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OZET

Doktora Tezi
Alzheimer Hastaliginin Tedavisine Yonelik Yeni Onder Bilesiklerin Gelistirilmesi
Gozde Yalcin
Ankara Universitesi Biyoteknoloji Enstitiisii
Prof. Dr. Ilkay Yildiz

Bu tez kapsaminda, in silico ortamda Alzheimer Hastaliginin tedavisine yonelik
calismalarda bulunularak; yeni onder bir bilesigin gelistirilmesi hedeflenmistir. Bu hedefe
ulagsmak i¢in, Discovery Studio Client 3.5 (DSC) paket programi kullanilarak Glikojen
Sentaz Kinaz 3 (GSK-3p) ve Asetilkolinesteraz enzim inhibitorleri ile farmakofor analiz
calismalan yiiriitiilerek hipotezler gelistirilmistir. Bu hipotezleri olusturmak i¢cin HipHop
ve 3D QSAR Farmakofor Gelistirme olmak {izere iki farkli yontem kullanilmistir. Her iki
metodla elde edilen hipotezler istatistiksel olarak incelenmis ve ileri ¢aligmalar i¢in uygun
olan hipotez(ler) secilmistir. Secilen tiim hipotezler ile ligand farmakofor cakistirma
yontemi kullanilarak test serisi ile uyumuna bakilmistir. Ayrica, GSK-3f enzim
inhibitorleri lizerinden 3D QSAR Farmakofor Gelistirme Yontemi ile gelistirilmis
hipotezlerden bir tanesi (hipotez 1) DSC igerisinde bulunan DrugLikeDiverse veritabani ile
taranmis ve ilag benzeri molekiillerin uyumu kontrol edilmistir. Buna gore, veritabanindaki
3930 molekiiliin hipotez 1 ile uyumlu oldugu bulunmustur. Daha sonra, bu molekiillerin in
silico ortamda ADME/Tox (Absorpsiyon, Dagilim, Metabolizma, itrah ve Toksisite)
ozellikleri incelenmis ve bu say1 20’ye diistirilmistiir. Tiim analiz sonuglarinin bir arada
degerlendirilmesine gére ENA99104 bilesik ¢oklu hedefe yonelik yeni ilag¢ adayr molekiil
olarak secilmistir. Son olarak ENA99104 bilesigi molekiiler doking ve molekiiler dinamik
simiilasyonuna almmistir. ENA99104’{in  Asetilkolinesteraz ve GSK-3B enzimleri
tizerindeki inhibe edici 6zelligi sebebiyle Alzheimer Hastalig1 i¢cin yeni dnder bir bilesik

olabilecegi hesaplamali olarak gdsterilmistir.
2018, 204 sayfa

Keywords: Alzheimer Hastaligi, Asetil kolinesteraz, GlikojenSentez Kinaz 3B, Coklu
Hedefe Yonelik ilag Adayr Molekiil Gelistirme



ABSTRACT
PhD Thesis
Development of New Leader Compounds Intended to Treatment of Alzheimer's Disease
Gozde Yalcin
Ankara University Biotechnology Institute

Prof. Dr. llkay Yildiz

It is aimed to develop a new leading compound, by the studies about the treatment of
Alzheimer’s disease on in silico environment within the scope of this thesis. For this
purpose hypothesis has been developed by carrying out pharmacophore analysis studies
with glycogen synthase kinase 33 (GSK-3[) and acetylcholinesterase enzyme inhibitors by
Discovery Studio Client 3.5 (DSC) package. Two different methods which are HipHop and
3D QSAR Pharmacophore Generation were used to generate these hypotheses. Hypotheses
were examined statistically and the suitable hypotheses were chosen for further studies.
Ligand Pharmacophore studies were implemented for all hypothesis to understand the
fitting of the test set. Also hypothesis 1 which is generated by 3D QSAR Pharmacophore
Generation Method with GSK-3 enzyme inhibitors was chosen for next step of the study.
3930 molecules which were fitted to this hypothesis were found DrugLikeDiverse database
of DSC. The number of molecules was decreased to 20 by their ADME/Tox (Absorption,
Distrubution, Metabolism, Excretion and Toxicology) properties on in silico environment.
ENA99104 was chosen as a multi target drug candidate molecule by the consideration of
the whole analysis results. Finally molecular docking studies and molecular dynamics
simulations were implemented with ENA99104 molecule. It was shown that ENA99104
could be a new lead compound for Alzheimer’s disease because of its feature about the

inhibition of acetyl cholinesterase and GSK-3.
2018, 204 pages

Keywords: Alzheimer Disease, Acetyl cholinesterase, Glycogen Synthase Kinase 3,
Multi Target Drug Design



TESEKKUR

Doktora ¢alismamu yiiriittiiglim yillar sadece akademik degil kisisel anlamda da pek ¢ok
sorunla bogustugum yillar oldu. Gergek kotiiliigii gordiiglim ve tanidigim bu yillarda
aslinda hayatimda olan tek bir insan dahi eksik olsa hem bu tez hem de bugiin bu tezi
kaleme alan Gozde Yalcin asla olmazdi. Bu nedenle oncelikle bir bakisiyla biitiin giinlime

nese katan ismini hatirlayamadigim biitiin giizel insanlara tesekkiir ederim.

Biyoteknoloji Enstitiisti'ne benim i¢in ikinci bir ev ve aile oldugu, her zaman arkamda
durdugu i¢in, bu hayatta tasimaktan onur duydugum yegane kimlik olan Biyoteknoloji
Enstitlisii kartin1 verdigi igin sonsuz tesekkiirii bir bor¢ bilirim. Ancak &zellikle Prof. Dr.
Aykut OZKUL’a beni kendi evlatlarindan ayrrmadigim bildigim igin ve Prof Dr. Hilal
Ozdag’a sorunlarimi1 kendi basina gelmiscesine dert edinip bir abla sevkatiyle ¢dziim
iiretmeye calistigi, tath sert ¢izgisiyle bir 6gretmenden ¢ok klavuza doniistiigii icin sonsuz
tesekkiir ederim. Higbir zaman bilimsel bir grubun {iyesi olamayacagim derken; beni
grubunun fahri liyesi ilan ederek giizel enerjisinden nasiplenmeme miisaade eden Dog. Dr.
Bala Giir Dedeoglu’na tesekkiirlerimi sunuyorum. Dog. Dr. Erkan Yilmaz’ a ise makale
saatlerimizle her seye ragmen igimdeki bilim atesini koriikledigi ve iyi bir arastirmaci
olmamdaki ornek kisiligi nedeniyle tesekkiir ederken; Klingoncami gelistirmemdeki
katkilar1 nedeniyle Dr. Ogretim Uyesi Doruk Engin’e tesekkiirlerimi de atlamamam

gerekir.

Danigsman olmak; elbetteki bilimsel katki saglamak, bir 6grenciyi akademik anlamda
yetistirmektir. Ancak bunlarin yani sira yeri geldiginde bir arkadas yeri geldiginde bir abla
olarak sorunlarimi dinleyen, essiz yemek sohbetlerimizle hayatimi giizellestiren danigman

hocam Prof. Dr. Ilkay Yildiz’a sonsuz tesekkiir ederim.

Dostlarim... Iyi ki varsmiz. Bir kisinin dostlugun anlamini1 6grenmesi i¢in once diismesi
gerekiyormus, diistim... Ama ¢ikaranim, dostlarim vardi. Bu yillarda her zaman yanimda
olan Aydos, Eker, Islakoglu, Polat, Korkmaz, Demirci ve Tercan ailesi iiyesi dostlarima,
Senem Noyan’a, Miige Yasemin’e, Funda Demirsoy’a, Muhammet Oguzhan Yalg¢in’a,
Aysun Aydogdu’ya, Ezel Cilek’e, basta Rukiye Avarisli olmak iizere Rize’yi giizellestiren

kiiciik dostlarima sonsuz tesekkiirler. ..



Belki bir film repligi ama “herkesin istedigi zaman c¢ikip, istedigi zaman donebilecegi bir
kapist olmal1”. Bana bu kapiy: biitiin varligiyla hissettiren canim ailem, sizi ¢ok tizdiim.
Affiniza si@inarak bu tezi hazirlarken yasadigim biitiin zorluklarda sicacik kollariyla sarip
sarmalayan annem Ayse YALCIN ve babam Sefa YALCIN’a Oliimsiliz bir tesekkiir
sunuyorum. Son olarak en giizel hediyem, tosbagam, marmelatim, can senligim, kardesim

Gokge YALCIN iyiki varsin. Sen olmasan bogulurdum...
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1. GIRIS

flag gelistirme ¢alismalarmin temelini hedef hastaligin etiyolojisi, patogenezi olusturur.
Uzun yillar siiren bu ¢aligsmalar vasitasiyla ilacin hangi amaca daha uygun olacagina karar
verilir. Tlag gelistirmede hastaligin nedeninin elemine edilmesi iizerine ¢alisilabilecegi gibi,
hastalik nedeni ile bozulan fonksiyonlarin diizeltilmesi, hastalik ile birlikte gelisen

komplikasyonlarin 6nlenmesi ve semptomlarin azaltilmasi da hedeflenebilir.

Rasyonel ila¢ gelistirme calismalar1 hastaliklart meydana getiren mekanizmalarin tespit
edilmesi ve klinik olarak kullanilan ilaglarin farmakolojik etkilerinin anlasilmasi ile
yiirlitiilen bir tarama islemi ile gerceklesmektedir. Bu tarama ile ¢ogu zaman 10binden
fazla bilesikten yalnizca bir tanesi ilag molekiilii olarak hastaya ulasmaktadir. ilag
gelistirme ¢alismalarinda ilk asama “kesif” asamasidir. Bu safhada molekiiler biyoloji,
biyokimya, medisinal kimya, siiper bilgisayar hesaplamalari, molekiiler modelleme gibi
bilim dallar1 biiylik rol oynamaktadir. Molekiiler biyoloji, biyoteknoloji, biyokimya
calismalar1 ile hastaliklara yol acan mekanizmalarda gorev alan protein yapilar tespit
edilerek ilag hedefi olarak kullanilmasi saglanir. Ayrica yine ayni bilim dallar1 vasitasiyla
yeni laboratuvar teknikleri ve hayvan modelleri gelistirilerek ikinci saftha olan “preklinik
donem” ¢aligmalar1 i¢in de biiyiik kolayliklar saglanmistir. Preklinik dénem yani “klinik
oncesi donem” kesif basamaginda secilen kimyasal bilesiklerin (potansiyel yeni ilag
molekiilleri) insanlarda denenmeden Once degerlendirilmesi asamasidir. Akut ve kronik
toksisite, karaciger gibi spesifik organlara etki, mutajenisite, karsinojenisite aragtirmalari
bu basamak cercevesinde yiiriitilmektedir. Hayvanlarla yliriitilen bu testlerde ilag
molekiiliin farmakodinamik ve farmakokinetik 6zellikleri arastirilir. Son basamak olan
klinik faza gecilmeden 6nce klinik Oncesi fazi gegen molekiillerle 6nce FDA'ya (Amerika
Birlesik Devletleri ilag ve Gida Dairesi) "Arastirilan Yeni ilag” basvurusu yapilarak ilgili
bilgilendirmenin yapilmasi gerekmektedir. Ardindan klinik asamaya gecilir. Bu basamakta
farkl1 sayilarda hasta orneklemleriyle gerceklestirilen 4 fazdan olugsmaktadir. Bu siireci
tamamlayan bir ila¢ molekiilii i¢in FDA’dan alinan izinle birlikte T.C. Saglik Bakanligi
Tiirkiye Ila¢ ve Tibbi Cihaz Kurumu’na “ila¢ basvurusunda” bulunulur (1). Ugiincii klinik
fazda alinan onayla birlikte yeni doz ve formiilasyon gelistirilmesi i¢in ¢aligmalara devam

edilir. Tlag gelistirme ¢alismalarina yonelik diyagram Sekil 1.1’de verilmistir.



) 5] 6 o 6]

Bu mekanizmalan Bu proteinler  Bilesikler arasindan ilacin
modiile eden tizerinde etki  farmakolojik agidan giivenilirliginin
anahtar proteinlerin  eden kimyasal en iyi 6zellikleri insanlar lizerinde
tespit edilmesi bilesiklerin gosterenlerin denenmesi
kesfedilmesi segilmesi
Kesif Basamagi / L Kiinik Basamak

Sekil 1.1. ilag gelistirme basamaklar1 (1,2)

llaglar proteinleri modiile edis bigimlerine gore siiflara ayrilirlar. Hastaliklarda bazi
proteinler fazla iiretilerek sayica artig gdstermekte iken bazi proteinlerin sentezi diismekte
ve sayis1 azalmaktadir. Bu nedenle ila¢ hedefi olarak segilen protein sayica artiyorsa ilgili
proteinin aktivitesi durdurularak etkisiz hale getirilmesi ya da proteinin aktivitesinde
negatif bir etki olusturarak sayica artisin avantaja doniistiiriilmesi amaglanmaktadir. ilag
hedefi olarak segilen protein de sayica bir azalma gozleniyor ise ilgili proteinin aktivitesini

arttirarak eksikligin kompanse edilmesi hedeflenmektedir.

Hiicrelerdeki bu protein yapilara yani reseptorlere baglanarak hiicrede bir tepki olusturan
yani aktivasyonu saglayan molekiiller “agonist” sinifindandir. Agonist molekiiller ¢ogu
zaman o proteinle hiicre icerisinde dogal olarak etkilesen molekiiller taklit edilerek
tasarlanmaktadir. Ornegin dopaminerjik reseptdrlere baglanarak dogal yoldan aktive eden
dopamin bu reseptorlerin dogal agonisti olan bir nérotransmitterdir. “Antagonist” sinifi
molekiiller ise bir reseptore baglanarak o reseptoriin eyleme ge¢mesini engellerler. Temel
prensip agonist baglanma bolgesinin reseptoriin  aktiflesmesine yol a¢mayacak bir
molekiille kapatilarak agonist baglanmasinin engellenmesidir. Reseptore baglanarak
reseptorde agonistine ters bir etki yaratan, negatif aktiviteye yol acan molekiiller ise “ters-
agonist” sinifin1 olusturmaktadir. Benzodiazepin reseptorler i¢in gelistirilen bazi B-karbolin
tiirevleri ters agonist molekiillere 6rnektir (3) (Sekil 1.2). Bir de reseptore baglanip zayif
bir etki olusturan bu sayede reseptoriin aktivitesinin kontrollii bir bigimde artmasin
saglayan “parsiyal agonist” molekiiller sinift mevcuttur. Son olarak “yarigmali (kompetitif)
antogonistler” smifindaki molekiiller antagonistler gibi reseptoriin agonist baglanma
bolgesini kapatarak aktiflesmesini engellerler ancak ortamda agonist konsantrasyonu

arttiginda agonistlerin baglanarak reseptorleri aktiflestirmesine miisaade ederler. Bu sayede



reseptor aktivitesi kontrollii bir bicimde durdurulmus olur (3,4). Ornegin otonom sinir
sistemindeki sitirekli aktif haldeki adrenoreseptorler ile kolinoreseptorlerde antagonistler
fonksiyonda biiyiikk degisiklige yol ac¢maktadir, bu nedenle daha ¢ok yarismali

antagonistler tercih edilmektedir.

100 Agonist

S 50 / Parsiyal
< Agonist
> Antagonist

0 \
50— Ters Agonist

10 -9 -8 -7 -6 -5 4 -3

Log ,/[doz](g)
Sekil 1.2. Farkli ilag etki modellerinin reseptor aktivitesi tizerindeki etkisi (3,4)

flag gelistirme siireci oldukca uzun bir siirectir ancak bu siirecin en énemli kism1 olas1 ilag
molekiillerinin  kesfedilmesidir. Gilinlimiizde milyarlarca kiigiik ilag  molekiilii
bulunmaktadir. Bunlar arasinda hedef proteinle en spesifik etkilesimi saglayan
molekiillerin tespit edilmesi deneysel yollarla ¢ok da miimkiin degildir. Bu nedenle
bilgisayar ortaminda gergeklestirilen hesaplamalarla bu molekiilleri deneysel calismalara
yonlendirecek sayiya diislirmek biiylik onem tagimaktadir. Bilgisayar destekli ilag
gelistirme araclart; hedef yapilarin validasyonu, yiiksek hizda aktivite tarama (HTS), 6nder
bilesiklerin optimizasyonu, farmakolojik potansiyel ile fizikokimyasal ve farmakokinetik
paramatreler arasindaki dengeyi saglamak gibi biitiin ila¢ gelistirme basamaklarinda karar
verme silirecine katkida bulunmaktadir (5). Bu tezde de hesaplamali ¢alismalarin
yiuriitiilmesinin nedeni ilgili katkidir. Bu kapsamda farmakofor gelistirme ve molekiiler

doking calismalar1 yiirtitilmistiir.

Kanser, metabolik, kardiyovaskiiler ve ndrolojik hastaliklar gibi kompleks hastaliklarin

tedavisi i¢in tamamiyla etkin ilaglar heniiz kesfedilememis, bu nedenle ilag etken madde



gelistirme ¢aligmalarinda bu hastaliklar vazgegilmez hedefler olarak kalmistir. Bunlardan

en 6nemlisi de Alzheimer hastaligidir.

Demans; noronlarin geri doniisiimsiiz olarak kaybiyla gelisen norolojik bir hastaliktir.
Alzheimer ise demansin en sik goriilen formudur. Hafiza kayb1 ve bilissel kabiliyetlerde
gerilemeye yol agar ve Ozellikle 65 yas istii popiilasyon igin ciddi bir tehlike arz
etmektedir. 2015 yilinda tiim diinyada 46 milyon demans hastas1 yasadig: tespit edilmistir.
Bu rakamin sadece bu yil igerisinde yaklagik 10 milyon daha artacagi ve 2030’da 74.7
milyona, 2050’de 131.5 milyona ulasabilecegi 6ngoriilmektedir (Sekil 1.3) (6,7).
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Sekil 1.3. Yillara gore demansl hasta sayis1 (Milyonlar), Turuncu renk gelir diizeyi yiiksek
tilkeleri, mor renk gelir diizeyi diisiik ve orta tilkeleri gostermektedir.

Tiirkiye genel niifus sayimi verilerine gore 65 yas iistii popiilasyon orani1 1945°de %3.3
iken; 2000°de %S5.7 olarak tespit edilmistir ve bu oranin 2050’de %20’ye yaklasacagi
diistinilmektedir (8). Bu artis yaslanmanin beraberinde getirecegi Alzheimer gibi

hastaliklarin goriilme sikliginin da artacagi anlamina gelmektedir.

Alzheimer ekonomik boyutu yoniinden de son derece ciddi bir hastaliktir. Avrupa
Alzheimer Dernegi’nin 2008 verilerine gore iilkemizin de i¢inde bulundugu Avrupa
tilkelerinde demansa ayrilan biitge 177.2 milyar avro olarak belirlenmistir (Cizelge 1.1)
(9). Diinya Saglik Orgiitii verilerine gore sadece 2015 yilinda tiim diinyada demansl hasta
bakim giderleri; hasta, hasta yakim1 ve toplumsal bilgilendirme giderleri ve sosyal

iyilestirme i¢in harcanan maliyet 818 milyar Amerikan Dolarina ulasmistir ve bu rakamin



2030 yiliyla beraber 2 trilyona ¢ikacagi ongoriilmektedir (6). Bu rakamlar pek ¢ok iilke
ekonomisinden bile biiyiiktiir.

Cizelge 1.1. Alzheimer Hastalig1 ve demansin Avrupa’da 2008 yilindaki maliyeti

Direkt Maliyet (medikal Bilgilendir Total
ve sosyal hizmetler) me giderleri Maliyet
EU27 (Avrupa Birligi
Ulkeleri) 717 88.6 160.3
EU27+Aday iilkeler+
EAA(Avrupa Ekonomi 76.3 91.2 167.5
Bolgesi) Ulkeleri+
Isvigre
Ajmupa (Nikkiye 80.6 96.6 177.2
Dahil)

Hastaliga yol agan pek ¢ok molekiiler mekanizma tespit edilmistir. Ozellikle beyinde;
amiloid B proteininin birikimi ile olusan senil plaklar ve tau proteininin hiperfosforilasyonu
ile gelisen yumak yapilar1 Alzheimer’da goriilen temel norolopatolojik belirteclerdir. Bu
proteinlerin birikimi ile sinir hiicrelerinde 6liim gerceklesir ve beyinde geri doniisiimsiiz
hasarlar meydana gelir. Ayrica RAGE (ileri Glikasyon Son Uriinleri igin Reseptdr)
diizeyinde artig, alzheimer hastaligi olan bireylerde sinirsel sinyal iletiminde goérevli asetil
kolin gibi baz1 6nemli kimyasallarin eksikligi (Kolinerjik Hipotez) ve NMDA (N-metil D-

aspartat) reseptorlerinin aktivasyonunda artis da diger noropatolojik belirteglerdir.

Tez ¢aligsmasi kapsaminda ele alinan GSK3 bir serin/threonin kinaz reseptoriidiir ve hem
Wnt yolaginda hem de apoptozis de etkin bir role sahiptir (10,11). GSK3p nin Alzheimer
mekanizmalar1 tizerindeki etkisi incelenmis, 6zellikle Amiloid Prekiirsér Proteini (APP)
prosesinde 6nemli bir rolii oldugu tespit edilmistir. GSK3[ inhibisyonu ile APP kesiminde
azalma gozlenmistir (11). GSK3p inhibisyonu amiloid B diizeyinde diisiis sagladigindan

calismamizda ele alinan nihai proteinlerden biridir.
Tez kapsaminda gerceklestirilen ¢alismalar asagidaki maddelerle ifade edilebilir:

1. Alzheimer hastaligina iliskin mekanizmalarin tespiti



llgili mekanizmalarda gorevli proteinlerin tespiti ve 3 boyutlu yapilarinin
arastirilmasi

Daha oOnceden yiirlitilmiis calismalar ve farkli veritabanlar1 taranarak ilgili
proteinler i¢in gelistirilmis inhibitdrlerin tespit edilmesi

. Bulunan inhibitorlerle farkli farmakofor modellerinin gelistirilmesi

. Farkli veritabanlar taranarak secilen farmakofor modellerine uygun bilesiklerin
belirlenmesi

Secilen bilesiklerle ADME-Tox analizlerinin yapilmasi

. Molekiiler dinamik simiilasyonlar1 kullanilarak tespit edilen olas1 dnder bilesiklerin

ilag-reseptor etkilesimlerinin degerlendirilmesi



2. KURAMSAL TEMELLER

Alzheimer Hastalig1 pek ¢ok mekanizmada meydana gelen aksamalar ile ortaya c¢ikar ve
baz1 noropatolojik belirtecler ile kendini gostermektedir. Bunlar intrandronal norofibriller
yumaklar ve ekstrandronal senil (yaslanmaya bagli) plaklardir. Senil plaklar daha ziyade
B-amiloid peptidlerinin bilesimiyle meydana gelirken; norofibriler yumaklar ise
hiperfosforile Tau proteinlerinin bir araya gelmesiyle olusmaktadir (12,13). Ilag etken
madde gelistirme ¢alismalarinin yiritildiigi mekanizmalari daha detayli olarak

inceleyecek olursak:

2.1.  AMILOID-BETA PEPTIDLERININ OLUSUMU VE BiRIiKiMi

Amiloid B (AP) 36-43 aminoasitlik bir peptiddir. Normal fonksiyonu tam olarak
bilinmemekle birlikte baz1 hayvan deneyleri AP yoksunlugu fizyolojik fonksiyonda kayba
yol agmamaktadir (14,15). Bunlarin yani sira AB’nin kinaz enzimlerinin aktivasyonu
(16,17), oksidatif strese karsi koruma (18,19), kolesterol transferinin diizenlenmesi (20,21),
transkripsiyon faktorliigli (22) gibi gorevlerde bulundugu bilinmektedir. Bunun yani sira
son ¢alismalarda AP’ nin fare modellerinde hastaliklarla miicadele de patojenlere saldir1 da

gorev aldigi da tespit edilmistir (23).

