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¢ǸǊƪƛȅŜΩƴƛƴ ƛƭƪ ōƛƭƎƛǎŀȅŀǊ ŘŜǎǘŜƪƭƛ ƛƭŀœ ǘŀǎŀǊƤƳƤ ǒƛǊƪŜǘƛ

ÅMoleküler modelleme 
ǳȊƳŀƴƭƤƐƤƳƤȊƤ ƛƭŀœ ǒƛǊƪŜǘƭŜǊƛƴŜ 
sunuyoruz:

Å¸ŀȊƤƭƤƳ ƎŜƭƛǒǘƛǊƳŜκȅŜǊƭƛƭŜǒǘƛǊƳŜ

ÅTƭŀœ ǘŀǎŀǊƤƳƤ/optimizasyonu

ÅKimyasal ve biyokimyasal 
ōƛƭŜǒƛƪƭŜǊƛƴ karakterizasyonu(IR, 
UV-vis, NMR spektra ve optik 
özellikler)
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4ŀƭƤǒƳŀƭŀǊƤƳƤȊ

Endüstri 
ƻǊǘŀƪƭƤƪƭŀǊƤƳƤȊ
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1 Tƭŀœ ǘŀǎŀǊƤƳƤƴŘŀ ƘŜǎŀǇƭŀƳŀƭƤ ƪƛƳȅŀ ȅǀƴǘŜƳƭŜǊƛ neredennereyeǳƭŀǒǘƤ?

2 DǸƴǸƳǸȊŘŜ ƪǳƭƭŀƴƤƭŀƴ ȅǀƴǘŜƳƭŜǊ

3 ¸Ŝƴƛ ƳŜǘƻǘƭŀǊƤƴ ƎŜƭƛǒǘƛǊƛƭƳŜǎƛƴŜ ƴŜŘŜƴ ƛƘǘƛȅŀŎƤƳƤȊ ǾŀǊΚ 



Tƭŀœ !ǊŀǒǘƤǊƳŀƭŀǊƤƴŘŀ .ƛƭƎƛǎŀȅŀǊƭƤ YƛƳȅŀ aŜǘƻǘƭŀǊƤ

TƭŀŎƤƴ & ƘŜŘŜŦƛƴΣ ƻǊǘŀƳƤƴ ŀǘƻƳƛƪ 
ǎŜǾƛȅŜŘŜ ƛȊƭŜƴƳŜǎƛƴƛ ǎŀƐƭŀǊ

ilaç& hedef 
ŜǘƪƛƭŜǒƛƳƭŜǊƛ

hedef
validasyonu& 
bŀǒŀǊƤ ǒŀƴǎƤ

Konvensiyonel, biyoteknolojik, peptidikΧ

Özgün, jenerik, biyobenzer, biyoüstünΧ

ilaç ortam 
ŜǘƪƛƭŜǒƛƳƭŜǊƛ

formülasyon, ilaç 
ǘŀǒƤƳŀ ǎƛǎǘŜƳƭŜǊƛΣ 

toksisiteΧ

ƛƭŀŎƤƴ 

ȅŀǇƤǎŀƭ ǾŜ ŘƛƴŀƳƛƪ

karekterizasyonu

ƪŀǊƳŀǒƤƪ ŘŜƴŜȅǎŜƭ 
data, muhtemel 

reaksiyonlar (post 
translationalgibi)
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Tƭŀœ 5ǸƴȅŀǎƤƴŘŀ .ƛƭƎƛǎŀȅŀǊƭƤ YƛƳȅŀ

Å¢ŜƳŜƭ ŀƳŀœΥ ƛƭŀœ ƪŜǒŦƛƴŘŜ ȊŀƘƳŜǘ ǾŜ 
maliyetleri azaltmak

ÅEtkisi yüksek olma ihtimali olan 
molekülleri sentezlemek/test etmek

ÅTƭŀŎƤ ǘŀƴƤƳŀƪκƘŜŘŜŦƛ ǘŀƴƤƳŀƪ

ÅGlaxoSmithKlineΥ ζƪŜǒƛŦ ŘŜƐƛƭ ǘŀǎŀǊƤƳη

ÅMerck, Jannsen, VertexPharmaceuticals



"Drug companies know they simply 
cannot be without these computer 
techniques. They make drug design 
more rational."

