȌǿȄůȄ ŰȒȊ ȉŮŰŬȁȌȈȆŰȗȊ ȐȍȄůȆȉȌɸȌȆǾȅȄȇŮ ŰȌ ɸȍȕȂȍŬȉȉŬ Chenomx ȇŬȆ ȌȆ ȁǼůŮȆȎ ŭŮŭȌȉǽȊȒȊ 

HMDB ȇŬȆ BMRB. 

Ǫ ȇŬȊȌȊȆȇȌɸȌǿȄůȄ ŰȒȊ ŭŮŭȌȉǽȊȒȊ ǽȂȆȊŮ ȒȎ ɸȍȌȎ ŰȄ ůȏȊȌȈȆȇǾ ǽȊŰŬůȄ ŰȌȏ űǼůȉŬŰȌȎ. ǴŰŬ ŭŮŭȌȉǽȊŬ 

ŮűŬȍȉȕůŰȄȇŬȊ ŭȖȌ ŰȖɸȌȆ ȇȈȆȉǼȇȒůȄȎ ȇŬŰǼ ŰȄȊ ůŰŬŰȆůŰȆȇǾ ŬȊǼȈȏůȄ Ȅ ȇȈȆȉǼȇȒůȄ UV (Unit Variance 

Ǿ Autoscaling) ȇŬȆ Ȅ ȇȈȆȉǼȇȒůȄ Pareto. 

 

6. ǴŰŬŰȆůŰȆȇǾ ǥȊǼȈȏůȄ 
6.1 ǮȌȊȌɸŬȍŬȉŮŰȍȆȇǾ ŬȊǼȈȏůȄ 
Ǫ ȉȌȊȌɸŬȍŬȉŮŰȍȆȇǾ ŬȊǼȈȏůȄ ɸȍŬȂȉŬŰȌɸȌȆǾȅȄȇŮ ȉǽ ŰȌ ɸȍȌȂȍǼȉȉŬ GraphPad Prism (Univariate 

analysis). ǵŬ ŮɸǿɸŮŭŬ ŰȒȊ ŮȋŮŰŬȃȕȉŮȊȒȊ ȉŮŰŬȁȌȈȆŰȗȊ ůȏȂȇȍǿȅȄȇŬȊ ȉŮŰŬȋȖ ŰȒȊ ŰŮůůǼȍȒȊ 

ȇȏŰŰŬȍȆȇȗȊ ȌȉǼŭȒȊ ȉŮ ŰȄ ȐȍǾůȄ one-way ANOVA Ǿ ŰȌȏ ȉȄ ɸŬȍŬȉŮŰȍȆȇȌȖ ŮȈǽȂȐȌȏ Kruskal-Wallis, 

ŬȊǼȈȌȂŬ ȉŮ ŰȄȊ ȇŬŰŬȊȌȉǾ ŰȒȊ ŰȆȉȗȊ ŰȌȏ ȇǼȅŮ ȉŮŰŬȁȌȈǿŰȄ (ůŮ ȇŬȊȌȊȆȇǽȎ ȇŬȆ ȉȄ-ȇŬȊȌȊȆȇǽȎ ȇŬŰŬȊȌȉǽȎ 

ŬȊŰǿůŰȌȆȐŬ, ŰȆȉǾ p<0.05). Ǫ ȉǽůȄ ŰȆȉǾ, ŰŬ ŭȆŬůŰǾȉŬŰŬ ŮȉɸȆůŰȌůȖȊȄȎ ȇŬȆ ȌȆ ůŰŬŰȆůŰȆȇǼ ůȄȉŬȊŰȆȇǽȎ 

ŬɸȌȇȈǿůŮȆȎ ɸŬȍȌȏůȆǼȃȌȊŰŬȆ ȉŮ ŰȄȊ ȉȌȍűǾ ŭȆŬȂȍŬȉȉǼŰȒȊ ůȉǾȊȌȏȎ (jitter plots). ǴŮ ɸŮȍȆɸŰȗůŮȆȎ 

ůŰŬŰȆůŰȆȇǼ ůȄȉŬȊŰȆȇȌȖ ůȏȊȌȈȆȇȌȖ ŬɸȌŰŮȈǽůȉŬŰȌȎ, ɸȍŬȂȉŬŰȌɸȌȆǾȅȄȇŬȊ post hoc ɸȌȈȈŬɸȈǽȎ 

ůȏȂȇȍǿůŮȆȎ, ȌȆ ȌɸȌǿŮȎ ȇŬŰǽŭŮȆȋŬȊ ȕŰȆ ȌȍȆůȉǽȊȌȆ ȉŮŰŬȁȌȈǿŰŮȎ ŭȆŬűȌȍȌɸȌȆȌȖȊŰŬȊ ŮȆŭȆȇǼ ůŮ 

ůȏȂȇŮȇȍȆȉǽȊŬ knock-out ȉȌȊŰǽȈŬ ůŮ ůȐǽůȄ ȉŮ ŰȄȊ ȌȉǼŭŬ ŮȈǽȂȐȌȏ, ȇŬȅȗȎ ȇŬȆ ȉŮŰŬȋȖ ŭȆŬűȌȍŮŰȆȇȗȊ 

knock-out ȌȉǼŭȒȊ, ȏɸȌŭȄȈȗȊȌȊŰŬȎ ȂȌȊȆŭȆȌ-ŮȆŭȆȇǽȎ ȉŮŰŬȁȌȈȆȇǽȎ ŮɸȆŭȍǼůŮȆȎ. 

ũȆŬ ŰȌȏȎ ȉŮŰŬȁȌȈǿŰŮȎ ɸȌȏ ɸŬȍȌȏůǿŬůŬȊ ůŰŬŰȆůŰȆȇǼ ůȄȉŬȊŰȆȇǽȎ ŭȆŬűȌȍǽȎ ȉŮŰŬȋȖ ŰȒȊ ȌȉǼŭȒȊ, 

ɸȍŬȂȉŬŰȌɸȌȆǾȅȄȇŮ ŬȊǼȈȏůȄ ȇŬȉɸȏȈȗȊ ROC (Receiver Operating Characteristic) ȂȆŬ ȊŬ ŬȋȆȌȈȌȂȄȅŮǿ 

Ȅ ŭȏȊŬŰȕŰȄŰŬ ŭȆǼȇȍȆůȄȎ ŰȒȊ 2 ůȏȂȇȍȆȊȕȉŮȊȒȊ ȇȏŰŰŬȍȆȇȗȊ ȌȉǼŭȒȊ. Ǫ ŬȊǼȈȏůȄ ROC 

ɸȍŬȂȉŬŰȌɸȌȆǾȅȄȇŮ ůŮ ȃŮȖȂȄ ůȏȂȇȍǿůŮȒȊ, ŮɸȆŰȍǽɸȌȊŰŬȎ ŰȄȊ ŮȇŰǿȉȄůȄ ŰȄȎ ŭȆŬȇȍȆŰȆȇǾȎ ŬɸȕŭȌůȄȎ 

ȇǼȅŮ ȉŮŰŬȁȌȈǿŰȄ ůŮ ůȐǽůȄ ȉŮ ŰȄ ȂŮȊŮŰȆȇǾ ŰȍȌɸȌɸȌǿȄůȄ. 

 

6.2 ǲȌȈȏɸŬȍŬȉŮŰȍȆȇǾ ŬȊǼȈȏůȄ 
Ǫ ɸȌȈȏɸŬȍŬȉŮŰȍȆȇǾ ŬȊǼȈȏůȄ ɸȍŬȂȉŬŰȌɸȌȆŮǿŰŬȆ ȉǽůȒ ŰȌȏ ȈȌȂȆůȉȆȇȌȖ SIMCA - Multivariate Data 

Analysis Software. ǲȍŬȂȉŬŰȌɸȌȆǾȅȄȇŬȊ ȉȄ-ŮɸȆȁȈŮɸȕȉŮȊŮȎ ŬȊŬȈȖůŮȆȎ ǥȊǼȈȏůȄ ǬȖȍȆȒȊ ǴȏȊȆůŰȒůȗȊ 

(Principal Component Analysis, PCA) ȇŬȆ ŮɸȆȁȈŮɸȕȉŮȊŮȎ: ȕɸȒȎ Ȅ ǧȆŬȇȍǿȊȌȏůŬ ǥȊǼȈȏůȄ ǮŮȍȆȇȗȊ 

ǨȈŬȐǿůŰȒȊ ǵŮŰȍŬȂȗȊȒȊ (Partial Least Squares Discriminant Analysis, PLS-DA) ȇŬȆ Ȅ ǱȍȅȌȂȗȊȆŬ PLS- 

DA (Orthogonal Partial Least Squares Discriminant Analysis, OPLS-DA). ǨɸȆɸȈǽȌȊ, ŮűŬȍȉȕůŰȄȇŮ Ȍ 

ǞȈŮȂȐȌȎ ǵȏȐŬǿȒȊ ǮŮŰŬȅǽůŮȒȊ (Permutations test) ȂȆŬ ŰȄȊ ŮɸȆȇȖȍȒůȄ ŰȒȊ ȉȌȊŰǽȈȒȊ. 



