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Sorumluluk Reddi: Bu ­alēĸma kitabē ñKaynaklarò bºl¿m¿nde belirtilen kitaplar, 
makaleler ve eĵitim videolarēndan elde edilen bilgilerle hazērlanmēĸtēr. Dok¿mandaki 
bilgilerde yer alan olasē hata ve eksikliklerden sorumluluk kabul edilmemektedir.  
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Molek¿ler Biyoloji ve Genetik 
 
7ŚƖШťċƖĤŸŰШċƣŸůƨШыὅь1ЯШƚŸŰШǃƁƖƬŰŊĲƚŚŰĬĲШΠШĲũĲťƣƖŸŰШŸũĬƨŌƨŰĬċŰ2ЯШĤƨШ
ǃƁƖƬŰŊĲǃŚШůċťƚŚůƨůШĬĲŌĲƖŚШŸũċŰШΥќĲШƣċůċůũċǃŕƓШťċƖċƖũŕШőċũĲШŊĲũůĲťШŚĩŚŰШ
ĬƁƖƣШĤċŌ3ШǃċƓċĤŚũŚƖЮШ7ƨШĤċŌũċƖШťŸƻċũĲŰƣШĤċŌќĬŕƖ4ЮШ7ŚƖШĲũĲůĲŰƣŚŰШťŸƻċũĲŰƣШĤċŌШ
ĲũĲťƣƖŸŰũċƖŕŰċШťċƖƝŕШŊƁƚƣĲƖĬŚŌŚШŚũŊŚǃĲШĲũĲťƣƖŸŰĲŊċƣŚƻŚƣĲ5ШĬĲŰŚƖЮШ 
uċƖĤŸŰШĲŰШǃċǃŊŕŰШŸũċƖċťШőŚĬƖŸŢĲŰШыὌьЯШŸťƚŚŢĲŰШыὕьШƻĲШċǍŸƣШыὔьШŚũĲШĤċŌũċƖШ
ǃċƓċƖċťШĤŚǃŸũŸŢŚťШůċťƖŸШůŸũĲťƬũũĲƖŚШŸũƨƝƣƨƖƨƖЮ 
 
EŰШĤċƚŚƣШťċƖĤŸŰШůŸũĲťƬũƬШы9cΠЯШůĲƣċŰьШŊƁƚƣĲƖŚůŚШċƝċŌŕĬċťŚШŊŚĤŚĬŚƖЮШ<ŚǍŊŚŰŚŰШ
ťċƖƝŕƚŕŰĬċШőŚĩĤŚƖШƝĲǃШǃċǍůŕǃŸƖƚċЯШcШыőŚĬƖŸŢĲŰьШŸũĬƨŌƨШƻċƖƚċǃŕũŕƖЮШcŚĬƖŸŢĲŰШĤŚƖШ

 
1Ш7ŚƖШċƣŸůƨŰШƚċőŚƓШŸũĬƨŌƨШĲũĲťƣƖŸŰШƚċǃŕƚŕШыƓƖŸƣŸŰШƚċǃŕƚŕьЯШƓĲƖŚǃŸĬŚťШƣċĤũŸĬċťŚШŊƁƚƣĲƖŚůŚŰĬĲШ
ƚŸũШ ƬƚƣШ ƣċƖċŉŕŰĬċШљċƣŸůШ ŰƨůċƖċƚŕњШ ŸũċƖċťШŊƁƚƣĲƖŚũŚƖШы ƣŸůШ ŰƨůċƖċƚŕШ ċǃƖŕĦċШ ċƣŸůƨŰШ
ƓĲƖŚǃŸĬŚťШƣċĤũŸĬċШťċĩŕŰĦŕШƚŕƖċĬċШŸũĬƨŌƨŰƨШŊƁƚƣĲƖŚƖьЮШÉŸũШċũƣċШǃċǍŕũċŰШŚƚĲШċƣŸůƨŰШťƬƣũĲƚŚĬŚƖШ
ыĤŚƖŚůŚаШƨШӀШĬċШӀШĬċũƣŸŰШӀШƚĲƖĤĲƚƣШťċƖĤŸŰрΝΞШċƣŸůƨŰƨŰШťƬƣũĲƚŚŰŚŰШΝоΝΞќƚŚШӀШΝЮΣΣШǂШΝΜрΞΤЯШ7ŚƖШ
őŚĬƖŸŢĲŰШċƣŸůƨŰƨŰШťƬƣũĲƚŚШǃċťũċƝŕťШŸũċƖċťШΝЮΜΜΤШĬċũƣŸŰѣĬƨƖЮьШuƬƣũĲШŰƨůċƖċƚŕЯШƓƖŸƣŸŰШƻĲШ
ŰƁƣƖŸŰШƚċǃŕũċƖŕŰŕŰШƣŸƓũċůŕĬŕƖЮШlǍŸƣŸƓЯШƓƖŸƣŸŰШƚċǃŕũċƖŕШċǃŰŕШċŰĦċťШŰƁƣƖŸŰШƚċǃŕũċƖŕШŉċƖťũŕШŸũċŰШ
ĲũĲůĲŰƣũĲƖĬŚƖШǃċŰŚШĤŚƖШċƣŸůƨŰШŉċƖťũŕШċƣŸůŚťШŉŸƖůũċƖŕĬŕƖЮШ°ƖŰĲŌŚŰШťċƖĤŸŰрΝΟќĬĲШΣШƓƖŸƣŸŰШƻĲШΤШ
ŰƁƣƖŸŰШĤƨũƨŰƨƖЮШlǍŸƣŸƓũċƖШƖċĬǃŸċťƣŚŉШůċĬĬĲĬŚƖЮ 
2Ш7ŚƖШċƣŸůƨŰШŰќŚŰĦŚШĲũĲťƣƖŸŰШǃƁƖƬŰŊĲƚŚШыťċĤƨŌƨьШΞŰΞШťċĬċƖШĲũĲťƣƖŸŰШǃĲƖũĲƝƣŚƖĲĤŚũŚƖЮШ°ƖŰĲŌŚŰШŚũťШ
ťċĤƨŌċШΞШĲũĲťƣƖŸŰЯШŚťŚŰĦŚШťċĤƨŌċШΥШĲũĲťƣƖŸŰШƻĲШƬĩƬŰĦƬШťċĤƨŌċШΝΥШĲũĲťƣƖŸŰШǃĲƖũĲƝƣŚƖĲĤŚũŚƖЮШ
ыőƣƣƓƚаооĲŰЮƽŚťŚƓĲĬŚċЮŸƖŊоƽŚťŚоEũĲĦƣƖŸŰхƚőĲũũШь 
3Ш7ŚƖШĤċƝťċШċƣŸůШŚũĲШĲũĲťƣƖŸŰШƓċǃũċƝůċƚŕ 
4ШuŸƻċũĲŰƣШ 7ċŌаШ 7ŚƖШ ĩŚŉƣШ ƻċũċŰƚШыĲŰШ ĬŕƝШ ťċĤƨťƣċťŚьШĲũĲťƣƖŸŰƨŰШ ŚťŚШ ċƣŸůШ ƣċƖċŉŕŰĬċŰШ
ƓċǃũċƝŕũůċƚŕĬŕƖЮШuŸƻċũĲŰƣШĤċŌШŚũĲШĤŚƖШċƖċĬċШƣƨƣƨũċŰШŚťŚШƻĲǃċШĬċőċШŉċǍũċШċǃŰŕШĦŚŰƚШċƣŸůƨŰШ
ŸũƨƝƣƨƖĬƨŌƨШǃċƓŕǃċШůŸũĲťƬũШĬĲŰŚƖШы°ƖŰĲťаШcΞЯШ§ΞьЮШ7ƨШǃċƓŕШŉċƖťũŕШĦŚŰƚШċƣŸůũċƖũċШǃċƓŕũůŕƝШŚƚĲШ
ĤŚũĲƝŚťШĬĲŰŚƖШы°ƖŰĲťаШcΞ§ЯШ9cΠь 
5Ш ƓŸũċƖШƻĲШÂŸũċƖШ7ċŌũċƖШŚũĲШEũĲťƣƖŸŰĲŊċƣŚƻŚƣĲаШǃŰŕШĲũĲůĲŰƣŚŰШŚťŚШċƣŸůƨШĲũĲťƣƖŸŰũċƖŕШ
ŸƖƣċťũċƝċШĲƝŚƣШĩĲťĲĦĲŌŚŰĬĲŰШĤƨŰũċƖŕŰШŸũƨƝƣƨƖĬƨŌƨШĤċŌШƓŸũċƖШĬĲŌŚũĬŚƖЮШы°ƖŰĲťаШcΞШƻĲШ9cΠьШ
ŰĦċťШŉċƖťũŕШċƣŸůũċƖШťŸƻċũĲŰƣШĤċŌĬċШĲũĲťƣƖŸŰũċƖŕЯШťĲŰĬŚШƓƖŸƣŸŰШƚċǃŕũċƖŕŰċШŊƁƖĲШŉċƖťũŕШťƨƻƻĲƣƣĲШ

ĩĲťĲƖũĲƖШы°ƖŰĲťаШcΞ§ьЮШ7ƨШƣƬƖШĤċŌũċƖШƓŸũċƖќĬŕƖЮШcΞ§ШĤċŌŕŰĬċЯШыőŚĬƖŸŢĲŰŚŰťŚŰĲШŊƁƖĲШĬċőċШŉċǍũċШ
ƓƖŸƣŸŰƨШŸũĬƨŌƨŰĬċŰьШĩĲťŚůŚŰШĬċőċШŉċǍũċШŸũĬƨŌƨШŸťƚŚŢĲŰĬĲШťŕƚůŚШĤŚƖШŰĲŊċƣŚŉШǃƬťЯШőŚĬƖŸŢĲŰŚŰШ
ŸũĬƨŌƨШťŕƚŕůĬċШŚƚĲШťŕƚůŚШĤŚƖШƓŸǍŚƣŚŉШǃƬťШŸũƨƝƨƖЮШEũĲťƣƖŸŰĲŊċƣŚƻŚƣĲЯШĤŚƖШċƣŸůƨŰЯШťŚůǃċƚċũШĤċŌШ
ƚŕƖċƚŕŰĬċШĤċŌШĲũĲťƣƖŸŰũċƖŕŰŕШťĲŰĬŚŰĲШĬŸŌƖƨШĩĲťůĲШĲŌŚũŚůŚŰŚШŚŉċĬĲШĲĬĲŰШĤŚƖШƁũĩƬƣƣƬƖЮ 

https://en.wikipedia.org/wiki/Electron_shell
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ĲũĲťƣƖŸŰЯШťċƖĤŸŰШŚƚĲШĬƁƖƣШĲũĲťƣƖŸŰШƓċǃũċƝċĤŚũŚƖЮШÉċĬĲĦĲШťċƖĤŸŰШƻĲШőŚĬƖŸŢĲŰШ
ċƣŸůũċƖŕŰŕШ ŚĩĲƖĲŰШ ыŸƖŊċŰŚťьШ ůŸũĲťƬũũĲƖĲШőŚĬƖŸťċƖĤŸŰ6ШċĬŕШ ƻĲƖŚũŚƖЮШ
cƬĦƖĲũĲƖĬĲťŚШŸƖŊċŰŚťШůŸũĲťƬũũĲƖŚŰШĩŸŌƨШƨǍƨŰШőŚĬƖŸťċƖĤŸŰШǍŚŰĦŚƖũĲƖШŚĩĲƖŚƖШ
ыƁƖŰĲťаШǃċŌũċƖЯШőƬĦƖĲШǍċƖŕŰĬċťŚШǃċŌШċƚŚƣũĲƖŚШрШŉŸƚŉŸũŚƓŚĬũĲƖьШÖǍƨŰШőŚĬƖŸťċƖĤŸŰШ
ǍŚŰĦŚƖũĲƖШőŚĬƖŸŉŸĤŚťШыƚƨĬċШĩƁǍƬŰůĲǃĲŰьШǃċƓŕĬċĬŕƖШĩƬŰťƬШĤƬƣƬŰШťċƖĤŸŰũċƖШ
őŚĬƖŸŢĲŰũĲƖũĲШŚƚƣŚƚŰċƚŕǍШĤċŌШǃċƓƣŕťũċƖŕШŚĩŚŰШċĩŕťƣċШĤċŌШǃċƓůċůŕƝШĤŚƖШċƣŸůШ
ťċũůċǍЯШĤƨШƚĲĤĲƓũĲШŰƁƣƖĬƬƖЮ 

= =

 
]ƁƚƣĲƖŚůĬĲШ ťŸũċǃũŕťШ ŸũůċƚŕШċĩŕƚŕŰĬċŰШ ťċƖĤŸŰШ ŰŸƖůċũĬĲШ ĩŚǍŚůũĲƖĬĲШ
ŊƁƚƣĲƖŚũůĲǍЯШĩŚǍŚůŚŰШőĲƖШĬƬŌƬůШŰŸťƣċƚŕŰĬċШыĲŌĲƖШĤŚƖШċƣŸůШǃċǍŕũůċůŕƝƚċьШ
ťċƖĤŸŰШŸũĬƨŌƨШƻċƖƚċǃŕũŕƖЮ 

= =

 
uċƖĤŸŰШ ΠШ ĤċŌШ ǃċƓċĤŚũĬŚŌŚŰĬĲŰЯШ ťċũċŰШ ĤċŌũċƖĬċШőŚĩĤŚƖШ ƝĲǃШ ǃċǍůŕǃŸƖƚċШ
ĤƨƖċũċƖĬċШőŚĬƖŸŢĲŰШĤƨũƨŰĬƨŌƨШƻċƖƚċǃŕũŕƖа 

=

 
<ŚǍŚůũĲƖĬĲШŉċƖťũŕШŊƁƚƣĲƖŚůШƝĲťŚũũĲƖŚШĬĲШůĲƻĦƨƣƣƨƖа 

 
6ШcŚĬƖŸťċƖĤŸŰũċƖШƓĲƣƖŸũƬŰШċŰċШĤŚũĲƝĲŰŚĬŚƖЮШòċťŕũĬŕťũċƖŕŰĬċШǃƬťƚĲťШůŚťƣċƖĬċШĲŰĲƖŢŚШċĩŕŌċШ
ĩŕťċƖŕƖũċƖЮ 
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ΝΟ 

zincir gösterim

dallĨ gösterim

halka gösterim

 
lťŚШċƣŸůШċƖċƚŕŰĬċШĩŚŉƣШĤċŌШƓċǃũċƝŕůŕШĬċШůƬůťƬŰĬƬƖЮШ 

 
 

7ƨШ ĬƨƖƨůĬċЯШĲŰШ ƨĩƣċťŚШ ťċƖĤŸŰũċƖШ ťĲŰĬŚШ ĲťƚĲŰũĲƖŚŰĬĲШ ĬƁŰĲůĲǍЯШ
ůŸũĲťƬũĬĲťŚШ ƣƬůШ ĤŚũĲƝĲŰũĲƖШ ĤŚƖШĬƬǍũĲůĬĲШťċũŕƖШ ыƣĲťШ ĤċŌĬċШ ťċƖĤŸŰũċƖШ
ĲťƚĲŰũĲƖŚШ ĲƣƖċŉŕŰĬċШ ĬƁŰĲĤŚũŚƖьЮШ 7ƨШ ĬƨƖƨůШ ŉċƖťũŕШ ŊƖƨƓũċƖċШ ĤċŌũċŰůŕƝШ
ůŸũĲťƬũũĲƖĬĲШƁŰĲůШťċǍċŰŕƖЮШ°ƖŰĲŌŚŰШĤƁǃũĲШĤŚƖШĤċŌũċШĤċŌũċŰůŕƝШůŸũĲťƬũƬŰШ
ĤŚƖШƨĦƨŰĬċШŸťƚŚŢĲŰШǃƨťċƖŕǃċЯШĬŚŌĲƖШƨĩƣċШċƝċŌŕǃċШĤċťŕǃŸƖƚċШĤƨŰċШљƣƖċŰƚњШ
ĬƨƖƨůШ ĬĲŰŚƖЯШ ċǃŰŕШ ǃƁŰĲШ ĤċťŕǃŸƖƚċШ ĤƨŰċШљĦŚƚњШĬƨƖƨůШĬĲŰŚƖЮШ7ƨŰũċƖШ ŸШ
ůŸũĲťƬũƬŰШŰċƚŕũШĬċƻƖċŰċĦċŌŕŰŕШƣċůċůĲŰШĬĲŌŚƝƣŚƖŚƖЮ 

 
¶ uċƖĤŸŰШůŸũĲťƬũũĲƖŚШŚƚŚůũĲŰĬŚƖŚũŚƖťĲŰШťċĩШƣċŰĲШťċƖĤŸŰШĤƨũƨŰĬƨŌƨШĬŚťťċƣĲШ
ċũŕŰŕƖЮШ 

¶ uċƖĤŸŰШ ŚƚťĲũĲƣŚŰĬĲШ ƚċĬĲĦĲШ őŚĬƖŸŢĲŰũĲƖШ ƻċƖƚċЯШ ĤƨŰċШőŚĬƖŸťċƖĤŸŰШ
яőǃĬƖŸĦċƖĤŸŰѐШĬĲŰŚƖШы°ƖŰĲťШ9cΠШаШůĲƣċŰШяůĲƣőċŰĲѐь 

¶ ~ĲƣċŰĬċťŚШĤŚƖШőŚĬƖŸŢĲŰШťŸƓċƖƣŕũŕƖƚċЯШĤƨŰċШůĲƣŚũШŊƖƨƓШяůĲƣőǃũШŊƖŸƨƓѐШ
ĬĲŰŚƖЮШuŸƓċƖŕũċŰШǃĲƖĬĲШĤŚƖШĲũĲťƣƖŸŰШĤŸƝƣċШťċũĬŕŌŕШŚĩŚŰШůĲƣŚũШŊƖƨƓШĤċƝťċШ
ŊƖƨƓũċƖċШыƁƖŰĲŌŚŰШ?  ќǃċьШĤċŌũċŰċĤŚũŚƖа 

methyl  
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ΝΠ 

 
¶ §ťƚŚŢĲŰШ ťċƖĤŸŰũċШ ŊĲŰĲũũŚťũĲШ ĩŚŉƣШ ĤċŌШ ťƨƖċƖċťШťċƖĤŸŰŚũШяĦċƖĤŸŰǃũѐШ
ŸũƨƝƣƨƖƨƖШƻĲǃċШőŚĬƖŸťƚŚũШŊƖƨƓũċШы§cьШяőǃĬƖŸǂǃũШŊƖŸƨƓѐШĤċŌũċŰŕƖШы9р§cьЮШ
<ŚŉƣШ ĤċŌШ ťƨƖċƖťĲŰШ ťċƖĤŸŰċШ ċǃƖŕĦċШ őŚĬƖŸŢĲŰШ ĤċŌũŕǃƚċШ ĤƨŰċШċũĬĲőŚƣШ
яċũĬĲőǃĬĲѐШĬĲŰŚƖЮШEŌĲƖШťċƖĤŸŰШŸťƚŚŢĲŰШĩŚŉƣШĤċŌŕǃũċШĤŚƖũŚťƣĲШΞШƣċŰĲШĬċőċШ
ťċƖĤŸŰċШĤċŌũŕǃƚċШĤƨŰċШťĲƣŸŰШяťĲƣŸŰĲѐШĬĲŰŚƖ 

formaldehyde

ketone

carbonyl

 
lǍŸůĲƖũĲƖ 

ǃŰŕШůŸũĲťƬũШŉŸƖůƬũƬŰĲШƚċőŚƓШŸũĬƨťũċƖŕШőċũĬĲШŉċƖťũŕШǃċƓŕШƻĲШƁǍĲũũŚťũĲƖĲШƚċőŚƓШ
ĤŚũĲƝŚťũĲƖĲШŚǍŸůĲƖШĬĲŰŚƖЮ 

 òċƓŕƚċũШŚǍŸůĲƖũĲƖаШ ƣŸůũċƖŕŰШťŸƻċũĲŰƣШĬƬǍĲŰũĲŰŚƝũĲƖŚШƻĲǃċШĩŚŉƣШĤċŌũċƖŕŰШ
ǃĲƖũĲƝŚůũĲƖŚШ ċĩŕƚŕŰĬċŰШ ŉċƖťũŕũŕťШ ŊƁƚƣĲƖŚƖũĲƖЮШüŚŰĦŚƖŚŰШ ĤŸǃƨШ ƨǍċĬŕťĩċШ
ŚǍŸůĲƖũĲƖŚŰШŸũċƚŕШƚċǃŕƚŕШĬċШċƖƣċƖЮ 

 
 

 ]ĲŸůĲƣƖŚťШ ŚǍŸůĲƖũĲƖаШÖǍċǃĬċťŚШ ĬƬǍĲŰũĲŰŚƝũĲƖŚШ ċĩŕƚŕŰĬċŰШ ŉċƖťũŕũŕťШ
ŊƁƚƣĲƖĲŰШĤŚũĲƝŚťũĲƖĬŚƖЮШ7ƨШƣŚƓШŚǍŸůĲƖŚǍůШůŸũĲťƬũШŚĩŚŰĬĲťŚШĩŚŉƣШĤċŌŕŰШ
ƻċƖũŕŌŕŰĬċŰШťċǃŰċťũċŰŕƖЮ 
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ΝΡ 

 
 

 EŰċŰƣŚŸůĲƖũĲƖаШ7ŚƖĤŚƖŚŰŚŰШ ċǃŰċШ ŊƁƖƬŰƣƬƚƬШ ŸũċŰШ ůŸũĲťƬũũĲƖĬŚƖЮШ
~ĲƖťĲǍĬĲťŚШťċƖĤŸŰШċƣŸůƨШőĲƖШĤŚƖШĤċŌŕŰŕШĤŚƖĤŚƖũĲƖŚŰĬĲŰШŉċƖťũŕШċƣŸůШǃċĬċШ
ůŸũĲťƬũũĲƖũĲШ ĤċŌШ ǃċƓůċťШ ŚĩŚŰШ ťƨũũċŰůŕƝƚċШ ĤƨШ ťċƖĤŸŰШ ċƣŸůƨŰċШ
ċƚŚůĲƣƖŚťШťċƖĤŸŰШċƣŸůƨШĬĲŰŚƖЮ 
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ΝΣ 

 
7ƨШŚǍŸůĲƖũĲƖĬĲŰШĤŚƖŚƚŚШŊĲŰĲũũŚťũĲШċťƣŚŉШŚťĲŰШĬŚŌĲƖŚШŚŰċťƣŚŉƣŚƖЮ 
o EŰċŰƣŚǃŸůĲƖũĲƖЯШŚũċĩШĲŰĬƬƚƣƖŚƚŚŰĬĲШƁŰĲůũŚĬŚƖЮШ 
o 7ŚƖШŚũċĦŕŰШŚťŚШĲŰċŰƣŚǃŸůĲƖŚШċǃŰŕШĲƣťŚǃĲШƚċőŚƓШĬĲŌŚũĬŚƖЮ 

 
 

ÅĲċťƚŚǃŸŰũċƖШ 

ÑƬůШ ĲũĲůĲŰƣũĲƖЯШ ĲŰШ ĬŕƝШ ťċĤƨťũċƖŕШ ŸťƣĲƣШ ťƨƖċũŕŰċШ ŊƁƖĲШ ĲũĲťƣƖŸŰũċƖũċШ
ĬŸũĬƨƖƨũĬƨŌƨŰĬċШĲŰШťċƖċƖũŕШĬƨƖƨůĬċĬŕƖЮШ7ƨŰƨШƚċŌũċůċťШŚĩŚŰШċƣŸůũċƖШĬŚŌĲƖШ
ċƣŸůũċƖũċШťŚůǃċƚċũШ ĤċŌũċƖШ ŸũƨƝƣƨƖċƖċťШ ťċƖċƖũŕШ ĤŚƖШ ĲũĲťƣƖŸŰШ
ťŸŰŉŚŊƬƖċƚǃŸŰƨŰċШƨũċƝůċťШŚĩŚŰШŚőƣŚǃċĩШĬƨǃĬƨťũċƖŕШĲũĲťƣƖŸŰũċƖŕШĲũĬĲШĲĬĲƖũĲƖЮШ
lťŚШ ƻĲǃċШ ĬċőċШ ŉċǍũċШ ċƣŸůШ ĤŚƖĤŚƖŚŰĲШ ťŚůǃċƚċũШ ŸũċƖċťШ ĤċŌũċŰĬŕŌŕŰĬċШ
ыƖĲċťƚŚǃŸŰċШŊŚƖĬŚŌŚŰĬĲьШŸƖƣċǃċШĩŕťċŰШťŚůǃċƚċũШǃċƓŕШĤŚƖШůŸũĲťƬũĬƬƖЮШ 
 
°ƖŰĲťШÅĲċťƚŚǃŸŰа 
cΞ§ШůŸũĲťƬũƬаШΞcШҼШ§ШӛШcΞ§ 
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ΝΤ 

 
°ƖŰĲťШÅĲċťƚŚǃŸŰа 
§ΞШůŸũĲťƬũƬа 

 
 
°ƖŰĲťШÅĲċťƚŚǃŸŰа 

H2O

carbonyl
acid

alcohol ester water
 

 
ƚŚƣũĲƖШƓƖŸƣŸŰШƻĲƖůĲШĲŌŚũŚůŚŰĬĲШŸũċŰШůŸũĲťƬũũĲƖĬŚƖЮШ7ƨƖċĬċťŚШċƚŚƣШcШћǃŚШ

ƻĲƖĲĤŚũŚƖЮШ ũťŸũШ ŚƚĲШ ĤŚƖШ őŚĬƖŸťƚŚũШ ŊƖƨĤƨĬƨƖШ ƻĲШ őŚĬƖŸťƚŚũШ ŊƖƨĤƨŰƨШ ы§cьШ
ťċǃĤĲĬĲĤŚũŚƖЮШ7ƨШƚċǃĲĬĲШċĩŕťƣċШťċũċŰШƨĩũċƖĬċťŚШĲũĲťƣƖŸŰũċƖШƓċǃũċƝŕũċƖċťШ
ƖĲċťƚŚǃŸŰċШŊŚƖĲƖШƻĲШĲƚƣĲƖШŸũƨƝƨƖЮШuċǃĤĲĬŚũĲŰШĲũĲůĲŰƣũĲƖĬĲŰШыcШƻĲШ§cьШƚƨШ
ыcΞ§ьШŸƖƣċǃċШĩŕťċƖЮШ 
 

]ĲŰĲũШŚƝũĲůШŸũċƖċťа 
р ŚťŚШůŸũĲťƬũШĤŚƖũĲƝƣŚƖŚũŚƖťĲŰШƚƨШċĩŕŌċШĩŕťċƖЮ 
р ĤŚƖШĤƬǃƬťШůŸũĲťƬũШƓċƖĩċũċƖŕŰċШƚƨШŚũĲШċǃƖŕũŕƖЮ 

 

ǍŸƣũƨШ7ŚũĲƝŚťũĲƖ 

7ŚƖШċǍŸƣШыŰŚƣƖŸŢĲŰьШőŚĬƖŸťċƖĤŸŰĬċŰШĬĲƻċůШĲĬŚǃŸƖƚċЯШŚťŚШƣċŰĲШĬċőċШĤċŌШ
ǃċƓċĤŚũŚƖЮШ 
 
°ƖŰĲťШÅĲċťƚŚǃŸŰа 
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ΝΥ 

carbonyl
acid

H2O

amine amide water
 

 

[ŸŰťƚŚǃŸŰĲũШ]ƖƨƓũċƖ 

7ŚƖШŸƖŊċŰŚťШůŸũĲťƬũƬŰШċǃŕƖƣШĲĬŚĦŚШƁǍĲũũŚťũĲƖŚШƚċĬĲĦĲШŸŰƨŰШťċƖĤŸŰШŚƚťĲũĲƣŚŰŚŰШ
ĬƬǍĲŰũĲŰŚƝŚŰĲШĬĲŌŚũШċǃŰŕШǍċůċŰĬċШĤƨШŚƚťĲũĲƣĲШĤċŌũŕШĤŚƖШƣċťŕůШŉŸŰťƚŚǃŸŰĲũШ
ŊƖƨƓũċƖŕŰШĤƨШŚƚťĲũĲƣĲШťċǍċŰĬŕƖĬŕŌŕШƁǍĲũũŚťũĲƖĲШĬĲШĤċŌũŕĬŕƖЮ 
 
[ŸŰťƚŚǃŸŰĲũШŊƖƨƓũċƖШƝƨŰũċƖĬŕƖа 
¶ cŚĬƖŸťƚŚũШŊƖƨĤƨ 
¶ uċƖĤŸŰŚũШŊƖƨĤƨ 
¶ uċƖĤŸťƚŚũШŊƖƨĤƨ 
¶ ůŚŰŸШŊƖƨĤƨ 
¶ ÉƬũŉŚĬƖŚũШŊƖƨĤƨ 
¶ [ŸƚŉċƣШŊƖƨĤƨ 
 
ÇШ[ŸŰťƚŚǃŸŰĲũШŊƖƨƓũċƖЯШťċƖĤŸŰШŚƚťĲũĲƣŚŰĬĲťŚШĤŚƖШǃċШĬċШĤŚƖťċĩШ
őŚĬƖŸŢĲŰШ ŚũĲШ ǃĲƖШ ĬĲŌŚƝƣŚƖĲƖĲťШ ůŸũĲťƬũĲШ ťċƣŕũŕƖũċƖЮШ°ƖŰĲŌŚŰШ ĤŚƖШ
őŚĬƖŸťƚŚũШŊƖƨĤƨШĤŚƖШůŸũĲťƬũĲШĤċŌũċŰċĦċŌŕШǍċůċŰШŸШůŸũĲťƬũĬĲŰШ
ƣĲƖĦŚőĲŰШĤŚƖШƣċŰĲШőŚĬƖŸŢĲŰШůŸũĲťƬũƬŰƬШĩŕťċƖƣŕƖШƻĲШĤŸƝƣċШťċũċŰШ
ĤċŌċШĤċŌũċŰŕƖЮ 
ÇШcĲƖШŉŸŰťƚŚǃŸŰĲũШŊƖƨƓЯШŉċƖťũŕШŸƖŊċŰŚťШůŸũĲťƬũũĲƖĬĲШċǃŰŕШƝĲťŚũĬĲШ
ĬċƻƖċŰŕƖЮШ°ƖŰĲŌŚŰШĤŚƖШőŚĬƖŸťƚŚũШůŸũĲťƬũƬШƓŸũċƖШŚƚĲШőċŰŊŚШĤŚǃŸũŸŢŚťШ
ůŸũĲťƬũĲШĤċŌũċŰŕƖƚċШĤċŌũċŰƚŕŰШŸŰċШċǃŰŕŰШƓŸũċƖŚƣĲǃŚШƣċƝŕǃċĦċťƣŕƖЮ 
Ш~ŸũĲťƬũƬŰШťĲŰĬŚŰĲШƁǍŊƬШĬċƻƖċŰŕƝŕШŉŸŰťƚŚǃŸŰĲũШŊƖƨƓũċƖŕŰШƚċǃŕƚŕШ
ƻĲШĬƬǍĲŰũĲŰŚƝŚШŚũĲШŚũŊŚũŚĬŚƖЮ 

 



ѿШÌƨĤċƣЯШΞΜΞΡШ?ƖЮШ~ƨƚƣċŉċШ ŉǃŸŰũƨŸŌũƨ 

ΝΦ 

°ƖŰĲťаШ§ůƨƖŊċũŕũċƖŕŰШĲƖťĲťШƻĲШĬŚƝŚũĲƖŚŰĬĲШĤƨũƨŰċŰШĲƝĲǃШőŸƖůŸŰũċƖŕŰĬċťŚШ
ƣĲťШŉċƖťЯШĲŰШƚŸũĬċШőŚĬƖŸťƚŚũШǃĲƖŚŰĲШĩŚŉƣШĤċŌũŕШŸťƚŚŢĲŰШĤƨũƨŰůċƚŕШƻĲШĤŚƖШůĲƣċŰШ
ы9cΟьШĲťũĲŰůŚƝШŸũůċƚŕĬŕƖа 
 
ÇШ[ŸŰťƚŚǃŸŰĲũШŊƖƨƓũċƖЯШĤċŌũċŰĬŕťũċƖŕШůŸũĲťƬũũĲƖĲШǃĲŰŚШƁǍĲũũŚťũĲƖШťċƣċƖШ
ƻĲШĩĲƝŚƣũŚũŚťШƚċŌũċƖЮШ7ŚǃŸũŸŢŚťШĩĲƝŚƣũŚũŚŌŚŰШƣĲůĲũŚŰĬĲШůŸũĲťƬũĲƖШĬƬǍĲǃĬĲťŚШ
ĩĲƝŚƣũŚũŚťШǃċƣċƖЮ 

 
 

cŚĬƖŸťƚŚũЮ]ƖƨĤƨ 

¶ 7ƨШŊƖƨƓШŸťƚŚŢĲŰШċƣŸůƨŰċШĤċŌũŕШĤŚƖШőŚĬƖŸŢĲŰШŚĩĲƖŚƖШыр§cьЮШ 
¶ cŚĬƖŸťƚŚũШŚĩĲƖĲŰШŸƖŊċŰŚťШĤŚũĲƝŚťũĲƖШċũťŸũũĲƖШŸũċƖċťШċĬũċŰĬŕƖŕũŕƖЮ 
¶ ũťŸũƬŰШƁǍĲũШŚƚůŚŰŚŰШƚŸŰƨŰċШрŸũШĲťŚШŊĲũŚƖЮ 
¶ EũĲťƣƖŸŰĲŊċƣŚŉШŸťƚŚŢĲŰШċƣŸůƨШĲũĲťƣƖŸŰũċƖŕШťĲŰĬŚŰĲШĬŸŌƖƨШĩĲťƣŚŌŚШŚĩŚŰШĤƨШ
ŊƖƨƓũċƖШƓŸũċƖШƁǍĲũũŚťƣĲĬŚƖЮ 

¶ 7ƨШŰĲĬĲŰũĲШċũťŸũũĲƖШƻĲШƝĲťĲƖũĲƖШƚƨĬċШťŸũċǃШĩƁǍƬŰĲĤŚũŚƖЮ 
 

uċƖĤŸŰŚũЮ]ƖƨĤƨ 

¶ 7ŚƖШŸťƚŚŢĲŰШċƣŸůƨŰċШĩŚŉƣШĤċŌШŚũĲШĤċŌũċŰůŕƝШĤŚƖШťċƖĤŸŰШċƣŸůƨШŚĩĲƖŚƖШ
ы9Ӏ§ьЮ 

¶ 7ƨШŊƖƨƓШǍŚŰĦŚƖŚŰШƨĩШťŕƚůŕŰĬċШŚƚĲШĤŚũĲƝŚŌĲШċũĬĲőŚƣЯШċťƚŚШĬƨƖƨůĬċШыŸƖƣċĬċШ
ŚƚĲьШťĲƣŸŰШċĬŕШƻĲƖŚũŚƖЮ 

ketonaldehit
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ΞΜ 

uċƖĤŸťƚŚũЮ]ƖƨĤƨ 

¶ 7ƨШŊƖƨƓƣċШĤŚƖШťċƖĤŸŰШċƣŸůƨŰċШĤŚƖШċĬĲƣШőŚĬƖŸťƚŚũШŊƖƨĤƨШƻĲШĤŚƖШċĬĲƣШ
ŸťƚŚŢĲŰШċƣŸůƨШĤċŌũŕĬŕƖШыр9§§cьЮ 

¶ р9§§cШ ŊƖƨĤƨШ ĤŚƖШ őŚĬƖŸŢĲŰШ ťċǃĤĲĬĲƖĲťШр9§§Ш ŉŸƖůƨŰċШ ĬƁŰƬƝůĲШ
ĲŌŚũŚůŚŰĬĲШ ŸũĬƨŌƨШ ŚĩŚŰШыĤƨШ ĬƨƖƨůĬċШ ŸƖƣċůċШ őŚĬƖŸŢĲŰШ ƻĲƖĬŚŌŚŰĬĲŰШ
ŸƖƣċůŕŰШċƚŚĬŚƣĲƚŚŰŚШċƖƣƣŕƖċƖċťьШċƚŚƣШƁǍĲũũŚŌŚШŊƁƚƣĲƖŚƖЮ 

¶ 7ƨШŊƖƨƓũċƖŕШŚĩĲƖĲŰШĤŚũĲƝŚťũĲƖĲШťċƖĤŸťƚŚũŚťШċƚŚƣũĲƖШǃċШĬċШŸƖŊċŰŚťШċƚŚƣũĲƖШ
ċĬŕШƻĲƖŚũŚƖЮ 

¶ EŰШĤċƚŚƣШťċƖĤŸťƚŚũŚťШċƚŚƣЯШťċƖŕŰĦċŰŕŰШŚŌŰĲƚŚŰĬĲШĤƨũƨŰċŰШŉŸƖůŚťШċƚŚƣƣŚƖЮ 
 

ůŚŰŸЮ]ƖƨĤƨ 

¶ lťŚШőŚĬƖŸŢĲŰШċƣŸůƨŰċШĤċŌũŕШĤŚƖШċǍŸƣШċƣŸůƨŰĬċŰШŸũƨƝƨƖШыр cΞьЮ 
¶ 7ƨШŊƖƨĤċШƚċőŚƓШĤŚũĲƝŚťũĲƖĲШċǃŰŕШǍċůċŰĬċШċůŚŰũĲƖШĬĲШĬĲŰŚƖЮ 
¶ ůŚŰШŊƖƨĤƨШŸƖƣċůĬċŰШĤŚƖШőŚĬƖŸŢĲŰШċũċƖċťШċůŸŰǃċťШыр cΟьШůŸũĲťƬũƬŰĲШ
ĬƁŰƬƝůĲШ ĲŌŚũŚůŚŰĬĲШ ŸũĬƨŌƨШ ŚĩŚŰШыŸƖƣċůŕŰШ őŚĬƖŸŢĲŰШ ŚǃŸŰƨШ
ťŸŰƚċŰƣƖċƚǃŸŰƨŰƨШĬƬƝƬƖĲƖĲťьШĤċǍШŊŚĤŚШĬċƻƖċŰŕƖЮ 

 
ůŚŰŸċƚŚƣЮёċůŚŰЮŊƖƨĤƨЮӂЮťċƖĤŸťƚŚũЮŊƖƨĤƨђ 

 

ÉƬũŉŚĬƖŚũЮ]ƖƨĤƨ 

¶ ]ĲŰĲũũŚťũĲШŚťŚШůŸũĲťƬũШŊƖƨĤƨШыĬċőċШĩŸťШƓƖŸƣĲŚŰũĲƖьШƚƬũŉƬƖũĲƖШċƖċĦŕũŕŌŕǃũċШ
ы9рÉрÉр9ШŊŚĤŚьШĤċŌШыťƁƓƖƬьШťƨƖċƖũċƖЮШ7ŚƖШťƬťƬƖƣШċƣŸůƨШŚũĲШĤƨŰċШĤċŌũŕШĤŚƖШ
őŚĬƖŸŢĲŰШċƣŸůƨŰĬċŰШŸũƨƝƨƖШырÉcьЮ 

¶ 7ƨШŊƖƨĤƨШŚĩĲƖĲŰШŸƖŊċŰŚťШĤŚũĲƝŚťũĲƖĲШƣŚŸũũĲƖШċĬŕШƻĲƖŚũŚƖЮ 
 

[ŸƚŉċƣЮ]ƖƨĤƨ 

¶ р§Â§ΟрΞШƝĲťũŚŰĬĲШĤŚũŚŰĲŰШĤŚƖШŊƖƨƓƣƨƖЮ 
¶ ]ĲŰĲũũŚťũĲШ?  ќĬċШĤƨũƨŰƨƖЮШ ǃƖŕĦċШƓƖŸƣĲŚŰũĲƖĲШĲťũĲŰĲƖĲťШċťƣŚƻĲШĲĬŚũŚƖЮ 
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¶ 7ƨШŊƖƨƓũċƖШŸƖŊċŰŚťШůŸũĲťƬũũĲƖШċƖċƚŕŰĬċШĲŰĲƖŢŚШċťƣċƖŕůŕШǃċƓůċťƣċŰШ
ƚŸƖƨůũƨĬƨƖũċƖШы°ƖŰĲťаШ ÑÂьЮ 

 
¶ [ŸƚŉŸƖŚťШċƚŚƣаШcΟÂ§Π 
7ŚƖШƖĲċťƚŚǃŸŰċШŊŚƖĬŚŌŚŰĬĲЯШċƚŚƣШŸũĬƨŌƨŰĬċŰШƓƖŸƣŸŰШƻĲƖůĲШĲŌŚũŚůŚŰĬĲĬŚƖШ

ƻĲШĤċŌũŕШőŚĬƖŸŢĲŰũĲƖŚШƻĲƖŚƖЮШ7ƨШĬƨƖƨůĬċШƣĲťШťċũċŰШŸťƚŚŢĲŰШċƣŸůũċƖŕШŰĲŊċƣŚŉШ
őċũĲШŊĲũŚƖШǃċŰŚШƖĲċťƣŚŉШŸťƚŚŢĲŰШŸũƨƖШƻĲШĤŚƖШǃĲƖĲШĤċŌũċŰůċǃċШĩċũŕƝŕƖЮШ7ƨШǃƬǍĬĲŰШ
ťƨƖƨũċŰШĤċŌũċƖШǃƬťƚĲťШĲŰĲƖŢŚũŚШĤċŌũċƖĬŕƖЮШ 

= P C PP

ATP (Adenozin trifosfat)

P

 
 

ÉƨШ~ŸũĲťƬũƬ 

ÉƨШůŸũĲťƬũƬŰĬĲШыcΞ§ьЯШŸťƚŚŢĲŰШΞШƣċŰĲШőŚĬƖŸŢĲŰШċƣŸůƨШŚũĲШĤŚƖũĲƝĲƖĲťШťċƖċƖũŕШ
őċũĲШŊĲũƚĲШĬĲШőċũĲŰШƚŸŰШǃƁƖƬŰŊĲĬĲШĲƝũĲƝůĲůŚƝШΠШĲũĲťƣƖŸŰШƚĲĤĲĤŚǃũĲШ
ŰĲŊċƣŚŉШǃƬťĲШƚċőŚƓƣŚƖШ7ƨШĬƨƖƨůĬċШŊĲŰĲũĬĲШŸťƚŚŢĲŰШċƣŸůƨШШ (partial-negative)

ŚũĲЯШőŚĬƖŸŢĲŰШċƣŸůũċƖŕШ(partial-positive)ŚũĲШŊƁƚƣĲƖŚũŚƖЮШ7ƨШƣƬƖШĤŚƖШůŸũĲťƬũĲШ
љƓŸũċƖШůŸũĲťƬũњШĬĲŰŚƖЯШǃċŰŚШťƨƣƨƓũċƖŕШƻċƖĬŕƖЮ 

 
?ŸũċǃŕƚŕǃũċШƚƨШůŸũĲťƬũƬŰƬŰШǃƬťƬШǃŸťƣƨƖШċůċШƻċƖůŕƝШŊŚĤŚШĬċƻƖċŰŕƖЮШ7ƨШťŕƚůŕШ
ǃƬťũĲƖШ ƚċǃĲƚŚŰĬĲШ ƚƨШ ůŸũĲťƬũũĲƖŚШ ċƖċƚŕŰĬċШ ыĤŚƖŚŰŚŰШ őŚĬƖŸŢĲŰШ ċƣŸůƨШ ŚũĲШ
ĬŚŌĲƖŚŰŚŰШŸťƚŚŢĲŰШċƣŸůƨŰƨŰШťŕƚůŚШǃƬťũĲƖŚШƚĲĤĲĤŚǃũĲьШĩĲťŚůШŸũƨƝƨƖЮШ7ƨШ
ĩĲťŚůĲШљőŚĬƖŸŢĲŰШĤċŌŕ7њШĬĲŰŚƖЮШ7ƨШĤċŌЯШťŸƻċũĲŰƣШĤċŌŕŰШΝоΞΜќƚŚШŊƬĦƬŰĬĲĬŚƖЮШ

 
7ШcŚĬƖŸŢĲŰЯШΟШĲũĲůĲŰƣШŚũĲШőŚĬƖŸŢĲŰШĤċŌŕШǃċƓċƖаШŸťƚŚŢĲŰЯШċǍŸƣЯШǰŸƖƬƖ 
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7ċŌŕŰШǍċǃŕŉШŸũůċƚŕШƚƨШůŸũĲťƬũũĲƖŚŰŚŰШĤŚƖĤŚƖŚŰĬĲŰШťŸũċǃĦċШċǃƖŕũċĤŚũůĲƚŚŰŚШ
ƚċŌũċƖЮШ7ƨШƁǍĲũũŚťШĤċǍŕШůŸũĲťƬũũĲƖŚŰШƚƨĬċШĩƁǍƬŰĲĤŚũůĲƚŚŰŚШƚċŌũċƖЮШ 
 
ййШ7ŚƖШůŸũ8ШƚƨĬċШċƻċŊċĬƖŸШƚċǃŕƚŕШыΣЮΜΞΞШǂШΝΜΞΟьШťċĬċƖШƚƨШůŸũĲťƬũƬШƻċƖĬŕƖЮ 
ййШcΞΜќŰƨŰШĤŚƖШůŸũќƬŰƬŰШċŌŕƖũŕŌŕШӀШΝШҼΝШҼШΝΣШӀШΝΥШůxШӀШΝΥШŊƖċů 
ййШ7ŚƖШĤċƖĬċťШƚƨШƣċťƖŚĤĲŰШΝΥΜШŊƖШŚƚĲШΝШĤċƖĬċťШƚƨĬċШΝΜШůŸũШǃċŰŚШΣЮΜΞΞШǂШΝΜΞΠШ
ƚƨШůŸũĲťƬũƬШƻċƖĬŕƖ 
ййШlƝƣĲШĤŚƖШĤċƖĬċťШƚƨǃċШċƣŕũċŰШƝĲťĲƖŚŰШĲƖŚůĲƚŚШĤƨШťċĬċƖШĩŸťШƚƨШůŸũĲťƬũƬŰƬŰШ
ĤŚƖĤŚƖũĲƖŚŰĲШ ĩŸťШ ǍċǃŕŉШ ĤŚƖШ ĤċŌũċШ ĤċŌũċŰůċƚŕŰĬċŰШ ĬŸũċǃŕĬŕƖЮШ7ƨШ ƚƨǃƨŰШ
ťċǃŰċƣŕũůċƚŕШŚũĲШƻĲƖŚũĲŰШĲŰĲƖŢŚШĤƨШĤċŌŕŰШťŸƓůċƚŕŰŕШƚċŌũċƖШƻĲШƚƨШůŸũĲťƬũƬЯШ
ƝĲťĲƖШ ůŸũĲťƬũũĲƖŚŰĬĲŰШ ċǃƖŕũċƖċťШ ĤƨőċƖũċƝŕƖЮШ ŰĦċťШ ťŸƻċũĲŰƣШ ĤċŌũċƖŕŰШ
ťŸƓůċƚŕШŚĩŚŰШĤƨШťċĬċƖШĲŰĲƖŢŚШǃĲƣĲƖũŚШŸũůċĬŕŌŕŰĬċŰШƚƨШůŸũĲťƬũũĲƖŚŰĬĲťŚШ
őŚĬƖŸŢĲŰШƻĲШŸťƚŚŢĲŰШĤŚƖĤŚƖŚŰĬĲŰШċǃƖŕũůċǍЮ 
 

ÑƨǍЮƚƨĬċЮŰċƚŕũЮĩƁǍƬŰƬƖл 
lťŚШƻĲǃċШĬċőċШŉċǍũċШĩƁǍĲũƣŚШыĩƁǍƬĦƬШҼШĩƁǍƬŰĲŰьШőŸůŸŢĲŰШƝĲťŚũĬĲШťċƖŕƝƣŕŌŕŰĬċШ
ĩƁǍĲũƣŚШŸũƨƝƨƖЮШ<ƁǍƬĦƬШŸũċƖċťШƚƨǃƨŰШťƨũũċŰŕũĬŕŌŕШĩƁǍĲũƣŚШƚƨũƨШĩƁǍĲũƣŚĬŚƖЮШ
ÂŸũċƖШĤŚũĲƝŚťШŸũċŰШƚƨЯШƓŸũċƖШĤŚũĲƝŚťũĲƖŚШĩƁǍĲŰШĤŚƖШĩƁǍĲũƣŚĬŚƖЮ 
 
 ċ9ũШťŸƻċũĲŰƣШĤċŌũŕШĬĲŌŚũĬŚƖШĩƬŰťƬШὔὥШƻĲШШὅὰШĤŚƖũĲƝĲƖĲťШťċƖċƖũŕШőċũĲШ
ŊĲũůĲťШ ŚĩŚŰШ ċќĬċŰШ9ũќǃĲШĤŚƖШ ĲũĲťƣƖŸŰШŊĲĩůĲƚŚШ ыƚŸŰШ ǃƁƖƬŰŊĲũĲƖŚŰШ
ĬŸũĬƨƖƨũůċƚŕŰċШťŕǃċƚũċьШĬċőċШťŸũċǃĬŕƖЮШ7ƨШĬƨƖƨůĬċШ ċШяťċƣǃŸŰ9ѐШƻĲШ9ũШ
яċŰǃŸŰ10ѐШŚǃŸŰ11ШƝĲťũŚĬĲШыƓŸǍŚƣŚŉШƻĲШŰĲŊċƣŚŉШǃƬťũƬьШĬƨƖƨƖũċƖЮШы ċҼШƻĲШ9ũрьШ7ƨŰċШ

 
8Ш~ŸũаШůŸũĲťƬũШċŌŕƖũŕŌŕШťċĬċƖШŊƖċůШĬĲůĲťƣŚƖЮШ°ƖŰĲŌŚŰШ9ΝΞcΞΞ§ΝΝШŸũċŰШƚƬťƖŸǍƨŰШΝШůŸũШťƬƣũĲƚŚШ
ΟΠΞШŊƖЮќĬŕƖЮШòċŰŚШΝШůŸũШƚƨťƖŸǍШĩƁǍĲũƣŚƚŚШĲũĬĲШĲĬĲĤŚũůĲťШŚĩŚŰШƚƨǃƨŰШŚĩŚŰĬĲШΟΠΞШŊƖШƚƨťƖŸǍШ
ĩƁǍƬŰĬƬƖůĲťШŊĲƖĲťŚƖЮ 
9ШuċƣǃŸŰЯШĲũĲťƣƖŸŰũċƖŕШƓƖŸƣŸŰũċƖŕŰĬċŰШĬċőċШċǍШŸũċŰШƻĲШĤƨŰƨŰШƚŸŰƨĦƨŰĬċШĲũĲťƣƖŸŰũċƖŕŰШ
ƓĲƖĬĲũĲůĲШĲƣťŚƚŚŰŚŰШċǍċũĬŕŌŕШŚǃŸŰċШƻĲƖŚũĲŰШċĬĬŕƖЮШuċƣǃŸŰũċƖШĲũĲťƣƖŸŰШťċǃĤĲĬĲƖĲťШŸũƨƝċŰШ
ƓŸǍŚƣŚŉШŚǃŸŰũċƖĬŕƖЮШ°ƖŰĲŌŚŰбШĤŚƖШƚŸĬǃƨůШċƣŸůƨШĤŚƖШĲũĲťƣƖŸŰШťċǃĤĲĬĲƖĲťШƚŸĬǃƨůШťċƣǃŸŰƨШ ċҼШ
őċũŚŰĲШŊĲũŚƖЮ 
10ШŰǃŸŰаШEũĲťƣƖŸŰШċũċƖċťШŸũƨƝċŰШŚǃŸŰũċƖċШċŰǃŸŰШċĬŕШƻĲƖŚũŚƖЮШ ŰǃŸŰũċƖШťĲũŚůĲŰŚŰШƚŸŰƨŰċШѢрƬƖѢШ
ŊĲƣŚƖŚũĲƖĲťШŸũƨƝƣƨƖƨũƨƖЮШ°ƖŰĲŌŚŰШťũŸƖШċŰǃŸŰƨШы9ũрьШťũŸƖƬƖШŸũċƖċťШċĬũċŰĬŕƖŕũŕƖЮ 
11ШlǃŸŰЯШĤŚƖШƻĲǃċШĬċőċШĩŸťШĲũĲťƣƖŸŰШťċǍċŰůŕƝШǃċШĬċШǃŚƣŚƖůŚƝШĤŚƖШċƣŸůĬċŰШыƻĲǃċШĤŚƖШċƣŸůШ
ŊƖƨĤƨŰĬċŰьШŸũƨƝůƨƝШĲũĲťƣƖŚťШǃƬťũƬШƓċƖĩċĦŕťƣŕƖЮШ7ƨШĲũĲťƣƖŸŰШċũŕƝƻĲƖŚƝŚŰĬĲŰШĬŸũċǃŕШŚǃŸŰũċƖĬċШ
ĲũĲťƣƖŸŰШƻĲШƓƖŸƣŸŰШƚċǃŕũċƖŕШĲƝŚƣШĬĲŌŚũĬŚƖЮ 
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ŚǃŸŰŚťШĤċŌ12ШĬĲŰŚƖЮШlǃŸŰŚťШĤċŌЯШťŸƻċũĲŰƣШŸũůċǃċŰШĤŚƖШĤċŌĬŕƖЮШlǃŸŰŚťШĤċŌũċШ
ĤċŌũŕШůŸũĲťƬũũĲƖШƚƨШŊŚĤŚШĤŚƖШĩƁǍĲũƣŚĬĲШĩƁǍƬŰůĲůŚƝШĬƨƖƨůĬċШŚƚĲЯШŊƬĩũƬШĤŚƖШ
ĤċŌũċШĤċŌũŕШŸũĬƨťũċƖŕШŚĩŚŰШťƖŚƚƣċũŚǍĲШőċũĬĲШĤƨũƨŰƨƖũċƖЮШÉƨǃƨŰШŚĩŚŰĬĲШŚƚĲЯШ
őŚĬƖŸŢĲŰШĤċŌũċƖŕŰŕŰШĲƣťŚƚŚǃũĲШĤƨШĤċŌШťƨƻƻĲƣŚШċǍċũĬŕŌŕŰĬċŰШĩƁǍƬŰƬƖũĲƖЮ 

 
ÑƨǍШ ƚƨǃċШ ċƣŕũĬŕŌŕŰĬċШ ĲťƚŚШ ǃƬťũƬШ9ũЯШ ƚƨĬċťŚШĬƨƖƨůƨŰĬċťŚШőŚĬƖŸŢĲŰШ
ċƣŸůƨŰċЯШċƖƣŕШǃƬťũƬШ ċШŚƚĲШĬƨƖƨůƨŰĬċťŚШŸťƚŚŢĲŰШċƣŸůƨŰċШǃċƓŕƝŕƖШ
ыĤŚƖĤŚƖũĲƖŚŰŚШĩĲťĲƖũĲƖьЮ 

 
 

ÌĲťĲƖЮƚƨĬċЮŰċƚŕũЮĩƁǍƬŰƬƖл 
EŰШĤċƚŚƣШƝĲťĲƖШŊũƨťŸǍĬƨƖШяŊũƨĦŸƚĲѐШы9ΣcΝΞ§ΣьЮШ7ƨШůŸũĲťƬũЯШƚƨШůŸũĲťƬũƬШŊŚĤŚШ
ƓŸũċƖШůŸũĲťƬũĬƬƖЯШǃċŰŚШťƨƣƨƓũċƖŕШƻċƖĬŕƖЮШ<ƬŰťƬШƝĲťĲƖШůŸũĲťƬũƬŰĬĲШőċũĲŰШ
ĤċŌШǃċƓůċǃċШŚƚƣĲťũŚШыƚŸŰШǃƁƖƬŰŊĲƚŚŰĬĲШƣċůċůũċŰůċůŕƝШĲũĲťƣƖŸŰũċƖŕШŸũċŰьШ
ŸťƚŚŢĲŰШċƣŸůũċƖŕШƻċƖĬŕƖЮ 

 
12ШlǃŸŰŚťШĤċŌаШEŰШĬŕƝƣċťŚШǃƁƖƬŰŊĲũĲƖŚШŰĲƖĲĬĲǃƚĲШƣċůċůĲŰШĬŸũƨШŸũċŰШċƣŸůũċƖШŸũĬƨťĩċШťċƖċƖũŕШ
ĬƨƖƨůĬċĬŕƖũċƖЯШ ĤċƝťċШ ċƣŸůũċƖũċШ ĤŚũĲƝŚťШ ŸũƨƝƣƨƖůċШǃċŰŚШ ĲũĲťƣƖŸŰШ ƓċǃũċƝůċШĲŌŚũŚůŚШ
ŊƁƚƣĲƖůĲǍũĲƖЮШ7ƁǃũĲШĤŚƖШċƣŸůЯШǃƁƖƬŰŊĲƚŚŰŚШƣċůШĬŸũĬƨƖůċťШŚĩŚŰШĬŕƝШťċĤƨťƣċťŚШĲũĲťƣƖŸŰũċƖĬċŰШ
ťƨƖƣƨũċƖċťШǍċƣĲŰШĬŸũƨШŸũċŰШĤŚƖШċũƣƣċťŚШťċĤƨŌƨШƚŸŰШťċĤƨťШőċũŚŰĲШŊĲƣŚƖŚƖШǃċШĬċШĬŕƝШťċĤƨŌƨШ
ĬŕƝċƖŕĬċŰШĲũĲťƣƖŸŰШċũċƖċťШƣċůċůũċƖЮШ7ƁǃũĲĦĲШŚǃŸŰШőċũŚŰĲШŊĲũŚƖЮШ7ƨШċũŕƝƻĲƖŚƝŚШǃċƓċŰШΞШŉċƖťũŕШ
ǃƬťƣĲťŚШċƣŸůƨŰШǃċƓƣŕŌŕШĤċŌċШŚǃŸŰŚťШĤċŌШĬĲŰŚƖЮШEũĲťƣƖŸŰШċũċŰШċƣŸůШырьШǃƬťũƬЯШƻĲƖĲŰШċƣŸůШŚƚĲШ
ыҼьШǃƬťũƬШĬƨƖƨůċШŊĲĩĲƖЮШ7ƨШĤċŌЯШťŸƻċũĲŰƣШĤċŌċШŊƁƖĲШĬċőċШǍċǃŕŉƣŕƖЮШlǃŸŰŚǍĲШőċũĬĲťŚШċƣŸůШťċƖċƖũŕШ
őċũĬĲĬŚƖШċůċШǃƬťƬŰĬĲŰШĬŸũċǃŕШƚƬƖĲťũŚШĤċƝťċШĤŚƖШċƣŸůũċШƖĲċťƚŚǃŸŰċШŊŚƖůĲШĲŌŚũŚůŚŰĬĲĬŚƖЮ 
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glucose  
7ƨШĤċŌШǃċƓůċǃċШŚƚƣĲťũŚũŚťШǃċŰŚШůŸũĲťƬũШƬǍĲƖŚŰĬĲťŚШŸťƚŚŢĲŰШċƣŸůũċƖŕŰĬċШ
ĤƨũƨŰċŰШ ǃƬťũĲƖŚŰŚŰШƻċƖũŕŌŕЯШƚƨШŚũĲШĲƣťŚũĲƝůĲƚŚŰŚШǃċŰŚШƚƨШůŸũĲťƬũũĲƖŚŰĲШы
ĤƨũƨŰċŰШőŚĬƖŸŢĲŰũĲƖŚŰĲьШĤċŌũċŰůċƚŕŰŕШƚċŌũċƖЮ 
 
ййШÑƬůШƓŸũċƖШůŸũĲťƬũũĲƖЯШĤƨШǃƬťШťƨƣƨƓũċƖŕШƚċǃĲƚŚŰĬĲШƚƨĬċШĩƁǍƬŰĲĤŚũŚƖЯШǃċŰŚШ
őŚĬƖŸŉŚũŚť13ШыőǃĬƖŸƓőŚũŚĦьШƁǍĲũũŚťƣĲĬŚƖШыƚƨǃƨШƚĲƻĲƖьЮШ7ƨШƁǍĲũũŚŌŚШŸũůċǃċŰШ
ůŸũĲťƬũũĲƖĲШőŚĬƖŸŉŸĤŚť14ШыőǃĬƖŸƓőŸĤŚĦьĬĲŰŚƖШыƚƨĬċŰШťċĩŕŰŕƖũċƖьЮ 
 
cŚĬƖŸŉŸĤŚťШůŸũĲťƬũũĲƖШċƓŸũċƖШŸũĬƨťũċƖŕШŚĩŚŰЯШƚƨШŚĩŚŰĬĲШƚƨĬċŰШťċĩċƖťĲŰШĤŚƖШ
ċƖċǃċШ ŊĲũŚƖũĲƖШ ƻĲШ ĤŚƖШ ƣƬƖШ ĤċŌШ ŚũĲШ ŚĩШ ŚĩĲШ ŸũƨƖũċƖЮШ 7ƨШƝĲťŚũĬĲШ őŚĬƖŸŉŸĤŚťШ
ůŸũĲťƬũũĲƖŚŰШĤŚƖШċƖċĬċШĬƨƖůċƚŕŰċШƚĲĤĲƓШŸũċŰШĬƨƖƨůċШőŚĬƖŸŉŸĤŚťШťƨƻƻĲƣШ
ĬĲŰŚƖЮ 
 

éċŰШĬĲƖШìċċũƚШ7ċŌũċƖŕ 

éċŰШĬĲƖШìċċũƚШĲƣťŚũĲƝŚůŚЯШċƣŸůũċƖШƻĲǃċШůŸũĲťƬũũĲƖШċƖċƚŕŰĬċťŚШůĲƚċŉĲǃĲШ
ĤċŌũŕШĤŚƖШĲƣťŚũĲƝŚůĬŚƖЮШlǃŸŰŚťШƻĲǃċШťŸƻċũĲŰƣШĤċŌũċƖŕŰШċťƚŚŰĲЯШĤƨШĩĲťŚůũĲƖШ
ťŚůǃċƚċũШĲũĲťƣƖŸŰŚťШĤŚƖШĤċŌĬċŰШťċǃŰċťũċŰůċǍбШŰŚƚƓĲƣĲŰШǍċǃŕŉƣŕƖũċƖШƻĲШĤƨШ
ŰĲĬĲŰũĲШĤŸǍƨũůċǃċШĬċőċШĬƨǃċƖũŕĬŕƖũċƖЮШéċŰШĬĲƖШìċċũƚШťƨƻƻĲƣŚЯШĲƣťŚũĲƝĲŰШ
ůŸũĲťƬũũĲƖШċƖċƚŕŰĬċťŚШƨǍċťШůĲƚċŉĲũĲƖĬĲШőŕǍũċШǃŸťШŸũƨƖЮ 

 
13ШcŚĬƖŸŉŚũŚЯШĤŚƖШůŸũĲťƬũƬŰШőŚĬƖŸŢĲŰШĤċŌũċƖŕШťƨƖċƖċťШƚƨǃċШĤċŌũċŰċĤŚũůĲШƁǍĲũũŚŌŚĬŚƖЮШ7ƨШƁǍĲũũŚŌĲШ
ƚċőŚƓШůŸũĲťƬũũĲƖШƚƨШƻĲШĬŚŌĲƖШƓŸũċƖШĩƁǍƬĦƬũĲƖĬĲШĩƁǍƬŰĲĤŚũŚƖЮШcŚĬƖŸŉŚũŚťШĤŚƖШůŸũĲťƬũШƻĲǃċШĤŚƖШ
ůŸũĲťƬũƬŰШőŚĬƖŸŉŚũŚťШĤŚƖШĤƁũƬůƬШƣŚƓŚťШŸũċƖċťШǃƬťШťƨƣƨƓũċƝůċƚŕШŊƁƚƣĲƖŚƖШƻĲШőŚĬƖŸŢĲŰШĤċŌŕШ
ťƨƖůċШǃĲƣĲŰĲŌŚШƻċƖĬŕƖЮШÂŸũċƖШƻĲǃċШŚǃŸŰŚťШĤŚũĲƝŚťũĲƖШƓƖŸƣŸŰШƻĲǃċШĲũĲťƣƖŸŰШĩĲťůĲШĲŌŚũŚůŚŰĬĲШ
ŸũĬƨťũċƖŕŰĬċŰШƚƨǃċШťċƖƝŕШĩĲťŚůШŊƁƚƣĲƖŚƖũĲƖШƻĲШőŚĬƖŸŉŚũŚťƣŚƖЮШ 
14ШcŚĬƖŸŉŸĤŚЯШĤŚƖШůŸũĲťƬũƬŰШƚƨĬċŰШťċĩŕŰůċШƁǍĲũũŚŌŚĬŚƖЮШcŚĬƖŸŉŸĤŚťШůŸũĲťƬũũĲƖШŊĲŰĲũĬĲШ
ċƓŸũċƖĬŕƖШƻĲШ ĤƨШ ǃƬǍĬĲŰШ ĬŚŌĲƖШ ŰƁƣƖШ ůŸũĲťƬũũĲƖШ ƻĲШ ċƓŸũċƖШ ĩƁǍƬĦƬũĲƖШ ŚũĲШ ĲƣťŚũĲƝŚůũĲƖŚШ
ƣĲƖůŸĬŚŰċůŚťШ ŸũċƖċťШ ĬċőċШ ťċƖċƖũŕĬŕƖЮШ ÉƨĬċШ ĤƨũƨŰċŰШ őŚĬƖŸŉŸĤŚťШ ůŸũĲťƬũũĲƖШ ŊĲŰĲũĬĲШ
ťƬůĲũĲŰŚƖũĲƖЮ 
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ΞΡ 

 
éċŰШĬĲƖШìċċũƚШĤċŌũċƖŕЯШŚťŚШċƣŸůШĤŚƖĤŚƖŚŰĲШĲŰШǃċťŕŰШĬƨƖƨůĬċǃťĲŰШċƖċũċƖŕŰĬċШ
ŸũƨƝċŰШĩŸťШǍċǃŕŉШĩĲťŚůШťƨƻƻĲƣŚĬŚƖЮШuŸƻċũĲŰƣШŸũůċǃċŰШĤŚƖШĤċŌĬŕƖЮШ 
 
7ċƝťċШ ĤŚƖШ ťƨƻƻĲƣШ ǃŸťƚċЯШ ċƣŸůũċƖШ ĤŚƖĤŚƖŚŰĲШ ǃċťũċƝƣŕťĩċШ ťƨƻƻĲƣŚŰШ ĩĲťŚĦŚШ
ŸũůċťƣċŰШǍŚǃċĬĲШŚƣŚĦŚШőċũĲШŊĲũĬŚŌŚШċƣŸůũċƖШċƖċƚŕŰĬċťŚШůĲƚċŉĲǃĲШéċŰШĬĲƖШ
ìċċũƚШ ƣĲůċƚШ ůĲƚċŉĲƚŚШĬĲŰŚƖбШ ĤƨШ ŸũċǃШ ċƣŸůũċƖŕŰШ ĲũĲťƣƖŸŰШ ĤƨũƨƣũċƖŕШ
ċƖċƚŕŰĬċťŚШťċƖƝŕũŕťũŕШŚƣůĲĬĲŰШťċǃŰċťũċŰŕƖЮ 
 
éċŰШ ĬĲƖШ ìċċũƚШ ťƨƻƻĲƣŚЯШ ťŸƻċũĲŰƣШ ĤċŌũċƖЯШ őŚĬƖŸŢĲŰШ ĤċŌũċƖŕШ ƻĲШ ŚǃŸŰũċƖŕŰШ
ĤŚƖĤŚƖŚǃũĲЯШŰƁƣƖШƻĲǃċШĲũĲťƣƖŚťШǃƬťũƬШůŸũĲťƬũũĲƖũĲШĲũĲťƣƖŸƚƣċƣŚťШĲƣťŚũĲƝŚůŚШőċƖŚĩШ
ŸũůċťШ ƬǍĲƖĲЯШ ůŸũĲťƬũũĲƖШ ċƖċƚŕŰĬċťŚШ ĩĲťůĲШ ƻĲǃċШ ŚƣůĲШ ťƨƻƻĲƣũĲƖŚŰŚŰШ
ƣŸƓũċůŕĬŕƖЮ 
 

ÉƨШƻĲШlǃŸŰũċƖŕ 

ÉƨШůŸũĲťƬũũĲƖШĬĲŰŊĲШőċũŚŰĬĲШőŚĬƖŸŰŚƨůШыcΟ§ҼьШƻĲШőǃĬƖŸǂǃũШы§cрьШŚǃŸŰũċƖŕШ
ƝĲťũŚŰĬĲШĤƨũƨŰƨƖũċƖа 
 

H2O H2O
H3O

+ OH-

hidronium hydroksyl 
 
 

ƓcШыƓŸƽĲƖЮŸŉЮcǃĬƖŸŊĲŰьЯШ ƚŚƣũĲƖШƻĲШ7ċǍũċƖ 

 
¶ ƓcЯШΜѣĬċŰШΝΠѣĲШťċĬċƖШĬĲŌĲƖũĲƖШċũċĤŚũĲŰЯШĤŚƖШĩƁǍĲũƣŚŰŚŰШΝШũŚƣƖĲƚŚŰĬĲťŚШ
őŚĬƖŸŢĲŰШŚǃŸŰƨŰƨŰШǃŸŌƨŰũƨŌƨŰƨŰШƁũĩƬƚƬШŸũċŰШƻĲШĩƁǍĲũƣŚũĲƖŚŰШċƚŚƣũŚťШǃċШĬċШ
ċũťċũŚũŚťШĬĲƖĲĦĲƚŚŰŚШŊƁƚƣĲƖĲŰШƁũĩĲťƣŚƖЮШƓcШőŚĬƖŸŢĲŰШŚǃŸŰũċƖŕШċťƣŚƻŚƣĲƚŚĬŚƖЮШ 

¶ ƓcЯШƚƨũƨШĩƁǍĲũƣŚũĲƖĬĲťŚШcҼШƻĲǃċШ§cрШťŸŰƚċŰƣƖċƚǃŸŰũċƖŕŰŕŰШũŸŊċƖŚƣůŚťШ
ŸũċƖċťШŚŉċĬĲƚŚĬŚƖЮШÉƨũƨШĩƁǍĲũƣŚũĲƖŚŰШcҼШƻĲШ§cрШťŸŰƚċŰƣƖċƚǃŸŰũċƖŕŰŕШƣĲťШĤŚƖШ
ĦĲƣƻĲũũĲШŚŉċĬĲШĲĬĲĤŚũůĲťШŚĩŚŰШcҼШŚǃŸŰƨШůŸũċƖШťŸŰƚċŰƣƖċƚǃŸŰƨŰƨŰШĲťƚŚШ
ũŸŊċƖŚƣůċƚŕШċũŕŰŕƖШƻĲШĤƨŰċШƓcШċĬŕШƻĲƖŚũŚƖЮ 
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ΞΣ 

¶ EŌĲƖШcҼШĬĲƖŚƝŚůŚШ§cрШĬĲƖŚƝŚůŚŰĬĲŰШŉċǍũċШŚƚĲШůċĬĬĲШċƚŚĬŚťƣŚƖШǃċŰŚШƓcШ
ĬĲŌĲƖŚШΤќĬĲŰШĬƬƝƬťƣƬƖЮШEŌĲƖШ§cрШĬĲƖŚƝŚůŚШcҼШĬĲƖŚƝŚůŚŰĬĲŰШŉċǍũċШŚƚĲШ
ůċĬĬĲШĤċǍŚťƣŚƖШǃċŰŚШƓcШĬĲŌĲƖŚШΤќĬĲŰШĤƬǃƬťƣƬƖЮШ 

¶ EŌĲƖШ§cрШƻĲШcҼШŚǃŸŰũċƖŕŰĬċŰШĲƝŚƣШůŚťƣċƖũċƖĬċШůĲƻĦƨƣШŚƚĲШůċĬĬĲШΤШƓcШ
ĬĲŌĲƖŚŰĲШƚċőŚƓШŸũůċťШƬǍĲƖĲШŰƁƣƖċũĬŚƖЮШ 

 

ƚŚƣũĲƖЮƻĲЮ7ċǍũċƖ 
ƚŚƣаШ7ŚƖШĩƁǍĲũƣŚŰŚŰШőŚĬƖŸŢĲŰШŚǃŸŰƨШĬĲƖŚƝŚůŚŰŚШċƖƣŕƖċŰШĤŚũĲƝŚť 

7ċǍаШ7ŚƖШĩƁǍĲũƣŚŰŚŰШőŚĬƖŸŢĲŰШŚǃŸŰƨШĬĲƖŚƝŚůŚŰŚШċǍċũƣċŰШыŸƖƣċůċШőŚĬƖŸťƚŚũШŚǃŸŰƨШ
ƻĲƖĲƖĲťШĤƨŰƨŰШĬĲƖŚƝŚůŚŰŚШċƖƣŕƖċŰьШĤŚũĲƝŚť 
¶ ƚŚƣЯШƚƨĬċШыcҼьШŚǃŸŰũċƖŕЯШĤċǍШĬċШƚƨĬċШőŚĬƖŸťƚŚũШы§cрьШŚǃŸŰũċƖŕШƻĲƖĲĦĲťШ
ĤŚĩŚůĬĲШŚǃŸŰũċƖŕŰċШċǃƖŕũċŰШůċĬĬĲũĲƖĬŚƖЮ 

¶ 7ŚƖШċƚŚƣШǃċШĬċШĤċǍŕŰШťƨƻƻĲƣŚЯШƚƨĬċШŚǃŸŰũċƖŕŰċШċǃƖŕũċŰШůŸũĲťƬũũĲƖŚŰШŸƖċŰŕŰċШ
ĤċŌũŕĬŕƖЮШ 

¶ cŚĬƖŸŢĲŰШ ŚǃŸŰũċƖŕШ ĬĲƖŚƝŚůŚЯШ ƚƨĬċťŚШ ċƚŚƣШ ǃċШ ĬċШ ĤċǍШ ůŸũĲťƬũũĲƖŚŰŚŰШ
ĬĲƖŚƝŚůŚŰĲЯШċǃƖŕƝċŰШůŸũĲťƬũũĲƖŚŰШŸƖċŰŕŰċШƻĲШƚŕĦċťũŕŌŕŰċШĤċŌũŕĬŕƖЮ 

¶ 7ŚƖШċƚŚƣШƻĲǃċШĤċǍŕŰШŊƬĦƬЯШŸŰƨŰШƓƖŸƣŸŰШƻĲƖůĲШƻĲǃċШċũůċШĲŌŚũŚůŚШŚũĲШƁũĩƬũƬƖЮШ 
 

яcҼѐ аШőŚĬƖŸŢĲŰШťŸŰƚċŰƣƖċƚǃŸŰƨ 
я§cрѐ аШőŚĬƖŸǂŚũШťŸŰƚċŰƣƖċƚǃŸŰƨШ 

 
ŸũůċťШƬǍĲƖĲа 
 

ὴὌ  ÌÏÇ Ὄ  
 
7ƨШ ĲƝŚƣũŚŌĲШ ŊƁƖĲШ ƓcШ ĬċШ ΝШ ĤŚƖŚůũŚťШ ĤŚƖШ ĬĲŌŚƝůĲШ őŚĬƖŸŢĲŰШ ŚǃŸŰƨШ
ťŸŰƚċŰƣƖċƚǃŸŰƨŰƨŰШ ΝΜШ ůŚƚũŚШ ĬĲŌŚƝůĲƚŚŰŚЯШ ΞШ ĤŚƖŚůũŚťШ ĤŚƖШ ĬĲŌŚƝůĲШ ŚƚĲЯШ
őŚĬƖŸŢĲŰШŚǃŸŰƨШťŸŰƚċŰƣƖċƚǃŸŰƨŰƨŰШΝΜΜШůŚƚũŚШĬĲŌŚƝůĲƚŚŰŚШŊĲƖĲťƣŚƖŚƖЮ 
 
ÉƨũƨШĩƁǍĲũƣŚũĲƖĬĲШяcҼѐШЮШя§cрѐШӀШΝШǂШΝΜрΝΠШůŸũоũŚƣƖĲШŸũĬƨŌƨŰċШŊƁƖĲЯШƓcШҼШƓ§cШӀШ
ΝΠШŸũƨƖЮ 
 
 ƁƣƖШĬƨƖƨůĬċШ  ƓcШӀШΤ 
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ƚŚĬŚťШĩƁǍĲũƣŚũĲƖĬĲШ ƓcШӃШΤШӃШƓ§c 
7ċǍŚťШĩƁǍĲũƣŚũĲƖĬĲШ ƓcШӂШΤШӂШƓ§c 

 
 
 

 
 
¶ 9ċŰũŕШőƬĦƖĲũĲƖŚŰШĩŸŌƨŰƨŰШőƬĦƖĲШŚĩŚШƓcШĬĲŌĲƖŚШΤќǃĲШǃċťŕŰĬŕƖЮШcƬĦƖĲĬĲťŚШ
ťŚůǃċƚċũШ ƚƬƖĲĩũĲƖШ őŚĬƖŸŢĲŰШ ƻĲШ őŚĬƖŸťťƚŚũШ ŚǃŸŰũċƖŕŰŕŰШ ĬĲƖŚƝŚůŚŰĲШ ĩŸťШ
ĬƨǃċƖũŕĬŕƖЮШòċŰŚШƓcќĬċťŚШĩŸťШťƬĩƬťШĤŚƖШĬĲŌŚƝŚťũŚťШőƬĦƖĲШŚĩŚŰШǍċƖċƖũŕШŸũċĤŚũŚƖЮШ
lƝƣĲШ ƣċůƓŸŰũċƖ15ШĤƨШ ƓcќĬċШ ŸƖƣċǃċШ ĩŕťċĤŚũĲĦĲťШ ĬĲŌŚƝŚťũŚťũĲƖŚШ ƁŰũĲƖЮШ
°ƖŰĲŌŚŰШťċƖĤŸŰŚťШċƚŚƣШыcΞ9§ΟьЯШŸƖƣċůŕŰШƓcШĬĲŌŚƝŚůũĲƖŚŰĬĲШĤŚťċƖĤŸċŰƣċШ
ыc9§ΟрьШĬƁŰƬƝĲƖĲťШƣĲťƖċƖШĬĲŰŊĲǃŚШƚċŌũċůċǃċШĩċũŕƝŕƖа 

 

 
15ШÑċůƓŸŰаШƓcќĬĲťŚШĬĲŌŚƝŚůĲШťċƖƝŕШƻƬĦƨƣƣċШĬŚƖĲŰĲŰШůċĬĬĲ 
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ΞΥ 

Ὄὅὕ

 ĥ  O

 ĥ  N
ựựựựựựựựựự Ὄὅὕ Ὄ  

 

uŚůǃċƚċũШ7ċŌũċƖ 

7ƨƖċǃċШ ťċĬċƖШ ŊƁƖĬƬŌƬůƬǍШ ƣƬůШ ĤċŌũċƖŕШ ĩĲťŚůШ ŊƬĦƬŰĲШ ŊƁƖĲШ ΞШ ŊƖƨĤċШ
ċǃŕƖċĤŚũŚƖŚǍа 
 
 ]ƬĩũƬШťŚůǃċƚċũШĤċŌũċƖ аШuŸƻċũĲŰƣШĤċŌШӂШŚǃŸŰŚťШĤċŌШӂШůĲƣċũŚťШĤċŌ 
 
 uŸƻċũĲŰƣШĤċŌШƣƬƖũĲƖŚШƻĲШƚŕƖċũċůċƚŕаШ 
 ƬĩũƬШĤċŌШыĤŚƖШƚŚŊůċ16ШƻĲШŚťŚШƓŚШĤċŌŕ17ьШӂШĩŚŉƣШĤċŌШыĤŚƖШƚŚŊůċШƻĲШĤŚƖШƓŚШĤċŌŕьШ
ӂШƣĲťШĤċŌШыƚŚŊůċШĤċŌũċƖŕьШШШя7ƨШċƖċĬċШƚŚŊůċШĤċŌШӂШƓŚШĤċŌŕѐ 
 
 7ċǍŕШƣĲťШĤċŌШƣƬƖũĲƖŚаШ 

ÂĲƓƣŚĬШ 7ċŌŕаШlťŚШ ċůŚŰŸШ ċƚŚĬŚŰШ ťċƖĤŸťƚŚũШ ŊƖƨĤƨШ ŚũĲШ ċůŚŰŸШ
ŊƖƨĤƨŰƨŰШĤŚƖШƚƨШůŸũĲťƬũƬШĩŕťċƖċƖċťШŸũƨƝƣƨƖĬƨŌƨШĤŚƖШťŸƻċũĲŰƣШ
ĤċŌĬŕƖЯШƓƖŸƣĲŚŰũĲƖŚŰШƣĲůĲũШǃċƓŕШƣċƝŕĬŕƖЮШ]ĲŰĲũũŚťũĲШĬŚŌĲƖШĤċŌũċƖĬċŰШ
ĬċőċШŊƬĩũƬĬƬƖЯШĩƬŰťƬШǃƬťƚĲťШĤċŌШĲŰĲƖŢŚƚŚŰĲШƚċőŚƓШŸũċŰШċůŚĬĲШ
ĤċŌũŕШĤŚƖШĤċŌĬŕƖЮ 
[ŸƚŉŸĬŚĲƚƣĲƖШ 7ċŌŕаШ ƬťũĲŸƣŚƣũĲƖŚŰШ ŉŸƚŉċƣШ ŊƖƨĤƨШ ŚũĲШ ŚťŚШ ƝĲťĲƖШ
ůŸũĲťƬũƬШċƖċƚŕŰĬċťŚШĤŚƖШĤċŌĬŕƖЯШ?  ШƻĲШÅ  ѣŰŕŰШŉŸƚŉŸĬŚĲƚƣĲƖШ
ŸůƨƖŊċƚŕŰĬċШĤƨũƨŰƨƖЮШòƬťƚĲťШĤċŌШĲŰĲƖŢŚƚŚŰĲШƚċőŚƓШŸũƨƓЯШ?  ШƻĲШ
Å  ѣŰŕŰШŸůƨƖŊċƚŕŰŕШƚċŌũċůШĤŚƖШƝĲťŚũĬĲШĤŚƖШċƖċĬċШƣƨƣċƖЮ 
]ũŚťŸƚŚĬŚťШ7ċŌаШlťŚШůŸŰŸƚċťťċƖŚƣШĤŚƖŚůŚШċƖċƚŕŰĬċШĤŚƖШŸťƚŚŢĲŰШ
ċƣŸůƨШ ċƖċĦŕũŕŌŕǃũċШ ŸũƨƝċŰШ ƻĲШ ƚƨǃƨŰШ ĩŕťċƖŕũůċƚŕǃũċШ ůĲǃĬċŰċШ
ŊĲũĲŰШĤŚƖШťŸƻċũĲŰƣШĤċŌĬŕƖЯШƓŸũŚƚċťťċƖŚƣũĲƖĬĲШƻĲШĬŚƚċťťċƖŚƣũĲƖĬĲШ
ĤƨũƨŰƨƖЮШ]ĲŰĲũũŚťũĲШŉŸƚŉŸĬŚĲƚƣĲƖШĤċŌũċƖŕŰĬċŰШĤŚƖċǍШĬċőċШǍċǃŕŉƣŕƖЮ 

 
16ШƚŚŊůċШĤċŌũċƖŕШыШ͚ШĤċŌũċƖŕЯШ͚ШĤŸŰĬƚьШċƣŸůũċƖШċƖċƚŕШĲťƚĲŰШĤŸǃƨŰĦċШċƣŸůШŸƖĤŚƣċũũĲƖŚШ
ċƖċƚŕŰĬċťŚШĬŸŌƖƨĬċŰШƁƖƣƬƝůĲũĲƖũĲШŸũƨƝċŰШĲŰШŊƬĩũƬШťŸƻċũĲŰƣШťŚůǃċƚċũШĤċŌШƣƬƖƬĬƬƖЮ 
17ШƓŚШĤċŌũċƖŕШыШ͗ШĤċŌũċƖŕЯШ͗ШĤŸŰĬƚьЯШőĲƖШĤŚƖŚŰĬĲШĤŚƖШċƣŸůƨŰШŸƖĤŚƣċũŚŰŚŰШŚťŚШũŸĤƨŰƨŰШĤċƝťċШĤŚƖШ
ċƣŸůƨŰШŸƖĤŚƣċũŚŰŚŰШŚťŚШũŸĤƨǃũċШƁƖƣƬƝƣƬŌƬШƻĲШĤƨШƁƖƣƬƝůĲŰŚŰШǃċŰċũШŸũċƖċťШůĲǃĬċŰċШŊĲũĬŚŌŚШ
ťŸƻċũĲŰƣШťŚůǃċƚċũШĤċŌũċƖĬŕƖЮ 
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EƚƣĲƖШ7ċŌŕаШ7ŚƖШťċƖĤŸťƚŚũŚťШċƚŚƣШŊƖƨĤƨШŚũĲШĤŚƖШċũťŸũШŊƖƨĤƨШċƖċƚŕŰĬċШ
ŸũƨƝċŰШƻĲШƚƨǃƨŰШĩŕťċƖŕũůċƚŕǃũċШůĲǃĬċŰċШŊĲũĲŰШĤŚƖШťŸƻċũĲŰƣШ
ĤċŌĬŕƖЯШ ŊĲŰĲũũŚťũĲШ ũŚƓŚĬũĲƖĬĲШ ƻĲШ ĤċǍŕШťŸрĲŰǍŚůũĲƖĬĲШ ĤƨũƨŰƨƖЮШ
]ũŚťŸƚŚĬŚťШƻĲШŉŸƚŉŸĬŚĲƚƣĲƖШĤċŌũċƖŕŰĬċŰШŊĲŰĲũũŚťũĲШĬċőċШǍċǃŕŉƣŕƖЮ 
ÉƬũŉŚĬШĤċŌŕШыÉрÉШĤŸŰĬьаШÉƬũŉŚĬШĤċŌŕШыƻĲǃċШĬŚƚƬũŉŚĬШĤċŌŕЯШÉрÉШĤċŌŕьЯШ
ŚťŚШƚƬũŉƬƖШċƣŸůƨШċƖċƚŕŰĬċťŚШťŸƻċũĲŰƣШĤŚƖШĤċŌĬŕƖШыΞΜΜрΟΜΜШťsоůŸũьШ
ƻĲШŊĲŰĲũũŚťũĲШƓƖŸƣĲŚŰũĲƖŚŰШƬĩШĤŸǃƨƣũƨШǃċƓŕƚŕŰŕŰШƚƣċĤŚũŚǍċƚǃŸŰƨŰĬċШ
ƁŰĲůũŚШĤŚƖШƖŸũШŸǃŰċƖЮШ7ƨШĤċŌũċƖЯШƁǍĲũũŚťũĲШƚŚƚƣĲŚŰШċůŚŰŸШċƚŚƣШ
ťċũŕŰƣŕũċƖŕШ ċƖċƚŕŰĬċШ ŸũƨƝƨƖЮШ lťŚШ ƚŚƚƣĲŚŰШ ůŸũĲťƬũƬЯШ ŸťƚŚĬċƚǃŸŰШ
ǃŸũƨǃũċШĤŚƖĤŚƖũĲƖŚŰĲШĤċŌũċŰċƖċťШѢƚŚƚƣŚŰĬĲŰѢШċĬŕШƻĲƖŚũĲŰШǃĲŰŚШĤŚƖШ
ǃċƓŕǃŕШŸũƨƝƣƨƖƨƖЮШ?ŚƚƬũŉŚĬШĤċŌũċƖŕЯШƓƖŸƣĲŚŰШťċƣũċŰůċƚŕŰŕŰШĬƬǍŊƬŰШ
ĤŚƖШƝĲťŚũĬĲШŊĲƖĩĲťũĲƝůĲƚŚŰŚШƻĲШůŸũĲťƬũƬŰШĬċőċШĬċǃċŰŕťũŕШĤŚƖШ
ǃċƓŕǃċШƚċőŚƓШŸũůċƚŕŰŕШƚċŌũċƖЮ 

 

Peptid BaĶĔ (Peptide Bond): Peptid baĵē, amino asitler arasēndaki kovalent baĵdēr 
ve proteinlerin omurgasēnē oluĸturur. Bir peptid baĵēnē kērmak i­in yaklaĸēk 350-450 
kJ/mol enerji gerekir. 
 