AP peptidi APP’nin (amiloid 6nciil proteininin) B ve y sekretazlar vasitasiyla kesilmesi ile
olugsmaktadir (Sekil 2.1). Sekil 2.1’ de “Tam Boy APP” seklinde belirtilen; kesim Oncesi
APP proteinidir. APP geni insanda 21. kromozomda bulunup ve alternatif splicing
mekanizmasiyla olusan 3 farkli izoformu bulunmaktadir. Bunlar APP695, APP751,
APP770 proteinleridir ve APP751 ile APP 770 dokularin pek ¢ogunda eksprese edilirken
APP695 ise daha ¢ok sinir dokularinda eksprese edilmektedir (24). Ancak Alzheimer
Hastaligina sahip beyinlerde yapilan incelemelerde APP751 ve APP770 izoformlarinin
daha da arttig1, ayn1 zamanda amiloid-f3 peptid(AP) birikiminin de arttig1 tespit edilmistir
(25).

Tam Boy APP proteini tek gecisli, tip 1 transmembran proteinidir. Endoplazmik
retikulumda iretilir ve golgiye gonderilir. Bu nedenle noronlarda en yiiksek APP
konsantrasyonu bu bolgelerde bulunur ve A iiretimi buralarda gergeklestirilir. APP ayni

zamanda vezikiiller yardimiyla hiicre yiizeyine de transfer edilebilir. Buralarda o



sekretazlar tarafindan kesilerek biiylik bir ¢oziinebilir molekiil olan sAPPa iiretilir (24)
(Sekil 2.1). Arastirmalar AP’nin toksik Ozelligine karsilik sAPPa’nin noroprotektif bir
etkiye sahip oldugunu gostermektedir (26,27).

a ve P kesimler sonrasi APP’nin karboksi ucunda meydana gelen fragmanlar (aCTF,
BCTF) membrana bagl olarak kalir ve daha sonrasinda y sekretazlar tarafindan kesilir.
aCTF ve BCTF’nin fonksiyonu tam olarak tespit edilmis olmamasina ragmen BCTF
sitotoksik 6zelligi ve noéronal 6liimdeki gorevi tespit edilmistir (24). Bu sitotoksik etkinin y
sekretaz ve kaspaz kesimiyle olusan final {irtinleri (APP intraseliiler domaini (AICD), C31,
Jcasp) vasitasiyla da gergeklesmis olabilecegi Ongoriillmektedir (24). y sekretazlarin
aktivitesi 4 ayri integral membran proteini (Presenilin 1 veya 2 (PS1-2), nikastrin (Nct),
anteryor yutak defektif 1 (Aph-1), presenilin uyarici 2 (Pen2)) ile kompleks halindeyken
goriliir (28,29). Dogal olmayan aspartil proteazlardan olan y sekretazin da Presenilin 1-2
katalitik komponentini olusturur (29). y sekretaz APP’yi intra-membran bdlgesinden keser
ve p83 ve AP olusturur. P83 hizlica degrede olan ve dnemli bir fonksiyonu olmadigi

diistiniilen bir pargadir (24).

Jcasp 2 c31
P83
0 AICD
y-cleavage caspase-cleavage
sAPPa
aCTF (.
11—
a-cleavage
Tam boy APP i
t —= 1 = i c31
p-cleavage — caspase-cleavage
J
BCTF —]
sAPPS . [
Y-CTeavage caspase-cleavage
¢ }
AB AICD
4
Jcasp Cc31

Sekil 2.1. APP prosesi ile amiloid-p proteinlerinin olusmasi (25)

Amiloid-p proteinlerinin oligomerik formlart olduk¢a ndrotoksik bulunarak Alzheimer

patogenezi ile iliskilendirilmistir. Ayrica amiloid oligomerlerin hiicre membranlarina



penetrasyon kabiliyeti vasitasiyla Alzheimer patolojisinde hiicre-hiicre iletisiminde de
onemli bir rolii oldugu tespit edilmistir (30,31). Amiloid oligomerlere ait yapinin
aydinlatilmasi hastalik i¢erisindeki patolojik rollerinin aydinlatilmasi ve terapotik ajanlarin
gelistirilmesi igin biliylik 6nem tagimaktadir. Bu terapotik ajanlar vasitasiyla oligomerler
bloke edilerek hiicre i¢ine gecisleri engellenip, hiicreler arast birikimleri 6nlenecegi gibi
olusturduklart toksik sekonder yapinin dagitilmasi ya da endojen ¢oziinebilir Amiloid-f
peptitlerinin polimerizasyonunun Onlenmesi de saglanabilir (32). Halihazirda yiiriitiilen
deneysel calismalarda amiloid-f (AP) proteinindeki instabilite nedeniyle oldukg¢a
zorlanilmaktadir. Bu nedenle amiloid-p peptitleri yapisal simiflara ayrilmistir. Bunlar;
fibriler oligomerler (FOs) ve prefibriler oligomerlerdir (PFOs) (32). Fibriler oligomerler
diisiik stabilite gostermesine ragmen prefibriler oligomerlerin stabilitesinin daha diisiik

oldugu tespit edilmistir (22).

AP’ nin C terminalinden y sekretazlar tarafindan diizensiz kesimi ile AB42 (42 amino asit
uzunlugunda), AB40 (40 amino asit uzunlugunda) olmak tizere iki major Ap izoformu
meydana gelmektedir. Iki izoform arasindaki tek fark AB42’nin C terminalde sahip oldugu
fazladan 2 aminoasittir (Sekil 2.2). Omurilik sivisindaki AB40 konsantrasyonu Ap42’°den
pek cok kat daha fazla bulunmustur (33). AB42 alzheimerl beyinlerde amiloid plaklarinin
major komponenti olmasina ragmen AP40 sadece bir grup amiloid plak yapisinda
gozlenmistir. Bu bulgular 15181nda AB42 birikiminin AB40 birikimine de dncii olabilecegi
diistiniilmektedir (33).
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Sekil 2.2. APP proteinin kesimiyle AB40 ve AB42 olusumu (34)



AP’ nin plazmada, serebrospinal sivida (CSF) ve beyin interstisyel sivisinda (ISF) (Sekil
2.3) daha ¢ok ¢oziinebilir AB40 formunda goriilmektedir (35). Amiloid plaklar hem AB40
hem de AP42 peptidlerini igerirken vaskiiler amiloid genellikle daha kisa olan AB40° 1
igerir (36).
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Sekil 2.3. A plaklarini igeren bolgeler (ISF, CSF)

Total AP seviyelerindeki ya da hem AP40 hem de AP42 i¢in ayr1 ayr1 Olgiilen
konsantrasyonlardaki (6nceleri serebrovaskiiler plaklarda daha sonra ise noritik plaklarda
konsantrasyon daha yiiksektir) herhangi bir artis ailesel ve sporadik Alzheimer hastaliginin

amiloidojenik formdaki peptiddir.

2.2. TAU HIPERFOSFORILASYONU

Tau en biiylik mikrotiibiil baglantili proteindir (MAP). Normal bir yetiskin beyninde
kromozom 17 {izerindeki bir gen bolgesinden kodlanan 6 farkli, alternatif splays triinii
izoformu bulunmaktadir (38). Alzheimerli beyinlerde hem sitozolde hem de helikal
filament ¢iftlerinde biitiin bu 6 izoform da hiperfosforile haldedir ve noérofibriler yumaklar
olustururlar. Normal haldeki tau proteini ¢oziinebilirken; hiperfosforile tau proteini
oligomeriktir, ¢6ziinmez. Alzheimerl1 beyinlerdeki tau miktarinin saglikli beyinlere gore 4-
5 kat daha fazla oldugu tespit edilmis; bu fazlaligin hiper fosforile tau miktarinda ki

artisgdan kaynaklandig1 ortaya konmustur (38). Hiperfosforile tau proteininin normal
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proteinlere gore doniisiim hizi daha yavas bulunmus; buna neden olarak da kalsiyum ile
aktive edilen nétral proteazlara karsi gosterilen direng oldugu tespit edilmistir (38). Tau
proteininin biyolojik aktivasyonu fosforilasyon derecesi ile diizenlenir (39). Saglikli
bireylerde de gegici hiperfosforilasyonlar gbzlenebilir, kis uykusuna yatan hayvanlarda
gozlenen tau hiperfosforilasyonu bu duruma 6rnek gosterilmektedir (38). Ancak bu gegici
hiperfosforilasyon patolojik degildir; ndronlarin apoptozise girmesini engeller. Sekil 2.4°de

tau hiperfosforilasyonuna ait mekanizma verilmistir. Buna gore tau proteini bazi protein

kinazlar(GSK3p ve siklin bagimli protein kinaz 5(Cdk5) tarafindan fosforlanmaktadir.

e ‘ helikal filament
: ; ciftleri (PHFs)
=1p) hiperfosforile tau
i srofibriler | /
apoptozis | < ? noro
(néronal 6liim) | yumaklar

Sekil 2.4. Tau hiperfosforilasyon mekanizmasi

Hiperfosforile tau ile normal tau arasindaki kinetik ¢alismalari Ser199/Ser202/Thr205,
Thr212, Thr231/Ser235, Ser262/Ser356 ve Ser 422 rezidiilerinin kritik fosforilasyon
bolgeleri oldugunu ortaya koymustur (39,40). Ayrica Thr231, Ser396 ve Serd22
rezidiilerinin de tau proteininin agregasyonunda dnemli oldugu; prolince zengin bolgelerde
gozlenen fosforilasyonun kiiciikk, C-terminaldeki kuyruk bolgesinde gerceklestirilen
fosforilasyonun ise biiyiik 6l¢lide agregasyonu uyardigi da ayni ¢alisma ile tespit edilmistir
(39). Coziinebilir AP proteini insiilin reseptorlerine baglanir ve fonksiyonuna miidahale
eder. AP bu reseptorii bloke ettiginde fosfoinositol 3-kinaz (PI3K)/Akt aktive olmaz. Akt
GSK3p’y1 inhibe etmekle gorevlidir. Ancak Akt aktivasyonu gerceklesmezse GSK3[
inhibe edilemez ve aktivitesi artar bu sayede tau hiperfosforilasyonu gerceklesir. Cdk bir

diger kinaz proteinidir. Alzheimerli hastalarda Cdk aktivitesinde artis vardir. Cdk farkl
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proteinlerle (p25, p35, p39) kompleks olusturarak enzimatik aktivitesini gosterir. P25/Cdk
kompleksi tau hiperfosforilasyonunda etkin kinaz komplesidir (39). Son dénemlerdeki in
vivo calismalara gore; Cdk5 inhibisyonunun beyindeki AP diizeyini disiirdiigii tespit
edilmis, ancak Cdk5’in inhibisyonunun GSK3f aktivasyonuna yol agarak tau

hiperfosforilasyonunu arttirdig1 da ortaya konmustur (39).

2.3.  KAN-BEYIN BARIYERI TRANSPORT PROTEINLERININ
KONSANTRASYONUNDA YASANAN DEGIiSIMLER

Alzheimerl1 beyinlerde yogun oldugu tespit edilen reseptdrlerden birisi de ileri Glikasyon
Son Uriinleri i¢in reseptdrlerdir (RAGE). Bu reseptorlerin ligandlar: lipidler ve AP gibi
ileri glikasyon son triinleridir. Bu ligandlar protein ve lipidlere glikozun non-enzimatik bir
bicimde eklenmesi ile olusurlar (41). RAGE proteini 3 immiinoglobiilin benzeri bolgeden
olugmaktadir. V tipi bir immiinoglobiilin bolgesi vasitasiyla ligand baglanma bolgesi
olusturulur. C tipi kisim ise transmembran bir yapi1 ve sitoplazmik bir kuyruk olusturur, bu
sayede intraseliiler sinyallerin alinmasi saglanir. RAGE sinyalizasyonundaki artisin kronik
inflamasyonun bir gostergesi olduguna dair bulgular vardir ayn1 zamanda RAGE-ligand
etkilesmelerinin oksidatif stresin artistyla sonuglanan hiicre sinyalini tetikledigi de
bilinmektedir. Biitiin bunlar Alzheimerli beyinlerde néronlarda, mikroglia ve astrositlerde,
beyindeki endotelyal hiicrelerde patolojik hasar olusumuna yol agmakta, bu nedenle AP
birikimi artmaktadir (Sekil 2.5) (42). Aynm1 zamanda RAGE’lerin proteolitik par¢alanmasi
ile olusan “¢oziinebilir RAGE’lerin” Af’nin kan-beyin bariyerini gecmesinde etkili oldugu

da bilinmektedir.

Nérotoksik bilesiklerin ’
temizlenmesi

Sekil 2.5. AP proteinlerinin kapiler endotelyumda transportunda gorevli yapilar (42)
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LRP1 (Lipoprotein Reseptor Bagli Protein 1) oldukca biiyiikk bir tip 1 transmembran
proteindir. 4,525 amino asitli bir protein olmasinin yani sira, birbirine non-kovalent
bi¢imde bagl biiyiik (515 kDa) bir N-terminal ekstraseliiler alt tinite ile 85 kDa bir C-
terminal transmembran alt {initeden olusur. AP proteininin bosaltilmasi heparan siilfat
proteoglikan gibi bir AB-baglayici protein vasitasiyla gergeklestirilir (30). Hem oligomerik
hem de yumak halindeki AP proteini LRP1 i¢in zayif bir ligandir. LRP1 de AP transportu
bazen de proteinin B-sekretaz, a-sekretaz ve y-sekretaz tarafindan kesilmesi vasitasiyla
gerceklesir. Kesim islemi sonucu olusan LRPI’in intraseliiler bolgesi transkripsiyonu
regiile eder ve pek ¢ok genin ekspresyonunu etkiler. Regiile edilen proteinlere interferon-y
ve APP de dahildir. LRP1 bu sekilde de AP diizeyini etkilemektedir. Ayrica Qianfeng ve
ark. (31) tarafindan farelerle yiiriitillen bir ¢aligma da alzheimerli beyinlerde RAGE
proteininin miktarinda artis gozlenirken, LRP1 proteininin miktarinda diisiis

gozlenmektedir (Sekil 2.5).

2.4. ALZHEIMERLI BEYINLERDE ABNORMAL DAGILIM GOSTEREN
DIiGER RESEPTORLER

2.4.1. ASETILKOLIN RESEPTORLERI

Alzheimerda oldugu gibi pek ¢ok norodejeneratif hastalikta da abnormal dagilima sahip bir
diger reseptor grubu asetilkolin reseptorleridir. Alzheimerin erken evrelerinde bile azalma
gosteren nikotinik ve muskarinik asetilkolin reseptorleri ile artis gdsteren asetilkolinesteraz
reseptorleri bunlardan bazilaridir (43,44). Kolinerjik hipoteze goére ndrotransmiter
asetilkolin seviyelerindeki diisiis ve asetilkolin pargalanmasinda anahtar gorevi goren
asetilkolinesteraz enzimi diizeyindeki artis Alzheimera yol agmaktadir (45). Asetilkolin
(ACh) bir noérondan salinarak digerine ait postsinaptik membrandaki reseptore baglanarak
sinyal tranferini saglayan molekiildiir. Bir ¢esit serin proteaz olan asetilkolinesteraz
(AChE) ise noromiiskiiler baglantilarda ve kolinerjik beyin sinapslarinda bulunur ve

ACh’yi asetil ve koline pargalayarak sinyal iletimini durdurur (Sekil 2.6) (7).
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Sekil 2.6. Asetilkolinesteraz etki mekanizmasi (46)

AChE’nin yogun oldugu kolinerjik terminallerde AP birikiminin yogun oldugu
gozlenmistir. Ayrica son yillarda AChE-AB kompleksinin AP’ya bagimli intraseliiler Ca*?
deregiilasyonuna ve hipokampal néronlarda mitokondriyal disfonksiyona yol agtig1 ve bu
durumun tek basina Af’dan daha biiyiik bir hasara yol acgtig1 tespit edilmistir (43). Ayni
zamanda Alzheimer modeli farelerle yiiriitiillen bir ¢alismada BACEI inhibisyonuyla Af
seviyesi, hipokampal noronlarda kolinerjik regiilasyon saglanarak hafiza kaybinin
gerilemesi saglanmistir (47).

2.4.2. DOPAMINERJIK RESEPTORLER

Alzheimer ile iligkisi tespit edilen bir diger reseptor grubu ise dopaminerjik reseptorlerdir.
Metabotropik G protein-bagli reseptorler (GPCR) grubuna ait olup nérolojik proseslerde,
kavrama ve 6grenme gibi yetilerde gorevlidir. D1 benzeri ve D2 benzeri olmak iizere iki
gruba ayrilirlar. D1 ve D2 6grenme ve hafiza proseslerinde daha etkin olmakla beraber
primer fonksiyonu prefrontal korteks de gosterdigi tespit edilmistir (48). Son donemlerde
yiriitiilen ¢aligmalar D1 ve D2 reseptorlerinin cAMP/PKA sinyal yolagi vasitasiyla
sinaptik plastisite ve biligsel fonksiyon kaybina yol agtigini ortaya cikarmustir (49).
Dopaminerjik reseptdor D2 agonisti Rotigotine ile yiiriitilen bir ¢alismada; ilgili ilag
molekiiliiniin Alzheimerl: bireylerin kortikal néronlarda, motor kortekste ve bazal dnbeyin

kolinerjik noronlarinda D2-benzeri reseptorlerin ekspresyonundaki azalmayla iliskili

dopaminerjik iletimde bozulmalar1 etkiledigi ortaya konmustur (50). Son yillarda yiiriitiilen
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caligmalarda da dopamin D1 ve D2 reseptor agonistlerinin noronlar ig¢in noroprotektif bir

etkisi oldugu ve terap6tik onemleri tespit edilmistir (50).

25. AMILOID BETA OLUSUMU ILE TAU HIPERFOSFORILASYONU
ARASINDAKI ILiSKI

Alzheimerli beyinlerde AP plaklarindan ¢ok tau hiperfosforilasyonu hafiza kaybi gibi
fonksiyonlarin yitirilmesi ile iliskilendirilmis ancak bu iki mekanizmanin da birbirleri
tistlinde etkin olabilecekleri digiiniilmiistiir. Tau birikimi lokal bir ndrodejenerasyona
sebep olurken AP plaklarinin spesifik bir bolgeyi pek ¢ok bolge de hasara yol actigi bu
hususta da tau ile etkilestigi tespit edilmistir (51). Zhuohao ve ark. (52) yabani farelerde
tau patolojisini indiiklemek icin tau proteinini intraserebral olarak enjekte etmis ardindan
tau ekspresyonunun da endojen diizeylerindeki artigla birlikte amiloid kaskadin da aktive
oldugu tespit edilmistir. Ayn1 yontemle AP proteini enjekte edildiginde ise amiloid kaskat
indiiklenmesine ragmen tau proteini ve hiperfosforilasyon diizeyinde hicbir degisiklik

gozlenmemistir (52).

Tau hiperfosforilasyonu ile AP birikimi arasindaki iligski iizerine arastirmalar 2 proteini
isaret etmektedir. Bunlardan birisi siklikla bahsi gecen GSK3p proteini digeri ise kalsindrin
1 dizenleyici proteinidir (RCAN1) (39). Buna gore AP peptitleri RCAN1
transkripsiyonunu ve GSK3p seviyelerini arttirmaktadir. Bu sekilde bir ¢esit tau protein
fosfatazi olan kalsinorin seviyesi diiser ve tau hiperfosforilasyonu artar (13).

2.5.1. GSK-3 IZZOFORMLARI VE ETKIN OLDUGU MEKANIZMALAR

GSK-3 proteininin memelilerde yiiksek homoloji gosteren iki izoformu vardir: GSK-3 alfa
(GSK-3a) ve GSK-3 beta (GSK-3p) (Sekil 2.7) (53). Her iki izoform da beyinde yaygin

olarak bulunmakla birlikte 6zellikle beta izoformu tiim beyin bolgelerinde bulunmaktadir.
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Sekil 2.7. GSK-3 izoformlar1
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Yiirtitiilen pek ¢ok ¢alisma GSK-3a’nin GSK-3 yoklugunu kompanse edemedigini ortaya
koymustur bdylece her iki izoformun farkli mekanizmalar1 etkiledigi de anlagilmistir (54).
Her iki izoform da temel de aktif olmalarina ragmen Akt proteini tarafindan Ser21 (GSK-
30) ya da Ser 9 (GSK-3B) residiilerinden fosforlanarak inaktive edilir. GSK3p’nin
kesfedildigi giinden itibaren biiylime, farklilagma, embriyonik gelisim, apoptozis ve
inflamatuar yanit gibi hiicresel fonksiyonlarin diizenlenmesinde gorevli oldugu
bilinmektedir. GSK3ao’nin ise daha ziyade glikoz/glikojen homeostazinda gorevli oldugu,
GSK3B’nin ise bu gorevde sadece kiiclik bir katkisi oldugu tespit edilmistir. Ayrica

GSK3a’nin merkezi sinir sisteminde diizenleyici bir rolii oldugu da tespit edilmistir(54).

Son donemde yiiriitilen c¢alismalar hem Amiloid [ patojenezinde hem tau
hiperfosforilasyonunda hem de mitokondrial fonksiyon kaybinin yasandigi durumlarda
GSK-3p aktivitesinin arttigim1 gostermektedir (55,56). GSK-3 tau proteininin pek ¢ok
bolgesinin modifiye edilmesinde gorevli temel tau kinazlardan biridir (56). Ly ve ark.
tarafindan yiirtiilen ¢calismada GSK-33’nin APP prosesindeki rolii incelenmis ve GSK-3f3
inhibisyonu ile APP kesiminde azalma gozlenmistir; bir sonraki asamada ise bu durum
BACELl seviyesindeki disiisle agiklanmistir (11). Ayrica yine son ¢alismalarda
Alzheimer’li dokularda voltaj bagimli iyon kanali 1 (VDACI)’in hekzokinazlardan
ayrildig1 ve bu nedenle glukoz metabolizmasinda yikima yol actig1 tespit edilmistir. GSK-
3f’nin ayn1 zamanda VDAC!’i fosforlayarak hekzokinazlarla ayrilmasindan da sorumlu
oldugu distiniilmektedir (Sekil 2.8) (55).

Tau Fosforilasyonu ——3 | NFTs

BACE1 vysec
L.
[ APP Apj VDAC Fosforilasyonu
v ¥ @ ok
— [
_—> GSK-3B —_—>
AP €———— Aotss G ?ﬁ Hasar

Mitokondriyal Disfonksiyon

AB Birikimi

Sekil 2.8. Glikojen Sentez Kinaz 33 ve Alzheimer Patolojisi
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2.6. BILGISAYAR DESTEKLI ILAC ETKEN MADDE GELISTIRME
CALISMALARI

2.6.1. MOLEKULER MODELLEME

Teorik metodlarla bilgisayar iizerinde molekiillerin 06zelliklerinin ve davraniglarinin

hesaplanmasi ve simiile edilmesidir. Bahsi gecen molekiiler 6zellikleri:

» Atomik pozisyonlar:1 (Atomlarin kartezyan koordinatlari, bag uzunluklari, bag
acilar1 ve dihedral agilari)
» Molekiiler yiizeyleri (Atom pozisyonlari ve atom yari¢aplarina bagli olarak)

» Enerjileri (atomik mesafelerin, atom tipleri, bag diizenlenmelerinden tiiretilmis)dir.