           

         

ǥɸȌŰŮȈǽůȉŬŰŬ 
1. ūǼůȉŬŰŬ NMR-ǵŬȏŰȌɸȌǿȄůȄ ȉŮŰŬȁȌȈȆŰȗȊ 
ǵŬ űǼůȉŬŰŬ 1Ǫ 1D NMR ŰȒȊ ǽȋȆ ŬȊŰȆȂȍǼűȒȊ ȂȆŬ ŰȆȎ ȇȏŰŰŬȍȆȇǽȎ ůŮȆȍǽȎ APPKO, PSEN1KO, SNCAKO 

ȇŬȆ ŰȄ ůŮȆȍǼ ŮȈǽȂȐȌȏ KO- ŮȈǾűȅȄůŬȊ ůŮ űŬůȉŬŰȕȉŮŰȍȌ AVANCE III  600 MHz (Brucker, Germany). 

ǥȊŰȆɸȍȌůȒɸŮȏŰȆȇȕ űǼůȉŬ 1Ǫ 1D NMR ȉŮ ŰȌȏȎ ȉŮŰŬȁȌȈǿŰŮȎ ɸȌȏ ǽȐȌȏȊ ŬȊŬȂȊȒȍȆůŰŮǿ ɸŬȍȌȏůȆǼȃŮŰŬȆ 

ůŰȄȊ ƂƤƥƵƧƜ 2. ǱȆ ȉŮŰŬȁȌȈǿŰŮȎ ɸȌȏ ŬȊŬȂȊȒȍǿůŰȄȇŬȊ ůŰȌ ůȖȊȌȈȌ ŰȒȊ ŭŮȆȂȉǼŰȒȊ ɸŬȍȌȏůȆǼȃȌȊŰŬȆ 

ůŰȌȊ ƍƚƧƜƥƜ 1. 
 

ƃƥƦƶƨƝ 2: ǥȈŮȆűŬŰȆȇǾ ɸŮȍȆȌȐǾ (4.90-1.40 ppm) ŬȊŰȆɸȍȌůȒɸŮȏŰȆȇȌȖ űǼůȉŬŰȌȎ 1Ǫ 1D NMR 

(ŭŮǿȂȉŬ ǬǱ-1) ɸȌȈȆȇȗȊ ŮȇȐȏȈȆůȉǼŰȒȊ ŰȄȎ ȇȏŰŰŬȍȆȇǾȎ ůŮȆȍǼȎ SK-N-SH. Ǫ ŬȍǿȅȉȄůȄ ɸȌȏ 

ȐȍȄůȆȉȌɸȌȆŮǿŰŬȆ ůŰȄȊ ŬɸȕŭȌůȄ ŰȒȊ ȉŮŰŬȁȌȈȆŰȗȊ ɸŬȍȌȏůȆǼȃŮŰŬȆ ůŰȌȊ ǲǿȊŬȇŬ 1. 

 
ƎƛƨƝƦƝƬ 1: ƑƝƯƮƪÙƪƥƣÕƙƨƪƥ ÕơƮƝƞƪƧƛƮơƬ ƭơ ÙƪƧƥƦƘ ơƦƱƯƧƛƭÕƝƮƝ ƮƫƪÙƪÙƪƥƣÕƙƨƳƨ ƦƯƮƮƝƫƥƦƸƨ 

ƭơƥƫƸƨ ƨơƯƫƪƞƧƝƭƮƸÕƝƮƪƬ, SK-N-SH. 

Ɯ/Ɯ ƉƠƭƜƝƩƦƚƭƢƫ ƓƢÕƤƥƙ ÕƠƭƜƭƵÙƤƬƢ Ɵ (ppm)  - ƍƩƦƦƜÙƦƵƭƢƭƜ 

ſÕƤƧƩƨƘƜ ƥƜƤ ÙƜƪƗƞƲƞƜ 

1 Valine 1.04(d), 0.99(d) 

2 Isoleucine 1.01(d), 0.94(t)  

3 Leucine 0.97(d), 0.95(d) 

4 Threonine 1.33(d), 4.25(m) 

5 Alanine 1.48(d), 3.78(q) 



           

         

 

6 Glutamate 2.35(m), 2.14(m),  2.06(m) 

7 Glutamine 2.43(m), 2.13(m) 

8 N-acetyl-ornithine 2.02(s) 

9 Aspartate 2.81(dd), 2.68(q) 

10 Creatine 3.93(s), 3.04(s) 

11 Creatine 

phosphate 

3.06(s) 

12 Serine 3.99(dd), 3.97(dd), 3.84(m) 

13 Sarcosine (N- 

methylglycine) 

2.73(s), 3.60(s) 

14 Betaine (N,N,N- 

trimethylglycine)  

3.27(s) 

15 Glycine 3.56(s) 

16 Proline 4.13(dd), 3.40(m), 2.05(m),  2.00(m) 

17 Glutathione 2.93(q), 2.95(q), 2.49(m), 2.17(q), 2.16(m) 

ƇƠƭƩƧƩƬƷÕƜƭƜ 

18 acetone 2.23(s) 

ƓƩƦƚƧƠƫ 

19 O-phosphocholine 4.17(m), 3.59(m),  3.22(s) 

20 Choline 4.10(m), 3.52 (m),  3.20(s) 

ƌƪƞƜƧƤƥƗ ƩƨƘƜ 

21 3-Hydroxy- 

isovalevate 

1.25(s) 

22 Lactate 1.32(d), 4.11(q) 

23 Acetate 1.91(s) 

24 Succinate 2.40(s) 

25 Formate 8.46(s) 



           

         

 

26 Pyruvate 2.37(s) 

ƍƩƦƮƵƦƠƫ 

27 Myo-inositol 4.06(t),  3.61(t),  3.53(dd),  3.28(t)  

28 Ethanol 1.18(t)  

29 Methanol 3.35(s) 

ƑƟƪƩƞƩƧƗƧƣƪƜƥƠƫ 

30 Glucose 5.23(d), 4.65(d), 3.89(dd), 3.53(dd), 3.49(t),  3.25(dd) 

ƊƩƮƥƦƠƩƭƚƟƤƜ ƥƜƤ ÙƜƪƗƞƲƞƜ 

31 UDP-N- 

Acetylglucosamine 

(UDP-GlcNAc) 

7.94(d), 5.98(d), 5.94(d), 2.08(s) 

32 UDPs 7.95(d), 5.97(d), 4.38(dd), 4.37(dd), 4.36(dd), 4.36(dd), 

3.90(m) 

33 IMP( hypoxanthine) 8.46(s), 8.27(s), 6.15(d) 

s: singlet, ȉȌȊǾ ȇȌȍȏűǾ, d: doublet, ŭȆɸȈǾ ȇȌȍȏűǾ, dd: double of doublet, ŭȆɸȈǾ ŭȆɸȈȗȊ, m: 

multiplet, ɸȌȈȈŬɸȈǾ ȇȌȍȏűǾ 

 
2 ǴŰŬŰȆůŰȆȇǾ ŮɸŮȋŮȍȂŬůǿŬ 

2.1 ǮȌȊȌɸŬȍŬȉŮŰȍȆȇǾ ŬȊǼȈȏůȄ 
2.1.1  ƊƪƨƪÙƝƫƝÕơƮƫƥƦƚ ƝƨƘƧƯƭƣ ƟƥƝ ƭƷƟƦƫƥƭƣ ơÙƥÙƙƠƳƨ ÙƪƧƥƦƸƨ ÕơƮƝƞƪƧƥƮƸƨ ÕơƮƝƩƷ ƮƳƨ 