Fosfodiester BaĶĔ (Phosphodiester Bond): Fosfodiester baĵē, n¿kleotidlerin 
DNA ve RNA gibi n¿kleik asitlerde birbirine baĵlanmasēnē saĵlar. Bir fosfodiester 
baĵēnēn hidrolizi i­in yaklaĸēk 200-300 kJ/mol enerji gereklidir. 
 
Glikosidik BaĶ (Glycosidic Bond): Glikosidik baĵ, bir karbonhidrat molek¿l¿n¿n 
diĵer bir molek¿le baĵlanmasēnē saĵlar. ¥rneĵin, glikoz molek¿llerinin 
polisakkaritlerde birbirine baĵlanmasē bu baĵ ile olur. Glikosidik baĵēn kopmasē i­in 
gereken enerji 200-380 kJ/mol arasēnda deĵiĸir. 
 
Ester BaĶĔ (Ester Bond): Ester baĵē, bir alkol ile bir karboksilik asit arasēnda 
oluĸan kovalent bir baĵdēr ve lipidlerin yapēsēnda sēklēkla bulunur. Bu baĵēn kērēlmasē 
i­in gereken enerji yaklaĸēk 250-350 kJ/mol civarēndadēr. 
 
Dis¿lfid BaĶĔ (Disulfide Bond, S-S): Dis¿lfid baĵlarē, iki sistein amino asidi 
arasēndaki baĵlardēr ve proteinlerin ¿­ boyutlu yapēsēnē stabilize eder. Bu baĵlarēn 
kopmasē i­in yaklaĸēk 200-300 kJ/mol enerji gereklidir. 
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ΟΜ 

Eter BaĶĔ (Ether Bond): Eter baĵē, iki alkol grubunun dehidrasyon reaksiyonu 
sonucu oluĸan bir kovalent baĵdēr. Bu baĵēn kopmasē i­in yaklaĸēk 350-400 kJ/mol 
enerji gerekir. 
C-C BaĶĔ (Karbon-Karbon BaĶĔ): Organik molek¿llerde karbon atomlarē 
arasēndaki baĵdēr ve olduk­a g¿­l¿d¿r. C-C baĵlarēnēn kopmasē i­in gereken enerji 
350-370 kJ/mol civarēndadēr. 
 
Kaynak: Lehninger, A. L., Nelson, D. L., & Cox, M. M. (2008). Principles of 
Biochemistry. New York: W.H. Freeman. 

 

Kovalent baĵlar, atomlar arasēnda elektronlarēn paylaĸēlmasē ile oluĸan g¿­l¿ 
baĵlardēr ve her bir baĵēn kopmasē i­in gereken enerji miktarē baĵēn t¿r¿ne, baĵlē 
atomlarēn elektronegatiflik farkēna ve molek¿l yapēsēna gºre deĵiĸiklik gºsterir. Farklē 
kovalent baĵ t¿rlerinin kopmasē i­in gereken ortalama enerji deĵerleri ĸºyledir: 
C-C (Karbon-Karbon Tek BaĶĔ): 
Enerji: 348 kJ/mol 
A­ēklama: Karbon atomlarē arasēnda oluĸan tek baĵlar, organik molek¿llerin 
iskeletini oluĸturan temel baĵlardēr. 
 
C=C (Karbon-Karbon ¢ift BaĶĔ): 
Enerji: 614 kJ/mol 
A­ēklama: ¢ift baĵlar, tek baĵlara gºre daha kuvvetlidir ve doymamēĸ 
bileĸiklerin yapēsēnda bulunur. 
 
CƀC (Karbon-Karbon ¦­l¿ BaĶĔ): 
Enerji: 839 kJ/mol 
A­ēklama: ¦­l¿ baĵlar, ­ift baĵlardan daha g¿­l¿d¿r ve baĵ uzunluĵu kēsadēr. 
Genellikle alkinlerde bulunur. 
 
C-H (Karbon-Hidrojen BaĶĔ): 
Enerji: 413 kJ/mol 
A­ēklama: Organik bileĸiklerde en yaygēn olarak bulunan baĵ t¿rlerinden 
biridir. 
 
O-H (Oksijen-Hidrojen BaĶĔ): 
Enerji: 463 kJ/mol 
A­ēklama: Su molek¿l¿ ve alkol yapēlarēnda bulunur. Hidrojen baĵē 
oluĸumunda rol oynayan bir yapē taĸēdēr. 
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N-H (Azot-Hidrojen BaĶĔ): 
Enerji: 391 kJ/mol 
A­ēklama: Amin ve amid gibi bileĸiklerde bulunur, hidrojen baĵē 
etkileĸimlerinde rol oynar. 
 
NƀN (Azot-Azot ¦­l¿ BaĶĔ): 
Enerji: 941 kJ/mol 
A­ēklama: N2 molek¿l¿nde bulunan bu baĵ, doĵada ­ok y¿ksek bir enerjiye 
sahiptir ve azot gazēnēn inert olmasēnēn nedenlerinden biridir. 
 
S-S (Dis¿lfid BaĶĔ): 
Enerji: 200-300 kJ/mol 
A­ēklama: Proteinlerin ¿­ boyutlu yapēsēnē stabilize eden bu baĵlar, diĵer 
kovalent baĵlara gºre daha d¿ĸ¿k enerjiye sahiptir. 
 
C-O (Karbon-Oksijen Tek BaĶĔ): 
Enerji: 358 kJ/mol 
A­ēklama: Alkol ve eter gruplarēnda bulunur. Hidrojen baĵlarē aracēlēĵēyla 
molek¿ller arasē etkileĸimlere olanak tanēr. 
 
C=O (Karbon-Oksijen ¢ift BaĶĔ): 
Enerji: 745 kJ/mol 
A­ēklama: Karbonil gruplarēnda yer alan bu baĵ, bir­ok biyomolek¿l¿n yapēsal 
ve fonksiyonel ºzelliklerinde rol oynar. 
 
C-N (Karbon-Azot BaĶĔ): 
Enerji: 305 kJ/mol 
A­ēklama: Amin, amid ve nitril gibi yapēlarēn oluĸumunda yer alēr. Protein ve 
n¿kleotidlerde bulunur. 

 

 

ÎÚĩũƬШĤċŌŕŰШťĲŰĬŚƚŚЯШĤŚƖШƚŚŊůċШы͚ьШĤċŌŕШƻĲШŚťŚШƓŚШы͗ьШĤċŌŕШŚĩĲƖŚƖЮШ7ƨШŚťŚШƓŚШ
ĤċŌŕШċǃŰŕШĬƬǍũĲůĬĲЯШċŰĦċťШŉċƖťũŕШǃƁŰũĲƖĬĲШĤƨũƨŰƨƖШƻĲШĤƨШĤċŌũċƖŕŰШőĲƖШĤŚƖŚЯШ
ƬĩũƬШĤċŌŕŰШƣŸƓũċůШĤċŌШŊƬĦƬŰƬШċƖƣƣŕƖŕƖЮШÚĩũƬШĤċŌũċƖШŊĲŰĲũũŚťũĲШċũťĲŰШƻĲШ
ċũťŚŰũĲƖШċƖċƚŕŰĬċШŊƁƖƬũƬƖЮШ°ƖŰĲŌŚŰЯШĲƣŚŰШы9ЋcЋьШůŸũĲťƬũƬŰĬĲťŚШƬĩũƬШĤċŌЯШĤŚƖШ
ƚŚŊůċШƻĲШŚťŚШƓŚШĤċŌŕШŚĩĲƖŚƖЮ 



ѿШÌƨĤċƣЯШΞΜΞΡШ?ƖЮШ~ƨƚƣċŉċШ ŉǃŸŰũƨŸŌũƨ 

ΟΞ 

Î<ŚŉƣШĤċŌШыĬŸƨĤũĲШĤŸŰĬьЯШĤŚƖШƚŚŊůċШы͚ьШĤċŌŕШŚũĲШĤŚƖШƓŚШы͗ьШĤċŌŕŰĬċŰШŸũƨƝƨƖбШ
ƚŚŊůċШĤċŌŕЯШċƣŸůũċƖŕŰШƣĲůĲũШĤċŌŕŰŕШŸũƨƝƣƨƖƨƖťĲŰЯШƓŚШĤċŌŕШĲťШĤŚƖШǃċŰШǃċŰċШ
ŊĲũůŚƝШƓрŸƖĤŚƣċũШĩŚŉƣŚŰĬĲŰШŸũƨƝƨƖШƻĲШĤƨШĤċŌŕŰШŚťŚŰĦŚШĬƬǍũĲůĬĲťŚШǃĲƖũĲƝŚůŚШ
ĤċŌŕŰШŊĲŰĲũШƚƣċĤŚũŚƣĲƚŚŰŚШƻĲШŊƬĦƬŰƬШĲƣťŚũĲƖЮШ<ŚŉƣШĤċŌũċƖЯШůŸũĲťƬũũĲƖШċƖċƚŕŰĬċШ
ŊƬĩũƬШĤŚƖШĤċŌШŸũƨƝƣƨƖƨƖЯШċŰĦċťШƚŚŊůċШĤċŌũċƖŕŰċШŊƁƖĲШĬċőċШǍċǃŕŉƣŕƖбШƁƖŰĲŌŚŰЯШ
ĲƣŚũĲŰШы9ЋcЍьШůŸũĲťƬũƬŰĬĲťŚШĩŚŉƣШĤċŌЯШĤŚƖШƚŚŊůċШƻĲШĤŚƖШƓŚШĤċŌŕШŚĩĲƖŚƖЮШ<ŚŉƣШ
ĤċŌũċƖШ ŊĲŰĲũũŚťũĲШ ċũťĲŰũĲƖĬĲШ ĤƨũƨŰƨƖШ ƻĲШ ĤƨШ ĤċŌũċƖŕŰШ ĲũĲťƣƖŸŰũċƖŕЯШ
ůŸũĲťƬũũĲƖŚŰШťŚůǃċƚċũШƖĲċťƣŚƻŚƣĲƚŚŰŚШċƖƣŕƖŕƖЮ 
 
 üċǃŕŉШťŚůǃċƚċũШĤċŌũċƖ аШcŚĬƖŸŢĲŰШĤċŌŕШыΝΜрΟΜШťsоůŸũьШӂШéċŰШĬĲƖШ
ƽċċũƚШĤċŌũċƖŕШыΜЮΠрΠШťsоůŸũь 
  



ѿШÌƨĤċƣЯШΞΜΞΡШ?ƖЮШ~ƨƚƣċŉċШ ŉǃŸŰũƨŸŌũƨ 

ΟΟ 

  



ѿШÌƨĤċƣЯШΞΜΞΡШ?ƖЮШ~ƨƚƣċŉċШ ŉǃŸŰũƨŸŌũƨ 

ΟΠ 

 

>j®]e~zrº{] 
§ƖŊċŰŚǍůċĬċťŚШĤŚǃŸťŚůǃċƚċũШƖĲċťƚŚǃŸŰũċƖŕŰШƣƬůƬŰĲШыŸũƨƝċŰШƻĲШĬĲƻċůШ
ĲĬĲŰШŉŚǍŚťƚĲũШƻĲШťŚůǃċƚċũШƣƬůШŸũċǃũċƖċьШůĲƣċĤŸũŚǍůċШĬĲŰŚƖЮШ~ĲƣċĤŸũŚǍůċШ
ǃƬǍũĲƖĦĲШŉċƖťũŕШĲŰǍŚůШƣċƖċŉŕŰĬċŰШťċƣċũŚǍũĲŰĲŰШƖĲċťƚŚǃŸŰũċƖĬċŰШůĲǃĬċŰċШ
ŊĲũŚƖЮШ 7ŚƖШ ůĲƣċĤŸũŚťШ ǃŸũĬċťŚШ ĤċƚċůċťũċƖŕŰШ őĲƖШ ĤŚƖŚŰĬĲЯШ ĤŚƖШ ċƣŸůШ ƻĲǃċШ
ŉŸŰťƚŚǃŸŰĲũШĤŚƖШŊƖƨĤƨŰШĲťũĲŰůĲƚŚЯШċťƣċƖŕũůċƚŕЯШƨǍċťũċƝƣŕƖŕũůċƚŕШŊŚĤŚШťƬĩƬťШ
ťŚůǃċƚċũШĬĲŌŚƝŚťũŚťũĲƖШŸũƨƝƨƖЮ 
 
¶ ~ĲƣċĤŸũŚǍůċЯШőƬĦƖĲĬĲШůĲǃĬċŰċШŊĲũĲŰШĤŚŰũĲƖĦĲШťŚůǃċƚċũШƣĲƓťŚůĲŰŚŰШ
ťċƖůċƝŕťШĤŚƖШǃŸũШőċƖŚƣċƚŕĬŕƖЮ 

¶ EŰǍŚůũĲƖШůĲƣċĤŸũŚǍůċŰŕŰШƻċǍŊĲĩŚũůĲǍШƨŰƚƨƖƨĬƨƖЮШ<ƬŰťƬШĲŰǍŚůũĲƖШőĲƖШ
ĤċƚċůċŌŕШ ƚĲĩŚĦŚШ ŸũċƖċťШ őŕǍũċŰĬŕƖċƖċťШ ůċĬĬĲũĲƖŚŰШ ůĲƣċĤŸũŚťШ
ƖĲċťƚŚǃŸŰũċƖШ ƚƬƖĲƚŚŰĦĲШ ƚƨĤƚƣƖċĦƣќƣċŰШ ƬƖƬŰĲШ ĬƁŰƬƝůĲƚŚŰŚШ ƚċŌũċǃċŰШ
ƓƖŸƣĲŚŰШǃċƓŕĬċťŚШĤŚũĲƝŚťũĲƖĬŚƖЮШ?ŸũċǃŕƚŕǃũċШĲŰǍŚůũĲƖШĤƨШůĲƣċĤŸũŚťШǃŸũũċƖŕŰШ
ƻĲШťċƖůċƝŕťШƣƖċŉŚŌŚŰШťŸŰƣƖŸũШĲĬŚũůĲƚŚŰŚŰШċƚŕũШŊċƖċŰƣƁƖũĲƖŚĬŚƖЮШ 

¶ 7ŚƖШĤƬƣƬŰШŸũċƖċťШůĲƣċĤŸũŚǍůċЯШőƬĦƖĲŰŚŰШůċĬĬĲШƻĲШĲŰĲƖŢŚШťċǃŰċťũċƖŕŰŕШ
ŚĬċƖĲШ ĲƣůĲťũĲШ ŊƁƖĲƻũŚĬŚƖЮШ ~ĲƣċĤŸũŚǍůċЯШ ťċƣċĤŸũŚǍůċШ ƻĲШ ċŰċĤŸũŚǍůċШ
ŸũůċťШƬǍĲƖĲШŚťŚШťŕƚŕůĬċШŚŰĦĲũĲŰŚƖа 

¶ uċƣċĤŸũŚǍůċЯШĤƬǃƬťШůŸũĲťƬũũĲƖŚŰШыťċƖĤŸőŚĬƖċƣũċƖЯШũŚƓŚƣũĲƖШƻĲШƓƖŸƣĲŚŰũĲƖШ
ƻĤЮьШĬċőċШĤċƚŚƣШĤŚũĲƝŚťũĲƖĲШыũċťƣŚťШċƚŚƣЯШƓŚƖƬƻŚťШċƚŚƣЯШ9§ΞЯШċůŸŰǃċťЯШƬƖĲШ
ƻĤЮьШǃŕťŕũċƖċťШĲŰĲƖŢŚШċĩŕŌċШĩŕťċƖŕũůċƚŕШƚƬƖĲĩũĲƖŚĬŚƖШыǃŕťŕůШƖĲċťƚŚǃŸŰƨьЮШ7ƨШ
ƚŕƖċĬċШĤƬǃƬťШŸƖŊċŰŚťШĤŚũĲƝŚťũĲƖŚŰШǃċƓŕƚŕŰĬċШĤƨũƨŰċŰШƚĲƖĤĲƚƣШĲŰĲƖŢŚШċĩŕŌċШ
ĩŕťċƖШƻĲШǃƬťƚĲťШĲŰĲƖŢŚũŚШŉŸƚŉċƣШĤċŌũċƖŕШŸũƨƝƨƖШы ÑÂьЮШÉĲƖĤĲƚƣШĲŰĲƖŢŚŰŚŰШ
ĤƬǃƬťШĤŚƖШťŕƚůŕШ ÑÂШƝĲťũŚŰĬĲЯШĤŚƖШťŕƚůŕШĬċШĲŰĲƖŢŚШǃƁŰƬŰĬĲŰШǍĲŰŊŚŰШŸũċŰШ
  ?cЯШ  ?ÂcЯШ[ ?cΞШŊŚĤŚШťŸĲŰǍŚůũĲƖШƝĲťũŚŰĬĲШƣƨƣƨũƨƖЮ 
o uċƣċĤŸũŚǍůċŰŕŰШ ċŰċШ ǃŸũƨШ őƬĦƖĲШ ƚŸũƨŰƨůƨĬƨƖШыŊũŚťŸũŚǍШĄШťƖĲĤƚШ
ĩĲůĤĲƖŚШĄШĲũĲťƣƖŸŰШƣċƝŕůċьЮ 

o uċƣċĤŸũŚǍůċШ ŚũĲШ ŸƖŊċŰŚťШ ůŸũĲťƬũũĲƖĬĲШ ĬĲƓŸũċŰůŕƝШ ťŚůǃċƚċũШ ĤċŌШ
ĲŰĲƖŢŚƚŚШ ŚƝШ ǃċƓůċťШ ƬǍĲƖĲШ ċĩŕŌċШ ĩŕťċƖŕũċƖċťШ ÑÂШ ĲŰĲƖŢŚƚŚŰĲШ
ĬƁŰƬƝƣƬƖƬũƬƖЮ 



ѿШÌƨĤċƣЯШΞΜΞΡШ?ƖЮШ~ƨƚƣċŉċШ ŉǃŸŰũƨŸŌũƨ 

ΟΡ 

o uċƣċĤŸũŚǍůċŰŕŰШ ΝЮШ ĲƻƖĲƚŚŰĬĲШ ĤƬǃƬťШ ůŸũĲťƬũũĲƖШ ťƬĩƬťШ ĤŚƖŚůũĲƖĲШ
ƓċƖĩċũċŰŕƖЮШΞЮШĲƻƖĲĬĲШƝĲťĲƖũĲƖЯШǃċŌШċƚŚƣũĲƖŚШƻĲШĤċǍŕШċůŚŰŸШċƚŚƣũĲƖЯШċƚĲƣŚũр
9Ÿ ќŰŕŰШċƚĲƣŚũШŊƖƨĤƨŰċШĬƁŰƬƝƬƖЮШΟЮШĲƻƖĲĬĲШŚƚĲШuƖĲĤƚШĩĲƻƖŚůŚ18ШƻĲШ
ŸťƚŚĬċƣŚŉШŉŸƚŉŸƖŚũċƚǃŸŰШƻċƖĬŕƖЮ 

¶ ŰċĤŸũŚǍůċЯШ ĬċőċШ ĤċƚŚƣШ ůŸũĲťƬũũĲƖĬĲŰШ ťċƖůċƝŕťШ ůŸũĲťƬũũĲƖШ ĲũĬĲШ
ĲƣůĲťШ ыƚĲŰƣĲǍũĲůĲťьШ ŚĩŚŰШ ĲŰĲƖŢŚШ ťƨũũċŰŕũċŰЯШ ĤċƚŚƣШ ǃċƓŕШ ƣċƝũċƖŕŰĬċŰШ
ƓƖŸƣĲŚŰũĲƖЯШ ƓŸũŚƚċťťċƖŚƣũĲƖЯШ ŰƬťũĲŚťШ ċƚŚƣũĲƖШ ƻĲШ ũŚƓŚƣũĲƖШ ŊŚĤŚШ ĤƬǃƬťШ
ůŸũĲťƬũũĲƖŚŰШĲũĬĲШĲĬŚũůĲƚŚШŊŚĤŚШƖĲċťƚŚǃŸŰũċƖĬŕƖШыǃċƓŕůШƖĲċťƚŚǃŸŰƨьЮШ7ƨШ
ŚƝũĲůũĲƖĬĲШĲŰĲƖŢŚШťċǃŰċŌŕШŸũċƖċťШ ÑÂШƻĲШ  ?cЯШ  ?ÂcЯШ[ ?cΞШŊŚĤŚШ
ĤŚũĲƝŚťũĲƖŚŰШыĲŰĲƖŢŚШƣċƝŕǃŕĦŕШůŸũĲťƬũũĲƖьШĲŰĲƖŢŚũĲƖŚШťƨũũċŰŕũŕƖЮ 
o ůŚŰŸċƚŚƣũĲƖĬĲŰШ ƓƖŸƣĲŚŰШ ƚĲŰƣĲǍŚЯШ ŊũŚťŸǍШ ůŸŰŸůĲƖũĲƖŚŰĬĲŰШ
ťċƖĤŸŰőŚĬƖċƣũċƖŕŰШƚĲŰƣĲǍũĲŰůĲƚŚЯШǃċŌШċƚŚƣũĲƖŚШƻĲШŊũŚƚĲƖŸũƬŰШĤŚƖШċƖċǃċШ
ŊĲƣŚƖŚũĲƖĲťШƣƖŚŊũŚƚĲƖŚĬŚŰШŸũƨƝƣƨƖƨũůċƚŕШĤƨŰċШƁƖŰĲťƣŚƖЮ 

¶ uċƣċĤŸũŚǍůċШƻĲШċŰċĤŸũŚǍůċШőƬĦƖĲŰŚŰШŉċƖťũŕШĤƁũŊĲũĲƖŚŰĬĲШыƁƖŰĲŌŚŰЯШǃċŌШ
ċƚŚĬŚШǃŕťŕůŕШůŚƣŸťŸŰĬƖŚĬĲЯШǃċŌШċƚŚĬŚШƚĲŰƣĲǍŚШŚƚĲШƚŚƣŸƓũċǍůċĬċьШċǃŰŕШċŰĬċШ
ǃƬƖƬƖЮ 

 

EŰĲƖŢŚ 

§ƖŊċŰŚǍůċũċƖШ ĤċƚŚƣШ ƁŰĦƬũШ ůŸũĲťƬũũĲƖĬĲŰШ ťŸůƓũĲťƚШ ĤŚǃŸůŸũĲťƬũũĲƖŚШ
ƚĲŰƣĲǍũĲƖťĲŰШċũĬŕťũċƖŕШĤĲƚŚŰũĲƖĬĲŰШĲũĬĲШĲƣƣŚťũĲƖŚШĲŰĲƖŢŚǃŚШťƨũũċŰŕƖũċƖЮ19ШEũĬĲШ
ĲĬŚũĲŰШĤƨШťŚůǃċƚċũШĲŰĲƖŢŚǃŚШĲũĲťƣƖŚťƚĲũШĲŰĲƖŢŚǃĲЯШőċƖĲťĲƣШƻĲШŕƚŕǃċШĩĲƻŚƖŚƖũĲƖЮ 
 
¶ sŸƨũĲЯШ ΝШ ŰĲƽƣŸŰũƨťШ ťƨƻƻĲƣŚŰШ ĤċŌũŕШ ŸũĬƨŌƨШ ĦŚƚůŚШ ĤŚƖШ ůĲƣƖĲШ őċƖĲťĲƣШ
ĲƣƣŚƖĲĤŚũůĲťШŚĩŚŰШŊĲƖĲťĲŰШĲŰĲƖŢŚĬŚƖЮ 

¶ uċũŸƖŚЯ ċƣůŸƚŉĲƖШĤċƚŕŰĦŕŰĬċШΝШŊƖċůШƚƨǃƨŰШƚŕĦċťũŕŌŕŰŕШΝШ҄9ШċƖƣŕƖůċťШŚĩŚŰШ
ŊĲƖĲťũŚШŸũċŰШĲŰĲƖŢŚШůŚťƣċƖŕĬŕƖЮ 

ΝШťċũŸƖŚШӀШΠЮΝΥΠШŢŸƨũĲ 

 
18ШuƖĲĤƚШĩĲƻƖŚůŚŰĲШċƚĲƣŚũр9Ÿ ШŸũċƖċťШŊŚƖĲŰШċƚĲƣŚũШĤŚƖŚůũĲƖŚШ9§ΞќǃĲШǃƬťƚĲũƣŊĲŰŚƖШƻĲШĲũĲťƣƖŸŰũċƖШ
  ?ҼШƻĲШ[ ?ќĲШċťƣċƖŕũŕƖЮШ7ƨШĲũĲťƣƖŸŰũċƖШĬċőċШƚŸŰƖċШ  ?cШƻĲШ[ ?cΞШĬĲŰШŸťƚŚŢĲŰĲШċťċƖШ
ыŸťƚŚĬċƣŚŉШŉŸƚŉŸƖŚũċƚǃŸŰьШƻĲШƚŸŰƨĩƣċШ ÑÂШƚĲŰƣĲǍũĲŰŚƖЮ 
19ШcƬĦƖĲũĲƖШĬĲƻċůũŕШŸũċƖċťШǃĲŰŚШůŸũĲťƬũũĲƖШƚĲŰƣĲǍШĲĬĲƖũĲƖЯШőċƖĲťĲƣШĲĬĲĤŚũůĲťШŚĩŚŰШůĲťċŰŚťШ
ŚƝШǃċƓċƖũċƖЯШĤŚƖШǃċŰĬċŰШůŸũĲťƬũũĲƖШőċƖĲťĲƣШĲĬĲƖťĲŰШĤŚƖШǃċŰĬċŰШĬċШŕƚŕШůĲǃĬċŰċШŊĲƣŚƖŚƖũĲƖШƻĲШ
ƣƬůШĤƨШŚƝũĲůũĲƖШŚĩŚŰШĲŰĲƖŢŚǃĲШŚőƣŚǃċĩШĬƨǃċƖũċƖЮ 



ѿШÌƨĤċƣЯШΞΜΞΡШ?ƖЮШ~ƨƚƣċŉċШ ŉǃŸŰũƨŸŌũƨ ΟΣ 

¶ 7ŚǃŸĲŰĲƖŢĲƣŚťЯШ őƬĦƖĲũĲƖĬĲťŚШ ĲŰĲƖŢŚШ ĬƁŰƬƝƬůƬЯШ ĤŚǃŸťŚůǃċƚċũШ
ƖĲċťƚŚǃŸŰũċƖŕŰШĲŰĲƖŢŚШŊĲƖĲťƚŚŰŚůŚШƻĲШĤƨШĲŰĲƖŢŚŰŚŰШŰċƚŕũШƚċŌũċŰċĦċŌŕШƻĲШ
ťƨũũċŰŕũċĦċŌŕШŚũĲШŚũŊŚũĲŰůĲťƣĲĬŚƖЮ 

¶ EŰĲƖŢŚа 
o uŚŰĲƣŚťШĲŰĲƖŢŚаШcċƖĲťĲƣШĲĬĲŰШőĲƖШƝĲǃШťŚŰĲƣŚťШĲŰĲƖŢŚǃĲШƚċőŚƓƣŚƖЮ 
o ÂŸƣċŰƚŚǃĲũШEŰĲƖŢŚаШůċĬĬĲŰŚŰШťŸŰƨůƨШǃċШĬċШǃċƓŕƚŕШŰĲĬĲŰŚǃũĲШƚċőŚƓШ
ŸũĬƨŌƨШĲŰĲƖŢŚĬŚƖЮ 

¶ ~ċĬĬĲŰŚŰШĲŰĲƖŢŚШĬƁŰƬƝƬůũĲƖŚŰŚŰШŚŰĦĲũĲŰůĲƚŚŰĲШƣĲƖůŸĬŚŰċůŚťШĬĲŰŚƖЮШ
ыŚŰĦĲũĲŰĲŰШůċĬĬĲǃĲШƚŚƚƣĲůЯШĤƨŰƨŰШĬŕƝŕŰĬċШťċũċŰШŸĤŢĲũĲƖĲШĩĲƻƖĲШĬĲŰŚƖь 
o uċƓċũŕШƚŚƚƣĲůЯШĩĲƻƖĲƚŚŰĬĲŰШŚǍŸũĲШŸũůƨƝШƚŚƚƣĲůĬŚƖЮ 
o ĩŕťШ ƚŚƚƣĲůЯШ ĩĲƻƖĲƚŚШ ŚũĲШ ƚƬƖĲťũŚШ ĲŰĲƖŢŚШ ċũŕƝƻĲƖŚƝŚŰĬĲШ ĤƨũƨŰċŰШ
ƚŚƚƣĲůĬŚƖЮ 
Á EŰШŊƬǍĲũШƁƖŰĲťШŸƖŊċŰŚǍůċũċƖĬŕƖЮ 

o 7ŚƖŚŰĦŚШòċƚċƚŕШыEŰĲƖŢŚŰŚŰШuŸƖƨŰƨůƨьаШ[ŚǍŚťƚĲũШƻĲǃċШťŚůǃċƚċũШőĲƖőċŰŊŚШ
ĤŚƖШŸũċǃĬċЯШĲƻƖĲŰĬĲťŚШƣŸƓũċůШĲŰĲƖŢŚШůŚťƣċƖŕШƚċĤŚƣƣŚƖЮШEŰĲƖŢŚШĤŚƖШŚƝШŚĩŚŰШ
ťƨũũċŰŕũċĤŚũŚƖШƻĲǃċШĤŚƖШƝĲťŚũĬĲŰШĬŚŌĲƖШĤŚƖШƝĲťũĲШĬƁŰƬƝĲĤŚũŚƖЯШċŰĦċťШ
ǃŸťƣċŰШƻċƖШĲĬŚũĲůĲǍШƻĲǃċШǃŸťШĲĬŚũĲůĲǍЮШШ 

o lťŚŰĦŚШ òċƚċƚŕаШ cĲƖШ ĲŰĲƖŢŚШċťƣċƖŕůŕШ ǃċШ ĬċШ ĬƁŰƬƝƬůƬШ ĲƻƖĲŰĬĲťŚШ
ĲŰƣƖŸƓŚǃŚ20ШыĬƬǍĲŰƚŚǍũŚťьШċƖƣƣŕƖŕƖЮШEŰĲƖŢŚŰŚŰШŰŚƣĲũŚŌŚШƚċĤŚƣШĬĲŌŚũĬŚƖЮШ7ŚƖШ
ƚŚƚƣĲůШ ĲŰШ ĬƬƝƬťШ ĲŰƣċũƓŚШ ƻĲШ ĲŰШ ǃƬťƚĲťШ ĲŰƣƖŸƓŚǃĲШ ƚċőŚƓШ ŸũůċťШ
ĲŌŚũŚůŚŰĬĲĬŚƖЮ 

¶ EŰƣƖŸƓŚШƻĲШĤŚǃŸũŸŢŚťШĬƬǍĲŰа 
o §ƖŊċŰŚǍůċũċƖШĩĲƻƖĲũĲƖŚШŚũĲШĲŰĲƖŢŚШƻĲШůċĬĬĲШċũŕƝƻĲƖŚƝŚШǃċƓċƖũċƖЮ 
o ?ċőċШċǍШŸƖŊċŰŚǍĲШůŸũĲťƬũũĲƖŚШťƨũũċŰċƖċťШĬċőċШĬƬǍĲŰũŚШǃċƓŕũċƖШыƁƖŰĲťаШ
ċůŚŰŸċƚŚƣũĲƖĬĲŰШƓƖŸƣĲŚŰШƚĲŰƣĲǍŚьШŸũƨƝƣƨƖƨƖũċƖШĄШċŰċĤŸũŚťШƖĲċťƚŚǃŸŰ 

o ?ŚŌĲƖШ ǃċŰĬċŰШ ĤĲƚŚŰШ ůŸũĲťƬũũĲƖŚŰĬĲШ ĬĲƓŸũċŰůŕƝШ ťŚůǃċƚċũШ ĤċŌШ
ĲŰĲƖŢŚƚŚŰŚШcΞΜШƻĲШ9§ΞШǃċƖĬŕůŕШŚũĲШĤċƝťċШĤŚƖШĲŰĲƖŢŚШŉŸƖůƨŰċШы ÑÂьШ
ĬƁŰƬƝƣƬƖƬƖũĲƖШĄШťċƣċĤŸũŚťШƖĲċťƚŚǃŸŰ 

o ~ĲǃĬċŰċШŊĲũĲŰШőĲƖШĲŰĲƖŢŚШĬƁŰƬƝƬůƬШĲŰƣƖŸƓŚĬĲШĤŚƖШċƖƣŕƝШŸũƨƝƣƨƖƨƖЮ 
 

 
20ШEŰƣƖŸƓŚШŊĲŰĲũШŸũċƖċťШƚƬƖĲťũŚШċƖƣůċШĲŌŚũŚůŚŰĬĲĬŚƖЮ 
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ΟΤ 

¶ uĲŰĬŚũŚŌŚŰĬĲŰШ ]ĲƖĩĲťũĲƝĲŰШ §ũċǃũċƖаШ ?ŕƝċƖŕĬċŰШ ĲŰĲƖŢŚШ ċũŕŰůċťƚŕǍŕŰШ
ŊĲƖĩĲťũĲƝĲŰШ ŸũċǃũċƖĬŕƖЮШ 7ƨШ ŸũċǃũċƖШ ƚŚƚƣĲůŚŰШ ťċƖċƖũŕũŕŌŕŰŕШ ċƖƣƣŕƖŕƖЮШ
ы7ċƝũċŰŊŕĩƣċШƚŚƚƣĲůШťċƖċƖƚŕǍťĲŰШŸũċǃШĤŚƣƣŚŌŚŰĬĲШťċƖċƖũŕШőċũĲШŊĲũŚƖь 

¶ uĲŰĬŚũŚŌŚŰĬĲŰШ ]ĲƖĩĲťũĲƝůĲǃĲŰШ §ũċǃũċƖаШ ]ĲƖĩĲťũĲƝĲĤŚũůĲƚŚШ ŚĩŚŰШ
ĬŕƝċƖŕĬċŰШƚŚƚƣĲůĲШĲŰĲƖŢŚШƨǃŊƨũċŰůċƚŕШŊĲƖĲťĲŰШŸũċǃũċƖĬŕƖЮШыťċƖċƖƚŕǍũŕťь 
 

ÅĲċťƚŚǃŸŰũċƖĬċЮEŰĲƖŢŚ 
]ŚĤĤƚШÉĲƖĤĲƚƣШEŰĲƖŢŚƚŚШыŊŚĤĤƚШŉƖĲĲШĲŰĲƖŊǃь21ШƚċĤŚƣШĤċƚŕŰĩШƻĲШƚŕĦċťũŕťƣċШ
ǃƬƖƬǃĲŰШĤŚƖШƣĲƓťŚůĲĬĲШŚƝШǃċƓċĤŚũĲŰШĲŰĲƖŢŚШůŚťƣċƖŕШŸũċƖċťШƣċŰŕůũċŰŕƖЮШ 
 
7ŚƖШƖĲċťƚŚǃŸŰƨŰШƚĲƖĤĲƚƣШĲŰĲƖŢŚШĬĲŌŚƝŚťũŚŌŚШőĲƚċĤŕШы]ьШƝƁǃũĲĬŚƖа 
¶ ]Ш ӀШƚĲƖĤĲƚƣШĲŰĲƖŢŚĬĲťŚШĬĲŌŚƝŚůШ 
  ӀШĤŚƖШƖĲċťƚŚǃŸŰƨŰШťĲŰĬŚШťĲŰĬŚŰĲШŊĲƖĩĲťũĲƝŚƓШы]ӃΜШӀШĲŰĲƖŢŚШŸũƨůũƨШ
ƖĲċťƚŚǃŸŰьШŊĲƖĩĲťũĲƝĲůĲǃĲĦĲŌŚŰŚШы]ӂΜьШŊƁƚƣĲƖŚƖЮШ]ӀΜШŚƚĲШƖĲċťƚŚǃŸŰШ
ĬĲŰŊĲĬĲĬŚƖЮ 

 °ƖŰĲťũĲƖа 
  7ċƚƣŕƖŕũůŕƝШĤŚƖШǃċǃĬċШƚċťũŕШĬƨƖċŰШĲŰĲƖŢŚШŚĩŚŰШ]ӃΜќĬŚƖЮШ 
  ÉŸĬǃƨůШťũŸƖƬƖƬŰШƚƨĬċШĩƁǍƬŰůĲƚŚŰĬĲШ]ӃΜќĬŚƖЮ 
 
¶ EŰƣċũƓŚШыcьЯШƣĲƓťŚůĲШƚŚƚƣĲůŚŰŚŰШŕƚŕШŚĩĲƖŚŌŚĬŚƖШыƚŚƚƣĲůŚŰШċũĬŕŌŕШƻĲШťċǃĤĲƣƣŚŌŚШ
ŕƚŕŰŕŰШƣŸƓũċůŕь 

cШӀEШҼШÂШé  cШӀШE22ШӀШрőШ 
EаШĲŰĲƖŢŚ ÂаШ7ċƚŕŰĩ éаШcċĦŚů őаШŕƚŕ 

 
ÉĲƖĤĲƚƣШĲŰĲƖŢŚШĬĲŌŚƝŚťũŚťũĲƖŚŰĲШŊƁƖĲШťŚůǃċƚċũШƣĲƓťŚůĲũĲƖШŚťŚǃĲШċǃƖŕũŕƖа 
o EťǍĲƖŊŸŰŚťШыĲǂŸƣőĲƖůŚĦьШƣĲƓťŚůĲũĲƖаШĲŰĲƖŢŚШƻĲƖĲŰ 
Á uĲŰĬŚũŚŌŚŰĬĲŰШŊĲƖĩĲťũĲƝĲĤŚũĲŰШƣĲƓťŚůĲũĲƖШŸũĬƨŌƨШŚĩŚŰШ]ӃΜ 

 
21Ш]ŚĤĤƚШƚĲƖĤĲƚƣШĲŰĲƖŢŚƚŚШĲŰƣċũƓŚĬĲŰШыůċĬĬĲŰŚŰШǃċƓŕƚŕŰĬċШĬĲƓŸũċĬŕŌŕШőĲƖШƣƬƖĬĲŰШĲŰĲƖŢŚũĲƖŚŰШ
ƣŸƓũċůŕьЯШĲŰƣƖŸƓŚШƻĲШůƨƣũċťШƚŕĦċťũŕŌŕŰШĩċƖƓŕůŕŰŕŰШĩŕťċƖŕũůċƚŕǃũċШĲũĬĲШĲĬŚũĲŰШƣĲƖůŸĬŚŰċůŚťШ
ĤŚƖШ ĬĲŌŚƝťĲŰĬŚƖЮШ ]ĲŰĲũШ ŸũċƖċťШ ťŚůǃċƚċũШ ĤŚƖШ ƖĲċťƚŚǃŸŰƨŰШ ĲŰĲƖŢŚШ ƓŸƣċŰƚŚǃĲũŚŰŚŰШ ŚƝĲШ
ĬƁŰƬƝƣƬƖƬũĲĤŚũůĲƚŚǃũĲШŚũŊŚũŚĬŚƖЮ 
22ШcƬĦƖĲũĲƖĬĲШĤċƚŕŰĩШƻĲШőċĦŚůШĬĲŌŚƝŚůŚШŊƁǍШċƖĬŕШĲĬŚũĲĤŚũĲĦĲťШťċĬċƖШťƬĩƬťƣƬƖЮ 
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ΟΥ 

 
o EŰĬĲƖŊŸŰŚťШыĲŰĬŸƣőĲƖůŚĦьШƣĲƓťŚůĲũĲƖаШĲŰĲƖŢŚШċũċŰ 
Á 7ƨШƣĲƓťŚůĲũĲƖШťĲŰĬŚũŚŌŚŰĬĲŰШŊĲƖĩĲťũĲƝĲůĲĬŚŌŚŰĬĲŰШ]ӂΜ 

 
 

 
¶ EƻƖĲŰШőĲƖШǍċůċŰШĬċőċШĬƬǍĲŰƚŚǍШŸũċŰШыĬƬƝƬťШŸũċƚŕũŕťũŕШĬƨƖƨůĬċŰШǃƬťƚĲťШ
ŸũċƚŕũŕťũŕьШĬƨƖƨůċШŚũĲƖũĲƖЮ 

¶ EŰƣƖŸƓŚШыÉьЯШƚŚƚƣĲůŚŰШĬƬǍĲŰƚŚǍũŚŌŚŰŚŰШĤŚƖШƁũĩƬƚƬĬƬƖЮШÑĲƓťŚůĲШƬƖƬŰũĲƖŚЯШ
ƣĲƓťŚůĲǃĲШŊŚƖĲŰũĲƖĬĲŰШĬċőċШĬƬǍĲŰƚŚǍƚĲШƣĲƓťŚůĲШĲŰƣƖŸƓŚШťċǍċŰċƖċťШ
ŚũĲƖũĲƖЮ 

ÉШӀШÅШũŰШÂ7оÂ 
Âа ќŰŕŰШŸũċƚŕũŕŌŕШ ÅаШŊċǍШƚċĤŚƣŚ 

ÉШӂШΜШŚƚĲШĤƨШƖĲċťƚŚǃŸŰШƣĲƖůŸĬŚŰċůŚťШċĩŕĬċŰШůƬůťƬŰĬƬƖ 
¶ 7ŚƖШƖĲċťƚŚǃŸŰШĲŰĲƖŢŚШċĩŕƚŕŰĬċШƨǃŊƨŰШŚƚĲЯШĬƬǍĲŰƚŚǍũŚŌŚШċƖƣƣŕƖŕĦŕШŸũůċũŕĬŕƖЮ 
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ΟΦ 

cƬĦƖĲũĲƖĬĲШŊĲŰĲũĬĲШƓƖŸƣĲŚŰШƚĲŰƣĲǍŚШŊĲƖĩĲťũĲƝŚƖШƻĲШĤƨШŚƝũĲůШƖĲċťƚŚǃŸŰШŚĩŚŰШ
]ӂΜќĬŕƖЮШòċŰŚШťĲŰĬŚШťĲŰĬŚŰĲШŊĲƖĩĲťũĲƝĲůĲǍЮШ7ƨШĬƨƖƨůĬċШĤƨШŚƝũĲůŚŰШ]ӃΜШ
ŸũċŰШĤŚƖШƖĲċťƚŚǃŸŰũċШĤŚƖũĲƝůĲƚŚШŊĲƖĲťŚƖЮШ 
 
¶ ]ΜШӀШƚƣċŰĬċƖƣШƚĲƖĤĲƚƣШĲŰĲƖŢŚШĬĲŌŚƝŚůŚШыÉƣċŰĬċƖƣШťŸƝƨũũċƖШċũƣŕŰĬċШыΞΦΥШuШ
ӀШΞΡ҄9ьЯШƖĲċťƚŚǃŸŰċШŊŚƖĲŰũĲƖШƻĲШƬƖƬŰũĲƖŚŰШĤċƝũċŰŊŕĩШĬĲƖŚƝŚůũĲƖŚШΝШ~Ш
ŸũĬƨŌƨŰĬċШƻĲǃċШŊċǍũċƖШŚĩŚŰШΝШċƣůЮШťŕƚůŚШĤċƚŕŰĩШċũƣŕŰĬċЯШƚŚƚƣĲůŚШĬĲŰŊĲǃĲШ
ƨũċƝƣŕƖċŰШťƨƻƻĲƣь 

 
[ŸƣŸƚĲŰƣĲǍШƻĲШÉŸũƨŰƨůШÅĲċťƚŚǃŸŰũċƖŕ 

 

 
ÉŸũƨŰƨůШыĲťǍŸƣĲƖůŚťьШƻĲШŉŸƣŸƚĲŰƣĲǍШыĲŰĬŸƣĲƖůŚťьШĬƁŰŊƬƚƬ 

 
§ťƚŚĬċƚǃŸŰШы§ǂŚĬċƣŚŸŰьШƻĲШlŰĬŚƖŊĲŰůĲШыÅĲĬƨĦƣŚŸŰьШÅĲċťƚŚǃŸŰũċƖŕ 
§ǂŚĬċƣŚŸŰаШ 7ŚƖШ ůŸũĲťƬũƬŰШĲũĲťƣƖŸŰШяőŚĬƖŸŢĲŰѐШťċǃĤĲƣůĲƚŚШыuċƖĤŸŰШ ƻĲШ
cŚĬƖŸŢĲŰШĤċŌũċƖŕŰŕŰШċƖƣůċƚŕьШƻĲǃċШŸťƚŚŢĲŰШĲťũĲŰůĲƚŚ 
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°ƖŰĲťаШ [ĲΞҼШĄШ[ĲΟҼШ ШыΝШ ĲũĲťƣƖŸŰШ ťċǃĤĲĬĲƖШ ǃċŰŚШ ŸťƚŚĬċƚǃŸŰШ

ƖĲċťƚŚǃŸŰƨĬƨƖь 
 
°ƖŰĲťаШ9cΠШыůĲƣċŰьШĄШ9cΟ§cШыůĲƣċŰŸũьШĄШ9cΞ§ШыŉŸƖůċũĬĲőŚƣьШĄШ

9§ΞcΞШыŉŸƖůŚťШċƚŚƣьШĄШ9§ΞШыťċƖĤŸŰĬŚŸťƚŚƣь 
 

ÅĲĬƨĦƣŚŸŰШыŚŰĬŚƖŊĲŰůĲьаШ 7ŚƖШ ůŸũĲťƬũĲШ őŚĬƖŸŢĲŰШ ĲťũĲŰůĲƚŚЯШ ĬŸũċǃŕƚŕǃũċШ
ĲũĲťƣƖŸŰШťċǍċŰůċƚŕ 
 

Bir molek¿le elektron eklenmesi genellikle hidrojen atomu almasē anlamēna gelir, 
­¿nk¿ hidrojen (H) atomu bir proton (Hϕ) ve bir elektron (eϖ) i­erir. Elektron 
eklenmesi (red¿ksiyon) genellikle bir proton (Hϕ) ile dengelenir, bºylece bir hidrojen 
atomu komple olarak eklenmiĸ olur. ¥rneĵin, fumarat molek¿l¿n¿n s¿ksinata 
dºn¿ĸmesi sērasēnda fumarat iki hidrojen atomu (2Hϕ ve 2eϖ) alēr. Bu iĸlem sērasēnda 
elektronlar fumarata katēlēr ve aynē zamanda protonlar da eklenir, bu da molek¿l¿n 
indirgenmesini saĵlar. 
 
Bu durum biyokimyasal s¿re­lerde yaygēndēr; mesela, solunum ve fotosentez gibi 
enerji dºn¿ĸ¿m yollarēnda redoks (indirgenme-oksidasyon) reaksiyonlarē sērasēnda 
gºzlemlenir. NADϕ (nikotinamid adenin din¿kleotit) gibi elektron taĸēyēcē molek¿ller, 
bir elektron ve bir proton eklenerek NADH formuna dºn¿ĸ¿r. Bu dºn¿ĸ¿m sērasēnda, 
NADϕ molek¿l¿ bir elektron ve bir proton alērken, NADH haline gelir ve bir baĸka 
proton serbest kalēr. Bu, elektron eklenmesinin aynē zamanda bir hidrojen atomunun 
eklenmesiyle eĸdeĵer olduĵunu gºsterir. 
 
Bu t¿r reaksiyonlar, enerji taĸēyēcē molek¿llerin indirgenmesi ve oksidasyonu 
sērasēnda enerji aktarēmē ve depolanmasēnda ºnemli bir rol oynar. 

 

uŸŰƚċŰƣƖċƚǃŸŰ23ЮЮƻĲЮ] 

¶ uŸŰƚċŰƣƖċƚǃŸŰШĤŚƖŚůŚаШůŸũоũŚƣƖĲШыůŸũċƖŚƣĲь 
¶ ]ШĤŚƖŚůŚаШťsŸƨũĲƚоũŚƣƖĲ 
¶ °ŰШťċĤƨũũĲƖаШŸƖƣċůШƚŕĦċťũŕŌŕаШΟΤШΜ9ЯШÑÅӀΞЮΡΥШŢŸƨũĲƚоůŸũ 

 
23Ш7ŚƖШůŸũĲťƬũƬŰШťŸŰƚċŰƣƖċƚǃŸŰƨШťƁƝĲũŚШƓċƖċŰƣĲǍШŚĩŚŰĬĲШыяǂѐШŊŚĤŚьШŊƁƚƣĲƖŚũŚƖЮ 
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ΠΝ 

¶ ÅĲċťƚŚǃŸŰШòШĄШñШŚƚĲа 
 

Ў'  Ў'  24 ÌÎ
ὢ

ὣ
 

 
 EŌĲƖШяñѐШӀШяòѐШыƖĲċťƚŚǃŸŰċШŊŚƖĲŰШƻĲШĩŕťċŰũċƖŕŰШťŸŰƚċŰƣƖċƚǃŸŰũċƖŕШĲƝŚƣьШ
ŚƚĲШШ]ШӀШ]Μ 

7ƨШĬƨƖƨůĬċШ]ΜШӀШрÅÑШШũŰШыuьШӀШрΡЮΦΠШũŸŊыuьШШШШШШШШuӀШяñѐШоШяòѐ 
 EŌĲƖШяñѐШӂШяòѐШŚƚĲШыǃċŰŚШĩŕťƣŕŰŕŰШťŸŰƚċŰƣƖċƚǃŸŰƨШŊŚƖĬŚĬĲŰШĬċőċШĤƬǃƬťШ
ŚƚĲьШĤŚƖШƚƬƖĲШƚŸŰƖċШƖĲċťƚŚǃŸŰШƣĲƖƚŚŰĲШĬƁŰůĲǃĲШƻĲШĬĲŰŊĲШĬƨƖƨůƨŰċШ
ŊĲũůĲǃĲШĤċƝũċƖЮ 

 
¶ ÉĲƖĤĲƚƣШĲŰĲƖŢŚШы]ьЯШĤŚƖШƚŚƚƣĲůШŚĩĲƖŚƚŚŰĬĲШŚƝШǃċƓċĤŚũůĲШǃĲƣĲŰĲŌŚŰĲШ
ƚċőŚƓШĲŰĲƖŢŚĬŚƖЮ24 
uĲŰĬŚũŚŌŚŰĬĲŰШĬĲŌŚƝŚůĬĲа 
o ÉŚƚƣĲůŚŰШƚĲƖĤĲƚƣШĲŰĲƖŢŚƚŚШċǍċũŕƖЮ 
o ÉŚƚƣĲůШĬċőċШťċƖċƖũŕШőċũĲШŊĲũŚƖЮ 
o ÉĲƖĤĲƚƣШťċũċŰШĲŰĲƖŢŚШŚƝШǃċƓůċĬċШťƨũũċŰŕũċĤŚũŚƖЮ 

]ШӀШ]ƚŸŰШтШ]ŚũťШӀШcШтШÑÉШШ 
cаШÉŚƚƣĲůŚŰШƣŸƓũċůШĲŰĲƖŢŚƚŚШӀШĲŰƣċũƓŚ 
c̍аШƚŚƚƣĲůŚŰШƚċĤŚƣШƚŕĦċťũŕťШƻĲШĤċƚŕŰĩƣċШĩĲƻƖĲǃĲШƻĲƖĬŚŌŚШƻĲǃċШ
ċũĬŕŌŕШŕƚŕШůŚťƣċƖŕ 
ÉаШÉŚƚƣĲůŚŰШĲŰƣƖŸƓŚƚŚ 
É̍аШƚŚƚƣĲůШҼШĩĲƻƖĲĬĲťŚШĲŰƣƖŸƓŚШĬĲŌŚƝŚůŚ 
ÑаШuĲũƻŚŰШĦŚŰƚŚŰĬĲŰШůƨƣũċťШƚŕĦċťũŕťШы9ШҼШΞΤΟь 

ÉŚƚƣĲůĬĲШĬĲƓŸũċŰůŕƝШĲŰĲƖŢŚŰŚŰШƣƬůƬШыcьЯШŚƝШǃċƓůċťШŚĩŚŰШťƨũũċŰŕũůċǍЮ 
 ÉŚƚƣĲůŚŰШ ĬƬǍĲŰƚŚǍũŚŌŚШ ŸũċŰШ ĲŰƣƖŸƓŚǃŚШ ыÑÉьШ ĲŰĲƖŢŚŰŚŰШ ƣƬůƬŰĬĲŰШ

ĩŕťċƖċƖċťШƚĲƖĤĲƚƣШĲŰĲƖŢŚШĤƨũƨŰƨƖЮ 
 
°ƖŰĲťаШuċǃĬŕƖċŌŕŰШƬǍĲƖŚŰĬĲťŚШĩŸĦƨťШĤċƝũċŰŊŕĩƣċа 

 
24ШcƬĦƖĲũĲƖШƣċƖċŉŕŰĬċŰШťƨũũċŰŕũċŰШĲŰĲƖŢŚШ]ŚĤĤƚШƚĲƖĤĲƚƣШĲŰĲƖŢŚШŉŸŰťƚŚǃŸŰƨШŸũċƖċťШƣċŰŕůũċŰċŰШ
ƚĲƖĤĲƚƣШĲŰĲƖŢŚĬŚƖЮШ7ƨШĲŰĲƖŢŚЯШťŚůǃċƚċũШƣĲƓťŚůĲũĲƖŚŰШǃƁŰƬŰƬŰЯШƣċůШĬĲŰŊĲШĬƨƖƨůƨŰƨŰШƻĲШƚċĤŚƣШ
ƚŕĦċťũŕťШƻĲШĤċƚŕŰĩƣċШƣĲŸƖŚĬĲШǃċƓŕũċĤŚũĲŰШŚƝШůŚťƣċƖŕŰŕŰШƁŰĦĲĬĲŰШĤĲũŚƖũĲŰůĲƚŚŰŚШƚċŌũċƖЮ 
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р EŰĲƖŢŚШĤċťŕůŕŰĬċŰШĬċőċШťċƖċƖƚŕǍШťŸŰƨůĬċĬŕƖЯШ 
р ÉĲƖĤĲƚƣШĲŰĲƖŢŚƚŚШŉċǍũċĬŕƖЯ 
р ŚƝШǃċƓċĤŚũůĲШťċƓċƚŚƣĲƚŚШǃƬťƚĲťƣŚƖЯ 
uĲŰĬŚŰŚШ ĤŕƖċťŕƓШ ċƝċŌŕШ ťċǃĬŕŌŕŰĬċШ ыǃĲƖĩĲťŚůŚШ ĲƣťŚƚŚǃũĲШ ťĲŰĬŚũŚŌŚŰĬĲŰШ
ŊĲƖĩĲťũĲƝĲŰШĤŚƖШŸũċǃьа 
р ƝċŌŕĬċťŚШĬƨƖƨůШťċƖċƖũŕШőċũĲШŊĲũŚƖЯ 
р ÉĲƖĤĲƚƣШĲŰĲƖŢŚƚŚШĬċőċШĬƬƝƬťƣƬƖЯ 
р lƝШǃċƓċĤŚũůĲШťċƓċƚŚƣĲƚŚШĬƬƝƬťƣƬƖЮ 

 
~ĲƣċĤŸũŚťШ?ĲŰŊĲƚŚǍũŚť 
¶ uċƓċũŕШƚŚƚƣĲůũĲƖШĲŰŚŰĬĲШƚŸŰƨŰĬċШĬĲŰŊĲǃĲШƨũċƝŕƖũċƖШы]ӀΜьЮШ~ĲƣċĤŸũŚťШ
ŸũċƖċťШĬĲŰŊĲǃĲШƨũċƝůŕƝШĤŚƖШőƬĦƖĲШƁũƬĬƬƖЮШcƬĦƖĲШŚĩŚŰĲШƻĲǃċШĬŕƝŕŰċШƚƬƖĲťũŚШ
ůċĬĬĲШċťŕƝŕŰŕŰШŸũůċƚŕШůĲƣċĤŸũŚťШǃŸũũċƖŕŰШĬĲŰŊĲǃĲШƨũċƝůċƚŕŰŕШƁŰũĲƖШƻĲШ
őƬĦƖĲШǃċƝċůŕШĤŸǃƨŰĦċШŚƝШǃċƓůċǃŕШƚƬƖĬƬƖƬƖЮ 

¶ cƬĦƖĲũĲƖШƬĩШƣĲůĲũШŚƝШǃċƓċƖũċƖШыĤƨШŚƝũĲƻũĲƖĲШŊƬĩШƚċƓũċǃċŰШƣĲůĲũШĲŰĲƖŢŚШ
ťċǃŰċŌŕШ ÑÂ25ќĬŚƖьа 
o ~ĲťċŰŚťШŚƝаШťċƚШőƬĦƖĲũĲƖŚŰŚŰШťċƚŕũůċƚŕЯШőƬĦƖĲШĤƁũƬŰůĲƚŚШƚŕƖċƚŕŰĬċШ
ťƖŸůŸǍŸůũċƖŕŰШőċƖĲťĲƣŚ 

o ÑċƝŕůċШŚƝŚаШĤŚũĲƝŚťũĲƖŚŰШĤŚǃŸũŸŢŚťШǍċƖũċƖĬċŰШċťƣŚŉШƣċƝŕŰůċƚŕ 
o uŚůǃċƚċũШ ŚƝаШ ťĲŰĬŚũŚŌŚŰĬĲŰШ ŊĲƖĩĲťũĲƝĲůĲǃĲĦĲťШ ŸũċŰШ ĲŰĬĲƖŊŸŰŚťШ
ƣĲƓťŚůĲũĲƖŚŰШŊĲƖĩĲťũĲƝƣŚƖŚũůĲƚŚШыƁƖŰĲťаШůŸŰŸůĲƖũĲƖĬĲŰШƓŸũŚůĲƖũĲƖŚŰШ
ƚĲŰƣĲǍŚьШ 

¶ ÑÂќĬĲťŚШŉŸƚŉċƣШĤċŌũċƖŕШťŕƖŕũŊċŰШĤċŌũċƖĬŕƖШыÑÂќĬĲťŚШƬĩШŉŸƚŉċƣШŊƖƨĤƨШĬċЯШ
ŸťƚŚŢĲŰũĲƖШĬŸũċǃŕƚŕǃũċШĲťƚŚШǃƬťũƬĬƬƖЮШ7ŚƖĤŚƖŚŰĲШǃċťŕŰШťŸŰƨůĬċШĤƨũƨŰċŰШ
ĤƨШǃƬťũĲƖШĤŚƖĤŚƖŚŰŚШŚƣůĲШĲŌŚũŚůŚŰĬĲĬŚƖЮШ7ƨШŰĲĬĲŰũĲШůŸũĲťƬũĬĲťŚШƣƖŚŉŸƚŉċƣШ
ťƨǃƖƨŌƨШťŕƖŕũůċǃċШĲŌŚũŚůũŚĬŚƖЮьШ ÑÂќĬĲШĲŰШƨĩƣċťŚШŉŸƚŉċƣШĤċŌŕШċǃƖŕũĬŕŌŕŰĬċШ
ůŸũĲťƬũШ ?ÂќǃĲШыċĬĲŰŸǍŚŰШĬŚŉŸƚŉċƣьШĬƁŰƬƝƬƖШƻĲШċǃƖŕũċŰШŉŸƚŉċƣШťċĬċƖũŕťШĤŚƖШ
ĲŰĲƖŢŚШċĩŕŌċШĩŕťċƖЮШ7ƨШƣĲƓťŚůĲШĲťǍĲƖŊŸŰŚťШĤŚƖШƖĲċťƚŚǃŸŰĬƨƖЮ 

¶ ÑÂќĬĲťŚШ ĲŰĲƖŢŚŰŚŰШ ťƨũũċŰŕůŕаШ ÑÂШťĲŰĬŚШ ƬǍĲƖŚŰĬĲťŚШ ŉŸƚŉċƣŕШ ťŸƓċƖŕƓШ
ťċƖƝŕĬċťŚШůŸũĲťƬũĲШċťƣċƖċƖċťШŸŰƨШŉŸƚŉŸƖŚũĲШĲĬĲƖЮШ7ƨШƚŕƖċĬċШċĩŕŌċШĩŕťċŰШ
ĲŰĲƖŢŚШ ĬĲШ ťċƖƝŕĬċťŚШ ůŸũĲťƬũĲШ ċťƣċƖŕũŕƖЮШ 7ƨШ ƚŕƖċĬċШ ÑÂШ ĬĲШ ?ÂќǃĲШ
ĬƁŰƬƝůƬƝШŸũƨƖЮШcƬĦƖĲШŚĩŚŰĬĲШƁǍŊƬũШĲŰǍŚůũĲƖШ ÑÂќĬĲŰШťŸƓċŰШŉŸƚŉċƣШ

 
25ШÂÑШӀШċĬĲŰŚŰШҼШƖŚĤŸǍШҼШΟШŉŸƚŉċƣШŊƖƨĤƨ 



ѿШÌƨĤċƣЯШΞΜΞΡШ?ƖЮШ~ƨƚƣċŉċШ ŉǃŸŰũƨŸŌũƨ 

ΠΟ 

ŊƖƨĤƨŰƨШƣĲƓťŚůĲǃĲШŊŚƖĲŰШůċĬĬĲũĲƖĲШċťƣċƖŕƖũċƖЮШ7ƨШŸũċǃċШŉŸƚŉŸƖŚũċƚǃŸŰШ
ĬĲŰŚƖЮШÉÑÂШǃĲŰŚĬĲŰШƚĲŰƣĲǍũĲŰĲĤŚũĲŰШĤŚƖШůċĬĬĲĬŚƖЮШEťƚŚũĲŰШ ÑÂќǃŚШǃĲƖŚŰĲШ
ťŸǃůċťШŚĩŚŰШĬŕƝċƖŕĬċŰШĲŰĲƖŢŚШőċƖĦċŰċƖċťШ ?ÂќǃĲШĤŚƖШŉŸƚŉċƣШŊƖƨĤƨШċťƣċƖŕũŕƖШ
ƻĲШ ÑÂќǃĲШĬƁŰƬƝƣƬƖƬũƬƖЮ 

 

 
 

ÑÂШĄШ?ÂШҼШÂŚ  ]ΜШӀШрΟΜЯΡШťsоůŸũШШы]ШӀрΠΣШťsоůŸũь 
ÑÂШĄШ~ÂШҼШÂÂŚ  ]ΜШӀШрΠΡЯΣШťsоůŸũ 
?ÂШĄШ~ÂШҼШÂŚ  ]ΜШӀШрΟΞЯΥШťsоůŸũШШы]ШӀрΡΠШťsоůŸũь 
~ÂШĄШċĬĲŰŸƚŚŰĲШҼШÂŚ  ]ΜШӀШрΝΠЯΞШťsоůŸũ 

ыÂŚжЮŚŰŸƖŊċŰŚťЮŉŸƚŉċƣь 
 
òŸŌƨŰũċƝůċШÑĲƓťŚůĲƚŚШы9ŸŰĬĲŰƚċƣŔŸŰШÅĲċĦƣŔŸŰь 
¶ 7ƨШƣĲƓťŚůĲШŚũĲШŚťŚШůŸũĲťƬũШƣĲťШĤŚƖШůŸũĲťƬũШőċũŚŰĲШŊĲũŚƖШƻĲШƣĲƓťŚůĲШ
ƚŸŰƨŰĬċШ ƚƨЯШ ĲƣőċŰŸũШ ƻĲǃċШ ċůŸŰǃċťШ ůŸũĲťƬũƬШ ŊŚĤŚШ ĤŚƖШ ƣċŰĲШ ťƬĩƬťШ
ůŸũĲťƬũШċĩŕŌċШĩŕťċƖЮШÉƨШťċǃĤŕШĬƨƖƨůƨŰĬċШĤƨШƣĲƓťŚůĲǃĲШĬĲőŚĬƖċƚǃŸŰШ
ƚĲŰƣĲǍŚШĬĲШ ĬĲŰŚƖЮШ ы°ƖŰĲŌŚŰШ ůŸŰŸůĲƖũĲƖĬĲŰШ ƓŸũŚůĲƖШ ǃċƓŕũůċƚŕШ ǃċŰŚШ



ѿШÌƨĤċƣЯШΞΜΞΡШ?ƖЮШ~ƨƚƣċŉċШ ŉǃŸŰũƨŸŌũƨ 

ΠΠ 

ċůŚŰŸċƚŚƣũĲƖĬĲŰШƓƖŸƣĲŚŰШǃċƓůċťЯШŊũŚťŸǍũċƖŕШĤŚƖũĲƝƣŚƖŚƓШŊũŚťŸŢĲŰШǃċƓůċťШ
ǃŸŌƨƝůċШƣĲƓťŚůĲũĲƖŚĬŚƖьШ7ƨШƖĲċťƚŚǃŸŰШĲŰĲƖŢŚШŊĲƖĲťƣŚƖŚƖЮ 

 

 
°ƖŰĲťаШ ~ÂШĄШ?ÂШĄШÑÂ 
 
cŚĬƖŸũŚǍШÑĲƓťŚůĲƚŚШыcǃĬƖŸũǃƚŔƚШÅĲċĦƣŔŸŰь 
¶ 7ƨШƣĲƓťŚůĲШŚũĲШƚƨШůŸũĲťƬũƬШĲťũĲŰŚƖШƻĲШĤƨШƚċǃĲĬĲШůŸũĲťƬũШƓċƖĩċũċŰŕƖЮШ
ы°ƖŰĲŌŚŰШũŚƓŚƣũĲƖŚŰЯШƓƖŸƣĲŚŰũĲƖŚŰЯШťċƖĤŸŰőŚĬƖċƣũċƖŕŰШƓċƖĩċũċŰůċƚŕШőŚĬƖŸũŚǍШ
ƣĲƓťŚůĲƚŚĬŚƖьШ7ƨШƖĲċťƚŚǃŸŰШƚŸŰƨĦƨŰĬċШĲŰĲƖŢŚШċĩŕŌċШĩŕťċƖЮ 

 
 
°ƖŰĲťаШ ÑÂШĄШ?ÂШĄШ~Â 
 
  



ѿШÌƨĤċƣЯШΞΜΞΡШ?ƖЮШ~ƨƚƣċŉċШ ŉǃŸŰũƨŸŌũƨ 

ΠΡ 

  



ѿШÌƨĤċƣЯШΞΜΞΡШ?ƖЮШ~ƨƚƣċŉċШ ŉǃŸŰũƨŸŌũƨ 

ΠΣ 

 

>]yª~{~zjy²zzjª 
éƬĦƨĬƨůƨǍĬċťŚШůċťƖŸůŸũĲťƬũũĲƖЯШĩŸŌƨŰũƨťũċШťċƖĤŸŰШŚƚťĲũĲƣŚŰĬĲШŸũċŰШƻĲШ
ŊƁƖĲĦĲШĬċőċШĤƬǃƬťШǃċƓŕĬċťŚШůŸũĲťƬũũĲƖĬŚƖЮ 
 

ÂŸũŚůĲƖũĲƖ 

¶ ÂŸũŚůĲƖШĤŚƖĤŚƖŚŰŚŰШċǃŕƚŕШǃċШĬċШĤĲŰǍĲƖŚШǃċƓŕƣċƝũċƖŕŰŕŰШťŸƻċũĲŰƣШĤċŌũċƖũċШ
ĤċŌũċŰċƖċťШŸũƨƝƣƨƖĬƨťũċƖŕШƨǍƨŰШĤŚƖШůŸũĲťƬũĬƬƖЮ 

¶ ÂŸũŚůĲƖũĲƖŚŰШǃċƓŕƣċƝŕШŸũċƖċťШŊƁƖĲƻШǃċƓċŰШťƬĩƬťШůŸũĲťƬũũĲƖĲШůŸŰŸůĲƖШ
ċĬŕШƻĲƖŚũŚƖЮ 

¶ lťŚШůŸŰŸůĲƖШċƖċƚŕŰĬċШĤŚƖШĤċŌШťƨƖƨũĬƨŌƨŰĬċШőĲƖШůŸŰŸůĲƖШťċǃĤĲĬŚũĲŰШ
ƚƨШůŸũĲťƬũƬŰƬŰШĤĲũŚƖũŚШĤŚƖШƓċƖĩċƚŕŰŕШƚċŌũċƖЮШÉƨШťċǃĤŕŰĬċŰШĬŸũċǃŕШĤƨШ
ƣĲƓťŚůĲũĲƖĲШťŸŰĬĲŰƚċƚǃŸŰШǃċШĬċШĬĲőŚĬƖċƚǃŸŰШƣĲƓťŚůĲƚŚШċĬŕШƻĲƖŚũŚƖЮ 

 

 
¶ cŚĬƖŸũŚǍШ ƣĲƓťŚůĲƚŚЯШ ĬĲőŚĬƖċƚǃŸŰƨŰШ ƣċůШ ƣĲƖƚŚĬŚƖЯШ ǃċŰŚШ ĤŚƖШ ƚƨШ
ůŸũĲťƬũƬŰƬŰШĲťũĲŰůĲƚŚǃũĲШůŸŰŸůĲƖũĲƖШċƖċƚŕŰĬċťŚШĤċŌШťŕƖŕũŕƖЮШÉŚŰĬŚƖŚůЯШ
ƻƬĦƨƣƣċШŊĲƖĩĲťũĲƝĲŰШőŚĬƖŸũŚǍĲШĤŚƖШƁƖŰĲťƣŚƖЮ 



ѿШÌƨĤċƣЯШΞΜΞΡШ?ƖЮШ~ƨƚƣċŉċШ ŉǃŸŰũƨŸŌũƨ 

ΠΤ 

 
 
 

uċƖĤŸŰőŚĬƖċƣũċƖ 

¶ cĲůШƝĲťĲƖШőĲůШĬĲШĤƨŰũċƖŕŰШƓŸũŚůĲƖũĲƖŚŰŚШыƓŸũŚƚċťťċƖŚƣũĲƖьШŚĩĲƖŚƖũĲƖЮ 
¶ EŰШĤċƚŚƣШťċƖĤŸőŚĬƖċƣũċƖШůŸŰŸƚċťťċƖŚƣũĲƖĬŚƖ26Ю 
¶ ?ŚƚċťťċƖŚƣũĲƖ27ШŚťŚШƝĲťĲƖШůŸũĲťƬũƬŰƬŰШĤŚƖũĲƝůĲƚŚШŚũĲШŸũƨƝƨƖЮ 
¶ ÂŸũŚƚċťťċƖŚƣũĲƖŚŰШ ǃċƓŕƚŕŰĬċШŊũŚťŸǍŚĬŚťШ ĤċŌũċƖũċШ ĤŚƖũĲƝůŚƝШĩŸťШ ƚċǃŕĬċШ
ыΝΜΜҼЯШΝΜΜΜҼьШƝĲťĲƖШůŸũĲťƬũƬШĤƨũƨŰƨƖЮ 

 