Ilk teorik hesaplamalar Heitler ve London (57) tarafindan 1927 yilinda quantum mekanik
temellere dayali olarak hidrojen atomlar1 arasindaki bagin baglanma 6zelliklerinin
formiilize edilmesinde kullanilmistir. 1940°larda bilgisayar ile karmasik atomik sistemlerin
dalga fonksiyonlu ¢oziimii ve 1950’lerde Ingiltere’de semi-empirik atomik orbital
hesaplamalarinin bilgisayar yardimiyla yiiriitilmesi molekiiler modellemenin temelini

olusturmustur (58).
2.6.1.1. Simiilasyon

Dogadaki nesneleri simiile edebilmek icin hareketlerini bir denklemle ifade etmek isteriz.
Bu denklem bize o nesnenin zaman iginde konumunun nasil degistirdigi ile ilgili bilgi

verir. Bu denklem; ilk konum, ilk hiz, kiitle, gevresel etmenler’ e baglidir.

Simiilasyon teknikleri giiclii bilgisayarlarin gelismesiyle baglantili bir sekilde
gelismektedir. Ozellikle deneysel ¢alismalarin yetersiz kalmasi ve teorik hesaplamalarin
gerekliligi simiilasyon alaninda geligsmelerin artmasinin nedenidir. Su anda yaygin sekilde
kullanilan teknikler; Monte Carlo, Molekiiler Dinamik ve Yogunluk Fonksiyonel

Teorisidir.

2.6.1.1.1. Monte Carlo

Rastgele {iretilen sayilardan faydalanilarak istatistiksel simiilasyonlar Monte Carlo

metoduyla yapilir. Monte-Carlo Nicholas Constantine Metropolis (1915-1999) tarafindan
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bulunmustur ve Atom bombasinin gelistirildigi Los Alamos Ulusal Laboratuvarinda,
bombanin patlamasindan sonra dagilan nétronlara karst kalkan modellemek i¢in Stanislaw

Ulam tarafindan giiniimiize tasinmustir (59,60).

Monte Carlo yonteminin uygulanma sebebi analitik olarak tiiretilmesi ¢ok zor veya
imkansiz olan bazi dagilimlarin empirik olarak istenilen bilginin elde edilmesine olanak
vermesidir. Bir nevi rastgele degerleri kullanarak istenen degeri kesfetmeye yarayan

yaklasimdir.

2.6.1.1.2. Yogunluk Fonksiyonel Teorisi

Newtonian dinamik; bir partikiil ya da kiigiik bir pargacigin dinamigi iizerine
calismaktadir. Kuantum mekanik ise madde ve 1s18in atom ve atomalti seviyelerde
incelenmesidir. Simiilasyonda kuantum mekanik hesaplamalar gerektiginde kullanilan
yontem yogunluk fonksiyonel teorisidir. N elektronlu sistemlerin temel hal enerjilerinin
hesaplanmasinda kullanilan bir yOntemdir. Elektronlarin bulunduklar1 konumdaki
potansiyel enerjilerinin hesaplanmasinin yani sira birbirlerine uyguladiklart itme

kuvvetinden kaynaklanan enerjinin de hesaplanmasini saglayan yontemdir.

2.6.1.1.3. Molekiiler Dinamik

Makromolekiiller ve daha biiylik sistemlerin fizyolojik ortamda simiile edilmesi ve zaman
icerisindeki degisimlerinin incelenmesidir. MD (molekiiler dinamik) hesaplamalarinda,
atomik yiik ve van der Waals etkilesimleri force-field’ler (kuvvet alanlar1) yardimiyla

hesaplanir.

Force field (Kuvvet Alani): Sistemdeki partikiillerin potansiyel enerjilerini tanimlamak

icin kullanilan matemetiksel fonksiyonlarin parametreleri ve formudur. Molekiillerin daha
onceden belirlenmis atomik yiik, a¢1 ve dihedral ag1 gibi parametreleridir.

2.6.2. MOLEKULER DINAMIK SIMULASYONLARI

Cok pargacikli sistemlerin simiilasyonunda ise ilk konumlarin elde edilmesinde X-ray
kristalografisi veya NMR yontemleri kullanilir. Bu simiilasyonda pargagiklarin ilk hizlar
bilinemez, ancak pargaciklar belirli hiz dagilimlarina (Maxwell -Boltzmann) uygun olarak

dagitilir. Gazlarin izotropik olma 6zelligi temel alinarak molekiillerin her yone esit oranda
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dagilim gostermesini saglayan fonksiyondur. Boylece parcacik hareketleri kisitlanmadan

simiile edilebilir. Daha sonra belirlenmis ¢evresel kosullar altindaki hareketleri ve

enerjileri hesaplanir.

2.6.3. HESAPLAMALI  CALISMALAR  VASITASIYLA  GELISTIRiLEN
ILACLARA ORNEKLER

Giiniimiizde siklikla kullanilan pek¢ok molekiiler modelleme iiriinii ilag molekiilleri vardir:
Ticari adi TEVETEN® olan Eprosartan etken maddesi ile anhipertansif etki gosteren ilag
molekiili molekiiler modelleme metoduyla gelistirilmistir (61,62). Calismada hedefe
dayali ilag gelistirme yontemi kullanilarak angiotensin 2 reseptdriine antagonist etki
gosteren bir molekiill tizerinde ¢alisilmis ve uzun klinik deneyler sonrasinda

ticarilestirilmistir.

Ayni1 sekilde migren tedavisinde kullanilan SHT1 reseptorii agonisti Zolmitriptan ilag etken

maddesi de ZOMIG® ticari adiyla kullamlan bir molekiiler modelleme iiriiniidiir (63).

2.7.  ALZHEIMER iCIN YORUTULMUS ILAC ETKEN MADDE GELISTIRME
CALISMALARI

AP peptidlerinin olusumunda prekiirsor gorev goéren APP proteininin intramembran
bolgesinin postranslasyonel modifikasyonlara ugramis oldugu bilinmektedir. Alzheimer
hastaliginda hedef noktalardan birisi bu proteininin ilgili modifikasyonlara ugramasini ve
olgunlagsmasini1 engellemektir. Bunlardan birisi APP proteininin glikozilasyonunda gorevli
cAMP bagimli protein kinaz A’nin (PKA) inhibisyonudur. Bunun i¢in bilinen 2 selektif
cAMP bagimli protein kinaz inhibitorii; H89 ve PK1 kullanilmigtir (64). Calismaya gore
her iki inhibitoér eklenmesi durumunda da hiicrelerde AP olusumunda azalma gozlenmis
bunun yani sira her iki inhibitoér de hiicrelerde sitotoksisiteye yol agmamis, MTT hiicre

yasam testi sonucuna gore de hiicre yasayabilirliginde azalma gozlenmemistir (64).

Bir diger ilag etken madde gelistirme stratejisi ise A mekanizmasinda APP’nin kesimi
tizerine ¢aligsmalardir, bu noktada Notch, voltaj kapili sodyum kanali altiinitelerinin kesimi
gibi selektif inhibitorlerin gelistirilmesi (alternatif substratlar1 etkilemeksizin) son derece
onemlidir (65).
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Tau hiperfosforilasyon mekanizmasinda proteazlar gibi bir diger gorevli grup da
fosfatazlardir. En 6nemli protein fosfataz ise PP2A’dir. Bu nedenle PP2A’da bir ilag etken
madde gelistirme hedefi haline gelmistir. Giinlimiizde alzheimer ilact olarak kullanilan N-
metil D-aspartat (NMDA) reseptor antagonisti memantinin okaik asit ile indiiklenmis
PP2A inhibisyonu vasitastyla hippocampal lamel kiiltiiriinde tau hiperfosforilasyonunu
engelledigi goriilmiistiir (39). PP2A’nin durdurulmasi igin bir diger yaklasim ise Asparajil
endopeptidazlarin (AEP) inhibisyonudur (38).

Son yillarda, Ileri Glikasyon Son Uriinleri i¢in Reseptorleri de (RAGE) dikkat ¢ekmistir.
AP olusumunda ve tau hiperfosforilasyonunda etkili ilaglardan ziyade RAGE inhibitorleri
APB’nin kan-beyin bariyerini agmasimi ve AP’nin beyinde birikimini engellemektedir.
Uzerinde yogun olarak ¢alisiilmis 2 tane RAGE inhibitorii (TTP488, FPS-ZM1)
bulunmakradir (38). Bunlardan RAGE antagonisti TTP488; reseptoriin AP ile etkilesimini
keserek beyindeki birikimi onlemektedir. Insan denekler iizerindeki ¢alismalar1 sonucunda
diistik dozlarinda herhangi bir yan etki gozlenmezken; 12 aylik tedavinin uygulandigi
kiiciik bir grupta AP ve tau biyobelirteglerinde bir degisim gozlenmemistir (38). Yiiksek
doz uygulamasinin yapildig1 grupta ise nasil gelistigi bilinmeyen bir yan etki gézlenmis
bilissel gerileme yeniden ortaya c¢ikmustir (38). Aymi sekilde FPS-ZM1 ise model
organizmalarla calisilmaktadir. Bu molekiiliin de V tipi bolgeye baglanarak hem AP
baglanmasin1 hem de RAGE aktivasyonunu 6nledigi tespit edilmistir.

2.7.1. PREKLINIK CALISMALARI TAMAMLANAN iLAC MOLEKULLERI

2.7.1.1. Beta Sekretaz inhibitorleri

APP kesim mekanizmasinda gorevli bir diger proteaz enzimi ise  sekretaz ve 6zellikle
BACE1’dir. B sekretazlar aktif bolgesindeki kisitlayiciliktan 6tiirii inhibitor gelistirilmesi
zor bir reseptordiir, ancak diisiik farmakokinetik ve farmasotik 6zelliklere sahip birtakim
kiiciik molekiiller mevcuttur (29,66). Farkli fazlarda klinik denemeleri siiren pek g¢ok
BACEL1 inhibitérii bulunmaktadir (Cizelge 2.1) (67). Eli Lily Ila¢ Firmas: ilk oral non-
peptidik BACE1  inhibitoriini  (LY2811376)  gelistirmis, farmakokinetik  ve
farmakodinamik 6zellikleri de son derece memnun edici bulunmustur (67). Giiniimiizde
Merck’in MK-8931°1 en ileri fazdaki (2/3) ila¢g molekiilii iken AstraZeneca, Eisai ve

Pfizer’e ait diger ilaglarin faz 1 veya 2 ¢aligsmalari siirmektedir (67).
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Cizelge 2.1. Klinik denemeleri siiren BACE-1 inhibitorleri (kii¢iik molekiiller)

Firma Ila¢ Kimyasal Formiil Faz
/On,
Z
AstraZeneca/Lilly AZD3293 /T,\(N : \ Faz 2/3
NH, N
CoMentis CTS-21166 E//\E/”M\f[il\(”MTJJ\(“\:)?\N/L\ Faz 1
/'=\ !
[\ :(
Eisai/Biogen ldec E2609 N Faz 2
S5
High Point HPP854 ICIACARS Faz 1
Ne:
Lilly LY2886721 T 1 Faz 2
: = SN N)\N/
Merck MK-8931 - H\Cﬁ:\J\_O Faz 2/3
R{Ejﬂ{_{o
L)N"*B
Pfizer PF-05297909 ’) Faz 1
(CH,),
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Roch RG7129 CLY F\F\i Faz 1
ocne \@\ az

CHy
Qi) o
Faz 1

Takeda TAK-070
- HCI+ Hy0

2.7.1.2. Asetilkolin Esteraz inhibitorleri

Giintimiizde etkin olarak kullanilan Alzheimer ilaglarinin pek ¢ogu (donepezil, galantamin,
rivastigmin, takrin) asetilkolinesteraz reseptor inhibitorleridir (Cizelge 2.2).
Cizelge 2.2. Asetilkolinesteraz inhibitorleri (12,68).

Ila¢ Molekiilii Yan Etki

Takrin FDA onayina sahiptir. Biligsel fonksiyon kaybi ve davranis
bozukluklarin1 diizelttigi tespit edilmis olmasimna ragmen
hastalarda transaminaz seviyelerini yiikselttigi bu nedenle de
karaciger {lizerinde bazi yan etkileri olabilecegi tespit

edilmistir.

Donepezil FDA onayma sahiptir. Takrin’deki  dezavantajlarin
giderilmesi amaglanmistir. Piperidin tasiyan bir molekiildiir.
Asetilkolinesteraz  selektivitesi; biitirilkolinesteraza gore
yiiksektir. Kisa ve uzun siireli uygulamalarinda bilissel
faaliyetlerin diizeltilmesinde oldukca faydali oldugu, ayn
zamanda tipik kolinerjik ilaglara gore tolore edilebilirligi

yiiksek, yan etkisi diigiik bir ilag oldugu tespit edilmistir.

Rivastigmin Prekilink c¢alismalari merkezi sinir sistemine biylik bir
selektivite gdstermistir. Biligsel faaliyetleri arttirdiginin

tespiti lizerine faz 3 klinik ¢alismalarina kadar ilerletilmistir.

Bu caligmalara gore 612 mg/giin dozunda giinliik
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aktivitelerin,  biligsel  faaliyetlerin ve  davraniglarin

diizenlenmesi saglanmistir.

Galantamin Alzheimer tedavisinde onayli son ilagtir. Kompetitif
allosterik AChE inhibitorii olmasmin yani sira; nikotinik
asetilkolinesterazlarin (nAChE) allosterik modiilatoriidiir.
Son derece elverisli farmakokinetik 6zellikler gostermistir.
Goreceli olarak kisa bir yari-omiir, yiiksek biyoyararlanim
gosterir, kolayca kontrol altina alinabilecek yan etkileri

vardir.

Metrifonat Preklinik  g¢aligmalarda biligsel performansda gelisme
gbzlenmistir. Klinik calismalarina gecilmis bu asamada da
giinliik faaliyetlerde ve davraniglarda diizelme gozlenmistir.
Ayrica ilag biitiin klinik c¢aligmalarda iyi tolere edilmis

belirgin bir laboratuvar anormalligi gozlenmemistir.

Fenserin Klinik  olarak da test edilmis 1ila¢  molekiili
asetilkolinesteraza biitilkolinesteraza gore 50 kat daha fazla
afinite gosterir. Takrin ve Fizostigmine gore biligsel
faaliyetlerde daha yiiksek bir iyilesme gozlenmis ve bunlara
gore daha az toksik bulunmustur. Yar1 Omriiniin 8 saati
gectigi aynt zamanda %100 oral biyoyararlanimi oldugu

tespit edilmistir.

Ganstigmin Yeni nesil AChE inhibitorlerindendir. Biitirilkolinesterazlara
da selektivitesi yliksektir. Faz 2 klinik deneylerde‘de

karsilagilan yan etkiler c¢alismalarin durdurulmasma Yol

acmuistir.

AChE inhibitorlerinin etki mekanizmasi tam anlasilamamis olmasina ragmen; APP
islenmesi siirecini negatif etkiledigine ve bu kanalla etki gosterdigine yonelik bulgular

tespit edilmistir (12). Ozellikle Takrin’in APP islenmesinde gérevli oldugu tespit edilir
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iken metrifonat, fizostigmin gibi bazi inhibitérlerin sAPP {retiminde etkin olmadig

gozlenmistir (12).
2.7.1.3. GSK-3 Proteini ve Klinik Olarak Kullanilan inhibitorleri

GSK-3 proteini de diger protein kinazlar gibi; ATP baglanmasindan sorumludur.
Digerlerine gore daha kiigiik bir N-terminal lob ve daha biiyiik kiiresel C-Terminal
bolgesini igeren, korunmus bir katalitik domainin bi-lobal bir mimari ile katlanmasindan
olusur (Sekil 2.9) (69). C-terminal domaini korunmus bir aktivasyon ilmegi igerir ve bu
ilmek kinaz aktivitesi i¢in olduk¢a 6nemlidir. Tirosin residiileri bu aktivasyon ilmeginde

bulunmaktadir ve GSK-3 aktivasyonu bir ¢esit saperon bagimli oto fosforilasyon olayidir

(69).

GSK-3 aktivitesi ayrica katalitik domain dis1 bdlgeden de regiile edilebilmektedir. N-
terminal ugta yiiksek oranda korunmus bir RPRTTSF motifi bulunur ve bu motif serin de
bir fosforilasyon oldugunda bir oto-inhibitor pseudosubstrat gibi ¢alisir (69). GSK-33’nin
C-terminalinde bulunan bir bagka bolge (Thr 390) de simdilerde inhibitér bolge olarak
tespit edilmistir (70). Baz1 orneklerde GSK-3 aktivitesinin diizenleyici proteinlerle
etkilesimi ile de diizenlendigi goriilmiistir. GSK-3 ve presenilin proteininin etkilesimi

vasitasiyla amiloid B tiretiminin diizenlenmesi buna bir 6rnektir (71).

» R220 -’
Sekil 2.9. GSK-3 etkilesim bolgeleri. A) ATP ve ATP-baglanma bdlgesi inhibitorlerinin
etkilestigi residiiler. B) Substratlarla etkilesen residiiler(sari, kirmizi), Fosfat baglanma
bolgesi (mavi), pseudosubstratlarla etkilesen bolge (turuncu), inhibitéor molekiillerle
etkilesmesi ongoriilen hidrofobik alan (pembe)

-

-
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2.7.1.3.1. Klinik olarak kullamlan GSK-3 Inhibitorlerine 6rnekler

GSK-3 hiicre siklusu icin temel teskil eden proteinlerden biri oldugu i¢in inhibisyonunun
saglikli hiicrelerde verdigi zarar yiiksek olabilmektedir. Cizelge 2.3’de (69) pek ¢ok farkli
fazlarda GSK-3 inhibitérleri verilmistir. Bunlardan en bilineni lityumdur. Lityum 6zellikle
hedef spesifitesi diisiik oldugu i¢in kot yan etkileri olmus ve yiiksek toksisite gdstermistir.
2006 yilinda klinik deney asamasina gelen AZD-1080 (AstraZeneca) ve NP-12/Tideglusib
(Noscria) isimli ilag molekiilleri bulunmaktadir. Ancak AZD-1080 arastirmalari

nefrotoksik 6zelligi nedeniyle faz 1 klinik denemeleri esnasinda durdurulmustur (69).
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Cizelge 2.3. GSK-3 inhibitorleri ve etki mekanizmalari
Adlk Formiil Inhibisyon
Tip Kaynak Inhibitor B O Potansiyeli Biyolojik Aktivite ila¢ Gelistirme Asamasi
(1Cs) _
D“uygu durgmu dengeleylu, Bipolar bozuklukta
: noroprotektif, Alzheimer . .
Lityum 2mM : s . referans ilag, Alzheimer
i " modellerinde terapétik etki icin umut verici sonuclar
Katyonlar nzrt%ar:]n (tau ve amyloid) ¢ ¢
Cinko 15uM Antidepresan -
Tungstat _ In_d1_rekt tau hiperfosforilasyonunda Pre-klinik
inhibisyon | gerileme
indirubinler 550nm | Noroprotektif, - akson .
formasyonu,  disiik  tau Pre-klinik
6-BIO 1.5 uM X .
hiperfosforilasyonu
ATP- Deniz 6-bromoindirubin-3'-oxime
(6-BIO)
yarigmali canlilari 5
H~N ENH;
HMN
Hat bNH
Himenialdisin &l 10 nM : )
. N tau  hiperfosforilasyonunda Pre-klinik
H . . .
Dibromokantrellin 0 3uM gerileme, ndroprotektif
Dibromocantherelline
R=| r ymemalchsme
R=H Debromohymenialdisine
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Meridyaninler

.IF N\?...- MH.
OH =M
N
M
H

Meridianine A

tau  hiperfosforilasyonunda
gerileme

Organik
Sentez

Aminopirimidinler
CT98014
CT98023
CT99021

TWS119

N
L A
' N R
Y N x
H |
& NO,
NH, CHIR98014
R=H CHIR98023
M

a
~
NG
|
‘-. ,--VN | _\‘
e
CHIR99021 CN
f O 1ws113  NH,
-

N
NTOH

0.6-7nM

Dogal ndron  gelisimini
uyarir, Embriyonik  kdk
hiicrelerin yenilenmesini
destekler, diisiik tau
hiperfosforilasyonu.

Noronal farklilagmay uyarir,
Embriyonik kok hiicrelerin
yenilenmesini destekler.
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Arilindolmalemid Noroprotektif,  Alzheimer
SB-216763 34 nM Hastasi ve sizofren Pre-klinik
SB-415286 o N o 77 nM modellerinde térapétik etki
DEN —
HN—Q—OH
Cl
SB415286
i M o )
Thiazoller (;JL‘ .-JL-,
e
) Noroprotektif, antidepresif
AR-AD14418 AR-A014418 OMe 104nM 1 v anti-manik  aktivite,
H Alzheimer Hastas1 ve ALS
N | o modellerinde terapétik etki
- -
AZD-1080 4 | O nr Faz 1 Kélrrinkei?lzisonram
" geri ¢
AZD-1080
S L
Paullonlar =
MNH néroprotektif, tau
Kenpaullon R 4-80 nM hiperfosforilasyonunu ve Pre-klinik
Alsterpaullon 0 amyloid B tiretimini distirtr.
Kazpaullon R=Br x=CH Kenpaullona

R=M0,; X=CH Alsterpaullone
FR=CH X=N Cazpaullone
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Aloisinler 05-1.5 uM Hiicre ¢ogalmasini bloke )
DT B eder.
Manzaminler tau hiperfosforilasyonunda i
Manzamin A 1.5 uM gerileme,
Deniz Manzamine A
Canlilar1
Palinurin HO,
ATP- Y oo
yargmasiz Furanoseskiterpenler H hiberfosforil
Palinurin Tricantin S 4.5 uM tau_l iperfosforilasyonunda -
Trikantin - 7.5 uM gerrieme,
= S = o’ =0
H
Thiadiazolidindoller ngroprotektif, tau
hiperfosforilasyonununu  ve
. ) amyloid B tretimini digiiriir,
Osregniglzk ;5&3181 N\FD 0. M. O ; K ﬁ antidepresan, lokomotor
NP031115 N-9 @\/N_f 4 ﬁM aktiviteyi etkiler, omurilik
NP031112(tideglusib) T0ZD.8 R nr. Eii?fénmesfms‘ dok | A sheimer igin Faz 2b
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Tideglusib

o
»\N/\©
N
s,

Br Br
Halometilketonlar /N Cl tau hiperfosforilasyonunda
HMK-32 5 O 1.5 uM gerileme, néroprotektif i
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2.8. COKLU HEDEFE YONELIK ILAC ETKEN MADDE GELISTIRME
CALISMALARI

Yiiksek Hizda Aktivite Tarama (HTS), rasyonel ila¢ gelistirme alanlarindaki hatir1 sayilir
gelismelere ve ilag gelistirme alaninda sarf edilen biiyiik efora ragmen ortaya basariyla
konan ila¢g molekiiliinde biiyiik bir artis goézlenmemistir. Klinik denemeler ve biyolojik
sistemlerdeki yeni gelismeler tek-hedefli ilag gelistirmede her zaman istenilen etkiyi
gostermemektedir. Bunun nedeni de hastaliga yol agan tek bir mekanizma kapatildiginda
organizma diger yolaklar vasitasiyla hastalig1 yeniden ortaya ¢ikarmakta, ila¢ molekiiliinii
etkisiz hale getirmektedir (72). Boylece o0zellikle kanser, metabolik hastaliklar,
kardiyovaskiiler hastaliklar ve Alzheimer gibi kompleks hastaliklar i¢in ¢oklu hedefe
yonelik ilag gelistirme g¢aligmalart biiylik 6nem kazanmaktadir. 2000 yilinda ilk ¢oklu
hedefe yonelik ilag gelistirme ¢alismalar1 basladigindan bu yana yeni ilag etken madde
gelistirme alaninda sicak giindem olusturmaktadir. Oyle ki 2015-2017 yillar1 arasinda
piyasaya ¢ikan FDA onayli ilaglarin %21°i ¢oklu hedefe yonelik ilag molekiilleridir (Sekil
2.10) (73).

hedefi bilinmeyen/MOA
ilaglar 2%

tek-hedefli ilaglar
34%

tani amacgh
molekdller

terapotik
kombinasyonlar
10%

Sekil 2.10. 2015-2017 yillar1 arasinda farkli alanlardan FDA basvurularina ait pasta
diyagrami (73)

Alzheimer hastaligi i¢in de bazi g¢oklu hedefe yonelik ilag etken madde gelistirme
caligmalart yiriitiilmiig, Cui ve ark. (74) hem AP agregasyonunu 6nleyen hem de RAGE

proteinini inhibe eden bir molekiil gelistirmeyi hedeflemistir. Bunun i¢in Cin’e 6zgii tibbi
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bitkilerden Cistanche, Epimedium, Acorus gramineus, Poria, Astragalus, Rhodiola,
Polygala, Gynostemma, Tianma, Angelica, Sophora, Rehmannia, Cnidium fruit, Alpinia
oxyphylla Migand ve Ligustrum lucidum ile yiiriitiilen ¢alismada Matrine molekiilii yeni
bir ilag aday1 olarak tespit edilmistir. Matrine’nin AB42’ nin yol agtig1 norotoksisiteyi ve
AP42 agregasyonunu Onledigi ayni zamanda RAGE’in asir1 ekprese edildigi SH-SY5Y
hiicre hatlarinda AP’nin indiikledigi RAGE-NF-kB sinyalizasyonunda (Sekil 2.11) da
zayiflamaya yol agarak RAGE aktivasyonunu diisiirdiigii tespit edilmistir (74).