ƮơƭƭƘƫƳƨ ƮƫƪÙƪÙƪƥƣÕƙƨƳƨ ƦƯƮƮƝƫƥƦƸƨ ƭơƥƫƸƨ, ƈƍ-, APPKO, PSEN1KO, SNCAKO 

ũȆŬ ŰȄȊ ůŰŬŰȆůŰȆȇǾ ŬȊǼȈȏůȄ ŰȒȊ ȉŮŰŬȁȌȈȆŰȗȊ ɸȌȏ ŬȊŬȂȊȒȍǿůŰȄȇŬȊ ůŰȆȎ ŰǽůůŮȍȆȎ ȌȉǼŭŮȎ ŭŮȆȂȉǼŰȒȊ 

(ǬǱ-, APPǬǱ, PSEN1ǬǱ, SNCAǬǱ) ȐȍȄůȆȉȌɸȌȆǾȅȄȇŮ Ȅ ȉȌȊȌɸŬȍŬȉŮŰȍȆȇǾ ůŰŬŰȆůŰȆȇǾ ŬȊǼȈȏůȄ ůŰȄȊ 

ȌɸȌǿŬ ȇǼȅŮ ȉŮŰŬȁȌȈǿŰȄȎ ŮȋŮŰǼȃŮŰŬȆ ȉŮȉȌȊȒȉǽȊŬ. ǴŰȄȊ ƂƤƥƵƧƜ 3 ɸŬȍȌȏůȆǼȃȌȊŰŬȆ ȌȆ ŰȆȉǽȎ ŰȄȎ ůȐŮŰȆȇǾȎ 

ůȏȂȇǽȊŰȍȒůȄȎ ůŰȆȎ ȌȉǼŭŮȎ ǬǱ-, APPǬǱ, PSEN1ǬǱ, SNCAǬǱ ŰȒȊ ȉŮŰŬȁȌȈȆŰȗȊ ȉŮ ŰȆȉǾ ǥUC>0.7 ȂȆŬ 

ŰȌ ȃŮȖȂȌȎ ǥǳǳǬǱ - ǬǱ-, ŮȊȗ ůŰȄȊ ƂƤƥƵƧƜ 4 ɸŬȍȌȏůȆǼȃȌȊŰŬȆ ȌȆ ŰȆȉǽȎ ŰȄȎ ůȐŮŰȆȇǾȎ ůȏȂȇǽȊŰȍȒůȄȎ ŰȒȊ 

ȉŮŰŬȁȌȈȆŰȗȊ ȉŮ ŰȆȉǽȎ 0.5<ǥUC< 0.7 ȂȆŬ ŰȌ ȃŮȖȂȌȎ ǥǳǳǬǱ - ǬǱ-. ǴŰȌȊ ƍƚƧƜƥƜ 2 ɸŬȍȌȏůȆǼȃȌȊŰŬȆ ȌȆ 

ŰȆȉǽȎ AUC >0.7  ŰȒȊ ŰȍȆȗȊ ŰȍȌɸȌɸȌȆȄȉǽȊȒȊ ȇȏŰŰŬȍȆȇȗȊ ůŮȆȍȗȊ ůŮ ůȖȂȇȍȆůȄ ȉŮ ŰȄȊ ůŮȆȍǼ ŮȈǽȂȐȌȏ. 
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Isoleucine  

AUC 0.77 
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ƃƥƦƶƨƝ 3: ǧȆŬȂȍǼȉȉŬŰŬ ȉŮ ŰȆȎ ůȐŮŰȆȇǽȎ ůȏȂȇŮȊŰȍȗůŮȆȎ ŰȒȊ ŰŬȏŰȌɸȌȆȄȉǽȊȒȊ ȉŮŰŬȁȌȈȆŰȗȊ ůŰȆȎ 

ŰȍȌɸȌɸȌȆȄȉǽȊŮȎ ȇȏŰŰŬȍȆȇǽȎ ůŮȆȍǽȎ APPKO, PSEN1KO, SNCAKO ȇŬȆ ůŰȄȊ ůŮȆȍǼ ŮȈǽȂȐȌȏ KO-, ůŰȆȎ 

ȌɸȌǿŮȎ ǽȐŮȆ ůȄȉŮȆȒȅŮǿ Ȅ ȉǽůȄ ŰȆȉǾ ȇŬȆ Ȅ ŰȏɸȆȇǾ ŬɸȕȇȈȆůȄ. ǨɸǿůȄȎ, ɸŬȍȌȏůȆǼȃȌȊŰŬȆ ȌȆ ȇŬȉɸȖȈŮȎ ROC 

ȇŬȆ Ȅ ŬȊŰǿůŰȌȆȐȄ ŰȆȉǾ AUC, ȂȆŬ ŰȌ ȃŮȖȂȌȎ ǥǳǳǬǱ-ǬǱ- ȉŮ ŰȆȉǾ ǥUC>0.7. ǱȆ ůŰŬŰȆůŰȆȇǼ ůȄȉŬȊŰȆȇǽȎ 

ŭȆŬűȌȍǽȎ ŬȊǼȉŮůŬ ůŰȆȎ ȇȏŰŰŬȍȆȇǽȎ ůŮȆȍǽȎ űŬǿȊȌȊŰŬȆ ȉŮ ȂȍŬȉȉǽȎ ɸȌȏ ŰȆȎ ůȏȊŭǽȌȏȊ (*: p <0.05,  **: 

p<0.001).  
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Threonine  
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Inosine  Monophosphate  
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ƃƥƦƶƨƝ 4: ǧȆŬȂȍǼȉȉŬŰŬ ȉŮ ŰȆȎ ůȐŮŰȆȇǽȎ ůȏȂȇŮȊŰȍȗůŮȆȎ () ŰȒȊ ŰŬȏŰȌɸȌȆȄȉǽȊȒȊ ȉŮŰŬȁȌȈȆŰȗȊ ůŰȆȎ 

ŰȍȌɸȌɸȌȆȄȉǽȊŮȎ ȇȏŰŰŬȍȆȇǽȎ ůŮȆȍǽȎ APPKO, PSEN1KO, SNCAKO ȇŬȆ ůŰȄȊ ůŮȆȍǼ ŮȈǽȂȐȌȏ KO-, ȉŮ 

0.5<ǥUC< 0.7 ȂȆŬ ŰȌ ȃŮȖȂȌȎ ǥǳǳǬǱ - ǬǱ-. Ǫ ȉǽůȄ ŰȆȉǾ ȇŬȆ Ȅ ŰȏɸȆȇǾ ŬɸȕȇȈȆůȄ ůȄȉŮȆȗȊȌȊŰŬȆ ůȐȄȉŬŰȆȇǼ 

ůŮ ȇǼȅŮ ȌȉǼŭŬǱȆ ůŰŬŰȆůŰȆȇǼ ůȄȉŬȊŰȆȇǽȎ ŭȆŬűȌȍǽȎ ŬȊǼȉŮůŬ ůŰȆȎ ȇȏŰŰŬȍȆȇǽȎ ůŮȆȍǽȎ űŬǿȊȌȊŰŬȆ ȉŮ 

ȂȍŬȉȉǽȎ ɸȌȏ ŰȆȎ ůȏȊŭǽȌȏȊ (*:  p<0.05,  **:  p<0.001)  
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ƎƛƨƝƦƝƬ 2: ƑƥÕƙƬ AUC>0.7 ƮƳƨ ÙƪƧƥƦƸƨ ÕơƮƝƞƪƧƥƮƸƨ ƭƮƥƬ ƦƯƮƮƝƫƥƦƙƬ ƭơƥƫƙƬ APPKO, PSEN1KO, 

SNCAKO ƭơ ƭƱƙƭƣ Õơ Ʈƣƨ ƭơƥƫƘ ơƧƙƟƱƪƯ (ƈƍ-).  