ÌĲťĲƖũĲƖ 

¶ <ŸŌƨŰũƨťũċШťċƖĤŸŰШƻĲШőŚĬƖŸŢĲŰĬĲŰШŸũƨƝċŰШůŸũĲťƬũũĲƖĬŚƖЮШΟШťċƖĤŸŰĬċŰШΥШ
ťċƖĤŸŰċШťċĬċƖШĬĲŌŚƝŚťШƣƬƖũĲƖŚШƻċƖĬŕƖЮШ 

¶ ]ĲŰĲũШŸũċƖċťШы9cΞ§ьŰШŸũċƖċťШŉŸƖůƬũĲШĲĬŚũĲĤŚũŚƖЮШ 

 
26Ш~ŸŰŸƚċťťċƖŚƣũĲƖЯШƚƨШŚũĲШĬċőċШťƬĩƬťШĤŚƖŚůũĲƖĲШƓċƖĩċũċŰċůċĬŕťũċƖŕŰĬċŰШĤċƚŚƣШƝĲťĲƖũĲƖЯШƣĲťШ
ƝĲťĲƖũĲƖЯШůŸŰŸǍũċƖШŸũċƖċťШĬċШĤŚũŚŰŚƖũĲƖЮ 
27Ш7ŚƖШĬŚƚċťťċƖŚƣЯШŚťŚШůŸŰŸƚċťťċƖŚƣŚŰШŊũŚťŸǍŚĬŚťШĤċŌШŚũĲШĤŚƖũĲƝƣŚƖŚũůĲƚŚǃũĲШŸũƨƝċŰШƝĲťĲƖĬŚƖЮШ
~ŸŰŸƚċťťċƖŚƣũĲƖШŊŚĤŚШĬŚƚċťťċƖŚƣũĲƖШĬĲШƚƨĬċШĩƁǍƬŰĲŰШĤċƚŚƣШƝĲťĲƖũĲƖĬŚƖЮШÚĩШǃċǃŊŕŰШƁƖŰĲťШ
ƚċťťċƖŸǍШыƚƬťƖŸǍьЯШũċťƣŸǍШƻĲШůċũƣŸǍĬƨƖЮ 



ѿШÌƨĤċƣЯШΞΜΞΡШ?ƖЮШ~ƨƚƣċŉċШ ŉǃŸŰũƨŸŌũƨ 

ΠΥ 

¶ 7ƨШĤŚũĲƝŚťũĲƖЯШťċƖĤŸŰŚũШŊƖƨĤƨŰƨŰШǃĲƖũĲƝŚůŚŰĲШŊƁƖĲШċũĬŸǍШыċũĬĲőŚƣШƝĲťĲƖьШ
ǃċШĬċШťĲƣŸǍШыťĲƣŸŰШƝĲťĲƖьШċĬŕŰŕШċũŕƖũċƖЮ 

 
 
¶ ]ũŚťŸǍШůŸũĲťƬũũĲƖŚШĬŚŌĲƖШĤŚƖĩŸťШƝĲťĲƖШŊŚĤŚШőċũťċƚċũШǃċƓŕũċƖШŸũƨƝƣƨƖƨƖũċƖЮ 



ѿШÌƨĤċƣЯШΞΜΞΡШ?ƖЮШ~ƨƚƣċŉċШ ŉǃŸŰũƨŸŌũƨ 

ΠΦ 

 
¶ EŰШǃċǃŊŕŰШŸũċŰŕЯШŰӀΣШŚĩŚŰШ9ΣcΝΞ§ΣШӀШŊũƨťŸǍШяŊũƨĦŸƚĲѐШĤċƚŚƣШƝĲťĲƖĬŚƖЯШ
ůŸŰŸƚċťťċƖŚƣШĬĲŰŚƖШыƣĲťШƝĲťĲƖьШ 

glucose  

 
ŊũƨĦŸƚĲ 

¶ ΞШƣċŰĲШŊũƨťŸǍШĤŚƖĤŚƖŚǃũĲШĤċŌШǃċƓċƖƚċШĤƨŰċШůċũƣŸǍШĬĲŰŚƖЮШ~ċũƣŸǍШĤŚƖШ
ĬŚƚċťťċƖŚƣШƝĲťĲƖĬŚƖ 

 
ůċũƣŸƚĲ 

 



ѿШÌƨĤċƣЯШΞΜΞΡШ?ƖЮШ~ƨƚƣċŉċШ ŉǃŸŰũƨŸŌũƨ 

ΡΜ 

¶ ]ũƨťŸǍĬċШĲŰШƚŸũĬċťŚШőŚĬƖŸťƚŚũŚŰШǃƁŰƬШĬĲŌŚƝŚƖƚĲШŊċũċťƣŸǍШŸũƨƖ 

 
]ċũċĦƣŸƚĲ 

¶ ]ũƨťŸǍĬċШ ƚċŌШċũƣШ ĤċŌШŰŸťƣċƚŕŰĬċťŚШ őŚĬƖŸťƚŚũШǃƨťċƖŕǃċШĬŸŌƖƨШ ŸũƨƖƚċШ

ůċŰŰŸǍШŸũƨƖЮ 

¶ ]ũƨťŸǍЯШŊċũċťƣŸǍШƻĲШůċŰŰŸǍЯШĤŚƖĤŚƖŚŰŚŰШǃċƓŕƚċũШŚǍŸůĲƖũĲƖŚШŸũċƖċťШťċĤƨũШ
ĲĬŚũŚƖЮШ 7ƨШ ƬĩШ ůŸŰŸƚċťťċƖŚƣЯШ ċǃŰŕШ ťŚůǃċƚċũШŉŸƖůƬũĲШ ы9ЏcЊЋ§ЏьШ ƚċőŚƓШ
ŸũůċũċƖŕŰċШƖċŌůĲŰЯШċƣŸůũċƖŕŰŕŰШĤċŌũċŰůċШĬƬǍĲŰŚШŉċƖťũŕĬŕƖЮШ7ƨШŉċƖťũŕШ
ĤċŌũċŰůċШĬƬǍĲŰŚЯШőĲƖШĤŚƖŚŰŚŰШŉŚǍŚťƚĲũШƻĲШťŚůǃċƚċũШƁǍĲũũŚťũĲƖŚŰŚШĲƣťŚũĲƖЮШ
]ũƨťŸǍШ ƻĲШ ŊċũċťƣŸǍЯШ ƁǍĲũũŚťũĲШ őŚĬƖŸŢĲŰШ ƻĲШ őŚĬƖŸťƚŚũШŊƖƨƓũċƖŕŰŕŰШ ŉċƖťũŕШ
ǃĲƖũĲƝŚůŚШŰĲĬĲŰŚǃũĲШĤŚƖĤŚƖŚŰĬĲŰШċǃƖŕũŕƖťĲŰЯШůċŰŰŸǍШĬċШĤĲŰǍĲƖШƝĲťŚũĬĲШ
ŉċƖťũŕШĤŚƖШǃċƓŕШŊƁƚƣĲƖŚƖЮ 

¶ ]ũƨťŸǍШƻĲШŊċũċťƣŸǍШĤċŌũċŰŕƖƚċШũċťƣŸǍШяũċĦƣŸƚĲѐШыƚƬƣШƝĲťĲƖŚьШŸũƨƖЮШ 

 

 

xċĦƣŸƚĲ 

¶ xċťƣŸǍШƻƬĦƨƣƣċШũċťƣċǍШяũċĦƣċƚĲѐШĲŰǍŚůŚШŚũĲШƚŚŰĬŚƖŚũŚƖЮ 

 



ѿШÌƨĤċƣЯШΞΜΞΡШ?ƖЮШ~ƨƚƣċŉċШ ŉǃŸŰũƨŸŌũƨ 

ΡΝ 

 
¶ ]ũƨťŸǍШƻĲШŉƖƨťƣŸǍШĤċŌũċŰŕƖƚċШƚƬťƖŸǍШяƚƨĦƖŸƚĲЯШƚċťťċƖŸƚĲѐШыƣŸǍШƝĲťĲƖьШ
ŸũƨƖЮШ 

 
ÉƨĦƖŸƚĲ 

¶ òƨťċƖŕĬċШĤċőƚĲĬŚũĲŰШƁƖŰĲťũĲƖĬĲШŚťŚШƝĲťĲƖŚШĤŚƖĤŚƖŚŰĲШĤċŌũċǃċŰШĤċŌũċƖċШ
ŊũŚťŸƚŚĬŚťШĤċŌШяŊũǃĦŸƚŚĬŚĦШĤŸŰĬѐШĬĲŰŚƖЮ 

 
 
¶ uċƖĤŸŰШƚċǃŕƚŕŰċШŊƁƖĲШŚƚŚůũĲŰĬŚƖŚũĬŚŌŚŰĬĲа 
o ΣрťċƖĤŸŰũƨШƝĲťĲƖĲШőĲťƚŸǍШяőĲǂŸƚĲƚѐШĬĲŰŚƖЮШ 
яŊũƨťŸǍЯШŊċũċťƣŸǍЯШŉƖƨťƣŸǍвѐ 

o ΡрťċƖĤŸŰũƨШƝĲťĲƖĲШƓĲŰƣŸǍШяƓĲŰƣŸƚĲƚѐШĬĲŰŚƖЮШ 
яƖŚĤŸǍЯШƖŚĤƨũŸǍвѐ 

o ΟрťċƖĤŸŰũƨШƝĲťĲƖĲШƣƖŚŸǍШяƣƖŚŸƚĲƚѐШĬĲŰŚƖЮШ 
яŊũŚƚĲƖċũĬĲőŚƣЯШĬŚőŚĬƖŸťƚŚċƚĲƣŸŰШвѐ 

¶ ÌĲťĲƖĲШċũĬĲőŚƣШĲťũĲŰĬŚǃƚĲШċũĬŸǍШяċũĬŸƚĲƚѐШĬĲŰŚƖЮ 

aldose (gliser aldehit)
 

¶ ÌĲťĲƖĲШťĲƣŸŰШĲťũĲŰĬŚǃƚĲШťĲƣŸǍШШяťĲƣŸƚĲƚѐШĬĲŰŚƖЮ 



ѿШÌƨĤċƣЯШΞΜΞΡШ?ƖЮШ~ƨƚƣċŉċШ ŉǃŸŰũƨŸŌũƨ 

ΡΞ 

ketose (fruktoz)
 

¶ ]ũŚťŸŢĲŰаШťċƖċĦŚŌĲƖĬĲШƻƬĦƨĬċШċũŕŰċŰШƝĲťĲƖŚŰШƚċťũċŰĬŕŌŕШƝĲťĲƖШŉŸƖůƨ 

 
ыƝĲťŚũĬĲťŚШőĲƖШĤŚƖШŰŸťƣċĦŕťШĤŚƖШŊũƨťŸǍШůŸũĲťƬũƬĬƬƖь 

 
7ƨШŊũŚťŸŢĲŰШǍŚŰĦŚƖŚШŊƁƖĲĦĲШťŕƚċШŚƚĲШŸũŚŊŸШƚċťťċƖŚƣШƨǍƨŰШŚƚĲШƓŸũŚШƚċťťċƖŚƣШ
ĬĲŰŚƖЮ 
 
¶ ~ŸŰŸƚċťťċƖŚƣũĲƖШőƬĦƖĲũĲƖШŚĩŚŰШƣĲůĲũШĤĲƚŚŰĬŚƖЮШcƬĦƖĲШƚŸũƨŰƨůƨŰĬċШ
ŊũŚťŸǍШůŸũĲťƬũũĲƖŚŰĬĲШĬĲƓŸШĲĬŚũůŚƝШĲŰĲƖŢŚШċĩŕŌċШĩŕťċƖŕũŕƖЮШШШůŚŰŸċƚŚƣũĲƖШ
ƻĲШ ǃċŌũċƖШ ŊŚĤŚШ ťƬĩƬŢШ ŸƖŊċŰŚťШ ůŸũĲťƬũũĲƖŚŰШ ƚĲŰƣĲǍũĲŰĲĤŚũůĲƚŚШ ŚĩŚŰШ
őċůůċĬĬĲШŸũċƖċťШŚƝШŊƁƖƬƖũĲƖЮ 

¶ ÂŸũŚƚċťťċƖŚƣũĲƖШŚťŚШťċƣĲŊŸƖŚĬĲШŚŰĦĲũĲŰĲĤŚũŚƖа 
o ?ĲƓŸШƓŸũŚƚċťťċƖŚƣũĲƖаШcċǃƻċŰƚċũШыŊũŚťŸŢĲŰьШǃċШĬċШĤŚƣťŚƚĲũШыŰŚƝċƚƣċьШ
ŸƖŊċŰŚǍůċũċƖĬċШĬŸŌƖƨĬċŰШƓŸũŚƚċťťċƖŚƣũĲƖŚŰШĬĲƓŸШĲĬŚũĲŰШŉŸƖůũċƖŕĬŕƖЮ 
Á  ŚƝċƚƣċа 
¶ ÉċĬĲĦĲШŊũƨťŸǍШůŸŰŸůĲƖũĲƖŚŰĬĲŰШŸũƨƝƨƖЮ 



ѿШÌƨĤċƣЯШΞΜΞΡШ?ƖЮШ~ƨƚƣċŉċШ ŉǃŸŰũƨŸŌũƨ ΡΟ 

¶ 7ŚƣťŚũĲƖĬĲШƓũċƚƣŚƣũĲƖ28ШŚĩŚŰĬĲШыƁƖŰĲťаШƓċƣċƣĲƚШǃƨůƖƨƚƨŰĬċьШ
ĬĲƓŸũċŰŕƖЮ 

¶ [ċǍũċШŊũƨťŸǍШŰŚƝċƚƣċШƝĲťũŚŰĬĲШĬĲƓŸШĲĬŚũŚƖЮ 
¶ lŰƚċŰШƻĲШĤŚƖШĩŸťШőċǃƻċŰШŰŚƝċƚƣċǃŕШőŚĬƖŸũŚǍШĲĬĲĤŚũŚƖЮ 
¶ ?ċũũċŰůċůŕƝрĬƬǍШыċůŚũŸǍьШ ƻĲШ ĬċũũċŰůŕƝШ ыċůŚũŸƓĲťƣŚŰьШ
ŉŸƖůũċƖŕШƻċƖĬŕƖЮ 

Á ]ũŚťŸŢĲŰа 
¶  ŚƝċƚƣċǃċШŊƁƖĲШĬċũũċŰůŕƝШŸũċŰШŊũƨťŸǍШƓŸũŚůĲƖŚĬŚƖЮ 
¶ lŰƚċŰШƻĲШĬŚŌĲƖШŸůƨƖŊċũŕũċƖŕŰШťċƖċĦŚŌĲƖШƻĲШťċƚШőƬĦƖĲũĲƖŚŰĬĲШ
ĬĲƓŸũċŰŕƖЮ 

¶ ÌĲťĲƖШ ŊĲƖĲťƚŚŰŚůŚШ ċƖƣƣŕŌŕŰĬċШыƁƖŰĲŌŚŰШ ċĩũŕťШ ĬƨƖƨůƨŰĬċьШ
őŚĬƖŸũŚǍШĲĬŚũĲƖĲťШŊũƨťŸǍШċĩŕŌċШШĩŕťċƖŕũŕƖШƻĲШĲŰĲƖŢŚШĲũĬĲШĲĬŚũůĲƚŚШ
ŚĩŚŰШĤċƝũċŰŊŕĩШůċĬĬĲƚŚШŸũċƖċťШťƨũũċŰŕũċĤŚũŚƖЮ 

¶ 7ĲƚũĲŰŚũůĲĬŚŌŚШǍċůċŰШŊũŚťŸŢĲŰШŚŰƚċŰũċƖĬċШĤŚƖШŊƬŰĬĲШƣƬťĲŰŚƖЮ 
o òċƓŕƚċũШ ƓŸũŚƚċťťċƖŚƣũĲƖаШ7ŚƣťŚũĲƖŚŰШ őƬĦƖĲШ ĩĲƓĲƖŚŰŚŰШ ǃċƓŕƚŕŰĬċШ
ыƚĲũƬũƁǍьШƻĲǃċШĲťũĲůĤċĦċťũŕũċƖŕŰШƚĲƖƣШťċĤƨťũċƖŕŰĬċШыťŚƣŚŰьШĤƨũƨŰƨƖЮ 
Á ÉĲũƬũƁǍа 
¶ 7ŚƣťŚШőƬĦƖĲũĲƖŚŰŚШĩĲƻƖĲũĲǃĲŰШƚĲƖƣШőƬĦƖĲШĩĲƓĲƖŚŰŚŰШĤŚũĲƝĲŰŚĬŚƖЮ 
¶ òĲƖǃƬǍƬŰĬĲШĲŰШĤŸũШĤƨũƨŰċŰШƓŸũŚƚċťťċƖŚƣƣŚƖЮ 
¶ ]ũƨťŸǍƨŰШŉċƖťũŕШĤŚƖШŉŸƖůƨŰĬċŰШы͉ ШΝрΠШĤċŌũċƖŕьШŸũƨƝůƨƝƣƨƖЮШ
lŰƚċŰШƻƬĦƨĬƨŰĬċШĤƨШĤċŌũċƖŕШƚŚŰĬŚƖĲĦĲťШĲŰǍŚůШĤƨũƨŰůċǍЮШ7ƨШ
ƁǍĲũũŚŌŚШŚũĲШŰŚƝċƚƣċĬċŰШы͈ ШΝрΠШĤċŌũċƖŕьШċǃƖŕũŕƖЮ 

 
28ШÂũċƚƣŚƣũĲƖЯШĬĲŰŚǍШǃŸƚƨŰƨЯШĤŚƣťŚШƻĲШťŚůŚШƓƖŸƣŚƚƣШőƬĦƖĲũĲƖŚŰĬĲШĤƨũƨŰċŰЯШĩĲƝŚƣũŚШŊƁƖĲƻũĲƖŚШŸũċŰШ
ĩŚŉƣШǍċƖũŕШƣĲůĲũШŸƖŊċŰĲũĬŚƖЮШыťũŸƖŸƓũċƚƣЯШũƁťŸƓũċƚƣЯШťƖŸůŸƓũċƚƣь 



ѿШÌƨĤċƣЯШΞΜΞΡШ?ƖЮШ~ƨƚƣċŉċШ ŉǃŸŰũƨŸŌũƨ 

ΡΠ 

 
¶  ŚƝċƚƣċШůŸũĲťƬũƬШĤƬǃƬťШŸƖċŰĬċШƚċƖůċũШǃċƓŕĬċШŚťĲŰШƚĲũƬũƁǍШ
ůŸũĲťƬũƬШĬŸŌƖƨƚċũШǃċƓŕĬċĬŕƖЮ 

¶ 7ŚƖĤŚƖŚŰĲШƓċƖċũĲũШǃĲƖũĲƝĲŰШǍŚŰĦŚƖũĲƖŚŰШ§cШŊƖƨƓũċƖŕШċƖċƚŕŰĬċШ
őŚĬƖŸŢĲŰШ ĤċŌŕШŸũƨƝƨƖЮШ 7ƨШ ƓċƖċũĲũШ ůŸũĲťƬũШ ĬĲůĲƣũĲƖŚŰĲШ
ůŚťƖŸŉŚĤƖŚũШċĬŕШƻĲƖŚũŚƖЮ 

 
 

¶ ǍШƚċǃŕĬċШŸƖŊċŰŚǍůċШƚĲũƬũŸǍƨШƚŚŰĬŚƖĲĤŚũĲŰШĲŰǍŚůũĲƖĲШƚċőŚƓƣŚƖЮ 



ѿШÌƨĤċƣЯШΞΜΞΡШ?ƖЮШ~ƨƚƣċŉċШ ŉǃŸŰũƨŸŌũƨ 

ΡΡ 

¶ ÉĲũƬũŸǍШũŚǰĲƖŚШƚŚŰĬŚƖŚůШťċŰċũŕŰŕШĬƁƝĲǃĲŰШőƬĦƖĲũĲƖŚШůƨťƨƚ29Ш
ƚċũŊŕũċůċƚŕШŚĩŚŰШƨǃċƖŕƖЮШ7ƨШƚċǃĲĬĲШĬŕƝťŕũċůċШĬċШĬċőċШƖċőċƣШ
ŸũƨƖЮШ?ŸũċǃŕƚŕШŚũĲШƚċŌũŕťũŕШĤŚƖШĬŚǃĲƣШŚĩŚŰШŊĲƖĲťũŚĬŚƖЮ 

¶ ÉŕŌŕƖũċƖШƻĲШƣĲƖůŚƣũĲƖ30ЯШƚĲũƬũŸǍƨШƓċƖĩċũċǃċĤŚũĲŰШĤċťƣĲƖŚũĲƖШŚũĲШ
ƚŚůĤŚǃŸƣŚť31ШǃċƝċĬŕťũċƖŕШŚĩŚŰШĤƨШĤĲƚŚŰĬĲŰШŉċǃĬċũċŰċĤŚũŚƖũĲƖЮ 

Á uŚƣŚŰа 
¶ EťũĲůĤċĦċťũŕũċƖŕŰШĬŕƝШŚƚťĲũĲƣŚŰŚШŸũƨƝƣƨƖƨƖЮ 
¶ ÉċŉШťŚƣŚŰШĬĲƖŚШŊŚĤŚШǃƨůƨƝċťƣŕƖЮШuċũƚŚǃƨůШťċƖĤŸŰċƣШƣƨǍƨШŚũĲШ
ĤŚƖċƖċǃċШŊĲũĲƖĲťШƚĲƖƣũĲƝŚƖЮ 

 
 

xŚƓŚĬũĲƖ 

¶ cŚĬƖŸŉŸĤŚťШƁǍĲũũŚťƣĲШŸƖŊċŰŚťШůŸũĲťƬũũĲƖĬŚƖЮ 
¶ <ŸŌƨŰũƨťũċШ ƨǍƨŰШ őŚĬƖŸťċƖĤŸŰШ ǍŚŰĦŚƖũĲƖŚШ ŚĩĲƖŚƖũĲƖЮШòċťŕũĬŕťũċƖŕŰĬċШ
ǃƬťƚĲťШĲŰĲƖŢŚШƻĲƖŚƖũĲƖЮ 

 

òċŌũċƖ 

¶ 7ŚƖШǃċŌШŚťŚШƣŚƓШťƬĩƬťШůŸũĲťƬũƬŰШыŊũŚƚĲƖŸũШƻĲШǃċŌШċƚŚĬŚьШĤŚƖШċƖċǃċШ
ŊĲũůĲƚŚШŚũĲШŸũƨƝƨƖЮШ 

 
29Ш~ƨťƨƚЯШĤċŌŕƖƚċťШƣċƖċŉŕŰĬċŰШƚċũŊŕũċŰċŰШƻĲШĤċŌŕƖƚċťШǃċƓŕƚŕŰŕŰШťŸƖƨŰůċƚŕŰċШǃċƖĬŕůĦŕШŸũċŰШ
ƚƬůƬťƚƬШĤŚƖШƚŕƻŕĬŕƖЮШ7ƨШƚċũŊŕШċǃŰŕШǍċůċŰĬċШŊŕĬċШĲůŚũŚůŚШŚĩŚŰШĬĲШŊĲƖĲťũŚĬŚƖЮ 
30ШÑĲƖůŚƣũĲƖаШ ÑĲƖůŚƣũĲƖЯШ ƣĲƖůŚƣШ ǃċШ ĬċШ ċťťċƖŕŰĦċЯШ ĤĲǃċǍШ ťċƖŕŰĦċШ ċĬŕŰŕШ ċũŕƖũċƖЮШ °ǍĲũũŚťũĲШ
ƣƖŸƓŚťũĲƖĬĲШƻĲШƚƨĤƣƖŸƓŚťũĲƖĬĲШŸĬƨŰũċƖŕШƻĲШŸƖŊċŰŚťШťƁťĲŰũŚШĬŚŌĲƖШůċĬĬĲũĲƖŚШǃŚǃĲƖĲťШĤƬǃƬťШ
ǍċƖċƖШƻĲƖůĲũĲƖŚШŚũĲШƣċŰŕŰŕƖũċƖЮ 
31ШÉŚůĤŚǃŸƣŚťШ ǃċƝċůаШ §ƖƣċťǃċƝċůЯШ ŸƖƣċťǃċƝċƖũŕťШ ǃċШ ĬċШ ƚŚůĤŚǃŸǍЯШ ŚťŚШ ĦċŰũŕŰŕŰШ ƣĲťШ ĤŚƖШ
ŸƖŊċŰŚǍůċШŊŚĤŚШĤŚƖĤŚƖũĲƖŚǃũĲШǃċƖĬŕůũċƝċƖċťШĤŚƖШċƖċĬċШǃċƝċůċũċƖŕĬŕƖЮ 
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ΡΣ 

¶ ]ũŚƚĲƖŸũШ ΟШ ťċƖĤŸŰũƨШ ĤŚƖШ ċũťŸũĬƬƖЮШ òċŌШ ċƚŚĬŚŰŚŰШ ŚƚĲШ ĤŚƖШ ƨĦƨŰĬċШ
ťċƖĤŸťƚŚũШŊƖƨĤƨШƻċƖĬŕƖЮШ 

¶ òċŌШċƚŚƣũĲƖŚŰŚŰШƨǍƨŰШőŚĬƖŸťċƖĤŸŰШǍŚŰĦŚƖũĲƖŚШыǍŚŰĦŚƖĬĲťŚШťċƖĤŸŰũċƖŕŰШ
ƣƬůШĤċŌũċƖŕШőŚĬƖŸŢĲŰШŚũĲШĬŸũĬƨŌƨШŚĩŚŰьШĤƨШĤŚũĲƝŚťũĲƖĲШőŚĬƖŸŉŸĤŚťШ
ƁǍĲũũŚťШťċǍċŰĬŕƖŕƖЮ 

¶ òċŌũċƖШƚŕťŕƝƣŕƖŕũůŕƝШĲŰĲƖŢŚШĬĲƓŸũċƖŕĬŕƖЯШťċƖĤŸŰőŚĬƖċƣƣċŰШĬċőċШŉċǍũċШ
ĲŰĲƖŢŚШĬĲƓŸũċƖũċƖЮ 

¶ ÚĩШċĬĲƣШǃċŌШċƚŚĬŚŰŚŰШőĲƖШĤŚƖŚШĤŚƖШĲƚƣĲƖШĤċŌŕ32ШŚũĲШŊũŚƚĲƖŸũĲШĤċŌũċŰŕƖЮШ
§ƖƣċǃċШĩŕťċŰШĤŚũĲƝŚŌĲШƣƖŚŊũŚƚĲƖŚĬШċĬŕШƻĲƖŚũŚƖЮ 
 

Ш 

 
32ШEƚƣĲƖШ7ċŌŕШыĲƚƣĲƖШĤŸŰĬьЯШĤŚƖШťċƖĤŸťƚŚũŚťШċƚŚƣШŊƖƨĤƨШыр9§§cьШŚũĲШĤŚƖШċũťŸũШŊƖƨĤƨШыр§cьШ
ċƖċƚŕŰĬċШŸũƨƝċŰШťŚůǃċƚċũШĤċŌĬŕƖЮШ7ƨШĤċŌЯШĤŚƖШƚƨШůŸũĲťƬũƬŰƬŰШĩŕťŕƝŕǃũċШыťŸŰĬĲŰƚċƚǃŸŰШ
ƖĲċťƚŚǃŸŰƨьШůĲǃĬċŰċШŊĲũŚƖШƻĲШŸťƚŚŢĲŰШċƣŸůƨШƬǍĲƖŚŰĬĲŰШťċƖĤŸŰШŚũĲШċũťŸũШŊƖƨĤƨШċƖċƚŕŰĬċШĤŚƖШ
ĤċŌũċŰƣŕШťƨƖċƖЮШEƚƣĲƖШĤċŌŕЯШťċƖĤŸŰŚũШťċƖĤŸŰƨШы9Ӏ§ьШŚũĲШċũťŸũƬŰШŸťƚŚŢĲŰШċƣŸůƨШċƖċƚŕŰĬċШĤŚƖШ
ťƁƓƖƬШŊƁƖĲƻŚШŊƁƖƬƖШƻĲШĤƨШǃċƓŕШŊĲŰĲũũŚťũĲШ9р§р9ШƝĲťũŚŰĬĲШŊƁƚƣĲƖŚũŚƖЮ 
EƚƣĲƖШĤċŌŕŰŕŰШĬŚŌĲƖШťŚůǃċƚċũШĤċŌũċƖĬċŰШŉċƖťŕЯШƁǍĲũũŚťũĲШĤŚǃŸťŚůǃċƚċũШƚƬƖĲĩũĲƖĬĲЯШĲŰĲƖŢŚŰŚŰШ
ĬĲƓŸũċŰůċƚŕШ ƻĲШ ƣƖċŰƚŉĲƖŚŰĬĲШ ƁŰĲůũŚШ ĤŚƖШ ƖŸũШ ŸǃŰċůċƚŕĬŕƖЮШ °ƖŰĲŌŚŰЯШ ƣÅ  Ш ƬǍĲƖŚŰĬĲťŚШ
ċůŚŰŸċƚŚƣЯШƣÅ  ѣŰŕŰШΟѣШőŚĬƖŸťƚŚũШŊƖƨĤƨŰċШĲƚƣĲƖШĤċŌŕǃũċШĤċŌũċŰŕƖЮШ7ƨЯШƓƖŸƣĲŚŰШƚĲŰƣĲǍŚШƚŕƖċƚŕŰĬċШ
ċůŚŰŸċƚŚĬŚŰШƖŚĤŸǍŸůċШĬŸŌƖƨШƝĲťŚũĬĲШƣċƝŕŰůċƚŕŰŕШƚċŌũċƖЮШ ǃƖŕĦċШĲƚƣĲƖШĤċŌũċƖŕЯШũŚƓŚĬũĲƖŚŰШ
ǃċƓŕƚŕŰĬċШĬċШĤƨũƨŰƨƖШƻĲШőƬĦƖĲШǍċƖũċƖŕŰŕŰШǃċƓŕƚċũШĤƬƣƬŰũƬŌƬŰƬШťŸƖƨƖЮ 
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ΡΤ 

 
 
òċŌШ ƚŚƣũĲƖŚ 
7ŚƖШťċƖĤŸťƚŚũШŚũĲШĤċƝũċǃŕƓШ9cΞШǍŚŰĦŚƖŚШƝĲťũŚŰĬĲШĬĲƻċůШĲĬĲŰШĤŚƖШǃċƓŕĬċĬŕƖЮШ 

1          2        . . .  n  
 
7ƨШǃċƓŕĬċШťċƖĤŸŰШƚċǃŕƚŕШΝΣШŚƚĲШƓċũůŚƣŚĦШċĦŚĬ33ШĬĲŰŚƖЮ 
 
7ƨШǃċƓŕŰŕŰШΝΥШƣċŰĲШťċƖĤŸŰƨШƻċƖƚċШƚƣĲċƖŚĦШċĦŚĬШыĬŸǃůƨƝШǃċŌ34ьЯШĤƨШǍŚŰĦŚƖĬĲШ
ĲŰШ ċǍШ ĤŚƖШ ƣċŰĲШĩŚŉƣШ ĤċŌШƻċƖƚċШŸũĲŚĦШ ċĦŚĬШыĬŸǃůċůŕƝШ ǃċŌ35ьШ ŸũċƖċťШ
ċĬũċŰĬŕƖŕũŕƖЮШы<ŸťũƨШĩŚŉƣШĤċŌШƻċƖƚċШљĩŸťũƨШĬŸǃůċůŕƝШǃċŌњШĬĲŰŚƖьШ7ƨШĩŚŉƣШĤċŌŕŰШ

 
33ШÂċũůŚƣŚťШċƚŚƣШőċǃƻċŰШƻĲШĤŚƣťŚũĲƖĬĲШĤƨũƨŰċŰШĲŰШǃċǃŊŕŰШĬŸǃůƨƝШǃċŌШċƚŚƣŚĬŚƖЮ 
34Ш?ŸǃůƨƝШǃċŌШċƚŚƣũĲƖŚаШòċŌШċƚŚƣũĲƖŚŰŚŰШǃċƓŕƚŕŰĬċШĤƨũƨŰċŰШťċƖĤŸŰШċƣŸůũċƖŕШůƬůťƬŰШŸũċŰШĲŰШ
ŉċǍũċШőŚĬƖŸŢĲŰШŚũĲШĤċŌШǃċƓůŕƝũċƖƚċШǃċŰŚШőŚĩШĩŚŉƣШĤċŌШǃŸťƚċШыĤƨШĬƨƖƨůĬċШǍŚŰĦŚƖũĲƖШĬŸŌƖƨƚċũĬŕƖьЯШ
ĤƨШǍŚŰĦŚƖĲШĬŸǃůƨƝШыőŚĬƖŸŢĲŰĲШĬŸǃƨƖƨũůƨƝьШǃċŌШċƚŚĬŚШŸũċƖċťШċĬũċŰĬŕƖŕũŕƖЮШ?ŸǃůƨƝШǃċŌШċƚŚƣũĲƖŚШ
ŸĬċШƚŕĦċťũŕŌŕŰĬċШťċƣŕШőċũĬĲШĤƨũƨŰƨƖũċƖШыĩƬŰťƬШĬŸŌƖƨƚċũШůŸũĲťƬũũĲƖШƬƚƣШƬƚƣĲШŚƚƣŚǰĲŰĬŚŌŚŰĬĲШ
ċƖċũċƖŕŰĬċШőŚĩШĤŸƝũƨťШťċũůċǃċĦċťШƝĲťŚũĬĲШĬƬǍŊƬŰШĤŚƖШǃċƓŕШŸũƨƝƣƨƖƨƖũċƖьШƻĲШőċǃƻċŰƚċũШ
ťċǃŰċťũŕĬŕƖũċƖЮШòċƓŕũċƖŕŰĬċťŚШőŚĬƖŸŢĲŰШŊƖƨƓũċƖŕŰŕŰШǃĲƖŚŰĲШőŚĬƖŸťƚŚũШŊƖƨƓũċƖŕШĬċШŚĩĲƖĲĤŚũŚƖũĲƖЮ 
35Ш?ŸǃůċůŕƝШǃċŌШċƚŚƣũĲƖŚаШ<ŚŉƣШĤċŌũŕШťċƖĤŸŰШċƣŸůũċƖŕШŚĩĲƖŚƖũĲƖЮШ<ŚŉƣШĤċŌŕŰШĤƨũƨŰĬƨŌƨШŰŸťƣċĬċШ
ǃċŌШ ċƚŚĬŚШ ĬŚƖƚĲťШ ƝĲťũŚŰĬĲШ ťŕƻƖŕũŕƖЮШ ?ŚƖƚĲťШ ŰŸťƣċũċƖŕШ ŸĬċШ ƚŕĦċťũŕŌŕŰĬċШ ťċƣŕũċƝůċǃŕШ ƁŰũĲƖЮШ
 ĲƖĲĬĲǃƚĲШƣċůċůŕШƚŕƻŕШőċũĬĲĬŚƖЮШÉŕťШťċƖƝŕũċƝŕũċŰШƁƖŰĲťũĲƖŚШũŚŰŸũĲŚťШċƚŚƣШƻĲШŸũĲŚťШċƚŚƣƣŚƖЮШ<ŚŉƣШ
ĤċŌũċƖŕŰŕŰШťŸŰƨůƨŰċШŊƁƖĲШĦŚƚШƻĲǃċШƣƖċŰƚШƝĲťũŚŰĬĲШĤƨũƨŰċĤŚũŚƖũĲƖЮ 
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ΡΥ 

ŸũĬƨŌƨШǃĲƖĬĲШ9cΞШĬĲŌŚũШ9cШĤƨũƨŰƨƖЮШыòċŰŚШĤƨШĤċŌШťŕƖŕũŕƓШĤŚƖШőŚĬƖŸŢĲŰШĬċőċШ
ƻĲƖŚũĲƖĲťШƣĲťƖċƖШƣĲťШĤċŌċШĬƁŰƬƝĲĤŚũŚƖЮШ<ŚŉƣШĤċŌШƻċƖťĲŰШőŚĬƖŸŢĲŰШĲťƚŚťƣŚƖЮьШ7ƨШ
ĲťƚŚťШőŚĬƖŸŢĲŰĬĲŰШĬŸũċǃŕШљőŚĬƖŸŢĲŰĲШĬŸǃůċůŕƝњШċŰũċůŕŰĬċШљĬŸǃůċůŕƝШǃċŌШ
ċƚŚĬŚњШŸũċƖċťШċŰŕũŕƖЮШcŚĬƖŸŢĲŰШĲťũĲŰŚƖƚĲШĬŸǃůƨƝШыŰĲĤċƣŚьШőċũĲШŊĲƣŚƖŚũůŚƝШŸũƨƖШ
ƻĲШĬċőċШťċƣŕĬŕƖЮШ 

 
 
7ƨШĩŚŉƣШĤċŌЯШǍŚŰĦŚƖĬĲШǃƁŰШĬĲŌŚƝŚůŚŰĲШĬĲШƚĲĤĲƓШŸũĬƨŌƨŰĬċŰЯШůĲůĤƖċŰĬċШĤƨШ
ǍŚŰĦŚƖШĬċőċШŊĲŰŚƝШőċĦŚůШťċƓũċůċƚŕŰċШƚĲĤĲƓШŸũƨƖЮШ7ƨШĬƨƖƨůĬċШǃŸŌƨŰũƨťШ
ċǍċũŕƖЯШůĲůĤƖċŰШĬċőċШƚŕƻŕШőċũĲШŊĲũŚƖШƻĲШĤƨШƚċǃĲĬĲШыőƬĦƖĲШǍċƖŕŰĬċьШůċĬĬĲШ
ŊĲĩŚƝŚШĬċőċШťŸũċǃũċƝŕƖЮШ7ƨШĬƨƖƨůċШċǃŰŕШǍċůċŰĬċШőŚĬƖŸŢĲŰĲрƨŰƚċƣƨƖċƣĲĬШ
ĬĲŰŚƖЮ 
 
]ũŚƚĲƖŸũ 
ÌĲťŚũĬĲťŚШŊũŚƚĲĲƖŸũќĬĲШĤƨũƨŰċŰШőĲƖШŸťƚŚŢĲŰШůŸũĲťƬũƬŰĲШĤŚƖĲƖШыĬŸǃůƨƝШƻĲǃċШ
ĬŸǃůċůŕƝьШ ǃċŌШċƚŚĬŚШ ĲťũĲŰŚƖƚĲЯШ ƻƬĦƨĬƨůƨǍĬċШ ťċŰĬċШ ĩŸťШ ĤƨũƨŰċŰШ ĤŚƖШ
ůŸũĲťƬũШĤŚũĲƝŚůŚШƬĩũƬШǃċŌШċƚŚĬŚШШыũŚƓŚĬ36ьШШяƣƖŚŊũŚƚĲƖŚĬѐШŸƖƣċǃċШĩŕťċƖЮ 

 
36ШxŚƓŚƣЯШ ƣƬůШ ĦċŰũŕũċƖŕŰШ ǃċƓŕƚŕŰĬċШ ĤƨũƨŰċŰШ ƣĲůĲũШ ŸƖŊċŰŚťШĤŚũĲƝŚťũĲƖĬĲŰШ ĤŚƖŚĬŚƖЮШ xŚƓŚƣũĲƖЯШ
ĬŸǃůƨƝШƻĲШĬŸǃůċůŕƝШǃċŌũċƖШŸũċƖċťШċǃƖŕũŕƖЮШ?ŸǃůċůŕƝШǃċŌũċƖЯШŸĬċШƚŕĦċťũŕŌŕŰĬċШƚŕƻŕШőēũĬĲШ
ĤƨũƨŰċŰШũŚƓŚƣũĲƖбШĬŸǃůƨƝШǃċŌũċƖШŚƚĲШŸĬċШƚŕĦċťũŕŌŕŰĬċШťċƣŕШőēũĬĲШĤƨũƨŰċŰШũŚƓŚƣũĲƖĬŚƖЮШ7ŚǃŸũŸŢŚťШ
ƁŰĲůŚШŸũċŰШũŚƓŚƣũĲƖШŚĩŚŰШǃċŌШċƚŚƣũĲƖŚЯШŰƁƣƖШũŚƓŚƣũĲƖШыƣƖŚŊũŚƚĲƖŚĬьЯШŉŸƚŉŸũŚƓŚƣũĲƖШƻĲШƚƣĲƖŸŚƣũĲƖШƁƖŰĲťШ
ŊƁƚƣĲƖŚũĲĤŚũŚƖЮ 
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glycerol
 

 

[ŸƚŉŸũŚƓŚƣũĲƖ 

¶ 7ŚƖШůŸũĲťƬũШŊũŚƚĲƖŸũШŚũĲШŚťŚШůŸũĲťƬũШǃċŌШċƚŚĬŚŰŚŰШĤŚƖũĲƝůĲƚŚŰĬĲŰШŸũƨƝƨƖЮ 
¶ ]ũŚƚĲƖŸũƬŰШ ŚťŚШ ťċƖĤŸŰШ ċƣŸůƨŰċШ ǃċŌШċƚŚĬŚШ ĤċŌũŕǃťĲŰШ ƬĩƬŰĦƬШ ťċƖĤŸŰШ
ċƣŸůƨŰċШĤŚƖШŉŸƚŉċƣШŊƖƨĤƨШĤċŌũċŰůŕƝƣŕƖЮШ[ŸƚŉċƣШůŸũĲťƬũƬШĬĲШťŸũŚŰШċĬŕŰĬċШ
ĤċƝťċШĤŚƖШůŸũĲťƬũĲШĤċŌũŕĬŕƖЮШ[ŸƚŉŸũŚƓŚƣŚŰШĤċƝШťŕƚůŕŰĬċШŉŸƚŉċƣШƻĲШťŸũŚŰШ
ƻċƖťĲŰЯШťƨǃƖƨťũċƖŕШǃċŌШċƚŚƣũĲƖŚŰĬĲŰШŸũƨƝůƨƝƣƨƖЮШ[ŸƚŉċƣШůŸũĲťƬũƬŰĬĲŰШ
ĬŸũċǃŕШĤċƝШťŕƚůŕШőŚĬƖŸŉŚũŚťƣŚƖЯШťƨǃƖƨťШťŕƚůŕШŚƚĲШőŚĬƖŸŉŸĤŚťƣŚƖЮШ7ƨШƚĲĤĲƓũĲШ
ƚƨШ ŚĩŚŰĲШ ĤŕƖċťŕũĬŕťũċƖŕŰĬċШ ůŚƚĲũШ ŸũƨƝƣƨƖƨƖũċƖЮШcƬĦƖĲШ ǍċƖŕŰĬċШ ŚƚĲШ ĩŚŉƣШ
ƣċĤċťċũŕШŸũċƖċťШƚŕƖċũċŰŕƖũċƖЮ 

 

 
 
cƬĦƖĲШüċƖŕŰĬċťŚШòċŌũċƖ 
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cƬĦƖĲШǍċƖŕЯШǍċƖШĬƬǍũĲůŚŰĬĲШƚĲƖĤĲƚƣĩĲШƻĲШċťŕƝťċŰШĤŚƖШƝĲťŚũĬĲШőċƖĲťĲƣШĲĬĲŰШ
ĤċƝũŕĦċШ ŉŸƚŉŸũŚƓŚƣũĲƖЯШ
ťŸũĲƚƣĲƖŸũШƻĲШƓƖŸƣĲŚŰũĲƖĬĲŰШ
ŸũƨƝċŰШ ĤŚƖШ ĤŚũĲƝĲŰШ
ůŸǍċŚŌŚĬŚƖЮШcƬĦƖĲШǍċƖŕŰŕŰШ
ƣĲůĲũШĤŚũĲƝĲŰũĲƖŚШċƖċƚŕŰĬċЯШ
ũŚƓŚƣũĲƖШ ыŉŸƚŉŸũŚƓŚƣũĲƖШ ƻĲШ
ťŸũĲƚƣĲƖŸũьбШ ƓƖŸƣĲŚŰũĲƖШ ƻĲШ
ĤċǍŕШ ũŚƓŚƣШ ƻĲШ ƓƖŸƣĲŚŰũĲƖĲШ
ĤċŌũŕШťċƖĤŸŰőŚĬƖċƣШŊƖƨƓũċƖŕШ
ĤƨũƨŰƨƖЮШ 7ŚƖШ ŉŸƚŉŸũŚƓŚƣбШ
ŊũŚƚĲƖŸũЯШŚťŚШǃċŌШċƚŚĬŚШťƨǃƖƨŌƨШƻĲШŉŸƚŉċƣШĤċŌũŕШĤċƝШŊƖƨƓƣċŰШŸũƨƝċŰШĤŚƖШũŚƓŚƣƣŚƖЮШШ
[ŸƚŉċƣШ ĤƨШ ũŚƓŚĬŚŰШĤċƝШ ťŕƚůŕŰŕŰШőŚĬƖŸŉŚũŚťШыƓŸũċƖьШŸũůċƚŕŰŕШ ƻĲШ ƚƨǃƨŰШ
ĤƨũƨŰĬƨŌƨШƣċƖċŉƣċШǃĲƖШċũůċƚŕŰŕШƚċŌũċƖЮШxŚƓŚĬŚŰШťƨǃƖƨŌƨШŚƚĲШőŚĬƖŸŉŸĤŚťƣŚƖШ
ыŰŸŰƓŸũċƖьШǃċŰŚШƚƨĬċŰШťċĩŕŰŕƖШыƚƨǃƨШƚĲƻůĲǍЯШĩƁǍƬŰůĲǍьЮШòċŰŚШũŚƓŚĬŚŰШǃċƓŕƚŕШ
ċůƓőŚƓőŚũŚĦќƣŚƖЮ 
 

 

Inside the Cell Membrane  
https://www.youtube.com/watch?v=qBCVVszQQNs   

 
cƬĦƖĲШ ǍċƖŕŰĬċťŚШ ŊĲĩŚƖŊĲŰũŚŌŚŰШ
ťŸŰƣƖŸũũƬШ ŸũůċƚŕШ ŚĩŚŰШ ŚƝũĲǃĲŰШ ĤƨШ
ƚŚƚƣĲůШ ĤŚƖШ ŉŸƚŉċƣШ ŊƖƨĤƨЯШ ŊũŚƚĲƖŸũШ ƻĲШ
ĤƨŰċШĤċŌũŕШ ŚťŚШ ƣċŰĲШ ǃċŌШ ċƚŚĬŚŰĬĲŰШ
ŸũƨƝƨƖЮШ7ƨШǃċƓŕŰŕŰШŊĲŰĲũШċĬŕШŉŸƚŉŸũŚƓŚƣШ
ыƓőŸƚƓőŸũŚƓŚĬьќĬŚƖЮШ7ƨŰƨŰШ ƬƚƣƬŰĲШ
ƝĲťĲƖШĬĲШĲťũĲŰŚƖƚĲШŊũǃĦŸũŚƓŚĬШŸũƨƖЮ 
cƬĦƖĲШǍċƖŕŰŕŰШŸƖƣċШťŕƚůŕŰĬċШǃĲƖШċũċŰШ
őŚĬƖŸŉŸĤŚťШ ǃċŌШ ċƚŚƣũĲƖŚШыũŚƓŚĬŚŰШ
ťƨǃƖƨŌƨьШĩŚŉƣШ ťċƖĤŸŰШ ĤċŌŕШыĬŸƨĤũĲр
ĤŸŰĬьШŚĩĲƖŚƖƚĲШ ыĤƨШ ĬƨƖƨůĬċШ ũŚƓŚĬШ
ĬŸǃůċůŕƝШ ǃċŌĬŕƖьЯШǍŚŰĦŚƖĬĲШ ǃƁŰШ
ĬĲŌŚƝŚůŚШŸũƨƖШƻĲШĤƨШũŚƓŚƣЯШőƬĦƖĲШǍċƖŕŰĬċШ

https://www.youtube.com/watch?v=qBCVVszQQNs
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ĬċőċШŊĲŰŚƝШĤŚƖШǃĲƖШťċƓũċƖЮШ7ƨШĬċШǍċƖŕŰШċťŕƝťċŰũŕŌŕŰŕŰШċƖƣůċƚŕŰŕШƻĲШőƬĦƖĲШǍċƖŕШ
ŚĩĲƖŚƚŚŰĬĲťŚШƓƖŸƣĲŚŰũĲƖŚŰШĬċőċШťŸũċǃШőċƖĲťĲƣШĲƣůĲƚŚŰŚШƚċŌũċƖЮ 
ы]ƁƖƚĲũаШőƣƣƓƚаооĲƻƖŚůċŊċĦŚЮŸƖŊоŉŸƚŉŸũŚƓŚƣрΝΠΥΤΝШь 
 

cƬĦƖĲǃŚШ ĩĲƻƖĲũĲǃĲŰШыĬŕƝШ ťŕƚůŕШ
őŚĬƖŸŉŚũŚťШŚĩШ ťŕƚůŕШ őŚĬƖŸŉŸĤŚťШ ǃċŌШ
ċƚŚƣũĲƖŚŰĬĲŰШŸũƨƝůƨƝШĤŚƖШƣƬƖШťŕũŕŉьШ
ĤƨШ ƻĲШ ĤĲŰǍĲƖŚШ ǃċƓŕũċƖċШůŚƚĲũШ
яůŚĦĲũũĲѐШĬĲŰŚƖЮШШ 

 
FOSFOLķPķTLER 

 
Fosfolipid, h¿cre zarēnēn temel yapē taĸlarēndan biri olan, amfipatik (­ift karakterli) 
ºzellik gºsteren bir lipit molek¿l¿d¿r. Fosfolipidler, hem hidrofilik (su seven) hem de 
hidrofobik (su sevmeyen) bºlgeler i­erir. Bu ºzellik, fosfolipidlerin biyolojik zarlarēn 
­ift katmanlē yapēsēnē oluĸturabilme yeteneĵinin temelini oluĸturur ve h¿cre zarēnēn 
se­ici ge­irgenlik ºzelliklerini saĵlar. 
 
YapĔsĔ ve Bºl¿mleri: 
Fosfolipidlerin temel yapēsē, ¿­ ana bºl¿mden oluĸur: 
1. Fosfat Grubu (BaĹ KĔsmĔ): Molek¿l¿n hidrofilik kēsmēdēr ve suda ­ºz¿n¿r. Bu 
kēsēm, polar bir fosfat grubuna baĵlē ek bir baĸ grubu (ºrneĵin, kolin, 
etanolamin veya serin gibi) i­erebilir. Fosfat grubu, molek¿l¿n su ile etkileĸim 
kurmasēnē saĵlar ve h¿cre zarēnēn dēĸ ortamla temas eden kēsmēnda bulunur. 

2. Gliserol OmurgasĔ: Fosfolipidlerin merkezi yapēsēnē oluĸturur. Gliserol, fosfat 
grubunu yaĵ asitlerine baĵlayan molek¿ld¿r. Gliserol, ¿­ karbonlu bir yapēdan 
oluĸur ve bu karbonlar fosfat grubu ile yaĵ asitleri arasēnda kºpr¿ gºrevi gºr¿r. 

3. YaĶ Asidi Zincirleri (Kuyruk KĔsmĔ): Molek¿l¿n hidrofobik kēsmēnē oluĸturur 
ve suda ­ºz¿nmez. Genellikle iki yaĵ asidi i­erir ve bu zincirler doymuĸ veya 
doymamēĸ olabilir. Bu zincirlerin yapēsē (­ift baĵ i­erip i­ermemesi) 
fosfolipidlerin fiziksel ºzelliklerini etkiler; ºrneĵin, doymamēĸ yaĵ asitleri i­eren 
fosfolipidler zarēn akēĸkanlēĵēnē artērēr. 

 
¥zellikleri: 
¶ Amfipatik YapĔ: Fosfolipidler hem hidrofilik hem de hidrofobik bºlgeler i­erir. 
Bu yapē, sulu bir ortamda ­ift katmanlē bir d¿zen oluĸturmasēna olanak tanēr; 

https://evrimagaci.org/fosfolipit-14871
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hidrofilik baĸlar suya yºnelirken, hidrofobik kuyruklar suyla temastan ka­ēnēr 
ve bir araya toplanēr. 

¶ ¢ift Katman OluĹumu: Sulu ortamlarda, fosfolipid molek¿lleri doĵal olarak 
­ift katmanlē bir yapē oluĸturur. Bu ­ift katmanlē yapē, h¿cre zarlarēnēn temelini 
oluĸturur. 

¶ Dinamik YapĔ: Zar i­erisinde serbest­e hareket edebilir ve h¿cre zarēnēn 
esneklik ve akēĸkanlēk ºzelliklerini saĵlar. 

 
En ¢ok BulunduklarĔ Yer: 
Fosfolipidler, en ­ok h¿cre zarlarĔnda bulunur. H¿cre zarlarēnēn yaklaĸēk %50'si 
fosfolipidler tarafēndan oluĸturulur. Ayrēca, h¿cre zarēnēn yapēsal b¿t¿nl¿ĵ¿n¿ saĵlar 
ve h¿crelerin dēĸ ortamla madde alēĸveriĸini d¿zenler. Bunun yanēnda, fosfolipidler 
aynē zamanda ­eĸitli organellerin zar yapēlarēnda (ºrneĵin, mitokondri, endoplazmik 
retikulum ve Golgi aygētē) da bulunurlar. 
 
¥rnek olarak: 
¶ Fosfatidilkolin (PC): En yaygēn fosfolipid t¿rlerinden biridir ve ºzellikle 
memeli h¿cre zarlarēnda y¿ksek oranda bulunur. 

¶ Fosfatidiletanolamin (PE): Bakterilerde ve memelilerin i­ organlarēnēn 
zarlarēnda bolca bulunur. 

¶ Fosfatidilserin (PS): H¿cre zarlarēnēn i­ kēsmēnda bulunur ve sinyal iletim 
s¿re­lerinde gºrev alēr. 

 
Bu amfipatik yapēlarē ve ­ift katmanlē d¿zenlemeleri sayesinde fosfolipidler, 
h¿crelerin iĸlevsel ve yapēsal b¿t¿nl¿ĵ¿n¿ koruyarak bir­ok biyolojik s¿recin 
d¿zenlenmesinde kritik bir rol oynarlar. 

   

ÉƣĲƖŸŚĬũĲƖ 

¶ 7ŚƖĤŚƖŚШŚũĲШťċǃŰċƝůŕƝШĬƁƖƣШőċũťċШŚĩĲƖĲŰШůŸũĲťƬũũĲƖĬŚƖЮ 
¶ cċũťċũċƖċШ ŉċƖťũŕШ ŉŸŰťƚŚǃŸŰĲũШ ŊƖƨƓũċƖШ ĤċŌũċŰůċƚŕШ ŚũĲШ ŉċƖťũŕШ ƚƣĲƖŸŚĬũĲƖШ
ŸũƨƝƨƖЮ 

¶ 7ŚƖШƚƣĲƖŸŚĬШŸũċŰШťŸũĲƚƣĲƖŸũШőƬĦƖĲШǍċƖŕШĤŚũĲƝĲŰŚĬŚƖШƻĲШĬŚŌĲƖШƚƣĲƖŸŚĬũĲƖŚŰШ
ƚĲŰƣĲǍŚŰĲШƁŰĦƬũƬťШĲĬĲŰШőċůůċĬĬĲũĲƖĬĲŰĬŚƖЮШ9ŚŰƚŚǃĲƣШőŸƖůŸŰũċƖŕШĬċШ
ĬċőŚũШĤŚƖĩŸťШőŸƖůŸŰШťŸũĲƚƣĲƖŸũĬĲŰШťƁťĲŰШċũŕƖЮ 
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ůŚŰŸċƚŚƣũĲƖ 

¶ 7ŚƖШċůŚŰŸċƚŚƣШы ьШőĲůШċůŚŰШőĲůШĬĲШťċƖĤŸťƚŚũШŉŸŰťƚŚǃŸŰĲũШŊƖƨƓũċƖШ
ŚĩĲƖĲŰШĤŚƖШůŸũĲťƬũĬƬƖЮ 

 
¶ ůŚŰŸċƚŚƣŚŰШůĲƖťĲǍŚŰĬĲШĤŚƖШыŊũŚƚŚŰ37ШċůŚŰŸċƚŚĬŚŰĬĲШÅӀcШŸũĬƨŌƨŰĬċŰШ
ƚŚůĲƣƖŚťьШċƚŚůĲƣƖŚťШťċƖĤŸŰШċƣŸůƨШĤƨũƨŰƨƖЮШòċŰŚШĤƨШċƣŸůċШĤċŌũŕШċůŚŰŸЯШ
ťċƖĤŸťƚŚũЯШ cШ ƻĲШ ÅШ ыĬĲŌŚƝťĲŰьШ ŊƖƨƓũċƖШ ƻċƖĬŕƖЮШ ÅШ ŊƖƨĤƨШыƚŚĬĲрĦőċŚŰьЯШ
ċůŚŰŸċƚŚĬŚŰШĩĲƝŚĬŚŰĲШŊƁƖĲШĬĲŌŚƝťĲŰũŚťШŊƁƚƣĲƖŚƖЮШ 

¶ 7ŚƖШċůŚŰŸċƚŚƣŚŰШťċƖĤŸťƚŚũШŊƖƨĤƨШŚũĲШĬŚŌĲƖŚŰŚŰШċůŚŰŸШŊƖƨĤƨЯШĬĲőŚĬƖċƚǃŸŰШ
ƣĲƓťŚůĲƚŚШŚũĲШĤŚƖĤŚƖŚŰĲШĤċŌũċŰŕƖЮШШ§ƖƣċǃċШĩŕťċŰШťŸƻċũĲŰƣШĤċŌċШƓĲƓƣŚƣШĤċŌŕШ
ĬĲŰŚƖЮ 

 

 
37Ш]ũŚƚŚŰШŉŸƖůƬũƬШ cЋ9cЋ9§§cШŸũċŰШċƓŸũċƖШĤŚƖШċůŚŰŸċƚŚƣƣŚƖЮ 
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ΣΠ 

 
 

¶ ÂƖŸƣĲŚŰũĲƖĬĲťŚШĤƬƣƬŰШ ќũĲƖШр͈ċůŚŰŸċƚŚƣƣŚƖЮШòċŰŚШőĲůШċůŚŰŸШőĲůШĬĲШ
ťċƖĤŸťƚŚũŚťШċƚŚƣШŊƖƨĤƨШр͈ťċƖĤŸŰċШĤċŌũŕĬŕƖЮ 
o ͈ШťċƖĤŸŰШŸũċƖċťШċĬũċŰĬŕƖůċаШuċƖĤŸŰШǍŚŰĦŚƖŚШőċũŚŰĬĲШŚŉċĬĲШĲĬŚũĲŰШĤŚƖШ
ŸƖŊċŰŚťШůŸũĲťƬũĬĲШŉŸŰťƚŚǃŸŰĲũШŊƖƨƓШĤŚƖШŰƨůċƖċǃŕШċũŕƖШƻĲШƚŕƖċƚŕǃũċШ
ĬŚŌĲƖШťċƖĤŸŰũċƖШ͈ЯШ͉ЯШ͊ШĬŚǃĲШŚƚŚůũĲŰĬŚƖŚũŚƖЮ 
 

¶ ΞΜШŸƖŚŢŚŰċũШƓƖŸƣĲŚŰШ ќǃċШƚƣċŰĬċƖƣШыƣĲůĲũьШШĬĲŰůĲťƣĲĬŚƖЮШÉƣċŰĬċƖƣШ
ќũĲƖШΟШőċƖǰŚШƻĲШƣĲťШőċƖǰŚШťŕƚċũƣůċũċƖШŊƁƚƣĲƖŚũůĲťƣĲĬŚƖЮШыŊũǃĦŚŰĲаШ]ũǃШ]ЯШ

ċũċŰŚŰĲаШ ũċШ ЯШƓƖŸũŚŰĲаШÂƖŸШÂЯШƻċũŚŰĲаШéċũШéЯШƣǃƖŸƚŚŰĲаШÑǃƖШòШШвШŊŚĤŚь 

 
 

¶ 7ƨШΞΜШ ШĩĲƝŚĬŚШťĲŰĬŚШƁǍĲũũŚťũĲƖŚŰĲШыÅШŊƖƨĤƨŰċьШŊƁƖĲШΠШŊƖƨĤċШċǃƖŕũŕƖа 
o ÂŸǍŚƣŚŉШòƬťũƬЯШ7ċǍŚťаШxŚǍŚŰШuЯШ ƖŢŚŰŚŰШÅЯШcŚƚƣŚĬŚŰШc 
o  ĲŊċƣŚŉШòƬťũƬЯШ ƚŚĬŚťаШ ƚƓċƖƣċƣШ?ЯШ]ũƨƣċůċƣШE 
o òƬťƚƬǍШƓŸũċƖаШÉĲƖŚŰШÉЯШÑƖĲŸŰŚŰШÑЯШÉŚƚƣĲŚŰШ9ЯШÑŚƖŸǍŚŰШòЯШ ƚƓċƖċŢŚŰШ ЯШ
]ũƨƣċůŚŰШÄ 
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ΣΡ 

o òƬťƚƬǍШŰŸŰрƓŸũċƖаШ]ũŚƚŚŰШ]ЯШ ũċŰŚŰШЯШéċũŚŰШéЯШxƁƚŚŰШxЯШlǍŸũƁƚŚŰШfЯШ
~ĲƣŚǃŸŰŚŰШ~ЯШ[ĲŰŚũċũċŰŚŰШ[ЯШÑƖŚƓƣŸŉċŰШìЯШÂƖŸũŚŰШÂ 
 

¶ cŚĬƖŸŉŚũŚťШ őŚĬƖŸŉŸĤŚťШ ƁǍĲũũŚťũĲƖŚŰĬĲŰШ ĬŸũċǃŕШ ƓƖŸƣĲŚŰŚШ ŸũƨƝƣƨƖċŰШ
ċůŚŰŸċƚŚƣũĲƖŚŰШÅШŊƖƨƓũċƖŕШŰŸŰрƓŸũċƖШŚƚĲШƚƨĬċŰШťċĩůċťШŚĩŚŰШыőŚĬƖŸŉŸĤŚťьШ
ŚĩĲƖŚǃĲШ ƚċťũċŰċĦċťШ ĤŚĩŚůĬĲЯШ ƓŸũċƖШ ŸũċŰũċƖШ ŚƚĲШыőŚĬƖŸŉŚũŚťьШĬŕƝċƖŕĬċШ
ĬƨƖċĦċťШĤŚĩŚůĬĲШťċƣũċŰċƖċťШƝĲťŚũШċũŕƖũċƖЮШ7ƨŰċШƓƖŸƣĲŚŰŚŰШťŸŰŉŸƖůċƚǃŸŰƨШ
ыĦŸŰŉŸƖůċƣŚŸŰьШ ĬĲŰŚƖЮШ 7ƨШ ĬƨƖƨůШ ƓƖŸƣĲŚŰŚŰШ ĲŰШ ťċƖċƖũŕЯШ ĲŰШ ċǍШ ĲŰĲƖŢŚШ
ŊĲƖĲťƣŚƖĲŰШőċũŚĬŚƖЮ 
 

¶ üŚŰĦŚƖĬĲťŚШƓŸũċƖШÅШŊƖƨƓũċƖŕŰĬċťŚШőŚĬƖŸŢĲŰũĲƖĬĲŰШĬŸũċǃŕШőŚĬƖŸŢĲŰШĤċŌŕЯШ
őŚĬƖŸŉŸĤŚťШŊƖƨƓũċƖŕШĤŚƖċĬċШƣƨƣċŰШƻċŰШĬĲƖШƽċċũƚШĤċŌũċƖŕЯШċƚŚĬŚťШƻĲШĤċǍŚťШ
ċůŚŰŸċƚŚƣũĲƖŚŰШǃƬťũĲƖŚШŰĲĬĲŰŚǃũĲШĲũĲťƣƖŸƚƣċƣŚťШĤċŌũċƖШŊƁǍũĲůũĲŰŚƖШƻĲШ
ĤƨŰũċƖŕŰШ őĲƓƚŚШ ƓƖŸƣĲŚŰŚŰШ ƬĩШ ĤŸǃƨƣũƨШ ǃċƓŕƚŕŰċШƻĲШ ĬŸũċǃŕƚŕǃũċШ
ŉŸŰťƚŚǃŸŰƨŰċШĲƣťŚШĲĬĲƖЮШ7ƨШĤċŌũċƖШĬĲƣĲƖŢċŰċШƁƖŰĲŌŚŰШÉ?ÉќǃĲШыƚŸĬǃƨůШ
ĬŸĬĲƚŚũШƚƬũŉċƣьШĬċǃċŰŕťũŕШĬĲŌŚũĬŚƖЮШ?ŸũċǃŕƚŕǃũċШƓƖŸƣĲŚŰШĤƁǃũĲШĤŚƖШůċĬĬĲŰŚŰШ
ŚĩŚŰĲШ ċƣŕũŕƖƚċШ ǃċШ ĬċШ ťċǃŰċƣŕũŕƖƚċШ ĤƨШ ĤċŌũċƖШťŸƓċƖШ ƻĲШ ƓƖŸƣĲŚŰŚŰШ ƝĲťũŚШ
ĤŸǍƨũƨŰĦċШƁǍĲũũŚŌŚŰŚШťċǃĤĲĬĲƖЮ 

 
¶ ÂƖŸƣĲŚŰŚŰШŚĩШťŕƚůŕŰĬċШŚƚƣŚƚŰċƚŕǍШƝĲťŚũĬĲШǃĲƖШċũċŰШċůŚŰŸċƚŚƣũĲƖаШ[ЯШxЯШéЯШì 
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ΣΣ 

 
 

EŰǍŚůũĲƖ 

uċƣċũŚǍƁƖаШuĲŰĬŚƚŚШĲŰĲƖŢŚШőċƖĦċůċťƚŕǍŕŰШƣĲƓťŚůĲШőŕǍŕŰŕШċƖƣƣŕƖċŰШťŚůǃċƚċũШ
ċŢċŰũċƖĬŕƖЮШыÑĲƓťŚůĲШőŕǍŕŰŕШċƖƣƣŕƖċŰШůċĬĬĲũĲƖŚŰШŊĲŰĲũШċĬŕĬŕƖь 
EŰǍŚůЯШ ÂƖŸƣĲŚŰШ ǃċƓŕĬċШ ĤŚƖШ ťċƣċũŚǍƁƖĬƬƖЮШ ыÅĲċťƚŚǃŸŰċШ ŊŚƖĲƖЯШ ƖĲċťƚŚǃŸŰƨШ
őŕǍũċŰĬŕƖŕƖЯШċťƣŚƻċƚǃŸŰШĲŰĲƖŢŚƚŚŰŚШĬƬƝƬƖƬƖЯШőŚĩШĤŸǍƨũůċĬċŰШƖĲċťƚŚǃŸŰĬċŰШ
ĩŕťċƖШƻĲШƣĲťƖċƖШťƨũũċŰŕũċĤŚũŚƖь 
ťƣŚƻċƚǃŸŰШEŰĲƖŢŚƚŚаШ~ŸũĲťƬũũĲƖШċƖċƚŕШťŚůǃċƚċũШƣĲƓťŚůĲũĲƖШŊĲƖĩĲťũĲƝŚƖťĲŰШ

ƻċƖШŸũċŰШĤċŌũċƖШťŕƖŕũŕƖШƻĲШĤċƝťċШĤċŌũċƖШŸũƨƝƨƖЮШ7ƨŰƨŰШŚĩŚŰШƁŰĦĲШůŸũĲťƬũШŚĩŚШ
ĤċŌũċƖŕŰШťŕƖŕũůċƚŕШŊĲƖĲťŚƖЮШ°ƖŰĲŌŚŰШƚƬťƖŸǍƨШůŸŰŸůĲƖũĲƖŚŰĲШċǃŕƖůċťШŚĩŚŰШ
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ƁŰĦĲũŚťũĲШŚťŚШůŸŰŸůĲƖŚШĤŚƖШċƖċǃċШŊĲƣŚƖĲŰШĤċŌŕШťŕƖůċťШŊĲƖĲťŚƖЮШ7ƨŰƨШŚĩŚŰШ
ƚŚƚƣĲůĲШĤŚƖШƚƨШůŸũĲťƬũƬШƻĲƖŚũŚƖШƻĲШШĤƨШůŸũĲťƬũĬĲťŚШőŚĬƖŸťƚŚũШĤŚƖШůŸŰŸůĲƖĲШ
őŚĬƖŸŢĲŰШ ŚƚĲШ ĬŚŌĲƖШ ůŸŰŸůĲƖĲШ ƻĲƖŚũĲƖĲťШ őŚĬƖŸũŚǍШ ŚƝũĲůŚШ ŊĲƖĩĲťũĲƝƣŚƖŚũŚƖЮШ
7ƨƖċĬċШ ĤċőƚĲĬŚũĲŰШ ĤċŌũċƖŕŰШ ťŕƖŕũċĤŚũůĲƚŚШ ŚĩŚŰШ ĬŕƝċƖŕĬċŰШ ĲŰĲƖŢŚШ ƻĲƖůĲťШ
ŊĲƖĲťŚƖЮШ ÑĲƓťŚůĲĬĲťŚШ ŊũƨťŸǍШ ƻĲШ ŉƖƨťƣŸǍċШ őŚĬƖŸŢĲŰШ ŚũĲШ őŚĬƖŸťƚŚũŚШ
ĤċŌũċǃċĤŚũůĲťШŚĩŚŰШĬĲШĬŕƝċƖŕǃċШĲŰĲƖŢŚШƻĲƖůĲťШŊĲƖĲťŚƖЮШlƝƣĲШƣĲƓťŚůĲǃĲШŊŚƖĲŰШ
ůŸũĲťƬũũĲƖĬĲťŚШĤċŌũċƖŕШťŕƖůċťШŚĩŚŰШŊĲƖĲťĲŰШĲŰĲƖŢŚǃĲШċťƣŚƻċƚǃŸŰШĲŰĲƖŢŚƚŚШ
ĬĲŰŚƖЮШ ťƣŚƻċƚǃŸŰШ ĲŰĲƖŢŚƚŚШ ƖĲċťƚŚǃŸŰƨŰШ ĤċƝũċůċƚŕШ ŚĩŚŰШ ŊĲƖĲťĲŰШ ĲŰĲƖŢŚШ
ĲŰŊĲũŚŰŚŰШċƝŕũůċƚŕШċŰũċůŕŰċШŊĲũŚƖЮ 

 

 
9ċŰũŕШŸƖŊċŰŚǍůċũċƖĬċШĤċǍŕШƣĲƓťŚůĲũĲƖŚŰШŊĲƖĩĲťũĲƝĲĤŚũůĲƚŚШŚĩŚŰШċťƣŚƻċƚǃŸŰШ
ĲŰŊĲũŚŰŚŰШċƝŕũůċƚŕШŊĲƖĲťŚƖЮШ ťƚŚШőċũĬĲШőƬĦƖĲũĲƖĬĲШůĲƣċĤŸũŚťШĬƨƖŊƨŰũƨťШ
ǃċƝċŰŕƖЮШыfƚŕШƣĲƓťŚůĲǃŚШőŕǍũċŰĬŕƖŕƖШċůċШǃƬťƚĲťШƚŕĦċťũŕťШƓƖŸƣĲŚŰũĲƖŚШĬĲŰċƣƬƖĲ38Ш
ĲĬĲƖĲťШ őƬĦƖĲǃŚШ ƁũĬƬƖƬƖьШ ĬŸũċǃŕƚŕǃũċШ őƬĦƖĲũĲƖĬĲШ ťċƣċũŚǍƁƖШ ƚĲĩĲŰĲŌŚŰŚŰШ
ťƨũũċŰŕũůċƚŕШŊĲƖĲťŚƖЮШ 
 

 
38Ш?ĲŰċƣƬƖĲбШƓƖŸƣĲŚŰŚŰШ?  ШŊŚĤŚШĤŚƖШťŚůǃċƚċũШĤŚũĲƝŚŌŚŰШƬĩШĤŸǃƨƣũƨШǃċƓŕƚŕŰŕŰШƚŕĦċťũŕťШŊŚĤŚШ
ĲƣťŚũĲƖШƚŸŰƨĦƨŰĬċШĤŸǍƨũůċƚŕĬŕƖЮШ7ƨШĬƨƖƨůШĬĲŰċƣƬƖċƚǃŸŰШŸũċƖċťШċĬũċŰĬŕƖŕũůċťƣċĬŕƖЮ 
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ΣΥ 

EŰǍŚůũĲƖШ ƣĲƖůŸĬŚŰċůŚťШ ċĩŕĬċŰШ ůƬůťƬŰШ ŸũċŰШ ƖĲċťƚŚǃŸŰũċƖċШ ǃċƖĬŕůĦŕШ
ŸũƨƖũċƖШƻĲШťċƣċũŚǍƁƖШťŸŰƨůƨŰĬċĬŕƖũċƖЮШEŰǍŚůũĲƖШƖĲċťƚŚǃŸŰƨŰШċťƣŚƻċƚǃŸŰШ
ĲŰĲƖŢŚƚŚŰŚШĬƬƝƬƖĲŰШůŸũĲťƬũũĲƖĬŚƖЮ 
 

 
 
°ƖŰĲŌŚŰШ ШƻĲШ7ШůŸũĲťƬũũĲƖŚШыƖĲċĦƣċŰƣƚьШŚũĲШEӀΝΜΜШĲŰĲƖŢŚШƚĲƻŚǃĲƚŚŰĬĲШ 7Ш
ƬƖƬŰƬŰƬШ ыƓƖŸĬƨĦƣьШ ŸũƨƝƣƨƖůċťШ ƬǍĲƖĲШĲťǍŸƣĲƖůŚť39ШыŕƚŕШ ċĩŕŌċШ ĩŕťċƖċŰьШ
яĲǂŸƣĲƖůŚĦЯШĬŸƽŰШőŚũũѐШĤŚƖШƖĲċťƚŚǃŸŰШĤċƝũċƖťĲŰШĤŚƖШƁŰШĲŰĲƖŢŚǃĲШыċĦƣŚƻċƣŚŸŰШ
ĲŰĲƖŊǃьШ ŊĲƖĲťШ ĬƨǃċƖЮШ EŰǍŚůШ ťċƣċũŚǍƁƖШ ŸũċƖċťШ ĤƨШ ŊĲƖĲťƚŚŰŚůŚШ ċǍċũƣċƖċťШ
ƖĲċťƚŚǃŸŰƨŰШŸũƨƝůċƚŕŰŕШťŸũċǃũċƝƣŕƖŕƖЮ 
 
ггШEŰǍŚůĲШƁǍĲũШŸũċŰШƻĲШŸШĲŰǍŚůŚŰШĲƣťŚũĲĬŚŌŚШůċĬĬĲǃĲШŸШĲŰǍŚůŚŰШƚƨĤƚƣƖċƣŕШ
ĬĲŰŚƖЮШcĲƖШĲŰǍŚůШƚċĬĲĦĲШĤĲũŚƖũŚШƚƨĤƚƣƖċƣũċƖċШĤċŌũċŰŕƖ40ЮШEŰǍŚůũĲƖШŚǍŸůĲƖũĲƖШ
ŊŚĤŚШĤŚƖĤŚƖŚŰĲШĩŸťШĤĲŰǍĲǃĲŰШůŸũĲťƬũũĲƖŚШĬċőŚШċǃŕƖƣШĲĬĲĤŚũŚƖũĲƖЮШEŰǍŚůŚŰШĤƨШ
ƁǍŊƬũũƬŌƬЯШ ŸŰƨŰШ ƓƖŸƣĲŚŰШ ŸũċƖċťШ ťċƣũċŰċƖċťШ ĲũĬĲШĲƣƣŚŌŚШ ƁǍĲũШ ĤŚĩŚůŚŰĬĲŰШ
ťċǃŰċťũċŰŕƖЮ 
 
ггШEŌĲƖШĤŚƖШƖĲċťƚŚǃŸŰШĬĲŰŊĲĬĲǃƚĲШǃċŰŚШĩŚŉƣШǃƁŰũƬǃƚĲШĲŰǍŚůШĤƨШƖĲċťƚŚǃŸŰċШ
őĲƖőċŰŊŚШĤŚƖШĲƣťŚĬĲШĤƨũƨŰċůċǍЮШ 

 
39ШEťǍŸƣĲƖůŚťШÅĲċťƚŚǃŸŰаШÑĲƖůŸĬŚŰċůŚťƣĲШŕƚŕƻĲƖĲŰШťĲũŚůĲƚŚЯШŕƚŕШŉŸƖůƨŰĬċШĲŰĲƖŢŚШƚċũċŰШĤŚƖШ
ŚƝũĲůШƻĲǃċШƖĲċťƚŚǃŸŰƨШƣċŰŕůũċƖЮ 
40Ш°ƖŰĲŌŚŰШƚƨťƖŸǍШяƚƨĤƚƣƖċƣѐЯШƚƨťƖċǍШяĲŰǍŚůѐШŚũĲШƖĲċťƚŚǃŸŰċШŊŚƖĲƖĲťШŉƖƨťƣŸǍШƻĲШŊũƨťŸǍċШ
ыƬƖƬŰũĲƖьШċǃƖŕũŕƖЮ 
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EŰǍŚůŚŰШƚƨĤƚƣƖċƣũċƖũċ41ШĤŚƖũĲƝƣŚŌŚШǃĲƖĲШљċťƣŚŉШĤƁũŊĲњШĬĲŰŚƖЮШ7ƨШĤƁũŊĲШŊĲŰĲũĬĲШ
ĲŰǍŚůŚŰШĤŚƖťċĩШċůŚŰŸċƚŚƣŚШƣċƖċŉŕŰĬċŰШŸũƨƝƣƨƖƨũƨƖЮШ?ŚŌĲƖШċůŚŰŸċƚŚƣũĲƖШŚƚĲШ
ċťƣŚŉШĤƁũŊĲŰŚŰШťŸŰŉŚŊƬƖċƚǃŸŰƨŰƨШťŸƖƨůċǃċШǃƁŰĲũŚťШŚƚťĲũĲƣŚШŸũƨƝƣƨƖƨƖũċƖЮШ
ÉƨĤƚƣƖċƣШċťƣŚŉШĤƁũŊĲǃĲШŊŚƖĬŚŌŚŰĬĲШċťƣŚŉШĤƁũŊĲШƚƨĤƣƖċƣŕШƚċƖċƖЮШ7ƨШĬƨƖƨůċШ
љŚŰĬƬťũĲŰůŚƝШƨǃƨůњШĬĲŰŚƖЮШÉƨĤƚƣƖċƣШőŚĬƖŸŢĲŰШĤċŌũċƖŕШƻĲШŚǃŸŰŚťШĤċŌũċƖШŊŚĤŚШ
ǍċǃŕŉШĤċŌũċƖШŚũĲШċťƣŚŉШĤƁũŊĲĬĲШƣƨƣƨũƨƖЮШ ťƣŚŉШĤƁũŊĲĬĲťŚШċůŚŰŸċƚŚƣũĲƖŚŰШÅШ
ŊƖƨƓũċƖŕШƚƨĤƚƣƖċƣŕШƬƖƬŰĲШĬƁŰƬƝƣƬƖƬƖЮШÅĲċťƚŚǃŸŰШƚŸŰƖċƚŕШƬƖƬŰШĲŰǍŚůĬĲŰШ
ċǃƖŕũŕƖЮШlĬĲċũШƝċƖƣũċƖĬċШĲŰǍŚůШƖĲċťƚŚǃŸŰĬċŰШĬĲŌŚƝůĲĬĲŰШĩŕťċƖЮШ7ƨШŸũċǃШƣĲťƖċƖШ
ƣĲťƖċƖШŊĲƖĩĲťũĲƝŚƖЮШüċůċŰũċШǃċƓŕƚŕШĤŸǍƨũċŰШĲŰǍŚůũĲƖШċůŚŰŸШċƚŚƣũĲƖŚŰĲШťċĬċƖШ
ǃŕťŕũŕƖШƻĲШǃĲƖŚŰĲШǃĲŰŚƚŚШƚĲŰƣĲǍũĲŰŚƖЮШuŸĲŰǍŚůШƻĲШťŸŉċťƣƁƖũĲƖШĬĲШƣĲťƖċƖШƣĲťƖċƖШ
ťƨũũċŰŕũċĤŚũŚƖЮ 