! B tabaka #
C""‘GB"\ fibriller  ®

whe $100s % pozitif geri besleme
‘,’\'.{’ AGEs - ."’ 5 pertiirbasyon .
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Sekil 2.11. RAGE bagimli NF-Kb aktivasyonu (75).
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3. GEREKCE VE AMAC

Alzheimer Hastalig1 pek ¢ok mekanizmanin bir araya gelmesiyle meydana gelmektedir.
Hali hazirda klinik olarak kullanilan ila¢ molekiilleri tek bir reseptore O6zgii olarak
tasarlanmistir. Ayrica bu ila¢ molekiilleri sadece basit, semptomatik, kisa donemli bir
tedavi saglamaktadir. 3D farmakofor gelistirme ¢alismalar1 ve bununla beraber yiiriitiilen
molekiiler dinamik simiilasyonlar1 yeni onder bilesiklerin gelistirilmesi siirecini biiyiik
6l¢iide hizlandirmakta ve ¢ok yonlii bir ¢calisma yapilmasina olanak saglamaktadir. Bu tez
ile Alzheimer Hastaligiyla iliskili bir¢cok reseptoriin fonksiyonlarini regiile eden yeni 6nder

ilag etken maddesi olabilecek molekiillerin gelistirilmesi amaglanmaktadir.

Bilgisayar destekli ilag gelistirme ¢alismalar1 sayesinde milyonlarca molekiil ¢ok kisa bir
zamanda taranarak yeni onder ilag molekiillerinin kesfedilmesi miimkiindiir. Sicaklik, pH,
¢ozliniirlik, membran &zellikleri gibi pek ¢ok parametre kullanilarak in vitro ve in vivo
calismalar 6ncesi; ilacin hiicre i¢ine alinmasi, reseptorlerle baglanma afiniteleri, itrahi ve

hatta toksisitesi lizerine dnemli bir durum tespiti yapilmasi saglanmaktadir.

Bu tez kapsaminda ozellikle iilkemiz populasyonunda hizla artis gosteren Alzheimer
hastaligina yonelik ¢alismalarda bulunularak; hem Glikojen Sentaz Kinaz 3 hem de
asetilkolin esteraz enzimleri tizerinde etkili, kimyasal olarak sentezlenebilir, in vitro ve in
vivo deneylere uygun, patentlenebilir bir ilag adayr molekiiliin gelistirilmesinin saglanmasi

amaclanmastir.
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4. MATERYAL VE YONTEM

Tez ¢alismasi kapsaminda izlenen basamaklar agsagidaki ig-akis semasinda verilmistir. Bu
yontemle asetil kolin esteraz inhibitorleriyle gelistirilen farmakofor modellerinin Glikojen
Sentaz Kinaz-3p inhibitorleriyle oOrtiismesi test edilmis; ayni akis semasinda Glikojen
Sentaz Kinaz-3B inhibitorleriyle gelistirilen farmakofor modellerinin asetilkolin esteraz
inhibitorleriyle test edilmesi ile de elde edilen tiim farmakofor modellerinin basarisi

tartisilmastir.

\ Asetil kolin esteraz inhibitérlerinin total sayisi= 5359 /

\ IC5, degerlerine gore filtreleme /

Secilen molekdillerle "3D QSAR Pharmacophore Generation" ve "Common
Feature Pharmacophore Generation" metodlari vasitasiyla Farmakofor
Modelleri Olusturma

Elde edilen farmakofor modellerinin Glycogen Sentaz Kinaz 33
inhibitorleriyle gakistirilmasi igin "Ligand Pharmacophore

Mapping" ¢alismasinin yiritilmesi

Bu isleme gore segilen farmakofor modeline uygun Licanda Davali
molekdilleri DruglikeDatabase vasitasiyla belirlenmesi & y
(3930 moleki) Ila¢ Gelistirme
Lipinski kurallarina uygunluk ve ADME-Tox
ozelliklerinin incelenmesi (20 molekdl)

Secilen molekdl ile yurutilen /
molekiiler doking ¢alismasi

/

En iyi dock skora

sahip molekiillerle

molekiiler dinamik

Reseptore Dayali

similasyonlarinin
yuratilmesi
(1 molekiil)

flag Gelistirme

Sekil 4.1. Calismada yiiriitiilen basamaklara dair 15 akis semasi

41. MATERYAL
4.1.1. CALISMALARDA KULLANILACAK LIGANDLARIN BELIRLENMESI

Calismada kullanilacak ligandlarin belirlenmesi i¢in BindingDB (76) veri tabam
kullanilmistir. Veritabaninda oncelikle asetilkolinesteraz enzimini inhibe eden molekiiller
ardindan ise Glikojen Sentaz Kinaz-3f enzimini inhibe eden molekiiller tespit edilmistir

(Sekil 4.2, Sekil 4.3).
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4.1.1.1. Asetilkolin esteraz inhibitorleri

BindingDB veritabaninda yiiriitiilen tarama sonucu 5359 adet molekiil tespit edilmis (Sekil
4.2), bu molekiillerin ICso verilerine gore siralamasi yapilarak en diisiik ICsp degerlerine
sahip molekiillerle HipHop, farkli 6zellikte ICsy degerlerine sahip molekiillerle de 3D
QSAR yontemleriyle farmakofor gelistirme ¢alismalar: yiirtitilmiistir.

The Binding Database

m, nadslzi Home  Info  Download  Aboutus  Emailus  Contributedata  Web Services

Compile Data Set for Download or QSAR
myBDB logout Add this page |~ Add all pages = Clear Selection Make Data Set
oSearch and Browse

Target B emalL Found 5359 hits Sortby IC50 v
Sequence TargetHost Target/Host lgand Trg+lig Ki  AG*  (C50  Kd ECSOICS0 ko  kon o Temp
Name & (Institution) G Links. Links. Links. M kdimole M . oM CAE ‘c

Ki IC50 Kd EC50 Acetyicholinesterase BDBMS50049862 PDB
Rate constants MMDB na na 000600 nia nia na na na na
AG® AH° -TAS (Homo sapiens (human)) NCI pathway
pH (Enzymatic Assay) Reactome pathway PC cid
KEGG PC sid Assay Description
pH (ITC) UniChem :L":::ed Inhibition of human recombinant AChE
Substrate or Competitor UniProtKB/SwissProt using acetylthiocholine iodide as o
o Universitat de Barcelona Similars substiate by specuophotomeric =" J Med Chem 84: 107-17 (2014)
pouid Mok, Wt 8.MOAD analysis
Chemical Structure Curated by ChEMBL DrugBank
o GoogleScholar
Pathw (CHEMBL3322232) More data for this
ativvaye MILES AffyNet Ligand-Target Pair
Source Organism s
BDBM9012
Number of Compound: PDB
Monomer List in csv MMDB na n/a 000800 n/a nia na na na na
Het List in SDF (H ns (human))
et List in lomo sapiens (hum L NCI pathway Purchase
Compound Reactome pathway
i [ 1 KEGG P L CHEMBL Assay Description
FDA Drugs { ) Eg u: :m: g | The cholnesierass assays were
o = 4 sl e rformed using colorimetric method
Important Compounds UniProtB/SwissProt i
P P g UniChem reported by Eiman. The absorbance J Med Chem 49: 459-62 (2006)
Chemical Structure Instituto de Quimica Medica (CSIC) 8.MOAD - changes at 412 nm were recorded for §
R DrugBank Similars o with
180 Niahiarn 439 4 tabrahuiden aeidin & s s temekntes

Sekil 4.2.BindingDB veritabaninda yliriitiillen Asetilkolinesteraz inhibitdrleri taramasi
sonucu

Veritabaninda yiiriitiilen tarama sonucu ICsp degerlerine gore segilen inhibitor molekiiller
ve ICsg degerleri Cizelge 4.1°de verilmistir.

Cizelge 4.1. Farmakofor analiz c¢alismalarinda kullanilmak iizere BindingDB
veritabanindan se¢ilen Asetilkolinesteraz inhibitorleri

ICs0
Bilesik Bilesigin A¢ik Formiilii
(nM)

Fizostigmin 0.43
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4.1.1.2. Glikojen Sentaz Kinaz 3p inhibitorleri

BindingDB veritabaninda yiiriitiilen tarama sonucu 4930 adet molekiil tespit edilmistir

(Sekil 4.3).

myBDB lagout

eSearch and Browse
Target
Sequence
Name &
Ki IC50 Kd EC50
Rate constants
AG® AH -TAS®
pH (Enzymatic Assay)
pH (ITC)
Substrate or Competitor
Compound Mol. Wt
Chemical Structure
Pathways
Source Organism
Number of Compounds
Monomer List in csv
Het List in SDF
Compound
FDA Drugs
Important Compounds
Chemical Structure
Name
SMILES

The Binding Database

Info Download Email us Confribute data Web Services
Compile Data Set for Download or QSAR
Add this page | Add all pages | Clear Selection Make Data Set
B EMaL Found 4930 hits Sort by IC50 v
Target/Host Ligand Target/Host Ligand Trg+Lig Ki  AG'  ICS0  Kd ECSONCE0 Ko Ko L Temp
(institution) Links Links Links oM kjimole  nM M U £
Glycogen synthase kinase-3 BDBNM251572 PDB
- MMDB nia na 0.100 nfa n/a na nia na na
{Homo sapéens. (human)) h NCI pathway
React th,
N W - K;?:EGB me patnway PG cid Assay Description
O . PCsid  US Patent T¥Pes of GSK-3 assay used o test the
oy UniProtKB/SwissProt UniChem selectityloff arget poential
NOVARTIS AG @ @) G D oL 0 Citation and Detalls
5.MOAD respect to PKC [, inhibition activity
US Patent DrugBank =0
(US8452988, Table 4 Gompound 2) [2in iy More data for this
Show SMILES AffyNet L
Frwarm igand-Target Pair
Glycogen synthase kinase-3 BDBME’?%QBUG -
MMDB nia na 0140 nfa nia nia nia na nia
(He i
(Homo sapeens (human)) NCI pathway [—
Reactome pathway PG cid
== PCsid  Article o —
UniChem PubMed ssay Description
Stering Road UniProtKB/SwissPrat Inhibition of human GSK3beta Eur J Med Chem 44: 2361-71 (2008)
erling Ro:
: 8.MOAD Similars
Curated by ChEMBL DrugBank
(3-{5-methoxybenzafuran-7-yl}-4-(1-(2-(4- GoogleScholar Mnra Aata far thic

Sekil 4.3. BindingDB veritabaninda yapilan Glikojen Sentaz Kinaz
taramasi sonucu

3B inhibitorleri

Veritabaninda yapilan tarama sonucu ICsq degerlerine gore segilen inhibitér molekiiller ve

ICso degerleri Cizelge 4.2°de verilmistir.

Cizelge 4.2.

Farmakofor

analiz

veritabanindan secilen Glikojen Sentaz Kinaz 38 inhibitorleri

caligmalarinda  kullanilmak iizere

BindingDB

Compound

ICso
(nM)

Acik Formiil

BDBM3175

2.80
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BDBM50150698

1.3

BDBM50293152

BDBM50267461

0.35

BDBMS50267607

0.51

CHgy

BDBMS50293155

8.0
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BDBMS50267760 | 0.23
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4.1.2. MOLEKULER MODELLEME CALISMALARINDA KULLANILACAK

RESEPTORLERIN BELIRLENMESI

Ilgili reseptorlerin tespiti icin RSCB protein veritabam (77) (Sekil 4.4) kullanilarak

reseptorlerin aktif yoreleri, igerdikleri inhibitér molekiiller ve X-ray ¢oziiniirliikleri

incelenerek en uygun 3D protein yapilari segilmistir.

Deposit ¥+ Search ~ Visualize v Analyze v Download v Learn v More ~

RCSB PDB
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Macromolecular Structures
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A Structural View of Biology

This resource is powered by the Protein Data Bank archive-information about the
3D shapes of proteins, nucleic acids, and complex assemblies that helps
students and researchers understand all aspects of biomedicine and agriculture,
from protein synthesis to health and disease.
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As a member of the wwPDB, the RCSB PDB curates and annotates PDB data.

Q Search
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research and education in molecular biology, structural biology, computational

E Visualize biology, and beyond.
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& Download
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Sekil 4.4. 3D yapilarin tespitinde kullanilan RSCB PDB protein veri bankasi

November Molecule of the Month

4.1.2.1. Asetilkolinesteraz Reseptorleri ve 4EY7’nin 3D yapisi

Asetilkolinesteraz proteini i¢in veritabaninda bulunan protein yapilarinin bazilar1 Cizelge

4.3’de verilmistir. Reseptoriin biri katalitik bolgede digeri periferal bolgede olmak {izere
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iki adet aktif bolgesi bulunmaktadir. Reseptorlere baglanan inhibitdrlerin etki bolgesi de

aciklama kisminda belirtilmistir.

Cizelge 4.3. Protein Veri Bankasinda bulunan Asetilkolin esteraz enzimleri

RSCB
Coziiniirliik (A) Aciklama
Erisim Kodu
Reseptor organofosfat zehirlenmelerinde kullanilan
5HF6 (78) 2.3 S ) ) )
bir inhibitor olan paraokson ile kompleks halindedir.
Dogal bir iiriin olan dihidrotanginon molekiilii
4MOE (79) 2 reseptoriin peripheral aktif bolgesine tutunmus halde
kristallendirilmistir.
Territrem reseptoriin katalitik aktif bolgesine
4AMOF (79) 2.3 )
tutunmus halde kristallendirilmistir.
Reseptor klinik olarak kullanimi bulunan donepezil
4EY7 (80) 2.3509
molekiiliiyle kristallendirilmistir.

Coziiniirlik degerleri birbirine ¢ok yakin oldugundan inhibitér molekiiller iizerinden

inceleme yapilmig, literatirde daha Onceden yiiriitilen pek ¢ok c¢alismada (81,82)

4EY7’nin kullanilmis olmasi nedeniyle Asetilkolinesteraz proteini i¢in 4EY7 kodlu 3D

yapist tercih edilmistir (Sekil 4.5).

46




Sekil 4.5.Gri baloncuk yap1 aktif bolge igerisindeki donepezil molekiinii, sar1 isaretli
rezidiiler aktif bolgeyi olusturan aminoasitleri gostermektedir.

4.1.2.2. Glikojen Sentaz Kinaz 3p Reseptorleri ve 1Q41’in 3D yapisi

Glikojen Sentaz Kinaz 3p enzimi daha 6nce de bahsedildigi lizere hem ATP baglanma
bolgesi tlizerinden hem de bu bdlgeye komsu hidrofobik bir bolge olan inhibitér baglanma
bolgesi lizerinden etkilesmektedir (Sekil 2.9). RSCB Protein veritabanindan alinan 3D
yapilar inhibitor 6zellikleri, baglanma bolgeleri, kristallendirilme ¢oziintirliikleri ve GSK-
3B’ya ait fasta sekansi (UniProtKB-P49841) ile yiiriitilen Kkarsilastirma tiizerinden
degerlendirilmistir (Cizelge 4.4).

Cizelge 4.4. Protein Veri Bankasinda bulunan Glikojen Sentaz Kinaz 3 enzimleri

RSCB Coztiniirlik . | Fasta Sekansi
o Inhibitor Baglanma Paketi )
Erigim Kodu (A) ile Ortiisme (%)
ATP baglanma
106L (83) 1.6 AMP-Pnp ‘ 24.93
bolgesi
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Yarigmali inhibitor
Inhibitor
baglanma bolgesi
Indurubin-3-
monoksim GSK-3pn
1Q41 (84) 2.1 fosforile ederken 98.62
tau proteinin
fosforilasyonuna
engel olur.
AR-AD14418 inhibitor
1Q5K (85) 1.94 ] y 98.57
Antagonist baglanma bolgesi
HEPES
1H8F (86) 2.8 Protein ¢dziicii - 99.15
solvent (inhibitor
degil)

Fasta sekansi ile Ortiisme Chimera (87) molekiiler modelleme programi vasitasiyla
Needleman-Wasch Algoritmasi temel alinarak incelenmistir. Aminoasit sekans dizisi ile en
cok ortiisen 1HSF kodlu yap1 olmasina ragmen hem ¢oziintirliigii diistik oldugu i¢in hem de
temel alinacak bir baglanma paketini biinyesinde tasimadigi i¢in se¢ilmemistir. Bu nedenle
1Q41 kodlu 3D yapr segilmistir. Ayrica GSK-3B inhibitorleri incelendiginde ATP-
yarismasiz inhibitorlerin daha iyi bir terapotik etki yarattigi tespit edilmis (69), bunun

nedeni olarak da:

1) ATP baglanma bolgesi disindan gerceklesen baglanmanin kinaz reseptorlerine
selektiviteyi arttirdig1 gézlenmistir.
2) Yarigsmasiz inhibitorlerin ICsq degerleri daha diisiik bulunmustur.

3) Alzheimer gibi kronik hastaliklar i¢in daha uygun oldugu tespit edilmistir (69).
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Sekil 4.6. Gri baloncuk yapr aktif bolge icerisindeki indirubin molekiiliinii (Corey-Pauling-
Koltun molekiiler gosterimi), Sar1 isaretli rezidiiler aktif bolgeyi olusturan aminoasitleri
gostermektedir.

4.2. YONTEM

[lag aday1 molekiillerin kesfi noktasinda 2 farkli yontem izlenmektedir:
4.2.1. LIGANT TABANLI iLAC TASARIMI

Etki gosteren molekiillerin yapisindan reseptor yapisinin yorumlanmasina dayali ilag etken

madde tasarimidir. Temeli farmakofor analizine dayanr.

Farmakofor: ilag molekiiliiniin reseptor ile en iyi sekilde etkilestigi, biyolojik aktiviteyi

saglayan bolgesidir.

Calismamiz kapsaminda Discovery Studio Client 3.5 (DSC) (88) programi igerisindeki

“3D QSAR Pharmacophore Generation” modiiliiyle 1Cso degerleri kullanilarak, “Common
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Features Pharmacophore Generation” modiiliiyle de HipHop metodu vasitasiyla

farmakofor modelleri gelistirilmistir.

4.2.1.1. 3D QSAR Farmakofor Modelleme

ICso degerleri literatiirde de belirtildigi tizere (89-92) 3D QSAR farmakofor modelleme
caligmalarinin temelini olusturmaktadir. Molekiillerin 2 boyutlu yapilart ACD/ChemSketch
5.11 programi (93) vasitasiyla cizilirken, 3 boyutlu yapilari ise DSC programi vasitasiyla
olusturulup “H” atomlart eklenmistir. Cizilmis yapilar DSC'deki "clean geometry"
opsiyonu ile fikslendikten sonra optimizasyon protokolii i¢in DSC igerisinde yer alan
Adopted Basis set Newton Raphson (ABNR) metodu ve CHARMM force field
kullanilmigtir. Ardindan yine ayni programin ‘“‘simulation” protokolii ile kiigiik bir
molekiiler dinamik uygulanarak minimizasyon islemi tamamlanmistir. Calisma setindeki
molekiiller vasitasiyla farmakofor modelleri olusturulmus, test setindeki molekiillerle de
farmakofor test edilmistir. “Test” ve “calisma” seti igerisindeki molekiiller Hata! Basvuru
aynagi bulunamadi. ve Cizelge 4.8’da verilmistir.

Cizelge 4.5. 3D QSAR Farmakofor olusturmada galisma seti olarak kullanilan Asetilkolin
esteraz inhibitorleri ve biyolojik etkileri

Bilesikler Molekiiliin Agik Formiilii ICs0 (M)

Ikopezil 0.33

BDBM50032164 0.57
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Cizelge 4.6. 3D QSAR Farmakofor analizinde segilen hipotez ile karsilastirilmada test set
olarak kullanilan asetilkolin esteraz inhibitorleri ve biyolojik etkileri

Bilesikler Molekiiliin A¢ik Formiilii ICs0 (NM)
f
Ladostigil o " 920
W“Y"(Iﬁ
N/CH3H
N N/CH3
Fizostigmin o 0.43
,NH&O HoC
Hc\ ‘ N/(:H
Kafein A ) 7250
!
Huprineks 0.32
Takrin 470
o
Ungeremin ‘ 0.038
A
Galantamin 530

53




Cizelge 4.7. 3D QSAR Farmakofor olusturmada calisma seti olarak kullanilan Glikojen
Sentaz Kinaz 3 inhibitorleri ve biyolojik etkileri

Bilesikler Molekiiliin A¢ik Formiilii IC50 (NM)

NH,

@W/

BDBM251572 0.1

()
BDBM251576 (} 8 0.2
/7 N\_ /TN
W

BDBM50312996 Nr<‘OH 0.4
\

OH

BDBM8359

BDBM50267802 1.2
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BDBM50312998 :H\ Q 1.8

BDBM50293153 2
BDBM31587 2.3
BDBM8686 2.51
BDBM3175 2.80

BDBM50293152 5
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BDBM50293155 8.0
N\/O

BDBM31588 9.40

BDBM186203 o 20

Cizelge 4.8. 3D QSAR Farmakofor analizinde secilen hipotez ile karsilastiriimada test set
olarak kullanilan Glikojen Sentaz Kinaz 3 inhibitorleri ve biyolojik etkileri

Bilesikler Molekiiliin A¢ik Formiilii ICsp (NM)
® =
/ NH \ (o]
BDBM50026830 o 20
ch\
BDBM50293306 0.14
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BDBMS50267801 10
BDBMS50267760 0.23
BDBMS50150698 1.3
BDBM50267461 0.35
BDBMS50267607 0.51
BDBM8272 109
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BDBM50293157 50

N. . /
BDBM50337557 > iﬁo 6.1

Ligandlarin aktivite degerlerinin yami sira “Uncert” degerleri de tiimi i¢in 2 olarak
girilmistir. Protokolde konformasyon olusturma metodu olarak “BEST” secilirken,
hidrojen bagi akseptorii (HBA), hidrojen bagi dondrii (HBD), hidrofobiklik (HBY), pozitif
iyonize olma (PI), halkali aromatik yapt (RA) ozellikleri de farmakofor modellerinde

aranan Ozellikler olarak se¢ilmistir.