Metabolites  AUC KO- 

/APPKO 

AUC KO-/PSEN1KO AUC KO-/SNCAKO 

Leucine 0.78 - - 

Isoleucine 0.78 - - 

Sarcosine 0.83 0.72 - 

Proline 0.89 - - 

Glutathione  0.78 - - 

Glutamate  0.75 - 0.92 

Lactate 0.94 - 0.78 

Pyruvate 0.72 0.72 - 

Creatine 0.72 0.83 - 

Creatine phosphate - 0.81 0.83 

UDPs 0.83 - 0.94 

Aspartate  0.89 - - 

Choline - - 0.86 

Phosphocholine - 0.78 0.91 

Myo-inositol  - - 1 

Glucose - 0.78 - 

Betaine - 0.75 1 

IMP - - 1 

 

ǴŰȄȊ ȉȌȊȌɸŬȍŬȉŮŰȍȆȇǾ ŬȊǼȈȏůȄ ŰȒȊ ŭŮŭȌȉǽȊȒȊ ŮȊŭȆŬűǽȍȌȊ ɸŬȍȌȏůȆǼȃȌȏȊ ȌȆ ŬȇȕȈȌȏȅŮȎ 

ɸŬȍŬŰȄȍǾůŮȆȎ: 

Ǫ ŬɸȌůȆȗɸȄůȄ ŰȌȏ ȂȌȊȆŭǿȌȏ ŰȄȎ ůȏȊȌȏȇȈŮǤȊȄȎ ǥ ȌŭȄȂŮǿ ůŰȄȊ ůŰŬŰȆůŰȆȇǼ ůȄȉŬȊŰȆȇǾ ŬȖȋȄůȄ ŰȄȎ 

ȐȌȈǿȊȄȎ, ŰȄȎ ȉȏȌ-ȆȊȌůȆŰȕȈȄȎ, ȇŬȆ ŰȄȎ ȁȄŰŬǤȊȄȎ ůŮ ůȐǽůȄ ȉŮ ȕȈŮȎ ŰȆȎ ǼȈȈŮȎ ȇȏŰŰŬȍȆȇǽȎ ůŮȆȍǽȎ. ǵȌ 

ȂȈȌȏŰŬȉȆȇȕ ȌȋȖ, ȇŬȅȗȎ ȇŬȆ ŰŬ ŭȆűȒůűȌȍȆȇǼ ɸŬȍǼȂȒȂŬ ŰȄȎ ȌȏȍȆŭǿȊȄȎ ŬȏȋǼȊȌȊŰŬȆ ůŮ ůȐǽůȄ ȉŮ ŰȄȊ 

ȌȉǼŭŬ ŮȈǽȂȐȌȏ ȇŬȆ ŰȄȊ PSEN1KO. 

¶ Ǫ ŬɸȌůȆȗɸȄůȄ ŰȌȏ ȂȌȊȆŭǿȌȏ ŰȄȎ ɸȍȕŭȍȌȉȄȎ ɸȍȒŰŮǤȊȄȎ ŰȌȏ ȁ-ŬȉȏȈȌŮȆŭȌȖȎ ȌŭȄȂŮǿ ůŰȄȊ ůŰŬŰȆůŰȆȇǼ 

ůȄȉŬȊŰȆȇǾ ŬȖȋȄůȄ ŰȌȏ ȂŬȈŬȇŰȆȇȌȖ ȌȋǽȌȎ ȇŬȆ ŰȄȎ ɸȍȌȈǿȊȄȎ ůŮ ůȐǽůȄ ȉŮ ŰȄȊ ȌȉǼŭŬ ŮȈǽȂȐȌȏ. Ǫ 

ȇȍŮŬŰǿȊȄ ȇŬȆ Ȅ űȒůűȌȇȍŮŬŰǿȊȄ ŬȏȋǼȊȌȊŰŬȆ ůȄȉŬȊŰȆȇǼ ůŮ ůȐǽůȄ ȉŮ ŰȆȎ ŰȍȌɸȌɸȌȆȄȉǽȊŮȎ ȇȏŰŰŬȍȆȇǽȎ 



           

         

ůŮȆȍǽȎ PSEN1KO ȇŬȆ SNCAKO. ǴŰŬŰȆůŰȆȇǼ ůȄȉŬȊŰȆȇǾ ȉŮǿȒůȄ ɸŬȍȌȏůȆǼȃŮȆ Ȅ ȇȍŮŰǿȊȄ ȇŬȆ Ȅ 

űȒůűȌȇȍŮŬŰǿȊȄ ůŮ ůȐǽůȄ ȉŮ ŰȆȎ ŰȍȌɸȌȆȄȉǽȊŮȎ ůŮȆȍǽȎ, ŮȊȗ ŰŬ Ǧ-ŭȆŬȇȈŬŭȆůȉǽȊŬ ŬȉȆȊȌȋǽŬ (ȈŮȏȇǿȊȄ, 

ȆůȌȈŮȏȇǿȊȄ ȇŬȆ ȁŬȈǿȊȄ) ɸŬȍȌȏůȆǼȃȌȏȊ ȉǿŬ ŰǼůȄ ȂȆŬ ȉŮǿȒůȄ ůŮ ůȐǽůȄ ȉŮ ȕȈŮȎ ŰȆȎ ǼȈȈŮȎ ȇȏŰŰŬȍȆȇǽȎ 

ůŮȆȍǽȎ. 

 
2.1.2  ƊƪƨƪÙƝƫƝÕơƮƫƥƦƚ ƝƨƘƧƯƭƣ ƟƥƝ Ʈƣƨ ƝƩƥƪƧƶƟƣƭƣ ƮƣƬ ơÙƛƠƫƝƭƣƬ ƮƪƯ ƝƫƥƤÕƪƷ ƮƳƨ çÙơƫƝƭÕƘƮƳƨè 

ƭƮƪ ÕơƮƝƞƪƧƥƦƶ ƝÙƪƮƷÙƳÕƝ ƮƳƨ ƮƫƪÙƪÙƪƥƣÕƙƨƳƨ ƦƯƮƮƝƫƥƦƸƨ ƭơƥƫƸƨ ƦƝƥ ƮƣƬ ƭơƥƫƘƬ ơƧƙƟƱƪƯ 

ǴŰȆȎ ȉŮȈǽŰŮȎ ɸȌȏ ɸȍŬȂȉŬŰȌɸȌȆȌȖȊŰŬȆ ůŮ ȇȏŰŰŬȍȆȇǽȎ ůŮȆȍǽȎ ɸȌȈȖ ůȏȐȊǼ ȐȍȄůȆȉȌɸȌȆȌȖȊŰŬȆ ȇŬȆ 

ůȏȂȇȍǿȊȌȊŰŬȆ ȉŮŰŬȋȖ ŰȌȏȎ ŭŮǿȂȉŬŰŬ, ŰŬ ȌɸȌǿŬ ǽȐȌȏȊ ȏɸȌȁȈȄȅŮǿ ůŮ ŭȆŬűȌȍŮŰȆȇȕ ŬȍȆȅȉȕ ȇȖȇȈȒȊ 

ɸŬȂȗȉŬŰȌȎ ï ȋŮɸŬȂȗȉŬŰȌȎ (çɸŮȍǼůȉŬŰŬè). ǱȆ ȇȏŰŰŬȍȆȇǽȎ ůŮȆȍǽȎ ȉɸȌȍŮǿ ȊŬ ɸŬȍȌȏůȆǼȃȌȏȊ 

ŭȆŬűȌȍŮŰȆȇǾ ŬȊȅŮȇŰȆȇȕŰȄŰŬ ȇŬȆ ȌȉȌȆȕůŰŬůȄ ůŰȌȏȎ ȐŮȆȍȆůȉȌȖȎ, ȂŮȂȌȊȕȎ ɸȌȏ ɸȆȅŬȊȕŰŬŰŬ 

ŬɸȌŰȏɸȗȊŮŰŬȆ ůŰȌ ȉŮŰŬȁȌȈȆůȉȕ. Ǫ űŬůȉŬŰȌůȇȌɸǿŬ NMR ŬɸȌŰŮȈŮǿ ǽȊŬ ŮȏŬǿůȅȄŰȌ ŮȍȂŬȈŮǿȌ ȂȆŬ ŰȄȊ 

ȌȈȆůŰȆȇǾ ŬɸȌŰȖɸȒůȄ ŰȌȏ ȉŮŰŬȁȌȈȗȉŬŰȌȎ ȇŬȆ ŮǿȊŬȆ ůȇȕɸȆȉȌ ȊŬ ɸȍŬȂȉŬŰȌɸȌȆȄȅŮǿ ŬȏŰȕȎ Ȍ ǽȈŮȂȐȌȎ 

ůŰȆȎ ȏɸȕ ȉŮȈǽŰȄ ȇȏŰŰŬȍȆȇǽȎ ůŮȆȍǽȎ, ŰȕůȌ ŰȆȎ ŰȍȌɸȌɸȌȆȄȉǽȊŮȎ, ȕůȌ ȇŬȆ ŰȄȊ ůŮȆȍǼ ŮȈǽȂȐȌȏ. ǴŰȄȊ ƂƤƥƵƧƜ 