ÎEŰǍŚůũĲƖШŊũŸĤƨũċƖШыťƬƖĲƚĲũьШƝĲťŚũĬĲШǃĲƖШċũŕƖũċƖЮШ ťƣŚŉШĤƁũŊĲũĲƖŚŰŚŰШŸũůċƚŕШ
ƚĲĤĲĤŚǃũĲШŉŚĤƖƨƚШыĩŚǍŊŚƚĲũШǃċШĬċШƣċĤċťċШƝĲťũŚŰĬĲьШƓƖŸƣĲŚŰШǃċƓŕƚŕШĲŰǍŚůũĲƖĲШ
ƨǃŊƨŰШĬĲŌŚũĬŚƖЮ 
 

uċƣċũŚƣŚťЮ~ĲťċŰŚǍůċЮ<ĲƝŚƣũĲƖŚ 

¶ ťƣŚŉШĤƁũŊĲШƚƨĤƚƣƖċƣŕШƣƨƣċƖťĲŰШĲŰǍŚůŚŰШťĲŰĬŚƚŚШĬĲШťŕƖŕũůċƚŕШŊĲƖĲťĲŰШ
ĤċŌũċƖŕШĲƚŰĲƣŚƓШĤƬťĲƖЮ 

 
41ШÉƨĤƚƣƖċƣĲƚаШƖĲċťƚŚǃŸŰċШŊŚƖĲŰШƻĲШƖĲċťƚŚǃŸŰĬċШĤŚƖũĲƝĲŰШƻĲǃċШċǃƖŕƝċŰШůċĬĬĲũĲƖ 
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ΤΜ 

¶ EŌĲƖШċťƣŚŉШĤƁũŊĲĬĲťŚШċůŚŰŸċƚŚƣũĲƖШċƚŚĬŚťШÅШŊƖƨƓũċƖŕШŚĩĲƖŚǃŸƖƚċШĤƨƖċĬċШ
ĬƬƝƬťШ ƓcќǃĲШ ƚċőŚƓШ ĤŚƖШ ůŚťƖŸрĩĲƻƖĲШ ыŸĬċĦŕťьШ ůĲǃĬċŰċШ ŊĲũŚƖЮШ 7ƨШ ĬċШ
ƚƨĤƚƣƖċƣũċƖċШcҼШċťƣċƖŕůŕŰŕШťŸũċǃũċƝƣŕƖŕƖЮ 

¶ 7ċƝťċШĤŚƖШůĲťċŰŚǍůċĬċШŚƚĲШċůŚŰŸċƚŚƣũĲƖŚŰШÅШŊƖƨƓũċƖŕШŚũĲШƚƨĤƚƣƖċƣũċƖШ
ċƖċƚŕŰĬċШťŸƻċũĲŰƣШĤċŌШŸũƨƝƣƨƖƨũƨƖЮ 

 

ÑĲƓťŚůĲЮcŕǍŕ 

¶ §ƖƣċůĬċШ ŰĲШ ťċĬċƖШ ƚƨĤƚƣƖċƣШ ůŸũĲťƬũƬШ ƻċƖƚċШ ĲŰǍŚůũĲƖŚŰШ ƚƨĤƚƣƖċƣċШ
ƨũċƝůċШƝċŰƚũċƖŕШŸШťċĬċƖШċƖƣċƖЮШ 

¶ ŰĦċťШĲŰǍŚůШĬĲƖŚƝŚůŚШƚċĤŚƣШŚƚĲШĬċőċШŉċǍũċШƚƨĤƚƣƖċƣШĲťũĲŰůĲƚŚШƣĲƓťŚůĲШ
őŕǍŕŰŕШĤŚƖШŰŸťƣċǃċШťċĬċƖШыŸƖƣċůĬċťŚШĲŰǍŚůũĲƖШƚƨĤƚƣƖċƣũċƖũċШĬŸǃƨŰĦċǃċШ
ťċĬċƖьШċƖƣƣŕƖŕƖЮШ 

¶ ÉƨĤƚƣƖċƣũċƖŕŰШ ƬƖƬŰũĲƖĲШ ĬƁŰƬƝƬůШ őŕǍŕШ ŸƖƣċůĬċťŚШ ĲŰǍŚůШ
ťŸŰƚċŰƣƖċƚǃŸŰƨŰċШĤċŌũŕĬŕƖЮ 

¶ EŰǍŚůũĲƖŚŰШċťƣŚƻŚƣĲƚŚШыĩċũŕƝůċШőŕǍũċƖŕьШƝƨШĲƣůĲŰũĲƖШƣċƖċŉŕŰĬċŰШĲƣťŚũĲŰŚƖа 
o ÉŕĦċťũŕťаШÑŚƓŚťШŚŰƚċŰШĲŰǍŚůŚШƻƬĦƨƣШƚŕĦċťũŕŌŕŰĬċШыΟΣЮΡШ9ьШĲŰШĲƣťŚŰШ
ĩċũŕƝŕƖЮШ ůċШ ƚŕĦċťШ ƚƨШ ťċǃŰċťũċƖŕŰĬċШ ǃċƝċǃċŰШ ƣĲƖůŸŉŚũŚťШ ыŕƚŕǃċШ
ĬċǃċŰŕťũŕьШĤċťƣĲƖŚũĲƖŚŰШĲŰǍŚůũĲƖŚШĬċőċШǃƬťƚĲťШƚŕĦċťũŕťũċƖĬċШыΤΡрΥΜШ9ьШ
ŸƓƣŚůƨůШĩċũŕƝŕƖЮШEŰǍŚůŚŰШĤƨШƚŕĦċťũŕťũċƖĬċŰШĬċőċШǃƬťƚĲťШŕƚŕǃċШůċƖƨǍШ
ťċũůċƚŕШċťƣŚŉШůĲƖťĲǍŚШťċƖċƖũŕШőċũĬĲШƣƨƣċŰШĤċŌũċƖŕШťŕƖċƖШƻĲШƓƖŸƣĲŚŰŚШ
ĬĲŰċƣƬƖĲШĲĬĲƖЮ 
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ΤΝ 

o ƓcаШШ7ŚƖĩŸťШĲŰǍŚůШƓcШΣрΥШċƖċƚŕŰĬċШĩċũŕƝŕƖЮШ ŰĦċťШĤċǍŕШĲŰǍŚůũĲƖŚŰШƓcШ
ŚƚƣĲŌŚШŉċƖťũŕĬŕƖШыƁƖŰĲŌŚŰШůŚĬĲШĲŰǍŚůŚШŸũċŰШƓĲƓƚŚŰũĲƖШƓcШΞќĬĲЯШŚŰĦĲШ
ĤċŌŕƖƚċťƣċťŚШƣƖŚƓƚŚŰШĲŰǍŚůŚШƓcШΥќĬĲШĩċũŕƝŕƖЮьШ 

 
 

o uŸŉċťƣƁƖũĲƖаШ 7ŚƖĩŸťШ ĲŰǍŚůШ ƓƖŸƣĲŚŰШ ǃċƓŕĬċШ ŸũůċǃċŰШ ǃċƖĬŕůĦŕũċƖċШ
ŚőƣŚǃċĩШĬƨǃċƖЮШuŸŉċťƣƁƖũĲƖШĲŰǍŚůũĲƖŚŰШĩċũŕƝůċШőŕǍŕŰċШĲƣťŚШĲĬĲƖЯШċťƣŚŉШ
ĤƁũŊĲǃĲШƚŕťŕĦċШĤċŌũċŰċĤŚũŚƖШǃċШĬċШƚƨĤƚƣƖċƣШŚũĲШǍċǃŕŉШĤċŌũċƖШťƨƖċĤŚũŚƖЮШ
uŸŉċťƣƁƖũĲƖШŚŰŸƖŊċŰŚťШыĩŚŰťŸЯШĬĲůŚƖЯШĤċťŕƖвьШůċĬĬĲũĲƖĬŚƖЮШ§ƖŊċŰŚťШ
ťŸŉċťƣƁƖũĲƖĲШыƻŚƣċůŚŰũĲƖШвьШŚƚĲШťŸĲŰǍŚůШċĬŕШƻĲƖŚũŚƖЮШ 

o EŰǍŚůШ ŚŰőŚĤŚƣƁƖũĲƖŚаШ 7ċǍŕШ ťŚůǃċƚċũũċƖШ ĲŰǍŚůũĲƖŚŰШ ĲƣťŚƚŚŰŚШ ŚŰőŚĤĲШ
ыĤũŸťĲьШ ĲĬĲƖũĲƖШ ǃċŰŚШ ĲŰǍŚůŚŰШ ĩċũŕƝůċƚŕŰŕШ ĬƨƖĬƨƖƨƖũċƖЮШ 7ƨШ ĬƨƖƨůШ
ǍċƖċƖũŕШĤŚƖШŸũċǃШŊŚĤŚШĬƬƝƬŰƬũĲĤŚũŚƖШċůċШċƚũŕŰĬċШůĲƣċĤŸũŚǍůċŰŕŰШċŰċШ
ťŸŰƣƖŸũШůĲťċŰŚǍůċũċƖŕŰĬċŰШĤŚƖШƣċŰĲƚŚĬŚƖЮШcƬĦƖĲШĤƨШƚċǃĲĬĲШőċŰŊŚШ
ĲŰǍŚůŚŰШ ŰĲƖĲĬĲШ ƻĲШŰĲШ ǍċůċŰШ ċťƣŚŉШ ŸũċĦċŌŕŰŕШ ťŸŰƣƖŸũШ ĲĬĲƖĲťШ
ůĲƣċĤŸũŚǍůċǃŕШƚŕťŕШĤŚĩŚůĬĲШĬĲŰĲƣũĲƖЮ 
 
lťŚШĩĲƝŚƣШŚŰőŚĤŚƣƁƖШƻċƖĬŕƖа 
Á uŸŰƓĲƣŚƣŚŉШ ыǃċƖŕƝůċũŕьШ ŚŰőŚĤŚƣƁƖũĲƖаШÉƨĤƚƣƖċƣШ ůŸũĲťƬũƬŰĲШ
ĤĲŰǍĲƖũŚťũĲƖŚŰĬĲŰШĬŸũċǃŕШŚũŊŚũŚШĲŰǍŚůŚŰШċťƣŚŉШĤƁũŊĲƚŚŰĲШĤċŌũċŰŕƖũċƖЮШ
7ƁǃũĲũŚťũĲШƚƨĤƚƣƖċƣŕŰШċťƣŚŉШĤƁũŊĲǃĲШŊŚƖůĲƚŚŰŚШĲŰŊĲũũĲƖũĲƖЮШ7ƨШƣŚƓШ
ŚŰőŚĤŚƚǃŸŰШƚƨĤƚƣƖċƣŕŰШċƖƣƣŕƖŕũůċƚŕШŚũĲШƁŰũĲŰĲĤŚũŚƖЮ 

Á uŸŰƓĲƣŚƣŚŉШŸũůċǃċŰШыǃċƖŕƝůċƚŕǍьШŚŰőŚĤŚƣƁƖũĲƖаШťƣŚŉШĤƁũŊĲШŚĩŚŰШ
ĬŸŌƖƨĬċŰШ ƖĲťċĤĲƣĲШ ŊŚƖůĲǍũĲƖЮШEŰǍŚůŚŰШ ĤċƝťċШ ĤŚƖШ ťŕƚůŕŰċШ
ĤċŌũċŰċƖċťШыĤċŌũċŰŕũċŰШĤƨШĤƁũŊĲǃĲШċũũŸƚƣĲƖŚťШĤƁũŊĲШĬĲŰŚƖьШŸŰƨŰШ
ĤŚĩŚůŚŰŚШĬĲŌŚƝƣŚƖŚƖũĲƖЮШ7ƨŰƨŰШƚŸŰƨĦƨŰĬċШċťƣŚŉШĤƁũŊĲŰŚŰШƚƨĤƚƣƖċƣŕШ
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ΤΞ 

ƣċŰŕůċƚŕШŸũċŰċťƚŕǍШőċũĲШŊĲũŚƖЮШы7ƨШŚƝũĲůШŚƝŚШĤŚƣĲŰШůĲƣċĤŸũŚťШǃŸũƨŰШ
ťċƓċƣŕũůċƚŕŰŕŰШ ǃŸũũċƖŕŰĬċŰШ ĤŚƖŚƚŚĬŚƖЮШ ũũŸƚƣĲƖŚťШ ŚŰőŚĤŚƣƁƖШ
ĤċŌũċŰĬŕŌŕŰĬċШĲŰǍŚůШŚŰċťƣŚŉШĬƨƖƨůċШŊĲũŚƖЯШŚŰőŚĤŚƣƁƖШċǃƖŕũĬŕŌŕŰĬċШ
ĲŰǍŚůШƣĲťƖċƖШċťƣŚŉШťŸŰƨůċШŊĲĩĲƖЮШ7ƨШƚċǃĲĬĲШőƬĦƖĲШŊĲƖĲťĲŰĬĲŰШ
ŉċǍũċШƚĲŰƣĲǍШǃċƓŕũůċƚŕŰŕЯШĲŰĲƖŢŚШőċƖĦċŰůċƚŕŰŕШƻĲШůċĬĬĲШŚƚƖċŉŕŰŕШ
ƁŰũĲƖь 

 
 
 °ƖŰĲťШŚŰőŚĤŚƣƁƖũĲƖа 

¶ ??Ñ42ШƻĲШƓċƖċƣŚŸŰ43ШƚŚŰŚƖШƚŚƚƣĲůŚŰĬĲťŚШĲŰǍŚůũĲƖŚШŚŰőŚĤĲШĲĬĲƖЮ 
¶ ŰƣŚĤŚǃŸƣŚťũĲƖ44ШĤċťƣĲƖŚũĲƖĬĲťŚШƁǍŊƬũШĲŰǍŚůũĲƖŚШŚŰőŚĤĲШĲĬĲƖЮ 
¶ ÂĲŰŚƚŚũŚŰ45ШőƬĦƖĲШ ĬƨƻċƖШ ƚĲŰƣĲǍŚŰŚШ ŊĲƖĩĲťũĲƝƣŚƖĲŰШ ĲŰǍŚůŚŰШ ċťƣŚŉШ
ĤƁũŊĲƚŚŰĲШ ĤċŌũċŰŕƖЯШ ĤƨŰƨŰШ ƚŸŰƨĦƨŰĬċШ ĤċťƣĲƖŚШ őƬĦƖĲШ ĬƨƻċƖŕШ
ǃċƓċůċǍШőċũĲШŊĲũŚƖШƻĲШĬŕƝШĲƣťŚũĲƖĲШċĩŕťШŸũƨƖЮ 

 
ÅĲċťƚŚǃŸŰШőŕǍŕŰŕШĲƣťŚũĲǃĲŰШŉċťƣƁƖũĲƖа 
ййШEŰǍŚůШťŸŰƚċŰƣƖċƚǃŸŰƨ 

 
42Ш??ÑЯШƖĲŰťƚŚǍЯШƣċƣƚŕǍШƻĲШŰĲƖĲĬĲǃƚĲШťŸťƨƚƨǍШťƖŚƚƣċũũĲƖĬŚƖЮШ7ċƝũċŰŊŕĩƣċШĤŚƖШĤƁĦĲťШŚũċĦŕШŸũċƖċťШ
ŊĲũŚƝƣŚƖŚũůŚƝƣŚƖЮШ??ÑШĩŸťШĲƣťŚũĲǃŚĦŚШĤŚƖШŚũċĩƣŕƖШƻĲШĤƬƣƬŰШĦċŰũŕũċƖŕШƁũĬƬƖĲĤŚũĲĦĲťШĤŚƖШĲƣťŚƚŚШƻċƖĬŕƖЮШ
7ƨШǃƬǍĬĲŰШťƨũũċŰŕůĬċŰШťċũťůŕƝƣŕƖЮ 
43ШÂċƖċƣőŚŸŰрĲƣŚũШƻĲǃċШĬŚĲƣŚũШƓċƖċƣőŚŸŰШŸũċƖċťШĬċШċĬũċŰĬŕƖŕũċŰШƻĲШѢ[ŸũŚĬŸũѢШŸũċƖċťШĬċШĤŚũŚŰĲŰШ
ƓċƖċƣőŚŸŰЯШĤŚƖШŸƖŊċŰŸŉŸƚŉċƣШŚŰƚĲťƣŚƚŚƣШƻĲШċťċƖŚƚŚƣƣŚƖЮШEƣċũШĬŸǍũċƖĬċШEƣőǃũШÂċƖċƣőŚŸŰШƻĲƖŚũĲŰШťĲĬŚЯШ
ƣċƻƝċŰЯШťŸǃƨŰШƻĲШĬċŰċũċƖĬċШǍĲőŚƖũĲŰůĲǃŚШƁŰũĲůŚƝƣŚƖЮ 
44Ш ŰƣŚĤŚǃŸƣŚťЯШ ĤċťƣĲƖŚũĲƖĲШ ťċƖƝŕШ ċťƣŚŉШ ŸũċŰШ ĤŚƖШ ƣƬƖШ ċŰƣŚůŚťƖŸĤŚǃċũШ ůċĬĬĲĬŚƖЮШ 7ċťƣĲƖŚǃĲũШ
ĲŰŉĲťƚŚǃŸŰũċƖũċШƚċƻċƝůċťШŚĩŚŰШĲŰШƁŰĲůũŚШċŰƣŚĤċťƣĲƖŚǃĲũШċŢċŰШƣƬƖƬĬƬƖШƻĲШċŰƣŚĤŚǃŸƣŚťШŚũċĩũċƖШĤƨШ
ƣƬƖШĲŰŉĲťƚŚǃŸŰũċƖŕŰШƣĲĬċƻŚƚŚŰĬĲШƻĲШƁŰũĲŰůĲƚŚŰĬĲШǃċǃŊŕŰШŸũċƖċťШťƨũũċŰŕũůċťƣċĬŕƖЮ 
45ШÂĲŰŚƚŚũŚŰũĲƖШċƚũĲŰШÂĲŰŚĦŚũũŚƨůШťƬǰĲƖŚŰĬĲŰЯШƁǍĲũũŚťũĲШĬĲШÂЮШĦőƖǃƚŸŊĲŰƨůШƻĲШÂЮШƖƨĤĲŰƚѣƣĲŰШ
ĲũĬĲШ ĲĬŚũĲŰШ ĤŚƖШ ŊƖƨƓШр̡ũċťƣċůШ ċŰƣŚĤŚǃŸƣŚťƣŚƖЮШ uũŚŰŚťШ ťƨũũċŰŕůĬċťŚШ ƓĲŰŚƚŚũŚŰũĲƖŚŰШĩŸŌƨШ ÂЮШ
ĦőƖǃƚŸŊĲŰƨůШƣċƖċŉŕŰĬċŰШĬĲƖŚŰШƣċŰťШŉĲƖůċŰƣċƚǃŸŰƨШťƨũũċŰŕũċƖċťШƚĲŰƣĲǍũĲŰŚƖШƻĲШĬċőċШƚŸŰƖċШ
ƚċǰċƝƣŕƖŕũŕƖЮ 
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ййШÉƨĤƚƣƖċƣШťŸŰƚċŰƣƖċƚǃŸŰƨ 
ййШ7ċƚŕŰĩ 
ййШüċůċŰШ 
ййШÂċƖƣŚťƬũШĤƬǃƬťũƬŌƬ 
ййШuċƣċũŚƣ 
ййШfƚŕ 
ййШƓc 
ййШfƝŕť 
 

7ċǍŕЮ°ŰĲůũŚЮEŰǍŚůЮ]ƖƨƓũċƖŕ 
ÑĲůĲũШ]ƖƨƓũċƖ 
ΝЮШ§ťƚŚĬŸƖĲĬƬťƣċǍũċƖШы§ǂŚĬŸƖĲĬƨĦƣċƚĲƚь 
¶ [ŸŰťƚŚǃŸŰаШ EũĲťƣƖŸŰШ ƣƖċŰƚŉĲƖŚШ ǃċƓċƖċťШ ŸťƚŚĬċƚǃŸŰШ ƻĲШ ŚŰĬŚƖŊĲŰůĲШ
ƖĲċťƚŚǃŸŰũċƖŕŰŕШťċƣċũŚǍĲШĲĬĲƖũĲƖЮ 

¶ °ƖŰĲťũĲƖа 
o Dehidrojenazlar (Dehydrogenases): Substratlardan hidrojen atomlarēnē 
uzaklaĸtērērlar. 

o Oksidazlar (Oxidases): Substratlarē oksitlerler. 

ΞЮШÑƖċŰƚŉĲƖċǍũċƖШыÑƖċŰƚŉĲƖċƚĲƚь 
¶ [ŸŰťƚŚǃŸŰаШ[ŸŰťƚŚǃŸŰĲũШŊƖƨƓũċƖŕŰШыůĲƣŚũЯШŊũƨťŸǍЯШŉŸƚŉċƣШŊƖƨƓũċƖŕШŊŚĤŚьШ
ĤŚƖШůŸũĲťƬũĬĲŰШĬŚŌĲƖŚŰĲШƣƖċŰƚŉĲƖŚŰŚШƚċŌũċƖũċƖЮ 

¶ °ƖŰĲťũĲƖа 
o Kinazlar (Kinases): Fosfat gruplarēnē ATP'den hedef molek¿llere transfer 
ederler. 

o Aminotransferazlar (Aminotransferases): Amino gruplarēnē amino asitler 
arasēnda transfer ederler. 

ΟЮШcŚĬƖŸũċǍũċƖШыcǃĬƖŸũċƚĲƚь46 
¶ [ŸŰťƚŚǃŸŰаШ ÉƨШ ůŸũĲťƬũƬШ ĲťũĲǃĲƖĲťШ ƚƨĤƚƣƖċƣũċƖŕШ őŚĬƖŸũŚǍШ ĲĬĲƖũĲƖШ
ыƓċƖĩċũċƖũċƖьЮ 

¶ °ƖŰĲťũĲƖа 

 
46ШcǃĬƖŸũċƚĲƚШőƬĦƖĲШŚĩĲƖŚƚŚŰĬĲШĲŰШĩŸťШũŚǍŸǍŸůШŚĩĲƖŚƚŚŰĬĲШĤƨũƨŰƨƖШƻĲШ]ŸũŊŚШ ǃŊŕƣŕѣŰĬċШ
ƚĲŰƣĲǍũĲŰŚƖЮ 
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ΤΠ 

o Fosfatazlar (Phosphatases): Organik molek¿llerden fosfat gruplarēnē 
uzaklaĸtērēr. 
Á Alkalin Fosfataz (Alkaline Phosphatase): Fosfat gruplarēnē organik 
molek¿llerden uzaklaĸtērēr. 

Á Protein Fosfataz (Protein Phosphatase): Proteinlerden fosfat gruplarēnē 
uzaklaĸtērēr. 

o Proteazlar (Proteases): Proteinleri peptit baĵlarēnē kērarak par­alarlar. 
o Lipazlar (Lipases): Lipidleri yaĵ asitlerine ve gliserole hidroliz ederler. 
o N¿kleazlar (Nucleases): N¿kleik asitleri n¿kleotidlere par­alarlar. 
o GTPazlar (GTPases): GTP'nin (Guanozin trifosfat) hidrolizini katalize 
ederek GDP (Guanozin difosfat) ve inorganik fosfat ¿retirler. 
Á Ras GTPaz (Ras GTPase): H¿cre b¿y¿mesi ve farklēlaĸmasēnda rol 
oynar. 

Á Rho GTPaz (Rho GTPase): H¿cre iskeleti dinamiklerini ve h¿cre 
hareketliliĵini d¿zenler. 

Á Dynamin (Dynamin): Endositoz ve vezik¿l tomurcuklanmasēnda rol 
oynar. 

ΠЮШxŚǃċǍũċƖШыxǃċƚĲƚь 
¶ [ŸŰťƚŚǃŸŰаШ <ŚŉƣШ ĤċŌũċƖŕŰШ ŸũƨƝƨůƨШ ƻĲǃċШ ťŸƓċƖŕũůċƚŕШ ƚƨƖĲƣŚǃũĲШ
ůŸũĲťƬũũĲƖĬĲŰШŊƖƨƓũċƖШċǃŕƖŕƖũċƖШƻĲǃċШůŸũĲťƬũũĲƖĲШŊƖƨƓũċƖШĲťũĲƖũĲƖЮ 

¶ °ƖŰĲťũĲƖа 
o Dekarboksilazlar (Decarboxylases): Karboksil gruplarēnē molek¿llerden 
uzaklaĸtērarak CO2 ¿retirler. 

o Aldolazlar (Aldolases): Aldol reaksiyonlarēnē katalize ederler. 

ΡЮШlǍŸůĲƖċǍũċƖШыfƚŸůĲƖċƚĲƚь 
¶ [ŸŰťƚŚǃŸŰаШ~ŸũĲťƬũũĲƖŚŰШŚǍŸůĲƖũĲƖŚШċƖċƚŕŰĬċШĬƁŰƬƝƬůШƚċŌũċƖũċƖЮ 
¶ °ƖŰĲťũĲƖа 
o Rasematlar (Racemases): Molek¿llerin L ve D izomerleri arasēnda 
dºn¿ĸ¿m saĵlar. 

o Epimerazlar (Epimerases): Bir molek¿l¿n stereokimyasēnē deĵiĸtirirler. 

ΣЮШxŚŊċǍũċƖШыxŚŊċƚĲƚь 
¶ [ŸŰťƚŚǃŸŰаШ ÑÂШőŚĬƖŸũŚǍŚШĲŰĲƖŢŚƚŚШťƨũũċŰċƖċťШŚťŚШůŸũĲťƬũƬШĤŚƖĤŚƖŚŰĲШ
ĤċŌũċƖũċƖЮ 

¶ °ƖŰĲťũĲƖа 
o DNA Ligaz (DNA Ligase): DNA par­alarēnē birleĸtirir. 
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ΤΡ 

o Aminoasil-tRNA Sentetaz (Aminoacyl-tRNA Synthetase): Amino asitleri 
tRNA'ya baĵlar. 

DiĶer Gruplar 

ÂŸũŚůĲƖċǍũċƖШыÂŸũǃůĲƖċƚĲƚь47 
¶ [ŸŰťƚŚǃŸŰаШ  ƬťũĲŚťШ ċƚŚƣũĲƖŚШ ǃĲŰŚШ ƓŸũŚŰƬťũĲŸƣŚĬШǍŚŰĦŚƖũĲƖŚШ ĲťũĲǃĲƖĲťШ
ƚĲŰƣĲǍũĲƖЮ 

¶ °ƖŰĲťũĲƖа 
o DNA Polimeraz (DNA Polymerase): DNA replikasyonunda yeni DNA 
zincirleri sentezler. 

o RNA Polimeraz (RNA Polymerase): DNA'dan RNA sentezi yapar. 

[ŸƚŉċƣċǍũċƖШыÂőŸƚƓőċƣċƚĲƚь 
¶ [ŸŰťƚŚǃŸŰаШ[ŸƚŉċƣШŊƖƨƓũċƖŕŰŕШůŸũĲťƬũũĲƖĬĲŰШƨǍċťũċƝƣŕƖŕƖЮ 
¶ °ƖŰĲťũĲƖа 
o Alkalin Fosfataz (Alkaline Phosphatase): Fosfat gruplarēnē organik 
molek¿llerden uzaklaĸtērēr. 

o Protein Fosfataz (Protein Phosphatase): Proteinlerden fosfat gruplarēnē 
uzaklaĸtērēr. 

ÑÂċǍũċƖШыÑÂċƚĲƚь48 
¶ [ŸŰťƚŚǃŸŰаШ ÑÂШőŚĬƖŸũŚǍŚŰŚШťċƣċũŚǍĲШĲĬĲƖЯШĤƨШĲŰĲƖŢŚШŊĲŰĲũũŚťũĲШůŸũĲťƬũĲƖШ
őċƖĲťĲƣШŚĩŚŰШťƨũũċŰŕũŕƖЮ 

¶ °ƖŰĲťũĲƖа 
o Na+/K+-ATPaz (Na+/K+-ATPase): H¿cre zarēnda iyon dengesini saĵlar. 
o H+-ATPaz (H+-ATPase): Protonlarēn h¿cre zarēndan taĸēnmasēnē saĵlar. 

 

 
47Ш7ŚƖШƓŸũŚůĲƖċǍЯШůĲƖťĲǍŘШŚƝũĲƻŚШÅ  ШƻĲШ?  ШŊŚĤŚШŰƬťũĲŚťШċƚŚƣШƓŸũŚůĲƖũĲƖŚШŚũĲШŚũŊŚũŚШŸũċŰШĤŚƖШ
ĲŰǍŚůĬŚƖЮШ7ŚƖШƓŸũŚůĲƖċǍŕŰШĲƚċƚШŉŸŰťƚŚǃŸŰƨЯШůĲƻĦƨƣШĤŚƖШ?  ШƻĲǃċШÅ  ШťċũŕĤŕШťƨũũċŰċƖċťЯШ
ŚťŚũĲƝůĲШƻĲǃċШƣƖċŰƚťƖŚƓƚŚǃŸŰШƚƬƖĲĦŚШŚĩŚŰĬĲЯШǃĲŰŚШĤŚƖШ?  ШƻĲǃċШÅ  ѣŰŕŰШƓŸũŚůĲƖŚǍċƚǃŸŰƨĬƨƖ 
48ШÑÂċǍũċƖЯШ ÑÂѣŰŚŰШ ?ÂѣǃĲШƻĲШƚĲƖĤĲƚƣШĤŚƖШŉŸƚŉċƣШŚǃŸŰƨŰċШƻĲǃċШƣĲƖƚШƖĲċťƚŚǃŸŰċШċǃƖŕƝůċƚŕŰŕШ
ťċƣċũŚǍĲШ ĲĬĲŰШ ĤŚƖШ ĲŰǍŚůШ ƚŕŰŕŉŕĬŕƖЮШ 7ƨШ ŉŸƚŉŸƖŚũċƚǃŸŰШ ƖĲċťƚŚǃŸŰƨЯШ ĲŰǍŚůŚŰШ ĤċƝťċШ ƣƬƖũƬШ
ŊĲƖĩĲťũĲƝůĲǃĲĦĲťШ ŸũċŰШ ĬŚŌĲƖШ ťŚůǃċƚċũШ ƖĲċťƚŚǃŸŰũċƖŕШ ǃƬƖƬƣůĲťШ ŚĩŚŰШ ťƨũũċŰĬŕŌŕШ ĲŰĲƖŢŚǃŚШ
ƚĲƖĤĲƚƣШĤŕƖċťŕƖЮ 



ѿШÌƨĤċƣЯШΞΜΞΡШ?ƖЮШ~ƨƚƣċŉċШ ŉǃŸŰũƨŸŌũƨ 

ΤΣ 

 ƬťũĲċǍũċƖШы ƨĦũĲċƚĲƚь49 
¶ [ŸŰťƚŚǃŸŰаШ  ƬťũĲŚťШ ċƚŚƣũĲƖŚШ ы?  Ш ƻĲШ Å  ьШ őŚĬƖŸũŚǍШ ĲĬĲƖĲťЯШ
ŰƬťũĲŸƣŚĬũĲƖĲШƻĲǃċШĬċőċШťƬĩƬťШŰƬťũĲŚťШċƚŚƣШƓċƖĩċũċƖŕŰċШƓċƖĩċũċƖũċƖЮ 

¶ °ƖŰĲťũĲƖа 
o DNaz (DNase): DNA molek¿llerini par­alayarak daha k¿­¿k DNA 
fragmanlarēna veya n¿kleotidlere ayērēr. 

o RNaz (RNase): RNA molek¿llerini par­alayarak daha k¿­¿k RNA 
fragmanlarēna veya n¿kleotidlere ayērēr. 

ÂƖŸƣĲċǍũċƖШыÂƖŸƣĲċƚĲƚь50 
¶ [ŸŰťƚŚǃŸŰаШÂƖŸƣĲŚŰũĲƖŚŰШƓĲƓƣŚƣШĤċŌũċƖŕŰŕШőŚĬƖŸũŚǍШĲĬĲƖĲťЯШĬċőċШťƬĩƬťШ
ƓĲƓƣŚƣũĲƖĲШƻĲǃċШċůŚŰŸШċƚŚƣũĲƖĲШƓċƖĩċũċƖũċƖЮ 

¶ °ƖŰĲťũĲƖа 
o Tripsin (Trypsin): Proteinleri spesifik amino asitlerin peptit baĵlarēnda 
keserek par­alar. 

o Pepsin (Pepsin): Mide asidik ortamēnda proteinleri daha k¿­¿k peptitlere 
par­alar. 

o Kaspepsin (Caspase): Apoptozda (programlanmēĸ h¿cre ºl¿m¿) rol alarak 
proteinleri par­alar. 

ÉĲŰƣĲǍШEŰǍŚůũĲƖŚШыÉǃŰƣċƚĲƚь 
¶ [ŸŰťƚŚǃŸŰаШ ÑÂШ ƻĲǃċШ ĬŚŌĲƖШ ĲŰĲƖŢŚШ ťċǃŰċťũċƖŕŰŕШ ťƨũũċŰůċĬċŰШ ŚťŚШ
ůŸũĲťƬũƬШĤŚƖĤŚƖŚŰĲШĤċŌũċƖШƻĲШǃĲŰŚШĤċŌũċƖШŸũƨƝƣƨƖƨƖЮШы ŸƣаШ7ƨШƣċŰŕůШĤċǍŕШ
ťċǃŰċťũċƖĬċШ ÑÂШťƨũũċŰůċĬċŰШƚĲŰƣĲǍШǃċƓċŰШĲŰǍŚůũĲƖШŚĩŚŰШŊĲĩĲƖũŚШŚťĲŰЯШ
ĤċǍŕШƚĲŰƣĲǍШĲŰǍŚůũĲƖŚШ ÑÂШťƨũũċŰċĤŚũŚƖЮШ7ƨШŰĲĬĲŰũĲШÉǃŰƣċƚĲШƻĲШxŚŊċƚĲШ
ƣĲƖŚůũĲƖŚШĤċǍĲŰШťċƖŕƝċĤŚũŚƖЮь 

¶ °ƖŰĲťũĲƖа 
o ATP Sentaz (ATP Synthase): ATP sentezini katalize eder, proton gradienti 
kullanarak ADP ve inorganik fosfattan ATP ¿retir. 

 
49Ш ƬťũĲċǍЯШŰƬťũĲŚťШċƚŚƣũĲƖŚШťŕƚůĲŰШƻĲǃċШƣċůċůĲŰШƓċƖĩċũċǃċŰШĤŚƖШĲŰǍŚůШƣŚƓŚĬŚƖЮШ7ƨШĲŰǍŚůũĲƖШ
ŊĲƖĲťШƚŚŰĬŚƖŚůШƚŚƚƣĲůŚŰĬĲЯШŊĲƖĲťШĬĲШőƬĦƖĲШŚĩŚŰĬĲЯШƁƖŰĲŌŚŰШőċƣċШƣċůŚƖŚЯШŊĲŰШƖĲŊƬũċƚǃŸŰƨЯШƻŚƖċũШ
ƚċƻƨŰůċШŊŚĤŚШƁŰĲůũŚШŚƝũĲƻũĲƖŚŰШŊĲƖĩĲťũĲƝůĲƚŚŰĬĲШƖŸũШŸǃŰċƖũċƖЮ 
50ШÂƖŸƣĲċǍЯШƓƖŸƣĲŸũŚǍŚШťċƣċũŚǍĲШĲĬĲŰЯШƓƖŸƣĲŚŰũĲƖŚШĬċőċШťƬĩƬťШƓŸũŚƓĲƓƣŚƣũĲƖĲШƻĲǃċШƣĲťŚũШċůŚŰŸШ
ċƚŚƣũĲƖĲШċǃŕƖċŰШƻĲШǃĲŰŚШƓƖŸƣĲŚŰШƬƖƬŰũĲƖŚŰŚŰШŸũƨƝƨůƨŰƨШƣĲƝƻŚťШĲĬĲŰШĤŚƖШĲŰǍŚůĬŚƖЮШ7ƨŰƨЯШƚƨШŚũĲШ
ťŚůǃċƚċũШĤċŌũċƖŕŰШƓċƖĩċũċŰĬŕŌŕШőŚĬƖŸũŚǍШŚƝũĲůŚǃũĲШƓƖŸƣĲŚŰũĲƖŚŰШŚĩĲƖŚƚŚŰĬĲШǃĲƖШċũċŰШƓĲƓƣŚƣШ
ĤċŌũċƖŕŰŕШťŕƖċƖċťШǃċƓċƖЮ 



ѿШÌƨĤċƣЯШΞΜΞΡШ?ƖЮШ~ƨƚƣċŉċШ ŉǃŸŰũƨŸŌũƨ 

ΤΤ 

o Citrate Synthase (Citrate Synthase): Krebs dºng¿s¿nde oksaloasetat ve 
asetil-CoA'dan sitrat sentezler. 

?ĲťċƖĤŸťƚŚũċǍũċƖШы?ĲĦċƖĤŸǂǃũċƚĲƚь 
¶ [ŸŰťƚŚǃŸŰаШ uċƖĤŸťƚŚũШ ŊƖƨƓũċƖŕŰŕШ ы9§ΞьШ ŸƖŊċŰŚťШ ůŸũĲťƬũũĲƖĬĲŰШ
ƨǍċťũċƝƣŕƖċƖċťШ9§ΞШƬƖĲƣŚƖũĲƖЮ 

¶ °ƖŰĲťũĲƖа 
o Piruvat Dekarboksilaz (Pyruvate Decarboxylase): Glikoliz sonunda 
piruvatē asetaldehite dºn¿ĸt¿r¿r. 

o Histidin Dekarboksilaz (Histidine Decarboxylase): Histidini histamine 
dºn¿ĸt¿r¿r. 

cŚĬƖċƣũċƖШыcǃĬƖċƣċƚĲƚь51 
¶ [ŸŰťƚŚǃŸŰаШÉƨШĲťũĲǃĲƖĲťШůŸũĲťƬũũĲƖĬĲťŚШĩŚŉƣШĤċŌũċƖŕШťŕƖċƖШƻĲǃċШƚƨШ
ůŸũĲťƬũũĲƖŚŰŚШƨǍċťũċƝƣŕƖċƖċťШĩŚŉƣШĤċŌũċƖШŸũƨƝƣƨƖƨƖЮ 

¶ °ƖŰĲťũĲƖа 
o Enolaz (Enolase): Glikoliz sērasēnda 2-fosfogliseratē fosfoenolpiruvata 
dºn¿ĸt¿r¿r. 

o Fumaraz (Fumarase): Krebs dºng¿s¿nde fumaratē malaĵa dºn¿ĸt¿r¿r. 

ůŚũċǍũċƖШы ůǃũċƚĲƚь52 
¶ [ŸŰťƚŚǃŸŰаШ  ŚƝċƚƣċШ ƻĲШ ŊũŚťŸŢĲŰШ ŊŚĤŚШ ƓŸũŚƚċťťċƖŚƣũĲƖŚШ ĬċőċШ ťƬĩƬťШ
ƝĲťĲƖũĲƖĲШőŚĬƖŸũŚǍШĲĬĲƖũĲƖЮ 

¶ °ƖŰĲťũĲƖа 
o Alfa Amilaz (Alpha Amylase): Niĸasta ve glikojeni maltoza ve glikoza 
hidroliz eder. 

o Beta Amilaz (Beta Amylase): Niĸastayē ve glikojeni maltosaya hidroliz 
eder. 

]ũŚťŸǍŚĬċǍũċƖШы]ũǃĦŸƚŚĬċƚĲƚь53 

 
51Ш7ŚƖШőŚĬƖċƣЯШƚƨШƻĲǃċШŸŰƨШŸũƨƝƣƨƖċŰШĲũĲůĲŰƣũĲƖŚШŚĩĲƖĲŰШĤŚƖШůċĬĬĲĬŚƖЮШÉƨǃƨŰШťŚůǃċƚċũШ
ĬƨƖƨůƨЯШĤċǍŕũċƖŕШťŚůǃċƚċũШǃċƓŕũċƖŕШċŰũċƝŕũůċĬċŰШƁŰĦĲШĤƨШƝĲťŚũĬĲШĲƣŚťĲƣũĲŰůŚƝШŸũċŰШŉċƖťũŕШ
őŚĬƖċƣШƚŕŰŕǰċƖŕШċƖċƚŕŰĬċШĤƬǃƬťШŉċƖťũŕũŕťũċƖШŊƁƚƣĲƖŚƖЮ 
52ШůŚũċǍЯШŰŚƝċƚƣċŰŕŰШƝĲťĲƖũĲƖĲШőŚĬƖŸũŚǍŚŰŚШťċƣċũŚǍĲШĲĬĲŰШĤŚƖШĲŰǍŚůĬŚƖЮШ ůŚũċǍЯШŚŰƚċŰũċƖŕŰШƻĲШ
ĬŚŌĲƖШĤċǍŕШůĲůĲũŚũĲƖŚŰШƣƬťƬƖƬŌƬŰĬĲШĤƨũƨŰƨƖШƻĲШĤƨƖċĬċШťŚůǃċƚċũШƚŚŰĬŚƖŚůШƚƬƖĲĦŚŰŚШĤċƝũċƣŕƖЮ 
53Ш]ũƨťŸǍŚĬċǍũċƖЯШE9ШŰƨůċƖċƚŕШΟЮΞЮΝШċũƣŕŰĬċШťċƣĲŊŸƖŚǍĲШĲĬŚũĲŰШŊũŚťŸǍŚƣШőŚĬƖŸũċǍШĲŰǍŚůũĲƖŚĬŚƖЮ 



ѿШÌƨĤċƣЯШΞΜΞΡШ?ƖЮШ~ƨƚƣċŉċШ ŉǃŸŰũƨŸŌũƨ 
ΤΥ 

¶ [ŸŰťƚŚǃŸŰаШ ]ũŚťŸǍŚĬŚťШ ĤċŌũċƖŕШ őŚĬƖŸũŚǍШĲĬĲƖĲťШ ťċƖĤŸŰőŚĬƖċƣũċƖŕШ
ůŸŰŸůĲƖũĲƖŚŰĲШċǃŕƖŕƖЮ 

¶ °ƖŰĲťũĲƖа 
o Laktaz (Lactase): Laktozu glikoz ve galaktoza hidroliz eder. 
o Sukraz (Sucrase): S¿krozu glikoz ve fruktoza hidroliz eder. 

[ŸƚŉŸĬŚĲƚƣĲƖċǍũċƖШыÂőŸƚƓőŸĬŚĲƚƣĲƖċƚĲƚь 
¶ [ŸŰťƚŚǃŸŰаШ[ŸƚŉŸĬŚĲƚƣĲƖШĤċŌũċƖŕŰŕШőŚĬƖŸũŚǍШĲĬĲƖĲťШŰƬťũĲŚťШċƚŚƣũĲƖŚŰШ
ƓċƖĩċũċŰůċƚŕŰŕШƚċŌũċƖЮ 

¶ °ƖŰĲťũĲƖа 
o cAMP Fosfodiesteraz (cAMP Phosphodiesterase): cAMP'yi AMP'ye 
hidroliz eder. 

o cGMP Fosfodiesteraz (cGMP Phosphodiesterase): cGMP'yi GMP'ye 
hidroliz eder. 

ÅĲĬƬťƣċǍũċƖШыÅĲĬƨĦƣċƚĲƚь 
¶ [ŸŰťƚŚǃŸŰаШ~ŸũĲťƬũũĲƖŚШŚŰĬŚƖŊĲƖũĲƖЯШǃċŰŚШĲũĲťƣƖŸŰШĲťũĲƖũĲƖЮ 
¶ °ƖŰĲťũĲƖа 

o Nitrik Oksit Sentaz (Nitric Oxide Synthase): L-arginini nitrik okside 
dºn¿ĸt¿r¿r. 

o Red¿ktaz (Reductase): Yaĵ asidi sentezinde asetil-CoA'yē yaĵ asitlerine 
dºn¿ĸt¿r¿r. 

EƚƣĲƖċǍũċƖШыEƚƣĲƖċƚĲƚь54 
¶ [ŸŰťƚŚǃŸŰаШEƚƣĲƖШĤċŌũċƖŕŰŕШőŚĬƖŸũŚǍШĲĬĲƖĲťШĲƚƣĲƖũĲƖŚШċũťŸũШƻĲШċƚŚƣũĲƖĲШ
ċǃŕƖŕƖũċƖЮ 

¶ °ƖŰĲťũĲƖа 
o Asetilkolinesteraz (Acetylcholinesterase): Asetilkolini kolin ve asetata 
hidroliz eder. 

o Karboksilesteraz (Carboxylesterase): Esterleri karboksilik asitlere ve 
alkollere hidroliz eder. 

ÑƖċŰƚũŸťċǍũċƖШыÑƖċŰƚũŸĦċƚĲƚь 

 
54ШEƚƣĲƖċǍЯШĲƚƣĲƖũĲƖŚШĤŚƖШƚƨШůŸũĲťƬũƬШŚũĲШťŚůǃċƚċũШƣĲƓťŚůĲǃĲШƚŸťċƖċťШŸŰũċƖĬċŰШĤŚƖШċƚŚƣШƻĲШĤŚƖШ
ċũťŸũШůŸũĲťƬũƬШƬƖĲƣĲŰЯШőŚĬƖŸũċǍШƣŚƓŚШĤŚƖШĲŰǍŚůĬŚƖЮШ<ĲƝŚƣũŚШƚƨĤƚƣƖċƣШƚƓĲƚŚŉŚƚŚƣĲũĲƖŚЯШƓƖŸƣĲŚŰШ
ǃċƓŕũċƖŕШƻĲШĤŚǃŸũŸŢŚťШŚƝũĲƻũĲƖŚШŸũċŰШŉċƖťũŕШĲƚƣĲƖċǍШƣŚƓũĲƖŚШƻċƖĬŕƖЮ 



ѿШÌƨĤċƣЯШΞΜΞΡШ?ƖЮШ~ƨƚƣċŉċШ ŉǃŸŰũƨŸŌũƨ ΤΦ 

¶ [ŸŰťƚŚǃŸŰаШ~ŸũĲťƬũũĲƖŚШƻĲǃċШŚǃŸŰũċƖŕШőƬĦƖĲШǍċƖũċƖŕШċƖċƚŕŰĬċШƣċƝŕƖũċƖЮ 
¶ °ƖŰĲťũĲƖа 

o ATP-baĶĔmlĔ Kasein ZarĔ Translokaz (ATP-dependent Casein 
Membrane Translocase): Proteinleri h¿cre zarēndan ge­irir. 

o Sodyum-Potasyum PompasĔ (Sodium-Potassium Pump): Sodyum ve 
potasyum iyonlarēnē h¿cre zarē boyunca taĸēr. 

ÂĲƖŸťƚŚĬċǍũċƖШыÂĲƖŸǂŚĬċƚĲƚь55 
¶ [ŸŰťƚŚǃŸŰаШcŚĬƖŸŢĲŰШƓĲƖŸťƚŚƣŚШыcΞ§ΞьШƚƨǃċШŚŰĬŚƖŊĲƖШƻĲШŸťƚŚĬċƣŚŉШƚƣƖĲƚŚШ
ċǍċũƣŕƖЮ 

¶ °ƖŰĲťũĲƖа 
o Glutatyon Peroksidaz (Glutathione Peroxidase): H2O2'yi suya indirger ve 
h¿creleri oksidatif hasara karĸē korur. 

o Miyeloperoksidaz (Myeloperoxidase): H2O2'yi kullanarak patojenlere karĸē 
savaĸta reaktif oksijen t¿rleri ¿retir. 

?ĲċůŚŰċǍũċƖШы?ĲċůŚŰċƚĲƚь 
¶ [ŸŰťƚŚǃŸŰаШ ůŚŰŸШŊƖƨƓũċƖŕŰŕШůŸũĲťƬũũĲƖĬĲŰШƨǍċťũċƝƣŕƖŕƖЮ 
¶ °ƖŰĲťũĲƖа 

o Adenozin Deaminaz (Adenosine Deaminase): Adenozini inozine 
dºn¿ĸt¿r¿r. 

o Glutamat Deaminaz (Glutamate Deaminase): Glutamatē alfa-ketoglutarata 
ve amonyaĵa dºn¿ĸt¿r¿r. 

ÖǃŊƨũċůċШ°ƖŰĲŌŚаШ7ŚƖШƓƖŸƣĲŚŰŚŰШƚĲƖŚŰĲШċůŚŰŸċƚŚĬŚŰŚŰШÅШŊƖƨĤƨŰĬċШǃĲƖШċũċŰШ
őŚĬƖŸťƚŚũШ ŊƖƨĤƨŰĬċťŚШ ŸťƚŚŢĲŰĲШťŚŰċǍШĲŰǍŚůŚǃũĲШŉŸƚŉŸƖŚũċƚǃŸŰШ ǃċƓċƖċťШ
ÑÂќĬĲŰШ ŉŸƚŉċƣШŊƖƨĤƨШ ÂШ ыťŸƻċũĲŰƣШ ŸũċƖċťьШ ĤċŌũċŰŕƖШы7ƨŰƨŰШ ƣĲƖƚŚШŸũċŰШ
ĬĲŉŸƚŉŸƖŚũċƚǃŸŰШĬċШƓőŸƚƓőċƣċƚĲШĲŰǍŚůŚШŚũĲШǃċƓŕũŕƖШрШÂŚьЮШ7ƁǃũĲĦĲШƓƖŸƣĲŚŰШ
ƚĲƖŚŰĲШŊƖƨĤƨШƬǍĲƖŚŰĬĲŰШŉŸƚŉŸƖŚũĲШĲĬŚũůŚƝШŸũƨƖЮШÂƖŸƣĲŚŰĲШĤƨШƝĲťŚũĬĲШŉŸƚŉċƣШ
ŊƖƨĤƨШ ĲťũĲŰůĲƚŚЯШ ŊƖƨƓũċШ ĤĲƖċĤĲƖŚŰĬĲШ ŊĲũĲŰШ ŸťƚŚŢĲŰũĲƖШ ƚċǃĲƚŚŰĬĲШ ƣċůШ
ŰĲŊċƣŚŉШǃƬťũƬШŸũůċƚŕŰŕШƚċŌũċƖЮШ7ƨШƚċǃĲĬĲШċƖƣŕťШĤƨШŊƖƨƓШыĬŸũċǃŕƚŕǃũċШƓƖŸƣĲŚŰьШ
ƓŸǍŚƣŚŉШǃƬťũƬШĤŚƖШċůŚŰŸċƚŚƣШŚũĲШĲƣťŚũĲƝĲĤŚũŚƖШǃċШĬċШĤċƝťċШĤŚƖШƓƖŸƣĲŚŰШŚĩŚŰШ
ĤċŌũċŰůċШ ĤƁũŊĲƚŚШ ŸũƨƝƣƨƖċĤŚũŚƖШ ǃċШ ĬċШ ŉŸƚŉŸƖũƨШ ŸũċŰШ ƓƖŸƣĲŚŰũĲƖŚŰШ
ĤċŌũċŰċůċůċƚŕШ ŊŚĤŚШ ĬƨƖƨůũċƖĬċШ ŚŰőŚĤŚƣƁƖШ ŊƁƖĲƻŚШ ŊƁƖĲĤŚũŚƖЮШ 7ƁǃũĲĦĲШ ĤƨШ

 
55ШÂĲƖŸťƚŚĬċǍШ ǃċШ ĬċШ ƓĲƖŸťƚŚƣШ ƖĲĬƬťƣċǍЯШ ĤŚƖШ ĲŰǍŚůШ ŊƖƨĤƨĬƨƖЮШ òċǃŊŕŰШ ŸũċƖċťШ ƓĲƖŸťƚŚĬĲШ
ċǃƖŕƝƣŕťũċƖŕШŚĩŚŰШĤƨШċĬũċШċŰŕũŕƖũċƖЮ 
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ƓƖŸƣĲŚŰШŉŸƚŉŸƖŚũċƚǃŸŰũċШċťƣŚƻĲШŸũůƨƝШƻĲШĤċƝťċШƓƖŸƣĲŚŰĲШĤċŌũċŰċĤŚũŚƖШőċũĲШ
ŊĲũĲƖĲťШŸŰƨŰШĬċШċťƣŚƻĲШŸũůċƚŕŰŕШƚċŌũċǃċĤŚũĲĦĲťШőċũĲШŊĲũůŚƝШŸũƨƖЮ 
 
ÖĤŚťƨŚƣŚŰ56ЯШ ƓƖŸƣĲŚŰШ ǃŕťŕůŕŰĬċШ ǃŕťŕůċШ ƨŌƖċǃċĦċťШ ƓƖŸƣĲŚŰШ ĬŚǍŚũĲƖŚŰŚШ
ƣƨƣůċťƣċŰШƚŸƖƨůũƨШŸũċŰШƣċŰŕůċШĲũĲůĲŰƣŚĬŚƖЮШ7ƨШŸƖŊċŰŚťШťŚůǃċƚċũШůċĬĬĲЯШ
ǃŕťŕůċШ ƨŌƖċůċƚŕШ ŚĩŚŰШ ŚƝċƖĲƣũĲŰĲŰШ ƓƖŸƣĲŚŰĲШ ǃċƓŕƝŕƖЮШ ÂƖŸƣĲŚŰШ ǃŕťŕůŕШ
ŊĲƖĩĲťũĲƝƣŚťƣĲŰШƚŸŰƖċШƣĲťƖċƖШťƨũũċŰŕũůċťШƬǍĲƖĲШċůŚŰŸċƚŚƣũĲƖШŸƖƣċǃċШĩŕťċƖШƻĲШ
ƚŸƖƨůũƨШƨĤŚťƨŚƣŚŰũĲƖШĲŌĲƖШƓŸũŚůĲƖШƝĲťũŚŰĬĲШŚƚĲШůŸŰŸůĲƖŚťШƝĲťũĲШĬƁŰƬƝƬƓШ
ƣĲťƖċƖШťƨũũċŰŕũůċťШƬǍĲƖĲШŊĲƖŚШŊƁŰĬĲƖŚũŚƖЮ 

 
 
ÉÖ~§57Ш(Small Ub qu t n-l ke Mod f er)ЯШőƬĦƖĲũĲƖĬĲťŚШ ĬŚŌĲƖШ ƓƖŸƣĲŚŰũĲƖĲШ
ťŸƻċũĲŰƣШŸũċƖċťШĤċŌũċŰċŰШƻĲШŸŰũċƖĬċŰШċǃƖŕũċƖċťШŚƝũĲƻũĲƖŚŰŚШĬĲŌŚƝƣŚƖĲŰШƻĲШ
ĦċŰũŕШǃċƝċůŕШŚĩŚŰШƁŰĲůũŚШŸũċŰШťƬĩƬťШƓƖŸƣĲŚŰШċŚũĲƚŚĬŚƖЮШÉÖ~§ШƓƖŸƣĲŚŰũĲƖŚШĩŸťШ
ƚċǃŕĬċШőƬĦƖĲƚĲũШőĲĬĲŉĲШĤċŌũċŰŕƖЮШ7ƁǃũĲũŚťũĲШƓƖŸƣĲŚŰрƓƖŸƣĲŚŰШƻĲШƓƖŸƣĲŚŰр?  Ш

 
56ШőƣƣƓƚаооĲŰЮƽŚťŚƓĲĬŚċЮŸƖŊоƽŚťŚоÖĤŚƕƨŚƣŚŰШ 
57ШőƣƣƓƚаооĲŰЮƽŚťŚƓĲĬŚċЮŸƖŊоƽŚťŚоÉÖ~§хƓƖŸƣĲŚŰШ 

https://en.wikipedia.org/wiki/Ubiquitin
https://en.wikipedia.org/wiki/SUMO_protein
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ΥΝ 

ŚũŚƝťŚũĲƖŚŰŚШůŸĬƬũĲШĲĬĲƖЯШőƬĦƖĲШŚĩŚШũŸťċũŚǍċƚǃŸŰũċƖŕШĬĲŌŚƝƣŚƖŚƖШƻĲШőƬĦƖĲǃŚШ
ƨĤŚťƨƣŚŰШťċǃŰċťũŕШĤŸǍƨũůċũċƖĬċŰШťŸƖƨƖЮ 

 
 

?ĲŊƖŸŰЯШƓƖŸƣĲŚŰШĤŸǍƨŰůċШŸƖċŰũċƖŕŰŕŰШĬƬǍĲŰũĲŰůĲƚŚŰĬĲШƁŰĲůũŚШŸũċŰШĤŚƖШ
ƓƖŸƣĲŚŰŚŰШĤŚƖШťŕƚůŕĬŕƖЮШ7ŚũŚŰĲŰШĬĲŊƖŸŰũċƖЯШťŕƚċШċůŚŰŸШċƚŚƣШĬŚǍŚũĲƖŚŰŚЯШǃċƓŕƚċũШ
ůŸƣŚǰĲƖŚШƻĲШƓƖŸƣĲŚŰŚŰШőĲƖőċŰŊŚШĤŚƖШǃĲƖŚŰĬĲШĤƨũƨŰċŰШċĩŕťƣċШťċũċŰШċůŚŰŸШ
ċƚŚƣũĲƖŚШŚĩĲƖŚƖЮШ7ċǍŕШƓƖŸƣĲŚŰũĲƖШĤŚƖĬĲŰШŉċǍũċШĬĲŊƖŸŰШŚĩĲƖĲĤŚũŚƖЮ 
 

EŰǍŚůЮuŚŰĲƣŚŌŚŰĬĲЮ~ŚĦőċĲũŚƚЮ~ĲŰƣĲŰЮ?ĲŰťũĲůŚ 
EШыĲŰǍŚůьШҼШÉШыƚƨĤƚƣƖċƣьШĄШEÉШыEШƻĲШÉШĤŚƖũĲƝŚƖЯШƖĲċťƚŚǃŸŰШĤƨƖċĬċШŸũƨƝƨƖьШĄШEÂШ
ыÂаƓƖŸĬƨĦƣьШĄШEШҼШÂШыEШƻĲШÂШċǃƖŕũŕƖь 
ййШ§ƖƣċůĬċШƚƨĤƚƣƖċƣШŰĲШťċĬċƖШĩŸťƚċШǃƨťċƖŕĬċťŚШŚƝũĲůШŸШťċĬċƖШĩŸťШŸũƨƝƨƖШƻĲШ
ƖĲċťƚŚǃŸŰƨŰШőŕǍŕШŸШťċĬċƖШǃƬťƚĲťШŸũƨƖЮ 
ййШ~ċťƚŚůƨůШƖĲċťƚŚǃŸŰШőŕǍŕШéůċǂШŚƚĲШéůċǂоΞШőŕǍŕŰċШťċƖƝŕũŕťШŊĲũĲŰШƚƨĤƚƣƖċƣШ
ťŸŰƚċŰƣƖċƚǃŸŰƨШыŊĲƖĲťĲŰШƚƨĤƚƣƖċƣШůŚťƣċƖŕьШяƚѐШŸũƚƨŰЮШ7ƨШĬƨƖƨůĬċШuůӀШяƚѐШ
ŸũƚƨŰЮШШuůШĬĲŌĲƖŚŰŚŰШŊƁƖĲĦĲШťƬĩƬťШŸũůċƚŕШEÉШĤċŌũċŰůċƚŕŰŕŰШĩŸťШĬċőċШ
ťƨƻƻĲƣũŚШŸũĬƨŌƨŰƨШŊƁƚƣĲƖŚƖЮ 
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ΥΞ 

 
7ƨŰƨШŊƁƚƣĲƖĲŰШ~ŚĦőċĲũŚƚШ~ĲŰƣĲŰШĬĲŰťũĲůŚа 
 

ὠ
ὠ ί

ὑ ί
 

 
uůаШ~ŚĦőċĲũŚƚр~ĲŰƣĲŰШƚċĤŚƣŚ 
 

9ŸĲŰǍŚůũĲƖЮфЮĦŸŉċĦƣŸƖ 
9ŸрĲŰǍŚůũĲƖŚŰШƻċƖũŕŌŕŰĬċШĲŰǍŚůũĲƖШĬċőċШĲƣťŚŰШĩċũŕƝŕƖũċƖШǃċŰŚШőŕǍŕŰŕШċƖƣƣŕƖŕƖШǃċШ
ĬċШƝĲťũŚŰŚШĬĲŌŚƝƣŚƖŚƓШƚƨĤƚƣƖċƣċШĬċőċШƚŕťŕШĤċŌũċŰŕƖЮШ7ċǍŕШĦŸĲŰǍŚůũĲƖШƝƨŰũċƖĬŕƖа 

ÑőŚċůŚŰĲШы7ΝШƻŚƣċůŚŰŚь   [ ?c 
ÅŚĤŸǰċƻŚŰШы7ΞШƻŚƣċůŚŰŚь    ?c58 
 ŚċĦŚŰШы7ΟШƻŚƣċůŚŰŚь   9§59 
[ŸũŚĦШċĦŚĬ    7ŚŸƣŚŰ60 
9ŸĤċũċůŚŰĲШШы7ΝΞШƻŚƣċůŚŰŚь   

 

 
58Ш  ?cаШ ŚťŸƣŚŰċůŚĬШċĬĲŰŚŰШ ĬŚŰƬťũĲŸƣŚĬШőƬĦƖĲũĲƖĬĲШĤƨũƨŰċŰШƁŰĲůũŚШĤŚƖШťŸĲŰǍŚůĬŚƖЮШ
EũĲťƣƖŸŰШƣċƝŕǃċƖċťШŚŰĬŚƖŊĲŰůĲШƓŸƣċŰƚŚǃĲũŚŰŚŰШůŸũĲťƬũũĲƖШċƖċƚŕŰĬċШċťƣċƖŕũůċƚŕŰĬċШƖŸũШŸǃŰċƖЮ 
59Ш9§аШuŸĲŰǍŚůШ Шы9Ÿ ьЯШƚŚƚƣĲŚŰЯШƓċŰƣŸƣĲŰċƣШƻĲШ ÑÂѣĬĲŰШƚĲŰƣĲǍũĲŰĲŰШƣĲůĲũШĤŚƖШůĲƣċĤŸũŚťШ
ťŸŉċťƣƁƖĬƬƖ 
60Ш7ŚŸƣŚŰаШ7ŚŸƣŚŰШƚƨĬċШĩƁǍƬŰĲĤŚũĲŰШĤŚƖШƻŚƣċůŚŰĬŚƖЮШéƬĦƨƣƣċШǃċŌЯШťċƖĤŸŰőŚĬƖċƣШƻĲШƝĲťĲƖШŊŚĤŚШ
ůċĬĬĲũĲƖŚШƓċƖĩċũċǃċŰШĲŰǍŚůũĲƖŚŰШƁŰĲůũŚШĤŚƖШĤŚũĲƝĲŰŚĬŚƖЮШ ůŚŰŸċƚŚƣШƻĲШǃċŌũċƖŕŰШŸũƨƝƨůƨŰċШ
ƻĲШǃċƓŕƚŕŰċШťċƣŕũŕƖЮШ7рΤЯШcШƻŚƣċůŚŰŚШƻĲǃċШťŸĲŰǍŚůШÅШŸũċƖċťШĬċШċĬũċŰĬŕƖŕũŕƖЮ 
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ΥΟ 

ÅĲċťƚŚǃŸŰЮuŸŰƣƖŸũƬ 
cƬĦƖĲĬĲШĲŰǍŚůрƚƨĤƚƣƖċƣШĤŚƖũĲƝůĲƚŚŰŚШťŸŰƣƖŸũШĲƣůĲťШŚĩŚŰШĤċǍŕШǃƁŰƣĲůũĲƖШ
ƻċƖĬŕƖЮШ7ƨШǃƁŰƣĲůũĲƖШŊĲƖĲťƚŚǍШƬƖĲƣŚůũĲƖŚШĲŰŊĲũũĲǃĲƖĲťШťċǃŰċťШƣċƚċƖƖƨŉƨШ
ǃċƓůċťЯШċǍċũċŰШŚőƣŚǃċĩũċƖŕШťċƖƝŕũċůċťШŚĩŚŰШĬĲШŚũŊŚũŚШƚĲŰƣĲǍũĲƖŚШƣĲƣŚťũĲǃĲƖĲťШ
ĤċƝũċƣůċťШŚĩŚŰШťƨũũċŰŕũŕƖЮ 
 

ATP KullanĔmĔ 

¶ Toplam ATP KullanĔmĔ: Bir insan v¿cudunda bir saniyede yaklaĸēk 10 milyon 
ATP molek¿l¿ kullanēlēr. Bu rakam, h¿crelerin sayēsē, v¿cut aĵērlēĵē ve h¿cresel 
metabolizmanēn hēzēna baĵlē olarak deĵiĸebilir. 

¶ G¿nl¿k ATP ¦retimi ve T¿ketimi: Ortalama bir insan v¿cudu g¿nde yaklaĸēk 
1024 ATP molek¿l¿ ¿retir ve t¿ketir. Bu, bir saniyede yaklaĸēk 1019 ATP 
molek¿l¿ kullanēldēĵē anlamēna gelir. 

¶ H¿cre BaĹĔna ATP KullanĔmĔ: Ortalama bir insan h¿cresinde bir saniyede 
yaklaĸēk 10 milyon ATP molek¿l¿ kullanēlēr. 

Bºylesine y¿ksek ve maliyetli bir ¿retim i­in kontrol mekanizmasē ­ok ºnemlidir 

 
р ÂŸƚŚƣŚƻĲШƖĲŊƨũċƣŚŸŰШыŉĲĲĬĤċċĦťьаШ°ƖŰĲŌŚШőƬĦƖĲĬĲШ ?ÂШċƖƣƣŕťĩċШ ÑÂШ
ƚĲŰƣĲǍŚŰŚŰШċƖƣůċƚŕ 

р  ĲŊċƣŚƻĲШƖĲŊƨũċƣŚŸŰШыŉĲĲĬĤċċĦťьаШ°ƖŰĲŌŚŰШ ќĬċŰШ7ЯШ7ќĬĲŰШ9ќŰŚŰШ
ƬƖĲƣŚũĬŚŌŚШĤŚƖШƚĲŰƣĲǍĬĲШĩŸťШŉċǍũċШ9ШƬƖĲƣŚũĬŚǃƚĲЯШ9ЯШ ШŚũĲШ7ШċƖċƚŕŰĬċťŚШ
ĲŰǍŚůĲШŰĲŊċƣŚŉШŊĲƖŚШĬƁŰƬƝШǃċƓċƖċťШƬƖĲƣŚůŚШĬƨƖĬƨƖċĤŚũŚƖЮ 

 
ũũŸƚƣĲƖŚĦЮEŰǍŚůũĲƖ 
ũũŸƚƣĲƖŚťШĬƬǍĲŰũĲůĲШыƻĲǃċШċũũŸƚƣĲƖŚťШťŸŰƣƖŸũьЯШĤŚƖШĲŰǍŚůŚŰЯШĲŰǍŚůŚŰШċťƣŚŉШ

ĤƁũŊĲƚŚШ ĬŕƝŕŰĬċťŚШ ĤŚƖШ ĤƁũŊĲĬĲШ ĤŚƖШ ĲŉĲťƣƁƖШ ůŸũĲťƬũƬŰШ ĤċŌũċŰůċƚŕШ ŚũĲШ
ĬƬǍĲŰũĲŰůĲƚŚĬŚƖЮ 
ũũŸƚƣĲƖŚťШĲƣťŚаШũũŸƚƣĲƖŚťШǃĲƖĲШĤċŌũċŰċŰШůċĬĬĲШĲŰǍŚůŚŰШĲƣťŚũŚШĤƁũŊĲƚŚŰĬĲШ

ĤŚĩŚůƚĲũШ ĤŚƖШĬĲШ ĤƁũŊĲƚŚŰĬĲШ ĤŚĩŚůƚĲũШĤŚƖШ ĬĲŌŚƝŚťũŚťШ ůĲǃĬċŰċШ ŊĲƣŚƖĲĤŚũŚƖШ
7ƨŰƨŰШ ůĲǃĬċŰċШ ŊĲƣŚƖĲĤŚũŚƖЮШ 7ƨŰƨŰШ ƚŸŰƨĦƨШ ŸũċƖċťШ ĲŰǍŚůШ ƓƖŸƣĲŚŰŚŰŚŰШ
ƝĲťũŚŰŚŰШĬĲŌŚƝůĲƚŚШŰĲĬĲŰŚǃũĲШĲŰǍŚůŚŰШƚƨĤƚƣƖċƣũċШĤŚƖũĲƝůĲƚŚЯШƚƨĤƚƣƖċƣŕŰШ
ǃċƓŕƚŕŰċШƻĲШťŸŰƚċŰƣƖċƚǃŸŰƨŰċШĤċŌũŕШŸũċƖċťШŚŰőŚĤŚƚǃŸŰċШƚĲĤĲƓШŸũċĤŚũĲĦĲŌŚШ
ŊŚĤŚШċťƣŚƻċƚǃŸŰċШĬċШƚĲĤĲƓШŸũċĤŚũŚƖЮШ7ƨШĲƣťŚǃĲШċũũŸƚƣĲƖŚťШĲƣťŚШĬĲŰŚƖЮ 
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ΥΠ 

EŉĲťƣƁƖаШ ťƣŚŉШĤƁũŊĲШĬŕƝŕŰĬċťŚШĤċŌũċŰůċШĤƁũŊĲũĲƖŚŰĲШĤċŌũċŰċŰШůċĬĬĲũĲƖ 
ÂŸǍŚƣŚŉШĲŉĲťƣƁƖШыċťƣŚƻċƣƁƖьаШEŰǍŚůŚŰШċťƣŚƻŚƣĲƚŚŰŚШċƖƣƣŕƖċŰШĲŉĲťƣƁƖ 
 ĲŊċƣŚŉШĲŉĲťƣƁƖШыŚŰőŚĤŚƣƁƖьаШEŰǍŚůŚŰШċťƣŚƻŚƣĲƚŚŰŚШċǍċũƣċŰШĲŉĲťƣƁƖ 
¶ EŌĲƖШŚŰőŚĤŚƚǃŸŰШŸũƨƝƨǃŸƖƚċШĤƨШŚŰőŚĤŚƚǃŸŰШƝĲťũŚŰĲШċũũŸƚƣĲƖŚťШŚŰőŚĤŚƚǃŸŰШ
ƻĲǃċШƚŸŰШƬƖƬŰШŚŰőŚĤŚƚǃŸŰƨЯШƚŸŰШƬƖƬŰШƣċƖċŉŕŰĬċŰШŚŰőŚĤĲШĲĬŚũĲŰШĲŰǍŚůĲШĬĲШ
ċũũŸƚƣĲƖŚťШĲŰǍŚůШĬĲŰŚƖЮ 

¶ ũũŸƚƣĲƖŚťШĲŰǍŚůũĲƖШ~ŚĦőċĲũŚƚр~ĲŰƣĲŰШťŚŰĲƣŚŌŚŰĲШƨǃůċǍũċƖЮ 
 

 
 

¶ EŌĲƖШĤŚƖШĲŰǍŚůШċũũŸƚƣĲƖŚťШĲŰǍŚůШŚƚĲШƚƨĤƚƣƖċƣŕŰШĤċŌũċŰĬŕŌŕШċťƣŚŉШĤƁũŊĲĬĲŰШ
ĤċƝťċШ ĤċŌũċŰůċШ ǃĲƖũĲƖŚШ ĬĲШ ƻċƖШ ĬĲůĲťƣŚƖЮШ 7ƨШ ǃĲƖũĲƖШ ĦŸрĲŰǍŚůШ ƻĲШ
ĬƬǍĲŰũĲǃŚĦŚШ ĤƁũŊĲũĲƖĲШ ĤċŌũċŰċŰШ ĬŚŌĲƖШ ůċĬĬĲũĲƖШ ыĤƨƖċũċƖċШ ĲŰǍŚůŚŰШ
ĤċŌũċŰůċƚŕŰŕШ ǍċǃŕǰċƣċŰШ ǃċШ ĬċШ ĲŰŊĲũũĲǃĲŰШ ŚŰőŚĤŚƣƁƖШ ƻĲШ ĲŰǍŚůŚŰШ
ĤċŌũċŰůċƚŕŰŕШ ťƨƻƻĲƣũĲŰĬŚƖĲŰШ ċƖƣƣŕƖŕĦŕũċƖьШ ŚĩŚŰĬŚƖЮШ 7ƨШ ĤċŌũċŰůċũċƖШ
ťŸŰŉŸƖůċƚǃŸŰШĬĲŌŚƝŚťũŚŌŚŰĲШŰĲĬĲŰШŸũċƖċťШĲƣťŚũĲƖŚŰŚШŊƁƚƣĲƖŚƖũĲƖЮШlŰőŚĤŚƣŸƖЯШ
ƚƨĤƚƣƖċƣŕŰШ ĤċŌũċŰċĦċŌŕШ ċťƣŚŉШ ĤƁũŊĲŰŚŰШ ƝĲťũŚŰŚШ ĤŸǍċƖċťШ ĤċŌũċŰůċǃŕШ
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ΥΡ 

ĲŰŊĲũũĲƖЮШ ƖƣƣŕƖŕĦŕШŚƚĲЯШĲŰǍŚůŚŰШƚƨĤƚƣƖċƣŕШĬċőċШĩŸťШťċƻƖċǃċĤŚũĲĦĲŌŚШĤŚƖШ
ƝĲťũĲШťċƻƨƝƣƨƖƨƖЮШ7ƨШƣƬƖШĲƣťŚũĲƖШƖĲċťƚŚǃŸŰШőŕǍŕŰŕШĦŚĬĬŚШƝĲťŚũĬĲШĲƣťŚũĲƖЮ 
o ƖƣŕƖŕĦŕШ ůŸũĲťƬũШ ĤċŌũċŰĬŕŌŕŰĬċШ ƚƨĤƚƣƖċƣШ ŚũĲШ ĤƨШ ůŸũĲťƬũШ ċƖċƚŕŰĬċШ
ũŚŰťċŊĲрĤŸŰĬШĬĲŰĲŰШĤŚƖШĤċŌШŸũƨƝƨƖЮ 

¶ 7ƨШĲŰǍŚůũĲƖŚŰШǃċƓŕƚŕŰŕŰШŚǃŚШĤŚũŚŰůĲƚŚǃũĲШĤƨШĤċŌũċŰůċШŰŸťƣċũċƖŕŰċШƨǃŊƨŰШ
ƝĲťŚũĬĲШƚĲŰƣĲƣŚťШŸũċƖċťШƚĲŰƣĲǍũĲŰĲŰШŚŰőŚĤŚƣƁƖũĲƖШƻĲǃċШċƖƣƣŕƖŕĦŕũċƖШőƬĦƖĲǃĲШ
ƨǃŊƨũċŰċƖċťШƖĲċťƚŚǃŸŰШőŕǍŕŰċШůƬĬċőċũĲШĲĬŚũĲĤŚũŚƖШƻĲǃċШĤƨШĲŰǍŚůШĤŚƖШ
ťċŰƚĲƖĬĲШƖŸũШċũŕǃŸƖƚċШĲŰǍŚůŚŰШĩċũŕƝůċƚŕШĲŰŊĲũũĲŰĲƖĲťШƣĲĬċƻŚШċůċĩũŕШ
ťƨũũċŰŕũċĤŚũŚƖЮ 

 

ÂƖŸƣĲŚŰũĲƖШ 

¶ ůŚŰŸċƚŚƣũĲƖĬĲŰШŸũƨƝċŰШƓƖŸƣĲŚŰũĲƖШőƬĦƖĲŰŚŰШǃċƓŕƣċƝũċƖŕĬŕƖЮ 
¶ 7ŚƖĩŸťШőƬĦƖĲĬĲШťƨƖƨШċŌŕƖũŕŌŕŰШӖΡΜШрШӖΤΜќŚŰŚШƓƖŸƣĲŚŰũĲƖШŸũƨƝƣƨƖƨƖЮ 
 

Ķnsan genomunda yaklaĸēk 20,000 ila 25,000 gen vardēr. Her gen, farklē bir 
proteinin ¿retiminden sorumlu olabilir. Ancak, alternatif dilimleme (alternative 
splicing) ve post-translasyonel modifikasyonlar gibi s¿re­ler nedeniyle, tek bir 
gen birden fazla farklē proteinin oluĸumuna yol a­abilir. Bu durum, insan 
v¿cudunda ¿retilen toplam protein sayēsēnēn ­ok daha fazla olmasēna neden olur. 

Bilimsel tahminlere gºre, insan proteomunda (t¿m proteinler) yaklaĸēk 80,000 
ila 100,000 farklē protein bulunabilir. Ancak, bu proteinlerin hepsi aynē anda 
mevcut olmayabilir; farklē dokularda, farklē zamanlarda ve farklē koĸullarda 
¿retilirler. 