4.2.1.2. HipHop Metodu ile Farmakofor Analizi

Molekiillerin 2 boyutlu yapilart ACD/ChemSketch 5.11 programi (93) vasitasiyla
cizilirken, 3 boyutlu yapilari ise DSC programi vasitasiyla olusturulup “H” atomlari
eklenmistir. Cizilmis yapilar DSC'deki "clean geometry™ opsiyonu ile fikslendikten sonra
optimizasyon protokolii i¢in DSC igerisinde yer alan Adopted Basis set Newton Raphson
(ABNR) metodu ve CHARMm force field kullanilmigtir. Ardindan yine ayni programin
“simulation” protokolii ile kii¢lik bir molekiiler dinamik uygulanarak minimizasyon islemi
tamamlanmistir. Hipotez olusturma g¢alismalarinda; asetilkolinesteraz enzim inhibit6rleri
igin en etkili BDBM50032164, Huprineks, Ikopezil ve BDBMS50028685 bilesikleri
(Cizelge 4.9), GSK-3pB enzim inhibitorleri i¢in ise BDBM50267607, BDBM50267760,
BDBM50293306, BDBM50312996 ve BDBM251576 kodlu bilesikler (Cizelge 4.11)
calisma seti olarak degerlendirilmistir. Her iki enzim i¢in se¢ilen hipotezler Cizelge 4.10

ve Cizelge 4.12 de gosterilen test setindeki molekiiller ile karsilastirilmistir.
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Cizelge 4.9. Hiphop metodu ile hipotez olusturmada c¢alisma seti olarak kullanilan
asetilkolinesteraz inhibitorleri ve biyolojik aktiviteleri (ICso nM)

Bilesikler Molekiiliin A¢ik Formiilii ICs0 (NM)
BDBM50032164 0.57
Huprineks 0.32
Ikopezil 0.33
HN N
J
N
BDBM50028685 A 0.72

Cizelge 4.10. Elde edilen hipotezin karsilastirilmasi igin test seti olarak kullanilan
asetilkolinesteraz inhibitorleri ve biyolojik aktiviteleri (ICsg NM)

Bilesikler Molekiiliin Agik Formiilii ICso (NM)
OJN\O
CHEMBL131827 11
NP o\/\/N\CH3
(X
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Calisma setindeki bilesikler igerisinden ikopezil referans bilesik olarak secilmis ve bu
bilesigin “MaxOmitFeat” degeri 0, “Principal” degeri 2 olarak girilmistir. Diger

bilesiklerin ise “MaxOmitFeat” degerleri 2, “Principal” degerleri 1 olarak girilmistir.

Konformer olusturma metodu olarak “BEST” seg¢ilmis, enerji degeri 0-20 kcal/mol’liik bir
sinir icerisinde, maksimum sayida konformer olusumu i¢in Onerilen 255 degeri verilerek

HipHop farmakofor modelleme islemi uygulanmistir.

Farmakofor hipotezinin olusturulmast HBA, HBD, HBY, RA 6zellikleri kullanilmistir.

Cizelge 4.11. Hiphop metodu ile hipotez olusturma da calisma seti olarak kullanilan
Glikojen Sentaz Kinaz 3f inhibitorleri ve biyolojik aktiviteleri (ICso NM)

Bilesikler Molekiiliin Agik Formiilii ICs0 (M)

BDBM50267607 0.51
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BDBM50267760 0.23

BDBM50293306 0.14

BDBM50312996 \ Q ﬁ@ 0.4

()
BDBM251576 @ 8 0.2
Oy

Cizelge 4.12. Elde edilen hipotezin karsilastirilmasi igin test seti olarak kullanilan Glikojen
Sentaz Kinaz 3f inhibitorleri ve biyolojik aktiviteleri (ICso NM)

Bilesikler Molekiiliin Agik Formiilii ICso (NM)

BDBMS50267801 10
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BDBM50312998 C 1.8
J
IHS O HO

BDBM3175 2.80
BDBM50267802 1.2
BDBM50150698 1.3
BDBM50267461 0.35
BDBM50293153 2
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BDBMS8359 1
BDBM50337557 6.1
BDBM50293155 8.0
BDBM50293152 5.0

Calisma seti i¢erisinden BDBM50293306 referans bilesik olarak secilmis ve bu bilesigin
“MaxOmitFeat” degeri 0, “Principal” degeri 2 olarak girilmistir. Diger bilesiklerin ise

“MaxOmitFeat” degerleri 2, “Principal” degerleri 1 olarak girilmistir.

Konformer olusturma metodu olarak “BEST” secilmis, enerji degeri 0-20 kcal/mol’liik bir
sinir icerisinde, maksimum sayida konformer olusumu i¢in 6nerilen 255 degeri verilerek

HipHop farmakofor modelleme islemi uygulanmstir.

Farmakofor hipotezinin olusturulmasi i¢in hidrojen bagi akseptorii (HBA), hidrojen bagi

donorii (HBD), hidrofobiklik (HBY), halkali aromatik yap1 (RA) dzellikleri kullanilmustir.
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4.2.1.3. 3D Veritabanlar1 ile Tespit Edilen Farmakofora Uygun Bilesiklerin

Belirlenmesi

DSC paket programi altinda “Search 3D Database” protokoliiyle yiiriitiilen arastirma da
DrugLikeDiverse veritabaninda taramalar yapilmistir. Bu taramalar bir 6nceki basamakta
en iyi istatistiksel sonuglar1 gosteren farmakofor modeliyle gerceklestirilmistir ve “best”
arastirma metoduyla uygulanmistir. Bu modele uygun olarak sonu¢ veren molekiiller

ADME-Toksikoloji tahminlemesine alinmaistir.

4.2.1.4. ADME-Toksikoloji Tahminleri

ADME (Absorbsiyon (Biyoyararlanim), Dagilim, Metabolizma, Atilim (itrah)) dzellikleri
ilacin klinik 0Ozellik kazanmasi i¢in olduk¢a Onemlidir. Bir ilacin ilag &zelligi
kazanabilmesi icin Oncelikle Lipinski kurallarini saglamasi gerekmektedir. Lipinski

kurallari:

1) 5’den fazla hidrojen bagi dondriine sahip olmamali

2) Artan hidrojen bagi sayist molekiiliin sulu fazdan lipid bilayer membrana pasit
tagima ile gegisini diistirmektedir. Bu nedenle molekiiliin 10°dan fazla hidrojen bagi
akseptoriine sahip olmamali

3) 500 dalton’dan kiigiik molekiiler agirliga sahip olmali. Artan molekiiler agirlik
intestinal epitelyum yiizeyinde bilesik konsantrasyonunu disiirerek absorpsiyonu
diistirtir.

4) Oktanol-su dagilim katsayisi (logP) 5’den biiyilk olmamali. Ayrica artan logP
degeri suda ¢oziintirliigl diisiirerek absorpsiyona da engel olur.

5) Polar yiizey alan1 (PSA) absorpsiyon ve dagilimda bir diger belirleyici faktordiir.

Yapisal oOzellikler bir molekiiliin  farmakokinetik ve toksikolojik niteligi acisindan
fizikokimyasal ve biyokimyasal o6zelliklerin belirlenmesinde oldukg¢a &nemlidir.
Caligmamiz kapsaminda yiiriitilen ADME-Toksikoloji analizleri DSC paket programi
altindaki “ADME Descriptor” protokolii vasitasiyla gergeklestirilmistir. Boylece molekiiler
agirlik, AlogP, aromatik halka sayisi, H-bagi alicis1 sayisi, H-bag1 donérii sayisi, molekiiler

polar yiizey alani, suda ¢Oziinirlik, insan intestinal sisteminde emilim, kan-beyin
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bariyerinden gecis, plazma proteinlerine baglanma ve hepatotoksisite, CYP2D6
inhibisyonu 6zelliklerinin yani sira mutajenite ve karsinojenite de arastirilmistir.

4.2.2. HEDEF TABANLI iLAC TASARIMI

4.2.2.1. Molekiiler Doking Calismasi

Molekiiller aras1 (ligand ve reseptor) baglanma afinitesinin hesaplamali analizini saglayan
yontemdir. Ligand-protein sistemindeki en iyi konformasyonun tespit edilmesi
amaclanmaktadir. Molekiiler doking pek cok program vasitasiyla uygulanabilir. AutoDock
Vina, BetaDock, MS-DOCK, PythDock gibi yazilimlar bu programlara 6rnektir.

Calismamizda hem farmakofor modelleme de kullanilan inhibitdr molekiilleriyle hem de
ADME-Toksikoloji tahminleri sonrasi en basarili bulunan bir molekiille molekiiler doking
caligmalar yiiriitilmistiir. Reseptor yapisi olarak farmakofor modelleme ¢alismalarinda da
kullanilan 4EY7 (Asetilkolinesteraz) ve 1Q41 (Glikojen Sentaz Kinaz 3p) kodlu 3D

yapilar kullanilmastir.

Reseptor yapilar1 doking i¢in Discovery Studio 3.5 Client (DSC) programi vasitasiyla
hazirlanmistir. Reseptor igerisindeki biitiin heteroatomlar (su molekiilleri, ligandlar vb)
cikarilmigtir. Optimizasyon protokoliinde DSC igerisinde yer alan “Adopted Basis set
Newton Raphson (ABNR)” metodu ve “CHARMM force field” kullanilmustir.

Doking ¢aligsmasinda kullanilacak ligand oncelikle ChemDraw programinda ¢izilerek
“mol” formatinda kayit edilmis, daha sonra Discovery Studio 3.5 Client programi

vasitasiyla liganda minimizasyon islemi uygulanmstir.

RMSD hesaplamasi i¢in de Discovery Studio 3.5 Client programimin CDOCKER ve
LigandFit modiilleri vasitasiyla docking islemi gergeklestirilmistir. X-ray formatindan
alman ligand ile docking sonrasi elde edilen konformasyonlar arasinda RMSD degerleri

hesaplanarak en uygun doking protokolii oturtulmaya ¢alisilmistir.

4.2.2.1.1. Molekiiler Doking icin gerekli baglanma Kkiiresinin belirlenmesi

CDOCKER ve LigandFit protokolleri her iki reseptor-ligand kompleksleri i¢in denenmis
Cizelge 4.13 ve Cizelge 4.14°da elde edilen RMSD degerleri en iyi protokollerde elde
edilmistir. Buna gore asetilkolinesteraz enzimi (4EY7) i¢in CDOCKER protokolii ile en iyi
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RMSD degerleri almmistir (Cizelge 4.13). RMSD degerleri hesaplanirken
asetilkolinesteraz inhibitorii olan donepezil referans olarak kullanilmigtir. Ayrica baglanma
kiiresinin X,Y,Z koordinatlar sirastyla -14.108, -43.833, 27.67 olarak belirlenirken, kiire
cap1 9.4664 olarak tespit edilmistir. GlikojenSentaz Kinaz 3 enzimi(1Q41) icin ise
LigandFit protokolii uygun bulunmustur (Cizelge 4.14). RMSD degerleri hesaplanirken
Glikojen Sentaz Kinaz 3B  inhibitérii olan indirubin molekiilii referans olarak
kullanilmistir. Ayrica baglanma kiiresinin X,Y,Z koordinatlar1 sirasiyla 39.584, 6.727,
35.551 olarak belirlenirken, grid boslugu 0.5x0.5x0.5, grid agis1 90x90x90 olarak tespit
edilmistir.

Cizelge 4.13 CDOCKER metodu ile docking protokoliiniin oturtulmasi igin
asetilkolinesteraz ile yiiriitiilmiis RMSD hesaplama sonuglari (referans donepezil)

Baglanma Modu RMSD (A)

1.675

1.675

1.987

0.765

0.765

0.790

1.350

1.350

O O Nl O O | W DN -

2.090

=
o

2.878

Cizelge 4.14. LigandFit metodu ile docking protokoliiniin oturtulmasi i¢in GlikojenSentaz
Kinaz 3 ile yiiriitiilmiis RMSD hesaplama sonuglar1 (referans indirubin)

Baglanma Modu RMSD (A)

24215

24215

24215

2.4215

24215

2.4215

2.4215

2.4215

©| 0| Nl o O | W N -

2.4215

[ERN
o

2.4396
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4.2.2.2. Molekiiler Dinamik Simiilasyonlari

Secgilen molekiile ait en iyi doking konformasyonu molekiiler dinamik simiilasyonuna
almmistir. Her iki reseptor igin de (asetilkolinesteraz, GSK-3B) protein-ligand
kompleksleri AMBER14 (94) Molekiiler Dinamik paketindeki “LEAP” modiilii vasitasiyla
AMBER 14SB ve AMBER Gaff etki alanlar1 (force field) kullanilarak hazirlanmistir.
Ayrica protonasyon, iyon ilavesi ve solvent eklenme islemi de burada ger¢eklestirilmistir.
Kompleks sistemler TIP3 su molekiilleriyle (implisit) dolu oktohedral bir kutunun igerisine
alinmis sekildedir. Su molekiilleri arasindaki bosluk 0.4 A olarak ayarlanmistir. Ardindan
AMBERI14 igerisindeki “PMEMD” modiilii vasitasiyla 1sitilarak  simiilasyona
hazirlanmistir.  Simiilasyonlar TUBITAK TR-Grid alt yapisindaki siiper bilgisayarlar
vasitasiyla gergeklestirilmistir. Sistem 20 nanosaniye i¢in 1bar basing ve 298,15 K sicaklik

altinda simiilasyona alinmistir.
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5. ARASTIRMA BULGULARI

51. 3D QSAR FARMAKOFOR MODELLEME SONUCLARI

5.1.1. ASETILKOLINESTERAZ
MODELLEME SONUCLARI

INHIBITORLERIYLE

FARMAKOFOR

Cizelge 4.5’ de verilen 15 bilesik ile yiriitilen 3D QSAR farmakofor modelleme

caligsmalarindan elde edilen 10 hipoteze ait sonuglar Cizelge 5.1’de verilmistir.

Cizelge 5.1. Hipotezlere ait istatistiksel sonuglar

Maksimum Korelasyon

Uyum Total Cost RMS Katsayis:
Hipotez 1 6.27215 68.3648 0.49236 0.972942
Hipotez 2 5.76253 76.5072 1.09618 0.857063
Hipotez 3 5.62923 79.2344 1.14015 0.846711
Hipotez 4 4.86244 82.204 1.21616 0.823887
Hipotez 5 4.13492 83.0196 1.31245 0.790121
Hipotez 6 5.26357 83.0768 1.29487 0.796759
Hipotez 7 4.25536 83.7348 1.35567 0.773715
Hipotez 8 4.19038 83.7763 1.35136 0.775492
Hipotez 9 4.0956 83.9938 1.35149 0.775613
Hipotez 10 4.03481 84.1234 1.3509 0.775944

Hipotezler igerisinde 6zellikle korelasyon verileri ve maksimum uyum iizerinden yiiriitiilen

incelemede Hipotez 1 ve Hipotez 6 ileri caligmalar icin secilmistir. Hipotez 1’e ait

korelasyon grafigi Sekil 5.1’de verilmistir.
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Sekil 5.1.Birinci hipotezin korelasyon grafigi.

Cizelge 5.2°de Hipotez 1’c ait deneysel ve hesaplanan 1Csy degerleri verilmistir. Deney
sonuclarina gore hata orani oldukca diisiik oldugundan farmakofor modeline duyulan
giiven artmaktadir.

Cizelge 5.2. Hipotez 1 i¢in Deneysel ve Hesaplanan ICso (nM) degerleri

Maksimum Hesaplanan
Uyum Cor Deneysel ICs Hata Orani

Tkopezil 6.21 0.55 0.33 +1.7
BDBM50032164 6.21 0.54 0.57 -1.1
BDBM50028685 5.89 1.1 0.72 +1.6
CHEMBL93936 6.07 0.76 0.81 -1.1
BDBM50032163 6.18 0.58 0.95 -1.6
CHEMBL131827 5.98 0.93 11 -1.2
BDBM50094630 5.65 2 14 +1.4

CHEMBL263322 5.78 15 15 -1
CHEMBL486698 5.61 2.2 1.8 +1.2
Donepezil 5.84 1.3 2 -1.6
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BDBM50117612 5.60 2.2 2.6 -1.2
Territrem 5.29 4.6 3.5 +1.3
Aloeemodin 4.99 9.1 6 +1.5
Fenserin 5.01 8.7 12 -1.4
Oksikinolin 4.58 23 18 +1.3

Korelasyon grafiginde yesil noktalar aktif molekiilleri gdsterirken, siyah noktalar kismen
aktif molekiilleri gostermektedir. Noktalarin lineer dogruya yakin olmasi hesaplanan

farmakofor modellerinin basarisini gostermektedir.

Hipotez 1’e ait farmokofor modeli Sekil 5.2°deki gibidir. Farmakofor modelinde ortaya

cikan oOzellikler aras1i mesafe farmakoforun reseptor icerisindeki yerlesiminin anlasilmasi

acisindan oldukga 6nemlidir.

Sekil 5.2. Farmakofor modelindeki 6zelliklerin geometrik dizilimi. Yesil toplardan olugan
modeller Hidrojen bagi akseptorii (HBA), mavi top hidrofobik gostermektedir.
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Sekil 5.3 ve Sekil 5.4’de ¢alisma setindeki molekiillerin hipotez 1 ile birlikte goriintiileri
verilmigtir. Bu sekillerde hipotezin molekiillerle uyumunu incelemek miimkiindiir.
Farmakofor modellerindeki hidrojen bagi akseptorleri —O, -N, -S atomlar1 dondrleri ise bu
atomlara bagli olan —H atomlaridir. Ote yandan 6zellikle halkali yapilar hem hidrofobiklik
icin hem de halkali aromatik (turuncu) 6zellik i¢in etkinlik gostermektedir. Bdylece
farmakofor hipotezinde halkali yapilarda hidrofobiklik (mavi) gozlenirken, —O, -N ve —-S

atomlarinda ise hidrojen bagi1 akseptor (yesil) farmakofor 6zelligi tespit edilmektedir.

Sekil 5.3. Hipotez 1’e ¢alisma setinin cakistirilmasi a) BDBM50032164, b) ikopezil, c)
BDBM50032163, d) CHEMBL93936, e) CHEMBL131827, f) BDBM50028685
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Sekil 5.4. Hipotez 1’e galisma setinin ¢akistirilmasi g) donepezil, h) CHEMBL263322, j)
BDBM50094630, k) CHEMBL486698, 1) BDBM50117612, m) oksikinolin, n)Fenserin, 0)
Aloeemodin, p) territrem
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Hipotez 1’de noktalar grafige paralel etrafinda uzanmasma ragmen Hipotez 6’da daha
daginik bir yap1 gondermektedir. Hipotez 6’ nin (Sekil 5.5) bu 6zellige ragmen en basarili
hipotezlerden biri se¢ilmesinin nedeni ise maksimum uyum oraninin artis géstermesidir

Cizelge 5.3.
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-0,75

log (aktivite)

-0.5 0,0 0,5 1.0 1.5
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Sekil 5.5. Altinct hipotezin korelasyon verileri

Cizelge 5.3. Hipotez 6 i¢cin deneysel ve hesaplanan ICso (nM) degerleri

Maksimum Hesaplanan
Uyum ICsy Deneysel ICs Hata Orani

Tkopezil 5.01 0.15 0.33 oo
BDBM50032164 3.80 24 0.57 o
BDBM50028685 3.78 25 0.72 35
CHEMBL93936 3.90 1.9 0.81 24
BDBM50032163 4.51 0.47 0.95 5
CHEMBL131827 4.04 1.4 1.1 13
BDBM50094630 3.89 2 1.4 4
CHEMBL263322 3.63 3.6 1.5 s
CHEMBL486698 3.91 1.9 1.8 "
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Donepezil 3.94 18 2 -11
BDBM50117612 3.82 2.3 2.6 11
Ternitrem 3.66 3.4 6 1.8
Aloeemodin 2.59 39 18 +2.2
Fenserin 3.81 2.4 22 9.2
Oksikinolin 2.57 41 100 2.4

Hipotez 6’ya ait farmokofor modeli.Sekil 5.6’daki gibidir.

Sekil 5.6. Hipotez 6 farmakofor modelindeki Ozelliklerin geometrik dizilimi. Yesil
toplardan olusan modeller Hidrojen bagi akseptorii (HBA), mavi top hidrofobik
gostermektedir.

3 Hidrofobik, 1 tane de hidrojen bagi akseptor 6zelligi iceren farmakofor da g¢alisma

setinden pek ¢ok molekiiliin farmakofora tam oturmadigi tespit edilmistr (Sekil 5.7c-h).
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g h

Sekil 5.7. Hipotez 6’yla calisma setinin cakistirilmasi a) Ikopezil, b) BDBM50032163, ¢)
CHEMBL131827, d) donepezil, e) CHEMBL486698, f) CHEMBL93936, ¢)
BDBM50094630, h) BDBM50117612
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Sekil 5.8. Hipotez 6’yla ¢alisma setinin ¢akistirilmasi. j) fenserin CHEMBL486698, k)
BDBM50032164, m) BDBM50028685, n) Territrem, 0) Oksikinolin p) Aloeemodin, r)
CHEMBL263322

77



5.1.2. GLIiKOJEN
FARMAKOFOR MODELLEME SONUCLARI

SENTAZ

KIiNAZ

BETA

INHIBITORLERIYLE

Cizelge 4.8’ da verilen 14 bilesik ile yiriitilen 3D QSAR farmakofor modelleme

caligmalarindan elde edilen 10 hipoteze ait sonuglar Cizelge 5.4’de verilmistir.