5 ɸŬȍȌȏůȆǼȃȌȊŰŬȆ ůŮ ŭȆǼȂȍŬȉȉŬ Ȅ ůȐŮŰȆȇǾ ůȏȂȇǽȊŰȍȒůȄ, Ȅ ȉǽůȄ ŰȆȉǾ ȇŬȆ Ȅ ŰȏɸȆȇǾ ŬɸȕȇȈȆůȄ ŰȒȊ 

ȉŮŰŬȁȌȈȆŰȗȊ ůŰȄȊ ůŮȆȍǼ ŮȈǽȂȐȌȏ KO- ůŮ ŰȍǿŬ ŭȆŬűȌȍŮŰȆȇǼ ɸŮȍǼůȉŬŰŬ (a, b ȇŬȆ c). ǴŰȌ ɸǽȍŬůȉŬ a 

ȐȍȄůȆȉȌɸȌȆǾȅȄȇŬȊ ǽȋȆ ŬȊŰǿȂȍŬűŬ, ůŰŬ ȌɸȌǿŬ ɸȍŬȂȉŬŰȌɸȌȆǾȅȄȇŮ Ȅ ȉŮŰŬȁȌȈȌȉȆȇǾ ŬȊǼȈȏůȄ, ŮȊȗ ůŰȌ 

ɸǽȍŬůȉŬ b ȇŬȆ c ȐȍȄůȆȉȌɸȌȆǾȅȄȇŬȊ ŰȍǿŬ ŬȊŰǿȂȍŬűŬ. ǴŰȆȎ ƂƤƥƵƧƠƫ 6, 7 ȇŬȆ 8 ɸŬȍȌȏůȆǼȃŮŰŬȆ Ȅ 

ȉŮŰŬȁȌȈǾ ŰȄȎ ůȐŮŰȆȇǾȎ ůȏȂȇǽȊŰȍȒůȄȎ ŰȒȊ ȉŮŰŬȁȌȈȆŰȗȊ ŰȒȊ ŰȍȌɸȌɸȌȆȄȉǽȊȒȊ ȇȏŰŰŬȍȆȇȗȊ ůŮȆȍȗȊ 

APPKO, PSEN1KO ȇŬȆ SNCAKO, ŬȊŰǿůŰȌȆȐŬ. 



           

         

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
ƃƥƦƶƨƝ 5: Ǫ ȉǽůȄ ŰȆȉǾ ȇŬȆ Ȅ ŰȏɸȆȇǾ ŬɸȕȇȈȆůȄ ŰȄȎ ůȐŮŰȆȇǾȎ ůȏȂȇǽȊŰȍȒůȄȎ ŰȒȊ ȉŮŰŬȁȌȈȆŰȗȊ ůŰȄȊ 

ůŮȆȍǼ ŮȈǽȂȐȌȏ KO- ůŮ ŰȍǿŬ ŭȆŬűȌȍŮŰȆȇǼ ɸŮȍǼůȉŬŰŬ (a: ǽȋȆ ŬȊŰǿȂȍŬűŬ, b: ŰȍǿŬ ŬȊŰǿȂȍŬűŬ ȇŬȆ c: ŰȍǿŬ 

ŬȊŰǿȂȍŬűŬ). ǱȆ ůŰŬŰȆůŰȆȇǼ ůȄȉŬȊŰȆȇǽȎ ŭȆŬűȌȍǽȎ ŬȊǼȉŮůŬ ůŰŬ ŭȆŬűȌȍŮŰȆȇǼ ɸŮȍǼůȉŬŰŬ űŬǿȊȌȊŰŬȆ ȉŮ 

ȂȍŬȉȉǽȎ ɸȌȏ ŰȆȎ ůȏȊŭǽȌȏȊ (*:  p <0.05,  **:  p <0.001).  



           

         

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
ƃƥƦƶƨƝ C: Ǫ ȉǽůȄ ŰȆȉǾ ȇŬȆ Ȅ ŰȏɸȆȇǾ ŬɸȕȇȈȆůȄ ŰȄȎ ůȐŮŰȆȇǾȎ ůȏȂȇǽȊŰȍȒůȄȎ ŰȒȊ ȉŮŰŬȁȌȈȆŰȗȊ ůŰȄȊ 

ŰȍȌɸȌɸȌȆȄȉǽȊȄ ůŮȆȍǼ APPKO ůŮ ŰȍǿŬ ŭȆŬűȌȍŮŰȆȇǼ ɸŮȍǼůȉŬŰŬ (a: ǽȋȆ ŬȊŰǿȂȍŬűŬ, b: ŰȍǿŬ ŬȊŰǿȂȍŬűŬ 

ȇŬȆ c: ŰȍǿŬ ŬȊŰǿȂȍŬűŬ). ǱȆ ůŰŬŰȆůŰȆȇǼ ůȄȉŬȊŰȆȇǽȎ ŭȆŬűȌȍǽȎ ŬȊǼȉŮůŬ ůŰŬ ŭȆŬűȌȍŮŰȆȇǼ ɸŮȍǼůȉŬŰŬ 

űŬǿȊȌȊŰŬȆ ȉŮ ȂȍŬȉȉǽȎ ɸȌȏ ŰȆȎ ůȏȊŭǽȌȏȊ (*:  p <0.05,  **:  p <0.001).  



           

         

 

ƃƥƦƶƨƝ 7: Ǫ ȉǽůȄ ŰȆȉǾ ȇŬȆ Ȅ ŰȏɸȆȇǾ ŬɸȕȇȈȆůȄ ŰȄȎ ůȐŮŰȆȇǾȎ ůȏȂȇǽȊŰȍȒůȄȎ ŰȒȊ ȉŮŰŬȁȌȈȆŰȗȊ ůŰȄȊ 

ŰȍȌɸȌɸȌȆȄȉǽȊȄ ůŮȆȍǼ PSEN1Ƈƌ ůŮ ŰȍǿŬ ŭȆŬűȌȍŮŰȆȇǼ ɸŮȍǼůȉŬŰŬ (a: ǽȋȆ ŬȊŰǿȂȍŬűŬ, b: ŰȍǿŬ 

ŬȊŰǿȂȍŬűŬ ȇŬȆ c: ŰȍǿŬ ŬȊŰǿȂȍŬűŬ). ǱȆ ůŰŬŰȆůŰȆȇǼ ůȄȉŬȊŰȆȇǽȎ ŭȆŬűȌȍǽȎ ŬȊǼȉŮůŬ ůŰŬ ŭȆŬűȌȍŮŰȆȇǼ 

ɸŮȍǼůȉŬŰŬ űŬǿȊȌȊŰŬȆ ȉŮ ȂȍŬȉȉǽȎ ɸȌȏ ŰȆȎ ůȏȊŭǽȌȏȊ (*:  p <0.05,  **:  p <0.001).  



           

         

 

ƃƥƦƶƨƝ 8: Ǫ ȉǽůȄ ŰȆȉǾ ȇŬȆ Ȅ ŰȏɸȆȇǾ ŬɸȕȇȈȆůȄ ŰȄȎ ůȐŮŰȆȇǾȎ ůȏȂȇǽȊŰȍȒůȄȎ ŰȒȊ ȉŮŰŬȁȌȈȆŰȗȊ ůŰȄȊ 

ŰȍȌɸȌɸȌȆȄȉǽȊȄ ůŮȆȍǼ SNCAƇƌ ůŮ ŰȍǿŬ ŭȆŬűȌȍŮŰȆȇǼ ɸŮȍǼůȉŬŰŬ (a: ǽȋȆ ŬȊŰǿȂȍŬűŬ, b: ŰȍǿŬ ŬȊŰǿȂȍŬűŬ 

ȇŬȆ c: ŰȍǿŬ ŬȊŰǿȂȍŬűŬ). ǱȆ ůŰŬŰȆůŰȆȇǼ ůȄȉŬȊŰȆȇǽȎ ŭȆŬűȌȍǽȎ ůŰŬ ŭȆŬűȌȍŮŰȆȇǼ ɸŮȍǼůȉŬŰŬ űŬǿȊȌȊŰŬȆ 

ȉŮ ȂȍŬȉȉǽȎ ɸȌȏ ŰȆȎ ůȏȊŭǽȌȏȊ (*:  p <0.05,  **:  p <0.001).  