 
ÂƖŸƣĲŚŰũĲƖĬĲШĤŚƖШċůŚŰŸċƚŚĬŚŰШыċċΝьШċůŚŰŸШŊƖƨĤƨШыőŚĬƖŸťƚŚũШƻĲƖĲƖĲťьШĬŚŌĲƖШ
ċůŚŰŸċƚŚĬŚŰШыċċΞьШťċƖĤŸťƚŚũШŊƖƨĤƨŰċШыőŚĬƖŸŢĲŰШƻĲƖĲƖĲťьШťŸƻċũĲŰƣШĤċŌũċШ
ĤċŌũċŰŕƖШƻĲШĤƨШĤċŌċШƓĲƓƣŚƣШĤċŌШШыƓĲƓƣŚĬĲШĤŸŰĬьШĬĲŰŚƖШыƣĲƓťŚůĲШƚŸŰƨĦƨШƚƨШ
ċĩŕŌċШĩŕťċƖьШƻĲШƓƖŸƣĲŚŰШċůŚŰŸċƚŚƣШǍŚŰĦŚƖŚШыċċΝҼċċΞҼШвШҼШċċŰьШƝĲťũŚŰĬĲШ
ŸũƨƝƨƖЮШ7ƨŰċШƓŸũǃƓĲƓƣŚĬĲШĦőċŚŰШĬĲŰŚƖЮШ 
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ΥΣ 

 
 

ггШ7ŚũŚŰĬŚŌŚШƬǍĲƖĲЯШĩŚŉƣШĤċŌũċƖШťĲŰĬŚШĲťƚĲŰŚШĲƣƖċŉŕŰĬċШĬƁŰĲůĲǍЮШ7ƨƖċĬċШőĲƖШ
ŰĲШťċĬċƖШƚċĬĲĦĲШ9ШŚũĲШ§ШċƖċƚŕŰĬċШĩŚŉƣШĤċŌШƻċƖƚċШĬċШŸťƚŚŢĲŰШċǍŸƣƨŰШ
ĲũĲťƣƖŸŰũċƖŕŰŕШċũŕƓШ9ШŚũĲШ ШċƖċƚŕŰĬċШĬċШĩŚŉƣШĤċŌШƻċƖШŊŚĤŚШĬċƻƖċŰŕƖШƻĲШċƖċĬċШ
ŸũƨƝċŰШƓĲƓƣŚƣШĤċŌШĬċШťĲŰĬŚШĲƣƖċŉŕŰĬċШĬƁŰĲůĲǍШыťċƖĤŸŰШőĲůШŸťƚŚŢĲŰũĲШ
őĲůШĬĲШċǍŸƣũċШĩŚŉƣШĤċŌŕШƻċƖůŕƝШŊŚĤŚШĬċƻƖċŰŕƖьЮШ7ƁǃũĲĦĲШƓĲƓƣŚƣШĤċŌŕŰШ
ŸũĬƨŌƨШǃĲƖũĲƖШĬƬǍũĲůĬĲǃůŚƝШŊŚĤŚШĬċƻƖċŰŕƖЯШƓƖŸƣĲŚŰŚŰШŊĲƖŚШťċũċŰШťŕƚŕůũċƖŕШ
őċƖĲťĲƣШĲĬĲĤŚũŚƖЮШ 
 

 
 
Amino asitlerin D- ve L- olmak ¿zere iki stereoizomeri bulunur. Bu iki form 
birbirlerinin ayna gºr¿nt¿s¿ olduĵundan enantiyomer stereoizomerler sēnēfēna 
girer. 
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ΥΤ 

¶ ÂƖŸƣĲŚŰũĲƖШőŸƖůŸŰЯШĲŰǍŚůЯШĤċŌŕƝŕťũŕťШƚŚƚƣĲůŚŰŚŰШĲũĲůċŰũċƖŕШŸũċƖċťШŊƁƖĲƻШ
ǃċƓċƖũċƖЮ 

¶ EŰǍŚůШŸũċƖċťШőƬĦƖĲũĲƖĬĲťŚШťŚůǃċƚċũШƣĲƓťŚůĲũĲƖŚШĬƬǍĲŰũĲƖũĲƖЮ 
¶ òċƓŕƚċũШĬĲƚƣĲťЯШĬĲƓŸũċůċЯШĬŚŌĲƖШĤŚũĲƝŚťũĲƖŚŰШƣċƝŕŰůċƚŕШыőƬĦƖĲШǍċƖŕŰŕŰШőĲƖШ
ŚťŚШƣċƖċŉŕШċƖċƚŕŰĬċШůŸũĲťƬũũĲƖŚŰШƣċƝŕŰůċƚŕШŊŚĤŚьЯШƚŚŰǃċũШŚũĲƣŚůŚЯШőċƖĲťĲƣЯШ
ƚċƻƨŰůċШŊŚĤŚШĤŚƖĩŸťШŊƁƖĲƻŚШǃċƓċƖũċƖЮ 

¶ cĲƖШƣŚƓШƓƖŸƣĲŚŰШťĲŰĬŚŰĲШƁǍŊƬШƬĩШĤŸǃƨƣũƨШǃċƓŕǃċШƚċőŚƓƣŚƖЮ 
¶ ΞΜШĩĲƝŚƣШċůŚŰŸċƚŚƣƣĲŰШŸũƨƝƨƖũċƖЮ 
¶ ůŚŰŸċƚŚƣШƓŸũŚůĲƖũĲƖŚШƓŸũŚƓĲƓƣŚƣ61ШċĬŕŰŕШċũŕƖЮШÂƖŸƣĲŚŰШƚċĬĲĦĲШƓŸũŚƓĲƓƣŚƣШ
ǍŚŰĦŚƖŚШŸũůċǃŕƓЯШыťĲŰĬŚŰĲШƁǍĲũШŊƁƖĲƻŚŰŚШǃĲƖŚŰĲШŊĲƣŚƖĲĤŚũůĲƚŚШŚĩŚŰьШĩŸťШƁǍĲũШ
ƝĲťŚũĬĲШĤƬťƬũƬƓШťŕƻƖŕũċƖċťШĤŚĩŚůШťċǍċŰůŕƝШĤŚƖШǃċШĬċШĤŚƖťċĩШƓŸũŚƓĲƓƣŚƣƣĲŰШ
ŸũƨƝƨƖЮШÚĩШĤŸǃƨƣũƨШыŊũŸĤƬũĲƖ62ьШǃċƓŕШċůŚŰŸċƚŚƣШĬŚǍŚƚŚŰŚŰШƚċǃŕƚŕШƻĲШĩĲƝŚĬŚШ
ƣċƖċŉŕŰĬċŰШĤĲũŚƖũĲŰŚƖЮ 

¶ ÂƖŸƣĲŚŰũĲƖШŊũŸĤƬũĲƖШǃċШĬċШŚƓũŚťƚŚШƝĲťŚũĬĲШŸũċĤŚũŚƖũĲƖЮ 
 

ÂƖŸƣĲŚŰũĲƖĬĲЮ?ŸůċŚŰѢũĲƖ 
ÂƖŸƣĲŚŰШĬŸůċŚŰũĲƖŚЯШĤĲũŚƖũŚШǃċƓŕƚċũШƻĲШŉŸŰťƚŚǃŸŰĲũШƁǍĲũũŚťũĲƖĲШƚċőŚƓШƓƖŸƣĲŚŰШ
ƚĲŊůĲŰƣũĲƖŚĬŚƖЮШ7ŚƖШƓƖŸƣĲŚŰШĤŚƖĬĲŰШŉċǍũċШĬŸůċŚŰШŚĩĲƖĲĤŚũŚƖШƻĲШőĲƖШĬŸůċŚŰШ
ŉċƖťũŕШĤŚƖШĤŚǃŸũŸŢŚťШŉŸŰťƚŚǃŸŰШƬƚƣũĲŰĲĤŚũŚƖЮ 
 
ÂƖŸƣĲŚŰШ?ŸůċŚŰũĲƖŚŰŚŰШ[ŸŰťƚŚǃŸŰũċƖŕ 
ÂƖŸƣĲŚŰШĬŸůċŚŰũĲƖŚШĩĲƝŚƣũŚШĤŚǃŸũŸŢŚťШƚƬƖĲĩũĲƖĬĲШǃĲƖШċũŕƖЮШ7ċǍŕШǃċǃŊŕŰШĬŸůċŚŰШ
ƣƬƖũĲƖŚШƻĲШŉŸŰťƚŚǃŸŰũċƖŕШƝƨŰũċƖĬŕƖа 
 
uċƣċũŚƣŚťШ?ŸůċŚŰũĲƖаШ7ƨШĬŸůċŚŰũĲƖЯШĲŰǍŚůċƣŚťШƖĲċťƚŚǃŸŰũċƖŕШťċƣċũŚǍĲШĲĬĲŰШ
ĤƁũŊĲũĲƖŚĬŚƖЮШ°ƖŰĲŌŚŰЯШťŚŰċǍШĬŸůċŚŰũĲƖШ ÑÂѣǃŚШŉŸƚŉŸƖŚũċƚǃŸŰШƖĲċťƚŚǃŸŰũċƖŕŰĬċШ
ťƨũũċŰŕƖЮ 
 

 
61ШÂŸũŚƓĲƓƣŚƣЯШ ΝΜШ ŚũĲШ ΝΜΜШ ċƖċƚŕŰĬċШ ċůŚŰŸċƚŚƣШ ŚĩĲƖĲŰШ ċůŚŰŸċƚŚƣũĲƖШ ǍŚŰĦŚƖŚĬŚƖЮШ ?ŸŌċũШ
ƓŸũŚƓĲƓƣŚƣũĲƖШċƖċƚŕŰĬċШőŸƖůŸŰũċƖЯШċũĲƖŢĲŰũĲƖЯШƓƖŸƣĲŸũŚƣŚťШĲŰǍŚůũĲƖŚŰШƁǍŊƬũШǃċƻċƝũċƣŕĦŕũċƖŕШ
ыƁǍĲũũŚťũĲШůŚĬĲĬĲťŚШƚŚŰĬŚƖŚůШĲŰǍŚůŚШŸũċŰШƓĲƓƚŚŰШŚũĲШŚŰĦĲШĤċŌŕƖƚċťƣċťŚШƚŚŰĬŚƖŚůШĲŰǍŚůŚШŸũċŰШ
ƣƖŚƓƚŚŰьШƻĲШĤŚƖĩŸťШċŰƣŚĤŚǃŸƣŚťШыƁƖŰĲŌŚŰШƓĲŰŚƚŚũŚŰьШǃĲƖШċũŕƖЮ 
62Ш]ũŸĤƬũĲƖШƓƖŸƣĲŚŰũĲƖШťŸůƓċťƣШǃċƓŕĬċШƻĲШťƬƖĲƚĲũШƻĲǃċШĲũŚƓƣŚťШƝĲťŚũũĲƖĲШƚċőŚƓШůŸũĲťƬũũĲƖĬŚƖЮ 
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ΥΥ 

7ċŌũċŰůċШ?ŸůċŚŰũĲƖŚаШ7ƨШĬŸůċŚŰũĲƖЯШ?  ЯШÅ  ЯШƓƖŸƣĲŚŰШƻĲǃċШťƬĩƬťШ
ůŸũĲťƬũũĲƖĲШĤċŌũċŰůċШŚƝũĲƻŚШŊƁƖƬƖЮШ°ƖŰĲŌŚŰЯШǍŚŰĦШŉŚŰŊĲƖШĬŸůċŚŰũĲƖШ?  ѣǃċШ
ĤċŌũċŰůċĬċШťƨũũċŰŕũŕƖЮ 
 
ÑƖċŰƚůĲůĤƖċŰШ ?ŸůċŚŰũĲƖаШ 7ƨШ ĬŸůċŚŰũĲƖЯШ ƓƖŸƣĲŚŰũĲƖŚŰШ őƬĦƖĲШ ǍċƖŕŰŕШ
ŊĲĩůĲƚŚŰŚШƚċŌũċƖЮШ]ШƓƖŸƣĲŚŰрĤċŌũċŰƣŕũŕШƖĲƚĲƓƣƁƖũĲƖШĤƨШƣƬƖШĬŸůċŚŰũĲƖШŚĩĲƖŚƖЮ 
 
?ŚůĲƖŚǍċƚǃŸŰШ ?ŸůċŚŰũĲƖŚаШ7ƨШĬŸůċŚŰũĲƖЯШ ŚťŚШƻĲǃċШĬċőċШ ŉċǍũċШƓƖŸƣĲŚŰШ
ůŸũĲťƬũƬŰƬŰШĤŚƖШċƖċǃċШŊĲũůĲƚŚŰŚШƚċŌũċƖЮШxĲƨĦŚŰĲШǍŚƓƓĲƖШĬŸůċŚŰũĲƖШĤƨШŚƝũĲƻŚШ
ŊƁƖĲŰШƁƖŰĲťũĲƖĬĲŰШĤŚƖŚĬŚƖЮ 
 
lŰƚċŰШÂƖŸƣĲŸůƨŰĬċťŚШ§ƖƣċũċůċШ?ŸůċŚŰШÉċǃŕƚŕШƻĲШ[ŸŰťƚŚǃŸŰũċƖŕ 
cĲƖШƓƖŸƣĲŚŰĬĲШŸƖƣċũċůċШŸũċƖċťШΞШŚũċШΟШĬŸůċŚŰШĤƨũƨŰƨƖЮШ ŰĦċťШĤƨШƚċǃŕЯШ
ƓƖŸƣĲŚŰШƣƬƖƬŰĲШƻĲШŉŸŰťƚŚǃŸŰƨŰċШĤċŌũŕШŸũċƖċťШƁŰĲůũŚШƁũĩƬĬĲШĬĲŌŚƝĲĤŚũŚƖЮШ
?ŸůċŚŰũĲƖŚŰШŉŸŰťƚŚǃŸŰũċƖŕШŊĲŰĲũШŸũċƖċťШƝƨŰũċƖĬŕƖа 

ΝЮ uċƣċũŚƣŚťШ[ŸŰťƚŚǃŸŰũċƖаШEŰǍŚůũĲƖЯШƚƨĤƚƣƖċƣũċƖŕŰċШƁǍŊƬШƖĲċťƚŚǃŸŰũċƖŕШ
ťċƣċũŚǍĲШĲĬĲƖЮ 

ΞЮ ?ƬǍĲŰũĲǃŚĦŚШ [ŸŰťƚŚǃŸŰũċƖаШ ÑƖċŰƚťƖŚƓƚŚǃŸŰШ ŉċťƣƁƖũĲƖŚШ ƻĲШ ĬŚŌĲƖШ
ĬƬǍĲŰũĲǃŚĦŚШƓƖŸƣĲŚŰũĲƖЯШŊĲŰШĲťƚƓƖĲƚǃŸŰƨŰƨШťŸŰƣƖŸũШĲĬĲƖЮ 

ΟЮ òċƓŕƚċũШ[ŸŰťƚŚǃŸŰũċƖаШcƬĦƖĲƚĲũШǃċƓŕũċƖŕŰШŸũƨƝƣƨƖƨũůċƚŕŰĬċШƖŸũШċũŕƖЮ 
ΠЮ ÑċƝŕůċШ [ŸŰťƚŚǃŸŰũċƖŕаШ ~ŸũĲťƬũũĲƖŚŰШ őƬĦƖĲШ ŚĩŚŰĬĲШ ƻĲШ ċƖċƚŕŰĬċШ
ƣċƝŕŰůċƚŕŰŕШƚċŌũċƖЮ 

ΡЮ ÉċƻƨŰůċШ[ŸŰťƚŚǃŸŰũċƖŕаШlůůƬŰШǃċŰŕƣũċƖŕШĬƬǍĲŰũĲƖЮ 
 
fůůƨŰŸŊũŸĤƨũŚŰШ?ŸůċŚŰШ 
fůůƨŰŸŊũŸĤƨũŚŰШыfŊьШĬŸůċŚŰШƻĲǃċШfŊрŉŸũĬЯШƁǍĲũũŚťũĲШĤċŌŕƝŕťũŕťШƚŚƚƣĲůŚŰĬĲШ
ƁŰĲůũŚШ ŸũċŰШ ĤŚƖШ ƓƖŸƣĲŚŰШ ǃċƓŕШ ůŸƣŚŉŚĬŚƖЮШ 7ƨШ ĬŸůċŚŰЯШ ċŰƣŚťŸƖũċƖŕŰШ
ыŚůůƨŰŸŊũŸĤƨũŚŰũĲƖьШǃċƓŕƚċũШĤŚƖШƓċƖĩċƚŕШŸũċƖċťШĤŚũŚŰŚƖЯШŉċťċƣШĤŚƖĩŸťШĬŚŌĲƖШ
ƓƖŸƣĲŚŰШƣƬƖƬŰĬĲШĬĲШĤƨũƨŰċĤŚũŚƖЮШfŊШĬŸůċŚŰũĲƖЯШǃċťũċƝŕťШΤΜрΝΝΜШċůŚŰŸШċƚŚƣШ
ƨǍƨŰũƨŌƨŰĬċЯШ ƣŚƓŚťШ ŸũċƖċťШ ŚťŚШ ĤĲƣċШ ƣċĤċťċƚŕŰĬċŰШ ŸũƨƝċŰШ ĤŚƖШ ѢĤĲƣċр
ƚċŰĬƽŚĦőѢШǃċƓŕƚŕŰċШƚċőŚƓƣŚƖЮШ7ƨШĬŸůċŚŰũĲƖŚŰШċŰċШŚƝũĲƻũĲƖŚШċƖċƚŕŰĬċШőƬĦƖĲр
őƬĦƖĲШĲƣťŚũĲƝŚůũĲƖŚЯШċŰƣŚŢĲŰШƣċŰŕůċЯШƻĲШĤċŌŕƝŕťũŕťШǃċŰŕƣũċƖŕŰŕŰШĬƬǍĲŰũĲŰůĲƚŚШ
ǃĲƖШċũŕƖЮ 
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ΥΦ 

?ŚŌĲƖШÂƖŸƣĲŚŰШ?ŸůċŚŰũĲƖŚ 
ÂƖŸƣĲŚŰũĲƖЯШĩĲƝŚƣũŚШǃċƓŕƚċũШƻĲШŉŸŰťƚŚǃŸŰĲũШĬŸůċŚŰũĲƖШŚĩĲƖŚƖЮШlƝƣĲШĤċǍŕШƁŰĲůũŚШ
ƓƖŸƣĲŚŰШĬŸůċŚŰũĲƖŚШƻĲШĤƨŰũċƖŕŰШǃċťũċƝŕťШƚċǃŕũċƖŕа 
 
uŚŰċǍШ?ŸůċŚŰũĲƖа 
°ƖŰĲťũĲƖаШÂƖŸƣĲŚŰШťŚŰċǍШĬŸůċŚŰЯШÉĲƖоÑőƖШťŚŰċǍШĬŸůċŚŰЯШÑǃƖШťŚŰċǍШĬŸůċŚŰЮ 
[ŸŰťƚŚǃŸŰаШ ÑÂѣĬĲŰШĤŚƖШŉŸƚŉċƣШŊƖƨĤƨŰƨШċũŕƓШőĲĬĲŉШƓƖŸƣĲŚŰĲШƣƖċŰƚŉĲƖШĲĬĲƖĲťШ
ŉŸƚŉŸƖŚũċƚǃŸŰШǃċƓċƖЮШ7ƨЯШƚŚŰǃċũШŚũĲƣŚůŚШƻĲШőƬĦƖĲƚĲũШĬƬǍĲŰũĲůĲШƚƬƖĲĩũĲƖŚŰĬĲШ
ťƖŚƣŚťШĤŚƖШƖŸũШŸǃŰċƖЮ 
ÑċőůŚŰŚШ ÉċǃŕаШ lŰƚċŰШ ŊĲŰŸůƨŰĬċШ ǃċťũċƝŕťШ ΡΜΜрΣΜΜШ ƓƖŸƣĲŚŰШ ťŚŰċǍШ ŊĲŰŚШ
ĤƨũƨŰƨƖЮ 
 
üŚŰĦШ[ŚŰŊĲƖШ?ŸůċŚŰũĲƖа 
°ƖŰĲťũĲƖаШ9ΞcΞШǍŚŰĦШŉŚŰŊĲƖЯШ] Ñ ШǍŚŰĦШŉŚŰŊĲƖЯШÅf ]ШŉŚŰŊĲƖЮ 
[ŸŰťƚŚǃŸŰаШ?  ЯШÅ  ШƻĲǃċШƓƖŸƣĲŚŰũĲƖĲШĤċŌũċŰůċШŚƝũĲƻŚШŊƁƖƬƖЮШ]ĲŰĲũũŚťũĲШ
ƣƖċŰƚťƖŚƓƚŚǃŸŰШŉċťƣƁƖũĲƖŚŰĬĲШĤƨũƨŰƨƖШƻĲШŊĲŰШĲťƚƓƖĲƚǃŸŰƨŰƨШĬƬǍĲŰũĲƖЮ 
ÑċőůŚŰŚШÉċǃŕаШlŰƚċŰШƓƖŸƣĲŸůƨŰĬċШĤŚŰũĲƖĦĲШǍŚŰĦШŉŚŰŊĲƖШĬŸůċŚŰШŚĩĲƖĲŰШ
ƓƖŸƣĲŚŰШĤƨũƨŰƨƖЮ 
 
ÉcΞШƻĲШÉcΟШ?ŸůċŚŰũĲƖа 
[ŸŰťƚŚǃŸŰаШÉcΞШĬŸůċŚŰũĲƖŚЯШŉŸƚŉŸƣŚƖŸƚŚŰĲШŚĩĲƖĲŰШůŸƣŚǰĲƖĲШĤċŌũċŰŕƖťĲŰЯШ
ÉcΟШĬŸůċŚŰũĲƖŚШƓƖŸũŚŰĲШǍĲŰŊŚŰШůŸƣŚǰĲƖĲШĤċŌũċŰŕƖЮШÉŚŰǃċũШŚũĲƣŚůŚŰĬĲШƖŸũШ
ŸǃŰċƖЮ 
ÑċőůŚŰŚШÉċǃŕаШÉcΞШĬŸůċŚŰũĲƖŚШǃċťũċƝŕťШΝΞΜШƓƖŸƣĲŚŰбШÉcΟШĬŸůċŚŰũĲƖŚШŚƚĲШ
ǃċťũċƝŕťШΟΜΜШƓƖŸƣĲŚŰШŚĩĲƖŚƖЮ 
 
xĲƨĦŚŰĲШüŚƓƓĲƖШ?ŸůċŚŰũĲƖа 
[ŸŰťƚŚǃŸŰаШ ÂƖŸƣĲŚŰрƓƖŸƣĲŚŰШ ĲƣťŚũĲƝŚůũĲƖŚŰŚШ ťŸũċǃũċƝƣŕƖŕƖЮШ ]ĲŰĲũũŚťũĲШ
ƣƖċŰƚťƖŚƓƚŚǃŸŰШŉċťƣƁƖũĲƖŚŰĬĲШĬŚůĲƖŚǍċƚǃŸŰƨШƚċŌũċƖЮ 
ÑċőůŚŰŚШÉċǃŕаШòċťũċƝŕťШΡΜрΝΜΜШƓƖŸƣĲŚŰШŚĩĲƖŚƖЮ 
 
E[рőċŰĬШ9ċũĦŚƨůШ7ŚŰĬŚŰŊШ?ŸůċŚŰũĲƖа 
[ŸŰťƚŚǃŸŰаШ uċũƚŚǃƨůШ ŚǃŸŰũċƖŕŰŕШ ĤċŌũċƖШ ƻĲШ őƬĦƖĲƚĲũШ ťċũƚŚǃƨůШ
ƚŚŰǃċũũĲůĲƚŚŰĬĲШǃĲƖШċũŕƖЮ 
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ΦΜ 

ÑċőůŚŰŚШÉċǃŕаШòċťũċƝŕťШΞΡΜШƓƖŸƣĲŚŰШŚĩĲƖŚƖЮ 
 
ì?ΠΜШÅĲƓĲċƣШ?ŸůċŚŰũĲƖа 
[ŸŰťƚŚǃŸŰаШ ÂƖŸƣĲŚŰрƓƖŸƣĲŚŰШ ĲƣťŚũĲƝŚůũĲƖŚŰŚШ ĬƬǍĲŰũĲƖЮШ ]ĲŰĲũũŚťũĲШ ĩŸťũƨШ
ì?ΠΜШƣĲťƖċƖũċƖŕШŚĩĲƖĲŰШƓƖŸƣĲŚŰШťŸůƓũĲťƚũĲƖŚŰĬĲШĤƨũƨŰƨƖЮ 
ÑċőůŚŰŚШÉċǃŕаШòċťũċƝŕťШΟΜΜрΠΜΜШƓƖŸƣĲŚŰШŚĩĲƖŚƖЮ 
 
?ŸůċŚŰũĲƖŚŰШ<ĲƝŚƣũŚũŚŌŚШƻĲШÉċǃŕƚŕ 
ÂƖŸƣĲŚŰШĬŸůċŚŰũĲƖŚŰŚŰШƚċǃŕƚŕШƻĲШĩĲƝŚƣũŚũŚŌŚЯШƓƖŸƣĲŸůƨŰШťċƖůċƝŕťũŕŌŕŰċШƻĲШ
ŸƖŊċŰŚǍůċŰŕŰШ ĤŚǃŸũŸŢŚťШ ŊĲƖĲťƚŚŰŚůũĲƖŚŰĲШ ĤċŌũŕШ ŸũċƖċťШ ĬĲŌŚƝŚƖЮШ lŰƚċŰШ
ƓƖŸƣĲŸůƨŰĬċШĤŚƖťċĩШĤŚŰШŉċƖťũŕШĬŸůċŚŰШƣƬƖƬШĤƨũƨŰċĤŚũŚƖШƻĲШĤƨШĬŸůċŚŰũĲƖЯШ
ŊĲŰĲũũŚťũĲШĩĲƝŚƣũŚШťŸůĤŚŰċƚǃŸŰũċƖĬċШĤŚƖШċƖċǃċШŊĲũĲƖĲťШƓƖŸƣĲŚŰũĲƖŚŰШĩĲƝŚƣũŚШ
ŚƝũĲƻũĲƖŚŰŚШŊĲƖĩĲťũĲƝƣŚƖŚƖЮ 
 
É~ ÅÑШыÉŚůƓũĲШ~ŸĬƨũċƖШ ƖĦőŚƣĲĦƣƨƖĲШÅĲƚĲċƖĦőШÑŸŸũь63ШƻĲШÂŉċůШыÂƖŸƣĲŚŰШ
ŉċůŚũŚĲƚШ ĬċƣċĤċƚĲь64ШŊŚĤŚШ ĤŚǃŸŚŰŉŸƖůċƣŚťШƻĲƖŚШ ƣċĤċŰũċƖŕЯШ ƓƖŸƣĲŚŰШ
ĬŸůċŚŰũĲƖŚŰŚŰШ ƣċŰŕůũċŰůċƚŕШ ƻĲШ ƚŕŰŕǰċŰĬŕƖŕũůċƚŕŰĬċШ ǃċǃŊŕŰШ ŸũċƖċťШ
ťƨũũċŰŕũŕƖЮШ7ƨШƻĲƖŚШƣċĤċŰũċƖŕŰĬċЯШĤŚŰũĲƖĦĲШŉċƖťũŕШƓƖŸƣĲŚŰШĬŸůċŚŰŚШƣċŰŕůũċŰůŕƝШ
ƻĲШťċƣċũŸŊũċŰůŕƝƣŕƖЮ 
 

ÂƖŸƣĲŚŰЮòċƓŕƚŕŰĬċťŚЮ?ƬǍĲǃũĲƖ 

¶ ÂƖŸƣĲŚŰŚŰШĤŚƖŚŰĦŚũШǃċƓŕƚŕШċůŚŰŸċƚŚƣШĬŚǍŚƚŚŰŚŰШťĲŰĬŚƚŚĬŚƖЮШÖǍƨŰШĤŚƖШƣĲƚƓŚőШ
ĬŚǍŚƚŚŰĲШĤĲŰǍĲƖЮШ7ƨШċůŚŰŸċƚŚƣШĬŚǍŚũŚƝŚŰĬĲťŚШťƬĩƬťШĤŚƖШĬĲŌŚƝŚťũŚťШƓƖŸƣĲŚŰŚŰШ
ǃċƓŕШƻĲШŚƝũĲƻŚŰŚШĲƣťŚũĲƖЮШ7ŚƖŚŰĦŚũШǃċƓŕĬċШĤĲũŚƖũŚШĤŚƖШƓŸǍŚƚǃŸŰĬċШǃĲƖШċũċŰШĤŚƖШ
ċůŚŰŸċƚŚĬŚŰШĤċƝťċƚŕШŚũĲШǃĲƖШĬĲŌŚƝƣŚƖůĲƚŚШĤċǍŕШőċƚƣċũŕťũċƖċШƁƖŰĲŌŚŰШŸƖċťр
őƬĦƖĲШċŰĲůŚƚŚŰĲ65ШǃŸũШċĩċĤŚũŚƖЮ 

 
63ШőƣƣƓаооƚůċƖƣЮĲůĤũрőĲŚĬĲũĤĲƖŊЮĬĲоШ 
64ШőƣƣƓаооƓŉċůЮǂŉċůЮŸƖŊоШ 
65Ш]ĲŰĲƣŚťШĤŚƖШőċƚƣċũŕťШŸũċŰШŸƖċťШőƬĦƖĲũŚШċŰĲůŚЯШťŕƖůŕǍŕШťċŰШőƬĦƖĲũĲƖŚŰŚŰШыŚĩũĲƖŚŰĬĲШŸťƚŚŢĲŰШ
ƣċƝŕůċťƣċŰШ ƚŸƖƨůũƨШ ŸũċŰШ őĲůŸŊũŸĤŚŰШ ƓƖŸƣĲŚŰũĲƖŚŰŚШ ĤċƖŕŰĬŕƖċŰШ ĲƖŚƣƖŸƚŚƣũĲƖьШ ċůŚŰŸċƚŚƣШ
ǍŚŰĦŚƖŚŰĬĲťŚШ ƣĲťШ ĤŚƖШ ċůŚŰŸċƚŚƣũŚťШ ŉċƖťũŕũŕťШ ƚŸŰƨĦƨШ ŸƖƣċǃċШ ĩŕťċŰШ ĤŚƖШ ĤŸǍƨŰƨůШ ƚĲĤĲĤŚǃũĲШ
őĲůŸŊũŸĤŚŰШƓƖŸƣĲŚŰŚŰŚŰШŸƖŚŢŚŰċũШťċƣũċŰůċƚŕŰŕШŊĲƖĩĲťũĲƝƣŚƖĲůĲůĲƚŚШƻĲШċŰŸƖůċũШĤŚƖШƝĲťŚũĬĲШ
őŚũċũШыŸƖċťьШƝĲťũŚŰŚШċũċƖċťШŸťƚŚŢĲŰШƣċƝŕůċťƣċШǃĲƣĲƖƚŚǍШőċũĲШŊĲũůĲƚŚШƻĲШťƬĩƬťШťċŰШĬċůċƖũċƖŕŰŕŰШ
ƣŕťċŰůċƚŕШƚŸŰƨĦƨШƚĲƖŚШťŸůƓũŚťċƚǃŸŰũċƖŕŰШŊĲũŚƝƣŚŌŚШĤŚƖШőċƚƣċũŕťƣŕƖЮ 
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ΦΝ 

¶ ÂƖŸƣĲŚŰŚŰШŚťŚŰĦŚũШ ǃċƓŕƚŕШĤŚƖŚŰĦŚũШ ǃċƓŕŰŕŰШ ƬǍĲƖŚŰĲШ ĤŚŰĲŰШ ĤŚƖШ ůŸƣŚŉƣŚƖЮШ
ÂŸũŚƓĲƓƣŚƣШǍŚŰĦŚƖŚŰŚŰШťŕƻƖŕũůċШƻĲШťċƣũċŰůċũċƖШůĲǃĬċŰċШŊĲƣŚƖůĲƚŚШƚŸŰƨĦƨШ
ŸũƨƝċŰШǃċƓŕШůŸƣŚŉŚĬŚƖЮШ7ƨЯШĬƬǍĲŰũŚШċƖċũŕťũċƖũċШťƨƖƨũċŰШőŚĬƖŸŢĲŰШĤċŌũċƖŕШ
ƚŸŰƨĦƨШŸƖƣċǃċШĩŕťċŰШĤŚƖШǃċƓŕĬŕƖШƻĲШťĲŰĬŚШŚĩŚŰĬĲШΞШċũƣШŊƖƨƓƣċШťċƣĲŊŸƖŚǍĲШ
ĲĬŚũĲĤŚũŚƖаШр͈őĲũŚťƚШы͈рőĲũŚǂьШǃċƓŕƚŕШƻĲШ͉рƓŚũŚũŚШы͉рƚőĲĲƣьШƣċĤċťċШǃċƓŕƚŕШыĤƨШ
ƣċĤċťċШǃċƓŕƚŕШŸũĬƨťĩċШĲƚŰĲťШƻĲШƚċŌũċůĬŕƖь 
o 7ŚƖШƓŸũŚƓĲƓƣŚƣШǍŚŰĦŚƖŚŰŚŰШĤŚƖШťŕƚůŕШр͈őĲũŚťƚШǃċƓŕƚŕШŊƁƚƣĲƖŚƖťĲŰШĤŚƖШ
ĤċƝťċШťŕƚůŕШр͉ƓŚũŚũŚШƣċĤċťċШǃċƓŕƚŕШŊƁƚƣĲƖĲĤŚũŚƖЮ 

o üŚŰĦŚƖŚŰШĤŚƖĤŚƖŚŰĲШƣĲťƖċƖШŉċƖťũŕШŰŸťƣċũċƖĬċŰШĤċŌũċŰůċƚŕŰŕШƚċŌũċǃċŰШ
ŊƬĩЯШőŚĬƖŸŢĲŰШĤċŌũċƖŕĬŕƖЮШ 

o uĲƖċƣŚŰШŊŚĤŚШŉŚĤƖƁǍШƓƖŸƣĲŚŰũĲƖШр͈őĲũŚťƚШǃċƓŕƚŕŰĬċĬŕƖЮ 
o lƓĲťШĤƁĦĲŌŚŰŚŰШƚċũŊŕũċĬŕŌŕШŚƓĲťШƻĲШƁƖƬůĦĲťШċŌŕШŊŚĤŚШƓƖŸƣĲŚŰũĲƖШр͉ƓŚũŚũŚШ
ƣċĤċťċШǃċƓŕƚŕШŊƁƚƣĲƖŚƖũĲƖЮ 

¶ ÚĩƬŰĦƬũШ ǃċƓŕШŚťŚŰĦŚũШ ǃċƓŕШ ůŸƣŚǰĲƖŚŰŚŰШы͈рőĲũŚťƚШƻĲШ͉рƓŚũŚũŚьШ ĤŚƖũŚťƣĲШ
ŊĲƖĩĲťũĲƝƣŚŌŚШǃċƓŕƚċũШĬƬǍĲǃĬŚƖЮ 

¶ ÂƖŸƣĲŚŰŚШŸũƨƝƣƨƖċŰШċůŚŰŸċƚŚƣũĲƖŚŰШÅШŊƖƨƓũċƖŕŰŕŰШċƖċƚŕŰĬċťŚШĲƣťŚũĲƝŚůũĲƖШ
ƚŸŰƨĦƨŰĬċШǍŚŰĦŚƖШĬċőċШŉċǍũċШťĲŰĬŚШƬǍĲƖŚŰĲШťċƣũċŰŕƖШƻĲШĤƨШċƝċůċĬċШ
őŚĬƖŸŉŸĤŚťШ ċůŚŰŸċƚŚƣũĲƖШ ƓƖŸƣĲŚŰШ ǃƨůċŌŕŰŕŰШ ŚĩШ ťŕƚŕůũċƖŕŰċШ ĬŸŌƖƨШ
ťċĩċƖťĲŰШőŚĬƖŸŉŚũŚťШċůŚŰŸċƚŚƣũĲƖШĬĲШĬŕƝċƖŕĬċШťƬůĲũĲŰůŚƝũĲƖĬŚƖЮ 
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ΦΞ 

 
¶ lũťШƬĩШǃċƓŕШƣƬƖƬШƣĲťШĤŚƖШƓŸũŚƓĲƓƣŚƣШǍŚŰĦŚƖŚŰŚŰШťĲŰĬŚШƬǍĲƖŚŰĬĲШťċƣũċŰůċƚŕǃũċШ
ŸũƨƝůƨƝШ ǃċƓŕШ ůŸƣŚǰĲƖŚĬŚƖЮШ?ƁƖĬƬŰĦƬũШ ǃċƓŕШŚƚĲШ ŚťŚШ ƻĲǃċШ ĬċőċШ ŉċǍũċШ
ƓŸũŚƓĲƓƣŚƣШ ǍŚŰĦŚƖŚШ ŚĩĲƖĲŰШ ƓƖŸƣĲŚŰũĲƖĬĲШ ŊƁǍũĲŰŚƖЮШ7ƨШ ǃċƓŕĬċШ őŚĬƖŸŢĲŰШ
ĤċŌũċƖŕŰŕŰШǃċŰŕƚŕƖċШċǃƖŕĦċШƻċŰШĬĲƖШƽċċũƚШĤċŌũċƖŕШƻĲШĲũĲťƣƖŸƚƣċƣŚťШĤċŌũċƖШ
ŚũĲШÉÉШыƚƬũŉƬƖьШĤċŌũċƖŕШĬċШůĲƻĦƨƣƣƨƖЮШ°ƖŰĲŌŚŰШťŸũċŢĲŰШƬĩШƣċŰĲШр͈őĲũŚťƚШ
ǃċƓŕƚŕŰŕŰШ ƬƚƣШ ƬƚƣĲШ ƚċƖŕũůċƚŕШ ŚũĲШ ŸũƨƝƨƖЮШcĲůŸŊũŸĤŚŰШ ŚƚĲШ ĬƁƖƣШ ċǃƖŕШ
ƓŸũŚƓĲƓƣŚƣШǍŚŰĦŚƖŚŰŚŰШĤŚƖШċƖċǃċШŊĲũůĲƚŚШŚũĲШŸũƨƝƨƖЮ 



ѿШÌƨĤċƣЯШΞΜΞΡШ?ƖЮШ~ƨƚƣċŉċШ ŉǃŸŰũƨŸŌũƨ 

ΦΟ 

 
 

ÌċƓĲƖŸŰũċƖЮёĦőċƓĲƖŸŰĲƚђ 

¶ ÂƖŸƣĲŚŰũĲƖŚŰШĬŸŌƖƨШĤŚĩŚůĬĲШťċƣũċŰůċƚŕŰċШǃċƖĬŕůĦŕШŸũċŰШƓƖŸƣĲŚŰũĲƖĬŚƖЮ 
¶ 7ƨШƓƖŸƣĲŚŰũĲƖШƓŸũŚƓĲƓƣŚƣŚŰШťċǍċŰċĦċŌŕШĬŸŌƖƨШǃċƓŕǃŕШĤĲũŚƖũĲůĲǍЯШťċƣũċŰůċШ
ƚŕƖċƚŕŰĬċШƓƖŸƣĲŚŰŚШƚŚƣŸƓũċǍůŚťШĲƣťŚũĲƖĬĲŰШťŸƖƨƖЮШÂƖŸƣĲŚŰŚŰШƚŚƣŸƓũċǍůċĬċШ
ĤċƝťċШĤŚƖШǃċƓŕǃũċШĲƣťŚũĲƝŚůĲШŊŚƖůĲĬĲŰШĬŸŌƖƨШĤŚƖШĤŚĩŚůĬĲШťċƣũċŰċĤŚũůĲƚŚШ
ŚĩŚŰШƝċƓĲƖŸŰũċƖШŚǍŸũĲШŸĬċШŊƁƖĲƻŚШǃċƓċƖЮШ 

¶ ÂŸũŚƓĲƓƣŚƣШ ǍŚŰĦŚƖŚШ ƝċƓĲƖŸŰƨŰШ ŚĩŚŰĲШ ŊŚƖĲƖЯШ ĤƨƖċĬċШŸũƨƝċŰШ őŚĬƖŸŉŸĤŚťШ
ŸƖƣċůĬċЯШƚŚƣŸƓũċǍůċĬċťŚШťċƖůċƝŕťШŸƖƣċůĬċŰШĲƣťŚũĲŰůĲĬĲŰШťĲŰĬŚŰĲШ
ƁǍŊƬШΟШĤŸǃƨƣũƨШťċƣũċŰůċƚŕŰŕШŊĲƖĩĲťũĲƝƣŚƖŚƖШƻĲШƝċƓĲƖŸŰĬċŰШĬŕƝċƖŕШĩŕťċƖЮ 
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ΦΠ 

ÂƖŸƣĲŚŰũĲƖŚŰЮ[ŸŰťƚŚǃŸŰũċƖŕ 
xŚŊċŰĬШĤŚƖШĤŚǃŸůŸũĲťƬũĲШĤċŌũċŰċƖċťШĤŚƖШťŸůƓũĲťƚШŸũƨƝƣƨƖċŰШĤŚƖШĤŚũĲƝŚťƣŚƖЮШ
]ĲŰĲũĬĲЯШŚǃŸŰŚťШĤċŌũċƖЯШőŚĬƖŸŢĲŰШĤċŌũċƖŕШƻĲǃċШéċŰШĬĲƖШìċċũƚШŊƬĩũĲƖŚШŚũĲШőĲĬĲŉШ
ĤŚƖШƓƖŸƣĲŚŰĬĲťŚШĤċŌũċŰůċШǃĲƖŚŰĲШĤċŌũċŰŕƖЮШxŚŊċŰĬũċƖШƓƖŸƣĲŚŰŚШŸũƨƝƣƨƖċŰШ
ċůŚŰŸċƚŚƣũĲƖŚŰШÅШŊƖƨƓũċƖŕШƬǍĲƖŚŰĬĲŰШƻĲШĤŚƖĬĲŰШŉċǍũċШŰŸťƣċĬċŰШĤċŌũċŰŕƖШƻĲШ
ƓŸũċƖŚƣĲШ ċĩŕƚŕŰĬċŰШ ĤċŌũċŰůċШ ǃƬǍĲǃũĲƖŚШ ĤŚƖĤŚƖŚǃũĲШ ƨǃƨůũƨШ ŸũůċũŕĬŕƖЮШ7ƨШ
ĤċŌũċŰůċШǃƬǍĲǃŚŰĲШĤŚŰĬŚŰŊШƚŚƣĲШĬĲŰŚƖЮШ 
 

ÂƖŸƣĲŚŰЮÑŚƓũĲƖŚ 
ÂƖŸƣĲŚŰũĲƖŚШǃċƓŕƚċũШŸũċƖċťШΞШŊƖƨĤċШċǃŕƖůċťШůƬůťƬŰĬƬƖЮШ7ƨŰũċƖ şekil ve 

çözünürlük bakımından farklılık gösterir. 
¶ ]ũŸĤƨũċƖШÂƖŸƣĲŚŰũĲƖаШ]ũŸĤƬũĲƖШƓƖŸƣĲŚŰũĲƖШċǃƖŕĦċШƚŉĲƖŸƓƖŸƣĲŚŰũĲƖШŸũċƖċťШ
ĬċШ ĤŚũŚŰŚƖШ ƻĲШ ƣŚƓŚťШ ŸũċƖċťШ ǃƨƻċƖũċŌċШ ǃċťŕŰШ ƝĲťŚũĬĲĬŚƖũĲƖЮ ]ũŸĤƬũĲƖШ
ƓƖŸƣĲŚŰũĲƖЯШĲŰǍŚůũĲƖЯШőƬĦƖĲƚĲũШőċĤĲƖĦŚũĲƖШƻĲШůŸũĲťƬũĲƖШƣċƝŕǃŕĦŕũċƖШŊŚĤŚШ
ĤŚƖĩŸťШŉċƖťũŕШŉŸŰťƚŚǃŸŰċШƚċőŚƓƣŚƖЮ  

¶ [ŚĤƖƁǍШ ÂƖŸƣĲŚŰũĲƖаШÖǍƨŰШ ƻĲШ ŚŰĦĲШ ĤŚƖШ ǃċƓŕĬċЯШ ůĲƚőШőċũŚŰĬĲШ ƨǍċƖũċƖЮШ
]ĲŰĲũũŚťũĲШ ċũŉċШ ƚċƖůċũũċƖŕŰĬċŰШ ƻĲǃċШ ĤĲƣċШ ƣċĤċťċũċƖŕŰĬċŰШ ƻĲШ ŰċĬŚƖШ
ĬƨƖƨůũċƖĬċШőĲƖШŚťŚƚŚŰŚŰШĤŚƖШťċƖŕƝŕůŕŰĬċŰШŸũƨƝƨƖЮШcƬĦƖĲШŚƚťĲũĲƣŚŰĬĲťŚШ
ыĦǃƣŸƚťĲũĲƣŚŸŰьШƻĲШőƬĦƖĲШĬŕƝШĩĲƓĲƖŚŰĬĲťŚШыE9~аШĲǂƣƖċШĦĲũũƨũċƖШůċƣƖŚǂьШ
ƓƖŸƣĲŚŰũĲƖШĤƨШƣŚƓƣĲĬŚƖЮШǃƖŕĦċШĲťũĲůũĲƖĲШŊƬĩШƻĲШőċƖĲťĲƣũŚũŚťШťċǍċŰĬŕƖůċťШ
ŚĩŚŰШĤċŌШĬŸťƨũċƖĬċШǃĲƖШċũŕƖЮШ]ĲŰĲũũŚťũĲШƚƨĬċШĩƁǍƬŰůĲǍũĲƖШċŰĦċťШĤƨŰƨŰũċШ
ĤŚƖũŚťƣĲЯШŊƬĩũƬШċƚŚƣũĲƖĬĲШƻĲǃċШĤċǍũċƖĬċШĩƁǍƬŰĲĤŚũŚƖũĲƖЮШuŸũũċŢĲŰЯШťĲƖċƣŚŰЯШ
ĲũċƚƣŚŰЯШŚƓĲťШƻĲШŉŚĤƖŚŰШŉŚĤƖƁǍШƓƖŸƣĲŚŰũĲƖŚŰШƁƖŰĲťũĲƖŚĬŚƖЮ 

 

7ċǍŕЮÂƖŸƣĲŚŰЮòċƓŕũċƖŕ 
lŰƚƬũŚŰ 
р  cΞШŚũĲШĤċƝũċǃŕƓШťċƖĤŸťƚŚũШы9§§cьШŚũĲШĤŚƣĲŰШĤŚƖШƓƖŸƣĲŚŰШыƓŸũǃƓĲƓƣŚĬĲШ
ĦőċŚŰьШĤŚƖШǍŚŰĦŚƖШĬƬƝƬŰƬŰЮШÉċƖůċũШƝĲťŚũĬĲШƚĲŰƣĲǍũĲŰĲŰШĤƨШǍŚŰĦŚƖШ
ыƓƖŸŚŰƚƬũƬŰьШ ƬǍĲƖŚŰĬĲШ ťċƖƝŕũŕťũŕШ ŊĲũĲŰШ ƚŚƚƣĲŚŰũĲƖЯШ ǃċƓŕũċƖŕŰĬċťŚШ
ƚƬũŉƬƖũĲƖШċƖċĦŕũŕŌŕǃũċШĤŚƖĤŚƖũĲƖŚШŚũĲШƻĲШǃċŰŕŰĬċťŚШƚŚƚƣĲŚŰũĲƖũĲШƚƬũŉŚĬШĤċŌŕШ
ыÉрÉШĤŸŰĬьШǃċƓċƖũċƖЮШÉŸŰƖċƚŕŰĬċШőƬĦƖĲШĤƨШĤċŌШǃċƓŕũċŰШĤƁũƬůƬŰШ
ĬŕƝŕŰĬċШťċũċŰШǍŚŰĦŚƖШƓċƖĩċũċƖŕŰŕШťƨũũċŰůċǃċƖċťШċƣċƖШƻĲШŸƖƣċǃċШĩŕťċŰШ
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ΦΡ 

ǃċƓŕǃċШŚŰƚƬũŚŰШĬĲŰŚƖЮШыŰŚőċŚШĬƨƖƨůЯШŚťŚШƣċŰĲШċǃƖŕШƚĲŰƣĲǍũĲŰůŚƝШǍŚŰĦŚƖШ
ċƖċƚŕŰĬċШƚƬũŉŚĬШĤċŌũċƖŕШŚũĲШĤċŌШǃċƓŕũůŕƝШŊƁƖƬŰƬůƬŰĬĲĬŚƖЮь 

 
 
uŸũċŢĲŰ 
р ÚĩũƬШ ƚċƖůċũШ ǃċƓŕĬċĬŕƖЮШ üŚŰĦŚƖĬĲťŚШ őĲƖШ ƬĩƬŰĦƬШ ċůŚŰŸċƚŚĬŚШ
ŊũǃĦŚŰĲќĬŚƖЮШ7ƨШċůŚŰŸċƚŚƣũĲƖШőŚĬƖŸŉŸĤŚťШŸũĬƨŌƨŰĬċŰШƚċƖůċũШǃċƓŕŰŕŰШ
ŚĩШƣċƖċŉŕŰĬċĬŕƖЮШ 
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ΦΣ 

 
 
cĲůŸŊũŸĤŚŰ 
р cĲůŸŊũŸĤŚŰЯШťċŰċШťŕƖůŕǍŕШƖĲŰŊŚŰŚШƻĲƖĲŰЯШĬĲůŚƖШċĩŕƚŕŰĬċŰШǍĲŰŊŚŰШĤŚƖШ
ƓƖŸƣĲŚŰĬŚƖЮШcĲůŸŊũŸĤŚŰŚŰШǃċƓŕƚŕŰĬċШŚťŚШƣċŰĲШĤĲƣċШŊũŸĤƨũŚŰШƻĲШΞШƣċŰĲШ
ċũŉċШŊũŸĤƨũŚŰШŚũĲШŸƖƣċĬċШĬċШыŸťƚŚŢĲŰШĤċŌũċůċǃċШǃċƖċǃċŰьШĤŚƖШĬĲůŚƖШ
ĩĲťŚƖĬĲŌŚŰŚŰШǃĲƖШċũĬŕŌŕШљőĲůĲњШŊƖƨĤƨШĤƨũƨŰƨƖЮШcĲƣĲƖŸĬŚůĲƖ66ШĤŚƖШ
ǃċƓŕĬċĬŕƖЮ 
 

 
 

ůŚũŸŚĬ67 
ůŚũŸŚĬũĲƖЯШƣŚƓŚťШŸũċƖċťШΤрΝΟШŰůШĩċƓŕŰĬċШĤŚƖШŉŚĤƖŚũШůŸƖŉŸũŸŢŚƚŚЯШĤŚƖШр͉ƣċĤċťċШ

ŚťŚŰĦŚũШǃċƓŕƚŕШƻĲШuŸŰŊŸШťŕƖůŕǍŕƚŕШŊŚĤŚШĤĲũŚƖũŚШĤŸǃċũċƖũċШĤŸǃċŰċĤŚũůĲШǃĲƣĲŰĲŌŚШ

 
66Ш7ŚƖШĬŚůĲƖЯШůŸŰŸůĲƖШċĬŕШƻĲƖŚũĲŰШŚťŚШċũƣШƬŰŚƣĲĬĲŰШŸũƨƝċŰШťŚůǃċƚċũШǃċШĬċШĤŚǃŸũŸŢŚťШǃċƓŕĬŕƖЮШ
cĲƣĲƖŸĬŚůĲƖШĤŚƖĬĲŰШŉċǍũċШĬŚůĲƖĬĲŰШŸũƨƝƨƖЮ 
67ШőƣƣƓƚаооĲŰЮƽŚťŚƓĲĬŚċЮŸƖŊоƽŚťŚо ůǃũŸŚĬШ 

https://en.wikipedia.org/wiki/Amyloid
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ΦΤ 

ŚũĲШťċƖċťƣĲƖŚǍĲШĲĬŚũĲŰШƓƖŸƣĲŚŰШťƬůĲũĲƖŚĬŚƖЮШlŰƚċŰШƻƬĦƨĬƨŰĬċШċůŚũŸŚĬũĲƖШ
ĩĲƝŚƣũŚШ őċƚƣċũŕťũċƖŕŰШ ŊĲũŚƝŚůŚШ ŚũĲШ ŚũŚƝťŚũĲŰĬŚƖŚũůŚƝƣŚƖЮШÂċƣŸŢĲŰŚťШ ċůŚũŸŚĬũĲƖЯШ
ĬċőċШƁŰĦĲШƚċŌũŕťũŕШŸũċŰШƓƖŸƣĲŚŰũĲƖШŰŸƖůċũШǃċƓŕũċƖŕŰŕШƻĲШŉŚǍǃŸũŸŢŚťШŚƝũĲƻũĲƖŚŰŚШ
ťċǃĤĲƣƣŚťũĲƖŚŰĬĲШыƓƖŸƣĲŚŰШǃċƓŕũċƖŕŰĬċШǃċŰũŕƝШťċƣũċŰůċШƓƖŸĤũĲůŚШťŚШĤƨШĬƨƖƨůШ
ƁǍĲũũŚťũĲШǃċƝũċŰůċǃũċШĤĲƖċĤĲƖШťċƣũċŰůċШƚŕƖċƚŕŰĬċШŊƁƖĲƻШċũċŰШƝċƓĲƖŸŰũċƖŕŰШ
őċƣċũċƖШǃċƓůċǃċШĤċƝũċůċƚŕЯШǃŕŌŕũċŰШċůŚũŸŚĬũĲƖŚŰШċƖƣŕťШƣĲůŚǍũĲŰĲůĲůĲƚŚШ
ŊŚĤŚШƚĲĤĲƓũĲƖũĲШŸũċĤŚũŚƖьШƻĲШőƬĦƖĲũĲƖŚŰШŚĩŚŰĬĲШƻĲШĲƣƖċŉŕŰĬċШũŚǰŚШĤŚƖŚťŚŰƣŚũĲƖШ
ŸũƨƝƣƨƖĬƨťũċƖŕŰĬċШ ŸũƨƝƨƖЮШ 7ƨШ ƓƖŸƣĲŚŰШ ǃċŰũŕƝШ ťċƣũċŰůċШ ƻĲШ ĤŚƖŚťƣŚƖůĲШ
ƚƬƖĲĩũĲƖŚЯШĬŸťƨũċƖŕŰШƻĲШŸƖŊċŰũċƖŕŰШƚċŌũŕťũŕШŚƝũĲƻŚŰŚШĤŸǍċƖЮ 
 

Prion Proteinler (PrP) ve Prion HastalĔklarĔ (PrP*) 
Prionlar, normalde h¿crelerde bulunan ve genellikle sinir h¿crelerinde yer alan 
normal proteinlerin yanlēĸ katlanmēĸ enfeksiyºz (bulaĸtērēlabilen) formlarēdēr. Prionlar, 
kendileri gibi yanlēĸ katlanmēĸ proteinlerin oluĸumunu teĸvik ederek ve normal 
proteinleri de yanlēĸ katlanmaya zorlayarak hastalēklara neden olurlar. Bu yanlēĸ 
katlanmēĸ prion proteinleri, beyin dokusunda birikerek h¿crelere zarar verir ve 
nºrodejeneratif hastalēklara yol a­ar. N¿kleik asitlerden (DNA, RNA) yoksun olan 
prionlar en k¿­¿k vir¿slerden bile en az 100 kat daha k¿­¿kt¿r. 
 
ÂƖŚŸŰШcċƚƣċũŕťũċƖŕŰŕŰШ°ǍĲũũŚťũĲƖŚ 
¶ ķlerleyici ve ¥l¿mc¿l: Prion hastalēklarē genellikle hēzlē ilerler ve ºl¿mc¿ld¿r. 
¶ Tedavi Yok: ķu anda prion hastalēklarēnēn tedavisi yoktur; semptomatik tedavi 
uygulanēr. 

¶ Enfeksiyºz ve KalĔtsal Olabilir: Prion hastalēklarē enfeksiyºz (BSE, vCJD) 
veya kalētsal (FFI, GSS) olabilir. 

¶ Beyin HasarĔ: Beyinde s¿ngerimsi gºr¿n¿m oluĸtururlar ve ciddi 
nºrodejenerasyona yol a­arlar. 
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ΦΥ 

 
ÂƖŚŸŰШcċƚƣċũŕťũċƖŕ 
Prion hastalēklarē, genellikle s¿ngerimsi ensefalopatiler olarak adlandērēlan, 
sinir sistemini etkileyen nadir ve ºl¿mc¿l hastalēklardēr. Baĸlēca prion 
hastalēklarē ĸºyle sēralanabilir: 
ΝЮШCreutzfeldt-Jakob HastalĔĶĔ (CJD) 
¶ FormlarĔ: 
o Sporadik CJD (sCJD): En yaygēn formdur, nedeni bilinmez ve 
genellikle yaĸlē yetiĸkinlerde gºr¿l¿r. 

o Ailesel CJD (fCJD): Genetik mutasyonlardan kaynaklanēr ve 
kalētsaldēr. 

o ķatrojenik CJD (iCJD): Kontamine cerrahi aletler veya insan dokularē 
ile bulaĸēr. 

o Variant CJD (vCJD): Bovine spongiform encephalopathy (BSE) veya 
"deli dana hastalēĵē" bulaĸmasē sonucu ortaya ­ēkar. 

¶ Belirtiler: Hēzlē ilerleyen demans, kas sertliĵi, miyoklonus (kas 
seĵirmeleri), gºrsel ve motor fonksiyon bozukluklarē. 

ΞЮШKuru 
¶ Epidemiyoloji: Papua Yeni Gine'nin belirli bºlgelerinde gºr¿len bir 
hastalēk. 

¶ Neden: Kanibalizm yoluyla bulaĸēr; ºzellikle ºlen kiĸilerin beyin dokusunun 
t¿ketilmesiyle. 
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ΦΦ 

¶ Belirtiler: Koordinasyon kaybē, tremorlar, duygusal bozukluklar, ilerleyen 
demans. 

ΟЮШGerstmann-Strªussler-Scheinker Sendromu (GSS) 
¶ Neden: Kalētsal prion hastalēĵē, spesifik gen mutasyonlarēndan 
kaynaklanēr. 

¶ Belirtiler: Ataksi (denge ve koordinasyon kaybē), progresif demans, motor 
fonksiyon bozukluklarē. 

ΠЮШFatal Familial Insomnia (FFI) 
¶ Neden: Kalētsal bir prion hastalēĵē, belirli bir gen mutasyonundan 
kaynaklanēr. 

¶ Belirtiler: Uyku bozukluklarē, otonomik disfonksiyon, motor problemler, 
ilerleyen demans. 

ΡЮШBovine Spongiform Encephalopathy (BSE) 
¶ DiĶer AdĔ: Deli dana hastalēĵē. 
¶ Epidemiyoloji: Sēĵērlarē etkileyen bir hastalēk, kontamine yem ile bulaĸēr. 
¶ ķnsanlara BulaĹma: Variant CJD (vCJD) olarak bilinir ve kontamine sēĵēr 
¿r¿nleri t¿ketimi ile insanlara ge­er. 

 

~ŸũĲťƬũЮ~ŸƣŸƖЮÂƖŸƣĲŚŰũĲƖ 
~ŸũĲťƬũĲƖШĬƬǍĲǃĬĲШőƬĦƖĲĬĲШǃĲƖШċũċŰШůŸƣŸƖШƓƖŸƣĲŚŰũĲƖŚĬŚƖЮШÑÂШŚũĲШƚƬƖĲťũŚШ
ĲŰĲƖŢŚШċũŕƓШĩĲťŚƖĬĲťƣĲŰШőƬĦƖĲШǍċƖŕŰċШŸũċŰШůċĬĬĲШċũŕƝƻĲƖŚƝŚŰŚШыƁƖŰĲŌŚŰШƣŸťƚŚťШ
ůŸũĲťƬũũĲƖŚШċƣůċťЯШĤƬǃƬťШőŚĬƖŸŉŸĤŚťШůŸũĲťƬũũĲƖŚШċƣůċťЯШǍċƖŕŰĬċŰШťĲŰĬŚƚŚШ
ŊĲĩĲůĲǃĲĦĲťШőĲƖőċŰŊŚШĤŚƖШůŸũĲťƬũƬШőƬĦƖĲШĬŕƝŕŰċШĩŕťċƖůċťШƻĤЮьШƚċŌũċƖũċƖЮШ 
°ƖŰĲťШůŸƣŸƖШƓƖŸƣĲŚŰаШ 79ШƣƖċŰƚƓŸƖƣĲƖ 
 
ÉĦċǭŸũĬШƓƖŸƣĲŚŰаШlƚťĲũĲШƓƖŸƣĲŚŰũĲƖŚШĤŚƖĩŸťШƁŰĲůũŚШƚŚŰǃċũШǃŸũƨŰƨŰШĩŸťШ
ƁŰĲůũŚШĬƬǍĲŰũĲǃŚĦŚũĲƖŚĬŚƖЮШlƚťĲũĲũĲƖŚŰШŚƝũĲƻŚШťĲƚŚŰШŸũċƖċťШƣċŰŕůũċŰůċůċƚŕŰċШ
ƖċŌůĲŰЯШĤŚƖШƚŚŰǃċũШǃŸũƨŰƨŰШĤŚƖĬĲŰШŉċǍũċШƬǃĲƚŚǃũĲШĲƣťŚũĲƝŚůĲШŊŚƖĬŚŌŚШƻĲоƻĲǃċШ
ĤċŌũċŰċƖċťШŸŰũċƖŕШťŸůƓũĲťƚũĲƖĲШĤċŌũċĬŕŌŕШĤŚũŚŰůĲťƣĲĬŚƖЮ 
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ΝΜΜ 

 
 

ñЮfƝŕŰŕЮuƖŚƚƣċũŸŊƖċŉŚƚŚ 

¶ ÂƖŸƣĲŚŰŚŰШΟШĤŸǃƨƣũƨШǃċƓŕƚŕŰŕШƚċƓƣċůċĬċШťƨũũċŰŕũċŰШĤŚƖШǃƁŰƣĲůĬŚƖЮ 
¶ 7ŚƖШñШŕƝŕŰŕШĬĲůĲƣŚŰŚŰШƓƖŸƣĲŚŰШťƖŚƚƣċũŚŰĬĲťŚШċƣŸůũċƖШƣċƖċŉŕŰĬċŰШĬċŌŕƣŕũůċƚŕШ
ƣĲůĲũŚŰĲШĬċǃċŰŕƖЮШÂƖŸƣĲŚŰĲШĩċƖƓŕƓШƚċĩŕũċŰШŕƝŕŰũċƖШĤŚƖШƓũċťċШыŉŸƣŸŌƖċŉШŉŚũůŚьШ
ƬǍĲƖŚŰĲШƣŸƓũċŰŕƖШƻĲШĤŚƖШĤŚũŊŚƚċǃċƖШƣċƖċŉŕŰĬċŰШĤŚƖĤŚƖŚŰŚШŚǍũĲǃĲŰШťĲƚŚƣũĲƖШ
őċũŚŰĬĲШ ĬĲŌĲƖũĲŰĬŚƖŚũĲƖĲťШ ƓƖŸƣĲŚŰŚŰШ ĲũĲťƣƖŸŰШ ǃŸŌƨŰũƨťШ őċƖŚƣċũċƖŕШ
ŸũƨƝƣƨƖƨũƨƖЮШ7ƨШĤŚũŊŚШƓƖŸƣĲŚŰŚŰШĤŚƖŚŰĦŚũШǃċƓŕШĤŚũŊŚƚŚǃũĲШĤŚƖũĲƝƣŚƖŚũĲƖĲťШőĲƖШ
ċƣŸůƨŰШΟШĤŸǃƨƣũƨШťŸŸƖĬŚŰċƣũċƖŕШĩŚǍŚũŚƖШƻĲШŊƖċŉŚťШƓƖŸŊƖċůũċƖŕШċƖċĦŕũŕŌŕǃũċШ
ƓƖŸƣĲŚŰŚŰШΟШĤŸǃƨƣũƨШǃċƓŕƚŕШŸũƨƝƣƨƖƨũƨƖЮ 
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 ƬťũĲŚťШ ƚŚƣũĲƖ 

¶ 7ŚƖШƓŸũŚƓĲƓƣŚƣŚŰШċůŚŰŸċƚŚƣШĬŚǍŚƚŚЯШŊĲŰ68ШŸũċƖċťШĤŚũŚŰĲŰШťċũŕƣƚċũШĤŚƖŚůũĲƖШ
ƣċƖċŉŕŰĬċŰШƚĲŰƣĲǍũĲŰŚƖЮ 

¶ ]ĲŰũĲƖШŰƬťũĲŚťШċƚŚƣШċĬŕШƻĲƖŚũĲŰШůŸŰŸůĲƖũĲƖĬĲŰШыċĬĲŰŚŰЯШŊƨċŰŚŰЯШƚŚƣŸǍŚŰЯШ
ƣŚůŚŰьШŸũƨƝƨƖЮ 

¶ lťŚШƣŚƓШŰƬťũĲŚťШċƚŚƣШƻċƖĬŕƖШы?  ШƻĲШÅ  ь 
 

?  

¶ ?  ШůŸũĲťƬũƬШĩŸťШƨǍƨŰШŸũƨƓШǃƬǍũĲƖĦĲШǃċШĬċШĤŚŰũĲƖĦĲШŊĲŰШŚĩĲƖŚƖЮ 
 

 
68Ш]ĲŰЯШĤŚƖШƓŸũŚƓĲƓƣŚĬŚŰШ?  ШƬǍĲƖŚŰĬĲťŚШċůŚŰŸċƚŚƣШĬŚǍŚƚŚĬŚƖЮ 
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Å  

¶ Å  ЯШŊĲŰĲƣŚťШĤŚũŊŚŰŚŰШ?  ќĬċŰШƓƖŸƣĲŚŰũĲƖĲШĬŸŌƖƨШċťŕƝŕŰĬċШŊƁƖĲƻШċũŕƖЮ 
¶ ?  ШůŸũĲťƬũƬŰĬĲťŚШƁǍĲũШĤŚƖШŊĲŰШƚċǃĲƚŚŰĬĲШůÅ  ШƚĲŰƣĲǍũĲŰŚƖЮ 
¶ ůÅ  ШыĲũĩŚШÅ  ьШƓƖŸƣĲŚŰШƚĲŰƣĲǍШĤŚũŊŚƚŚŰŚШĩĲťŚƖĬĲťƣĲŰШƚŚƣŸƓũċǍůċĬċШ
ƖŚĤŸǍŸůċШыƓƖŸƣĲŚŰШƚĲŰƣĲǍŚŰĬĲШťƨũũċŰŕũůċťШƬǍĲƖĲьШШƣċƝŕƖЮ 

¶ ]ĲŰĲƣŚťШĤŚũŊŚШċťŕƝŕШљ?  ШĄШÅ  ШĄШƓƖŸƣĲŚŰњШƝĲťũŚŰĬĲĬŚƖЮ 
¶ ƣÅ  ЯШƚŚƣŸƓũċǍůŚťШċůŚŰŸċƚŚƣũĲƖŚШыƓƖŸƣĲŚŰШǍŚŰĦŚƖŚŰŚŰШŸũƨƝƣƨƖƨũůċƚŕШŚĩŚŰьШ
ƖŚĤŸǍŸůũċƖċШŊĲƣŚƖůĲťũĲШŊƁƖĲƻũŚĬŚƖЮ 

¶ ƖÅ  ЯШƖŚĤŸǍŸůũċƖĬċťŚШƓƖŸƣĲŚŰШƚĲŰƣĲǍШťŸůƓũĲťƚũĲƖŚŰĬĲШŊƁƖĲƻШċũŕƖЮ 
 

 ƬťũĲŸƣŚƣũĲƖ 

¶  ƬťũĲŸƣŚƣũĲƖШ? 69ШƻĲШÅ  ќŰŕŰ70ШǃċƓŕƣċƝũċƖŕĬŕƖЮ 
¶ cĲƖШŰƬťũĲŸƣŚĬШƬĩШťŕƚŕůĬċŰШŸũƨƝƨƖа 
o ǍŸƣũƨШŸƖŊċŰŚťШĤċǍ 
o ÂĲŰƣŸǍШыĤĲƝШťċƖĤŸŰũƨьШƝĲťĲƖ 
o [ŸƚŉċƣШŊƖƨĤƨ 

 
 
ǍŸƣũƨШ7ċǍũċƖ 

ΣќũŕШťċƖĤŸŰШƣĲťШĤŚƖШőċũťċƚŕŰŕŰШыċƖċĬċШĤŚƖШťċƖĤŸŰШċƣũċǃċƖċťьШΞШċǍŸƣШĤċŌũċŰůŕƝШ
őċũŚŰĲШƓǃƖŚůŚĬŚŰĲШĬĲŰŚƖЮШ7ƨŰũċƖŕŰШ ĩĲƝŚƣũĲƖŚШƨƖċĦŚũ71ЯШĦǃƣŸƚŚŰĲШƻĲШ

 
69Ш? аШĬĲŸǂǃƖŚĤŸШŰƬťũĲŚĦШċƚŚĬ 
70ШÅ аШƖŚĤŸШŰƬťũĲŚĦШċƚŚĬ 
71ШÖƖċĦŚũШƚċĬĲĦĲШÅ  ќĬċШĤƨũƨŰƨƖ 
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ƣőǃůŚŰĲ72ќĬŚƖЮШ7ŚƖŚŰĬĲШΡШťċƖĤŸŰШĬŚŌĲƖŚŰĬĲШΣШťċƖĤŸŰШŸũċŰШΞШőċũťċШƻċƖƚċШƻĲШ
ċǃŰŕШƝĲťŚũĬĲШыőĲƖШőċũťċĬċШŚťŚШƣċŰĲШŸũċĦċťШƝĲťŚũĬĲьШċǍŸƣШĤċŌũċŰůŕƝШŚƚĲШ
ĤƨŰũċƖċШƓƨƖŚŰĲƚШĬĲŰŚƖЮШ7ƨŰũċƖŕŰШĩĲƝŚƣũĲƖŚШċĬĲŰŚŰĲШƻĲШŊƨċŰŚŰĲќĬŚƖЮ 

cytosine thymine adenine guanineuracil  
 
ÌĲťĲƖũĲƖ 
 ƬťũĲŚťШċƚŚƣũĲƖĬĲШťƨũũċŰŕũċŰШыÅ  ќĬċьШƖŚĤŸƚĲШƻĲШы?  ќĬċьШĬĲŸǂǃƖŚĤŸƚĲШ
ċĬŕŰĬċШŚťŚШƝĲťĲƖШƣƬƖƬШƻċƖĬŕƖЮШƖċĬċťŚШŉċƖťбШĬĲŸǂǃƖŚĤŸƚĲќĬċШőŚĬƖŸťƚŚũќũĲƖĬĲŰШĤŚƖШ
ƣċŰĲƚŚŰĬĲШŸťƚŚŢĲŰŚŰШŸũůċůċƚŕĬŕƖШťŚШċĬŕŰċШĬċШĤƨШыĬĲŸǂǃьШǃċŰƚŕůŕƝƣŕƖЮ 
 

 
 
ййШ7ƨƖċĬċШċŰũċƣŕũċŰШĤŚƖШĤċǍШƨǃŊƨŰШƝĲťĲƖĲШыŊũŚťŸƚŚĬŚťШĤċŌũċьШĤċŌũċŰŕƖƚċШ
ŰƨťũĲŸƚŚĬШŸũƨƝƨƖЮШыÌĲťĲƖĬĲŰШĤċǍĬċťŚШċǍŸƣċШŊŚĬĲŰШĤċŌċШ рŊũǃĦŸƚŚĬŚĦШĤŸŰĬШ
ĬĲŰŚƖь 
 аШċĬĲŰŸƚŚŰĲ   ÖаШƨƖŚĬŚŰĲ 
 ]аШŊƨċŰŸƚŚŰĲ   ÑаШƣőǃůŚĬŚŰĲ 
 9аШĦǃƣŚĬŚŰĲ 
 
 ƨťũĲŸƚŚĬќĲШŉŸƚŉċƣШŊƖƨĤƨШĲťũĲŰŚƖƚĲШы7ċǍШҼШÌĲťĲƖШҼШ[ŸƚŉċƣьШŰƬťũĲŸƣŚĬШŸũƨƝƨƖЮШ 
 

 
72ШÑőǃůŚŰĲШƚċĬĲĦĲШ?  ќĬċШĤƨũƨŰƨƖ 
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ΝΜΠ 

 
 
ÂŸũŚŰƬťũĲŸƣŚĬШüŚŰĦŚƖŚŰŚŰШòċƓŕƚŕа 
 ƬťũĲŚťШċƚŚƣũĲƖШ ŰƬťũĲŸƣŚƣũĲƖŚŰШ ĤŚƖĤŚƖŚŰĲШ ĤċŌũċŰůċƚŕŰĬċŰШ ŸũƨƝƨƖЮШ 7ŚƖШ
ŰƬťũĲŸƣŚƣŚŰШƝĲťĲƖŚŰĬĲťŚШőŚĬƖŸťƚŚũШыƝĲťĲƖĬĲШΟЮШťċƖĤŸŰƨŰШĤƨũƨŰĬƨŌƨШĤċŌũċŰƣŕШ
ŰŸťƣċƚŕьШ ĬŚŌĲƖШ ŰƬťũĲŸƣŚƣŚŰШ ŉŸƚŉċƣШ ŊƖƨĤƨŰċШĤċŌũċŰŕƖШыŉŸƚŉŸĬŚĲƚƣĲƖШ ĤċŌŕЯШ
ťŸƻċũĲŰƣЮĤŚƖЮĤċŌĬŕƖьЯШŉŸƚŉċƣШŊƖƨĤƨШƝĲťĲƖŚŰШ9cΞќƚŚŰĲШыΡЮШťċƖĤŸŰƨŰШĤƨũƨŰĬƨŌƨШ
ĤċŌũċŰƣŕШŰŸťƣċƚŕьШĤċŌũċŰċƖċťШŚũĲƖũĲƖШƻĲШĤƨШƝĲťŚũĬĲШĤŚƖШǍŚŰĦŚƖШŸũƨƝƨƖЮШòċŰŚШ
ƚĲŰƣĲǍШőĲƖШǍċůċŰШΡќĬĲŰШΟќĲШŊŚĬĲƖĲťШŚũĲƖũĲƖЮШы7ƬƣƬŰШĲŰǍŚůũĲƖШĤƨШƝĲťŚũĬĲШ
ĩċũŕƝŕƖьШяΡќрÂШƻĲШΟќр§cШĤċŌũċŰƣŕƚŕШŸũċƖċťШĬċШĤŚũŚŰŚƖѐШ7ƨШĤċŌũċŰƣŕĬċШǍŚŰĦŚƖШ
ƬǍĲƖŚŰĬĲШ ŉŸƚŉċƣШ ƻĲШ ƝĲťĲƖũĲƖШ ǃĲƖШ ċũŕƖШыĤƨШ ƚĲĤĲƓũĲШ ŉŸƚŉċƣрƝĲťĲƖШ
ŸůƨƖŊċƚŕоŚƚťĲũĲƣŚШŸũċƖċťШĬċШċŰŕũŕƖьЯШĤċǍũċƖШőĲƓШŚĩĲƖŚĬĲШťċũŕƖЮШ?  ќĬċШĩŚŉƣШ
ǍŚŰĦŚƖШƻċƖĬŕƖШƻĲШŚĩĲƖŚĬĲШťċũċŰШĤċǍũċƖШőŚĬƖŸŢĲŰШĤċŌũċƖŕШŚũĲШĬŚŌĲƖШǍŚŰĦŚƖĬĲťŚШ
ĤċǍũċƖċШ ƣƨƣƨŰċƖċťШ ƚċƖůċũŕШ ŸũƨƝƣƨƖƨƖЮШüŚŰĦŚƖũĲƖШ ĬċŚůċШ ĤŚƖĤŚƖŚŰŚŰШ
ƣċůċůũċǃŕĦŕƚŕĬŕƖШыċĬĲŰŚŰШƣŚůŚŰШŚũĲШΞќũŚШőŚĬƖŸŢĲŰШĤċŌŕШċƖċĦŕũŕŌŕǃũċЯШŊƨċŰŚŰШŚƚĲШ
ƚŚƣŸǍŚŰШŚũĲШΟќũƬШőŚĬƖŸŢĲŰШĤċŌŕШċƖċĦŕũŕŌŕǃũċШĲƝũĲƝŚƖьЮ 
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ΝΜΡ 

 
 
 

 
 
?  ШƻĲШƓƖŸƣĲŚŰũĲƖŚШŸƖŊċŰŚǍůċŰŕŰШťċũŕƣƚċũШŊĲĩůŚƝŚŰŚШĤĲũŊĲũĲƖЮШòċťŕŰШċťƖċĤċШ
ĤŚƖĲǃũĲƖŚŰШ? ШĬŚǍŚũĲƖŚШƨǍċťШċťƖċĤċШŸũċŰũċƖċШŊƁƖĲШĬċőċШŉċǍũċШĤĲŰǍĲƖũŚťШ
ŊƁƚƣĲƖŚƖа 
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ΝΜΣ 

 
 
cƬĦƖĲũĲƖŚŰШťƨũũċŰĬŕŌŕШĤċƝťċШůŸũĲťƬũũĲƖШĬĲШƻċƖĬŕƖа 
р ~Â аШċĬĲŰŸƚŚŰĲШůŸŰŸШƓőŸƚƓőċƣĲШтШƣĲťШĤŚƖШљċĬĲŰŸƚŚŰĲШҼШƝĲťĲƖШ
ƻĲШŉŸƚŉċƣњШĤċŌũċŰƣŕƚŕŰĬċŰШŸũƨƝċŰШĤŚƖШůŸũĲťƬũĬƬƖЮ 

р ÑÂ аШċĬĲŰŸƚŚŰĲШƣƖŚƓőŸƚƓőċƣĲШтШ ~ÂШŚũĲШċǃŰŕШŸũƨƓШƚċĬĲĦĲШ
ůĲƻĦƨƣШŉŸƚŉċƣŕŰШǃċŰŕŰĬċШΞШƣċŰĲШĬċőċШŉŸƚŉċƣШŊƖƨĤƨШƻċƖĬŕƖЮШEŰШƁŰĲůũŚШ
ŚƝũĲƻŚШőƬĦƖĲШŚĩŚШĤŚǃŸťŚůǃċƚċũШƖĲċťƚŚǃŸŰũċƖШŚĩŚŰШŊĲƖĲťĲŰШťŚůǃċƚċũШ
ĲŰĲƖŢŚǃŚШƣċƝŕůċťƣŕƖЮШ[ŸƣŸƚĲŰƣĲǍШƻĲШőƬĦƖĲШƚŸũƨŰƨůƨШƚŕƖċƚŕŰĬċШŸũƨƝƨƖЮШ 

 
р Ĭ ~Â аШĬĲŸťƚǃШċĬĲŰŸƚŚŰĲШůŸŰŸƓőŸƚƓőċƣĲШтШ~ÂШŚũĲШċǃŰŕШŸũƨƓШ
ƝĲťĲƖШŸũċƖċťШĬĲŸťƚǃƖŚĤŸǍШĤċŌũċŰůŕƝШůŸũĲťƬũĬƬƖЮ 
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,?! 
?  ЯШĤŚƖĤŚƖŚŰĲШƚċƖůċũШƝĲťũŚǃũĲШĲƝũĲƝůŚƝШċŰƣŚШƓċƖċũĲũ73ШŚťŚШǍŚŰĦŚƖĬĲŰШыťŸƻċũĲŰƣШ
ĤċŌũċƖũċШŸũƨƝůƨƝШƝĲťĲƖШƻĲШŉŸƚŉċƣШŚƚťĲũĲƣŚьШŸũƨƝƨƖЮШ7ċǍũċƖШыШрШċĬĲŰŚŰЯШÉрШ
ƚŚƣŸǍŚŰЯШÑШрШƣŚůŚŰЯШ]ШрШŊƨċŰŚŰьШǍŚŰĦŚƖũĲƖŚŰШċƖċƚŕŰĬċШыƚċƖůċũĬċШŚĩĲƖŚĬĲьШőŚĬƖŸŢĲŰШ
ĤċŌũċƖŕШŚũĲШырÑШċƖċƚŕŰĬċШŚťŚЯШ9р]ШċƖċƚŕŰĬċШƬĩШőŚĬƖŸŢĲŰШĤċŌŕШŸũċĦċťШƝĲťŚũĬĲьШ
ĲƝũĲƝůŚƝШĬƨƖƨůĬċĬŕƖЮШ?ċŚůĲШĤŚƖШƓƬƖŚŰĲШŚũĲШĤŚƖШƓǃƖŚůŚĬŚŰĲШĲƝũĲƝŚƖШǃċŰŚШШŚũĲШÑШ
ƻĲШÉШŚũĲШ]ШĲƝũĲƝŚƖЮШÂƨƖŚŰĲШĩŚŉƣШőċũťċĬŕƖШƓǃƖŚůŚĬŚŰĲШŚƚĲШƣĲťШőċũťċĬŕƖШƻĲШĤƁǃũĲШĤŚƖШ
ĲƝũĲƝůĲЯШŚťŚШǍŚŰĦŚƖŚŰШċƖċƚŕŰĬċťŚШůĲƚċŉĲŰŚŰШĬċŚůċШыƬĩШőċũťċШŊĲŰŚƝũŚŌŚŰĬĲьШ
ĲƝŚƣШťċũůċƚŕŰŕШƻĲШƚƣċĤŚũШĤŚƖШƚċƖůċũШŸũƨƝůċƚŕŰŕШƚċŌũċƖЮШ 