Cizelge 5.4. Hipotezlere ait istatistiksel sonuglar

Maksimum Korelasyon

Uyum Total Cost RMS Katsayist
Hipotez 1 6.8243 63.5146 0.767167 0.929452
Hipotez 2 6.64274 63.7633 0.804519 0.920781
Hipotez 3 6.90013 65.5846 0.940303 0.889283
Hipotez 4 5.37583 65.9437 0.980195 0.878468
Hipotez 5 6.30191 66.5883 1.03868 0.861732
Hipotez 6 6.22884 66.7638 0.978929 0.880614
Hipotez 7 7.99333 67.0636 1.07456 0.850819
Hipotez 8 6.20677 67.1015 1.07535 0.85073
Hipotez 9 5.98124 67.3858 1.09575 0.844331
Hipotez 10 5.63221 67.7621 1.11476 0.83873

Hipotezler icerisinde 6zellikle korelasyon verileri ve maksimum uyum iizerinden yiiriitiilen
incelemede hipotez 1 ve hipotez 7 ileri galismalar igin se¢ilmistir. Hipotez 1’¢ ait
korelasyon grafigi Sekil 5.9’ da verilmistir. Sekil 5.9’ da goriildiigii tizere her biri bir

molekiilii temsil eden noktalar dogru etrafinda dogruya paralel olarak uzanmaktadir.
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Sekil 5.9. Birinci hipotezin korelasyon grafigi

Korelasyon grafiginde yesil noktalar aktif molekiilleri gosterirken, siyah noktalar kismen
aktif molekiilleri gostermektedir. Noktalarin lineer dogruya yakin olmasi hesaplanan
farmakofor modellerinin basarisin1 géstermektedir. Cizelge 5.5’te goriildiigii iizere hata
oraninda ¢ok biliylik sapmalar yaganmamistir. Bu durum deneysel verilerle hesaplama
sonuclarinin Ortiistiiglinii gostermektedir.

Cizelge 5.5. Hipotez 1 i¢in Deneysel ve Hesaplanan ICsy (nM) degerleri

Maksimum Hesaplanan
Deneysel ICs Hata Orani
Uyum ICxo
BDBM251572 6.49 0.16 0.1 +1.6
BDBM251576 6.32 0.24 0.2 +1.2
BDBM50312996 5.68 1.1 0.4 +2.7
BDBMS8359 5.45 1.8 1 +1.8
BDBM50267802 5.48 1.7 1.2 +1.4
BDBM50312998 5.58 1.3 1.8 -1.4
BDBM50293153 5.48 17 2 -1.2
BDBM31587 5.53 1.5 2.3 -1.5
BDBMS8686 5.52 1.5 2.5 -1.6
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BDBM3175 5.46 1.8 2.8 -1.6
BDBM50293152 5.13 3.8 5 -1.3
BDBM50293155 4.50 16 8 +2

BDBM31588 5.14 3.7 9.4 -2.6

BDBM186203 4.50 16 20 -1.2

Hipotez 1’e ait farmokofor modeli Sekil 5.10°deki gibidir. Farmakofor modelinde ortaya
cikan Ozellikler arasi mesafe farmakoforun reseptor igerisindeki yerlesiminin anlagilmasi

acisindan oldukga dnemlidir.

Sekil 5.10. Farmakofor modelindeki 6zelliklerin geometrik dizilimi. Yesil toplardan olugan
modeller Hidrojen bagi akseptorii (HBA), turuncu toplar ise halkali aromatik (RA) yapilari
gostermektedir.

Sekil 5.11 ve Sekil 5.12°de ise calisma setindeki molekiiller hipotez 1’in iistiine
oturtulmustur. Farmakofor modellerinde halkali aromatik yapilar ise benzen halkasi gibi
baglar arasinda tek, ¢ift doniistimiinii miimkiin kilan yapilardir. Farmakofor hipotezinde
piperazin, benzen ve indol (sirasiyla) halkalarinda halkali aromatik (turuncu) ozellik
gozlenirken, —O, -N ve -S atomlarinda ise hidrojen bagi akseptor (yesil) farmakofor

ozelligi tespit edilmektedir.
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Sekil 5.11.Hipotez 1’e ¢alima setinin ¢akistiritlmas1 8) BDBM251572, b) BDBM251576, ¢)
BDBM50312996, d) BDBMS8359, e) BDBM50267802, f) BDBM50312998, g)
BDBM50293153, h) BDBM31587
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Sekil 5.12. Hipotez 1’¢ ¢alima setinin ¢akistirllmas: 1) BDBM8686 j) BDBM3175 k)
BDBM50293152 m) BDBM50293155 n) BDBM31588 0) BDBM186203

Maximum uyum verileri incelendiginde ileri ¢aligmalar igin segilen bir diger hipotez ise

hipotez 7°dir (Sekil 5.13).

1,25 .
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0,75
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0,25

log (aktivite)

0,00
-0,25
-0,50
-0,75
-1.004 =
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log{Hesaplanan Aktivite)

Sekil 5.13. Yedinci hipotezin korelasyon grafigi
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Yedinci hipotez incelendiginde hata oranlarmin hipotez 1 kadar basarili olmadig
gozlenmektedir (Cizelge 5.6). Ancak maksimum uyum ve korelasyon katsayis1 degerleri
nedeniyle ileri ¢alismalara alinmistir.

Cizelge 5.6. Hipotez 7 i¢in Deneysel ve Hesaplanan 1Cso (nM) degerleri

Maksimum Hesaplanan
Deneysel ICs Hata Orani
Uyum 1Cxo

BDBM251572 6.75 0.14 0.1 +1.4
BDBM251576 6.24 0.43 0.2 +2.2
BDBM50312996 5.84 1.1 0.4 +2.7
BDBMS8359 6.31 0.37 1 -2.7
BDBM50267802 5.58 2 1.2 +1.7
BDBM50312998 5.78 13 18 -1.4
BDBM50293153 5.20 4.8 2 +2.4
BDBM31587 5.58 2 2.3 -1.2
BDBMS8686 5.44 2.8 25 +1.1
BDBM3175 5.71 1.5 2.8 -1.9
BDBM50293152 4.75 13 5 +2.7
BDBM50293155 5.10 6.1 8 -1.3
BDBM31588 541 3 94 -3.2
BDBM186203 5.04 7 20 -2.9

Hipotez 7’ye ait farmakofor modelinde ortaya cikan ozellikler arasi mesafe ise Sekil

5.14’de verilmistir.
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Sekil 5.14. Farmakofor modelindeki 6zelliklerin geometrik dizilimi. Yesil toplardan olusan
modeller Hidrojen bagi akseptorii (HBA), turuncu toplar ise halkali aromatik (RA), mavi
top hidrofobik ve pembe toplar Hidrojen bagi donérii (HBD) yapilar gostermektedir.

Sekil 5.15 ve Sekil 5.16°da ¢alisma setindeki molekiiller hipotez 1’in iistiine oturtulmustur.
Bu sekillerde hipotezin molekiillerle uyumunu incelemek miimkiindiir. Bu farmakofor
hipotezinde ozellikle halkali yapilar hem hidrofobiklik i¢in hem de halkali aromatik
(turuncu) ozellik i¢in etkinlik gostermektedir.—O, -N ve —S atomlarinda hidrojen bagi
akseptor (yesil) farmakofor ozelligi gosterilirken, bu molekiillere bagli —H atomlar1 da
Hidrojen Bag1 dondrii (pembe) 6zelligi gostermektedir. Bu farmakofor modelinin hipotez 1
kadar etkin olmadig1 molekiillerin ¢akisma diizeninden ortaya ¢ikmaktadir. Ozellikle Sekil
5.15d’de secildigi iizere halkali aromatik ozellige molekiil oturmaktadir. Farmakofor

modelinin kendi ¢alisma setine bile hipotez 1°deki kadar net oturmadigi tespit edilmistir.
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Sekil 5.15. Hipotez 7’ye ¢alisma setinin ¢akistirilmasi a) BDBM251572, b) BDBM251576,
c) BDBM50312996, d) BDBMS8359, e) BDBM50267802, f) BDBM50312998, @)
BDBM50293153, h) BDBM31587
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Sekil 5.16. Hipotez 7’ye ¢alisma setinin ¢akistirilmasi 1) BDBM8686 j) BDBM3175 k)
BDBM50293152 m) BDBM50293155 n) BDBM31588 0) BDBM 186203
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5.2.  HIPHOP METODU iLE FARMAKOFOR MODELLEME SONUCLARI

52.1. ASETILKOLINESTERAZ INHIBITORLERIYLE FARMAKOFOR
MODELLEME SONUCLARI

Cizelge 4.9° de wverilen 4 bilesik ile yiiritilen HipHop farmakofor modelleme
caligmalarindan elde edilen 10 hipoteze ait sonuglar Cizelge 5.7’de verilmistir. Direkt hit:
Hipotezin tiim Ozelliklerini haritalamaktadir ve Direkt Hit 1 ise bu &zelligi sagladig
manasina gelmektedir. Kismi Hit: hipotezin kismi olarak haritalandigina gostermektedir.
Her numara ayni sira ile Cizelge 4.9.’deki bir molekiile karsilik gelmektedir.

Cizelge 5.7. Hipotezlere ait istatistiksel sonuglar

Ozellikler Skor Direk Hit Kismi Hit Maksimum
Uyum
Hipotez 1 HHDA 31.054 1111 0000 4
Hipotez 2 HHDA 30.973 1111 0000 4
Hipotez 3 RHHD 30.740 1111 0000 4
Hipotez 4 RHHD 30.310 1111 0000 4
Hipotez 5 RHHD 29.797 1111 0000 4
Hipotez 6 HHDA 29.638 1111 0000 4
Hipotez 7 RHHD 28.824 1111 0000 4
Hipotez 8 HHHA 28.565 1111 0000 4
Hipotez 9 RHHA 28.330 1101 0010 4
Hipotez 10 HHDA 28.318 1111 0000 4

H, Hidrofobik; A, Hidrojen bagi alicisi; R, Aromatik Halka ve D, Hidrojen Bag1 dondrii 6zelligini ifade etmektedir.

Hipotezler 28.318— 31.054 skalasinda degisen skorlar gostermektedir. 9. hipotez harig
biitiin hipotezler biitiin 6zellikleri igermektedir. Hem maksimum uyum degeri hem Direk
Hit degeri hem de skoru en yiiksek olan hipotez 1 en uygun hipotez olarak se¢ilmistir. Bu
hipotezde 2 hidrofobik 6zellik, 1 hidrojen bagi donérii ve 1 hidrojen bagi akseptorii 6zelligi
tanimlanmistir. Secgilen hipotezde (Sekil 5.17) yesil toplar hidrojen bagi alicis1 (akseptorii),
mavi ile gosterilenler hidrofobik 6zellik, pembe toplar ise hidrojen bagi donorii 6zelligini

gostermektedir.
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Sekil 5.17. Hipotez 1 i¢in farmakofor modelindeki 6zelliklerin geometrik dizilimi

Sekil 5.18’de ise Hipotez 1 ile ¢alisma setindeki molekiiller ¢akistirilmistir. Bu sekillerde
hipotezin molekiillerle uyumu incelenmis, hipotezin biitiin molekiillere oturdugu tespit

edilmistir.

Sekil 5.18. Calisma seti ile hipotez 1’in cakistirilmasi a) Ikopezil (referans bilesik), b)
Huprineks ¢) BDBM50032164, d) BDBM50028685
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5.2.2. GSK-3B

INHIBITORLERIYLE
SONUCLARI

FARMAKOFOR

MODELLEME

Hata! Basvuru kaynagi bulunamadi’ de verilen 5 bilesik ile yiriitiilen Hiphop

armakofor modelleme caligmalarindan elde edilen 10 hipoteze ait sonuglar Sekil 5.8’de

verilmigtir.

Cizelge 5.8. Hipotezlere ait istatistiksel sonuglar.

Ozellikler Skor Direk Hit Kismi Hit Maksimum
Uyum
Hipotez 1 RHHDA 57.614 11111 00000 5
Hipotez 2 RHHDA 57.423 11111 00000 5
Hipotez 3 RHHDA 57.049 11111 00000 5
Hipotez 4 RRHDA 56.642 11101 00010 5
Hipotez 5 RRHDA 56.642 11101 00010 5
Hipotez 6 RRHDA 56.599 11101 00010 5
Hipotez 7 RHAAA 56.122 01111 10000 5
Hipotez 8 RHAAA 56.122 01111 10000 5
Hipotez 9 RHAAA 55.843 01111 10000 5
Hipotez 10 RRHDA 55.785 11101 00010 5

H, Hidrofobik; A, Hidrojen bag: alicisi; R, Aromatik Halka ve D, Hidrojen Bagi dondrii 6zelligini ifade etmektedir.

Hipotezler 55.785— 57.614 skalasinda degisen skorlar géstermektedir. Elde edilen 10 adet

hipotezin her biri 5 adet 6zellik tagimaktadir. Maksimum uyum degeri, hem Direk Hit

degeri hem de skoru en yiiksek olan hipotez 1 en uygun hipotez olarak secilmistir. Bu

hipotezde 2 Hidrofobik 6zellik, 1 Hidrojen bagi donérii, 1 hidrojen bagi akseptorii ve 1

halkali aromatik 6zelligi tanimlanmustir. Sekil 5.19°da Hipotez 1’deki farmakofor modeli

ozellikleri goriilmektedir.

89




-

e
A T T7 ™
YUASS. . Y,

A Y
7y, lng.;'&?"'j" )

Sekil 5.19. Hipotez 1 i¢in farmakofor modelindeki 6zelliklerin geometrik dizilimi
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Sekil 5.20” de hipotez 1 ile calisma setinde yer alan molekiillerin uyumu verilmistir. Buna
gore hipotez 1 de yer alan Ozelliklerin hepsinin ¢alisma setinde yer alan molekiillerle

olduk¢a uyumlu oldugu gézlenmistir.

Sekil 5.20. Calisma Seti ile hipotez 1’in g¢akistirilmast a) gsk 68187361 b)
BDBM50267607 c¢) BDBMb50267760 d) BDBM50293306 (referans bilesik) )
BDBM50312996

91



5.3. SECILEN HIPOTEZLERIN TEST SERILERINDEKIi MOLEKULLERLE
CAKISTIRILMA SONUCLARI

5.3.1. HIPHOP METODU ILE GERCEKLESTIRILEN FARMAKOFOR ANALIZ
CALISMASINDA SECILEN HIPOTEZLERIN TEST SERILERI ILE
CAKISTIRILMASI

5.3.1.1. Asetilkolinesteraz inhibitérleriyle Gelistirilmesi Sonucunda Secilen Hipotez 1

ile Test Serisinin Karsilagtirilmasi

Test serisi yine asetilkolinesteraz inhibitérlerinde olusmaktadir. Farmakofor modelinin test
serisindeki farkli molekiillerle dogrulanmasinin nedeni farmakofor modelinin diger
inhibitorler i¢in de uygun olup olmadigin1 anlamaktir. Sekil 5.21 ve Sekil 5.22°de ilgili

cakigsmaya dair resimler verilmistir.

Sekil 5.21. Asetilkolinesteraz inhibitorleri ile HipHop metodu kullanilarak gelistirilen
hipotez 1 ile test serisindeki bilesiklerin cakistirlmast a) BDBM50032163 b)
BDBM50094630 c¢) CHEMBL131827 d) CHEMBL263322 e) CHEMBL486698 f)
fizostigmin
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Sekil 5.22. Asetilkolinesteraz inhibitorleri ile HipHop metodu kullanilarak gelistirilen
hipotez 1 ile test serisindeki bilesiklerin ¢akistirilmasi a) galantamin b) kafein c) ladostigil
d) takrin e) ungeremin

Sekillerde de goriildiigli lizere farmakofor modeli test serisindeki pek ¢ok ligandla tam
olarak ortismemektedir (Sekil 5.21b, e, f ve Sekil 5.22a-e¢). Aymi model ¢alisma
serisindeki tiim molekiilleriyle ortiismezken (Sekil 5.18), diger asetilkolinesteraz
inhibitorleriyle ortiismemesi hipotezin uyumunu sorgulamamiza yol agmistir. Cizelge 5.9
da test serisindeki bilesikler ile hipotezin Glgiilmesi istatistiksel olarak incelenmistir. Buna
gore uyum degeri (3,0803) en yiiksek molekiil CHEMBL 131827 kodlu bilesiktir. Ancak
genel maksimum uyum degeri incelendiginde ortalama degeri yaklasik 2 civarindadir. Bu
durumda test serisiyle hipotezin uyumu diisiiktiir denilebilir.
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Cizelge 5.9.HipHop temelli asetilkolinesteraz inhibitérleriyle hazirlanan Hipotez 1’in test serisiyle kontrolii ile ilgili istatistiksel veriler

AbsoI_L_lt A<;_1_ . Bag _ CHAR_[\/I.m Konformasyon Dihed.r.al vaum. Pharmprint Potansi_yel RMS . Relat_i_f \C?/r;jzr

Enerji Enerjisi | Enerjisi Enerjisi Numaras1 Enerji Degeri Enerji Gradienti Enerji Enerjisi
CHEMBL131827 | 73,5486 | 28,237 | 32,6764 | 93,9858 49 24,6436 | 3,0803 '1111' 93,9858 28,0688 11,1377 5,52342
BDBM50032163 | 124,841 | 43,8508 | 29,5448 | 104,054 13 23,9359 | 2,99643 '1101' 104,054 27,867 9,32939 3,27972
Ladostigil 56,3413 | 38,4999 | 15,4629 | 68,0941 178 10,5661 | 2,99064 '1110' 68,0941 25,3192 10,4279 2,74543
Fizostigmin 63,0294 | 40,132 | 20,8657 | 84,5902 10 21,4461 | 2,79489 '1110' 84,5902 23,5344 7,17634 -0,49238
Galantamin 63,9197 | 43,6298 | 25,7679 | 107,229 1 36,3088 | 2,56325 '1110' 107,229 29,0085 1,68985 0,54677
CHEMBL486698 | 32,6783 | 20,3099 | 11,8849 | 46,9109 1 4,99889 | 2,36258 '1011' 46,9109 25,4215 0 8,68794
CHEMBL?263322 | 48,5364 | 36,0907 | 26,5757 | 79,4426 56 17,6954 | 2,34493 '1101' 79,4426 27,4721 6,38461 -1,47593
BDBM50094630 50,3544 | 32,7672 | 22,0227 97,144 1 27,3419 2 '1100' 97,144 29,1295 | 2,78239%-14 | 9,41455
Takrin 36,4904 | 15,1112 | 12,3615 46,953 2 11,7194 | 1,99885 '1100' 46,953 24,4669 3,92444 5,88355
Kafein 27,6782 | 15,5357 | 12,3232 | 37,3681 1 3,53738 | 1,96518 '1100' 37,3681 28,5745 0 3,54406
Ungeremin 126,866 | 38,6176 | 18,5828 | 89,6896 1 13,5259 | 1,9226 '1100' 89,6896 28,0608 0 17,5221
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5.3.1.2. Asetilkolinesteraz Inhibitorleriyle Gelistirilmesi Sonucunda Secilen Hipotez 1

ile Glikojen Sentaz Kinaz 3p Inhibitérlerinin Karsilastirilmasi

Calismamizda amag¢ c¢oklu hedefe yonelik bir ilag adayr molekiiliiniin tespit edilmesi
oldugu i¢in farmakofor modelinin asetilkolinesteraz inhibitorlerinin yani sira Glikojen
Sentaz Kinaz 3f enzimini de inhibe etmesi gerekmektedir. Bu nedenle farmakofor modeli
daha 6nceden belirtilen GSK-3p inhibitorleriyle (Cizelge 4.2) de gakistirtlmistir (Sekil 5.23
ve Sekil 5.24). Biiyiik 6l¢iide ortiisme gosterdigi sekillerde goriilmektedir.

Sekil 5.23. Asetilkolinesteraz inhibitorleri ile HipHop metodu kullanilarak gelistirilen
hipotez ile GSK-3fB inhibitorlerinin g¢akistirllmas1 a) BDBM3175 b) BDBM8272 c¢)
BDBMS8359 d) BDBM8686 e) BDBM31587 f) BDBM31588 g) BDBM186203 h)
BDBM251572 j) BDBM251576 k) BDBM50026830 1) BDBM50150698 m)
BDBM50267461
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Sekil 5.24. Asetilkolinesteraz inhibitorleri ile HipHop metodu kullanilarak gelistirilen
hipotez ile GSK-3B inhibitorlerinin ¢akistirilmasi-2.kissm a) BDBM50267607 b)
BDBM50267760 c) BDBMS50267801 d) BDBM50267802 e) BDBM50293152 f)
BDBM50293153 g) BDBM50293155 h) B BDBM50293157 j) BDBM50293306 k)
BDBM50312996 |) BDBM50312998 m) BDBM50337557
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Cizelge 5.10. HipHop temelli asetilkolinesteraz inhibitorleriyle hazirlanan Hipotez 1’in GSK-3f inhibitorleriyle kontrolii ile ilgili istatistiksel
veriler

Absolut Ag1 Bag CHARMM | Konformasyon | Dihedral Uyum ) Potansiyel RMS Relatif Van der

Enerji Enerjisi | Enerjisi Enerjisi Numarasi Enerji Degeri Pharmprint Enerji Gradenti Enerji E\/::;:;

BDBM3175 228,558 | 43,9338 | 26,3857 | 92,9389 171 18,6475 | 3,69422 '1111° 92,9389 | 27,6789 | 26,7575 | -1,59099
BDBM50267801 238,446 | 53,6783 | 32,3682 | 108,878 99 16,962 | 3,67916 '1111° 108,878 34,921 29,82 0,05454
BDBM50312996 162,432 | 36,5269 | 18,5467 | 86,8069 159 21,6848 | 3,57744 '1111° 86,8069 | 20,3613 | 33,2275 4,63329
BDBM186203 115,455 | 52,5361 | 24,404 126,478 134 32,8886 | 3,5691 '1111° 126,478 | 27,8718 | 24,0791 11,7941
BDBM50267802 224,927 | 47,4506 | 25,1422 | 94,9579 82 14,1642 | 3,55568 '1111° 94,9579 | 30,2903 20,73 4,64935
BDBM50312998 149,981 | 38,3801 | 19,6852 | 88,4255 44 22,1198 | 3,49655 '1111° 88,4255 | 27,8106 | 25,2602 2,93868
BDBM50293306 221,156 | 54,6903 | 26,1651 122,2 13 35,0949 | 3,4354 '1111° 122,2 23,5533 | 12,7345 | -0,06318
BDBM50026830 50,5779 | 22,9255 | 17,5019 | 63,6797 1 15,0402 | 3,36906 '1111° 63,6797 | 24,3007 | 7,70837 3,98697
BDBM50150698 234,685 | 54,616 | 36,7533 121,37 74 26,5245 | 3,14482 '1111° 121,37 30,9116 | 55,3582 | -3,63259
BDBM50267607 220,847 | 35,288 | 28,2635 | 96,3953 7 17,6961 | 3,14402 '1111° 96,3953 | 36,1869 | 20,2343 3,92126
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BDBM31587 120,451 | 29,7116 | 24,2782 95,3593 17 22,2191 | 2,98005 '1101' 95,3593 | 27,8559 | 21,2149 14,3363
BDBM50267461 206,494 40,11 23,2034 93,1562 15 16,7208 | 2,97459 '1101' 93,1562 | 33,0139 | 5,96205 3,5184
BDBM50337557 93,3284 | 25,1191 | 26,9798 79,0463 38 21,2775 | 2,96656 '1101' 79,0463 | 27,0012 | 8,46361 2,55604
BDBM50293155 106,984 | 25,7374 | 21,1774 87,7553 8 28,889 | 2,96043 '1101' 87,7553 | 31,9796 | 0,518306 | 7,41216
BDBM50293152 109,575 | 22,3163 | 13,3512 92,0563 4 39,2477 | 2,95233 ‘0111 92,0563 | 27,1053 | 3,12531 5,72893
BDBM50293157 107,616 | 25,609 | 17,4256 83,2949 7 32,9425 | 2,94986 ‘0111 83,2949 | 27,5079 | 3,20589 3,55568
BDBMS50267760 222,115 | 44,3587 | 26,0177 95,9913 26 18,6216 | 2,94592 ‘1101 95,9913 31,031 18,9815 0,93162
BDBM8272 80,1048 | 31,4829 | 16,8821 62,2634 9 13,8931 | 2,93156 ‘1011 62,2634 | 20,9842 | 11,9198 | -1,82484
BDBM50293153 108,147 | 24,8051 12,25 90,3639 8 31,8165 | 2,93117 ‘0111 90,3639 | 26,4461 | 3,06948 11,11

BDBM8359 95,573 | 33,1959 | 26,2554 88,4305 33 23,886 | 2,90598 ‘1011 88,4305 | 29,3563 | 16,2484 1,84203
BDBM251576 88,5687 | 28,3311 | 20,7111 78,5217 17 18,2836 | 2,85799 ‘0111 78,5217 | 28,7984 | 7,16592 6,59073
BDBM251572 83,2228 | 22,099 | 28,9507 80,8716 29 22,715 | 2,84463 ‘1011 80,8716 | 25,5399 | 2,70518 2,4897
BDBM31588 82,0836 | 29,0416 | 17,1299 80,862 12 18,3457 | 2,64624 ‘1101 80,862 29,7943 | 4,95727 10,6051
BDBMB8686 132,345 | 33,7309 | 17,7794 86,4674 85 17,7453 | 1,99818 '1001' 86,4674 | 26,8468 | 14,9455 12,7161
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HipHop metoduyla gelistirilen farmakofor modeline GSK-3f inhibitdrlerinin uyumunun
incelendigi Cizelge 5.10’da da goriildiigii tizere maksimum uyum degerleri yine istenilen
noktaya ulasmamistir. Ilgili farmakoforun hem asetilkolinesteraz inhibitdrleriyle hem
GSK-3B inhibitorleriyle uyumu yetersizdir. Bu nedenle 3D veritabani taramalarina

taginmayacaktir.