"TƭŀœǒƛǊƪŜǘƭŜǊƛbu bilgisayarteknikleri
olmadanȅŀǇŀƳŀȅŀŎŀƪƭŀǊƤƴƤ biliyorlar. 
TƭŀœǘŀǎŀǊƤƳƤƴƤdaharasyonelhale 
getiriyorlar."

Marshall begins by studyingthe 
shapes of the drug molecule andits 
receptor, rotating the modelson the 
computer screen tosee them from 
every possibleangle.

aŀǊǎƘŀƭƭ œŀƭƤǒƳŀǎƤƴŀ ƛƭŀŎƤƴ ǾŜ 
ǊŜǎŜǇǘǀǊǸƴ ǒŜƪƛƭƭŜǊƛƴƛ ŀǊŀǒǘƤǊŀǊŀƪ 
ōŀǒƭŀǊΥ ƳƻŘŜƭƭŜǊƛ ōƛƭƎƛǎŀȅŀǊ ŜƪǊŀƴƤƴŘŀ 
ƳǸƳƪǸƴ ƻƭŀƴ ōǸǘǸƴ ŀœƤƭŀǊŘŀƴ ƎǀǊŜƴŜ 
kadar döndürür. 



Bilgisayardan Hastalara

Athanasiou, Christina, and Zoe Cournia. "From Computers to Bedside: Computational Chemistry Contributing to FDA 
Approval.".ƛƻƳƻƭŜŎǳƭŀǊ {ƛƳǳƭŀǘƛƻƴǎ ƛƴ {ǘǊǳŎǘǳǊŜπ.ŀǎŜŘ 5ǊǳƎ 5ƛǎŎƻǾŜǊȅ(2018): 163-203.

Teröpatikalan DŜƭƛǒǘƛǊŜƴ Lisans Sahibi ¸Ƥƭ ¸ŀƪƭŀǒƤƳ

losartan (Cozaar®) tansiyon Dunciaet al. Merck 1995 ¸ŀǇƤƭŀǊƤƴ elle üst üste ȅŜǊƭŜǒǘƛǊƛƭƛƳŜǎƛ

zolmitriptan (Zomig®) migren Glaxo Wellcome AstraZeneca 2003
FarmakoforModelleme& 
Farmokinetikoptimizasyon

norfloxacin (Noroxin®) antibakteriyel KyorinPharmaceutical Merck 1986
QSAR

6-,7- or 8-monosubstituted karboksilik
asitler

LigandōŀȊƭƤ ȅǀƴǘŜƳƭŜǊ ςwŜǎŜǇǘǀǊ ȅŀǇƤǎƤ ōƛƭƛƴƳŜȊ 

Teröpatikalan DŜƭƛǒǘƛǊŜƴ Lisans Sahibi ¸Ƥƭ ¸ŀƪƭŀǒƤƳ

indinavir (Crixivan®) HIV Merck Merck 1996
Kompleks yŀǇƤƭŀǊƤƴ Ǹǎǘ ǸǎǘŜ 

ȅŜǊƭŜǒǘƛǊƛƭƛƳŜǎƛ

rilpivirine (Edurant®) HIV Tibotec Janssen 2011 MolekülerȅŀƴŀǒǘƤǊƳŀ(docking)

Nelfinavir (Viracept®) HIV AgouronPharmaceuticals Hoffmann-La Roche 1997 De novo ligand ǘŀǎŀǊƤƳƤ

YapƤ ōŀȊƭƤ ȅǀƴǘŜƳƭŜǊ ςwŜǎŜǇǘǀǊ ȅŀǇƤǎƤ ōƛƭƛƴƛǊ
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Modern Bilgisayar Kimya