 
]ĲŰШ ŚŉċĬĲƚŚШыŊĲŰĲШ ĲǂƓƖĲƚƚŚŸŰьШ?  Ш ĬŚǍŚƚŚШ ŸũċŰШ ŊĲŰũĲƖŚŰЯШ ŉŸŰťƚŚǃŸŰĲũШ
ƓƖŸƣĲŚŰШǃċƓŕũċƖŕŰċШĬƁŰƬƝůĲƚŚШƚƬƖĲĦŚШŚĩŚŰШťƨũũċŰŕũċŰШĤŚƖШƣĲƖŚůĬŚƖЮ 
 
]ĲŰĲƣŚťШ ťŸĬШыŊĲŰĲƣŚĦШ ĦŸĬĲьЯШ ŊĲŰĲƣŚťШ ůċũǍĲůĲĬĲШы?  Ш ƻĲǃċШ Å  Ш
ĬŚǍŚũĲƖŚŰĬĲьШťŸĬũċŰůŕƝШĤŚũŊŚŰŚŰШĦċŰũŕШőƬĦƖĲũĲƖШƣċƖċŉŕŰĬċŰШƓƖŸƣĲŚŰũĲƖĲШыċůŚŰŸШ
ċƚŚƣШĬŚǍŚũĲƖŚŰĲьШĩĲƻƖŚũůĲƚŚŰŚШƚċŌũċǃċŰШťƨƖċũũċƖШťƬůĲƚŚĬŚƖЮ 

 
7373ШŰƣŚƓċƖċũĲũШǍŚŰĦŚƖũĲƖĬĲШĤŚƖŚƚŚШΡќШĬĲŰШыŉŸƚŉċƣШƨĦƨьШΟќШŰĲШыƝĲťĲƖŚŰШťċƖĤŸŰШƨĦƨьШŊŚĬĲƖťĲŰШĬŚŌĲƖŚШ
ǍŕƣШǃƁŰĬĲШΡќШĬĲŰШΟќШŰĲШŊŚĬĲƖЮ 
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?  ЮĤĲŰǍĲƖƚŚǍЮŊĲŰĲƣŚťЮťŸĬƨůƨǍƨЮŚĩĲƖĲŰЮƨǍƨŰ74ЮĤŚƖЮůŸũĲťƬũĬƬƖдЮ7ŚƖЮ
ǃĲůĲťЮƣċƖŚŉŚЮťŚƣċĤŕЮŊŚĤŚЮƻƬĦƨĬƨůƨǍĬċťŚЮƣƬůЮƓƖŸƣĲŚŰũĲƖŚŰЮǃċƓŕůŕŰċЮ
ŚũŚƝťŚŰЮƣċũŚůċƣũċƖŕЮŚĩĲƖŚƖд 

 
uŸĬШ?  ѣĬċťŚШƬĩũƬШŰƬťũĲŸƣŚĬШĬŚǍŚũŚůŚŰĲШĬĲŰŚƖЮШ 
uŸĬŸŰШůÅ ќĬċťŚШƬĩũƬШŰƬťũĲŸƣŚĬШĬŚǍŚũŚůŚŰĲШĬĲŰŚƖЮ 
ŰƣŚťŸĬŸŰШƣÅ ќŰŕŰШƖŚĤŸǍŸůĬċШĤƨũƨŰċŰШůÅ ќǃċШĤċŌũċŰĬŕŌŕШťŕƚŕůĬċťŚШ

ƬĩũƬШĤċǍШƝŚŉƖĲƚŚŰĲШĬĲŰŚƖЮ 

 
cƬĦƖĲШŚĩŚŰĬĲШŊĲŰШĬŚǍŚũĲƖŚŰĬĲŰШůĲƚċŢĦŕШÅ  ШыůÅ ьШĬŚǍŚũĲƖŚШŸũƨƝƣƨƖƨũċƖċťШ
?  ќĬċťŚШĤŚũŊŚШÅ  ќǃċШċťƣċƖŕũŕƖЮШůÅ  ШƣĲťШĤŚƖШŚƓũŚťƣĲŰШыǍŚŰĦŚƖĬĲŰьШŸũƨƝƨƖЮШ
ůÅ ќŰŕŰШĬŚǍŚƚŚŰĬĲШőĲƖШƬĩШĤċǍШĤŚƖШťŸĬŸŰƨШŸũƨƝƣƨƖƨƖЮШcĲƖШĤŚƖШťŸĬŸŰШŚƚĲШĤŚƖШ
ċůŚŰŸċƚŚĬŚШťŸĬũċƖЮШ?ƁƖƣШŉċƖťũŕШĤċǍŕŰШыЯШÑЯШ]ЯШÉьШŸũƨƝƣƨƖċĤŚũĲĦĲŌŚШΣΠШŉċƖťũŕШ
ĬŚǍŚũŚůЯШǃċŰŚШΣΠШŉċƖťũŕШťŸĬŸŰШƻċƖĬŕƖЮ75 

 
74ШcĲƖШŚŰƚċŰШőƬĦƖĲƚŚЯШƨĩƣċŰШƨĦċШƨǍċƣŕũĬŕŌŕŰĬċШǃċťũċƝŕťШΞШůĲƣƖĲШ?  ШŚĩĲƖŚƖбШ ŰĦċťШ?  ѣǃŕШ
ŚĩĲƖĲŰШŚŰƚċŰШőƬĦƖĲƚŚŰŚŰШĩĲťŚƖĬĲŌŚŰŚŰШĩċƓŕШǃċũŰŕǍĦċШΣШůŚťƖŸŰШťċĬċƖĬŕƖЮШы?  ШĩĲťŚƖĬĲŌŚŰШ
ǃċťũċƝŕťШӖΣΜќŕŰŕШťċƓũċƖЮьШ7ƨЯШŊĲŸůĲƣƖŚťШŸũċƖċťШΠΜШťůѣũŚťШƚŸŰШĬĲƖĲĦĲШŚŰĦĲШĤŚƖШŚƓũŚŌŚŰШĤŚƖШƣĲŰŚƚШ
ƣŸƓƨŰċШ ƚŕŌĬŕƖŕũůċƚŕŰċШ ĲƝĬĲŌĲƖĬŚƖЮШlŰƚċŰШƻƬĦƨĬƨŰĬċШǃċťũċƝŕťШ ΟΤШƣƖŚũǃŸŰШ őƬĦƖĲШ ŸũĬƨŌƨШ
ĬƬƝƬŰƬũƬƖƚĲШĤŚƖШŚŰƚċŰĬċШƣŸƓũċůШΤΠШůŚũǃċƖШťůШƨǍƨŰũƨŌƨŰĬċШ?  ШůĲƻĦƨƣƣƨƖЮ 
75Ш~ĲƣŚǃŸŰŚŰШ ċůŚŰŸċƚŚĬŚŰŚШ ťŸĬũċǃċŰШ ƣĲťШ ĤŚƖШ ťŸĬŸŰШ ыÖ]ШťŸĬŸŰƨьШ ĤƨũƨŰƨƖťĲŰШ ũƁƚŚŰШ
ċůŚŰŸċƚŚĬŚŰŚШťŸĬũċǃċŰШċũƣŕШŉċƖťũŕШťŸĬŸŰШыÖÖЯШÖÖ]ЯШ9ÖÖЯШ9Ö9ЯШ9ÖЯШ9Ö]ШťŸĬŸŰũċƖŕьШ
ĤƨũƨŰůċťƣċĬŕƖЮШÖ]ШťŸĬŸŰƨШƓƖŸƣĲŚŰШƚĲŰƣĲǍŚŰŚŰШљĤċƝũċŰŊŕĩњШťŸĬŸŰƨĬƨƖШƻĲШƨǍƨŰШǍŚŰĦŚƖĬĲШ
ƓƖŸƣĲŚŰШƚĲŰƣĲǍŚŰŚŰШĤċƝũċǃċĦċŌŕШǃĲƖŚШŚƝċƖĲƣШĲĬĲƖЮШΣΠШťŸĬŸŰШŚĩĲƖŚƚŚŰĬĲШƬĩШƣċŰĲƚŚШÖ ЯШÖ ]ЯШ
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ÉŕƖċũċůċаШ ƬťũĲŸƣŚƣШĄШuŸĬŸŰШĄШ]ĲŰШĄШ? ШыҼШőŚƚƣŸŰьШĄШuƖŸůŸǍŸů 
 

 
őƣƣƓƚжффƚũŚĬĲƓũċǃĲƖдĤŚǍдƣƖфƚũŚĬĲфΤΨΧΤΥΩΤΤфЮ 

 
ÑƖċŰƚťƖŚƓƚŚǃŸŰШыǃċǍůċьЯШ?  ќĬċШĤƨũƨŰċŰШŊĲŰĲƣŚťШƝŚŉƖĲШťƨũũċŰŕũċƖċťШÅ  Ш
ƓŸũŚůĲƖċǍШĲŰǍŚůŚШыĤƨШĲŰǍŚůШ?  ќŰŕŰШĤĲũŚƖũŚШĤŚƖШĤƁũƬůƬŰĬĲŰШĤċƝũċǃċƖċťШ
?  ќŰŕŰШŚťŚШǍŚŰĦŚƖŚШċƖċƚŕŰĬċťŚШőŚĬƖŸŢĲŰШĤċŌũċƖŕŰŕШťŸƓċƖŕƖЯШĤƁǃũĲĦĲШ?  ќŰŕŰШ
ĤĲũŚƖũŚШĤŚƖШťŕƚůŕŰŕШċĩċƖШƻĲШƚŸŰƖċШċĩŕũċŰШťŕƚŕůĬċťŚШĤŚƖШǍŚŰĦŚƖŚШťċũŕƓШŸũċƖċťШ
ťƨũũċŰċƖċťШǃĲŰŚШĤŚƖШůÅ  ШƚĲŰƣĲǍũĲƖьШŚũĲШůÅ  ШůŸũĲťƬũƬШƚĲŰƣĲǍũĲŰůĲƚŚĬŚƖЮШ
ыÉĲŰƣĲǍШƚŸŰƖċƚŕШůÅ  ШƚĲƖĤĲƚƣШťċũŕƖШƻĲШ?  ќŰŕŰШċĩŕũċŰШťŕƚůŕШƣĲťƖċƖШŚťŚũŚШ
ƚċƖůċũШőċũŚŰĲШŊĲĩĲƖь 
 

 
Ö]ШŚƚĲШ őŚĩĤŚƖШ ċůŚŰŸċƚŚĬŚШ ťŸĬũċůċǍЮШ 7ƨŰũċƖШљĤŚƣŚƝњШťŸĬŸŰƨĬƨƖШ ƻĲШ ǍŚŰĦŚƖĬĲШ ƓƖŸƣĲŚŰШ
ƚĲŰƣĲǍŚŰŚŰШĤŚƣŚƖŚũĲĦĲŌŚШǃĲƖŚШŚƝċƖĲƣũĲƖЮ 

https://slideplayer.biz.tr/slide/15412611/
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ÉĲŰƣĲǍũĲŰĲŰШĤƨШůÅ  ЯШƣƖċŰƚũċƚǃŸŰШŚƝũĲůŚŰĲШťċƣŕũůċťШƬǍĲƖĲШĩĲťŚƖĬĲťƣĲŰШ
ƚŚƣŸƓũċǍůċǃċШŊĲĩĲƖЮШÑƖċŰƚũċƚǃŸŰШыĩĲƻŚƖůĲьЯШƣƖċŰƚťƖŚƓƚŚǃŸŰШƚŸŰƨĦƨШŸũƨƝċŰШ
ůÅ  ѣũċƖĬċťŚШťŸĬċШƨǃŊƨŰШŸũċƖċťШƖŚĤŸǍŸůũċƖĬċШŊĲƖĩĲťũĲƝƣŚƖŚũĲŰШċůŚŰŸШċƚŚƣШ
ǍŚŰĦŚƖŚШƻĲǃċШƓŸũŚƓĲƓƣŚƣШƚĲŰƣĲǍŚШƚƬƖĲĦŚĬŚƖЯШĬċőċШƚŸŰƖċШƬƖĲƣŚũĲŰШċůŚŰŸШċƚŚƣШ
ǍŚŰĦŚƖŚШƻĲǃċШƓŸũŚƓĲƓƣŚƣШƨǃŊƨŰШĤŚƖШƝĲťŚũĬĲШťċƣũċŰċƖċťШĲƣťŚŰШĤŚƖШƓƖŸƣĲŚŰШőċũŚŰĲШ
ŊĲũŚƖЮ 
 
?  Ш EƝũĲƝůĲƚŚЯШƣƬůШ ŸƖŊċŰŚǍůċũċƖĬċШ ůĲǃĬċŰċШ ŊĲũĲŰШ ƻĲШ ?  Ш
ťŸƓǃċũċǃċƖċťШťċũŕƣŕůŕŰШƣĲůĲũŚŰŚШŸũƨƝƣƨƖċŰШĤŚǃŸũŸŢŚťШĤŚƖШƚƬƖĲĩƣŚƖЮШÉƬƖĲĩЯШĤŚƖШ
ċĬĲƣШĩŚŉƣШŚƓũŚťũŚШ?  ШůŸũĲťƬũƬǃũĲШĤċƝũċƖШƻĲШŚťŚШƁǍĬĲƝШ?  ѣŰŕŰШŸũƨƝƨůƨǃũċШ
ƚŸŰШĤƨũƨƖЮ 
EƝũĲƝůĲШĤċƝũċĬŕŌŕŰĬċШĤċǍũċƖШċƖƚŕŰĬċťŚШőŚĬƖŸŢĲŰШĤċŌũċƖŕШťŸƓċƖЯШőĲƖШǍŚŰĦŚƖŚŰШ
ťċƖƝŕƚŕŰċЯШĲťƚŚťШĤċǍũċƖŕШůĲƻĦƨƣШǍŚŰĦŚƖĲШƨǃŊƨŰШŸũċĦċťШƝĲťŚũĬĲШыǍŚŰĦŚƖĬĲШ Ш
ƻċƖƚċШÑШƬƖĲƣĲƖĲťШŊŚĤŚьШǍŚŰĦŚƖũĲШǍŕƣШǃƁŰĬĲШыΟќĬĲŰШΡќĲШŚƚĲШΡќĬĲŰШΟќĲШŊŚĤŚьШ
ƣċůċůũċƖШƻĲШŸƖƣċǃċШĤŚƖĤŚƖŚŰŚŰШċǃŰŕШΞШƣċŰĲШǃĲŰŚШ?  ШǍŚŰĦŚƖŚШĩŕťċƖЮШ7ƨШŚƝũĲůĲШ
ǃċƖŕШťŸƖƨŰƨůũƨШƖĲƓũŚťċƚǃŸŰШĬĲŰŚƖЮ 

 

 
?  ШĲƝũĲƝůĲƚŚ 

 
]ĲŰШĲťƚƓƖĲƚǃŸŰƨЯШĤŚƖШŊĲŰŚŰШŚĩŚŰĬĲťŚШĤŚũŊŚŰŚŰШĤŚƖШƬƖƬŰШыŊĲŰĲũũŚťũĲШĤŚƖШƓƖŸƣĲŚŰШ
ƻĲǃċШŉŸŰťƚŚǃŸŰĲũШÅ  ШůŸũĲťƬũƬьШŸũċƖċťШŸƖƣċǃċШĩŕťůċƚŕШƚƬƖĲĦŚĬŚƖЮШ7ƨШƚƬƖĲĩЯШ
ĤŚƖШőƬĦƖĲĬĲťŚШŊĲŰĲƣŚťШĤŚũŊŚŰŚŰШċťƣŚŉШőċũĲШŊĲũůĲƚŚШƻĲШőƬĦƖĲŰŚŰШŚƝũĲƻũĲƖŚŰŚШ
ǃĲƖŚŰĲШŊĲƣŚƖĲĤŚũůĲƚŚШŚĩŚŰШŊĲƖĲťũŚШŸũċŰШƓƖŸƣĲŚŰũĲƖŚŰШƻĲǃċШÅ  ШůŸũĲťƬũũĲƖŚŰŚŰШ
ƬƖĲƣŚůŚŰŚШťċƓƚċƖЮ 
]ĲŰШĲťƚƓƖĲƚǃŸŰƨШŚťŚШċŰċШċƝċůċĬċШŊĲƖĩĲťũĲƝŚƖа 
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ΝЮШÑƖċŰƚťƖŚƓƚŚǃŸŰаШ?  ѣĬċťŚШŊĲŰĲƣŚťШĤŚũŊŚŰŚŰЯШůÅ  ШыůĲƚċŢĦŕШÅ  ьШċĬŕШ
ƻĲƖŚũĲŰШĤŚƖШÅ  ШůŸũĲťƬũƬŰĲШťŸƓǃċũċŰůċƚŕĬŕƖЮШ7ƨШƚƬƖĲĩƣĲЯШÅ  ШƓŸũŚůĲƖċǍШ
ĲŰǍŚůŚШ?  ѣĬċťŚШĤŚƖШŊĲŰŚШŸťƨƖШƻĲШĤƨШĤŚũŊŚũĲƖĲШĬċǃċŰċƖċťШĤŚƖШůÅ  ШǍŚŰĦŚƖŚШ
ŸũƨƝƣƨƖƨƖЮ 
ΞЮШÑƖċŰƚũċƚǃŸŰаШůÅ  ѣĬċШƣċƝŕŰċŰШĤŚũŊŚЯШƖŚĤŸǍŸůШċĬŕШƻĲƖŚũĲŰШőƬĦƖĲƚĲũШǃċƓŕШ
ƣċƖċŉŕŰĬċŰШŸťƨŰƨƖШƻĲШĤƨШĤŚũŊŚũĲƖĲШŊƁƖĲШĤŚƖШƓƖŸƣĲŚŰШƚĲŰƣĲǍũĲŰŚƖЮШÅŚĤŸǍŸůЯШ
ůÅ  ѣĬċťŚШťŸĬŸŰũċƖŕШŸťƨƖШƻĲШƣÅ  ШыƣċƝŕǃŕĦŕШÅ  ьШǃċƖĬŕůŕǃũċШƨǃŊƨŰШċůŚŰŸШ
ċƚŚƣũĲƖŚШǍŚŰĦŚƖĲШĲťũĲǃĲƖĲťШƓƖŸƣĲŚŰŚШŸũƨƝƣƨƖƨƖЮ 
 
]ĲŰШĲťƚƓƖĲƚǃŸŰƨŰƨŰШĬƬǍĲŰũĲŰůĲƚŚЯШőƬĦƖĲũĲƖŚŰШŉċƖťũŕШťŸƝƨũũċƖċШċĬċƓƣĲШ
ŸũůċƚŕŰŕШƚċŌũċƖЮШ7ƨШĬƬǍĲŰũĲůĲЯШƣƖċŰƚťƖŚƓƚŚǃŸŰƨŰШĤċƝũċůċƚŕЯШůÅ  ѣŰŕŰШ
ŚƝũĲŰůĲƚŚЯШůÅ  ѣŰŕŰШƚƣċĤŚũŚƣĲƚŚЯШƣƖċŰƚũċƚǃŸŰƨŰШĤċƝũċůċƚŕШƻĲШƓƖŸƣĲŚŰũĲƖŚŰШ
ǃŕťŕůŕШŊŚĤŚШƚƬƖĲĩũĲƖŚŰШťŸŰƣƖŸũƬШǃŸũƨǃũċШŊĲƖĩĲťũĲƝŚƖЮ 
 

ÉĲŰƣƖŸůĲƖũĲƖ 

ÉĲŰƣƖŸůĲƖЯШ ťƖŸůŸǍŸůШ ƬǍĲƖŚŰĬĲШ ŚŌШ ŚƓũŚŌŚŰŚŰШ ƣƨƣƨŰĬƨŌƨШ ŰŸťƣċĬŕƖЮШ
uƖŸůŸǍŸůũċƖĬċШťċƖĬĲƝШťƖŸůċƣŚƣũĲƖŚШĤŚƖШċƖċĬċШƣƨƣċŰШťŕƚůċШƻĲƖŚũĲŰШċĬĬŕƖЮ 

 
ÉĲŰƣƖŸůĲƖа 
р EƝũĲƝĲŰШťƖŸůŸǍŸůũċƖŕŰШĤŚƖШċƖċĬċШĬƨƖůċƚŕŰŕШƚċŌũċƖ 
р §ũƨƝċŰШŚťŚШǃċƻƖƨШőƬĦƖĲǃĲШĲƝŚƣШůŚťƣċƖĬċШŊĲŰŸůƨŰШĬċŌŕũůċƚŕŰŕШƚċŌũċƖ 

 
¶ ÉĲŰƣƖŸůĲƖũĲƖĲШůŚťƖŸƣƬĤƬũũĲƖШĤċŌũċŰŕƖШƻĲШőƬĦƖĲШĤƁũƬŰůĲƚŚШƚŕƖċƚŕŰĬċШ
ťƖŸůŸǍŸůũċƖŕШƚĲŰƣƖŸůĲƖĬĲŰШťƨƣƨƓũċƖċШĩĲťĲƖЮ 
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¶ EƝũĲƝĲŰШĩŚŉƣũĲƖĬĲШƚĲŰƣƖŸůĲƖŚŰШĲƣƖċŉŕŰĬċШŸũƨƝċŰШǃċƓŕǃċШťŚŰĲƣŸťŸƖ76ШĬĲŰŚƖЮШ 
 
uŚŰĲƣŸťŸƖЯШŚŌШůŚťƖŸƣƬĤƬũũĲƖŚŰĲШĤċŌũċŰċŰШƻĲШőƬĦƖĲШĤƁũƬŰůĲƚŚШƚŕƖċƚŕŰĬċШ
ƨǃŊƨŰШťƖŸůŸǍŸůШċǃƖŕůŕŰċШċƖċĦŕũŕťШĲĬĲŰШƚĲŰƣƖŸůĲƖŚťШ?  ШƬǍĲƖŚŰĬĲШĤŚƖШ
ċƖċǃċШ ŊĲƣŚƖŚũůŚƝШ ƁǍĲũШ ƓƖŸƣĲŚŰШ ťŸůƓũĲťƚŚĬŚƖЮШ ~ŚƣŸǍШ ƻĲШ ůċǃŸǍĬċШ
ťƖŸůŸǍŸůũċƖŕŰШőċƖĲťĲƣũĲƖŚŰŚШťŸŰƣƖŸũШĲĬĲƖЯШĤŚƖũĲƝůĲШƻĲШċŰċŉċǍШƚŕƖċƚŕŰĬċШ
ťċƖĬĲƝШ ťƖŸůċƣŚƣũĲƖŚШ ĬŚŰċůŚťШ ůŚťƖŸƣƬĤƬũũĲƖĲШ ĤċŌũċǃċƖċťШ ĤƨŰũċƖŕŰШ
ċǃƖŕũůċƚŕŰŕШƻĲШǃċƻƖƨШőƬĦƖĲũĲƖĲШĤƁũƬŰůĲƚŚŰŚШƚċŌũċƖЮ 
 

¶ ÉĲŰƣƖŸůĲƖĬĲШĩŸťШƣĲťƖċƖũŕШĬŚǍŚũĲƖШыр͈ƚċƣĲũũŚƣĲШĬŚǍŚũĲƖŚьШƻċƖĬŕƖШċŰĦċťШőŚĩШ
protein kodlayan ŊĲŰШǃŸťƣƨƖЯШƣċůċůĲŰШƻċƖŚċŰƣШőŚƚƣŸŰũċƖĬċŰШы9E Âрь77Ш
ŸũƨƝůƨƝШĤŚƖШőĲƣĲƖŸťƖŸůċƣŚŰũĲШťċƓũŕĬŕƖЯШƚċĬĲĦĲШĲƝũĲƝƣŚƖůĲШƚƬƖĲĦŚŰĬĲШ
ťĲŰĬŚŰŚШċĩċƖШƻĲШĤŚƣƣŚŌŚŰĬĲШťċƓċŰŕƖЮШ?ŸũċǃŕƚŕǃũċШƚĲŰƣƖŸůĲƖĲШǃċťŕŰШŊĲŰũĲƖШ
ĤċƖŚǃĲƖШĬŚǍŚũĲƖŚШũĲШťŸƖƨŰƨƖЯШǃċŰŚШƚĲŰƣƖŸůĲƖŚŰШĲƣƖċŉŕŰĬċťŚШċũċŰĬċШыƓĲƖŚр
ƚĲŰƣƖŸůĲƖŚťШċũċŰьШ ĤċƖŚǃĲƖШ ĬŚǍŚũĲƖŚШыcÉΠШ?  Ш ĬŚǍŚƚŚШŊŚĤŚьШƻċƖĬŕƖШƻĲШ
ƚĲŰƣƖŸůĲƖŚШťŸƖƨǃċŰШőĲƣĲƖŸťƖŸůċƣŚŰŚŰШǃċǃŕũůċƚŕŰŕШĲŰŊĲũũĲƖЮШ 

 
KromozomlarĔn Sentromer Bºlgesinin ¢oĶaltĔlmasĔ ve HistonlarĔn Rol¿ 

H¿cre bºl¿nmesi sērasēnda kromozomlarēn doĵru bir ĸekilde ­oĵaltēlmasē ve 
daĵētēlmasē, genetik bilginin d¿zg¿n bir ĸekilde aktarēlmasē i­in kritiktir. Bu s¿re­te 
sentromer bºlgesi, kromozomlarēn kardeĸ kromatidleri arasēnda baĵlantē kurarak 
mitotik iĵciklere baĵlanmasēnē saĵlar. Sentromer bºlgesi ve bu bºlgeyi koruyan 
histonlar, h¿cre bºl¿nmesi esnasēnda ºzel bir rol oynar. 
 
Sentromer Bºlgesinin ¢oĶaltĔlmasĔ 
1. DNA Replikasyonu 
¶ DNA Replikasyonu: H¿cre bºl¿nmesinin S fazēnda, DNA'nēn t¿m¿, sentromer 
dahil, ­oĵaltēlēr. Replikasyon orijinlerinden baĸlayan DNA polimerazlar, ­ift 
sarmallē DNA'yē a­arak her iki ipliĵi de ĸablon olarak kullanēr ve yeni iplikler 
sentezler. 

 
76Ш 
77Ш9E ÂШŸũċƖċťШĬċШĤŚũŚŰĲŰШ9ĲŰƣƖŸůĲƖĲШƓƖŸƣĲŚŰШЯШŚŰƚċŰũċƖĬċШ9E Â ШŊĲŰŚШƣċƖċŉŕŰĬċŰШ
ťŸĬũċŰċŰШĤŚƖШƓƖŸƣĲŚŰĬŚƖЮШ9E Â ЯШŚŰƚċŰũċƖШĬċőŚũШĩŸŌƨШƁťċƖǃŸƣƣċШőĲƖШĤŚƖШťƖŸůŸǍŸůШƬǍĲƖŚŰĬĲťŚШ
ťŚŰĲƣŸĦőŸƖĲШťŸŰƨůƨŰƨШĤĲũŚƖũĲǃĲŰШťƖŚƣŚťШŉċťƣƁƖШŸũċŰШĤŚƖШőŚƚƣŸŰШcΟШƻċƖǃċŰƣŕĬŕƖЮ 
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ΝΝΠ 

¶ Sentromerik DNA: Sentromer bºlgesi, genellikle tekrar eden DNA dizilerinden 
oluĸur (ºrneĵin, insanlarda Ŭ-satellit DNA). Bu tekrar eden diziler, sentromerin 
iĸlevsel b¿t¿nl¿ĵ¿n¿ korumak i­in ºnemlidir. 

2. Sentromerik Proteinlerin Tanēmlanmasē 
¶ CENP-A (Centromere Protein A): CENP-A, sentromerik DNA'nēn etrafēnda 
bulunan ºzel bir histon varyantēdēr. Bu protein, sentromerik kromatin i­in 
spesifik bir iĸaret oluĸturur. 
o Histon VaryantĔ: CENP-A, histon H3'¿n bir varyantēdēr ve sentromerik 
n¿kleozomlarda yer alēr. 

o ķĹlevi: CENP-A, sentromer bºlgesinin doĵru bir ĸekilde tanēnmasēnē ve 
kinetokor proteinlerinin baĵlanmasēnē saĵlar. 

3. Sentromerik Kromatin Yapēsē 
¶ N¿kleozom Dizilimi: Sentromerik kromatin, normal kromatinden farklē bir 
yapēya sahiptir. CENP-A i­eren n¿kleozomlar, sentromer bºlgesinde d¿zenli 
olarak dizilir. 
o CENP-A ve H3: CENP-A n¿kleozomlarē, histon H3 n¿kleozomlarēndan farklē 
olarak d¿zenlenir ve sentromerik kromatinin iĸlevini destekler. 

 
H¿cre Bºl¿nmesi SĔrasĔnda Sentromerin Rol¿ 
1. Kinetokor Oluĸumu 
¶ Kinetokor: Sentromer bºlgesi, h¿cre bºl¿nmesi sērasēnda kinetokor adē verilen 
protein komplekslerinin baĵlanma noktasēdēr. Kinetokorlar, mitotik iĵciklerin 
mikrot¿b¿llerine baĵlanarak kromozomlarēn hareketini d¿zenler. 
o Kinetokor BileĹenleri: Kinetokor, i­ kinetokor (CENP-C, CENP-H, CENP-I 
gibi proteinler i­erir) ve dēĸ kinetokor (dynein, kinetokor motor proteinleri 
i­erir) olmak ¿zere iki ana bileĸenden oluĸur. 

2. Mikrot¿b¿l Baĵlanmasē 
¶ Mikrot¿b¿ller: Mitotik iĵciklerin mikrot¿b¿lleri, kinetokorlara baĵlanarak 
kromozomlarēn doĵru ĸekilde ayrēlmasēnē saĵlar. 
o Mikrot¿b¿l-Dinamikleri: Mikrot¿b¿ller, polimerizasyon ve 
depolimerizasyon dinamikleri ile kromozomlarē mitotik iĵcik u­larēna doĵru 
hareket ettirir. 

3. Kardeĸ Kromatid Ayrēlmasē 
¶ Anafaz: Anafaz sērasēnda, kinetokorlara baĵlanan mikrot¿b¿ller, kardeĸ 
kromatidleri birbirinden ayērēr ve h¿crenin karĸēt kutuplarēna doĵru ­eker. 
o Sentromerik Kohezyon: Kardeĸ kromatidler, anafaz baĸlangēcēna kadar 
sentromerik bºlgede birbirine kohezin proteinleri aracēlēĵēyla baĵlē kalēr. 
Anafazda, separaz enzimi kohezinleri keser ve kardeĸ kromatidler ayrēlēr. 
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HistonlarĔn Rol¿ ve DavranĔĹĔ 
1. Histon Modifikasyonlarē 
¶ Histon ModifikasyonlarĔ: Histon proteinleri, metilasyon78, asetilasyon79 (Ac), 
fosforilasyon80 (P) gibi post-translasyonel modifikasyonlara uĵrar. Bu 
modifikasyonlar, sentromerik kromatinin iĸlevini d¿zenler. 
o CENP-A ve H3 ModifikasyonlarĔ: Sentromer bºlgesinde bulunan histonlar, 
genellikle metilasyon ve fosforilasyon gibi modifikasyonlar ile iĸaretlenir. 

2. CENP-A Y¿klenmesi 
¶ Yeni CENP-A Y¿klenmesi: H¿cre bºl¿nmesi sērasēnda ve sonrasēnda, 
sentromerik bºlgelere yeni CENP-A histonlarē y¿klenir. Bu y¿kleme, 
sentromerin iĸlevsel b¿t¿nl¿ĵ¿n¿ korur. 
o H3 ile DeĶiĹim: Yeni sentezlenen CENP-A, histon H3'¿n yerini alarak 
sentromerik n¿kleozomlara entegre olur. 

 
78Ш?  ШůĲƣŚũċƚǃŸŰƨЯШŊĲŰĲũũŚťũĲШĤŚƖШ?  ШĬŚǍŚƚŚŰŚŰШƚŚƣŸǍŚŰШы9ьШĤċǍŕŰċШĤċŌũŕШŸũċƖċťШǃĲƖũĲƝĲŰШĤŚƖШ
ůĲƣŚũШŊƖƨĤƨŰƨŰШыр9cΟьШĲťũĲŰůĲƚŚǃũĲШŸũƨƝċŰШťŚůǃċƚċũШĤŚƖШůŸĬŚŉŚťċƚǃŸŰĬƨƖЮШEŰШǃċǃŊŕŰШŸũċƖċťШ
9Ɠ]ЮĬŚŰƬťũĲŸƣŚĬШĬŚǍŚũĲƖŚŰĬĲШыĤŚƖШƚŚƣŸǍŚŰШƻĲШċƖĬŕŰĬċŰШŊƨċŰŚŰШŊĲũĲŰШĬŚǍŚũĲƖьШŊĲƖĩĲťũĲƝŚƖЮШ7ƨШ
ůŸĬŚŉŚťċƚǃŸŰЯШ ŊĲŰĲũũŚťũĲШ ŊĲŰШ ŚŉċĬĲƚŚŰŚШ ĤċƚťŕũċƖШ ƻĲШ ƣƖċŰƚťƖŚƓƚŚǃŸŰШ ŉċťƣƁƖũĲƖŚŰŚŰШ ?  ѣǃċШ
ĤċŌũċŰůċƚŕŰŕШĲŰŊĲũũĲǃĲƖĲťШŊĲŰШƚƨƚƣƨƖƨũůċƚŕŰċШŰĲĬĲŰШŸũƨƖЮШ7ƨШŰĲĬĲŰũĲЯШůĲƣŚũċƚǃŸŰЯШőƬĦƖĲШ
ŉċƖťũŕũċƝůċƚŕШƻĲШŊĲŰĲƣŚťШƚƣċĤŚũŚƣĲǃŚШƚċŌũċůċťШŚĩŚŰШƁŰĲůũŚĬŚƖЮШ°ƖŰĲŌŚŰЯШƣƬůƁƖШĤċƚťŕũċǃŕĦŕШ
ŊĲŰũĲƖŚŰШ ƓƖŸůŸƣĲƖШ ĤƁũŊĲũĲƖŚŰĬĲťŚШ ċƝŕƖŕШ ůĲƣŚũċƚǃŸŰЯШ ťċŰƚĲƖШ ŊĲũŚƝŚůŚŰĬĲШ ƁŰĲůũŚШ ĤŚƖШ ƖŸũШ
ŸǃŰċǃċĤŚũŚƖЮ 
79ШcŚƚƣŸŰШċƚĲƣŚũċƚǃŸŰƨЯШ?  ѣŰŕŰШĲƣƖċŉŕŰŕШƚċƖċŰШőŚƚƣŸŰШƓƖŸƣĲŚŰũĲƖŚŰŚŰШũŚǍŚŰĲШыĤŚƖШċůŚŰŸШċƚŚƣьШĤŚƖШ
ċƚĲƣŚũШŊƖƨĤƨŰƨŰШыр9§9cΟьШĲťũĲŰůĲƚŚШŚũĲШŊĲƖĩĲťũĲƝĲŰШĤŚƖШůŸĬŚŉŚťċƚǃŸŰĬƨƖЮШcŚƚƣŸŰШċƚĲƣŚũШ
ƣƖċŰƚŉĲƖċǍШыc ÑьШĲŰǍŚůũĲƖŚШƣċƖċŉŕŰĬċŰШŊĲƖĩĲťũĲƝƣŚƖŚũŚƖШƻĲШĤƨШůŸĬŚŉŚťċƚǃŸŰЯШ?  ШƻĲШőŚƚƣŸŰũċƖШ
ċƖċƚŕŰĬċťŚШĲƣťŚũĲƝŚůŚШǍċǃŕǰċƣċƖċťШťƖŸůċƣŚŰŚŰШĬċőċШċĩŕťШƻĲШĲƖŚƝŚũĲĤŚũŚƖШĤŚƖШőċũĲШŊĲũůĲƚŚŰĲШ
ŰĲĬĲŰШ ŸũƨƖЮШ 7ƨШ ĬƨƖƨůЯШ ŊĲŰũĲƖŚŰШ ĬċőċШ ċťƣŚŉШ ĤŚƖШ ƝĲťŚũĬĲШ ƣƖċŰƚťƖŚĤĲШ ĲĬŚũůĲƚŚŰŚШ ƚċŌũċƖЮШ
ƚĲƣŚũċƚǃŸŰƨŰШǍŕƣƣŕШŸũċŰШőŚƚƣŸŰШĬĲċƚĲƣŚũċƚǃŸŰƨШŚƚĲЯШcŚƚƣŸŰЮ?ĲċƚĲƣŚũċǍЮёc? 9ђШĲŰǍŚůũĲƖŚШ

ƣċƖċŉŕŰĬċŰШŊĲƖĩĲťũĲƝƣŚƖŚũŚƖШƻĲШŊĲŰШƚƨƚƣƨƖƨũůċƚŕŰċШǃŸũШċĩċƖЮШ7ƨШůŸĬŚŉŚťċƚǃŸŰЯШŊĲŰĲũũŚťũĲШ
ƣƖċŰƚťƖŚƓƚŚǃŸŰĲũШ ċťƣŚƻŚƣĲŰŚŰШ ĬƬǍĲŰũĲŰůĲƚŚЯШ őƬĦƖĲШ ĬƁŰŊƬƚƬШ ťŸŰƣƖŸũƬШ ƻĲШ ƚŚŰǃċũШ ŚũĲƣŚůШ
ǃŸũũċƖŕŰĬċШƖŸũШŸǃŰċƖЮ 
80Ш[ŸƚŉŸƖŚũċƚǃŸŰЯШĤŚƖШƓƖŸƣĲŚŰĲШƻĲǃċШůŸũĲťƬũĲШŉŸƚŉċƣШŊƖƨĤƨШыÂ§ΠЖϖьШĲťũĲŰůĲƚŚǃũĲШůĲǃĬċŰċШ
ŊĲũĲŰШĤŚƖШťŚůǃċƚċũШůŸĬŚŉŚťċƚǃŸŰĬƨƖЮШ7ƨШůŸĬŚŉŚťċƚǃŸŰЯШƓƖŸƣĲŚŰũĲƖŚŰШǃċƓŕƚŕŰŕШƻĲШŉŸŰťƚŚǃŸŰƨŰƨШ
ĬĲŌŚƝƣŚƖĲĤŚũŚƖЮШ]ĲŰĲũũŚťũĲШƚĲƖŚŰЯШƣƖĲŸŰŚŰШƻĲǃċШƣŚƖŸǍŚŰШċůŚŰŸШċƚŚƣũĲƖŚŰŚŰШőŚĬƖŸťƚŚũШŊƖƨƓũċƖŕŰċШĤŚƖШ
ŉŸƚŉċƣШ ŊƖƨĤƨŰƨŰШ ĲťũĲŰůĲƚŚǃũĲШ ŊĲƖĩĲťũĲƝŚƖШ ƻĲШ ƓƖŸƣĲŚŰШ ťŚŰċǍШ ыƓƖŸƣĲŚŰШ ťŚŰċƚĲьШ ĲŰǍŚůũĲƖŚШ
ƣċƖċŉŕŰĬċŰШťċƣċũŚǍĲШĲĬŚũŚƖЮШ[ŸƚŉŸƖŚũċƚǃŸŰЯШőƬĦƖĲШƚŚŰǃċũШŚũĲƣŚůŚŰĬĲШыƁƖŰĲŌŚŰЯШőƬĦƖĲШǃƬǍĲǃŚŰĬĲťŚШ
ĤŚƖШƖĲƚĲƓƣƁƖШċƖċĦŕũŕŌŕǃũċШŊĲũĲŰШƚŚŰǃċũŚŰШőƬĦƖĲШŚĩŚŰĲШŚũĲƣŚũůĲƚŚŰĬĲьШƻĲШůĲƣċĤŸũŚťШƚƬƖĲĩũĲƖŚŰШ
ĬƬǍĲŰũĲŰůĲƚŚŰĬĲШťƖŚƣŚťШĤŚƖШƖŸũШŸǃŰċƖЮШ ǃƖŕĦċЯШƓƖŸƣĲŚŰũĲƖŚŰШċťƣŚŉШƻĲǃċШŚŰċťƣŚŉШŉŸƖůĬċШŸũůċƚŕŰŕШ
ƚċŌũċǃċƖċťШ őƬĦƖĲШ ĬƁŰŊƬƚƬŰĬĲЯШ ċƓŸƓƣŸǍĬċШ ыƓƖŸŊƖċůũċŰůŕƝШ őƬĦƖĲШ ƁũƬůƬьШ ƻĲШ ŊĲŰШ
ĲťƚƓƖĲƚǃŸŰƨŰĬċШ ĬƬǍĲŰũĲǃŚĦŚШ ŚƝũĲƻШ ŊƁƖƬƖЮШ °ƖŰĲŌŚŰЯШ~ ÂЮ ťŚŰċǍШŉŸƚŉŸƖŚũċƚǃŸŰƨШ ŚũĲШ őƬĦƖĲШ
ĤƬǃƬůĲШƻĲШŉċƖťũŕũċƝůċШƚŚŰǃċũũĲƖŚШƣĲƣŚťũĲŰŚƖЯШĤƨШĬċШőƬĦƖĲШĬċƻƖċŰŕƝũċƖŕŰŕШĲƣťŚũĲǃĲŰШƚŚŰǃċũШ
ǃŸũũċƖŕŰŕŰШċťƣŚƻċƚǃŸŰƨŰċШŰĲĬĲŰШŸũƨƖЮ 
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Sentromer Bºlgesinin H¿cre Bºl¿nmesi EsnasĔnda KorunmasĔ 
¶ Histon ĸaperonlarĔ: CAF-1 ve HIRA gibi histon ĸaperonlarē, yeni sentezlenen 
histonlarēn DNA'ya y¿klenmesini ve n¿kleozom montajēnē d¿zenler. 

¶ Epigenetik ķĹaretler: Sentromerik kromatin, epigenetik iĸaretler ile korunur. Bu 
iĸaretler, sentromerin doĵru tanēnmasēnē ve iĸlevini saĵlar. 

¶ Protein Kompleksleri: CENP-A, CENP-C ve diĵer kinetokor proteinleri, 
sentromerin yapēsēnē ve iĸlevini korur. 

 
 

 
 

HķPOMETķLASYON ve HķPERMETķLASYON 
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Hipometilasyon ve hipermetilasyon, DNA metilasyonu s¿recine baĵlē olarak 
genetik materyalde meydana gelen deĵiĸiklikleri tanēmlar. DNA metilasyonu, genetik 
bilgiyi d¿zenleyen bir epigenetik mekanizmadēr ve genellikle Cytosin (C) bazēna 
metil grubu (-CHϝ) eklenmesiyle ger­ekleĸir. Metilasyon, gen ekspresyonunu kontrol 
etmenin ºnemli yollarēndan biridir. 
 

 
https://en.wikipedia.org/wiki/DNA_methylation  

 
Hipometilasyon: 
Hipometilasyon, DNA'daki metil grubu seviyelerinin normalden daha d¿ĸ¿k olduĵu 
durumu ifade eder. Bu durumda, ºzellikle genetik materyalin bazē bºlgelerinde 
metilasyon eksikliĵi, genlerin aĸērē aktif hale gelmesine yol a­abilir. Hipometilasyon, 
genetik istikrarsēzlēĵa, kromozom kaybēna ve kanser gibi hastalēklarēn geliĸimine 
zemin hazērlayabilir. ¥zellikle genom ­apĔnda hipometilasyon kanser h¿crelerinde 
sēk­a gºzlemlenir. 
 
¥rnek: Kanser h¿crelerinde, genom hipometilasyonu sonucunda onkogenler 
(kanserle iliĸkili genler) aĸērē ifade edilebilir, bu da kanserin geliĸmesine katkē saĵlar. 
 
Hipermetilasyon: 
Hipermetilasyon, DNA'nēn belirli bºlgelerinde metil grubu seviyelerinin artmasēdēr. 
Bu durum genellikle gen susturulmasĔ ile iliĸkilidir ve genin ekspresyonunun 
baskĔlanmasĔ sonucunu doĵurur. Hipermetilasyon, t¿mºr supresºr genlerinin 
(kanserin geliĸmesini engelleyen genler) metilasyon yoluyla inaktive edilmesine ve 
kanserin geliĸmesine neden olabilir. Ayrēca, genetik hastalēklarēn bazēlarē da bu 
mekanizma ile iliĸkilidir. 
 
¥rnek: p16INK4a gibi t¿mºr supresºr genlerinin hipermetilasyonu, kanser geliĸimi 
ile iliĸkilidir, ­¿nk¿ bu genler h¿cre bºl¿nmesini kontrol eder ve metilasyon sonucu 
inaktive olurlar. 

https://en.wikipedia.org/wiki/DNA_methylation
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lŰƚċŰШ]ĲŰŸůШÂƖŸŢĲƚŚ 

lŰƚċŰШ]ĲŰŸůШÂƖŸŢĲƚŚШыcƨůċŰШ]ĲŰŸůĲШÂƖŸŢĲĦƣЯШc]ÂьШůŸĬĲƖŰШŊĲŰĲƣŚťШƻĲШ
ĤŚǃŸũŸŢŚШċũċŰŕŰĬċШĬĲƻƖŚůШǃċƖċƣċŰШĤŚƖШċƖċƝƣŕƖůċШŊŚƖŚƝŚůŚĬŚƖЮШΝΦΦΜШǃŕũŕŰĬċШ
ĤċƝũċƣŕũċŰШƻĲШΞΜΜΟШǃŕũŕŰĬċШƣċůċůũċŰċŰШĤƨШƓƖŸŢĲЯШŚŰƚċŰШŊĲŰŸůƨŰƨŰШƣċůШ
ƚĲťċŰƚŕŰŕШ ĤĲũŚƖũĲůĲǃŚШ ċůċĩũċůŕƝƣŕƖЮШ 7ƨШ ƓƖŸŢĲŰŚŰШ ĤċǍŕШ ƁŰĲůũŚШ ƚċǃŕƚċũШ
ƚŸŰƨĩũċƖŕШƻĲШĤƨũŊƨũċƖŕШƝƁǃũĲĬŚƖа 
 
ΝЮШ]ĲŰŸůШ7Ÿǃƨƣƨа 
ШШШрШlŰƚċŰШŊĲŰŸůƨЯШǃċťũċƝŕťШΟШůŚũǃċƖШĤċǍШĩŚŉƣŚŰĬĲŰШŸũƨƝůċťƣċĬŕƖЮ 
 
ΞЮШ]ĲŰШÉċǃŕƚŕа 
ШШШрШlũťШ ƣċőůŚŰũĲƖШ ŚŰƚċŰШ ŊĲŰŸůƨŰĬċШ ΝΜΜЯΜΜΜШ ťċĬċƖШ ŊĲŰШ ŸũċĤŚũĲĦĲŌŚŰŚШ
ƁŰŊƁƖƬǃŸƖĬƨЯШċŰĦċťШƓƖŸŢĲШƣċůċůũċŰĬŕŌŕŰĬċШĤƨШƚċǃŕŰŕŰШΞΜЯΜΜΜШŚũċШΞΡЯΜΜΜШ
ċƖċƚŕŰĬċШŸũĬƨŌƨШŸƖƣċǃċШĩŕťƣŕЮ 
 
ΟЮШÂƖŸƣĲŚŰШuŸĬũċǃċŰШ]ĲŰũĲƖа 
ШШШрШòċťũċƝŕťШΞΜЯΜΜΜШŚũċШΞΡЯΜΜΜШŊĲŰЯШƓƖŸƣĲŚŰШťŸĬũċǃċŰШŊĲŰũĲƖĬŚƖЮШ7ƨШŊĲŰũĲƖЯШ
ƻƬĦƨĬƨŰШŚőƣŚǃċĩШĬƨǃĬƨŌƨШƣƬůШƓƖŸƣĲŚŰũĲƖŚШƬƖĲƣŚƖЮ 
 
ΠЮШ]ĲŰŸůƨŰШuŸĬũċůċǃċŰШuŕƚŕůũċƖŕа 
ШШШрШlŰƚċŰШŊĲŰŸůƨŰƨŰШĤƬǃƬťШĤŚƖШťŕƚůŕШƓƖŸƣĲŚŰШťŸĬũċůċǍЮШuŸĬũċǃċŰШ?  ЯШ
ŊĲŰŸůƨŰШ ǃċťũċƝŕťШ ӖΝЯΡѣŚŰŚШ ŸũƨƝƣƨƖƨƖťĲŰЯШ ŊĲƖŚШ ťċũċŰШ ӖΦΥЯΡѣũŚťШ ťŕƚůŕШ
ťŸĬũċůċǃċŰШ ?  ѣĬċŰШ ыŚŰƣƖŸŰƚЯШ ƖĲŊƨũċƣŚŉШ ĲũĲůċŰũċƖЯШ ƣĲťƖċƖШ ĬŚǍŚũĲƖŚШ ƻĤЮьШ
ŸũƨƝƨƖЮ 
 
ΡЮШÑĲťƖċƖũċǃċŰШ?ŚǍŚũĲƖа 
ШШШрШlŰƚċŰШŊĲŰŸůƨŰƨŰШƁŰĲůũŚШĤŚƖШťŕƚůŕШƣĲťƖċƖũċǃċŰШĬŚǍŚũĲƖĬĲŰШŸũƨƝƨƖЮШ7ƨШ
ƣĲťƖċƖũċǃċŰШ ĬŚǍŚũĲƖŚŰШ ŉŸŰťƚŚǃŸŰũċƖŕШ ƣċůШ ŸũċƖċťШ ċŰũċƝŕũċůċůŕƝƣŕƖЯШ ċŰĦċťШ
ŊĲŰŸůƨŰШǃċƓŕƚċũШĤƬƣƬŰũƬŌƬŰƬШťŸƖƨůċĬċШƻĲШĬƬǍĲŰũĲǃŚĦŚШƖŸũũĲƖШŸǃŰċůċĬċШ
ƁŰĲůũŚШŸũĬƨťũċƖŕШĬƬƝƬŰƬũůĲťƣĲĬŚƖЮ 
 
ΣЮШ]ĲŰŸůƨŰШéċƖǃċƚǃŸŰũċƖŕа 
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ШШШрШÂƖŸŢĲЯШŚŰƚċŰũċƖŕŰШŊĲŰŸůũċƖŕŰŕŰШĤƬǃƬťШƁũĩƬĬĲШĤĲŰǍĲƖШŸũůċƚŕŰċШƖċŌůĲŰЯШ
ĤŚƖĲǃũĲƖШċƖċƚŕŰĬċШƁŰĲůũŚШŊĲŰĲƣŚťШƻċƖǃċƚǃŸŰũċƖШŸũĬƨŌƨŰƨШŸƖƣċǃċШťŸǃĬƨЮШÑĲťШ
ŰƬťũĲŸƣŚĬШƓŸũŚůŸƖŉŚǍůũĲƖŚШыÉ ÂѣũĲƖьШĤƨШƻċƖǃċƚǃŸŰũċƖŕŰШǃċǃŊŕŰШƁƖŰĲťũĲƖŚĬŚƖЮ 
 
ΤЮШ]ĲŰŸůШcċƖŚƣċũċůċШƻĲШÅĲŉĲƖċŰƚШ]ĲŰŸůа 
ШШШрШc]ÂЯШŚŰƚċŰШŊĲŰŸůƨŰƨŰШċǃƖŕŰƣŕũŕШĤŚƖШőċƖŚƣċƚŕŰŕШŸũƨƝƣƨƖĬƨШƻĲШĤŚƖШƖĲŉĲƖċŰƚШ
ŊĲŰŸůШ ƚċŌũċĬŕЮШ 7ƨШ ƖĲŉĲƖċŰƚШ ŊĲŰŸůЯШ ŊĲŰĲƣŚťШ ċƖċƝƣŕƖůċũċƖШ ƻĲШ ƣŕĤĤŚШ
ƨǃŊƨũċůċũċƖШŚĩŚŰШƣĲůĲũШĤŚƖШťċǃŰċťШŸũċƖċťШťƨũũċŰŕũŕǃŸƖЮ 
 
ΥЮШ7ŚũŚůƚĲũШƻĲШÑŕĤĤŚШuċƣťŕũċƖа 
ШШШрШÂƖŸŢĲЯШ ŊĲŰĲƣŚťШ őċƚƣċũŕťũċƖŕŰШ ŰĲĬĲŰũĲƖŚŰŚŰШ ċŰũċƝŕũůċƚŕŰŕШ ƚċŌũċĬŕШ ƻĲШ
ťŚƝŚƚĲũũĲƝƣŚƖŚũůŚƝШ ƣŕĤĤŕŰШ ыƓĲƖƚŸŰċũŚǍĲĬШ ůĲĬŚĦŚŰĲьШ ŊĲũŚƝŚůŚŰĲШ ťċƣťŕĬċШ
ĤƨũƨŰĬƨЮШ ǃƖŕĦċЯШĤŚƖĩŸťШĤŚǃŸůĲĬŚťċũШċƖċƝƣŕƖůċШƻĲШƨǃŊƨũċůċШŚĩŚŰШĤŚƖШƣĲůĲũШ
ŸũƨƝƣƨƖĬƨЮ 
 
7ƨШ ƚŸŰƨĩũċƖЯШ ĤŚǃŸůĲĬŚťċũШ ċƖċƝƣŕƖůċũċƖЯШ ŊĲŰĲƣŚťШ ůƬőĲŰĬŚƚũŚŌŚЯШ ŚũċĩШ
ŊĲũŚƝƣŚƖůĲШƻĲШĤŚƖĩŸťШĬŚŌĲƖШĤŚũŚůƚĲũШċũċŰШŚĩŚŰШĤƬǃƬťШƁŰĲůШƣċƝŕůċťƣċĬŕƖЮШlŰƚċŰШ
]ĲŰŸůШÂƖŸŢĲƚŚЯШŊĲŰĲƣŚťШĤŚũŊŚŰŚŰШťƨũũċŰŕůŕŰŕШƻĲШŊĲŰĲƣŚťШƣĲůĲũũŚШőċƚƣċũŕťũċƖŕŰШ
ċŰũċƝŕũůċƚŕŰŕШĬĲƖŚŰũĲůĲƚŚŰĲШĲƣťŚũĲůŚƝƣŚƖЮ 
 

]ĲŰŸůШ§ƖŊċŰŚǍċƚǃŸŰƨ 

ÑƖċŰƚƓŸǍŸŰũċƖШ(sē­rayan genler)ЯШ ŊĲŰŸůĬċШ ĤƨũƨŰċŰЯШ ťĲŰĬŚШ ťĲŰĬŚŰŚШ
ĩŸŌċũƣŕƓШ ŊĲŰŸůШ ĤŸǃƨŰĦċШ ŊĲǍĲĤŚũĲŰШ ĬŚǍŚũĲƖĬŚƖЮШ òċŰŚШ ƣƖċŰƚƓŸǍŸŰũċƖШ ĤŚƖШ
őƬĦƖĲŰŚŰШŊĲŰŸůƨŰĬċШŉċƖťũŕШǃĲƖũĲƖĲЯШƣƖċŰƚƓŸǍŚƚǃŸŰШŸũċƖċťШċĬũċŰĬŕƖŕũċŰШĤŚƖШ
ƚƬƖĲĩũĲШőċƖĲťĲƣШĲĬĲĤŚũĲŰШ?  ШĬŚǍŚũĲƖŚĬŚƖЮШ7ƨШƚƬƖĲĩШŚũĲШůƨƣċƚǃŸŰũċƖċШƻĲШ
ŊĲŰŸůĬċťŚШ?  ШůŚťƣċƖŕŰŕŰШĬĲŌŚƝůĲƚŚŰĲШŰĲĬĲŰШŸũƨƖũċƖЮШÑƖċŰƓŸǍŸŰũċƖŕŰШťŚůŚШ
ťĲŰĬŚŰŚШťŸƓǃċũċǃċƖċťЯШťŚůŚШťĲŰĬŚŰŚШĩĲƻƖĲũĲǃĲŰШ?  ѣĬċŰШťĲƚŚƓШĩŕťċƖŕƓШĤċƝťċШ
ĤŚƖШǃĲƖĲШƣċƝŕǃċƖċťШőċƖĲťĲƣШĲĬĲƖЮШ7ƨШƁǍĲũũŚťũĲƖŚŰĬĲŰШĬŸũċǃŕЯШĤŚũŚůШŚŰƚċŰũċƖŕШ
ƣƖċŰƚƓŸǍŸŰũċƖŕШ ĦċŰũŕũċƖĬċťŚШ ?  ѣǃŕШ ĬĲŌŚƝƣŚƖůĲťШ ŚĩŚŰШ ĤŚƖШ ċƖċĩШ ŸũċƖċťШ
ťƨũũċŰŕƖũċƖЮШÑƖċŰƚƓŸǍŸŰũċƖЯШŚŰƚċŰШĬċőŚũЯШƁťċƖǃŸƣŚťШĦċŰũŕũċƖŕŰШŊĲŰŸůƨŰƨŰШ
ƁŰĲůũŚШĤŚƖШĤƁũƬůƬŰƬШŸũƨƝƣƨƖƨƖũċƖЮ 
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ΝΞΜ 

ÅĲƣƖŸƻŚƖƬƚũĲƖЯШ ÅĲƣƖŸƻŚƖŚĬċĲШ ƻŚƖƬƚШ ċŚũĲƚŚŰĲШ ċŚƣШ ŸũċŰШ ĤƬƣƬŰШ ƻŚƖƬƚũĲƖШ Å  Ш
ŊĲŰŸůƨШƣċƝŕǃċŰШǍċƖǰŕШƻŚƖƬƚũĲƖĬŚƖШƻĲШ?  ШċƖċĦŕũŕŌŕǃũċШŚťŚũĲƝůĲШǃċƓċĤŚũŚƖũĲƖЮШ
?ŚƓũŸŚƣШŸũċŰШƣĲťШÅ  ШƻŚƖƬƚƬĬƬƖЮ 
 
Éf EШыÉőŸƖƣШfŰƣĲƖƚƓĲƖƚĲĬШ ƨĦũĲċƖШEũĲůĲŰƣƚьаШlŰƚċŰШŊĲŰŸůƨŰĬċШĲŰШǃċǃŊŕŰШ
ĤƨũƨŰċŰШƣĲťƖċƖШĬŚǍŚũĲƖŚĬŚƖЮШEŰШƣŚƓŚťШƁƖŰĲŌŚШ ũƨШƣĲťƖċƖШĬŚǍŚũĲƖŚĬŚƖЮШΟΜΜШĤċǍШĩŚŉƣũŚťШ
ƣĲťƖċƖШĬŚǍŚũĲƖŚŰĬĲŰШŸũƨƝƨƖũċƖШƻĲШŊĲŰŸůШŚĩŚŰĬĲШĲŰШċǍШΡΜΜЮΜΜΜШ ũƨШĬŚǍŚƚŚШ
ĤƨũƨŰůċťƣċĬŕƖЮШÉf EШΝΠШĤċǍĬċŰШťƬĩƬťƣƬƖЮ 
 
xf EШыxŸŰŊШfŰƣĲƖƚƓĲƖƚĲĬШ ƨĦũĲċƖШEũĲůĲŰƣƚьаШ]ĲŰŸůĬċШΝΜΜЮΜΜΜШťŸƓǃċƚŕШ
ĤƨũƨŰċŰШΣШťŚũŸĤċǍШƨǍƨŰũƨŌƨŰĬċťŚШƣĲťƖċƖШĬŚǍŚũĲƖŚĬŚƖЮШÉf EШƻĲШxf EШĬŚǍŚũĲƖŚШ
ƖĲƣƖŸƣƖċŰƚƓŸǍŚƚǃŸŰШǃŸũƨШŚũĲШťċũŕƣƚċũШőċƚƣċũŕťũċƖċШŰĲĬĲŰШŸũċŰШůƨƣċƚǃŸŰũċƖċШ
ŰĲĬĲŰШŸũůċťƣċĬŕƖũċƖЮШxf EШΝΠШĤċǍĬċŰШĤƬǃƬťƣƬƖЮ 
 
lŰƚċŰШŊĲŰŸůƨŰƨŰШƚċĬĲĦĲШӖΞќƚŚШĲǂŸŰќũċƖĬċŰШыťŸĬũċǃŕĦŕШŊĲŰũĲƖьШŸũƨƝƨƖЮШ
]ĲŰŸůƨŰШыǃċťũċƝŕťШΟШůŚũǃċƖШĤċǍьШӖΟΜќĬċŰШĬċőċШċǍŕШŊĲŰũĲƖĬĲŰШыĲǂŸŰШƻĲШ
ŚŰƣƖŸŰьШŸũƨƝƨƖЮШ]ĲŰũĲƖШƻĲШƣĲťƖċƖŕШŸũůċǃċŰШĬŚǍŚũĲƖ81ШӖΡΜќƚŚŰĲШťċƖƝŕũŕťШŊĲũŚƖЮШ
ÑƖċŰƚƓŸǍŸŰũċƖШƻĲШŊĲŰШĬƨƓũŚťċƚǃŸŰũċƖŕ82ШӖΝΜШǃĲƖШťċƓũċƖЮШÅĲƣƖŸШƣƖċŰƚƓŸǍŸŰũċƖШ
ӖΝΜШťċĬċƖĬŕƖЮШÉf EШӖΝΜШƻĲШxf EШӖΞΜШťċĬċƖШǃĲƖШƣƨƣċƖЮ 
 
Ķnsan genomu olduk­a karmaĸēk ve ­eĸitli bileĸenlerden oluĸur. Bu bileĸenler 
arasēnda kodlayēcē ve kodlamayan DNA sekanslarē, tekrar eden elementler ve ­eĸitli 
mobil genetik elementler bulunur. Ķĸte genom organizasyonunun SINE, LINE, 
retrotranspozon, transpozon, ekzon ve intron gibi bileĸenler a­ēsēndan bir 
deĵerlendirmesi: 
1. Ekzonlar (Exons) 
¶ AnlamĔ: Ekzonlar, protein kodlayan DNA sekanslarēdēr. Bir genin mRNA'ya 
­evrilen ve sonunda protein sentezinde kullanēlan bºl¿mleridir. 

¶ ķĹlevi: Protein sentezinde doĵrudan rol oynarlar. Bir genin fonksiyonel protein 
¿retmesini saĵlarlar. 

 
81ШÑĲťƖċƖŕШŸũůċǃċŰШĬŚǍŚũĲƖĬĲЯШ ЯШÑЯШ]ЯШÉШĤċǍũċƖŕŰĬċŰШыŰƬťũĲŸƣŚƣũĲƖьШŸũƨƝůƨƝШĤŚƖШĬŚǍŚШŊĲŰŸůШ
ĤŸǃƨŰĦċШƚċĬĲĦĲШĤŚƖШťĲƖĲШŊĲĩĲƖЮ 
82Ш]ĲŰШ ĬƨƓũŚťċƚǃŸŰƨЯШ ŚĩŚŰĬĲШ ĤŚƖШ ŊĲŰШ ĤƨũƨŰċŰШ ĤŚƖШ ?  Ш ĤƁũŊĲƚŚŰŚŰШ őĲƖőċŰŊŚШ ƝĲťŚũĬĲШ
ŚťŚũĲŰůĲƚŚĬŚƖбШőŸůŸũŸŊШƖĲťŸůĤŚŰċƚǃŸŰШƚŕƖċƚŕŰĬċШĤŚƖШőċƣċШƚŸŰƨĦƨЯШƖĲƣƖŸƣƖċŰƚƓŸǍŚƚǃŸŰШŸũċǃŕШ
ƻĲǃċШƣƬůШĤŚƖШťƖŸůŸǍŸůƨŰШŚťŚũĲŰůĲƚŚШƚŸŰƨĦƨШůĲǃĬċŰċШŊĲũĲĤŚũŚƖЮ 



ѿШÌƨĤċƣЯШΞΜΞΡШ?ƖЮШ~ƨƚƣċŉċШ ŉǃŸŰũƨŸŌũƨ 

ΝΞΝ 

¶ Genomdaki KapladĔĶĔ Yer: Ķnsan genomunun yaklaĸēk %1-2'sini oluĸturur. 
2. ķntronlar (Introns) 
¶ AnlamĔ: Ķntronlar, genlerin kodlamayan bºlgeleridir. Transkripsiyon sērasēnda 
mRNA ºnc¿s¿ i­ine transkribe edilirler, ancak mRNA olgunlaĸtēĵēnda 
­ēkarēlērlar. 

¶ ķĹlevi: Ķntronlar genellikle gen ekspresyonunun d¿zenlenmesinde ve alternatif 
splaysingde rol oynar, bºylece aynē genin birden fazla protein ¿retebilmesini 
saĵlar. 

¶ Genomdaki KapladĔĶĔ Yer: Ķnsan genomunun yaklaĸēk %24'¿n¿ oluĸturur. 
3. KĔsa DaĶĔnĔk N¿kleer Elementler (SINEs) 
¶ AnlamĔ: SINE'ler, genoma daĵēlmēĸ kēsa DNA tekrarlarēdēr. Yaklaĸēk 100-300 
baz ­ifti uzunluĵundadēr. 

¶ ķĹlevi: SINE'lerin b¿y¿k ­oĵunluĵu Alu elementleridir. Retrotranspozisyon 
yoluyla genom i­inde hareket edebilirler ve gen ekspresyonunu etkileyebilirler. 

¶ Genomdaki KapladĔĶĔ Yer: Ķnsan genomunun yaklaĸēk %13'¿n¿ oluĸturur. 
4. Uzun DaĶĔnĔk N¿kleer Elementler (LINEs) 
¶ AnlamĔ: LINE'ler, genoma daĵēlmēĸ uzun DNA tekrarlarēdēr. 6.000 baz ­iftine 
kadar uzunlukta olabilirler. 

¶ ķĹlevi: Retrotranspozisyon yoluyla genom i­inde hareket edebilirler. RNA'ya 
transkribe edilirler ve sonra DNA'ya ters transkribe edilerek genomun farklē 
bºlgelerine yerleĸirler. 

¶ Genomdaki KapladĔĶĔ Yer: Ķnsan genomunun yaklaĸēk %21'ini oluĸturur. 
5. Retrotranspozonlar (Retrotransposons) 
¶ AnlamĔ: Retrotranspozonlar, RNA aracēlēĵēyla genom i­inde kopyalanan ve yer 
deĵiĸtiren genetik elementlerdir. 

¶ ķĹlevi: Kendilerini kopyalayarak genomun farklē bºlgelerine yerleĸirler. Bu s¿re­ 
genetik ­eĸitliliĵe katkēda bulunabilir, ancak genellikle mutasyonlara ve gen 
bozulmalarēna da yol a­abilir. 

¶ Genomdaki KapladĔĶĔ Yer: LINE ve SINE'ler retrotranspozon t¿rleridir. 
Toplamda, retrotranspozonlar insan genomunun ºnemli bir kēsmēnē oluĸturur. 

6. DNA TranspozonlarĔ (Transposons) 
¶ AnlamĔ: DNA transpozonlarē, DNA aracēlēĵēyla yer deĵiĸtiren mobil genetik 
elementlerdir. "Kes-yapēĸtēr" mekanizmasēyla ­alēĸērlar. 

¶ ķĹlevi: Kendilerini genomun bir bºlgesinden kesip baĸka bir bºlgesine 
yapēĸtērarak hareket ederler. Bu hareketlilik genetik ­eĸitliliĵe katkēda 
bulunabilir. 

¶ Genomdaki KapladĔĶĔ Yer: Ķnsan genomunun yaklaĸēk %3'¿n¿ oluĸturur. 
7. Kodlamayan DNA 



ѿШÌƨĤċƣЯШΞΜΞΡШ?ƖЮШ~ƨƚƣċŉċШ ŉǃŸŰũƨŸŌũƨ 

ΝΞΞ 

¶ AnlamĔ: Kodlamayan DNA, protein kodlamayan ancak gen d¿zenlenmesi ve 
diĵer iĸlevlerde rol oynayan DNA sekanslarēdēr. 

¶ ķĹlevi: Gen ifadesini d¿zenler, kromatin yapēsēnē ve genom stabilitesini korur. 
¶ Genomdaki KapladĔĶĔ Yer: Ķnsan genomunun yaklaĸēk %98'i kodlamayan 
DNA'dēr. Bu, tekrar eden sekanslar, d¿zenleyici elementler ve diĵer fonksiyonel 
RNA'larē i­erir. 

Genomun Genel DaĶĔlĔmĔ 
¶ Protein Kodlayan Genler: %1-2 
¶ ķntronlar: %24 
¶ SINEs: %13 
¶ LINEs: %21 
¶ Transpozonlar: %3 
¶ Kodlamayan DNA: %98 (bunun b¿y¿k bir kēsmē tekrar eden sekanslar ve 
d¿zenleyici elementlerdir) 
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ΝΞΟ 

 
EǂŸŰШрШĤŸǃƨƣШыĤċǍьШĬċŌŕũŕůŕ83  ]ĲŰШрШĲǂŸŰШĬċŌŕũŕůŕ84 

 

]ĲŰŸůШEƻƖŚůŚ 

ÉǃŰƣĲŰǃЯШ ĤŚƖШ ĤŚƖĲǃШ ƻĲǃċШ ƣƬƖШ ŚĩŚŰĬĲШ ċǃŰŕШ ťƖŸůŸǍŸůШ ƬǍĲƖŚŰĬĲťŚШ ŊĲŰĲƣŚťШ
ũŸťƨƚũċƖŕŰШŉŚǍŚťƚĲũШŸũċƖċťШĤŚƖũŚťƣĲШũŸťċũŚǍċƚǃŸŰƨŰƨШƣċŰŕůũċƖЮШòċŰŚШĤŚƖШƣƬƖƬŰШ
ŊĲŰŸůƨŰĬċťŚШĤŚƖШťƖŸůŸǍŸůƨŰШĬŚŌĲƖШƣƬƖƬŰШŊĲŰŸůƨŰĬċťŚШǃĲƖũĲƝŚůŚШƻĲШĤũŸťШ
ĤũŸťШĬċŌŕũŕůŕĬŕƖЮ 
 

 
őƣƣƓƚжффċũĤƨƕƨĲƖƕƨĲдĤŚŸŚŰŉŸƖůċƣŚĦƚдƨŸƣƣċƽċдĦċфÂċƓĲƖƚфsŸƨƖŰċũÂƨĤũŚĦċƣŚŸŰфΥΣΣΦыEŚĦőũĲƖы
ÉċŰťŸǭдƓĬŉЮ 

 
83Ш őƣƣƓƚаооƽƽƽЮƖĲƚĲċƖĦőŊċƣĲЮŰĲƣоŉŚŊƨƖĲоÉŚǍĲрĬŚƚƣƖŚĤƨƣŚŸŰрŸŉрőƨůċŰрĲǂŸŰƚрÑőĲрůĲĬŚċŰр
ƚŚǍĲрŸŉрőƨůċŰрĲǂŸŰƚрŚƚрŸŰũǃрΝΞΜрĤƓрƽŚƣőрΤΜхŉŚŊΝхΠΝΠΣΡΣΟΥШ 
84Ш
őƣƣƓаооƽƽƽЮƽŸƖůĤŸŸťЮŸƖŊоĦőċƓƣĲƖƚоƽƽƽхŸƻĲƖƻŚĲƽŊĲŰĲƚƣƖƨĦƣƨƖĲоŸƻĲƖƻŚĲƽŊĲŰĲƚƣƖƨĦƣƨƖĲЮ
őƣůũШ 

https://albuquerque.bioinformatics.uottawa.ca/Papers/JournalPublication/2003_Eichler_Sankoff.pdf
https://albuquerque.bioinformatics.uottawa.ca/Papers/JournalPublication/2003_Eichler_Sankoff.pdf
https://www.researchgate.net/figure/Size-distribution-of-human-exons-The-median-size-of-human-exons-is-only-120-bp-with-70_fig1_41465638
https://www.researchgate.net/figure/Size-distribution-of-human-exons-The-median-size-of-human-exons-is-only-120-bp-with-70_fig1_41465638
http://www.wormbook.org/chapters/www_overviewgenestructure/overviewgenestructure.html
http://www.wormbook.org/chapters/www_overviewgenestructure/overviewgenestructure.html
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Grup T¿rler YaygĔn AdĔ 
Boyut 
(Mbaz) 

Krom
ozom 
85(1N) 

Gen no. 
Tekrar 

% 

Memeli Homo sapiens Ķnsan 2,900 23 30,000 46 

Memeli Mus musculus Ev faresi 2,500 20 30,000 38 

Balēk Takifugu rubripes 
Kaplan kirpi 
balēĵē 400 22 (?) 24,000 <10 

Urochordate Ciona intestinales Deniz fēĸkēsē 155 14 16,000 ~10 

Bºcek Anopheles gambiae Sētma sivrisineĵi 280 3 14,000 16 

Bºcek 
Drosophila 
melanogaster Meyve sineĵi 137 4 13,600 2.5 

Nematod 
Caenorhabditis 
elegans Nematod kurdu 97 6 19,100 <1 

Apicomplexa 
Plasmodium 
falciparum 

Ķnsan sētma 
paraziti 23 14 5,300 <1 

Apicomplexa Plasmodium yoelii 
Kemirgen sētma 
paraziti 23 14 5,300 <1 

Dictyostelida 
Dictyostelium 
discoideum* Sosyal amip 34 6 10,000 <1 

Protozoon Leishmania major* H¿cre i­i parazit 33 36 8,200 <1 

Mantar 
Saccharomyces 
cerevisiae Bira mayasē 13 16 5,700 2.4 

Mantar 
Schizosaccharomyc
es pombe Bºl¿nen maya 138 3 4,800 0.6 

Microsporidiu
m 

Encephalitozoon 
cuniculi H¿cre i­i parazit 25 11 2,000 <0.1 

Angiosperm Arabidopsis thaliana Hardal otu 125 5 25,500 14 

Angiosperm Oryza sativa Pirin­ 400 12 32,000 ? 