5.3.1.3. Glikojen Sentaz Kinaz 3p Inhibitérleriyle Gelistirilmesi Sonucunda Secilen

Hipotez 1 ile Test Serisinin Karsilastirilmasi

Test serisi yine GSK-3f inhibitérlerinden olusmaktadir.

Sekil 5.25. GSK-3f inhibitorleri ile HipHop metodu kullanilarak gelistirilen hipotez ile
test serisindeki bilesiklerin cakistirilmasi a) BDBM50293152 b) BDBM50293153 c)
BDBM50293155 d) BDBM50312998 e) BDBM503375
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Sekil 5.26. . GSK-3 inhibitdrleri ile HipHop metodu kullanilarak gelistirilen hipotez ile
test serisindeki bilesiklerin ¢akistirilmast 2. Kisim a) BDBM3175 b) BDBM8359 c)
BDBM50150698 d) BDBM50267461 e) BDBM50267801 f) BDBM50267802

Sekil 5.25 ve Sekil 5.26’da da goriildiigii iizere farmakofor modelinde 6zellikle hidrofobik
Ozellige oturmayan pek ¢ok molekiil bulunmaktadir. Test serisinde karsilagilan bu durum
istatistikel verilerin incelenmesini gerektirmistir. Bu nedenle Cizelge 5.11°de verilen

sonuclara ulasilmistir. Buna gore maksimum uyum verileri yaklagik olarak 3 sklasinda

cikmaktadir.

100



Cizelge 5.11. HipHop temelli GSK-3 inhibitérleriyle hazirlanan Hipotez 1’in test serisindeki molekiillerle kontrolii ile ilgili istatistiksel veriler

AbsoI_L_lt Ag_1_ _ Bag r CHAR_I_\/I_m Konformasyon Dihed_r_al vaum. Pharmprint Potansi_)_/el RMS _ Relat_i_f \@ggir

Enerji Enerjisi | Enerjisi Enerjisi Numarasi Enerji Degeri Enerji Gradenti Enerji Enerjisi
BDBM50267801 221,849 | 53,6783 | 32,3682 108,878 63 16,962 3,97393 '11117° 108,878 34,921 13,223 0,05454
BDBM50312998 136,729 | 38,3801 | 19,6852 88,4255 111 22,1198 | 3,83019 '11011" 88,4255 27,8106 12,008 2,93868
BDBM3175 225,716 | 43,9338 | 26,3857 92,9389 95 18,6475 | 3,72675 '11011" 92,9389 27,6789 23,9159 -1,59099
BDBM50267802 220,36 | 47,4506 | 25,1422 94,9579 89 14,1642 | 3,52259 '11011" 94,9579 30,2903 16,1632 4,64935
BDBM50150698 196,27 54,616 | 36,7533 121,37 19 26,5245 | 3,44115 '11101" 121,37 30,9116 16,9434 -3,63259
BDBM50267461 208,098 40,11 23,2034 93,1562 17 16,7208 | 3,28534 '11011" 93,1562 33,0139 7,56623 3,5184
BDBM50293153 109,968 | 24,8051 | 12,25 90,3639 2 31,8165 | 3,25706 '11101" 90,3639 26,4461 4,89058 11,11
BDBM&8359 97,9721 | 33,1959 | 26,2554 88,4305 33 23,886 2,99957 '11011" 88,4305 29,3563 18,6475 1,84203
BDBM50337557 93,1166 | 25,1191 | 26,9798 79,0463 15 21,2775 | 2,98553 '01101" 79,0463 27,0012 8,25183 2,55604
BDBM50293155 116,303 | 25,7374 | 21,1774 87,7553 1 28,889 2,9522 '11011" 87,7553 31,9796 9,83829 7,41216
BDBM50293152 106,581 | 22,3163 | 13,3512 92,0563 4 39,2477 | 2,65344 '00111" 92,0563 27,1053 | 0,130499 5,72893
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5.3.1.4. Glikojen Sentaz Kinaz 3p Inhibitérleriyle Gelistirilmesi Sonucunda Secilen

Hipotez 1 ile Asetilkolinesteraz inhibitorlerinin Karsilastirilmasi

Sekil 5.27°de Hiphop metoduyla GSK-3f inhibitdrleri kullanilarak gelistirilen ve segilen
hipotez 1 asetilkolinesteraz inhibitorleri ile cakistirilarak farmakoforun coklu hedefe
yonelik ila¢ adayr molekiillerinin tasarimina gotiirecek farmakofor olup olmayacaginin

anlasilmasi lizerinde durulmustur.

Sekil 5.27. GSK-3f inhibitorleri ile HipHop metodu kullanilarak gelistirilen hipotez ile
asetilkolinesteraz inhibitorlerinin gakistirilmasi a) BDBM50028685 b) BDBM50032163 )
BDBM50032164 d) BDBM50094630 e) BDBM50117612 f) CHEMBL93936 Q)
CHEMBL131827 h) CHEMBL263322 j) CHEMBL486698 k)fizostigmin m)huprineks
n)ikopezil

Sekil 5.27°den de anlasilacag: gibi farmakofor asetilkolin esteraz inhibitorleriyle de tam bir
uyum gostermemistir bu nedenle istatistiksel verileri incelenmistir (Cizelge 5.12). Buna
gore ise Onceki hipotezlerde oldugu gibi istenilen maksimum uyum degerlerine

ulagilamamustir.
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Cizelge 5.12. HipHop temelli GSK-3f inhibitorleriyle hazirlanan Hipotez 1’in asetilkolinesteraz inhibitorleriyle kontrolii ile ilgili istatistiksel
veriler

AbsoI_L_lt Ac;_1_ . Bag _ CHAR!\/I_m Konformasyon Dihed_r_al Uywum. Pharmprint Potansi'yel RMS _ Relat'i'f \@r;;gr

Enerji Enerjisi | Enerjisi Enerjisi Numarasi Enerji Degeri Enerji Gradenti Enerji Enerjisi

BDBM50117612 | 166,659 | 37,3833 | 24,6304 | 100,817 64 28,9281 | 3,73293 '11101' 100,817 | 28,3626 | 26,2408 7,26762
CHEMBL131827 | 94,2002 | 28,237 | 32,6764 | 93,9858 228 24,6436 | 3,60484 '11101' 93,9858 | 28,0688 | 31,7893 5,52342
BDBM50028685 | 63,1386 | 29,0652 | 23,874 67,527 74 16,4317 | 3,0486 '11110' 67,527 23,9452 | 8,82737 -3,4081
CHEMBL93936 | 107,601 | 30,1177 | 42,3571 | 110,116 26 35,0397 | 2,85638 '01101' 110,116 | 27,9708 | 18,2036 | -0,30373
BDBM50032163 | 126,629 | 43,8508 | 29,5448 | 104,054 11 23,9359 | 2,75844 '10110' 104,054 27,867 11,1175 3,27972
icopezil 125,663 | 42,0553 | 23,424 97,9391 8 24,4093 | 2,72368 '01101' 97,9391 | 24,0107 | 10,0443 5,24197
CHEMBL263322 | 50,1981 | 36,0907 | 26,5757 | 79,4426 91 17,6954 | 2,59374 '01101' 79,4426 | 27,4721 | 8,04626 | -1,47593
physostigmine 76,2739 | 40,132 | 20,8657 | 84,5902 7 21,4461 | 2,52218 '10110' 84,5902 | 23,5344 | 20,4209 | -0,49238
huprinex 38,53 24,0187 | 20,0276 | 95,3494 1 32,5609 | 2,33937 '01110' 95,3494 | 28,1736 | 0,176143 | 11,9562
BDBM50094630 | 51,2798 | 32,7672 | 22,0227 97,144 3 27,3419 | 2,20881 '11100' 97,144 29,1295 | 0,925449 | 9,41455
BDBM50032164 | 91,415 | 30,2664 | 33,036 96,272 5 30,2586 | 2,14974 ‘01101 96,272 27,5643 | 6,91226 | -1,71279
CHEMBL486698 | 36,5455 | 20,3099 | 11,8849 | 46,9109 2 4,99889 | 1,97865 '01001' 46,9109 | 25,4215 | 3,86726 8,68794
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5.3.2. 3D QSAR FARMAKOFOR GELISTIRME METODUYLA GELISTIRILEN
FARMAKOFORLARIN TEST SERILERI iLE CAKISTIRILMASI

5.3.2.1. Asetilkolinesteraz inhibitérleriyle Gelistirilmesi Sonucunda Secilen Hipotez 1

ile Test Serisindeki Molekiillerin Karsilastirilmasi

Cizelge 4.1°de 1Cs degerleri ile birlikte verilen asetilkolin esteraz inhibitdrler ile yiirtitiilen
analiz sonucunda elde edilen farmakofor Sekil 5.28°deki gibi diger asetilkolin esteraz
inhibitorleriyle cakistirlmistir. Ayrica Cizelge 5.13’de de verildigi iizere elde edilen tiim
hipotezler arasinda en iyi maksimum uyum degerleri bu hipotezde tespit edilmistir. Bu
nedenle bu hipotez ilag onciilii ligand tarama ¢alismalarinda ilgili veritabanlarinda taramak

icin secilmistir.

Sekil 5.28. Asetilkolinesteraz inhibitérleri ile 3D QSAR metodu kullanilarak gelistirilen
hipotez ile asetilkolinesteraz inhibitdrlerinin ¢akistirilmast a) Fizostigmin b) Galantamin
c) Huprineks d) Kafein e) Ladostigil f) Takrin g) Ungeremin
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Cizelge 5.13. 3D QSAR temelli asetilkolinesteraz inhibitorleriyle hazirlanan Hipotez 1’in asetilkolinesteraz inhibitorleriyle kontrolii ile ilgili
istatistiksel veriler

Absolut Agi Bag CHARMM | Konformasyon | Dihedral Uyum ) Potansiyel RMS Relatif Van der

Enerji Enerjisi | Enerjisi Enerjisi Numarasi Enerji Degeri Pharmprint Enerji Gradenti Enerji IEV::::;

Ladostigil 67,9162 | 38,4999 | 15,4629 | 68,0941 86 10,5661 | 6,25933 111 68,0941 | 25,3192 | 22,0029 2,74543
Fizostigmin 59,1143 | 40,132 20,8657 84,5902 6 21,4461 6,174 111 84,5902 23,5344 3,26126 -0,49238
Kafein 27,6782 | 15,5357 | 12,3232 37,3681 1 3,53738 | 6,08546 111 37,3681 28,5745 0 3,54406
Huprineks 38,6739 | 24,0187 | 20,0276 | 95,3494 1 32,5609 | 5,65583 111 95,3494 | 28,1736 0,3201 11,9562
Takrin 36,4904 | 15,1112 | 12,3615 46,953 2 11,7194 | 5,59163 111 46,953 24,4669 3,92444 5,88355
Galantamin 76,7632 | 43,6298 | 25,7679 | 107,229 6 36,3088 | 5,59143 111 107,229 | 29,0085 | 14,5334 | 0,54677
Ungeremin 126,866 | 38,6176 | 18,5828 | 89,6896 1 13,5259 | 4,01002 ‘011’ 89,6896 | 28,0608 0 17,5221
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5.3.2.2. Asetilkolinesteraz inhibitorleriyle Gelistirilmesi Sonucunda Secilen Hipotez 1

ile GSK-3p inhibitorlerinin Karsilastirilmasi

flgili farmakofor hem istatistiksel agidan hem de ligandlarla farmakoforun
cakistirtlmasindaki uyum agisindan basarili bulunmus c¢oklu hedefe yonelik ilag etken
madde gelistirme ¢alismalar1 i¢in GSK-3f inhibitorleriyle ¢akistirilmistir. Sekil 5.29 ve
Sekil 5.30°da 24 adet GSK-3p inhibitoriiyle hipotez 1 de ¢akismalar mevcuttur. Sekilde ilk
defa farkli bir reseptor igin gelistirilmis farmakofor modeline diger reseptorii inhibe eden
molekiillerin oldukga basariyla oturdugu goriilmektedir. Ayrica Cizelge 5.14’de goriildigi

lizere maksimum uyum yaklasik 6’y1 gostermektedir. Bu oldukga istenilen bir veridir.

Sekil 5.29. Asetilkolinesteraz inhibitérleri ile 3D QSAR metodu kullanilarak gelistirilen
hipotezin GSK-3f inhibitorleriyle g¢akistirilmasi a) BDBM3175 b) BDBM8272 c¢)
BDBM8359 d) BDBM8686 e) BDBM31587 f) BDBM31588 g) BDBM186203 h)
BDBM251572 j) BDBM251576
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Sekil 5.30. Asetilkolinesteraz inhibitorleri ile 3D QSAR metodu kullanilarak gelistirilen
hipotezin GSK-3p inhibitérleriyle ¢akistirilmasi a) BDBM50026830 b) BDBM50150698
c) BDBM50267461 d) BDBM50267607 e) BDBM50267760 f) BDBM50267801 @)
BDBM50267802 h) BDBM50293152 j) BDBM50293153 k) BDBM50293155 m)
BDBM50293157 n) BDBMb50293306 0) BDBM50312996 p) BDBM50312998 r)
BDBM50337557
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Cizelge 5.14. 3D QSAR temelli asetilkolinesteraz inhibitorleriyle hazirlanan Hipotez 1’in GSK-3f inhibitorleriyle kontrolii ile ilgili istatistiksel
veriler

Absolut Act Bag CHARMM | Konformasyon | Dihedral Uyum . Potansiyel RMS Relatif Van der
Enerji Enerjisi | Enerjisi Enerjisi Numarasi Enerji Degeri Pharmprint Enerji Gradenti Enerji |5\er :rj'llizi
BDBM50267801 220,909 | 53,6783 | 32,3682 108,878 85 16,962 6,26285 1171 108,878 34,921 12,2828 0,05454
BDBM50312996 152,823 | 36,5269 | 18,5467 86,8069 209 21,6848 | 6,26278 1171 86,8069 20,3613 23,6185 4,63329
BDBM50312998 150,998 | 38,3801 | 19,6852 88,4255 46 22,1198 | 6,25804 1171 88,4255 27,8106 26,2778 2,93868
BDBM50267802 229,986 | 47,4506 | 25,1422 94,9579 99 14,1642 | 6,22803 111 94,9579 30,2903 25,789 4,64935
BDBM50026830 44,1196 | 22,9255 | 17,5019 63,6797 1 15,0402 | 6,21623 111 63,6797 24,3007 1,25007 3,98697
BDBM186203 125,909 | 52,5361 | 24,404 126,478 130 32,8886 | 6,20772 1171 126,478 27,8718 34,5336 11,7941
BDBM3175 234,162 | 43,9338 | 26,3857 92,9389 204 18,6475 | 6,15833 1171 92,9389 27,6789 32,3616 -1,59099
BDBM8272 102,191 | 31,4829 | 16,8821 62,2634 9 13,8931 | 6,14728 1171 62,2634 20,9842 34,0059 -1,82484
BDBM50150698 184,029 | 54,616 | 36,7533 121,37 12 26,5245 | 6,07801 111 121,37 30,9116 4,70229 -3,63259
BDBM50293153 111,368 | 24,8051 12,25 90,3639 6 31,8165 | 6,03566 111 90,3639 | 26,4461 6,2897 11,11
BDBMb50267607 | 233,996 | 35,288 | 28,2635 | 96,3953 12 17,6961 | 5,78728 111 96,3953 | 36,1869 | 33,3835 | 3,92126
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BDBM50293157 103,611 | 25,609 | 17,4256 83,2949 2 32,9425 | 5,72028 ‘1171 83,2949 | 27,5079 | -0,79911 3,55568
BDBM50293155 109,579 | 25,7374 | 21,1774 87,7553 11 28,889 5,6881 ‘1171 87,7553 | 31,9796 | 3,11412 7,41216
BDBM31587 112,621 | 29,7116 | 24,2782 95,3593 83 22,2191 | 5,67147 ‘111 95,3593 | 27,8559 | 13,3843 14,3363
BDBM50337557 98,2135 | 25,1191 | 26,9798 79,0463 34 21,2775 | 5,65601 ‘111 79,0463 | 27,0012 | 13,3488 2,55604
BDBM31588 78,6129 | 29,0416 | 17,1299 80,862 27 18,3457 | 5,65004 ‘1171 80,862 29,7943 | 1,48661 10,6051
BDBMS50267760 205,472 | 44,3587 | 26,0177 95,9913 5 18,6216 | 5,19994 ‘1171 95,9913 31,031 2,33797 0,93162
BDBM50293306 245,291 | 54,6903 | 26,1651 1222 6 35,0949 | 5,1642 ‘1171 122,2 23,5533 36,869 -0,06318
BDBM50267461 224,161 40,11 23,2034 93,1562 6 16,7208 | 5,00145 ‘1171 93,1562 | 33,0139 | 23,6292 3,5184
BDBM8686 123,201 | 33,7309 | 17,7794 86,4674 69 17,7453 | 4,42353 111 86,4674 | 26,8468 | 5,80142 12,7161
BDBM50293152 107,963 | 22,3163 | 13,3512 92,0563 2 39,2477 | 4,37344 111 92,0563 | 27,1053 | 1,51242 5,72893
BDBM251576 99,8236 | 28,3311 | 20,7111 78,5217 8 18,2836 | 4,15615 ‘011 78,5217 | 28,7984 | 18,4208 6,59073
BDBM251572 84,0377 | 22,099 | 28,9507 80,8716 45 22,715 | 4,12399 '110' 80,8716 | 25,5399 | 3,52016 2,4897
BDBM8359 83,2428 | 33,1959 | 26,2554 88,4305 6 23,886 | 4,09165 '110' 88,4305 | 29,3563 | 3,91822 1,84203
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5.3.2.3. GSK-3p inhibitérleriyle Gelistirilmesi Sonucunda Secilen Hipotez 1 ile Test

Serisindeki Molekiillerin Karsilastirilmasi

Cizelge 4.2°de 1Csp degerleri verilen GSK-3f inhibitorleri yine GSK-3 inhibitorleriyle
cakistirilarak gilivenilirligi test edilmistir (Sekil 5.31). Bir dnceki hipotezde elde edilen
basar1 gozlenmesede yine molekiillerin farmakofora oldukca giizel oturdugu

gozlenmektedir. Ayrica sonuglar istatistiksel verilerle de incelenmistir (Cizelge 5.15).

Sekil 5.31. GSK-3f inhibitdrleri ile 3D QSAR metodu kullanilarak gelistirilen hipotezin
GSK-3f inhibitorleriyle ¢akistinlmast a) BDBMS8272 b) BDBM50026830 c)
BDBM50150698 d) BDBM50267461 e) BDBMS50267607 f) BDBMS50267760 Q)
BDBM50267801 h) BDBM50293157 j) BDBM50293306 k) BDBM50337557 n)
BDBM50293306 0) BDBM50312996 p) BDBMS50312998 r) BDBMS50337557
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Cizelge 5.15. 3D QSAR temelli GSK-3f inhibitorleriyle hazirlanan Hipotez 1’in test serisi molekiillerle cakistirilmasi kontrolii ile ilgili
istatistiksel veriler

AbsoI_L_Jt Ag_1_ _ Bag _ CHAR_I_\/I_m Konformasyon Dihed_r_al vaum. Pharmprint Potansi_yel RMS _ Relat_i_f \@ggir

Enerji Enerjisi Enerjisi Enerjisi Numarasi Enerji Degeri Enerji Gradenti | Enerji Enerjisi
BDBM50026830 52,2925 | 22,9255 | 17,5019 63,6797 128 15,0402 | 6,6248 111 63,6797 24,3007 | 9,42291 | 3,98697
BDBM50293306 219,308 | 54,6903 | 26,1651 122,2 2 35,0949 | 6,38931 111 122,2 23,5533 | 10,8865 | -0,06318
BDBM50267801 232,43 | 53,6783 | 32,3682 108,878 14 16,962 | 6,24201 111 108,878 34,921 | 23,8046 | 0,05454
BDBM50267760 229,52 | 44,3587 | 26,0177 95,9913 1 18,6216 | 6,22576 111 95,9913 31,031 | 26,3855 | 0,93162
BDBM50150698 205,596 | 54,616 36,7533 121,37 73 26,5245 | 6,22199 111 121,37 30,9116 | 26,269 | -3,63259
BDBM50267461 209,651 40,11 23,2034 93,1562 7 16,7208 | 6,21219 111 93,1562 | 33,0139 | 9,11914 3,5184
BDBM50267607 209,188 | 35,288 28,2635 96,3953 5 17,6961 | 6,21117 111 96,3953 | 36,1869 | 8,57568 | 3,92126
BDBM&8272 77,8543 | 31,4829 | 16,8821 62,2634 3 13,8931 | 6,11389 111 62,2634 | 20,9842 | 9,66937 | -1,82484
BDBM50293157 106,557 | 25,609 17,4256 83,2949 7 32,9425 | 5,62213 111 83,2949 27,5079 | 2,14662 | 3,55568
BDBM50337557 99,9366 | 25,1191 | 26,9798 79,0463 1 21,2775 | 5,56805 111 79,0463 27,0012 | 15,0718 | 2,55604
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5.3.2.4. GSK-3p Inhibitorleriyle Gelistirilmesi Sonucunda Secilen Hipotez 1 ile

Asetilkolinesteraz inhibitorlerinin Karsilastirilmasi

Bu hipotezde de test serisiyle maksimum uyum degerleri oldukg¢a yiiksek c¢ikmistir.
Hipotezin ¢oklu hedefe yonelik ila¢ etken madde gelistirme calismalarinda kullanilmak
icin uygunlugunu tespit etmek iizere asetilkolinesteraz inhibitorleriyle ¢akistirma
yapilmistir (Sekil 5.32). Ayrica Cizelge 5.16°da da bu ¢akistirmaya ait istatistiksel veriler
bulunmaktadir. Bu g¢izelgeye gore maksimum uyum dergerleri hem asetilkolinesteraz
inhibitorleri hem de GSK-3p inhibitorleri igin en  uyumlu sonuglar bu hipoteze ait

farmakoforda elde edilmistir.