.ƛƭƎƛǎŀȅŀǊƭƤkimya

aŜǘƻǘ ƎŜƭƛǒƛƳƛ
Parametreler (GAFF 2004) 
GPU

TƭŀœŘǸƴȅŀǎƤƴŘŀ

1. 5ŀƘŀ ƪŀǊƳŀǒƤƪ ƛƭŀœƭŀǊΥ 
biyoteknolojikler, peptitler, 
makrosiklikler

2. 5ŀƘŀ ƪŀǊƳŀǒƤƪ ƘŜŘŜŦƭŜǊ ǾŜ 
inhibasyonƳŜƪŀƴƛȊƳŀƭŀǊƤ

3. 4ŜǒƛǘƭŜƴŜƴ ƘŀǎǘŀƭƤƪƭŀǊ

Deneysel/Genomik

Makromoleküllerin
üç boyutlu 
¸ŀǇƤƭŀǊƤ
Xray, NMR, 
Cryo-electron

D
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Nokta mutasyonlar Ą ilaç direnci
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Yeni nokta mutasyonlar
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Nokta mutasyonlara direnç

Eiring, Anna M., and Michael W. Deininger. "Individualizing kinase-targeted cancer therapy: the paradigm of chronic myeloid 
leukemia."Genome biology15.9 (2014): 1-11.

Ponatinib
-MolekülerȅŀƴŀǒǘƤǊƳŀ
-Molekülerdinamik

12 of 27



MǳǘŀǎȅƻƴƭŀǊƤƴetkisinin tespiti

ŀǊŀǒǘƤǊƳŀ & klinik öncesi

(5000 ς10000 molekül)

Yƭƛƴƛƪ ŀǊŀǒǘƤǊƳŀƭŀǊ

(5-10 aday)

Iŀǎǘŀȅŀ ŜǊƛǒŜƴ

1 ilaç

tǊƻƧŜƳƛȊƛƴ ŀƳŀŎƤ

o Bir ƛƭŀŎƤƴŜǘƪƛƴƭƛƐƛƴƛƴtümƻƭŀǎƤmutasyonlarlaŘŜƐƛǒƛƳƛƴƛtahmin
etmekiçinƘŜǎŀǇƭŀƳŀƭƤƪƛƳȅŀȅŀ ŘŀȅŀƭƤ bir yöntem
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MǳǘŀǎȅƻƴƭŀǊƤƴetkisinin tespiti
ODTÜ Kimya Bölümü 2232 Projesi

Mutasyonlara 
yönelik yeni bir 
ŜǘƪƛƭŜǒƛƳ ŜƴŜǊƧƛǎƛ 
protokolü

IƤȊƭƤ ǾŜ ƪŜǎƛƴ!

tǊƻǘƻƪƻƭǸƴ ŘƛƐŜǊ 
sistemlere 
ǳȅƎǳƭŀƴƳŀǎƤ

ωProtokol sistem 
ǎǇŜǎƛŦƛƪ ƻƭƳŀƳŀƭƤ! 

Deneysel bilgisi 
ƪƤǎƤǘƭƤ ƻƭŀƴ 
ƛƭŀœƭŀǊƤƴ 
ŜǘƪƛƭŜǒƛƳ 

enerjilerinin 
ƘŜǎŀōƤ ǘŀƘƳƛƴƛ

.ƛǊ ƘŜǎŀǇƭŀƳŀƭƤ 
kimya platformu 
ƪǳǊǳƭƳŀǎƤ
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MǳǘŀǎȅƻƴƭŀǊƤƴetkisinin tespiti

WT ve
ƳǳǘŀƴǘƭŀǊƤƴMD 
ǎƛƳǸƭŀǎȅƻƴƭŀǊƤ

{ƛƳǸƭŀǎȅƻƴƭŀǊƤƴ
kümeleme

analizi

Kümelemeden 
elde edilen 
ȅŀǇƤƭŀǊŀ 
ȅŀƴŀǒǘƤǊƳŀ

9ǘƪƛƭŜǒƛƳ 
ŜƴŜǊƧƛǎƛ ƘŜǎŀōƤ

ǳȊŀƪƭƤƪ(Å)
IC50

(imatinib)
IC50

(ponatinib)

WT
260 0.5

T315A
5 970 1.6

E255K
9 5200 14

H396P
18 850 16
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MǳǘŀǎȅƻƴƭŀǊƤƴetkisinin tespiti