           

         

Ǫ ŭȆŮȍŮȖȊȄůȄ ŰȄȎ ŮɸǿŭȍŬůȄȎ ŰȒȊ ŭȆŬűȌȍŮŰȆȇȗȊ ɸŮȍŬůȉǼŰȒȊ ůŰȌ ȉŮŰŬȁȌȈȆȇȕ ŬɸȌŰȖɸȒȉŬ ŰȒȊ 

ŰȍȌɸȌɸȌȆȄȉǽȊȒȊ ȇȏŰŰŬȍȆȇȗȊ ůŮȆȍȗȊ ȇŬȆ ŰȄ ůŮȆȍǼȎ ŮȈǽȂȐȌȏ ȌŭȄȂŮǿ ůŮ ŬɸȌŰŮȈǽůȉŬŰŬ ɸȌȏ 

ɸŬȍȌȏůȆǼȃȌȏȊ ŮȊŭȆŬűǽȍȌȊ ȇŬȆ ůȏȊȌȑǿȃȌȊŰŬȆ ůŰŬ ŬȇȕȈȌȏȅŬ: 

¶ Ǫ ůŮȆȍǼ ŮȈǽȂȐȌȏ KO- ɸŬȍȌȏůȆǼȃŮȆ ŰȆȎ ȈȆȂȕŰŮȍŮȎ ůŰŬŰȆůŰȆȇǼ ůȄȉŬȊŰȆȇǽȎ ȉŮŰŬȁȌȈǽȎ, ɸŬȍŬŰǾȍȄůȄ ɸȌȏ 

ɸȆȅŬȊȕŰŬŰŬ ůȐŮŰǿȃŮŰŬȆ ȉŮ ȏȑȄȈȕŰŮȍȄ ȉŮŰŬȁȌȈȆȇǾ ůŰŬȅŮȍȕŰȄŰŬ ȇŬȆ ŬȊȅŮȇŰȆȇȕŰȄŰŬ ůŮ ůȐǽůȄ ȉŮ ŰȆȎ 

ŰȍȌɸȌɸȌȆȄȉǽȊŮȎ. ǮǿŬ ȂŮȊȆȇǾ ɸŬȍŬŰǾȍȄůȄ ŬűȌȍǼ ŰȄȊ ŭȆŬůɸȌȍǼ ŰȒȊ ȉŮŰȍǾůŮȒȊ Ȅ ȌɸȌǿŬ ȂȆŬ ŰȌȏȎ 

ɸŮȍȆůůȕŰŮȍȌȏȎ ȉŮŰŬȁȌȈǿŰŮȎ ŮǿȊŬȆ ȏȑȄȈȕŰŮȍȄ ůŰȌ ɸǽȍŬůȉŬ a, ȂŮȂȌȊȕȎ ȕȉȒȎ ɸȌȏ ȉɸȌȍŮǿ ŬȊ 

ůȏȊŭǽŮŰŬȆ ȇŬȆ ȉŮ ŰȌȊ ȉŮȂŬȈȖŰŮȍȌ ŬȍȆȅȉȕ ŬȊŰȆȂȍǼűȒȊ (a: 6, ŮȊȗ b: 3 ȇŬȆ c: 3). 

¶ ǴŰȄȊ ŰȍȌɸȌɸȌȆȄȉǽȊȄ ůŮȆȍǼ APPKO, ȌȆ ɸŮȍȆůůȕŰŮȍȌȆ ȉŮŰŬȁȌȈǿŰŮȎ ɸŬȍȌȏůȆǼȃȌȏȊ ůŰŬŰȆůŰȆȇǼ 

ůȄȉŬȊŰȆȇǽȎ ȉŮŰŬȁȌȈǽȎ ȇŬȆ ȉȕȊȌ ȌȆ ȐȌȈǿȊŮȎ, Ȅ ȂȈȌȏŰŬȅŮȆȕȊȄ, Ȅ űȒůűȌȍȆȇǾ ȇȍŮŬŰǿȊȄ ȇŬȆ Ȅ ůŬȍȇȌȃǿȊȄ 

ŭŮȊ ŮɸȄȍŮǼȃȌȊŰŬȆ Ŭɸȕ ŰŬ ŭȆŬűȌȍŮŰȆȇǼ ɸŮȍǼůȉŬŰŬ. ǨȆŭȆȇȕŰŮȍŬ, ůŰȌ ɸǽȍŬůȉŬ b, ůŮ ůȖȊȌȈȌ 30 

ȉŮŰŬȁȌȈȆŰȗȊ ɸŬȍŬŰȄȍŮǿŰŬȆ ȉŮȆȒȉǽȊȄ ůȏȂȇǽȊŰȍȒůȄ ůŰȌȏȎ 15, ůŰȌȏȎ 12 Ůȇ ŰȒȊ ȌɸȌǿȒȊ Ȅ ȉŮŰŬȁȌȈǾ 

ŮǿȊŬȆ ůŰŬŰȆůŰȆȇǼ ůȄȉŬȊŰȆȇǾ. ǥȏŰǾ Ȅ ɸŬȍŬŰǾȍȄůȄ ȏɸȌŭȄȈȗȊŮȆ ȇǼɸȌȆȌ ɸȍȕȁȈȄȉŬ ůŰȄȊ ŬȊǼɸŰȏȋȄ ŰȒȊ 

ȇȏŰŰǼȍȒȊ ůŰȌ ɸǽȍŬůȉŬ b, ŰȌ ȌɸȌǿȌ ŭŮȊ ŮǿȊŬȆ ȐŬȍŬȇŰȄȍȆůŰȆȇȕ ŰȄȎ ůȏȂȇŮȇȍȆȉǽȊȄȎ ůŮȆȍǼȎ, ŬȈȈǼ 

ɸȆȅŬȊȕŰŬŰŬ ȊŬ ůȏȊŭǽŮŰŬȆ ȉŮ ȇǼɸȌȆȌ ȈǼȅȌȎ ȐŮȆȍȆůȉȕ. 

¶ ǴŰȄȊ ŰȍȌɸȌɸȌȆȄȉǽȊȄ ůŮȆȍǼ PSEN1KO ȉȆȇȍȕȎ ŬȍȆȅȉȕȎ ȉŮŰŬȁȌȈȆŰȗȊ ɸŬȍȌȏůȆǼȃŮȆ ůŰŬŰȆůŰȆȇǼ 

ůȄȉŬȊŰȆȇǽȎ ȉŮŰŬȁȌȈǽȎ ȇŬȆ ŬűȌȍǼ ȇȏȍǿȒȎ ŬȉȆȊȌȋǽŬ. ǴȏȂȇŮȇȍȆȉǽȊŬ, ŰŬ ȁ ŭȆŬȇȈŬŭȆůȉǽȊŬ ŬȉȆȊȌȋǽŬ 

(ȈŮȏȇǿȊȄ, ȆůȌȈŮȏȇǿȊȄ ȇŬȆ ȁŬȈǿȊȄ), Ȅ ŬȈŬȊǿȊȄ ȇŬȆ Ȅ ȂȈȏȇǿȊȄ ɸŬȍȌȏůȆǼȃȌȏȊ ůŰŬŰȆůŰȆȇǼ ůȄȉŬȊŰȆȇǾ ȉŮǿȒůȄ 

ůŰȌ ɸǽȍŬůȉŬ b ȇŬȆ ůŰŬŰȆůŰȆȇǼ ůȄȉŬȊŰȆȇǾ ŬȖȋȄůȄ ůŰȌ ɸǽȍŬůȉŬ c ůŮ ůȐǽůȄ ȉŮ ŰȌ ɸǽȍŬůȉŬ a. 

¶ Ǫ ŰȍȌɸȌɸȌȆȄȉǽȊȄ ůŮȆȍǼ SNCAKO ɸŬȍȌȏůȆǼȃŮȆ ůȐŮŰȆȇǼ ŬůŰŬȅǽȎ ȉŮŰŬȁȌȈȆȇȕ ŬɸȌŰȖɸȒȉŬ ȉŮŰŬȋȖ ŰȒȊ 

ŭȆŬűȌȍŮŰȆȇȗȊ ɸŮȍŬůȉǼŰȒȊ. ǴŰŬŰȆůŰȆȇǼ ůȄȉŬȊŰȆȇǽȎ ȉŮŰŬȁȌȈǽȎ ɸŬȍŬŰȄȍȌȖȊŰŬȆ ȂȆŬ ŰȌȏȎ 

ɸŮȍȆůůȕŰŮȍȌȏȎ ȉŮŰŬȁȌȈǿŰŮȎ ȉŮ ŮȋŬǿȍŮůȄ ůŰȄ űȒůűȌȍȆȇǾ ȇȍŮŬŰǿȊȄ, ŰŬ ŭȆűȒůűȌȍȆȇǼ ɸŬȍǼȂȒȂŬ ŰȄȎ 

ȌȏȍȆŭǿȊȄȎ ȇŬȆ ŰȌ ɸȏȍȌůŰŬűȏȈȆȇȕ ȌȋȖ. 