 
 
 
 

 
85ШcċƓũŸŚƣШťƖŸůŸǍŸůШƚċǃŕƚŕ 
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ΝΞΡ 

 
lŰƚċŰШƻĲШŉċƖĲШċƖċƚŕŰĬċШťŸƖƨŰůƨƝШƚǃŰƣĲŰǃШёџÉƣƖƨĦƣƨƖċũЮ?ǃŰċůŚĦƚЮŸŉЮEƨťċƖǃŸƣŚĦЮ
9őƖŸůŸƚŸůĲЮEƻŸũƨƣŚŸŰѠеЮEƻċŰЮEдЮEŚĦőũĲƖЮċŰĬЮ?ċƻŚĬЮÉċŰťŸǭеЮÉĦŚĲŰĦĲеЮƻŸũЮΦΣΤеЮΥΣΣΦеЮƓдΪάΨђ 
 



ѿШÌƨĤċƣЯШΞΜΞΡШ?ƖЮШ~ƨƚƣċŉċШ ŉǃŸŰũƨŸŌũƨ 

ΝΞΣ 

 
ÉǃŰƣĲŰǃШċŰċũŚǍũĲƖŚШ ƚċǃĲƚŚŰĬĲШ őċŰŊŚШ ŊĲŰШ ĤũŸŌƨШ ĤŸǍƨũĬƨŌƨŰĬċШ ŰċƚŕũШ ĤŚƖШ
ŊĲŰĲƣŚťШőċƚƣċũŕŌċШƚĲĤĲƓШŸũĬƨŌƨШƻĲШŊĲŰŚŰШůƨƣċƚǃŸŰċШƨŌƖċůċĬċŰШƁŰĦĲƚŚШċƚŕũШ
ĬƨƖƨůƨШƣĲƚƓŚƣШĲĬŚũĲĤŚũŚƖЮ 
 
ÉĲŊůĲŰƣċũШĬƨƓũŚťċƚǃŸŰũċƖЯШƣŚƓŚťШŸũċƖċťШӖΦΜѣĬċŰШŉċǍũċШĬŚǍŚШƁǍĬĲƝũŚŌŚŰŚШ
ƓċǃũċƝċŰШƻĲШŊĲŰŸůШŚĩŚŰĬĲШĤŚƖĬĲŰШŉċǍũċШĤƁũŊĲĬĲШŸũƨƝċŰШ?  ШĤũŸťũċƖŕĬŕƖЮ 
 
]ĲŰũĲƖШƬǍĲƖŚŰĬĲШŊĲƖĩĲťũĲƝĲŰШƚĲŊůĲŰƣċũШĬƨƓũŚťċƚǃŸŰũċƖШǍċůċŰШŚĩĲƖŚƚŚŰĬĲШ
ŉċƖťũŕШ ůƨƣċƚǃŸŰũċƖċШ ůċƖƨǍШ ťċũċĤŚũŚƖũĲƖШ ƻĲШ ĤƨŰũċƖĬċŰШ ĤŚƖŚƚŚШĤƨŰƨŰШ
ƚŸŰƨĦƨŰĬċШƓƖŸƣĲŚŰШťŸĬũċůċШŚƝũĲƻŚŰŚШǃŚƣŚƖĲƖĲťШƓƚĲƨĬŸŊĲŰĲШыǃċũċŰĦŕШŊĲŰьШ
őċũŚŰĲШĬƁŰƬƝĲĤŚũŚƖШǃċШĬċШŉŸŰťƚŚǃŸŰƨŰƨШťċǃĤĲĬĲƖĲťШũŸƚƚрŸŉрŉƨŰĦƣŚŸŰШыx§[ьШ
ŸũċĤŚũŚƖЮШ°ƖŰĲŌŚŰШ ǍĲĤƖċШ ĤċũŕŌŕЯШ ĤƨШ ǃŸũũċШƽőŸũĲрŊĲŰŸůрĬƨƓũŚĦċƣŚŸŰШ
ŊĲĩŚƖůŚƝƣŚƖЮШòċŰŚШĤƬƣƬŰШŊĲŰŸůƨŰĬċťŚШŊĲŰũĲƖĬĲŰШΞШƣċŰĲШƻċƖĬŕƖШċŰĦċťШĤċǍŕШ
ŊĲŰũĲƖШx§[ЯШĤċǍŕũċƖŕШƓƚĲƨĬŸŊĲŰĲШŸũůƨƝƣƨƖЮШ 
 
ũĲũШƻĲǃċШċũĲũůŸƖŉЯШĤĲũŚƖũŚШĤŚƖШƁǍĲũũŚŌŚШĤĲũŚƖũĲǃĲŰШĤŚƖШŊĲŰŚŰШĬĲŌŚƝŚťШőċũũĲƖŚŰĬĲŰШ

őĲƖШĤŚƖŚĬŚƖЮШ]ĲŰШƻĲШċũĲũШƚƁǍĦƬťũĲƖŚŰŚŰШőĲƖШŚťŚƚŚШĬĲЯШĤĲũŚƖũŚШĤŚƖШƁǍĲũũŚŌŚŰШťċũŕƣƚċũШ
ŉċťƣƁƖƬŰƬШ ŚŉċĬĲШ ĲĬĲƖЮШ ũĲũШ ƚƁǍĦƬŌƬЯШ ƁǍĲũũŚťũĲШ ĤŚƖШ ťƖŸůŸǍŸůƨŰШ ĤŚƖШ
ũŸťƨƚƨŰĬċťŚШŚťŚШǃċШĬċШĬċőċШŉċǍũċШƚĲĩĲŰĲťũŚШŊĲŰШĩĲƝŚĬŚŰŚШċŰũċƣůċťШŚĩŚŰШ
ťƨũũċŰŕũŕƖЮ 
9ŸƓǃШ ƨůĤĲƖШéċƖŔċŰƣШы9 éьаШ7ŚƖШťŚũŸĤċǍĬċŰШŉċǍũċШ? ШŚĩĲƖĲŰШĬƨƓũŚťċƚǃŸŰШ
ƻĲǃċШƚŚũůĲШŸũċǃŕ 
ÉƣƖƨĦƣƨƖċũШéċƖŔċŰƣШыÉéьаШ7ŚƖШťŚũŸĤċǍĬċŰШŉċǍũċШ?  ШŚĩĲƖĲŰШŊĲŰŸůŚťШĬĲŌŚƝŚťũŚťШ
ы9 éЯШƣĲƖƚШĩĲƻŚƖůĲЯШťŸƓǃċШƚċǃŕƚŕШƻċƖǃċŰƣũċƖŕЯШĲťũĲůĲũĲƖЯШƣĲƖƚШĩĲƻŚƖůĲũĲƖШƻĲШ
ƣƖċŰƚũŸťċƚǃŸŰũċƖШŊŚĤŚШĬĲŌŚƝŚťũŚťũĲƖь 
fŰĬĲũаШ?  ќũċƖĬċШĤŚƖШťŚũŸĤċǍĬċŰШťƬĩƬťШĲťũĲůĲШƻĲǃċШƚŚũůĲШŸũċǃŕ 
?ƨƓũŚĦŸŰаШ7ŚƖШťŚũŸĤċǍĬċŰШĤƬǃƬťЯШĩŸŌċũƣŕũůŕƝШƻĲШŚťŚШťŸƓǃċШċƖċƚŕŰĬċШӖΦΜќШĬċŰШ
ŉċǍũċШĤĲŰǍĲƖũŚťШŸũċŰШŊĲŰŸůŚťШƚĲŊůĲŰƣ 
fŰƣĲƖůĲĬŔċƣĲрƚŔǍĲĬШÉƣƖƨĦƣƨƖċũШ éċƖŔċŰƣШыfÉéьаШ 7ƬǃƬťũƬťШ ŸũċƖċťШ ΥШтШΠΜШ
ťŚũŸĤċǍШċƖċƚŕŰĬċШŸũċŰШÉé 
xŸƽШ9ŸƓǃШÅĲƓĲċƣƚШыx9ÅьаШÉ?ШŸũċƖċťШĬċШĤŚũŚŰĲŰЯШĤŚƖШŊĲŰŸůШŚĩŚŰĬĲШǃƬťƚĲťШ
ĬƬǍĲǃĬĲШĬŚǍŚШĤĲŰǍĲƖũŚŌŚШƓċǃũċƝċŰШĩŸťũƨШũŸťċƚǃŸŰũċƖĬċШĤƨũƨŰċŰШ?  ШĬŚǍŚƚŚ 
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ΝΞΤ 

ÂċƖċũŸŊŸƨƚШƚĲƕƨĲŰĦĲШéċƖŔċŰƣШыÂÉéьаШ<ŸŌċũƣŕũůŕƝШŚťŚШťŸƓǃċШċƖċƚŕŰĬċťŚШĬŚǍŚШ
ŉċƖťũŕũŕŌŕ 
ÉĲŊůĲŰƣċũШ?ƨƓũŔĦċƣŔŸŰШыÉ?ьаШ7ŚƖШťŚũŸĤċǍĬċŰШĤƬǃƬťШŸũċŰШƻĲШĬŚǍŚШĤĲŰǍĲƖũŚŌŚШ
ӖΦΜќĬċŰШŉċǍũċШŸũċŰШĩŸŌċũƣŕũůŕƝШĤƁũŊĲ 
fŰƣĲƖĦőƖŸůŸƚŸůċũаШ cŸůŸũŸŊШ ŸũůċǃċŰШ ťƖŸůŸǍŸůũċƖШ ċƖċƚŕŰĬċťŚШ
ĬĲŌŚƝŚůũĲƖШоШĬƨƓũŚťċƚǃŸŰũċƖ 
fŰƣƖċĦőƖŸůŸƚŸůċũаШ7ŚƖШťƖŸůŸǍŸůƨŰШ ťĲŰĬŚƚŚШŚĩŚŰĬĲШ ŸũċŰШĬĲŌŚƝŚůũĲƖШ оШ
ĬƨƓũŚťċƚǃŸŰũċƖ 
ÉŔŰŊũĲШ ƨĦũĲŸƣŔĬĲШÂŸũǃůŸƖƓőŔƚůШыÉ ÂьаШÑĲťШ ŰƬťũĲŸƣŚĬШ ŚĩĲƖĲŰШ ĤċǍШ
ĬĲŌŚƝŚůũĲƖŚЯШ ŚŰƚċŰĬċШ ΝΜШ ůŚũǃŸŰШĦŚƻċƖŕĬŕƖШ ƻĲШ ŚŰƚċŰũċƖШ ċƖċƚŕШ ŉċƖťũŕũŕťũċƖŕШ
ŸũƨƝƣƨƖĬƨŌƨШĬƬƝƬŰƬũůĲťƣĲĬŚƖЮШыlťŚШťŚƝŚШċƖċƚŕŰĬċШŸƖƣċũċůċШΝЮΞΡΜШĤċǍŕŰШÉ ÂШ
ŸũċƖċťШĬĲŌŚƝŚůШŊƁƚƣĲƖĬŚŌŚШŊƁƖƬũůƬƝƣƬƖь 
 
¶ lŰƚċŰĬċШĬƨƓũŚťċƚǃŸŰШŊĲĩŚƖĲŰШĲŰШǃċǃŊŕŰШŊĲŰŚŰШŊũŸĤŚŰќĬŚƖЮШ?ċőċШƁŰĦĲШƣĲťШ
ǍŚŰĦŚƖũŚШŸũċŰШŊũŸĤŚŰŚŰШǍċůċŰũċШыƣċőůŚŰĲŰШΡΜΜШůŚũǃŸŰШǃŕũШƁŰĦĲШ͈ШтШ͉ Ш
ċǃƖŕƝůċƚŕЯШΟΜΜШůŚũǃŸŰШǃŕũШƁŰĦĲШƣƖċŰƚũŸťċƚǃŸŰШŚũĲШŊĲŰШċƣũċůċƚŕьШĤƨŰƨШ
ťŸĬũċǃċŰШŊĲŰŚŰШыťƖŸůŸǍŸůШΝΣШƻĲШΝΝќĬĲьШĬƨƓũŚťċƚǃŸŰШŊĲĩŚƖůĲƚŚШŚũĲШΠШ
ǍŚŰĦŚƖũŚШőċũĲШŊĲũĬŚŌŚШĬƬƝƬŰƬũůĲťƣĲĬŚƖЮШ 

 
~ƨƣċƚǃŸŰũċƖа 
р cċǃċƣŚШ ƁŰĲůĲШ ƚċőŚƓШ ĤŚƖШ ŉŸŰťƚŚǃŸŰШ ƬǍĲƖŚŰĬĲШ ŚƚĲШƻĲШ ĤƨƖċĬċťŚШ
ċůŚŰŸċƚŚƣШĬŚǍŚƚŚŰŚŰШĬĲŌŚƝůĲƚŚŰĲШƚĲĤĲƓШŸũĬƨǃƚċЯШĤƨŰƨŰũċШŚũŚƝťŚũŚШ
ƓƖŸƣĲŚŰŚШĲƣťŚũĲǃĲƖĲťШǃċƓŕƚŕŰŕШĬĲŌŚƝƣŚƖĲĦĲŌŚŰĬĲŰШĦċŰũŕШƁũĲĦĲŌŚШŚĩŚŰШ
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ΝΞΥ 

ĩŸŌċũċůċǍЮШы?ŸŌċũШƚĲũĲťƚŚǃŸŰũċƖĬċШŰċĬŚƖĲŰШĤċǍŕШċũĲũũĲƖШőċǃċƣƣċШ
ťċũċĤŚũŚƖЮь 

р ÚƖĲůĲǃŚШ ŸũƨůũƨШĲƣťŚũĲǃĲŰШ ĤŚƖШ ůƨƣċƚǃŸŰШ ŚũĲШ ĩŸŌċũůċǃŕШ
ċƖƣƣŕƖċĦċŌŕŰĬċŰШĬċőċШŊĲŰŚƝШǃċǃŕũŕůШƚċŌũċƖЮ 

р  ƁƣƖШůƨƣċƚǃŸŰũċƖШŚƚĲШыċůŚŰŸċƚŚƣШĬĲŌŚƝŚťũŚŌŚŰĲШƚĲĤĲƓШŸũůċůŕƝƚċШǃċШ
ĬċШŚŰƣƖŸŰũċƖĬċШяťŸĬũċŰůċǃċŰШ?  ШĬŚǍŚƚŚŰĬĲѐШŚƚĲШƻĲǃċШĦċŰũŕũŕŌċШŰƁƣƖШ
ĤŚƖШťċƣťŕƚŕШƻċƖƚċьШǃŚŰĲШĬĲШƚƬƖĲĩƣĲШťċũŕƣŕůũċШŊĲũĲƖĲťШƻĲШĤŚƖŚťĲƖĲťШ
ƻċƖǃċƚǃŸŰċШыŊũŸĤŚŰĬĲťŚШŊŚĤŚьШƚĲĤĲƓШŸũċĤŚũŚƖũĲƖЮ 

7ƨШ ůƨƣċƚǃŸŰũċƖШ ƚŸŰƖċƚŕŰĬċШ őċǃċƣƣċШ ťċũċŰШ ƣŸƓũƨũƨŌċШťƨƖƨĦƨШ ƣŸƓũƨũƨťШ
ыŉŸƨŰĬĲƖШƓŸƓƨũċƣŔŸŰьШĬĲŰŚƖЮ 
¶ ~ƨƣċƚǃŸŰũċƖŕŰШ ĤċǍĲŰШŸũƨůƚƨǍШ ŸũċŰũċƖŕШĬċШ ĦċŰũŕũŕŌċШťċƣťŕШƻĲƖĲĤŚũŚƖЮШ
°ƖŰĲŌŚŰШ ŉƖŚťċќĬċШŸƖċťШőƬĦƖĲũŚШċŰĲůŚ86ШőċƚƣċũŕŌŕŰċШŰĲĬĲŰШŸũċŰШŊĲŰШ
ůƨƣċƚǃŸŰƨШ ƚŕƣůċŰŕŰШыůċũĲƖǃċьШĤƨШ ŸƖŊċŰŚǍůċĬċШ ĤƨũƨŰůċƚŕŰŕШ
ĲŰŊĲũũĲĬŚŌŚШŚĩŚŰШыĩƬŰťƬШƚŕƣůċШťŕƖůŕǍŕШťċŰШőƬĦƖĲũĲƖŚŰĲШǃĲƖũĲƝŚƖШċŰĦċťШĤƨШ
őƬĦƖĲũĲƖШŸƖċťШőƬĦƖĲШőċƚƣċũŕŌŕŰĬċŰШĬŸũċǃŕШŸťƚŚŢĲŰШĤċťŕůŕŰĬċŰШǃĲƣĲƖƚŚǍШ
ŸũĬƨŌƨŰĬċŰШ ƚŕƣůċШ ůŚťƖŸĤƨШ ĤƨƖċĬċШ ĩŸŌċũċůċǍьШ ĤƨƖċĬċťŚШ ŚŰƚċŰũċƖШ
ƚŕƣůċǃċШ ǃċťċũċŰůċǃŕƓШ őċǃċƣƣċШ ťċũůċǃċШ ƻĲШ ĩŸŌċũůċǃċШ ĬĲƻċůШ
ĲƣůŚƝũĲƖĬŚƖЮ 

¶ cĲƖШ ŢĲŰĲƖċƚǃŸŰĬċЯШǃċťũċƝŕťШ ΣΜШтШΤΜШ ŰƬťũĲŸƣŚƣШ ůƨƣċƚǃŸŰċШ ƨŌƖċǃŕƓШ
ĬĲŌŚƝŚƖШыĤŚƖШƁŰĦĲťŚШŢĲŰĲƖċƚǃŸŰĬċШŸũůċǃċŰШĬĲŌŚƝŚťũŚťũĲƖьЮ 

 
éƬĦƨĬƨůƨǍĬċШŚťŚШƣƬƖШőƬĦƖĲĬĲŰШĤċőƚĲƣůĲťШůƬůťƬŰĬƬƖа 
р ÉŸůċƣŚťШőƬĦƖĲũĲƖШыƻƬĦƨƣШőƬĦƖĲũĲƖŚьаШÉŸůċƣŚťШőƬĦƖĲЯШĩŸťШőƬĦƖĲũŚШĤŚƖШ
ŸƖŊċŰŚǍůċĬċЯШƬƖĲůĲǃũĲШŚũŊŚũŚШŸũċŰШŊċůĲƣЯШŊĲƖůШőƬĦƖĲƚŚЯШŊċůĲƣŸƚŚƣШ
ƻĲǃċШŉċƖťũŕũċƝůċůŕƝШťƁťШőƬĦƖĲШĬŕƝŕŰĬċťŚШĬŚŌĲƖШƣƬůШőƬĦƖĲũĲƖĲШƻĲƖŚũĲŰШ
ŚƚŚůĬŚƖЮШ7ƨƖċĬċťŚШůƨƣċƚǃŸŰũċƖШŸƖŊċŰŚǍůċĬċШťċũŕƖЮ 

р ]ĲƖůШőƬĦƖĲũĲƖŚШыĲƝĲǃШőƬĦƖĲũĲƖьаШ7ƨƖċĬċШŸũƨƝċŰШĤŚƖШůƨƣċƚǃŸŰШƚŸŰƖċťŚШ
ŰĲƚũĲШċťƣċƖŕũŕƖЮШ 

 
86Ш]ĲŰĲƣŚťШĤŚƖШőċƚƣċũŕťШŸũċŰШŸƖċťШőƬĦƖĲũŚШċŰĲůŚЯШťŕƖůŕǍŕШťċŰШőƬĦƖĲũĲƖŚŰŚŰШыĲƖŚƣƖŸƚŚƣьШĤƨŰƨШ
ŸũƨƝƣƨƖċŰШŊĲŰĬĲťŚШůƨƣċƚǃŸŰШƚŸŰƨĦƨŰĬċШċŰŸƖůċũШĤŚƖШƝĲťŚũĬĲШőŚũċũШыŸƖċťьШƝĲťũŚŰŚШċũċƖċťШťƬĩƬťШ
ťċŰШĬċůċƖũċƖŕŰŕШ ƣŕťċŰůċƚŕШ ƚŸŰƨĦƨШ ƚĲƖŚШ ťŸůƓũŚťċƚǃŸŰũċƖŕŰШ ŊĲũŚƝƣŚŌŚШ ĤŚƖШ őċƚƣċũŕťƣŕƖЮШ7ƨШ
őċƚƣċũŕťƣċШťċŰĬċШ ŸťƚŚŢĲŰШ ƣċƝŕůċťũċШ ŊƁƖĲƻũŚШ ŸũċŰШ őĲůŸŊũŸĤŚŰЯШǃċƓŕƚŕŰŕŰШ ĤŸǍƨũůċƚŕǃũċШ
ĤĲƖċĤĲƖЯШŊƁƖĲƻŚŰŚШǃĲƖŚŰĲШŊĲƣŚƖĲůĲǍШƻĲШťċŰĬċťŚШťŕƖůŕǍŕШťċŰШőƬĦƖĲũĲƖŚŰŚŰШċǍċũůċƚŕǃũċШĦŚĬĬŚШ
ĤŸǍƨťũƨťũċƖċШǃŸũШċĩċĤŚũŚƖЮ 
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ΝΞΦ 

 
cċƓũŸŚƣЯШĤŚƖШŸƖŊċŰŚǍůċŰŕŰШőƬĦƖĲũĲƖŚŰĬĲШƣĲťШĤŚƖШťƖŸůŸǍŸůШƚĲƣŚŰŚŰШƻċƖũŕŌŕŰċШ
ŚƝċƖĲƣШĲĬĲƖЮШEƝĲǃũŚШƬƖĲǃĲŰШŸƖŊċŰŚǍůċũċƖШĬŚƓũŸŚƣќĬŚƖШыőĲƖШĤŚƖŚШĤŚƖШĲĤĲƻĲǃŰĬĲŰШ
ŊĲũĲŰШŚťŚШťƖŸůŸǍŸůШƚĲƣŚŰĲШƚċőŚƓƣŚƖьЮШlŰƚċŰũċƖĬċШǃċũŰŕǍĦċШǃƨůƨƖƣċШƻĲШƚƓĲƖůШ
őƬĦƖĲũĲƖŚШőċƓũŸŚƣƣŚƖЮ 

 
 
ŰŰĲШƻĲШĤċĤċĬċŰШőċƓũŸŚƣШŸũċƖċťШŊĲũĲŰШĲƝĲǃШőƬĦƖĲũĲƖŚШĤŚƖũĲƝĲƖĲťШǍŚŊŸƣƨШ

ŸũƨƝƣƨƖƨƖЮШüŚŊŸƣƣċŰШőĲůШƚŸůċƣŚťШőƬĦƖĲũĲƖШőĲůШĬĲШǃĲŰŚШĦċŰũŕǃċШċŚƣШĲƝĲǃШ
őƬĦƖĲũĲƖŚШŸũƨƝƨƖЮШ7ƨƖċĬċťŚШƚŸůċƣŚťШőƬĦƖĲũĲƖШĤƁũƬŰĲƖĲťШĩŸŌċũŕƖШƻĲШĦċŰũŕǃŕШ
ŸũƨƝƣƨƖƨƖЮШEƝĲǃШőƬĦƖĲũĲƖШťƁťШőƬĦƖĲШŸũċƖċťШƻƬĦƨƣƣċШĬċőċШĩŸťШťŸƖƨůċǃċШ
ƚċőŚƓƣŚƖЮШ 
 
~ƨƣċƚǃŸŰũċƖŕШŚǍũĲůĲťШŚĩŚŰШŢĲŰĲƖċƚǃŸŰũċƖŕШŚǍũĲůĲťШƻĲШŸũƨƝċŰШĬĲŌŚƝŚťũŚťũĲƖŚШ
ƣċťŚƓШ ĲƣůĲťШŊĲƖĲťŚƖЮШlŰƚċŰĬċШ ŢĲŰĲƖċƚǃŸŰШ ƚƬƖĲƚŚШ ǃċťũċƝŕťШ ΞΜрΟΜШ ǃŕũĬŕƖШ
§ƖƣċũċůċШĤƨШťċĬċƖШƚƬƖĲĬĲШƣĲťƖċƖШĩŸŌċũŕƖũċƖЮШ§ШƚĲĤĲƓũĲШƚƬƖĲĦŚШŚǍũĲůĲťШ
ƨǍƨŰĬƨƖЮШШuŸũŚШĤċƚŚũŚŰŚŰШыĲЮĦŸũŚ87ьШŚƚĲШŢĲŰĲƖċƚǃŸŰШƚƬƖĲƚŚШΟΜШĬċťŚťċШŸũĬƨŌƨШŚĩŚŰШ
ůƨƣċƚǃŸŰũċƖŕШĤƨШĦċŰũŕШƬǍĲƖŚŰĬĲШŚǍũĲůĲťШĬċőċШƓƖċƣŚťƣŚƖЮШ 
 

uƖŸůŸǍŸůũċƖ 

uƖŸůŸǍŸůЯШ ?  ѣŰŕŰШ ѢőŚƚƣŸŰѢШ ƓƖŸƣĲŚŰũĲƖŚШ ĲƣƖċŉŕŰċШ ƚċƖŕũůċƚŕǃũċЯШ
ǃŸŌƨŰũċƝċƖċťШŸũƨƝƣƨƖĬƨŌƨЯШĦċŰũŕũċƖĬċШťċũŕƣŕůŕШƚċŌũċǃċŰШŊĲŰĲƣŚťШĤŚƖŚůũĲƖĬŚƖЮ 
 

 
87ШEЮ9ŸũŚаШEƚĦőĲƖŚĦőŚċШĦŸũŚЯШEŰƣĲƖŸĤċĦƣĲƖŚċĦĲċĲШŉċůŚũǃċƚŕŰŕŰШĤŚƖШƬǃĲƚŚШŸũƨƓШůĲůĲũŚШĦċŰũŕũċƖŕŰШ
ťċũŕŰШĤċŌŕƖƚċŌŕŰĬċШǃċƝċĬŕŌŕШŚĩŚŰШĤƨШċĬŕШċũċŰШĤŚƖШĤċťƣĲƖŚШƣƬƖƬĬƬƖЮШEЮĦŸũŚШĩƨĤƨťШƝĲťũŚŰĬĲĬŚƖШƻĲШ
ŊƖċůШŰĲŊċƣŚŉШĤċťƣĲƖŚШŸũĬƨŌƨŰĬċŰШĲŰĬŸƚƓŸƖШŸũƨƝƣƨƖůċǍЮШEЮШĦŸũŚШǃċťũċƝŕťШΞЯΜШů͓ШƨǍƨŰũƨŌƨŰĬċШ
ƻĲШΜЯΡШů͓ШĩċƓŕŰĬċĬŕƖЮ 
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cŚƚƣŸŰũċƖЯШ ĩŸŌƨŰũƨťũċШ ƁťċƖǃŸƣŚť88ШőƬĦƖĲũĲƖĬĲШ ĤƨũƨŰċŰЯШ ťƬĩƬťШ ůŸũĲťƬũШ
ċŌŕƖũŕťũŕЯШĤċǍŚťШƓƖŸƣĲŚŰũĲƖĬŚƖЮШxŚǍŚŰ89ШƻĲШċƖŊŚŰŚŰ90ШŚĩĲƖŚťũĲƖŚŰĲШŊƁƖĲЯШcΝШыcΡШĬĲШ
ĬĲŰŚƖьЯШcΞ ЯШcΞ7ЯШcΟЯШcΠШƻĲШċƖťĲċũШőŚƚƣŸŰũċƖШŸũůċťШƬǍĲƖĲШΣШƣŚƓƣŚƖЮ 
 
uƖŸůċƣŚŰЯШőƬĦƖĲШĩĲťŚƖĬĲŌŚŰĬĲťŚШ?  ѣŰŕŰЯШőŚƚƣŸŰũċƖШŚũĲШĤĲƖċĤĲƖШŸũƨƝƣƨƖĬƨŌƨШ
ǃċƓŕĬŕƖЮШ7ƁũƬŰůĲШƚƬƖĲĦŚŰĲШŊĲĩůĲťƣĲШŸũċŰШĤŚƖШőƬĦƖĲШŕƝŕťШůŚťƖŸƚťŸƓƨШŚũĲШ
ŚŰĦĲũĲŰŚƖƚĲЯШĩĲťŚƖĬĲŌŚŰШŚĩŚŰĬĲШŚŰĦĲШŚƓĩŚťũĲƖĬĲŰШŸũƨƝůƨƝЯШǃƨůċťШĤŚĩŚůŚŰĬĲШ
ĤŚƖШċŌШǃċƓŕƚŕШŊƁƖƬũƬƖЮШ7ƨШǃċƓŕШťƖŸůċƣŚŰШċĬŕŰŕШċũŕƖЮ 
¶ uƖŸůċƣŚŰШǃċƓŕƚŕŰĬċШ?  ЯШ?  ѣŰŕŰШŚťŚШťċƣŕШťċĬċƖШƓƖŸƣĲŚŰШĤƨũƨŰƨƖЮШcƬĦƖĲШ
ĩĲťŚƖĬĲŌŚŰĬĲťŚШĤƨШƓƖŸƣĲŚŰũĲƖЯШċƚŚĬŚťШƁǍĲũũŚťƣĲШѢőŚƚƣŸŰШŸũůċǃċŰѢШƻĲШĤċǍŚťШ
ƁǍĲũŚťƣĲШѢőŚƚƣŸŰѢШƣŚƓŚШƓƖŸƣĲŚŰũĲƖĬŚƖЮ 

¶ uƖŸůŸǍŸůũċƖШƨĩШƨĦċШĲťũĲŰůŚƝШ?  ШƓċƖĩċũċƖŕŰĬċŰШŸũƨƝƨƖЮ 
¶ uƖŸůŸǍŸůũċƖŕŰШƚċǃŕƚŕШĦċŰũŕШƣƬƖũĲƖŚŰĬĲШĬĲŌŚƝŚťũŚťШŊƁƚƣĲƖŚƖЮШ°ƖŰĲŌŚŰШƚŚƖťĲШ
ƚŚŰĲŌŚŰĬĲШΥЯШťƨƖĤċŌċĬċШΞΣЯШŉċƖĲĬĲШΠΞЯШťƁƓĲťƣĲШΤΥШťƖŸůŸǍŸůШƻċƖĬŕƖЮШ
lŰƚċŰŕŰШťƖŸůŸǍŸůШƚċǃŕƚŕШŚƚĲШΠΣѣĬŕƖЮШΞΞѣƚŚШĩŚŉƣШŸƣŸǍŸůШťƖŸůŸǍŸůĬƨƖЮШ
lŰƚċŰШőƬĦƖĲƚŚŰĬĲШΝШĩŚŉƣШĬĲШĲƝĲǃƚĲũШťƖŸůŸǍŸůШĤƨũƨŰƨƖШƻĲШƣŸƓũċůШƚċǃŕШΠΣШ
ĲĬĲƖЮШEƝĲǃШťƖŸůŸǍŸůũċƖŕШťċĬŕŰũċƖĬċШññЯШĲƖťĲťũĲƖĬĲШñòШĬŚƖЮ 
ыlŰƚċŰũċƖĬċЮΥΦЮťƖŸůŸǍŸůЮĩŚŉƣŚЮĤƨũƨŰƨƖдЮòŚƖůŚЮƬĩƬŰĦƬЮťƖŸůŸǍŸůЮǂЮƻĲǃċЮ
ǃЮ ťƖŸůŸǍŸůƨĬƨƖдЮ7ƨŰũċƖŕŰЮ őĲƓƚŚŰŚŰЮ ƣŸƓũċůŕЮ ŚŰƚċŰЮ ƻƬĦƨĬƨŰƨŰЮ
ŊĲŰŸůƨŰƨЮŸũƨƝƣƨƖƨƖдЮEƝĲǃЮőƬĦƖĲũĲƖŚЮőċƖŚĩЮƻƬĦƨƣƣċťŚЮőĲƖЮőƬĦƖĲĬĲЮĤƨЮ
ƚĲƣŚŰЮƣċůċůŕЮĤƨũƨŰƨƖдШuƖŸůŸǍŸůũċƖĬċЮǃĲƖЮċũċŰЮƻĲЮƚċǃŕũċƖŕЮΥΨЮĤŚŰЮŚũĲЮΦΣЮ
ĤŚŰЮċƖċƚŕŰĬċЮŸũĬƨŌƨЮƣċőůŚŰЮĲĬŚũĲŰЮŊĲŰũĲƖŚŰЮŸũƨƝƣƨƖĬƨŌƨЮǍŚŰĦŚƖеЮťŚƝŚŰŚŰЮ
ŊƁǍЮ ƖĲŰŊŚŰĬĲŰЮ ĤŸǃƨŰċЮťċĬċƖЮƓĲťЮ ĩŸťЮ ƝĲǃŚЮ ƓƖŸŊƖċůũċƖдЮ 7ƨЮ ŊĲŰĲƣŚťЮ
ƓƖŸŊƖċůũċƖеЮŰƬťũĲŸƣŚƣЮĬĲŰĲŰЮё еЮÑеЮ9еЮ]ђЮǃċƓŕũċƖŕŰЮŉċƖťũŕЮĬŚǍŚũŚůũĲƖŚǃũĲЮ
ƝŚŉƖĲũĲŰŚƖдђ 
 

 
88Ш°ťċƖǃŸƣũċƖЯШőƬĦƖĲũĲƖŚŰĬĲШĤŚƖШĩĲťŚƖĬĲťШƻĲШтŊĲŰĲũũŚťũĲтШŸƖŊċŰĲũũĲƖШŚĩĲƖĲŰШĤŚƖШĦċŰũŕũċƖШŊƖƨĤƨШ
ŸũƨƓЯШĤŚũŚůƚĲũШƚŕŰŕǰċŰĬŕƖůċĬċШċƖťĲũĲƖШƻĲШĤċťƣĲƖŚũĲƖũĲШĤĲƖċĤĲƖШƣƬůШĦċŰũŕũċƖŕШťċƓƚċǃċŰШƬĩШċŰċШ
ŊƖƨƓƣċŰШĤŚƖŚĬŚƖЮ 
89ШxŚǍŚŰШыxǃƚЯШuьШĤŚƖĩŸťШƓƖŸƣĲŚŰŚŰШƁŰĦƬƚƬШŸũċŰШĤŚƖШр͈ċůŚŰŸШċƚŚƣƣŚƖЮШ7ċǍŚťШċůŚŰŸċƚŚƣũĲƖШŊƖƨĤƨŰċШ
ĬċőŚũĬŚƖЮ 
90Ш ƖŊŚŰŚŰШы ƖŊЯШ ÅьШ ĤŚƖШр͈ċůŚŰŸċƚŚƣƣŚƖЮШ xрċƖŊŚŰŚŰЯШ ĬŸŌċĬċШ ĤƨũƨŰċŰШ ƓƖŸƣĲŚŰũĲƖŚŰШ ǃċƓŕƚŕŰŕШ
ŸũƨƝƣƨƖċŰШΞΜШċůŚŰŸċƚŚƣƣĲŰШĤŚƖŚĬŚƖЮШ~ĲůĲũŚШőċǃƻċŰũċƖĬċЯШċƖŢŚŰŚŰШƣĲůĲũШċůŚŰŸċƚŚƣũĲƖĬĲŰШĤŚƖŚШ
ŸũċƖċťШťċĤƨũШĲĬŚũůĲťƣĲĬŚƖЮ 
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uƖŸůċƣŚƣЯШ?  ѣŰŕŰШőƬĦƖĲШĤƁũƬŰůĲƚŚШĲƚŰċƚŕŰĬċШƚĲŰƣĲǍũĲŰĲŰЯШƓƖŸƣĲŚŰШĤŚƖШ
ǍċƖŉШ ŚũĲШ ƓċťĲƣũĲŰĲƖĲťШƚĲŰƣƖŸůĲƖ91ШŚũĲШ ĤŚƖĤŚƖŚŰĲШ ƣƨƣƣƨƖƨũůƨƝШ ŚťŚШ
ťŸƓǃċƚŕŰĬċŰШőĲƖШĤŚƖŚĬŚƖЮШuƖŸůċƣŚƣũĲƖĲШċǃŰŕШǍċůċŰĬċШĲƝШťƖŸůŸǍŸůũċƖШ
ĬĲŰŚƖЮШuƖŸůŸǍŸůШĲƝũĲŰůĲƚŚШƚŸŰƨĦƨŰĬċШŸũƨƝƨƖũċƖШƻĲШŚťŚШťƖŸůċƣŚƣШĤŚƖШ
ċƖċǃċШŊĲũĲƖĲťШťƖŸůŸǍŸůƨШŸũƨƝƣƨƖƨƖЮ 
 

¶ cĲƖШťƖŸůŸǍŸůĬċŰШůċƣĲƖŰċũШыċŰŰĲĬĲŰШŊĲũĲŰьШƻĲШƓċƣĲƖŰċũШыĤċĤċĬċŰШ
ŊĲũĲŰьШŸũůċťШƬǍĲƖĲШŚťŚШƣċŰĲШĤƨũƨŰƨƖЮШ7ƨƖċĬċťŚШőĲƖШťƖŸůŸǍŸůШĩŚŉƣŚŰĲШ
őŸůŸũŸŊШťƖŸůŸǍŸůũċƖ92ШĬĲŰŚƖЮШòŚƖůŚШƬĩƬŰĦƬШťƖŸůŸǍŸůĬċЯШťŕǍũċƖĬċШŚťŚШ
ƣċŰĲШñШťƖŸůŸǍŸůƨШĲƖťĲťũĲƖĬĲШŚƚĲШĤŚƖШƣċŰĲШòШƻĲШĤŚƖШƣċŰĲШñШťƖŸůŸǍŸůƨШ
ĤƨũƨŰƨƖЮШыòШťƖŸůŸǍŸůƨШñќĲШŊƁƖĲШĬċőċШťŕƚċĬŕƖЯШĬŸũċǃŕƚŕǃũċШñќŚŰШòШŚũĲШ
ĲƝũĲƝĲůĲǃĲŰШ ĤƁũƬůƬШ ƻċƖĬŕƖЮШ 7ƨШ ǃƬǍĬĲŰШĲƖťĲťƣĲťŚШ ñòШťƖŸůŸǍŸůƨШ
őŸůŸũŸŊШĬĲŌŚũĬŚƖь 

¶ uƖŸůŸǍŸůũċƖŕŰШƣċůċůŕЯШŸШĦċŰũŕŰŕŰШŊĲŰŸůќƨŰƨШŸũƨƝƣƨƖƨƖЮШEƝĲǃШőƬĦƖĲũĲƖŚШ
őċƖŚĩШ ƣƬůШ őƬĦƖĲũĲƖĬĲШ ĤƨШ ťƖŸůŸǍŸůШ ƚĲƣŚŰŚŰШ ƣċůċůŕШ ыǃċŰŚШ ŊĲŰŸůьШ
ĤƨũƨŰƨƖЮ 

ÎШcŸůŸũŸŊШťƖŸůŸǍŸůũċƖЯШċŰŰĲШƻĲШĤċĤċĬċŰШŊĲũĲŰШċǃŰŕШŊĲŰШŊƖƨƓũċƖŕŰŕШ
ƣċƝŕĬŕŌŕШŚĩŚŰШĤŚƖĤŚƖŚŰĲШĤĲŰǍĲƖШċŰĦċťШċŰŰĲĬĲŰШŊĲũĲŰШťƖŸůŸǍŸůШċŰŰĲŰŚŰШ
ƁǍĲũũŚťũĲƖŚŰŚШƻĲШĤċĤċĬċŰШŊĲũĲŰШĬĲШĤċĤċŰŕŰШƁǍĲũũŚťũĲƖŚŰŚШƣċƝŕǃċŰШŊĲŰũĲƖŚШ
ŚĩĲƖĬŚŌŚШŚĩŚŰШőŸůŸũŸŊШťƖŸůŸǍŸůũċƖШĤŚƖĤŚƖŚŰŚŰШĤŚƖĲĤŚƖШċǃŰŕƚŕШĬĲŌŚũĬŚƖЮ 
 
Homolog kromozomlar birebir eĸ deĵildir ­¿nk¿ her biri, bir organizmanēn 
ebeveynlerinden birinden miras alēnan iki ayrē kromozom setinden birini temsil eder. 
Bu farklar, genetik ­eĸitlilik ve t¿rlerin evrimi i­in ºnemlidir. ķu sebeplerle homolog 
kromozomlar birebir eĸ deĵildir: 
Allelik Varyasyonlar: Her homolog kromozom ­iftinde, aynē genlerin farklē 
versiyonlarē (alleller) bulunabilir. Bu alleller, aynē genin farklē formlarēnē temsil eder ve 
fenotipik farklēlēklara yol a­abilir. 

 
91ШÉĲŰƣƖŸůĲƖЯШťƖŸůŸǍŸůШƬǍĲƖŚŰĬĲШŚŌШŚƓũŚŌŚŰŚŰШƣƨƣƨŰĬƨŌƨШŰŸťƣċĬŕƖЮШuƖŸůŸǍŸůũċƖĬċШťċƖĬĲƝШ
ťƖŸůċƣŚƣũĲƖŚШĤŚƖШċƖċĬċШƣƨƣċŰШťŕƚŕůШƚĲŰƣƖŸůĲƖĬŚƖЮ 
92ШcŸůŸũŸŊШťƖŸůŸǍŸůЯШĤŚƖŚШċŰŰĲĬĲŰШĤŚƖŚШĤċĤċĬċŰШŊĲũĲŰШƝĲťŚũШƻĲШĤƬǃƬťũƬťШĤċťŕůŕŰĬċŰШċǃŰŕЯШ
ċǃŰŕШťċƖċťƣĲƖĲШĲƣťŚШĲĬĲŰШťƖŸůŸǍŸůũċƖĬŕƖЮШ]ĲŰШĬŚǍŚũŚƝũĲƖŚШŊĲŰĲũĬĲШŉċƖťũŕШŸũċĤŚũĬŚŌŚШŊŚĤŚШċǃŰŕШĬċШ
ŸũċĤŚũŚƖЮ 
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ΝΟΞ 

Genetik Rekombinasyon: Mevyoz sērasēnda, homolog kromozomlar arasēnda 
genetik materyal deĵiĸimi (crossing over) ger­ekleĸir. Bu, kromozomlarda yeni allel 
kombinasyonlarē oluĸturarak genetik ­eĸitliliĵi artērēr. 
Mutasyonlar: Kromozomlarda zamanla biriken mutasyonlar, homolog kromozomlar 
arasēnda farklēlēklar yaratabilir. Bu mutasyonlar, genlerin yapēsēnē ve iĸlevini 
deĵiĸtirebilir. 
Ebeveyn KaynaĶĔ: Her homolog kromozom ­ifti, bir kromozomun anneden ve 
diĵerinin babadan geldiĵi iki farklē ebeveyn kaynaĵēndan t¿retilmiĸtir. Bu, her 
ebeveynden gelen kromozomlarēn genetik olarak farklē olmasēnē saĵlar. 
Epigenetik Modifikasyonlar: DNA metilasyonu ve histon modifikasyonlarē gibi 
epigenetik deĵiĸiklikler, homolog kromozomlarēn farklē gen ekspresyon profillerine 
sahip olmasēna neden olabilir. 

 
 

 
òЮƻĲЮñЮťƖŸůŸǍŸůũċƖŕ 

¶ ?  ШĲƝũĲƝůĲƚŚ93ШŸũĬƨŌƨŰĬċШőĲƖШťƖŸůŸǍŸůƨŰШƁƖŰĲŌŚŰШůċƣĲƖŰċũШыƻĲǃċШ
ƓċƣĲƖŰċũьШŸũċŰŕШťĲŰĬŚŰŚШťŸƓǃċũċƖШыĩŸŌċũƣŕƖьШƻĲШĲƝũĲƝŚƖШыƚĲŰƣƖŸůĲƖШĬĲŰĲŰШ
ĤƁũŊĲĬĲŰШĤŚƖĤŚƖŚŰĲШĤċŌũċŰŕƖьЯШǃċŰŚШĤŚƖШĩŚŉƣƣĲťŚШőĲƖШŚťŚШťŸƓǃċШĬċШĤŚƖĤŚƖŚŰŚŰШ
ċǃŰŕƚŕĬŕƖЮШ 

 
93Ш?  ШƖĲƓũŚťċƚǃŸŰƨШǃċШĬċШ?  ШĲƝũĲŰůĲƚŚЯШĤƬƣƬŰШŸƖŊċŰŚǍůċũċƖĬċШŸƖƣċǃċШĩŕťċŰШƻĲШ?  Ш
ťŸƓǃċũċůċШŚƝũĲůŚŰŚШŊĲƖĩĲťũĲƝƣŚƖĲƖĲťШťċũŕƣŕůŕŰШƣĲůĲũŚŰŚШůĲǃĬċŰċШŊĲƣŚƖĲŰШĤŚǃŸũŸŢŚťШĤŚƖШƚƬƖĲĦŚШ
ŚŉċĬĲШĲĬĲƖЮ 



ѿШÌƨĤċƣЯШΞΜΞΡШ?ƖЮШ~ƨƚƣċŉċШ ŉǃŸŰũƨŸŌũƨ 

ΝΟΟ 

7ŚƖШƚĲŰƣƖŸůĲƖШŚũĲШĤŚƖĤŚƖŚŰĲШĤċŌũċŰůŕƝШŸũċŰШƣĲťШĤŚƖШĩŸŌċũůŕƝШťƖŸůŸǍŸůƨŰШ
ΞШƁǍĬĲƝШťŸƓǃċƚŕŰċШťċƖĬĲƝШťƖŸůċƣŚƣШыƚŚƚƣĲƖШťƖŸůċƣŚĬьШĬĲŰŚƖЮ 

 
¶ uƖŸůŸǍŸůũċƖШ ŚŰƚċŰũċƖĬċШĩŚŉƣШőċũĬĲШ ĬŸŌƖƨƚċũЯШĤċťƣĲƖŚũĲƖĬĲШ ŚƚĲШ
őċũťċƚċũĬŕƖЮ 

¶ uƖŸůŸǍŸůƨŰШ ƨĩũċƖŕŰĬċШƣĲũŸůĲƖ94ШĤƁũŊĲũĲƖŚШ ƻċƖĬŕƖЯШ ŸƖƣċƚŕŰĬċШ ŚƚĲШ
ƚĲŰƣƖŸůĲƖШĬĲŰŚũĲŰШƻĲШĲƝũĲƝƣŚťũĲƖŚŰĬĲШĤŚƖĤŚƖŚŰĲШĤċŌũċŰĬŕťũċƖŕШŰŸťƣċШŸũċŰШ
ĤŚƖШǃĲƖШƻċƖĬŕƖЮШ7ƨƖċũċƖĬċШťŸĬũċǃċŰШŊĲŰШǃŸťƣƨƖЮШcĲƣĲƖŸťƖŸůċƣŚŰ95ШŚũĲШ
ťċƓũŕĬŕƖЮ 

¶ ]ĲŰĲƣŚťШőċƚƣċũŕťШĬƨƖƨůũċƖŕŰĬċШŸũċƚŕШůƨƣċƚǃŸŰũċƖĬċŰШƝƬƓőĲũĲŰŚũĬŚŌŚŰĬĲШ
ƻĲǃċШĬŸƽŰШƚĲŰĬƖŸůƨ96ШŊŚĤŚШťƖŸůŸǍŸůũċƖШƬǍĲƖŚŰĬĲШƁŰĲůũŚШĬĲŌŚƝŚťũŚťũĲƖŚŰШ
ŸũĬƨŌƨШĬƨƖƨůũċƖĬċЯШťƖŸůŸǍŸůũċƖŕŰШőċƚċƖШċũĬŕŌŕШыĤŚƖШťŕƚůŕŰŕŰШťŸƓƣƨŌƨШ
ǃċШ ĬċШŚĩŚŰĬĲťŚШ ƚŕƖċũċůċŰŕŰШ ĬĲŌŚƝƣŚŌŚЯШ ĤŸǍƨũĬƨŌƨьШ ĬƨƖƨůũċƖĬċШ
ťƖŸůŸǍŸůũċƖŕШŚŰĦĲũĲůĲťШ ƬǍĲƖĲШ ŚƝċƖĲƣũĲůĲťШŚĩŚŰШ ŚťŚШ ǃƁŰƣĲůШ ƻċƖĬŕƖШ
ыuƖŸůŸǍŸůШƚĲƻŚǃĲƚŚŰĬĲШǃċƓŕũċŰШĤƨШŚŰĦĲũĲůĲũĲƖĲШťċƖǃŸƣŚƓũĲůĲШĬĲŰŚƖьа 

 
94ШÑĲũŸůĲƖЯШ ƁťċƖǃŸƣŚťШ ĬŸŌƖƨƚċũШ ťƖŸůŸǍŸůũċƖŕŰШ ƨĩũċƖŕŰĬċШ ĤƨũƨŰċŰЯШ őĲƖőċŰŊŚШ ĤŚƖШ ŊĲŰШ
ťŸĬũċůċǃċŰЯШƁǍĲũũĲƝůŚƝШőĲƣĲƖŸťƖŸůċƣŚŰШǃċƓŕũċƖŕĬŕƖЮШÑĲũŸůĲƖũĲƖŚŰШƻċƖũŕŌŕЯШťƖŸůŸǍŸůũċƖŕŰШ
ƨĩũċƖŕŰŕŰШƖċƚƣŊĲũĲШĩŚŉƣШǍŚŰĦŚƖШ?  ШťŕƖŕũůċũċƖŕŰĬċŰШťŸƖƨǃċƖċťШŚƚƣĲŰůĲǃĲŰШťƖŸůŸǍŸůШƨĩũċƖŕŰŕŰШ
ĤŚƖũĲƝůĲƚŚŰĬĲŰШǃċШĬċШťƖŸůŸǍŸůƨШŰƬťũĲŸũŚƣŚťШƓċƖĩċũċŰůċĬċŰШťŸƖƨƖЮ 
95ШcĲƣĲƖŸťƖŸůċƣŚŰЯШ ŚŰƣĲƖŉċǍШ ċƝċůċƚŕŰĬċШ ǃŸŌƨŰũċƝůŕƝШ őċũĬĲШ ĤƨũƨŰċŰШ ťƖŸůċƣŚŰĬŚƖЮШ
cĲƣĲƖŸťƖŸůċƣŚťШĤƁũŊĲũĲƖШŊĲŰĲƣŚťШŸũċƖċťШĲƣťŚũĲƝŚůĲШŊŚƖůĲǍЯШŊĲĩШƖĲƓũŚťċƚǃŸŰШǃċƓůċШƁǍĲũũŚŌŚŰĲШ
ƚċőŚƓƣŚƖЮ 
96Ш?ŸƽŰШƚĲŰĬƖŸůƨШы~ŸŰŊŸũŚǍůьЯШΞΝЮШťƖŸůŸǍŸůƨŰШŉċǍũċĬċŰШĤŚƖШťŸƓǃċƚŕŰċШƚċőŚƓШŸũůċШ
ĬƨƖƨůƨǃũċШťċƖċťƣĲƖŚǍĲШŊĲŰĲƣŚťШƻĲШĲŰШƚŕťШŊƁƖƬũĲŰШťƖŸůŸǍŸůċũШőċƚƣċũŕťƣŕƖЮШ ǃŰŕШǍċůċŰĬċШ
ĩŸĦƨťũċƖĬċШǃċƻċƝШƁŌƖĲŰůĲШƻĲШǍĲťċШŊĲƖŚũŚŌŚŰŚŰШĲŰШƚŕťШƚĲĤĲĤŚĬŚƖЮШ[ċǍũċĬċŰШŸũċŰШΞΝЮШťƖŸůŸǍŸůШ
ĬŸũċǃŕƚŕШŚũĲШÑƖŚǍŸůŚШΞΝШŸũċƖċťШĬċШċĬũċŰĬŕƖŕũŕƖЮ 
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ΝΟΠ 

o ]ŚĲůƚċШĤŸǃċƚŕаШuƖŸůŸǍŸůШĤƁũƬůũĲƖŚШƬǍĲƖŚŰĬĲШťŸŰƣƖċƚƣŕШċƖƣƣŕƖċŰШĤŚƖШ
ĤŸǃċĬŕƖЮШ~ĲƣċŉċǍШċƝċůċƚŕŰĬċťŚШťƖŸůŸǍŸůũċƖċШƨǃŊƨũċŰĬŕŌŕŰĬċЯШőĲƖШ
ťƖŸůŸǍŸůШťĲŰĬŚŰĲШƁǍŊƬШċĩŕťШƻĲШťŸǃƨШĤċŰƣũċƖШƝĲťũŚŰĬĲШŊƁƖƬŰƬƖЮШ 

o ыŚŰЮƚŚƣƨьШ őǃĤƖŚĬŚƚċƣŚŸŰаШ ÉċĬĲĦĲШ ŚŰĦĲũĲŰĲĦĲťШ ťƖŸůŸǍŸůċШ
ĤċŌũċŰċĦċťШƖĲŰťũĲŰĬŚƖŚũůŚƝШыƻĲǃċШċŰƣŚťŸƖШŊŚĤŚШĤċŌũċŰŕƓШĬċőċШƚŸŰƖċШ
ĤŸǃċƖШůċĬĬĲŰŚŰШĤċŌũċŰċĤŚũĲĦĲŌŚШƝĲťŚũĬĲьШĤŚƖШ?  ШĬŚǍŚƚŚШыƓƖŸĤĲьШ
ŊƁŰĬĲƖŚũŚƖЮШ7ƁǃũĲĦĲШƖĲŰťШŕƝŕůċƚŕШƚċǃĲƚŚŰĬĲШŚŰĦĲũĲŰĲĦĲťШťƖŸůŸǍŸůШ
ĬŸŌƖƨĬċŰШŚǍũĲŰĲĤŚũŚƖЮШ7ċƝťċШťƖŸůŸǍŸůШĩŚŉƣŚŰĲЯШŸŰċШĤċŌũċŰċĤŚũĲĦĲťШ
ŉċƖťũŕШƖĲŰťƣĲШŕƝŕůċШǃċƓċŰШĬŚǍŚШŊƁŰĬĲƖŚũĲƖĲťШŚƚƣĲŰŚũĲŰШťƖŸůŸǍŸůШ
ĤƁũƬůƬŰĲШĲƖŚƝŚũůŚƝШƻĲШŚŰĦĲũĲŰůŚƝШŸũƨƖЮ 

¶ uƖŸůŸǍŸůШŊĲŰũĲƖĬĲŰШŸũƨƝƨƖЮШcĲƖШŊĲŰШťĲŰĬŚШŚĩŚŰĬĲа 
o lťŚШƨĩƣċЯШťŸĬũċůċШƁǍĲũũŚŌŚШŸũůċǃċŰШŊĲŰШƓċƖĩċũċƖŕШĤƨũƨŰƨƖШыőĲůШŚťŚШŊĲŰШ
ċƖċƚŕŰĬċťŚШ ůĲƚċŉĲǃŚШ ƚċŌũċƖũċƖЯШ őĲůШ ĬĲШ ĬƬǍĲŰũĲǃŚĦŚШ ĬŚǍŚũĲƖŚШ
ĤċƖŕŰĬŕƖŕƖũċƖЯШĤƨƖċƚŕШĤŚƖШƝĲǃШťŸĬũċůċĬŕŌŕШŚĩŚŰШĤƨШĤƁũƬůũĲƖĬĲŰШőĲƖőċŰŊŚШ
ĤŚƖШƝĲǃШƬƖĲƣŚũůĲǍШċŰĦċťШ?  ШĬŚǍŚƚŚĬŚƖũĲƖь 

o §ƖƣċĬċЯШťŸĬũċůċШŚĩŚŰШťƨũũċŰŕũċŰШċƚŕũШŊĲŰШĤƁũƬůƬШĤƨũƨŰƨƖЮШ§ƖƣċĬċťŚШ
ĤƁũƬůЯШĤŚƖШƨĦƨŰĬċШΡќШÖÑÅ97ШĤƁũŊĲƚŚШĬŚŌĲƖШƨĦƨШΟќШÖÑÅШĤƁũŊĲƚŚШŚĩĲƖŚƖШƻĲШ
ťŸĬũċůċǃċШťċƣŕũůċǍЮШ§ƖƣċĬċťŚШĤƁũƬůƬŰШĩŸťШċǍШĤŚƖШťŕƚůŕШƓƖŸƣĲŚŰШ
ťŸĬũċǃċŰШ ĤƁũŊĲĬŚƖЮШ 7ƨƖċũċƖċШĲǂŸŰ98ШĬĲŰŚƖЮШ7ƨƖċĬċШ ǃĲƖШ ċũċŰШ ƻĲШ
ťŸĬũċůċǃċШťċƣŕũůċǃċŰШĬŚŌĲƖШĤƁũŊĲũĲƖĲШĬĲШŚŰƣƖŸŰШĬĲŰŚƖЮШ7ŚƖĤŚƖũĲƖŚŰŚШ
ƣċťŚƓШĲĬĲŰШĤƨШĤƁũŊĲũĲƖĬĲЯШĤŚƖШĲǂŸŰШΝΜΜрΝΡΜШĤċǍШƨǍƨŰũƨŌƨŰĬċǃťĲŰШ
ƓĲƝŚŰĬĲŰШ ŊĲũĲŰШ ŚŰƣƖŸŰШ ΞЮΜΜΜШтШΞΜЮΜΜΜШĤċǍШ ƨǍƨŰũƨŌƨŰĬċШ
ŸũċĤŚũůĲťƣĲĬŚƖЮШ7ƨШƚċǃĲĬĲШыĲƻƖŚůƚĲũШĲŰШĤƬǃƬťШŉċǃĬċьШ?  ќĬċШŸũƨƝċŰШ
ůƨƣċƚǃŸŰƨŰШťŸĬũċǃċŰШĤƁũŊĲũĲƖĲШĬĲŰťШŊĲũůĲШŚőƣŚůċũŚШċǍċũůċťƣċĬŕƖЮШ
ǃƖŕĦċШ ĤƨШ ťŸĬũċŰůċǃċŰШ ĤƁũŊĲũĲƖĬĲШ ĩŸťШ ŉċǍũċШ ƓƖŸƣĲŚŰШ ĤċŌũċŰůċШ
ĤƁũŊĲũĲƖŚШ ƻċƖĬŕƖЮШ7ƨŰƨŰШ ĬċШƁŰĲůũŚШ ŉŸŰťƚŚǃŸŰũċƖŕШ ŸũĬƨŌƨШ ƣċőůŚŰШ
ĲĬŚũůĲťũĲШĤŚƖũŚťƣĲШőĲŰƬǍШĬĲƣċǃũċƖШĤŚũŚŰůĲůĲťƣĲĬŚƖЮШ 

 

 
97ШÖÑÅаШÖŰƣƖċŰƚũċƣĲĬШÅĲŊŚŸŰаШůÅ  ѣŰŕŰШĤċƝũċůċШťŸĬŸŰƨŰĬċŰШĲƻƻĲũШƻĲШĤŚƣŚƝШťŸĬŸŰƨŰĬċŰШ
ƚŸŰƖċШŊĲũĲŰЯШĩĲƻƖŚũůĲǃĲŰШťŕƚŕůũċƖĬŕƖЮШ7ƨŰũċƖШťŸĬũċǃŕĦŕШĤƁũŊĲШŚũĲШĤŚƖũŚťƣĲШǃċǍŕũŕƖũċƖЯШŸũŊƨŰШ
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BAZI ķSTATķSTķKLER 
Ķnsan genleri ve ekzonlar hakkēnda ­eĸitli sayēsal istatistikler vardēr. Bu 
istatistikler, genlerin ve ekzonlarēn sayēsēnē, boyutlarēnē, daĵēlēmlarēnē ve diĵer 
ºzelliklerini kapsar. 
 
ķnsan Genomunun Genel ¥zellikleri 
1. Genom Boyutu: Ķnsan genomu yaklaĸēk 3.2 milyar baz ­iftinden (bp) 
oluĸur. 

2. Gen SayĔsĔ: Ķnsan genomunda yaklaĸēk 20,000 ila 25,000 protein kodlayan 
gen bulunur. 

3. Genomun Kodlayan Bºl¿m¿: Protein kodlayan genler, genomun yaklaĸēk 
%1-2'sini oluĸturur. 

Ekzon ve ķntron ķstatistikleri 
1. Ekzon SayĔsĔ: Ķnsan genlerinde toplamda yaklaĸēk 200,000 ila 300,000 
ekzon bulunur. 

2. Ekzon Boyutu: Ortalama bir ekzonun boyutu yaklaĸēk 150 bp'dir. 
3. ķntron SayĔsĔ ve Boyutu: Genlerdeki intron sayēsē ve boyutu olduk­a 
deĵiĸkendir. Ķnsan genlerinde intronlar ekzonlardan genellikle daha uzundur 
ve toplam genomun yaklaĸēk %24'¿n¿ oluĸturur. 

4. Ekzon ve ķntron DaĶĔlĔmĔ: Bir gen, genellikle birka­ ekzon ve introndan 
oluĸur. ¥rneĵin, tipik bir insan geni 8-9 ekzon i­erir ve bu ekzonlar 
intronlarla ayrēlmēĸtēr. 

Spesifik ķstatistikler 
1. Ortalama Gen Boyutu: Ķnsan genlerinin ortalama boyutu yaklaĸēk 25,000 
bp'dir. Ancak, bu boyut genler arasēnda b¿y¿k farklēlēklar gºsterebilir. 

2. Gen YoĶunluĶu: Gen yoĵunluĵu kromozomlara gºre deĵiĸir. ¥rneĵin, 19. 
kromozom gen a­ēsēndan zengin iken, 13. kromozom gen a­ēsēndan daha 
fakirdir. 

3. Transkript SayĔsĔ: Alternatif splaysing nedeniyle bir gen birden fazla mRNA 
transkripti ¿retebilir. Bu, proteomun ­eĸitliliĵini artērēr. 

Protein Kodlama Potansiyeli 
1. Protein Kodlayan Genler: Ķnsan genomunda yaklaĸēk 20,000 ila 25,000 
protein kodlayan gen olduĵu d¿ĸ¿n¿lmektedir. 

2. Protein ¦r¿nleri: Alternatif splaysing ve post-translasyonal modifikasyonlar 
nedeniyle bu genlerden yaklaĸēk 100,000 farklē protein ¿retilebilir. 

Fonksiyonel Kategoriler 
1. Gen FonksiyonlarĔ: Ķnsan genleri, h¿cre dºng¿s¿, sinyal iletimi, baĵēĸēklēk 
yanētē, metabolizma ve geliĸim gibi ­eĸitli biyolojik s¿re­lerde rol oynar. 
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ΞЮ Gen Ekspresyonu: Gen ekspresyonu, h¿cre tipi, geliĸim aĸamasē ve 
­evresel faktºrlere baĵlē olarak b¿y¿k ºl­¿de deĵiĸir. 

En B¿y¿k Gen: Dystrophin (DMD) Geni 
1. Genomik Boyut: Dystrophin geni yaklaĸēk 2.4 milyon baz ­iftinden (bp) 
oluĸur. 

2. Ekzon SayĔsĔ: DMD geni, 79 ekzon i­erir. 
3. Protein ¦r¿n¿: Bu gen, kas fonksiyonu i­in ºnemli olan distrofini kodlar. 
Distrofin proteini, kas h¿crelerinin yapēsal b¿t¿nl¿ĵ¿n¿ saĵlar. 

4. HastalĔk ķliĹkisi: DMD genindeki mutasyonlar Duchenne musk¿ler distrofisi 
(DMD) ve Becker musk¿ler distrofisi (BMD) gibi kas hastalēklarēna neden 
olabilir. 

En K¿­¿k Genler: HBB (Hemoglobin, Beta) Geni 
1. Genomik Boyut: HBB geni yaklaĸēk 1,600 baz ­ifti uzunluĵundadēr. 
2. Ekzon SayĔsĔ: HBB geni, 3 ekzon i­erir. 
3. Protein ¦r¿n¿: Bu gen, hemoglobin beta zincirini kodlar, bu da oksijen 
taĸēnmasēnda ºnemli rol oynar. 

4. HastalĔk ķliĹkisi: HBB genindeki mutasyonlar orak h¿cre anemisi ve beta 
talasemi gibi kan hastalēklarēna neden olabilir. 

 
ķNSAN KROMOZOMLARI 

Ķnsan genomu ¿zerindeki belirli kromozomlarda hangi genlerin bulunduĵu ve bu genlerin 
hangi fonksiyonlara karĸēlēk geldiĵi b¿y¿k ºl­¿de biliniyor. Ķnsan genomu, 23 ­ift 
kromozom i­erir ve bu kromozomlarēn her biri belirli genleri ve gen k¿melerini taĸēr. Bu 
genler, v¿cuttaki ­eĸitli biyolojik ve fizyolojik s¿re­leri d¿zenler. 
Kromozom 1 
¶ Genler ve Fonksiyonlar: Kromozom 1, insan genomundaki en b¿y¿k 
kromozomdur ve yaklaĸēk 2,000 gen i­erir. Bu genler arasēnda ĸunlar bulunur: 
o Mutasyonlarla ķliĹkili Genler: COL11A1 (tip XI kollajen alfa 1 zinciri, iskelet 
geliĸiminde rol oynar), PCSK9 (kolesterol seviyelerini d¿zenler). 

o HastalĔklarla ķliĹkili Genler: Usher sendromu, Charcot-Marie-Tooth hastalēĵē. 
Kromozom 2 
¶ Genler ve Fonksiyonlar: Kromozom 2, yaklaĸēk 1,300 gen i­erir ve ĸunlarē i­erir: 
o Mutasyonlarla ķliĹkili Genler: LCT (laktaz, laktoz intoleransē), PAX3 
(Waardenburg sendromu). 

o HastalĔklarla ķliĹkili Genler: Kolorektal kanser, miyelodisplastik sendromlar. 
Kromozom 3 
¶ Genler ve Fonksiyonlar: Kromozom 3, yaklaĸēk 1,100 gen i­erir ve ĸunlarē i­erir: 
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o Mutasyonlarla ķliĹkili Genler: VHL (Von Hippel-Lindau t¿mºr baskēlayēcē 
gen), MLH1 (mismatch repair gen). 

o HastalĔklarla ķliĹkili Genler: Kolorektal kanser, von Hippel-Lindau hastalēĵē. 
Kromozom 4 
¶ Genler ve Fonksiyonlar: Kromozom 4, yaklaĸēk 750 gen i­erir ve ĸunlarē i­erir: 
o Mutasyonlarla ķliĹkili Genler: HTT (huntingtin proteini, Huntington hastalēĵē). 
o HastalĔklarla ķliĹkili Genler: Huntington hastalēĵē, Akdeniz anemisi. 

Kromozom 5 
¶ Genler ve Fonksiyonlar: Kromozom 5, yaklaĸēk 900 gen i­erir ve ĸunlarē i­erir: 
o Mutasyonlarla ķliĹkili Genler: APC (adenomatºz polipozis koli, kolon 
kanseri), ERCC8 (Cockayne sendromu). 

o HastalĔklarla ķliĹkili Genler: Spinal m¿sk¿ler atrofi, adenomatºz polipozis 
koli. 

Kromozom 6 
¶ Genler ve Fonksiyonlar: Kromozom 6, yaklaĸēk 1,700 gen i­erir ve ĸunlarē i­erir: 
o Mutasyonlarla ķliĹkili Genler: HLA kompleksi (imm¿n sistem fonksiyonlarē), 
CFTR (kistik fibroz). 

o HastalĔklarla ķliĹkili Genler: Kistik fibroz, sedef hastalēĵē. 
Kromozom 7 
¶ Genler ve Fonksiyonlar: Kromozom 7, yaklaĸēk 1,400 gen i­erir ve ĸunlarē i­erir: 
o Mutasyonlarla ķliĹkili Genler: CFTR (kistik fibroz transmembran iletkenlik 
d¿zenleyicisi). 

o HastalĔklarla ķliĹkili Genler: Kistik fibroz, Williams sendromu. 
Kromozom 8 
¶ Genler ve Fonksiyonlar: Kromozom 8, yaklaĸēk 800 gen i­erir ve ĸunlarē i­erir: 
o Mutasyonlarla ķliĹkili Genler: MYC (proto-onkogen). 
o HastalĔklarla ķliĹkili Genler: Burkitt lenfomasē, Langerhans h¿cre histiositozu. 

Kromozom 9 
¶ Genler ve Fonksiyonlar: Kromozom 9, yaklaĸēk 1,100 gen i­erir ve ĸunlarē i­erir: 
o Mutasyonlarla ķliĹkili Genler: TSC1 (tuberous sclerosis kompleks 1). 
o HastalĔklarla ķliĹkili Genler: Tuberous sclerosis, melanom. 

Kromozom 10 
¶ Genler ve Fonksiyonlar: Kromozom 10, yaklaĸēk 800 gen i­erir ve ĸunlarē i­erir: 
o Mutasyonlarla ķliĹkili Genler: RET (rearranged during transfection proto-
onkogen). 

o HastalĔklarla ķliĹkili Genler: Med¿ller tiroid kanseri, Hirschsprung hastalēĵē. 
Kromozom 11 
¶ Genler ve Fonksiyonlar: Kromozom 11, yaklaĸēk 1,300 gen i­erir ve ĸunlarē 
i­erir: 
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o Mutasyonlarla ķliĹkili Genler: HBB (beta-globin gen). 
o HastalĔklarla ķliĹkili Genler: Orak h¿creli anemi, beta talasemi. 

Kromozom 12 
¶ Genler ve Fonksiyonlar: Kromozom 12, yaklaĸēk 1,200 gen i­erir ve ĸunlarē i­erir: 
o Mutasyonlarla ķliĹkili Genler: KRAS (proto-onkogen). 
o HastalĔklarla ķliĹkili Genler: Kolorektal kanser, pankreas kanseri. 

Kromozom 13 
¶ Genler ve Fonksiyonlar: Kromozom 13, yaklaĸēk 400 gen i­erir ve ĸunlarē i­erir: 
o Mutasyonlarla ķliĹkili Genler: BRCA2 (meme kanseri). 
o HastalĔklarla ķliĹkili Genler: Meme kanseri, retinoblastoma. 

Kromozom 14 
¶ Genler ve Fonksiyonlar: Kromozom 14, yaklaĸēk 800 gen i­erir ve ĸunlarē i­erir: 
o Mutasyonlarla ķliĹkili Genler: PSEN1 (presenilin 1, Alzheimer hastalēĵē). 
o HastalĔklarla ķliĹkili Genler: Alzheimer hastalēĵē, Niemann-Pick hastalēĵē. 

Kromozom 15 
¶ Genler ve Fonksiyonlar: Kromozom 15, yaklaĸēk 600 gen i­erir ve ĸunlarē i­erir: 
o Mutasyonlarla ķliĹkili Genler: FBN1 (fibrillin 1, Marfan sendromu). 
o HastalĔklarla ķliĹkili Genler: Marfan sendromu, Angelman sendromu. 

Kromozom 16 
¶ Genler ve Fonksiyonlar: Kromozom 16, yaklaĸēk 900 gen i­erir ve ĸunlarē i­erir: 
o Mutasyonlarla ķliĹkili Genler: PKD1 (polikistik bºbrek hastalēĵē 1). 
o HastalĔklarla ķliĹkili Genler: Polikistik bºbrek hastalēĵē, tuberous sclerosis. 

Kromozom 17 
¶ Genler ve Fonksiyonlar: Kromozom 17, yaklaĸēk 1,200 gen i­erir ve ĸunlarē i­erir: 
o Mutasyonlarla ķliĹkili Genler: TP53 (t¿mºr baskēlayēcē protein 53). 
o HastalĔklarla ķliĹkili Genler: Li-Fraumeni sendromu, nºrofibromatozis tip 1. 

Kromozom 18 
¶ Genler ve Fonksiyonlar: Kromozom 18, yaklaĸēk 300 gen i­erir ve ĸunlarē i­erir: 
o Mutasyonlarla ķliĹkili Genler: SMAD4 (t¿mºr baskēlayēcē gen). 
o HastalĔklarla ķliĹkili Genler: Kolorektal kanser, Dandy-Walker sendromu. 

Kromozom 19 
¶ Genler ve Fonksiyonlar: Kromozom 19, yaklaĸēk 1,400 gen i­erir ve ĸunlarē i­erir: 
o Mutasyonlarla ķliĹkili Genler: LDLR (d¿ĸ¿k yoĵunluklu lipoprotein reseptºr¿, 
kolesterol metabolizmasē). 

o HastalĔklarla ķliĹkili Genler: Ateroskleroz, myotonik distrofi. 
Kromozom 20 
¶ Genler ve Fonksiyonlar: Kromozom 20, yaklaĸēk 600 gen i­erir ve ĸunlarē i­erir: 
o Mutasyonlarla ķliĹkili Genler: PRNP (prion protein, Creutzfeldt-Jakob 
hastalēĵē). 
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o HastalĔklarla ķliĹkili Genler: Creutzfeldt-Jakob hastalēĵē, Fabry hastalēĵē. 
Kromozom 21 
¶ Genler ve Fonksiyonlar: Kromozom 21, yaklaĸēk 200 gen i­erir ve ĸunlarē i­erir: 
o Mutasyonlarla ķliĹkili Genler: APP (amiloid beta peptid, Alzheimer hastalēĵē). 
o HastalĔklarla ķliĹkili Genler: Down sendromu, Alzheimer hastalēĵē. 

Kromozom 22 
¶ Genler ve Fonksiyonlar: Kromozom 22, yaklaĸēk 500 gen i­erir ve ĸunlarē i­erir: 
o Mutasyonlarla ķliĹkili Genler: BCR (breakpoint cluster region). 
o HastalĔklarla ķliĹkili Genler: Kronik miyeloid lºsemi, DiGeorge sendromu. 

Kromozom X 
¶ Genler ve Fonksiyonlar: Kromozom X, yaklaĸēk 1,100 gen i­erir ve ĸunlarē i­erir: 
o Mutasyonlarla ķliĹkili Genler: FMR1 (frajil X zihinsel gerilik 1), DMD 
(distrofin). 

o HastalĔklarla ķliĹkili Genler: Frajil X sendromu, Duchenne kas distrofisi. 
Kromozom Y 
¶ Genler ve Fonksiyonlar: Kromozom Y, yaklaĸēk 50-200 gen i­erir ve ĸunlarē i­erir: 
o Mutasyonlarla ķliĹkili Genler: SRY (seks belirleyici bºlge Y). 
o HastalĔklarla ķliĹkili Genler: Y kromozomu mikrodelesyonlarē, Swyer 
sendromu. 

 
 
7ŚƖШŊĲŰĬĲШŸƖƣċũċůċШĤċǍШƚċǃŕƚŕШŊĲŰũĲƖŚŰШƨǍƨŰũƨŌƨŰċШĤċŌũŕШŸũċƖċťШĤƬǃƬťШ
ƁũĩƬĬĲШĬĲŌŚƝŚƖЯШċŰĦċťШŸƖƣċũċůċШĤŚƖШŊĲŰŚŰШǃċťũċƝŕťШΞΤЮΜΜΜШĤċǍШĩŚŉƣŚШŚĩĲƖĬŚŌŚШ



ѿШÌƨĤċƣЯШΞΜΞΡШ?ƖЮШ~ƨƚƣċŉċШ ŉǃŸŰũƨŸŌũƨ 

ΝΠΜ 

ƣċőůŚŰШĲĬŚũůĲťƣĲĬŚƖЮШ ŰĦċťЯШŊĲŰШƨǍƨŰũƨŌƨШŊĲŰĲƣŚťШĩĲƝŚƣũŚũŚŌĲШĤċŌũŕШŸũċƖċťШ
ŊĲŰŚƝШĤŚƖШċƖċũŕťƣċШŸũċĤŚũŚƖЮ 
 

Kromozom ]ĲŰНÉċǃŕƚŕ Toplam Baz Çifti 
Éċǃŕƚŕ 

1 2000 248.956.422  
2 1300 242.193.529  
3 1100 198.295.559  
4 750 190.214.555  
5 900 181.538.259  
6 1700 170.805.979  
7 1400 159.345.973  
8 800 145.138.636  
9 1100 138.394.717  
10 800 133.797.422  
11 1300 135.086.622  
12 1200 133.275.309  
13 400 114.364.328  
14 800 107.043.718  
15 600 101.991.189  
16 900 90.338.345  
17 1200 83.257.441  
18 300 80.373.285  
19 1400 58.617.616  
20 600 64.444.167  
21 200 46.709.983  
22 500 50.818.467  
X 1100 156.040.895  
Y 50 57.227.415  

TOPLAMLAR: 22.400 3.088.269.831  
 
 ŸƣаШ7ƨШ ĬĲŌĲƖũĲƖШ ǃċťũċƝŕťШ ƣċőůŚŰũĲƖĬŚƖШ ƻĲШ ŊĲŰŸůШ ƻĲƖŚШƣċĤċŰũċƖŕШ ƻĲШ
ċƖċƝƣŕƖůċũċƖŕŰċШĬċǃċŰůċťƣċĬŕƖЮ 
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7ƨŰċШљ7ĲċĬƚШ ŸŰШ ċШ ÉƣƖŚŰŊШ~ŸĬĲũŚњШĬĲŰŚƖЮШ7ƨШ ċƖċĬċШ őŚƚƣŸŰũċƖŕŰШ ċůŚŰŸШ
ƨĦƨŰĬċťŚШťƨǃƖƨťШĬŕƝċƖŕШƚċƖťċƖЯШĤƨŰċШљ ШƣĲƖůŚŰċũШƣċŚũњШĬĲŰŚƖЮШ7ƨШƣĲƖůŚŰċũũĲƖШ
ŚőƣŚǃċĩШőċũŚŰĬĲШĤƨƖċĬċťŚШ?  ќŰŕŰШċĩŕũůċƚŕШƻĲШƣĲťƖċƖШƚċƖŕũůċƚŕŰĬċШыuƖŸůċƣŚŰШ
ůŸĬĲũũĲůĲШťŸůƓũĲťƚŚШƚƬƖĲĦŚьШǃĲƖШŚƝċƖĲƣŚШƖŸũƬШŸǃŰċƖЮШ7ƨЯШťċƣũċŰůċŰŕŰШŚũťШ
ċƝċůċƚŕĬŕƖЮШlťŚŰĦŚШ ċƝċůċĬċШ ŚũťШ ŚťŚШ ƓƖŸƣĲŚŰШ ťċƣůċŰŕШ ċƖċƚŕŰĬċťŚШΠШрШΥΜШ
ŰƬťũĲŸƣŚĬШƨǍƨŰũƨŌƨŰĬċťŚШ?  ШĬŚǍŚƚŚШыũŚŰťĲƖШ? ьШƬƚƣƬŰĲШcΝШőŚƚƣŸŰƨШыxŚŰťĲƖШ
őŚƚƣŸŰьШŚũĲШǃċƓŕũċŰШǃĲŰŚШĤŚƖШƓƖŸƣĲŚŰШťċƣůċŰŕШŊĲũŚƖШƻĲШ?  ШƚċƖůċũŕШőĲƓƚŚШ

 
99ШcŚƚƣŸŰƨŰШ?  ќǃċШĤċťċŰШťŕƚůŕЯШƓŸǍŚƣŚŉШǃƬťũƬШŸũċŰШũŚǍŚŰШƻĲШċƖŊŚŰŚŰШťċƓũŕĬŕƖЮШ?  ШĬċШŰĲŊċƣŚŉШ
ǃƬťũƬШŸũĬƨŌƨŰĬċŰШċƖċũċƖŕŰĬċШĲũĲťƣƖŸƚƣċƣŚťШĲƣťŚũĲƝŚůШŸũƨƖЮШ 
100Ш ƬťũĲŸǍŸůũċƖЯШťƖŸůċƣŚŰШ ƬǍĲƖŚŰĬĲШ ĤƨũƨŰċŰЯШ ?  Ш ŚƓũŚŌŚŰŚŰШ őŚƚƣŸŰũċƖШ ƬǍĲƖŚŰĲШ
ƚċƖŕũůċƚŕǃũċШ ŸũƨƝċŰШ ǃċťũċƝŕťШ ΝΜΜШ ГШ ċƖċũŕťũċƖũċШ ǃĲƖũĲƝůŚƝШ ΠѣũƬШ ŉŸƖůĬċШ ĤƨũƨŰċŰШ
ŰƬťũĲŸƓƖŸƣĲŚŰũĲƖŚĬŚƖЮШ ƬťũĲŸǍŸůũċƖЯШ őŚƚƣŸŰШ ƓƖŸƣĲŚŰũĲƖŚŰĬĲŰШ ŸũƨƝƨƖũċƖЮШ  ƬťũĲŸǍŸůũċƖШ
ĤŚƖĤŚƖŚŰĬĲŰШũŚŰťĲƖШǃċШĬċШƚƓċĦĲƖШ?  ШŚũĲШċǃƖŕũŕƖũċƖЮ 
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ƬǍĲƖŚŰĬĲШĬƁŰůĲǃĲШĬĲƻċůШĲĬĲƖЮШ7ƨШťċƣũċůċũċƖũċШ?  ШǃċťũċƝŕťШΤЮΜΜΜШťĲǍШ
ƚŕťŕƝƣŕƖŕũůŕƝШŸũƨƖЮ 

 

 
7ƨШťċƣũċŰůċũċƖũċШőĲůШĬċőċШċǍШǃĲƖШťċƓũċƖШőĲůШĬĲШĬŕƝШĬċƖĤĲũĲƖĬĲŰШĬċőċШĩŸťШ
ťŸƖƨŰċƖċťШůƨƣċƚǃŸŰШƖŚƚťŚŰŚШĲŰШċǍċШŚŰĬŚƖŚƖЮ 

 

 
7ƨШƓċťĲƣŚŰШƬǍĲƖŚŰĲШ?  ќǃŕШƓċƖĩċũċǃċŰШĲŰǍŚůШыŰƨĦũĲċƚĲьШƻĲƖŚũŚƖƚĲШƚċĬĲĦĲШ
ũŚŰťĲƖШ ?  ќŰŕŰШ ƓċƖĩċũċŰĬŕŌŕШ ŊƁƖƬũƬƖЮШcŚƚƣŸŰШ ǃċƓŕƚŕШ ŰƨĦũĲċƚĲќŚŰШ?  ќǃċШ
ĲƖŚƝŚůŚŰŚШĲŰŊĲũũĲƖЮШòċŰŚШőŚƚƣŸŰũċƖШ?  ШƓċƖĩċũċƖŕŰŕШĲŰǍŚůũĲƖĬĲŰШťŸƖƨƖЮШ 



ѿШÌƨĤċƣЯШΞΜΞΡШ?ƖЮШ~ƨƚƣċŉċШ ŉǃŸŰũƨŸŌũƨ 

ΝΠΟ 

 
 
 
DNA'nēn h¿cre ­ekirdeĵinde mutasyondan korunmasē ve daha az yer kaplamasē i­in 
katlanma ve sēkēĸtērēlma s¿re­leri olduk­a karmaĸēktēr. Bu s¿re­ler, DNA'nēn kompakt 
ve d¿zenli bir ĸekilde paketlenmesini saĵlar. 
 
DNA'nĔn Katlanma ve SĔkĔĹtĔrĔlma S¿reci 
1. ¢ift Sarmal DNA: DNA, ­ift sarmal yapēda olup, iki polin¿kleotid zincirinden 
oluĸur. 

2. N¿kleozomlar: DNA, histon adē verilen proteinlerin etrafēna sarēlarak 
n¿kleozomlarē oluĸturur. Her n¿kleozom, 147 baz ­iftlik DNA'nēn sekiz histon 
proteininin etrafēna iki kez dolanmasēyla oluĸur. 

3. Solenoid ve Zigzag YapĔlar: N¿kleozomlar, solenoid veya zigzag adē verilen 
daha y¿ksek seviyeli yapēlar oluĸturmak i­in bir araya gelirler. 

4. 30 nm Fiber: N¿kleozomlar, 30 nm ­apēnda daha kompakt bir fiber yapēsē 
oluĸturur. Bu yapē, DNA'nēn daha sēkē paketlenmesini saĵlar. 

5. Loop Domainleri: 30 nm fiberler, kromozomal scaffold adē verilen protein 
yapēlarēnēn etrafēnda dºng¿ler (loop domainler) oluĸturur. Bu dºng¿ler, DNA'nēn 
belirli bºlgelerinin d¿zenlenmesine ve eriĸilebilir olmasēna yardēmcē olur. 

6. Kromatin: DNA ve proteinler birlikte kromatini oluĸturur. Kromatin, iki ana 
formda bulunur: 

o Eukromatin: Daha gevĸek yapēdadēr ve aktif genlerin bulunduĵu bºlgeleri 
i­erir. 
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o Heterokromatin: Daha sēkē paketlenmiĸtir ve genellikle sessiz genleri i­erir. 
7. Kromozomlar: H¿cre bºl¿nmesi sērasēnda kromatin daha da yoĵunlaĸarak 
kromozomlarē oluĸturur. Her kromozom, ­ok sēkē paketlenmiĸ DNA ve 
proteinlerden oluĸur. 