WT ve
ƳǳǘŀƴǘƭŀǊƤƴMD 
ǎƛƳǸƭŀǎȅƻƴƭŀǊƤ

{ƛƳǸƭŀǎȅƻƴƭŀǊƤƴ
kümeleme

analizi

Kümelemeden 
elde edilen 
ȅŀǇƤƭŀǊŀ 
ȅŀƴŀǒǘƤǊƳŀ

9ǘƪƛƭŜǒƛƳ 
ŜƴŜǊƧƛǎƛ ƘŜǎŀōƤ

ǳȊŀƪƭƤƪ(Å)
IC50

(imatinib)
Eet

(kcal/ mol)
IC50

(ponatinib)
Eet

(kcal/ mol)

WT
260 -30 0.5 -45

T315A
5 970 -24 1.6 -40

E255K
9 5200 -26 14 -41

H396P
18 850 -26 16 -40

4 mutant
2 ilaç 4 örnek

12 serbest aaseti
п ōŀƐƭŀƴƳŀ ōǀƭƎŜǎƛ ŀƭŀƴƤ
о ōŀƐƭŀƴƳŀ ǇƻȊǳ

4500 kompleks
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StandartŘƤǒƤƛƭŀœƭŀǊƤƴmodellenmesi

ÅPaul Ehrlich: corpora non agunt nisi fixata

ōƛƭŜǒƛƪƭŜǊ όƘŜŘŜŦŜύ ōŀƐƭŀƴƳŀŘƤƪœŀ Ŝǘƪƛ ŜǘƳŜȊ

Ehrlich, P. Chemotherapy (Pergamon Press, London, 1960).

Tƭŀœ ŀŘŀȅƤ ƘŜŘŜŦŜ ōŀƐƭŀƴƤȅƻǊ ƳǳΚ

aƻƭŜƪǸƭŜǊ ȅŀƴŀǒǘƤǊƳŀ όdockingύ ǇǊƻƎǊŀƳƭŀǊƤ

tǊƻǘŜƛƴ ƛœŜǊƛǎƛƴŘŜΣ ǇǊƻǘŜƛƴ ŜǘƪƛƭŜǒƛƳƭŜǊƛ ƎǀȊ ǀƴǸƴŜ ŀƭƤƴŀǊŀƪ 
ȅŀǇƤƭŀƴ konformasyonelŀǊŀǒǘƤǊƳŀŘƤǊ
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MakrosiklikTƭŀœƭŀǊ

protein-ǇǊƻǘŜƛƴ ŜǘƪƛƭŜǒƛƳƛΥ antikanserƛƭŀŎƤ
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MakrosiklikTƭŀœ ¸ŀƴŀǒǘƤǊƳŀ tǊƻǘƻƪƻƭǸƳǸȊ

isim PDB kodu ligand protein protein ǎƤƴƤŦƤIŀƭƪŀ ƎŜƴƛǒƭƛƐƛ
M1 5L7H 6QG MRa signaling protein 18
M2 3R91 06H Hsp90b transferase 12
M3 4MG8 27J ERc hormone receptor 14
M4 3WZW ZER IMDHd oxidoreductase 14
M5 5ANU 58T MTH1e hydrolase 15
M6 1ESV LAR Alpha-actin contractile protein 16
M7 3EKS CY9 Actin-5C contractile protein 11
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Ugur, Ilke, et al. "Predicting the bioactive conformations of macrocycles: a molecular dynamics-based docking procedure with 
DynaDock." Journal of molecular modeling25.7 (2019): 1-13.
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Miuraenamide 
ςaktin 

stabilize ediyor

Nereye 
ōŀƐƭŀƴƤȅƻǊΚ 

bŀǎƤƭ ǎǘŀōƛƭƛȊŜ 
ediyor? 



NereyebaƐƭŀƴƤȅƻǊΚ YǀǊ ȅŀƴŀǒǘƤǊƳŀ

Wang, Shuaijun, UgurI. et al. "Actin stabilizing compounds show specific biological effects due to their binding mode."Scientific 
reports9.1 (2019): 1-17.
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bŀǎƤƭ ǎǘŀōƛƭƛȊŜ ŜŘƛȅƻǊΚ 

Wang, Shuaijun, UgurI. et al. "Actin stabilizing compounds show specific biological effects due to their binding mode."Scientific 
reports9.1 (2019): 1-17.

apo

holo
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