2.2 ǲȌȈȏɸŬȍŬȉŮŰȍȆȇǾ ŬȊǼȈȏůȄ 
Ǫ ɸȌȈȏɸŬȍŬȉŮŰȍȆȇǾ ŬȊǼȈȏůȄ ŰȒȊ ŭŮŭȌȉǽȊȒȊ NMR ɸȍŬȂȉŬŰȌɸȌȆǾȅȄȇŮ ȉŮ ŰȌ ȈȌȂȆůȉȆȇȕ SIMCA - 

Multivariate Data Analysis Software. ǴŰȄȊ ɸȌȈȏɸŬȍŬȉŮŰȍȆȇǾ ŬȊǼȈȏůȄ, ȇǼȅŮ ŭŮǿȂȉŬ çɸŮȍȆȂȍǼűŮŰŬȆè 

Ŭɸȕ 8121 ȉŮŰŬȁȈȄŰǽȎ (8121 űŬůȉŬŰȆȇǽȎ ɸŮȍȆȌȐǽȎ ȌȈȌȇȈǾȍȒůȄȎ). 

ǵȌ ŭȆǼȂȍŬȉȉŬ ŬȊŰȆȇŮȆȉǽȊȒȊ ŰȌȏ ȉȌȊŰǽȈȌȏ ɸȌȏ ɸȍȌȇȖɸŰŮȆ Ŭɸȕ ŰȄȊ ȉȄ ŮɸȆȁȈŮɸȕȉŮȊȄ ŬȊǼȈȏůȄ PCA 

ŰȌȏ ůȏȊȕȈȌȏ ŰȒȊ ŭŮȆȂȉǼŰȒȊ ɸŬȍȌȏůȆǼȃŮŰŬȆ ůŰȄȊ ƂƤƥƵƧƜ Gſ. ǵŬ ŭŮǿȂȉŬŰŬ ŰȄȎ ůŮȆȍǼȎ SNCAKO 

ɸŬȍȌȏůȆǼȃȌȏȊ ŰȄȊ ȏȑȄȈȕŰŮȍȄ ȌȉŬŭȌɸȌǿȄůȄ, ůŮ ŬȊŰǿȅŮůȄ ȉŮ ŰŬ ŭŮǿȂȉŬŰŬ ŰȄȎ ůŮȆȍǼȎ ŮȈǽȂȐȌȏ 

ȐŬȍŬȇŰȄȍǿȃȌȊŰŬȆ Ŭɸȕ ȏȑȄȈǾ ŭȆŬůɸȌȍǼ. ǮŮȂŬȈȖŰŮȍȄ ŭȆŬűȌȍȌɸȌǿȄůȄ ŮȉűŬȊǿȃȌȏȊ ŰŬ ŭŮǿȂȉŬŰŬ 

APPKO, ŰŬ ȌɸȌǿŬ ŭȆŬȐȒȍǿȃȌȊŰŬȆ Ŭɸȕ ŰŬ ȏɸȕȈȌȆɸŬ ȒȎ ɸȍȌȎ ŰȄȊ ɸȍȗŰȄ ȇȖȍȆŬ ůȏȊȆůŰȗůŬ. ǵȌ ȉȌȊŰǽȈȌ 

ɸŬȍȌȏůȆǼȃŮȆ ůȐŮŰȆȇǼ ȇŬȈǾ ɸŮȍȆȂȍŬűȆȇǾ ŭȏȊŬŰȕŰȄŰŬ, ŬȈȈǼ ɸŮȍȆȌȍȆůȉǽȊȄ ɸȍȌȁȈŮɸŰȆȇǾ 

(R2Xcum=0.43, ≡2cum=0.12).  ǴŰȄȊ ƂƤƥƵƧƜ Gƀ ɸŬȍȌȏůȆǼȃŮŰŬȆ ŰȌ ŭȆǼȂȍŬȉȉŬ ŰȒȊ ŬȊŰȆȇŮȆȉǽȊȒȊ ŰȄȎ 

ŮɸȆȁȈŮɸȕȉŮȊȄȎ ŬȊǼȈȏůȄȎ PLS-DA ȇŬȆ ŰȒȊ ŰŮůůǼȍȒȊ ȌȉǼŭȒȊ ȇŬȆ ůŰȄȊ GƁ Ȍ ǽȈŮȂȐȌȎ ŬȋȆȌɸȆůŰǿŬȎ ŰȌȏ 

ȉȌȊŰǽȈȌȏ ȉǽůȒ 100 ŰȏȐŬǿȒȊ ȉŮŰŬȅǽůŮȒȊ. ǵȌ ȉȌȊŰǽȈȌ ɸȌȏ ɸȍȌȇȖɸŰŮȆ Ŭɸȕ ŰȄȊ ŮɸȆȁȈŮɸȕȉŮȊȄ 

ŬȊǼȈȏůȄ ɸŬȍȌȏůȆǼȃŮȆ ȏȑȄȈǾ ŭȆŬȐȒȍȆůŰȆȇǾ ȇŬȆ ɸȍȌȁȈŮɸŰȆȇǾ ȆȇŬȊȕŰȄŰŬ (R2Ycum=0.98 ȇŬȆ 

≡2cum=0.73,  ŬȊŰǿůŰȌȆȐŬ). ǴȖȉűȒȊŬ ȉŮ ŰŬ ŬɸȌŰŮȈǽůȉŬŰŬ ŰȌȏ ŮȈǽȂȐȌȏ 100 ŰȏȐŬǿȒȊ ȉŮŰŬȅǽůŮȒȊ, ŰȌ 

ȉȌȊŰǽȈȌ ŮȉűŬȊǿȃŮȆ ȐŬȍŬȇŰȄȍȆůŰȆȇǼ ȏɸŮȍɸȍȌůŬȍȉȌȂǾȎ. ǵȌ ɸȍȕȁȈȄȉŬ ŰȄȎ ȏɸŮȍɸȍȌůŬȍȉȌȂǾȎ ŮǿȊŬȆ 

ŬȊŬȉŮȊȕȉŮȊȌ ůŰȆȎ ɸŮȍȆɸŰȗůŮȆȎ ȉŮȂǼȈȌȏ ŬȍȆȅȉȌȖ ŭŮŭȌȉǽȊȒȊ (űŬůȉŬŰȆȇǼ ŭŮŭȌȉǽȊŬ ȏȑȄȈǾȎ 

ŬȊǼȈȏůȄȎ) ȇŬȆ ȉȆȇȍȌȖ ŬȍȆȅȉȌȖ ŭŮȆȂȉǼŰȒȊ, ȕɸȒȎ ŮǿȊŬȆ ȇŬȆ ůŰȄȊ ɸŬȍȌȖůŬ ɸŮȍǿɸŰȒůȄ. ǴȖȉűȒȊŬ ȉŮ ŰȌ 

ŭȆǼȂȍŬȉȉŬ ŬȊŰȆȇŮȆȉǽȊȒȊ ŰȄ ůȄȉŬȊŰȆȇȕŰŮȍȄ ŭȆŬűȌȍǼ ůŰȌ ȉŮŰŬȁȌȈȆȇȕ ɸȍȌűǿȈ ɸŬȍȌȏůȆǼȃȌȏȊ ŰŬ 

ŭŮǿȂȉŬŰŬ ŰȒȊ ȌȉǼŭȒȊ APPKO ȇŬȆ SNCAKO, ŰŬ ȌɸȌǿŬ ŭȆŬŰǼůůȌȊŰŬȆ ŬȊŰȆŭȆŬȉȉŮŰȍȆȇǼ ůŰȌ ŭȆǼȂȍŬȉȉŬ 

ŬȊŰȆȇŮȆȉǽȊȒȊ, ȉŮ ŰŬ ŭŮǿȂȉŬŰŬ ŰȄȎ ůŮȆȍǼȎ ŮȈǽȂȐȌȏ ȊŬ ŰȌɸȌȅŮŰȌȖȊŰŬȆ ȉŮŰŬȋȖ ŰȌȏȎ. ǵŬ ŭŮǿȂȉŬŰŬ 