 
ÂċƖċũŸŊũċƖШċǃŰŕШŸƖŊċŰŚǍůċĬċШыƣƬƖĬĲьШĤƨũƨŰċŰЯШĤĲŰǍĲƖШŉċťċƣШƁǍĬĲƝрŸũůċǃċŰШ
ŚƝũĲƻũĲƖĲШƚċőŚƓШőŸůŸũŸŊШƓƖŸƣĲŚŰũĲƖĬŚƖЮ 
 
§ƖƣőŸũŸŊЯШ[ċƖťũŕШŸƖŊċŰŚǍůċũċƖĬċШыƣƬƖũĲƖĬĲьШĤƨũƨŰċŰЯШċƣċƚċũШťƁťĲŰŚШċǃŰŕЯШ
ĬŸũċǃŕƚŕǃũċШǃċƓŕƚċũШƻĲШŚƝũĲƻƚĲũШĤĲŰǍĲƖũŚŌŚШŸũċŰШŉċťċƣШƣƬƖШŸũƨƝШƚƬƖĲĦŚŰĬĲШ
ċǃƖŕũůŕƝШŸũċŰШŊĲŰũĲƖĬŚƖЮ 
 
ŰċũŸŊШыőŸůŸũŸŊŸƨƚьЯШťƁťĲŰũĲƖŚŰŚŰШĤĲŰǍĲƖШŸũůċƚŕŰċШŊĲƖĲťШŸũůċťƚŕǍŕŰШ

ċǃŰŕШŊƁƖĲƻŚШŊƁƖĲŰШыĬŚǍŚũŚƝũĲƖŚШĤĲŰǍĲƖьШŊĲŰũĲƖĬŚƖЮШEƻƖŚůƚĲũШŊĲũŚƝŚůШċƝċůċƚŕŰĬċШ
ĦċŰũŕũċƖŕŰШǃċƝċĬŕťũċƖŕШŸƖƣċůċШŊƁƖĲШƚĲĩŚũŚůũĲƖŚŰŚŰШŊĲƖĩĲťũĲƝƣŚŌŚШŊƁǍШƁŰƬŰĲШ
ċũŕŰĬŕŌŕŰĬċЯШċŰċũŸŊШŸƖŊċŰũċƖŕŰШŊĲũŚƝŚůŚШŚĩŚŰШĤĲŰǍĲƖШǃċƝċůШċũċŰũċƖŕШǃċШĬċШ
ŚőƣŚǃċĩũċƖШŊĲƖĲťůĲťƣĲĬŚƖЮ 
 

 
őƣƣƓƚжффĲŰдƽŚťŚƓĲĬŚċдŸƖŊфƽŚťŚфÉĲƕƨĲŰĦĲыőŸůŸũŸŊǃ 

 

https://en.wikipedia.org/wiki/Sequence_homology
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ÎШEŌĲƖШыÑÂċǍШŊŚĤŚШťƖŚƣŚťШĤŚƖШĲŰǍŚůĬĲьШĤŚƖĩŸťШƣƬƖĬĲШċǃŰŕШŊĲŰŚŰШĤƬǃƬťШťŕƚůŕШ
ċǃŰŕШ ŚƚĲШ ĤƨƖċǃċШ őŚĩШ ůƨƣċƚǃŸŰШ ƖċƚƣũċůċůŕƝШ ĬĲůĲťШ ĬĲŌŚũĬŚƖЯШ ĤƨƖċǃċШ
ůƨƣċƚǃŸŰШŊĲũĬŚŌŚŰĬĲШыĤƨШĤƁũƬůШĦċŰũŕũŕťШŚĩŚŰШőċǃċƣŚШƁŰĲůĬĲШŸũĬƨŌƨŰĬċŰьШŸШ
ĦċŰũŕШǃċƝċůċůŕƝШƻĲШŸШċƖċШƣƬƖШǃŸťШŸũůƨƝШыĬŸŌċũШƚĲũĲťƚŚǃŸŰьШĬĲůĲťƣŚƖЮШ7ƁǃũĲШ
ĤŚƖШĬĲŌŚƝŚťũŚŌĲШƨŌƖċůċůŕƝШĤƁũŊĲũĲƖĲШťŸƖƨŰůƨƝШыĦŸŰƚĲƖƻĲĬьШĬĲŰŚƖЮШ 

ÎШuŸƖƨŰůƨƝШŊĲŰũĲƖШƣĲƚƓŚƣШĲĬŚũĲƖĲťШŊĲŰũĲƖŚŰШŉŸŰťƚŚǃŸŰũċƖŕШĩŕťċƖŕũċĤŚũŚƖЮ 
 
 
]ĲŰŸůаШ7ŚƖШŸƖŊċŰŚǍůċŰŕŰШťċũŕƣŕůШůċƣĲƖǃċũŚŰĬĲШĤƨũƨŰċŰШŊĲŰĲƣŚťШƝŚŉƖĲũĲƖŚŰШ
ƣċůċůŕŰŕШ ƚŚůŊĲũĲƖЮШ 7ŚƖШ ĦċŰũŕŰŕŰШ ŊĲŰШ ƻĲШťƖŸůŸǍŸůũċƖŕŰĬċťŚШ ŊĲŰĲƣŚťШ
ůċƣĲƖǃċũŚŰШƣċůċůŕŰċШƻĲƖŚũĲŰШċĬĬŕƖЮШ 
 
cŚƚƣŸŰũċƖЯШ ĩŸŌƨŰũƨťũċШ ƁťċƖǃŸƣŚťШ őƬĦƖĲũĲƖĬĲШ ĤƨũƨŰċŰЯШ ťƬĩƬťШ ůŸũĲťƬũШ
ċŌŕƖũŕťũŕЯШĤċǍŚťШƓƖŸƣĲŚŰũĲƖĬŚƖЮШxŚǍŚŰШƻĲШċƖŊŚŰŚŰШŚĩĲƖŚťũĲƖŚŰĲШŊƁƖĲЯШcΝШыcΡШĬĲШ
ĬĲŰŚƖьЯШcΞ ЯШcΞ7ЯШcΟЯШcΠШƻĲШċƖťĲċũШőŚƚƣŸŰũċƖШŸũůċťШƬǍĲƖĲШΣШƣŚƓƣŚƖЮШcĲƖШĤŚƖШ
ŰƬťũĲŸǍŸůĬċШĤƨŰũċƖĬċŰШыcΞ ЯШcΞ7ЯШcΟЯШcΠьШΞШƣċŰĲШĤƨũƨŰƨƖЮ 

 
 

H¦CRELER 
Yapēsal olarak ele alēndēĵēnda h¿creler Prokaryot ve ¥karyot olarak iki kēsma ayrēlēr:  
1. Prokaryotlar baĵēmsēz, tek h¿creli organizmalardēr. Bakteri ve mavi-yeĸil algler gibi 
k¿­¿k ve basit yapēlē canlēlardēr.  
2. ¥karyotlar DNAôlarē belli bir membranla ­evrili ­ekirdeĵin i­inde taĸēyan h¿crelerdir. 
Tek veya ­ok h¿creli olabilirler. Ķnsanlarda ve bitkilerde bulunurlar. 
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Prokaryot ve ¥karyot H¿creler ArasĔndaki Farklar 

1.Prokaryot h¿cre boyutu, ºkaryot h¿cre boyutundan k¿­¿kt¿r.  
2.Prokaryotlarda tek bir kromozom varken, ºkaryotlarda diploit (2n) sayēda kromozom 
bulunur.  
3.Prokaryot h¿crelerde kromozom halkasal, ºkaryotlarda ise ­ift halde doĵrusaldēr.  
4.Prokaryotlarda, fagositoz ve pinositoz olaylarēna rastlanmaz.  
5.¥karyot h¿crelerde h¿cre zarē ile ­evrilmiĸ h¿cre i­i organeller bulunur, 
prokaryotlarda bulunmaz. 

 
¶ uƖŸůŸǍŸůũċƖŕŰШŚĩŚŰĬĲťŚШ?  ШőĲƖШǍċůċŰШƓċťĲƣũĲŰůŚƝШ?  ќĬŕƖЮШcƬĦƖĲШ
ĤƁũƬŰůĲƚŚŰĬĲШяůĲƣċŉċǍѐШыůĲƣċƓőċƚĲьШŊƁƖƬũƬƖЮШ?ŚŌĲƖШőċũũĲƖĬĲШяŚŰƣĲƖŉċǍѐШ
ĤŚƖċǍШĬċőċШŊĲƻƝĲťШőċũĬĲĬŚƖЮШcƬĦƖĲШĤĲũũŚШŊĲŰŚŰШƬƖĲƣĲĦĲŌŚШƓƖŸƣĲŚŰĲШŚőƣŚǃċĦŕШ
ŸũĬƨŌƨШǍċůċŰШ ƚċĬĲĦĲШ ŊĲŰŚŰШ ĤƨũƨŰĬƨŌƨШ ĤƁũŊĲШ ĩƁǍƬũƬƖШ ƻĲШ ŚőƣŚǃċĩШ
ƣċůċůũċŰŕŰĦċШƣĲťƖċƖШƓċťĲƣũĲŰŚƖЮШ 

 
Histonlar, DNA'nēn paketlenmesi ve d¿zenlenmesinde merkezi bir rol oynayan 
proteinlerdir.  
 
HistonlarĔn Rol¿ ve DNA Paketleme S¿reci 
1. Histon Proteinleri: 

o Histonlar, temel olarak beĸ ana t¿rde bulunur: H1, H2A, H2B, H3 ve H4. 
o Histon H1 dēĸēndaki diĵer dºrt histon (H2A, H2B, H3 ve H4) n¿kleozom 
­ekirdeĵini oluĸturmak i­in bir araya gelir. 

2. N¿kleozom OluĹumu: 
o DNA'nēn yaklaĸēk 147 baz ­ifti, histon oktamer adē verilen sekiz histon 
proteininin (iki H2A, iki H2B, iki H3 ve iki H4) etrafēna sarēlēr. Bu yapē 
n¿kleozom olarak adlandērēlēr. 

o Histon H1, n¿kleozomun dēĸēnda bulunur ve DNA'nēn n¿kleozomlara giriĸ 
ve ­ēkēĸēnē stabilize eder. 

3. Kompakt YapĔlarĔn OluĹumu: 
o N¿kleozomlar, DNA'nēn sēkē bir ĸekilde paketlenmesine yardēmcē olan 
temel birimlerdir. 

o N¿kleozomlar, birbirine baĵlanarak daha y¿ksek d¿zeyde yapēlar 
oluĸturur, bunlardan biri de 30 nm fiberdir. Bu fiber yapēsēnda histon H1'in 
de rol¿ vardēr. 

4. Histon ModifikasyonlarĔ: 
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ΝΠΤ 

o Histon proteinleri, asetilasyon, metilasyon, fosforilasyon ve 
ubikitinasyon101 gibi ­eĸitli kimyasal modifikasyonlara uĵrayabilir. Bu 
modifikasyonlar, DNA'nēn eriĸilebilirliĵini ve gen ekspresyonunu d¿zenler. 

o ¥rneĵin, histon asetilasyonu, DNA'nēn daha gevĸek bir yapēya ge­mesine 
ve genlerin daha aktif hale gelmesine neden olurken, histon metilasyonu 
genellikle daha sēkē paketleme ve gen susturulmasē ile iliĸkilidir. 

 

 
őƣƣƓƚжффƽƽƽдŊĲŰŸůĲдŊŸƻфŊĲŰĲƣŚĦƚцŊũŸƚƚċƖǃфőŚƚƣŸŰĲ 

 

 
101ШÖĤŚťƨŚƣŚŰċƚǃŸŰЯШ ĤŚƖШ ƓƖŸƣĲŚŰĲШƨĤŚťƨŚƣŚŰШċĬŕШ ƻĲƖŚũĲŰШ ťƬĩƬťШ ĤŚƖШ ƓƖŸƣĲŚŰШ ĲƣŚťĲƣŚŰŚŰШ
ĲťũĲŰůĲƚŚǃũĲШ ŸũƨƝċŰШ ƓŸƚƣрƣƖċŰƚũċƚǃŸŰĲũШ ĤŚƖШ ůŸĬŚŉŚťċƚǃŸŰĬƨƖЮШ 7ƨШ ƚƬƖĲĩЯШ ƓƖŸƣĲŚŰũĲƖŚŰШ
ŚƝċƖĲƣũĲŰůĲƚŚШ ƻĲШ őƬĦƖĲƚĲũШ ťċĬĲƖũĲƖŚŰŚŰШ ĤĲũŚƖũĲŰůĲƚŚШ ŚĩŚŰШ ƁŰĲůũŚĬŚƖЮШ ÖĤŚťƨŚƣŚŰċƚǃŸŰШ
ŊĲŰĲũũŚťũĲШőĲĬĲŉШƓƖŸƣĲŚŰŚŰШũŚǍŚŰĲШĤċŌũċŰŕƖШƻĲШEΤеЮEΥЮƻĲЮEΦШċĬŕШƻĲƖŚũĲŰШƬĩШƣŚƓШĲŰǍŚůШƣċƖċŉŕŰĬċŰШ
ŊĲƖĩĲťũĲƝƣŚƖŚũŚƖЮШ 7ƨШ ƚƬƖĲĩЯШ őĲĬĲŉШ ƓƖŸƣĲŚŰŚŰШ ƓƖŸƣĲċǍŸůШ ċĬŕШ ƻĲƖŚũĲŰШ őƬĦƖĲƚĲũШ ĤŚƖШ ǃċƓŕĬċШ
ƓċƖĩċũċŰůċƚŕŰċШыƓƖŸƣĲŚŰШǃŕťŕůŕьШŰĲĬĲŰШŸũċĤŚũŚƖШƻĲǃċШƓƖŸƣĲŚŰрƓƖŸƣĲŚŰШĲƣťŚũĲƝŚůũĲƖŚŰŚЯШőƬĦƖĲШŚĩŚШ
ťŸŰƨůũċŰůċǃŕШƻĲШŉŸŰťƚŚǃŸŰƨШĬĲŌŚƝƣŚƖĲĤŚũŚƖЮШ°ƖŰĲŌŚŰЯШőƬĦƖĲШĬƁŰŊƬƚƬŰƬШĬƬǍĲŰũĲǃĲŰШ9ǃĦũŚŰШ
ƓƖŸƣĲŚŰũĲƖŚŰŚŰШƨĤŚťƨŚƣŚŰċƚǃŸŰƨЯШőƬĦƖĲШĬƁŰŊƬƚƬŰƬŰШĤĲũŚƖũŚШċƝċůċũċƖŕŰĬċШĤƨШƓƖŸƣĲŚŰũĲƖŚŰШ
ǃŕťŕůŕŰŕШƚċŌũċǃċƖċťШĬƁŰŊƬŰƬŰШĬŸŌƖƨШŚũĲƖũĲůĲƚŚŰŚШŊċƖċŰƣŚШĲĬĲƖЮШ ǃƖŕĦċЯШ?  ШŸŰċƖŕůŕŰĬċШƻĲǃċШ
ŚůůƬŰШǃċŰŕƣШŊŚĤŚШƚƬƖĲĩũĲƖĬĲШĬĲШťƖŚƣŚťШƖŸũШŸǃŰċƖЮ 

https://www.genome.gov/genetics-glossary/histone
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cŚƚƣŸŰШ~ŸĬŚŉŚťċƚǃŸŰũċƖŕ 

Ep genet k, DNA d z s ndek  deĵ ĸ kl klerden kaynaklanmayan ama aynē 

zamanda ērs  olan gen fades  deĵ ĸ kl kler n  nceleyen b l m 

dalēdēr. H stonlarēn uzantēlarēndak  deĵ ĸ kl kler ve heterokromat n hal ndek  

genler ep genet k tarafēndan ncelen r. 
 
cĲƣĲƖŸťƖŸůċƣŚŰШыőĲƣĲƖŸĦőƖŸůċƣŚŰьЯШŚŰƣĲƖŉċǍШċƝċůċƚŕŰĬċШǃŸŌƨŰũċƝůŕƝШ
őċũĬĲШ ĤƨũƨŰċŰШ ťƖŸůċƣŚŰĬŚƖЮШ cĲƣĲƖŸťƖŸůċƣŚťШ ĤƁũŊĲũĲƖШ ŊĲĩШ ƖĲƓũŚťċƚǃŸŰШ
ǃċƓůċШƁǍĲũũŚŌŚŰĲШƚċőŚƓƣŚƖЮШcƬĦƖĲШĤƁũƬŰůĲũĲƖŚŰĬĲШőĲƖШǍċůċŰШċǃŰŕШǃĲƖũĲƖШ
őĲƣĲƖŸťƖŸůċƣŚŰĬĲШ ťċũŕƖЮШ7ƨƖċĬċШ ƚĲŰƣƖŸůĲƖЯШ ƣĲũŸůĲƖШƻĲШ ťƨũũċŰŕũůċǃċŰШ
ŊĲŰũĲƖШыƁƖŰĲŌŚŰШ ťċƖċĦŚŌĲƖШ őƬĦƖĲũĲƖŚŰĬĲШ ĤƨũƨŰċŰШ ŊƁǍũĲШ ŚũŊŚũŚШ ŊĲŰũĲƖьШ
ċĩŕũůċǃċĦċťШƻĲШƚŕťŕШƚŕťŕǃċШƚċťũċŰůŕƝШĤŚĩŚůĬĲШĤƨũƨŰƨƖШƻĲШƚċĬĲĦĲШ?  Ш
ĲƝũĲƝůĲũĲƖŚŰĬĲШċĩŕũŕƖЮШШcĲƣĲƖŸťƖŸůċƣŚŰШŸũůċǃċŰШ ĤƁũŊĲũĲƖĲШƁťƖŸůċƣŚŰШ
ыĲƨĦőƖŸůċƣŚŰь102ШĬĲŰŚƖЮШ °ƖŰĲŌŚŰШ ťċƖċĦŚŌĲƖШ őƬĦƖĲũĲƖŚŰĬĲЯШ ťċƖċĦŚŌĲƖШ

 
102Ш°ťƖŸůċƣŚŰЯШƚŕťŕĦċШ ƓċťĲƣũĲŰůŚƝШ ƻĲШ ƣƖċŰƚťƖŚƓƚŚǃŸŰШ ŚĩŚŰШ ĬċőċШ ċǍШ ĲƖŚƝŚũĲĤŚũŚƖШ ŸũċŰШ
őĲƣĲƖŸťƖŸůċƣŚŰŚŰШċťƚŚŰĲЯШŊĲŰũĲƖĬĲШǍĲŰŊŚŰũĲƝƣŚƖŚũůŚƝШƻĲШŊĲŰĲũũŚťũĲШċťƣŚŉШƣƖċŰƚťƖŚƓƚŚǃŸŰШċũƣŕŰĬċШ
ŸũċŰШŊĲƻƝĲťШ ťċƣũċŰůŕƝШĤŚƖШ ťƖŸůċƣŚŰШ ƝĲťũŚĬŚƖЮШ lŰƚċŰШ ŊĲŰŸůƨŰƨŰШ ӖΦΞѣƚŚШ ƁťƖŸůċƣŚťƣŚƖЮШ
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ŉŸŰťƚŚǃŸŰũċƖŕǃũċШŚũŊŚũŚШŊĲŰũĲƖШƁťƖŸůċƣŚŰĬŚƖЮШ7ƨƖċĬċШ?  ШĤŚƖċǍШĬċőċШŊĲƻƝĲťШ
ĬƨƖƨƖЮ 
 
cĲƣĲƖŸťƖŸůċƣŚŰЯШ?  ѣǃŕШťŸƖƨƖШƻĲШŊĲŰĲƣŚťШƚƣċĤŚũŚƣĲǃŚШƚċŌũċƖЮШ°ťƖŸůċƣŚŰШ
ŚƚĲШŊĲŰũĲƖŚŰШƣƖċŰƚťƖŚƓƚŚǃŸŰƨŰċ103ШŚǍŚŰШƻĲƖŚƖШƻĲШőƬĦƖĲŰŚŰШŚƝũĲƻŚŰŚШĤĲũŚƖũĲƖЮ 

 
cŚƚƣŸŰũċƖŕŰШ рƣĲƖůŚŰċũŚŰĬĲťŚШċůŚŰŸċƚŚƣШĬŚǍŚƚŚШƨĩũċƖŕŰĬċШĲŰШĩŸťШxǃƚŚŰĲШяuѐШ
ůŸĬŚŉŚťċƚǃŸŰċШƨŌƖċǃċĤŚũůĲťƣĲĬŚƖЮШxǃƚŚŰĲќŰŚŰШĲŰШƨĦƨŰĬċШĤƨũƨŰċŰШ cΞќĬĲШ
őŚĬƖŸŢĲŰШǃĲƖŚŰĲШĤŚƖШƣċŰĲШůĲƣŚũШы9cΟьШƣċťŕũŕƖƚċШůĲƣőǃũċƣĲĬШũǃƚŚŰĲЯШŚťŚШƣċŰĲШůĲƣŚũШ
ƣċťŕũŕƖƚċШĬŚůĲƣőǃũШũǃƚŚŰĲЯШƬĩШƣċŰĲШƣċťŕũŕƖƚċШƣƖŚůĲƣőǃũШũǃƚŚŰĲШŸũƨƖЮШ7ƨŰũċƖШĲŰĲƖŢŚШ
ŊĲƖĲťƣŚƖĲŰШťŸƻċũĲŰƣШůŸĬŚŉŚťċƚǃŸŰũċƖĬŕƖЮ 

 
ÉĲƖŚŰĲШяÉѐШċůŚŰŸШċƚŚĬŚŰĬĲШŚƚĲШ§cШŊƖƨĤƨŰĬċťŚШőŚĬƖŸŢĲŰШĩŕťŕƓШǃĲƖŚŰĲШŉŸƚŉċƣШ
ŊƖƨĤƨШŊĲũŚƖƚĲШĤƨŰċШƓőŸƚƓőŸƚĲƖŚŰĲШĬĲŰŚƖЮШ 
 
 
Uygulama: Ebeveynlik Tespiti i­in DNA Testi 

 
cĲƣĲƖŸťƖŸůċƣŚŰШ ĤƁũŊĲƚŚŰŚŰШ ċťƚŚŰĲШ őĲůШ ƁťċƖǃŸƣũċƖĬċШ őĲůШ ĬĲШ ƓƖŸťċƖǃŸƣũċƖĬċШ ĤƨũƨŰƨƖЮШ
°ťƖŸůċƣŚŰШőƬĦƖĲШĩĲťŚƖĬĲŌŚШŚĩĲƖŚƚŚŰĬĲťŚШŊĲŰŸůƨŰШĲŰШċťƣŚŉШťŕƚůŕĬŕƖЮ 
103ШÑƖċŰƚťƖŚƓƚŚǃŸŰЯШǃċǍŕũůċШƻĲǃċШǃċǍŕũŕůЯШ?  ѣǃŕШŸũƨƝƣƨƖċŰШŰƬťũĲŸƣŚƣШĬŚǍŚƚŚŰŚŰШÅ  ШƓŸũŚůĲƖċǍШ
ĲŰǍŚůŚШƣċƖċŉŕŰĬċŰШĤŚƖШÅ  ШĬŚǍŚƚŚШŸũċƖċťШťŸƓǃċũċŰůċƚŕШƚƬƖĲĦŚĬŚƖЮШ7ċƝťċШĤŚƖШĬĲǃŚƝũĲЯШ?  ѣĬċŰШ
Å  ѣǃċШŊĲŰĲƣŚťШĤŚũŊŚŰŚŰШċťƣċƖŕůŕĬŕƖЮ 
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ΝΡΜ 

DNA bazlē annelik veya babalēk testi, bireylerin DNA'sēnē analiz ederek 
biyolojik ebeveynliĵi belirlemek i­in yapēlan bir prosed¿rd¿r.  
1. ¥rnek Toplama 

DNA testi i­in genellikle aĸaĵēdaki ºrnekler istenir: 
¶ Kan ¥rneĶi: Damar yolu ile alēnan kan ºrneĵi. 
¶ Yanak ķ­inden AlĔnan ¥rnek (Bukkal Swab): Pamuklu bir ­ubuk ile yanak 
i­inden alēnan h¿creler. 

¶ Sa­ Teli: Kºk¿ ile birlikte alēnan sa­ teli. 
¶ T¿k¿r¿k ¥rneĶi: ¥zel t¿k¿r¿k toplama kitleri kullanēlarak alēnan ºrnek. 
¶ Amniyotik SĔvĔ: Gebelik sērasēnda prenatal104 DNA testi i­in alēnabilir (invaziv105 
bir iĸlemdir ve risk taĸēr). 

2. ¥rneklerin HazĔrlanmasĔ ve DNA ķzolasyonu 
¶ ¥rnek HazĔrlama: Alēnan ºrnekler steril ve uygun koĸullarda laboratuvara 
gºnderilir. 

¶ DNA ķzolasyonu: ¥rnekten DNA izolasyonu, h¿cre zarlarēnēn par­alanmasē ve 
DNA'nēn saflaĸtērēlmasē ile ger­ekleĸtirilir. Bu iĸlem genellikle aĸaĵēdaki 
adēmlarla yapēlēr: 
o H¿cre Lizi: H¿crelerin par­alanmasē i­in kimyasal lizatlar106 kullanēlēr. 
o Protein ve DiĶer BileĹenlerin AyrĔlmasĔ: Proteinler ve diĵer h¿cresel 
bileĸenler ­ºkeltilir ve DNA s¿pernatanda107 kalēr. 

o DNA'nĔn SaflaĹtĔrĔlmasĔ: DNA, alkol ­ºkeltilmesi veya spin kolonlarē 
kullanēlarak saflaĸtērēlēr. 

3. DNA Amplifikasyonu 
DNA amplifikasyonu, DNA'nēn belirli bºlgelerini ­oĵaltmak i­in kullanēlan bir s¿re­tir 
ve Polimeraz Zincir Reaksiyonu (PCR) adē verilen bir teknikle ger­ekleĸtirilir. 
PCR (Polimeraz Zincir Reaksiyonu): PCR, izole edilen DNA'nēn belirli bir bºlgesinin 
laboratuvar ortamēnda milyarlarca kopyasēnē oluĸturmak i­in kullanēlan yaygēn bir 
molek¿ler biyoloji tekniĵidir. Bu iĸlem belirli DNA bºlgelerinin (genetik markerlarēn) 
amplifikasyonu ile yapēlēr. PCR'nin adēmlarē ĸºyledir: 
o HazĔrlĔk: T¿m PCR bileĸenleri uygun konsantrasyonlarda bir PCR t¿p¿ne 
eklenir. 

 
104ШÂƖĲŰċƣċũаШ?ŸŌƨůШƁŰĦĲƚŚ 
105ШlŰƻċǍŚƻаШ љƻƬĦƨĬƨŰШ ĬĲũŚŰůĲƚŚЯШ ťĲƚŚШ ƻĲǃċШ ĬĲũŚƓШ ŊĲĩŚũůĲƚŚШ ŚũĲШ ƻƬĦƨƣШ ĤƬƣƬŰũƬŌƬŰƬŰШ
ĤŸǍƨũůċƚŕњШŸũċƖċťШŚŉċĬĲШĲĬŚũůĲťƣĲĬŚƖ 
106ШxŚǍċƣаШcƬĦƖĲШĬƨƻċƖŕШƻĲǃċШőƬĦƖĲШǍċƖŕŰŕŰШƓċƖĩċũċŰůċƚŕШŚũĲШċĩŕŌċШĩŕťċŰШőƬĦƖĲШŚĩĲƖŚŌŚ 
107ШÉƬƓĲƖŰċƣШыƻĲǃċШ ƚƬƓĲƖŰċƣċŰƣьЯШ ƚċŰƣƖŚŉƬŢШ ƻĲǃċШ ĩƁťƣƬƖůĲШ ƓƖŸƚĲƚŚĬĲŰШ ƚŸŰƖċШ ĩƁťĲũĲŰШ
ƚƨĤƚƣċŰƚũċƖĬċŰШƚŸŰƖċШťċũċŰЯШĩƁťĲũƣŚШŚĩĲƖůĲǃĲŰШƚŕƻŕШŉċǍĬŕƖ 
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o Denat¿rasyon (Denaturation): ¢ift sarmallē DNA, y¿ksek sēcaklēkta (~94-98ÁC) 
ēsētēlēr. Bu iĸlem, DNA'nēn iki zincirinin ayrēlmasēna (denat¿rasyon) neden olur. 
Kimyasal A­ēklama: DNA'nēn iki ipliĵi, hidrojen baĵlarēyla bir arada tutulur. 
Y¿ksek sēcaklēk, bu hidrojen baĵlarēnē kērarak iki ipliĵi birbirinden ayērēr. 

o Primer BaĶlanmasĔ (Annealing): Sēcaklēk d¿ĸ¿r¿l¿r (~50-65ÁC), bu da 
primerlerin (kēsa tek zincirli DNA par­alarē) hedef DNA dizilerine baĵlanmasēna 
olanak tanēr. 
Primerler: PCR'de kullanēlan primerler, hedef DNA bºlgesini flanke eden kēsa 
oligon¿kleotid108 dizileridir. Bu primerler, PCR'nin ºzg¿ll¿ĵ¿n¿ belirler. 
Kimyasal A­ēklama: Primerlerin baĵlanmasē, DNA ve primerler arasēnda 
hidrojen baĵlarēnēn oluĸmasēyla ger­ekleĸir. 

o Uzama (Extension/Elongation): Sēcaklēk, DNA polimeraz enziminin optimal 
­alēĸma sēcaklēĵēna (~72ÁC) ayarlanēr. DNA polimeraz, primerlerin 3' ucundan 
baĸlayarak yeni DNA zincirlerini sentezler. 
DNA Polimeraz: Enzim, serbest dNTP'leri (deoksin¿kleotid trifosfatlar) 
kullanarak yeni DNA zincirini uzatēr. 
Kimyasal A­ēklama: DNA polimeraz, ĸablon DNA ¿zerinde ilerlerken, karĸēlēk 
gelen serbest dNTP'leri ekleyerek fosfodiester baĵlarē oluĸturur ve yeni DNA 
zincirini sentezler. 

o Tekrar Dºng¿leri: PCR, yukarēdaki ¿­ adēmē 20-40 kez tekrarlar. Her dºng¿, 
hedef DNA'nēn miktarēnē eksponansiyel olarak artērēr (2^n, burada n dºng¿ 
sayēsēdēr). Bu sayede baĸlangē­taki az miktarda DNA, milyarlarca kopyaya 
ulaĸēr. 
 
PCR Reaksiyon BileĹenleri 

 ĸablon DNA (Template DNA): ¢oĵaltēlacak DNA bºlgesi. 
 Primerler: Hedef DNA dizisini tanēyan kēsa oligon¿kleotid dizileri. 
 DNA Polimeraz: Genellikle Taq polimeraz kullanēlēr, ­¿nk¿ y¿ksek 
sēcaklēklara dayanēklēdēr. 

 dNTP'ler (Deoksin¿kleotid Trifosfatlar): DNA sentezi i­in gerekli yapē 
taĸlarē (dATP, dCTP, dGTP, dTTP). 

 PCR Tamponu (Buffer): Polimeraz enziminin optimal aktivitesi i­in 
gerekli iyonlarē ve pH'ē saĵlar. 

 MgClϜ (Magnezyum Klor¿r): DNA polimeraz aktivitesi i­in gerekli 
kofaktºrd¿r. 

 

 
108Ш§ũŚŊŸŰƬťũĲŸƣŚƣũĲƖЯШŊĲŰĲƣŚťШƣĲƚƣЯШċƖċƝƣŕƖůċШƻĲШċĬũŚШƣŕƓƣċШŊĲŰŚƝШĤŚƖШƨǃŊƨũċůċШċũċŰŕŰċШƚċőŚƓШ
ŸũċŰШťŕƚċШ?  ШƻĲǃċШÅ  ШůŸũĲťƬũũĲƖŚЯШŸũŚŊŸůĲƖũĲƖŚĬŚƖЮ 
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4. Genetik Marker (STR - Short Tandem Repeat) Analizi 
DNA amplifikasyonunun ardēndan, PCR ile ­oĵaltēlan DNA ¿r¿nleri, genetik marker 
analizi i­in kullanēlēr. Aile iliĸkisinin belirlenmesinde yaygēn olarak kullanēlan yºntem, 
Kēsa Ardēĸēk Tekrar (Short Tandem Repeat - STR) analizi yºntemidir. Bu yºntem, 
belirli DNA bºlgelerindeki tekrar eden kēsa dizilerin (STR'lerin) analizine dayanēr. ÉÑÅШ
ċŰċũŚǍŚШΣШċĬŕůĬċШƁǍĲƣũĲŰĲĤŚũŚƖа 

¶ STR Marker Se­imi 
o STR MarkerlarĔ: STR markerlarē, genomda belirli pozisyonlarda tekrarlanan 
kēsa DNA dizileridir. Her marker, bir veya daha fazla ­ekirdek dizi (genellikle 
2-6 baz ­ifti uzunluĵunda) i­erir. 

o Lokus: Her STR markerē belirli bir genetik lokus (pozisyon) ¿zerinde 
bulunur. Bu lokuslar, anne, baba ve ­ocuktan alēnan DNA ºrneklerinde 
karĸēlaĸtērēlēr. 

¶ PCR ¦r¿nlerinin AyrĔĹtĔrĔlmasĔ 
o Kapiller Elektroforez: Amplifiye edilen STR bºlgeleri, kapiller elektroforez 
kullanēlarak ayrēĸtērēlēr. Kapiller elektroforez, PCR ¿r¿nlerinin b¿y¿kl¿ĵ¿ne 
gºre ayrēlmasēnē saĵlar. 
Á Kapiller: Ķnce t¿pler (kapillerler) kullanēlarak DNA par­alarē elektrik 
alanē altēnda ayrēlēr. 

Á Fluoresan ķĹaretleme: PCR sērasēnda kullanēlan primerler floresan 
boyalarla iĸaretlenir. Bu iĸaretler, DNA par­alarēnēn elektroforez 
sērasēnda tespit edilmesini saĵlar. 

Á Veri Toplama: Ayrēĸtērēlmēĸ DNA par­alarē, dedektºrler tarafēndan 
tespit edilir ve bilgisayara aktarēlēr. 

¶ Elektroferogram Analizi 
o Elektroferogram: Kapiller elektroforez sonucu elde edilen veri, 
elektroferogram adē verilen bir grafik formunda sunulur. Bu grafik, DNA 
par­alarēnēn b¿y¿kl¿klerini ve miktarlarēnē gºsterir. 
Á Pikler: Elektroferogramdaki pikler, DNA fragmanlarēnēn belirli bir STR 
lokusunda ka­ baz ­ifti uzunluĵunda olduĵunu gºsterir. 

Á Aleller: Her birey, her bir STR lokusunda (biri anneden, diĵeri babadan) 
iki alel taĸēr. Piklerin pozisyonlarē ve y¿kseklikleri bu alelleri temsil eder. 

¶ Genotip Belirleme 
o Alel ¢aĶrĔsĔ: Elektroferogramdaki piklerin analizi ile her bir STR lokusunda 
bulunan aleller belirlenir. Bu s¿re­ genotipleme olarak adlandērēlēr. 
Á Alel NumaralandĔrma: Her STR lokusu i­in belirlenen aleller, 
tekrarlanan ­ekirdek dizilerin sayēsēna gºre numaralandērēlēr (ºrneĵin, 8, 
12 gibi). 
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¶ Veri tabanĔ KarĹĔlaĹtĔrmasĔ ve Ebeveynlik Analizi 
o Profil KarĹĔlaĹtĔrmasĔ: ¢ocuĵun STR profili, potansiyel anne ve babanēn 
STR profilleri ile karĸēlaĸtērēlēr. 
Á Alel EĹleĹme: ¢ocuĵun her bir STR lokusundaki iki aleli, anne ve 
babanēn alelleri ile karĸēlaĸtērēlēr. ¢ocuĵun her bir aleli, anneden veya 
babadan kalētēlmēĸ olmalēdēr. 

Á Mendeliyen KalĔtĔm KurallarĔ: Ebeveynlik analizi, Mendeliyen kalētēm 
kurallarēna dayanarak yapēlēr. Her birey, her ebeveyninden bir alel alēr. 

 
5. Veri Analizi ve Sonu­larĔn DeĶerlendirilmesi 
DNA amplifikasyonu ve genetik marker analizi tamamlandēktan sonra, elde edilen 
veriler deĵerlendirilerek biyolojik ebeveynlik belirlenir. Bu aĸama, genetik markerlarēn 
karĸēlaĸtērēlmasē ve istatistiksel analizlerin yapēlmasē ile sonu­larēn raporlanmasēnē 
i­erir. 
¶ STR Profillerinin KarĹĔlaĹtĔrĔlmasĔ 
o Genetik Profiller: Her birey i­in belirlenen STR profilleri karĸēlaĸtērēlēr. Bu 
profiller, her bir STR lokusunda bulunan alellerin sayēsēnē ve 
kombinasyonlarēnē i­erir. 

o Alel EĹleĹmesi: ¢ocuĵun her bir STR lokusundaki iki alel, anne ve babanēn 
alelleri ile karĸēlaĸtērēlēr. Mendeliyen kalētēm kurallarēna gºre, ­ocuĵun her bir 
aleli ya anneden ya da babadan kalētēlmēĸ olmalēdēr. 

¶ Ebeveynlik ķndeksi (PI) HesaplamasĔ 
o Alel FrekansĔ: Her bir alelin pop¿lasyondaki frekansē belirlenir. Bu frekans, 
belirli bir alelin rastgele bir bireyde bulunma olasēlēĵēnē ifade eder. 

o Ebeveynlik ķndeksi (PI): Her bir STR lokusu i­in PI hesaplanēr. PI, belirli bir 
alelin ­ocukta bulunma olasēlēĵēnēn, aynē alelin rastgele bir bireyde bulunma 
olasēlēĵēna oranēdēr. 
Á PI Form¿l¿: PI = (¢ocuĵun aleli ebeveynden kalētma olasēlēĵē) / (Aynē 
alelin genel pop¿lasyonda bulunma olasēlēĵē). 

Á ¥rnek: ¢ocukta ve babada aynē alel varsa ve bu alelin pop¿lasyondaki 
frekansē %10 ise, PI = 1 / 0.10 = 10. 

¶ Kombine Ebeveynlik ķndeksi (CPI) HesaplamasĔ 
o CPI: T¿m STR lokuslarē i­in hesaplanan PI deĵerlerinin ­arpēmē ile kombine 
ebeveynlik indeksi (CPI) elde edilir. 
Á CPI Form¿l¿: CPI = PI1 * PI2 * PI3 * ... * PIn. 
Á ¥rnek: Beĸ lokus i­in PI deĵerleri sērasēyla 10, 15, 20, 25 ve 30 ise, CPI 
= 10 * 15 * 20 * 25 * 30 = 2,250,000. 

¶ Ebeveynlik OlasĔlĔĶĔ (POP) HesaplamasĔ 
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o Ebeveynlik OlasĔlĔĶĔ (POP): CPI kullanēlarak ebeveynlik olasēlēĵē 
hesaplanēr. Bu, bir kiĸinin biyolojik ebeveyn olma olasēlēĵēnē ifade eder. 
Á POP Form¿l¿: POP = (CPI) / (CPI + (1 - POP0)), burada POP0, 
pop¿lasyon ºncesi olasēlēktēr (genellikle %50 veya 0.5 olarak alēnēr). 

Á ¥rnek: CPI = 2,250,000 ve POP0 = 0.5 ise, POP = 2,250,000 / 
(2,250,000 + 0.5) å 1 veya %99.99995. 

¶ Sonu­larĔn RaporlanmasĔ 
o Raporlama: Ebeveynlik testi sonu­larē detaylē bir rapor halinde sunulur. Bu 
rapor, aĸaĵēdaki bilgileri i­erir: 
Á Genetik Profiller: Anne, baba ve ­ocuĵun STR profilleri. 
Á Alel EĹleĹmeleri: Her bir STR lokusunda anne, baba ve ­ocuk 
arasēndaki alel eĸleĸmeleri. 

Á Ebeveynlik ķndeksi (PI) ve Kombine Ebeveynlik ķndeksi (CPI): Her 
bir STR lokusu i­in PI deĵerleri ve t¿m lokuslar i­in CPI. 

Á Ebeveynlik OlasĔlĔĶĔ (POP): Nihai ebeveynlik olasēlēĵē (% olarak ifade 
edilir). 

 

?  ШEƝũĲƝůĲƚŚ 

?  Ш ĲƝũĲƝůĲƚŚоƖĲƓũŚťċƚǃŸŰƨоƚĲŰƣĲǍŚЯШ ?  ќŰŕŰШ?  Ш ƓŸũŚůĲƖċǍШы?  Ш
ƓŸũǃůĲƖċƚĲ109ьШĲŰǍŚůŚШŚũĲШťĲŰĬŚŰĬĲŰШĤŚƖШťŸƓǃċШĬċőċШǃċƓůċƚŕĬŕƖЮШ 
 
DNA polimeraz, DNA replikasyonu sērasēnda yeni DNA zincirini sentezleyen enzimdir. 
DNA polimerazēn n¿kleotid ekleme hēzē, kullanēlan spesifik enzim t¿r¿ne ve h¿cre 
t¿r¿ne baĵlē olarak deĵiĸebilir. Genel olarak, farklē DNA polimeraz t¿rleri farklē 
hēzlarda ­alēĸēr. Bazē ºrnekler ĸºyledir: 
 
E.coli (Bakteri) DNA Polimeraz III 
¶ HĔz: Yaklaĸēk 1.000 n¿kleotid/saniye 
¶ ķĹlev: E.coli'de ana replikatif DNA polimerazdēr ve hēzlē bir ĸekilde DNA'yē 
sentezler. 
 

ķnsan (Eukaryotik) DNA Polimerazlar 

 
109ШÂŸũǃůĲƖċƚĲаШůĲƖťĲǍŘШŚƝũĲƻŚШÅ  ШƻĲШ?  ШŊŚĤŚШŰƬťũĲŚťШċƚŚƣШƓŸũŚůĲƖũĲƖŚШŚũĲШŚũŊŚũŚШŸũċŰШ
ыƚĲŰƣĲǍũĲǃĲŰьЯШΝΦΡΤќĬĲШĤƨũƨŰċŰШĤŚƖШĲŰǍŚůĬŚƖЮШ7ŚƖШƓŸũŚůĲƖċǍŕŰШĲƚċƚШŉŸŰťƚŚǃŸŰƨЯШůĲƻĦƨƣШĤŚƖШ
?  ШƻĲǃċШÅ  ШťċũŕĤŕШťƨũũċŰċƖċťЯШŚťŚũĲƝůĲШƻĲǃċШƣƖċŰƚťƖŚƓƚŚǃŸŰШƚƬƖĲĦŚШŚĩŚŰĬĲЯШǃĲŰŚШĤŚƖШ?  Ш
ƻĲǃċШÅ  ѣŰŕŰШƓŸũŚůĲƖŚǍċƚǃŸŰƨĬƨƖЮ 
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DNA Polimeraz Delta 
¶ HĔz: Yaklaĸēk 50-100 n¿kleotid/saniye 
¶ ķĹlev: Eukaryotik h¿crelerde lagging strand (geri iplik­ik) sentezinde ana DNA 
polimerazdēr. 

DNA Polimeraz Alfa 
¶ HĔz: Daha yavaĸ, yaklaĸēk 10 n¿kleotid/saniye 
¶ ķĹlev: Eukaryotik h¿crelerde primer sentezler ve kēsa DNA par­alarē ekler, daha 
sonra bu iĸ DNA polimeraz delta veya epsilon tarafēndan devralēnēr. 

DNA Polimeraz Epsilon 
¶ HĔz: Yaklaĸēk 50-100 n¿kleotid/saniye 
¶ ķĹlev: Eukaryotik h¿crelerde leading strand (ºnc¿ iplik­ik) sentezinde ana DNA 
polimerazdēr. 

 
DiĶer DNA Polimerazlar 
Taq DNA Polimeraz (Termus aquaticus) 
¶ HĔz: Yaklaĸēk 60-80 n¿kleotid/saniye 
¶ ķĹlev: PCR (Polymerase Chain Reaction) uygulamalarēnda yaygēn olarak 
kullanēlēr, y¿ksek sēcaklēklarda ­alēĸabilir. 

 
?  ШǍŚŰĦŚƖŚШƁŰĦĲШƚċƖůċũШǃċƓŕƚŕŰĬċŰШыũċŊŊŚŰŊШƚƣƖċŰĬĬĲШťŸŰƨůũċŰċŰШƻĲШΡШтШ
ΟШǃƁŰƬŰĬĲШŚũĲƖũĲǃĲŰьШőĲũŚĦċƚĲ110ШĲŰǍŚůŚШŚũĲШŰƬťũĲŸƣŚƣũĲƖШċƖċƚŕŰĬċťŚШőŚĬƖŸŢĲŰШ
ĤċŌũċƖŕШ ťŕƖŕũċƖċťШы?  Ш ŊǃƖċƚĲ111ШĲŰǍŚůŚШ ƚċǃĲƚŚŰĬĲШ ǍŚŰĦŚƖũĲƖШ ĤŚƖĤŚƖŚŰĲШ
ĬŸũċŰůċĬċŰьШċǃƖŕũŕƖЯШ ĤƁǃũĲĦĲШĩċƣċũũċƝůċШыŉŸƖťьШŸũƨƝƨƖШƻĲШŉŸƚŉŸĬŚĲƚƣĲƖШ
ŸůƨƖŊċƚŕŰċШĤċŌũċŰċŰШƚŚŰŊũĲШƚƣƖċŰĬĲĬШĤŚŰĬŚŰŊШƓƖŸƣĲŚŰ112ШċǃƖŕũċŰШǍŚŰĦŚƖŚŰШ
ĲƣƖċŉŕŰċШ ŊĲũĲƖĲťШǍŚŰĦŚƖũĲƖŚŰШ ċǃƖŕШ ťċũůċƚŕŰŕШыĤŚƖĤŚƖũĲƖŚŰĲШ ƣĲťƖċƖШ
ĤċŌũċŰůċůċƚŕŰŕьШƚċŌũċƖЮШ 
 

 
110ШcĲũŚťċǍũċƖШƣƬůШĦċŰũŕũċƖШŚĩŚŰШőċǃċƣŘШƁŰĲůШƣċƝŕǃċŰШĤŚƖШĲŰǍŚůШƚŕŰŕŉŕĬŕƖЮШ ƬťũĲŚťШċƚŚƣũĲƖŚŰШ
ŉŸƚŉŸĬŚĲƚƣĲƖШŸůƨƖŊċƚŕШƬǍĲƖŚŰĬĲШőċƖĲťĲƣШĲĬĲƖĲťШĤŚƖĤŚƖũĲƖŚŰĲШőŚĬƖŸŢĲŰШĤċŌũċƖŕǃũċШĤċŌũċŰůŕƝШ
ŰƬťũĲŚťШċƚŚƣШŚƓũŚťũĲƖŚŰŚШċǃƖŕƝƣŕƖŕƖЮШ7ƨŰƨŰШŚĩŚŰШ ÑÂШőŚĬƖŸũŚǍŚŰĬĲŰШċĩŕŌċШĩŕťċŰШĲŰĲƖŢŚǃŚШťƨũũċŰŕƖЮ 
111Ш?  ШŊŚƖċǍШƻĲǃċШĤċƚŚƣĩĲШŊŚƖċǍЯШƣŸƓŸŚǍŸůĲƖċǍШƚŕŰŕŉŕШŚĩŚŰĬĲШĤŚƖШĲŰǍŚůĬŚƖШƻĲШĩŚŉƣШƚċƖůċũũŕШ?  ЯШ
Å рƓŸũŚůĲƖċǍШƻĲǃċШƁŰƬŰĬĲШőĲũŚťċǍШƨǍċƣŕũċƖċťШċĩŕũŕƖťĲŰШƣŸƓŸũŸŢŚťШŊĲƖŚũŚůŚШ ÑÂѣǃĲШĤċŌũŕШĤŚƖШ
ƝĲťŚũĬĲШċǍċũƣċŰШÑŚƓШffШƣŸƓŸŚǍŸůĲƖċǍũċƖŕŰШĤŚƖШċũƣШƚŕŰŕŉŕĬŕƖЮ 
112ШÉŚŰŊũĲрƚƣƖċŰĬĲĬШĤŚŰĬŚŰŊШƓƖŸƣĲŚŰШыÉÉ7ьЯШ?  ШƖĲƓũŚťċƚǃŸŰƨЯШŸŰċƖŕůŕШƻĲШƖĲťŸůĤŚŰċƚǃŸŰƨШ
ƚŕƖċƚŕŰĬċШƣĲťШǍŚŰĦŚƖũŚШ?  ШĤƁũŊĲũĲƖŚŰŚШƚƣċĤŚũŚǍĲШĲĬĲƖЯШťŸƖƨƖШƻĲШŚťŚŰĦŚũШǃċƓŕũċƖŕŰШŸũƨƝƨůƨŰƨШ
ĲŰŊĲũũĲƖЮШ7ƨШƝĲťŚũĬĲЯШ?  ѣŰŕŰШĬŸŌƖƨШĤŚƖШƝĲťŚũĬĲШťŸƓǃċũċŰůċƚŕŰŕШƻĲШŸŰċƖŕũůċƚŕŰŕШƚċŌũċƖЮ 
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ΝΡΣ 

7ƨШċƖċĬċЯШċǃƖŕũċŰШǍŚŰĦŚƖũĲƖШċƖċƚŕŰĬċťŚШŊĲƖŊŚŰũŚŌŚШťċũĬŕƖůċťШŚĩŚŰЯШШĤŚƖШǍŚŰĦŚƖĬĲťŚШ
ŉŸƚŉŸĬŚĲƚƣĲƖШŸůƨƖŊċƚŕЯШőĲũŚĦċƚĲќĬĲŰШ ĬċőċШ ƁŰĬĲШ ǃĲƖШ ċũċŰШ
ÑŸƓŸŚƚŸůĲƖċƚĲ113рfШĲŰǍŚůŚШыĤċťƣĲƖŚĬĲЮ?  ЮŊǃƖċƚĲЮĲŰǍŚůŚьШƣċƖċŉŕŰĬċŰШőĲƖШ
ΝΜШ ŰƬťũĲŸƣŚƣĬĲШĤŚƖШťŕƖŕũċƖċťШ ƚċƖůċũШĬƬǍĲũƣŚũŚƖШ ƻĲШċǃŰŕШ ĲŰǍŚůШ ƣċƖċŉŕŰĬċŰШ
ŸůƨƖŊċШƣĲťƖċƖШĤċŌũċŰŕƖЮШ7ƨƖċĬċШťŕƖŕũċŰШƻĲШƣĲťƖċƖШĤċŌũċŰċŰШǃĲƖШĤŚƖШťŸƻċũĲŰƣШ
ĤċŌĬŕƖШƻĲШĤƨШŚƝũĲůШĲŰĲƖŢŚШŊĲƖĲťƣŚƖŚƖЮШ7ċŌШċǃƖŕƝƣŕƖŕũŕƖťĲŰШċĩŕŌċШĩŕťċŰШĲŰĲƖŢŚШ
ĲŰǍŚůШ ĤƬŰǃĲƚŚŰĬĲШĤƨũƨŰċŰШƣǃƖŸƚŚŰĲШċůŚŰŸċƚŚĬŚŰĬĲШƚċťũċŰŕƖШ ƻĲШ ƣĲťƖċƖШ
ĤċŌũċŰŕƖťĲŰШĤƨШĲŰĲƖŢŚШťƨũũċŰŕũŕƖЮ 
 

ггШuċŰƚĲƖШőƬĦƖĲũĲƖŚŰŚŰШĤƁũƬŰĲƖĲťШĩŸŌċũůċƚŕŰŕШĲŰŊĲũũĲůĲťШ
ŚĩŚŰШŸШőƬĦƖĲĬĲШƣŸƓŸŚǍŸůĲƖċǍũċƖŕШőĲĬĲŉШċũċŰШƣŸƓŸƣĲĦċŰЯШ
ĲƣŸƓŸƚŚĬĲШŊŚĤŚШŚũċĩũċƖШĤƨũƨŰůċťƣċĬŕƖЮ 

 
ÉŸŰƖċШőĲƖШǍŚŰĦŚƖĲШƨǃŊƨŰШыШŚũĲШÑЯШÉШŚũĲШ]ьШĤċǍШĤċŌũċŰŕƖЮШ§ƖŚŢŚŰċũШǍŚŰĦŚƖŚŰШΟШ
ƨĦƨŰĬċŰШǃĲŰŚШƚĲŰƣĲǍŚŰШΡШƨĦƨШыǃĲŰŚШǍŚŰĦŚƖŚŰШŉŸƚŉċƣШƨĦƨьШĤċƝũċƣŕũŕƖШƻĲШΟШŰĲШ
ыǃĲŰŚШǍŚŰĦŚƖŚŰШőŚĬƖŸťƚŚũШƨĦƨŰċьШĬŸŌƖƨШƚĲŰƣĲǍũĲŰĲƖĲťШыΡШрШΟШƓŸũǃůĲƖċƚĲШ
ċĦƣŚƻŚƣǃ114ьШƣċůċůũċŰŕƖЮШÉĲŰƣĲǍũĲůĲШĲƚŰċƚŕŰĬċШƓƖŚůĲƖќĲШĤċŌũċŰċŰШ?  Ш
ĦũċůƓ115ШƓƖŸƣĲŚŰŚШƚċǃĲƚŚŰĬĲШ ?~ Ш ƓŸũŚůĲƖċǍШĤƨŰċШ ƣƨƣƨŰċƖċťШƓƖŚůĲƖŚШ
ċƖċůċǃċШŊĲƖĲťШťċũůċĬċŰШťŸũċǃĦċШǍŚŰĦŚƖĬĲШŚƝũĲůШǃċƓċĦċŌŕШǃĲƖĲШťŸŰƨůũċŰŕƖШ
ƻĲШǍċůċŰШťċǃĤŕШǃċƝċŰůċůŕƝШŸũƨƖЮШыǃƖŕĦċШƚĲťċŰƚШĤŚƣƣŚŌŚŰĬĲШƓŸũŚůĲƖċǍШ
ǍŚŰĦŚƖĬĲŰШċǃƖŕũŕƖШċůċШĦũċůƓШőċũĲŰШŸƖċĬċШťċũŕƓШũŚŊċǍќċШĬċШĤƨШǃĲƖŚШƣċƖŚŉШĲƣůĲĬĲШ
ǃċƖĬŕůĦŕШŸũƨƖьШ9ũċůƓќŚШƓƖŚůĲƖќŚŰШĤċƝŕŰċШǃƬťũĲǃĲŰШǃċƓŕǃċШ9ũċůƓШxŸċĬĲƖШ
ĬĲŰŚũŚƖЮ 
 

DNA Sentezinde òLeading Strandó ve òLagging Strandó 

 
113ШÑŸƓŸŚǍŸůĲƖċǍШĲŰǍŚůŚЯШ ?  ѣŰŕŰШ ĤŚƖĤŚƖŚŰĲШ ťċƖŕƝůċƚŕŰŕШ ƁŰũĲůĲŰŚŰШ ǃċŰŕШ ƚŕƖċЯШ ?  Ш
ƖĲƓũŚťċƚǃŸŰƨШƚŕƖċƚŕŰĬċШċƝŕƖŕШƚċƖůċũШ?  ѣĬċťŚШĤċƚŕŰĦŕШőċŉŚǰĲƣůĲťƣĲŰШƚŸƖƨůũƨĬƨƖЮ 
114ШѢΡѣШрШΟѣШƓŸũǃůĲƖċƚĲШċĦƣŚƻŚƣǃѢШыΡѣШрШΟѣШƓŸũŚůĲƖċǍШċťƣŚƻŚƣĲƚŚьЯШĤŚƖШ?  ШƓŸũŚůĲƖċǍШĲŰǍŚůŚŰĬĲЯШ
ǃĲŰŚШ?  ШƻĲǃċШÅ  ШǍŚŰĦŚƖŚŰŚŰШƚĲŰƣĲǍũĲŰůĲƚŚШƚŕƖċƚŕŰĬċШŰƬťũĲŸƣŚƣũĲƖŚŰШĲťũĲŰůĲШǃƁŰƬŰƬШ
ƣċŰŕůũċǃċŰШĤŚƖШƣĲƖŚůĬŚƖЮШ7ƨШċťƣŚƻŚƣĲЯШ?  ШƻĲǃċШÅ  ШƚĲŰƣĲǍŚШƚŕƖċƚŕŰĬċШƓŸũŚůĲƖċǍШĲŰǍŚůŚŰŚŰЯШ
ǃĲŰŚШŰƬťũĲŸƣŚƣũĲƖŚШǍŚŰĦŚƖŚŰШΟѣШƨĦƨŰċШĲťũĲůĲƚŚШċŰũċůŕŰċШŊĲũŚƖЮШòċŰŚЯШ?  ШƻĲǃċШÅ  ШƚĲŰƣĲǍŚШΡѣШ
ƨĦƨŰĬċŰШΟѣШƨĦƨŰċШĬŸŌƖƨШŚũĲƖũĲƖЮ 
115Ш?  Ш9ũċůƓШы?  ШťŕƚťċĦŕьЯШťċǃċƖШťŕƚťċĩШŸũċƖċťШĬċШĤŚũŚŰŚƖЯШ?  ШŚťŚũĲƝůĲƚŚŰĬĲШŚũĲƖũĲǃŚĦŚũŚťр
ƚċŌũċǃŕĦŕШĤŚƖШŉċťƣƁƖШŸũċƖċťШŊƁƖĲƻШǃċƓċŰШĤŚƖШƓƖŸƣĲŚŰĬŚƖЯШċǃƖŕĦċШĤƨШƓƖŸƣĲŚŰĬĲШĤƨũƨŰċŰШĤŚƖШ
ťċƣũċŰůċШǃċƓŕƚŕĬŕƖЮ 



ѿШÌƨĤċƣЯШΞΜΞΡШ?ƖЮШ~ƨƚƣċŉċШ ŉǃŸŰũƨŸŌũƨ 

ΝΡΤ 

 
DNA sentezinde "lagging strand" ve "leading strand" terimleri, yeni DNA iplik­iklerinin 
sentezlenme yºnlerini tanēmlar. 
Leading Strand (¥nc¿ ķplik­ik) 
¶ Yºn: 5' Ÿ 3' yºn¿nde s¿rekli olarak sentezlenir. 
¶ Sentez: Replikasyon ­atalēnēn a­ēlma yºn¿yle aynē yºnde ilerler. 
¶ Primer: Sadece bir RNA primeri gerektirir. 
¶ Kesintisiz: DNA polimeraz enzimi, a­ēlan DNA kalēbē boyunca kesintisiz bir 
ĸekilde yeni n¿kleotitler ekler. 

Lagging Strand (Gecikmeli ķplik­ik) 
¶ Yºn: 5' Ÿ 3' yºn¿nde par­a par­a sentezlenir. 
¶ Sentez: Replikasyon ­atalēnēn a­ēlma yºn¿ne ters yºnde ilerler. 
¶ Primer: Birden fazla RNA primeri gerektirir. 
¶ Okazaki FragmanlarĔ: DNA polimeraz, kēsa DNA par­alarē (Okazaki 
fragmanlarē) halinde sentez yapar ve bu fragmanlar daha sonra DNA ligaz 
enzimi ile birleĸtirilir. 

 
 
òĲŰŚШŊĲũĲŰШĤċǍШŊƖƨĤƨШÑÂЯШÉÑÂЯШ9ÑÂШƻĲǃċШ]ÑÂШƝĲťũŚŰĬĲĬŚƖШƻĲШĤƨƖċĬċŰШċƚŕũШĤċǍШ
ы ЯШÉЯШ9ШƻĲǃċШ]ьШőŚĬƖŸŢĲŰШĤċŌŕǃũċШŸƖŚŢŚŰċũШǍŚŰĦŚƖĬĲťŚШťċƖƝŕШĤċǍċШĤċŌũċŰŕƖťĲŰШ
ċĩŕŌċШĩŕťċŰШĲŰĲƖŢŚШĲŰǍŚůŚŰШĤċƝŕŰĬċШŸũĬƨŌƨШƖĲċťƚŚǃŸŰƨШťċƣċũŚǍĲШĲĬĲƖĲťШ
ťŸƻċũĲŰƣШĤċŌũċƖũċШƝĲťĲƖрŉŸƚŉċƣШǍŚŰĦŚƖŚŰŚŰШťƨƖƨũůċƚŕŰŕШƚċŌũċƖЮШ[ŸƚŉċƣШŊƖƨĤƨШĬċШ
őŚĬƖŸťƚŚũĲШĲťũĲŰŚƖЮШÉŸŰƖċШĲŰǍŚůШǍŚŰĦŚƖŚŰШĤŚƖШƚŸŰƖċťŚШċĬŕůŕŰċШťċǃċƖċťШƚŕƖċĬċťŚШ
ƚĲŰƣĲǍĲШŊĲĩĲƖЮШÅĲċťƚŚǃŸŰƨŰШΡШĬĲŰШΟШŰĲШŚũĲƖũĲůĲШƚĲĤĲĤŚШĬĲШĤƨĬƨƖЮШǃƖŕĦċШ
?  ШƓŸũǃůĲƖċƚĲЯШƚĲŰƣĲǍШǃċƓůċťШŚĩŚŰШőŚĬƖŸťƚŚũШŊƖƨĤƨŰċШыƓƖŚůĲƖШĬŚǍŚьΝΝΣШ
ŚőƣŚǃċĩШĬƨǃċƖЯШǃċŰŚШƚĲŰƣĲǍŚШΟШƨĦƨŰĬċШǃċƓůċťШǍŸƖƨŰĬċĬŕƖЮШ7ƨŰċШĬĲШŰŸƻŸШ
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ΝΡΥ 

ƚĲŰƣĲǍŚ116ШĬĲŰŚƖЮШEŰǍŚůШĤƨƖċĬċťŚШőŚĬƖŸťƚŚũĬĲШĤƨũƨŰċŰШőŚĬƖŸŢĲŰŚШĩŕťċƖŕƓШ
ŉŸƚŉċƣШĲťũĲǃĲƖĲťШŚũĲƖũĲƖЮ 
 
ггШÅ  ШƬǍĲƖŚŰĬĲШŰŸƻŸШƚĲŰƣĲǍШǃċƓċŰШĲŰǍŚůĲШ?  ШƓƖŚůċƚĲ117ШĬĲŰŚƖЮШ7ƨШĤŚƖШ
Å  ШƓŸũŚůĲƖċǍĬŕƖЮШ?  ШƚĲŰƣĲǍŚŰĲШĤċƝũċƖťĲŰШőĲƖШǍċůċŰЯШыũċŊŊŚŰŊШƚƣƖċŰĬШ
ŚĩŚŰШőĲƖШƚĲŉĲƖŚŰĬĲЯШũĲċĬŚŰŊШƚƣƖċŰĬШŚĩŚŰШƚċĬĲĦĲШĤċƝũċŰŊŕĩƣċьШƁŰĦĲШťƬĩƬťШ
ĤŚƖШƓċƖĩċШÅ  ШƓċƖĩċƚŕШƓƖŚůĲƖШŸũċƖċťШ?  ШƓƖŚůċƚĲШƣċƖċŉŕŰĬċŰШƚĲŰƣĲǍũĲŰŚƖШ
ыĤƨƖċƚŕШǃĲŰŚШǍŚŰĦŚƖŚŰШΡШĤċƝũċŰŊŕĦŕĬŕƖьШƚŸŰƖċШƓŸũŚůĲƖċǍШĤƨƖċĬċŰШŚũĲƖũĲƣŚũŚƖЮШ7ƨШ
Å  ШƓċƖĩċƚŕШĬċőċШƚŸŰƖċШĲťƚŸŰƬťũĲċǍ118ШыƁƖŰĲŌŚŰШƓƖŸťċƖǃŸƣũċƖĬċШ?  Ш
ƓŸũŚůĲƖċǍΝ119ьШĲŰǍŚůŚШƣċƖċŉŕŰĬċŰШĩŕťċƖƣŕũŕƖШƻĲШǃĲƖŚŰĲШ?  ШƚĲŰƣĲǍŚШǃċƓŕũŕƖЮШ7ƨШ
ƚŕƖċĬċЯШĩŕťċƖƣŕũċŰШÅ  ШŚũĲШƁŰĦĲĬĲŰШƚĲŰƣĲǍũĲŰůŚƝШ?  ШċƖċƚŕŰĬċШĤŸƝũƨťШыċŰċШ
ĤċĦťĤŸŰĲќĬċШ[fosfodiester omurgasē]ШƝĲťĲƖШŚũĲШŉŸƚŉċƣШċƖċƚŕŰĬċШĤċŌШĲťƚŚťũŚŌŚьШ
ŸũƨƝƨƖШƻĲШĤƨŰċШŰŚĦťШĬĲŰŚƖЮШыüŚŰĦŚƖĬĲШŰƬťũĲŸƣŚƣШĲťƚŚťƚĲШĤƨŰċШŰŚĦťШĬĲŌŚũШŊċƓШ
ĬĲŰŚƖьЮШÌĲťĲƖШƻĲШŉŸƚŉċƣШŊƖƨĤƨШċƖċƚŕŰĬċťŚШĤƨШŰŚĦťШǃċŰŚШĤċŌШĲťƚŚťũŚŌŚШũŚŊċǍ120Ш
ыũŚŊċƚĲьШĲŰǍŚůŚШƣċƖċŉŕŰĬċŰШŊŚĬĲƖŚũĲƖĲťШыĤŚƖĤŚƖŚŰĲШĤċŌũċŰċƖċťЯШĤŸŰĬŚŰŊьШǍŚŰĦŚƖШ
ĲťƚŚťƚŚǍШĤċŌũŕШőċũĲШŊĲũŚƖЮ 

 
116Ш?ĲШŰŸƻŸШƚĲŰƣĲǍШыǃĲŰŚШĤċƝƣċŰьЯШƝĲťĲƖũĲƖШƻĲǃċШċůŚŰŸШċƚŚƣũĲƖШŊŚĤŚШĤċƚŚƣШůŸũĲťƬũũĲƖĬĲŰШ
ťċƖůċƝŕťШůŸũĲťƬũũĲƖŚŰШƚĲŰƣĲǍŚŰŚШŚŉċĬĲШĲĬĲƖЮШ°ƖŰĲŌŚŰШĤŚƖШƓƖŸƣĲŚŰŚŰШƻƬĦƨƣƣċШċůŚŰŸċƚŚƣũĲƖĬĲŰШ
ǃĲŰŚĬĲŰШŚŰƝċШĲĬŚũůĲƚŚШљĬĲШŰŸƻŸШƓƖŸƣĲŚŰШƚĲŰƣĲǍŚњĬŚƖЮШÉĲŰƣĲǍĲШĤċƝũċůċťШŚĩŚŰШĤŚƖШĤċƝũċůċШ
ŰŸťƣċƚŕШŊĲƖĲťŚǃŸƖƚċЯШƚĲŰƣĲǍŚШőċǍŕƖũċǃċŰШĤƨШŰƬťũĲŸƣŚƣШĬŚǍŚƚŚŰĲШƓƖŚůĲƖШыƁŰĦƬũьШĬĲŰŚƖЮ 
117Ш?  ШƓƖŚůċǍЯШ?  ѣŰŕŰШƖĲƓũŚťċƚǃŸŰƨŰĬċШǃĲƖШċũċŰШĤŚƖШĲŰǍŚůĬŚƖШƻĲШĤŚƖШƣƬƖШÅ  ШƓŸũŚůĲƖċǍĬŕƖЮШ
ÂƖŚůċǍЯШĤŚƖШƚƚ?  ШƝċĤũŸŰƨŰċШƣċůċůũċǃŕĦŕШĤŚƖШƓƖŚůĲƖШŸũċƖċťШċĬũċŰĬŕƖŕũċŰШťŕƚċШĤŚƖШÅ  Ш
ƚĲŊůĲŰƣŚŰŚŰШ ƚĲŰƣĲǍŚŰŚШ ťċƣċũŚǍĲШ ĲĬĲƖЮШ 7ƨШ ƨǍċůċĬċŰШ ƚŸŰƖċЯШ Å  Ш ƓċƖĩċƚŕШ ĤŚƖШ ΡѣШ ŚũċШ ΟѣШ
ĲťƚŸŰƬťũĲċǍШƣċƖċŉŕŰĬċŰШĩŕťċƖŕũŕƖШƻĲШ?  ШŚũĲШǃĲŰŚĬĲŰШĬŸũĬƨƖƨũƨƖЮ 
118ШEťƚŸŰƬťũĲċǍШĤŚƖШŰƬťũĲŚťШċƚŚƣШǍŚŰĦŚƖŚŰŚŰШƨĦƨŰĬċŰШŰƬťũĲŸƣŚƣũĲƖŚШƣĲťĲƖШƣĲťĲƖШťĲƚĲŰШĲŰǍŚůĬŚƖЮШ
7ƨШǍŚŰĦŚƖũĲƖŚŰШΟѣШƻĲǃċШΡѣШƨĩũċƖŕŰĬċťŚШŉŸƚŉŸĬŚĲƚƣĲƖШĤċŌũċƖŕŰŕШťŕƖċŰШĤŚƖШőŚĬƖŸũŚǍШƣĲƓťŚůĲƚŚШŸũƨƖЯШĤƨШ
ǃƬǍĬĲŰШĤƨШĲŰǍŚůũĲƖШŉŸƚŉŸĲƚƣĲƖċǍШŸũċƖċťШƣċŰŕůũċŰċĤŚũŚƖũĲƖЮ 
119Ш?  ШÂŸũŚůĲƖċǍШfЯШ?  ШƖĲƓũŚťċƚǃŸŰƨШƚŕƖċƚŕŰĬċШƁǍĲũũŚťũĲШƓƖŸťċƖǃŸƣũċƖĬċШыƁƖŰĲŌŚŰЯШEЮШĦŸũŚьШ
ƁŰĲůũŚШĤŚƖШƖŸũШŸǃŰċƖЮШEŰǍŚůЯШƁŰĦĲũŚťũĲШƓƖŚůĲƖũĲƖŚŰШĩŕťċƖŕũůċƚŕШƻĲШ?  ѣŰŕŰШƚĲŰƣĲǍũĲŰůĲƚŚШ
ŊƁƖĲƻŚŰŚШƬƚƣũĲŰŚƖЮШ?  ШÂŸũŚůĲƖċǍШfЯШÅ  ШƓƖŚůĲƖũĲƖŚŰŚШΡѣШрШΟѣШĲťǍŸŰƬťũĲċǍШċťƣŚƻŚƣĲƚŚǃũĲШĩŕťċƖŕƖШ
ƻĲШ ċƖĬŕŰĬċŰШ ĤŸƝũƨťũċƖŕШ ĬŸũĬƨƖůċťШ ŚĩŚŰШ ǃĲŰŚШ ?  Ш ŰƬťũĲŸƣŚƣũĲƖŚŰŚШ ĲťũĲƖЮШǃƖŕĦċЯШ ΟѣШрШΡѣШ
ĲťǍŸŰƬťũĲċǍШċťƣŚƻŚƣĲƚŚШƚċǃĲƚŚŰĬĲШőċƣċũċƖŕШĬƬǍĲũƣĲƖĲťШƖĲƓũŚťċƚǃŸŰƨŰШĬŸŌƖƨũƨŌƨŰƨШƚċŌũċƖЮШ
?  ШÂŸũŚůĲƖċǍШfЯШƖĲƓũŚťċƚǃŸŰШƣċůċůũċŰĬŕŌŕŰĬċЯШƚŸŰШĬƬǍĲũƣůĲũĲƖŚШǃċƓċƖШƻĲШ?  ШũŚŊċǍŕŰШ
ǍŚŰĦŚƖŚШƣċůċůĲŰШĤŚƖũĲƝƣŚƖůĲƚŚШŚĩŚŰШŊĲƖĲťũŚШŸũċŰШƚŸŰШĤŸƝũƨťũċƖŕШĬŸũĬƨƖƨƖ 
120ШxŚŊċǍЯШŚťŚШĤƬǃƬťШůŸũĲťƬũШċƖċƚŕŰĬċШĤŚƖШťŚůǃċƚċũШĤċŌШŸũƨƝƣƨƖċƖċťШŸŰũċƖŕШĤŚƖũĲƝƣŚƖĲŰШĤŚƖШ
ĲŰǍŚůĬŚƖбШ ŊĲŰĲũĬĲШ ƖĲċťƚŚǃŸŰƨШ ƚŕƖċƚŕŰĬċШ ĤƨШ ĤƬǃƬťШ ůŸũĲťƬũũĲƖĬĲŰШ ĤŚƖŚŰĲШ ċŚƣШ ťƬĩƬťШ ĤŚƖШ
ťŚůǃċƚċũШŊƖƨƓШőŚĬƖŸũŚǍШŸũƨƖЮ 
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ΝΡΦ 

 
Ekzon¿kleaz enzimleri (DNA Polimeraz 1 gibi), DNA replikasyonu ve onarēmē 
sērasēnda yanlēĸ eklenmiĸ n¿kleotitleri veya hasarlē DNA par­alarēnē tanēyarak ve 
keserek ­ēkaran enzimlerdir. DNA polimeraz enzimlerinin bazēlarē, 3' - 5' ekzon¿kleaz 
aktivitesine sahiptir ve bu, DNA sentezi sērasēnda hatalarē d¿zelterek replikasyonun 
doĵruluĵunu artērēr. Ekzon¿kleaz enzimlerinin DNA eĸleĸmesindeki temel rol¿, yanlēĸ 
eĸleĸmiĸ veya hasarlē n¿kleotitlerin ­ēkarēlmasē ve bºylece yeni sentezlenen DNA 
zincirinin doĵru ve hasarsēz olmasēnē saĵlamaktēr. 
¥zellikleri ve ķĹlevleri: 
1. 3' - 5' Ekzon¿kleaz Aktivitesi: 
o Hata D¿zeltme: DNA polimeraz, yeni sentezlenen DNA zincirinde bir hata 
tespit ettiĵinde, 3' - 5' ekzon¿kleaz aktivitesi devreye girer. Yanlēĸ eklenmiĸ 
n¿kleotit geri ­ēkarēlēr ve doĵru n¿kleotit eklenir. 

o DoĶruluk: Bu mekanizma, DNA replikasyonunun doĵruluĵunu ºnemli ºl­¿de 
artērēr. 

2. 5' - 3' Ekzon¿kleaz Aktivitesi: 
o Primer ¢Ĕkarma: ¥zellikle prokaryotlarda, DNA Polimeraz I gibi enzimler, RNA 
primerlerini ­ēkarēr ve boĸluklarē yeni DNA n¿kleotitleriyle doldurur. 

o OnarĔm: Hasarlē DNA par­alarēnēn onarēlmasēnda kullanēlēr. 
Ekzon¿kleaz aktivitesi, DNA replikasyonu sērasēnda hatalarē d¿zelterek ve DNA 
hasarēnē onararak genetik bilginin doĵru bir ĸekilde aktarēlmasēnē ve h¿cre saĵlēĵēnē 
korur. 

 
 
7ƁǃũĲĦĲШĤŚƖŚШƁŰĦĲťŚШǍŚŰĦŚƖĬĲŰШŊĲũĲŰШĬŚŌĲƖŚШǃĲŰŚШƚĲŰƣĲǍũĲŰĲŰШĤŚƖШǍŚŰĦŚƖШĩŚŉƣŚШ
ŸũƨƝƨƖЮШ7ƨŰċШǃċƖŕШťŸƖƨŰƨůũƨШыƚĲůŚрĦŸŰƚĲƖƻċƣŚƻĲьШ?  ШĲƝũĲƝůĲƚŚШĬĲŰŚƖЮШ 
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ΝΣΜ 

?  ќŰŕŰШ ƨǍƨŰШ ĤŚƖШ ǍŚŰĦŚƖШŸũĬƨŌƨШ ĬƬƝƬŰƬũƬƖƚĲЯШ ĲŰǍŚůШ ĤŚƖШ ǃƁŰĲШ ĬŸŌƖƨШ
ŚũĲƖũĲƖťĲŰЯШыΟШĄШΡШťƨƖċũŕШŊĲƖĲŌŚьШĤŚƖШǍŚŰĦŚƖĬĲШŚũĲƖũĲůĲШǃƁŰƬŰĲШĬŸŌƖƨШыũĲċĬŚŰŊШ
ƚƣƖċŰĬьЯШ ĬŚŌĲƖŚŰĬĲШ ŊĲƖŚǃĲШ ĬŸŌƖƨШ ыũċŊŊŚŰŊШ ƚƣƖċŰĬьШ ƚĲŰƣĲǍШ ǃċƓŕũŕƖЮШ cĲƖШ ŚťŚШ
ǍŚŰĦŚƖĬĲШċǃŰŕШċŰĬċШǃċƓŕũċŰШƖĲƓũŚťċƚǃŸŰƨШċŰũċƣċŰШǃċƓŕШŸťċǍċťŚШŉƖċŊůĲŰƣƚШŚũĲШ
ŊƁƚƣĲƖŚũůŚƝƣŚƖа 
 

 
 
ÉĲŰƣĲǍШĲƚŰċƚŕŰĬċťŚШŚƝũĲůШċƝċůċũċƖŕШƝƁǃũĲШŊƁƚƣĲƖŚũĲĤŚũŚƖа 

 



ѿШÌƨĤċƣЯШΞΜΞΡШ?ƖЮШ~ƨƚƣċŉċШ ŉǃŸŰũƨŸŌũƨ 

ΝΣΝ 

 
7ǃЮ?ċƻŚĬЮ§Ю~ŸƖŊċŰЮцЮÑőĲЮ9ĲũũЮ9ǃĦũĲдЮÂƖŚŰĦŚƓũĲƚЮŸŉЮ9ŸŰƣƖŸũдеЮ ƣƣƖŚĤƨƣŚŸŰеЮ
őƣƣƓƚжффĦŸůůŸŰƚдƽŚťŚůĲĬŚċдŸƖŊфƽфŚŰĬĲǂдƓőƓлĦƨƖŚĬӆΫάΧΥΩάΨΣ 

 
 
¶ 7ƁǃũĲĦĲЯШƁǍĲũũŚťũĲШőƬĦƖĲШĤƁũƬŰƬƖťĲŰЯШŸũƨƝċŰШőĲƖШŚťŚШőƬĦƖĲǃĲШĬĲШĤŚƖШƚĲƣШ
ƻĲШƣċůċůĲŰШĤŚƖĤŚƖŚŰŚŰШċǃŰŕШ?  ШыŊĲŰŸůьШŊŚƣůŚƝШŸũƨƖЮШ7ƨШ?  ќŰŕŰШĤŚƖШ
ǍŚŰĦŚƖŚШŸƖŚŢŚŰċũШ?  ќĬċŰШŊĲũůŚƝЯШĬŚŌĲƖŚШǃĲŰŚШƚĲŰƣĲǍũĲŰůŚƝƣŚƖЮ 

 

ÎШ7ċťƣĲƖŚũĲƖĬĲШ?  ШǍŚŰĦŚƖŚШĬċŚƖĲƚĲũШŸũĬƨŌƨŰĬċŰШƖĲƓũŚťċƚǃŸŰШƚŕƖċƚŕŰĬċШĤƨШ
ĬċŚƖĲШ ĤŚƖШ ǃĲƖŚŰĬĲŰШ ťĲƚŚũŚƖШ ƻĲШ ƖĲƓũŚťċƚǃŸŰШ ŚťŚШ ǃƁŰĲШ ĬŸŌƖƨШ ŚũĲƖũĲƖЮШ
ÑċůċůũċŰĬŕŌŕŰĬċШĬċŚƖĲШƣĲťƖċƖШĤŚƖũĲƝƣŚƖŚũŚƖЮ 
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