PSEN1KO ɸŬȍȌȏůȆǼȃȌȏȊ ŭȆŬűȌȍȌɸȌǿȄůȄ ȇŬȆ ȒȎ ɸȍȌȎ ŰȆȎ ŰȍŮȆȎ ǼȈȈŮȎ ȌȉǼŭŮȎ, ȕɸȒȎ űŬǿȊŮŰŬȆ ȉŮ ŰȄȊ 

ůȐŮŰȆȇǾ ŰȌȏȎ ȅǽůȄ ȒȎ ɸȍȌȎ ŰȌȊ ȇǼȅŮŰȌ ǼȋȌȊŬ ůŰȌ ŭȆǼȂȍŬȉȉŬ ŬȊŰȆȇŮȆȉǽȊȒȊ (ƂƤƥ. Gƀ). ǥȏŰǾ Ȅ ůȐǽůȄ 

ŮɸȆȁŮȁŬȆȗȊŮŰŬȆ ȇŬȆ Ŭɸȕ ŰȄȊ ŮɸȆȁȈŮɸȕȉŮȊȄ ŬȊǼȈȏůȄ ŰȒȊ ŰȍȆȗȊ ŰȍȌɸȌɸȌȆȄȉǽȊȒȊ ȌȉǼŭȒȊ (ƂƤƥ. G^). 



           

         

 
ƂƤƥƵƧƜ G: (ǥ) ǧȆǼȂȍŬȉȉŬ ŬȊŰȆȇŮȆȉǽȊȒȊ ŰȌȏ ȉȌȊŰǽȈȌȏ ŰȄȎ PCA ȂȆŬ ŰȆȎ 4 ȌȉǼŭŮȎ ŭŮȆȂȉǼŰȒȊ ǬǱ-, APPKO, 

PSEN1KO, SNCAKO. (B) ǧȆǼȂȍŬȉȉŬ ŬȊŰȆȇŮȆȉǽȊȒȊ ȇŬȆ (ũ) ǽȈŮȂȐȌȎ ŰȏȐŬǿȒȊ ȉŮŰŬȅǽůŮȒȊ ŰȌȏ ȉȌȊŰǽȈȌȏ 

ŰȄȎ ŮɸȆȁȈŮɸȕȉŮȊȄȎ ŬȊǼȈȏůȄȎ PLS-DA ȂȆŬ ŰȆȎ 4 ȌȉǼŭŮȎ ŭŮȆȂȉǼŰȒȊ ǬǱ-, APPKO, PSEN1KO, SNCAKO. 

(ǧ) ǧȆǼȂȍŬȉȉŬ ŬȊŰȆȇŮȆȉǽȊȒȊ ȇŬȆ (Ǩ) ǽȈŮȂȐȌȎ ŰȏȐŬǿȒȊ ȉŮŰŬȅǽůŮȒȊ ŰȌȏ ȉȌȊŰǽȈȌȏ ŰȄȎ ŮɸȆȁȈŮɸȕȉŮȊȄȎ 

ŬȊǼȈȏůȄȎ PLS-DA ȂȆŬ ŰȆȎ 3 ȌȉǼŭŮȎ APPKO, PSEN1KO, SNCAKO. 

 
ǴŰȄ ůȏȊǽȐŮȆŬ, ȌȆ ȌȉǼŭŮȎ ŭŮȆȂȉǼŰȒȊ ȉŮȈŮŰǾȅȄȇŬȊ ŬȊǼ ȃŮȖȂȄ ȉŮ ŰȄȊ ȁȌǾȅŮȆŬ ŰȄȎ ȉŮȅȕŭȌȏ OPLS-DA, 

ɸȍȌȇŮȆȉǽȊȌȏ ȊŬ ɸȍȌůŭȆȌȍȆůŰȌȖȊ ȌȆ ȉŮŰŬȁȌȈǿŰŮȎ ɸȌȏ ŰȆȎ ŭȆŬűȌȍȌɸȌȆȌȖȊ. ǴŰȄȊ ƂƤƥƵƧƜ 10 

ɸŬȍȌȏůȆǼȃȌȊŰŬȆ ŰŬ ŭȆŬȂȍǼȉȉŬŰŬ ŬȊŰȆȇŮȆȉǽȊȒȊ ȇŬȆ ȌȆ ŬȊŰǿůŰȌȆȐȌȆ ǽȈŮȂȐȌȆ ŰȏȐŬǿȒȊ ȉŮŰŬȅǽůŮȒȊ ȂȆŬ 

ȕȈŬ ŰŬ ȃŮȖȂȄ ůȏȂȇȍǿůŮȒȊ. ǡɸȒȎ ŬȊŬűǽȍȅȄȇŮ ȇŬȆ ůŰȄȊ ŬȊǼȈȏůȄ PLS-DA ȕȈŬ ŰŬ ȉȌȊŰǽȈŬ ɸȌȏ 

ŭȄȉȆȌȏȍȂǾȅȄȇŬȊ ȐŬȍŬȇŰȄȍǿȃȌȊŰŬȆ Ŭɸȕ ȏɸŮȍɸȍȌůŬȍȉȌȂǾ, ȈȕȂȒ ŰȒȊ ȐŬȍŬȇŰȄȍȆůŰȆȇȗȊ ŰȌȏ ɸǿȊŬȇŬ 

ŰȒȊ ŭŮŭȌȉǽȊȒȊ. ǵȌ ȉȌȊŰǽȈȌ ȉŮ ŰȄȊ ȏȑȄȈȕŰŮȍȄ ŬȋȆȌɸȆůŰǿŬ ȁǼůŮȆ ŰȒȊ ŬɸȌŰŮȈŮůȉǼŰȒȊ ŰȌȏ ŮȈǽȂȐȌȏ 

ŰȏȐŬǿȒȊ ȉŮŰŬȅǽůŮȒȊ, ŬűȌȍǼ ŰȄȊ ůȖȂȇȍȆůȄ ŰȒȊ ŭŮȆȂȉǼŰȒȊ APPKO ȉŮ ŰŬ ŭŮǿȂȉŬŰŬ SNCAKO (ǨȆȇ. 10 

ǫ ȇŬȆ Ǭ). ǴŰŬ ȏɸȕȈȌȆɸŬ ȃŮȖȂȄ, ȌȆ ȈǼȅȌȎ ȉŮŰŬȅǽůŮȆȎ ȌŭȄȂȌȖȊ ůŮ ȉȌȊŰǽȈŬ ȉŮ ȏȑȄȈȕŰŮȍȄ ɸȍȌȁȈŮɸŰȆȇǾ 

ȆȇŬȊȕŰȄŰŬ, ůŮ ǼȈȈŬ ɸŮȍȆůůȕŰŮȍȌ (ȃŮȖȂȌȎ ǬǱ- ȇŬȆ PSEN1KO, ƂƤƥ. 10^) ȇŬȆ ůŮ ǼȈȈŬ ȈȆȂȕŰŮȍȌ (ɸ.Ȑ. 

ȃŮȖȂȌȎ APPKO ȇŬȆ PSEN1KO ůŰȄȊ ƂƤƥ. 10ƅ, ȃŮȖȂȌȎ PSEN1KO ï SNCAKO ůŰȄȊ ƂƤƥ. 10Ɖ). 



           

         

 

ƂƤƥƵƧƜ 10: ǧȆŬȂȍǼȉȉŬŰŬ ŬȊŰȆȇŮȆȉǽȊȒȊ ȇŬȆ ǽȈŮȂȐȌȎ 100 ŰȏȐŬǿȒȊ ȉŮŰŬȅǽůŮȒȊ ŰȒȊ ȉȌȊŰǽȈȒȊ OPLS- 

DA ȂȆŬ ŰŬ ȃŮȖȂȄ ǬǱ- ȇŬȆ APPKO (ǥ, Ǧ), ǬǱ- ȇŬȆ PSEN1KO (ũ, ǧ), ǬǱ- ȇŬȆ SNCAKO (Ǩ, ǩ), APPKO ȇŬȆ 

PSEN1KO (Ǫ, Ū), APPKO ȇŬȆ SNCAKO (ǫ, Ǭ) ȇŬȆ ŰǽȈȌȎ PSEN1KO ȇŬȆ SNCAKO (ǭ, Ǯ). 