/
%

k m n

Sekil 5.32. GSK-3B inhibitorleri ile 3D QSAR metodu kullanilarak gelistirilen hipotezin
asetilkolinesteraz inhibitorleriyle ¢akistirilmasi a) BDBM50028685 b) BDBM50032163 c)
BDBM50032164 d) BDBM50094630 e) BDBMS50117612 f) CHEMBL93936 Q)
CHEMBL131827 h) CHEMBL263322 j) CHEMBL486698 k) fizostigmin n) huprineks
0) ikopezil
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Cizelge 5.16. 3D QSAR temelli GSK-3f inhibitorleriyle hazirlanan Hipotez 1’in asetilkolinesteraz inhibitorleriyle ¢akistirilmasi kontrolii ile
ilgili istatistiksel veriler

AbSO|.L.It Ag}. _ Bag _ CHAR_[\/Im Konformasyon Dihed_r_al Uywum. Pharmprint Potansi_yel RMS _ Relat_i_f \C?/r;jzr

Enerji Enerjisi | Enerjisi Enerjisi Numaras1 Enerji Degeri Enerji Gradenti Enerji Enerjisi
CHEMBL131827 | 79,0135 | 28,237 | 32,6764 | 93,9858 126 24,6436 | 6,75954 '111' 93,9858 | 28,0688 | 16,6026 5,52342
BDBM50117612 173,05 | 37,3833 | 24,6304 | 100,817 110 28,9281 | 6,14356 111 100,817 | 28,3626 | 32,6321 7,26762
BDBM50028685 73,1317 | 29,0652 23,874 67,527 177 16,4317 | 5,24277 ‘111 67,527 23,9452 18,8205 -3,4081
BDBM50032163 127,615 | 43,8508 | 29,5448 | 104,054 11 23,9359 | 4,51278 '101' 104,054 27,867 12,1033 3,27972
CHEMBL93936 109,9 30,1177 | 42,3571 | 110,116 16 35,0397 | 4,50959 '101' 110,116 | 27,9708 | 20,5024 | -0,30373
CHEMBL263322 42,1518 | 36,0907 | 26,5757 79,4426 1 17,6954 | 4,48791 ‘011 79,4426 27,4721 0 -1,47593
ikopezil 124,179 | 42,0553 | 23,424 97,9391 9 24,4093 | 4,48433 '101' 97,9391 | 24,0107 | 8,55982 5,24197
BDBM50032164 85,8524 | 30,2664 | 33,036 96,272 1 30,2586 | 4,46891 '101' 96,272 27,5643 | 1,34966 | -1,71279
Fizostigmin 64,7689 | 40,132 | 20,8657 | 84,5902 7 21,4461 | 4,46853 '011' 84,5902 | 23,5344 | 8,91586 | -0,49238
BDBM50094630 50,6375 | 32,7672 | 22,0227 97,144 2 27,3419 | 3,0953 '011' 97,144 29,1295 | 0,28305 9,41455
CHEMBL486698 | 36,5455 | 20,3099 | 11,8849 | 46,9109 2 4,99889 | 3,09321 '011' 46,9109 | 25,4215 | 3,86726 8,68794
Huprineks 38,6739 | 24,0187 | 20,0276 | 95,3494 1 32,5609 | 3,08775 '011' 95,3494 | 28,1736 0,3201 11,9562
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54. SECILEN FARMAKOFORA UYGUN LiGANDLARIN TARANMASI VE
ADME-TOKSIKOLOJi ANALIiZi

2 Hidrojen bagi alicisi, bir tane de halkali aromatik yapi iceren GSK-3p inhibitorleri ile
gelistirilen farmakofor (Sekil 5.10) hem GSK-3B test serisiyle hem de asetilkolinesteraz
inhibitorleriyle verdigi uyum nedeniyle veritabaninda yiiriitiillecek arastirma igin
secilmigtir. DSC programina ait DrugLikeDiverse veritabaninda ilgili farmakofor ile
yiriitilen ¢alisma sonucu bu farmakofora uyum gosteren 3930 adet molekiil tespit
edilmistir (EK-1). ilgili molekiiller arasindaki eleme ise ADME-Toksikoloji dzelliklerine
gore gergeklestirilmistir. Elde edilen bilesiklerden ADME 6zelliklerini saglayan en iyi 20

tanesi ve ozellikleri Cizelge 5.17 ve Cizelge 5.18’de verilmistir.

Cizelge 5.17. En iyi molekiiler 6zelliklere sahip 20 molekiil

Bilesik Molvekﬁler AT(-SZ?)%;r DHC;E?)%; D('ivndiirﬁlebilir Halkalarin Arol;ll”la;i(iillleri n M‘;};};ﬁrler Lipinski
Agirlik Sayisi Sayisi Baglarin Sayisi Sayisi Sayisi Yiizey Kurallari
Alani

1 ENA833169 356,829 3 1 3 4 4 87,53 Uygun
2 CDI132241 400,514 4 0 4 4 3 96,12 Uygun
3 ENA623984 455,571 4 1 6 5 4 81,45 Uygun
4 CBG599807 370,487 2 0 2 5 3 33,2 Uygun
5 ASI1290064 422,543 4 1 6 3 3 103,43 Uygun
6 ENA881608 411,537 4 0 7 3 2 64,42 Uygun
7 ENA373903 394,507 4 0 7 3 2 49,85 Uygun
8 UKR263840 419,339 4 0 5 3 3 78 Uygun
9 UKR1353805 368,56 5 2 6 3 1 109,54 Uygun
10 | UKR403334 405,513 4 1 7 3 3 87,6 Uygun
11 | CDI811327 437,939 4 2 6 4 3 67,66 Uygun
12 | CNR13756 260,371 2 1 6 2 1 29,46 Uygun
13 | UKR961802 433,882 6 1 9 2 2 83,09 Uygun
14 | TIM405938 399,483 5 1 7 3 2 87,27 Uygun
15 | VIT923177 413,311 3 1 6 3 3 59,81 Uygun
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16 | ENA99104 310,387 3 0 7 2 2 43,37 Uygun
17 | CDI339313 379,479 5 2 4 4 3 97,14 Uygun
18 | ENA462173 388,524 4 1 7 2 2 74,86 Uygun
19 | CNR22181 310,39 2 2 7 2 2 58,2 Uygun
20 | ASI108386 360,47 3 1 6 2 2 74,86 Uygun

Bilesikler daha dnce bahsedilen Lipinski kurallarini saglamaktadir. Ayrica bilesiklere ait
3D yapilar EK-2’de verilmistir. CBG599807 (5.237) ve ENA99104 (5.31) yiiksek LogP
degerleri nedeniyle en yiiksek lipofilik &zelligi gdstermektedir. Insan intestinal sisteminde
absorpsiyon diizeyleri tiim molekiiller igin yiiksektir. Ote yandan ¢dziiniirliik diizeyi en
yiiksek bilesikler CNR13756 ve CNR22181 molekiilleridir. CYP2D6 Kklinik olarak
kullanilan ilaglarin % 25’nin metabolizmasi ve eliminasyonundan sorumludur. Bu nedenle
ilag molekiiliiniin CYP2D6 enzimini inhibe etmemesi gerekmektedir. CDI811327 ve
CDI811327 molekiilleri digindaki tim molekiiller CYP2D6’y1 inhibe etmemektedir.
Molekiillerin sadece 6 tanesi hepatotoksik oOzellik gostermistir. Son olarak olasi ilag
molekiil hedefinin kan-beyin bariyerini ge¢cmesi Oonemli oldugundan CBG599807 ve
ENA99104 molekiilleri tizerinde durulmustur.
ASI1290064, ENA373903 ve ENA99104 molekiillerine toksisite analizi yiiriitiilmesi

Tim ozellikler degerlendirildiginde

diistiniilmiistiir (Cizelge 5.19).

Cizelge 5.18. Secilen 20 bilesige ait ADME tahminlemesi

Kan- Plazma Pol
olar
Uyum | Coziniirlik | Beyin | CYP2D6 | Hepatotoksisite | Absorpsiyon | Proteini
Bilesik ) ) oo o . ) ALogP Yiizey
Degeri Diizeyi Bariyeri | Tahmini Tahmini Diizeyi Baglanma
. Alan1_ 2D
Diizeyi Tahmini -
1 ENA833169 6,62528 2 1 yanlis dogru 0 dogru 3,778 57,981
2 CDI132241 6,58504 2 1 yanlis dogru 0 dogru 3,721 58,145
3 ENA623984 6,57718 1 1 yanlig dogru 0 dogru 5,237 55,65
4 | CBG599807 6,39215 1 0 yanlis dogru 0 dogru 5,807 31,914
5 ASI290064 6,37569 2 1 yanlig yanlig 0 dogru 4,294 73,286
6 ENA881608 6,30318 2 1 yanlis yanlis 0 dogru 4,355 63,493

115




7 | ENA373903 6,2409 2 1 yanlis yanlis 0 dogru 4,133 50,236
8 | UKR263840 | 6,23826 2 1 yanlis dogru 0 dogru 4,141 50,519
9 UKR1353805 | 6,21464 2 2 yanlig yanlig 0 yanlig 3,35 59,53
10 | UKR403334 | 6,20846 2 1 yanlis dogru 0 dogru 4,329 62,025
11 | CDI811327 6,18644 2 1 dogru yanlig 0 dogru 4,27 49,999
12 | CNR13756 6,16215 3 1 dogru yanlis 0 dogru 3,112 29,745
13 | UKR961802 | 6,14316 2 2 yanlis yanlig 0 dogru 4,375 83,132
14 | TIM405938 6,10799 2 1 yanlis yanlis 0 dogru 3,583 60,253
15 | VIT923177 6,08231 2 1 yanlis yanlis 0 dogru 4,857 57,981
16 | ENA99104 6,07684 2 0 yanlis yanlis 0 dogru 531 43,531
17 | CDI339313 6,07316 2 2 yanlis yanlis 0 dogru 3,785 70,791
18 | ENA462173 6,05558 2 1 yanlig yanlig 0 dogru 4,075 68,065
19 | CNR22181 6,02926 3 2 yanlis yanlis 0 yanlig 3,01 60,222
20 | ASI108386 6,00306 2 2 yanlis yanlis 0 dogru 3,498 68,065

*AlogP:n-octanol ile su arasindaki dagilim katsayisinin logaritmasi. Coziiniirliik Diizeyi: 0:agin diisiik, 1:¢ok diisiik, 2:disiik, 3:iyi.
Kan-Beyin Bariyer Gegis Diizeyi: 0:cok iyi, 1:iyi, 2:kismen, 3:zayif, 4:belirlenemedi. insan intestinal sisteminde absorpsiyon: O:iyi,
1:kismen, 2:zay1f, 3:¢ok zayif.

Cizelge 5.19°da ¢ikan sonuglarla da belirlendigi tizere ENA99104 molekiiler doking

caligmalar1 ve molekiiler dinamik simiilasyonlar1 igin segilmistir. (Sekil 5.34) Ayrica

ADME-plot grafigine bakildiginda mavi noktalarin her biri bir bilesigi temsil etmektedir.

Sar1 en biiylik nokta ise ENA99104 molekiiliinii gostermektedir. Grafikte biitiin 6zellikler

vasitastyla cizilen dairelerin i¢inde kalmasi sebebiyle de biitlin 6zellikler agisindan oldukg¢a

basarili oldugu tespit edilmistir (Sekil 5.33).
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Sekil 5.33. Insan intestinal sistem absorpsiyonu ve Kan-Beyin Bariyeri gegisini gdsteren

grafik

Cizelge 5.19. Secilen 3 bilesik i¢in karsinojenlik ve mutajenlik analizi sonuglari

Bilesik TOPKAT TOPKAT TOPKAT TOPKAT AMES
Disi Fare | Erkek Fare | Disi  Sican | Erkek Sican | mutajenlik
FDA FDA FDA FDA

ASI290064 Karsinojen Multi- Karsinojen Multi- Mutajen Degil
Degil Karsinojen Degil Karsinojen

ENA373903 Karsinojen Karsinojen Karsinojen Karsinojen Mutajen Degil
Degil Degil Degil Degil

ENA99104 Karsinojen Karsinojen Karsinojen Karsinojen Mutajen Degil
Degil Degil Degil Degil
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Sekil 5.34. Molekiiler Docking Simiilasyonlar1 i¢in segilen bilesik, ENA99104’iin 3D
gosterimi

5.5. MOLEKULER DOKING CALISMASI SONUCLARI

Yontemde belirtilen protokol vasitasiyla hazirlanan ligandlarin CDOCKER ve LigandFit
metodlartyla doking caligmasi denenmis, 4EY7 icin CDOCKER metodu ve yontemde
belirtilen baglanma kiiresi tespit edilmistir. 1Q41 icin ise LigandFit metoduyla en iyi
RMSD degeri alinmis, belirlenen baglanma kiiresi ile LigandFit protokolii uygulanmigtir.
Tiim molekiillere ait sonuclar 4EY7 ve 1Q41 i¢in sirasiyla EK-3 ve EK-4’de verilmistir.
Cizelge 5.20° de ENA99104 molekiiliine ait doking sonuglar1 verilmistir. Sekil 5.35 ve
Sekil 5.36°de ise ilgili ligandin baglanma paketi icerisindeki konumlar1 ve DSC tarafindan
belirlenmis bag yapilar1 gosterilmistir.

Cizelge 5.20. GSK-3f ve Asetilkolinesteraz enzimleriyle ENA99104 molekiiliiniin doking
sonuglari

< -CDOCKER

Enzi - Baglanma Baglap_n_la _CDOC.}.(I.ER Etkilesim Doking

nzim Bilesik enerjisi Enerjisi .
Modu (kcal/mol) (kcal/mol) Enerjisi Skoru

kcal/mol)

GSK-3p
(1042) ENA99104 2 20,1619 52,372
Asetilkolinesteraz
(4EYT) ENA99104 2 -24,1924 40,8546 45,1427

Sekil 5.35’de ENA99104’iin asetilkolin esteraz enziminin aktif bdlgesi ile etkilesimi
verilmistir. Buna gore molekiil TRP286, TYR341 ve HIS447 ile n-n etkilesimi gdsterirken
TYR124 ile H-bagi olusturmaktadir. Reseptoriin kendi ligand1 olan donepezil de literatiirde
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(95,96) benzer etkilesimleri gosterdiginden (EK-5) molekiiliin baglanma bdlgesindeki

konumu uygun bulunmustur.
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Sekil 5.35. ENA99104 molekiiliiniin asetilkolinesteraz enzimi baglanma paketi igerisindeKki
konumu. Turuncu ¢izgiler n-n etkilesimlerini gostermektedir.

Sekil 5.36’da ise ENA99104 bilesiginin GSK-3B enziminin aktif yoresindeki etkilesimi
verilmistir. Referans bilesik olan indirubin ile benzer bir etkilesim (EK-6) gostermektedir

(84,97).
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Sekil 5.36. ENA99104 molekiiliiniin GSK-3 enziminin aktif bolgesi ile etkilesimi. Yesil
kesikli ¢izgiler hidrojen baglarini gostermektedir.
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5.6. MOLEKULER DINAMIK SIMULASYONLARINA AiT SONUCLAR
5.6.1. GSK-3BETA ILE YORUTULEN SIMULASYON CALISMALARI

Doking sonucunda almman 2. konformasyonla birlikte yontemde belirtildigi bigimde

protein-ligand sisteminin baslangi¢ koordinatlar1 olusturulmustur (Sekil 5.37).

Sekil 5.37. GSK-3 ve ENA99104 kompleksi. Kahverengi a heliks ve B tabaka yapilari
igeren yapt GSK-3 enzimini, kirmizi noktalar TIP3P su molekiillerini gostermektedir.

GSK-3f kompleksi pozitif yiikli ¢iktigi i¢in implisit solvent igerisine gomiilmeden énce Cl
atomlartyla yiki sifirlanmistir. Sekil 5.37°de oktahedral su kutusu igerisinde kompleks
yap1 bulunmaktadir. 20 ns’lik simiilasyonun yeterli olup olmadiginin tespiti i¢in yliriitiilen
RMSD hesaplamalar1 sonucunda S$ekil 5.38°deki grafik elde edilmistir. Buna gore
ENA99104’iin (Siyah ¢izgi) 20 ns’lik simiilasyon boyunca baglanma paketi icerisindeki
stabilitesini korurken, GSK-3f enziminin (kirmizi ¢izgi) tam anlamiyla stabil diizeye
gelemedigi gozlenmektedir. Ozellikle 19.ns’de meydana gelen pik simiilasyon siiresinin bir

stire daha uzatilabilecegini gostermektedir.
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Sekil 5.38. 20 ns igerisinde GSK-33 ve ENA99104 kompleksine ait RMSD egrisi. Kirmizi
¢izgi enzim yapisini, siyah cizgi ise ENA99104 ‘y1 gostermektedir.

Sekil 5.39’da ise 20 ns’lik simiilasyon sonunda ENA99104 molekiiliiniin (gri) baglanma
paketi icerisindeki konumu gozlenmektedir. Buna gore molekiiliin LYS51 (4.09 A) ve
VAL101 (3.92 A) rezidiileri ile hidrojen bag1 yaptig1 gdzlenmektedir.

Sekil 5.39. GSK-3B ve ENA99104 kompleksinin 20 ns’lik simiilasyon sonrasindaki
baglanma profili
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5.6.2. ASETILKOLINESTERAZ iLE YURUTULEN SIMULASYON
CALISMALARI

Doking sonucunda alinan 2. konformasyonla birlikte yontemde belirtildigi bicimde

protein-ligand sisteminin baslangi¢ koordinatlar1 olusturulmustur (Sekil 5.40).

Sekil 5.40.Asetilkolinesteraz ve ENA99104 kompleksi. Kahverengi a heliks ve 3 tabaka
yapilar1 iceren yapi asetilkolinesteraz enzimini, kirmizi noktalar TIP3P su molekiillerini
gostermektedir. Mor biiyiik noktalar ise Na atomudur.

Asetilkolinesteraz ve ENA99104 kompleksi negatif yiikli ¢iktigi i¢in implicit solvent
icerisine gomiilmeden once Na atomlariyla yiikii sifirlanmistir. Sekil 5.40°da oktahedral su
kutusu igerisinde kompleks yapi1 bulunmaktadir. 20 ns’lik simiilasyonun yeterli olup
olmadiginin tespiti i¢in yiiriitilen RMSD hesaplamalari sonucunda ‘deki grafik elde
edilmistir. Buna gore ENA99104’lin (Siyah cizgi) stabilitesini heniiz kazanamadig:
goriiliirken, Asetilkolinesteraz enziminin (kirmizi ¢izgi) 6zellikle GSK-3 enzimine gore

daha stabil bir konuma geldigi gézlenmektedir (Sekil 5.41).
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Sekil 5.41. 20 ns igerisinde Asetilkolinesteraz ve ENA99104 kompleksine ait RMSD
egrisi. Kirmizi ¢izgi enzim yapisini, siyah ¢izgi ise ENA99104 ‘y1 gostermektedir.

Sekil 5.42°de 20 ns’lik simiilasyon sonunda ENA99104 molekiiliiniin (gri) baglanma
paketi igerisindeki konumu gozlenmektedir. Buna gore molekiiliin —hidroksil grubunun

SER122 (5.32 A) rezidiisii ile hidrojen bag1 yaptig1 gézlenmektedir.

Sekil 5.42. Asetilkolinesteraz ve ENA99104 kompleksinin 20 ns’lik simiilasyon
sonrasindaki baglanma profili
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5.6.3. ELDE EDILEN BUTUN FARMAKOFOR MODELLERIYLE ENA99104
MOLEKULUNUN CAKISTIRILMASI

Elde edilen diger farmakofor modellerinin uyum degerleri diisiik bulunmus olmasina
ragmen, olusturulan biitlin hipotezlerin ENA99104 molekiiyle uyumlu olup olmadig1 da
incelemeye alinmigtir. Bu nedenle bu hipotezlerin uyumunun tartigilabilmesi i¢in ligand
farmakofor ¢akistirma islemi son olarak uygulanmistir (Sekil 5.43). Segilen hipotezler ile
ENA99104 bilesiginin karsilastirilma ¢alismasinda “Ligand Pharmacophore Mapping”
metodundan yararlanilmistir. HipHop metodu ile gelistirilen farmakofor hipotezlerinde
ozellikle Hidrojen bagi dondrii 6zelligi (pembe) molekiil iizerinde ¢akismamistir (Cizelge
5.21). Bu ozellikdeki eksiklik parmprint verilerinden de anlagilmaktadir (“111017,
“11017). Hipotezlerin molekiille cakismamasi tek basina yeterli degildir. Bir diger dikkat
edilen nokta ise uyum degerleridir ve istatistiksel veriler incelendiginde uyum degerlerinin
olduk¢a diisikk oldugu gozlenmektedir (Cizelge 5.21). ENA99104’lin tespitine temel
olusturan hipotez ile molekiiliin birebir ortiistiigii gézlenmistir (Sekil 5.43¢c). Ote yandan
ayn1 yontemle gelistirilen (3D QSAR/GSK-3p inhibitorleri) bir diger hipotez olan Hipotez
7 ile de (Sekil 5.43d) yine hidrojen bagi donérii 6zelligi ortismemektedir. Buna ragmen
uyum degeri oldukca yiiksektir (5,76643). Asetilkolinesteraz inhibitorleri ve 3D QSAR
metodu ile gelistirilen hipotez 1 ile ENA99104 oldukea giizel bir sekilde ¢akismaktadir.
Hidrofobik bolgeleri benzen halkasi ve metil grubuyla ortiisiirken; hidrojen bagi alicisi
ozelligi ise —O atomuyla olduk¢a uyumlu bulunmustur (Sekil 5.43a). Ayrica uyum degeri
de orijinal hipoteze oldukc¢a yakindir (6,25669). Ayn1 metodla gelistirilen bir diger hipotez
olan hipotez 6 ise hidrofobik 6zellikleriyle oturmus gibi goériinse de Hidrojen bagi alicisi
(yesil) 6zelliginin ¢akismadigi gozlenmistir (Sekil 5.43b). Ayrica uyum degeri de oldukga
diisiik bulunmustur (3,94145).
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Sekil 5.43. Elde edilen biitiin farmakoforlar ile ENA99104 molekiiliiniin ¢akistirilmasi a)
3D-QSAR metodu asetil kolinesteraz enzimi ¢alismasi Hipotez-1 b) 3D-QSAR metodu-
asetilkolinesteraz enzimi ¢alismast Hipotez-6 €)3D-QSAR metodu GSK-3B enzimi
calismasi1 Hipotez-1 d) 3D-QSAR metodu GSK-3f enzimi ¢alismasi Hipotez-7 e¢)HipHop
metodu Asetil kolinesteraz enzim ¢alismasi f) HipHop metodu GSK-3 enzim galismasi
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Cizelge 5.21. ENA99104 Molekiiliiniin biitiin hipotezlerle ¢akistirilmasina ait istatistiksel veriler

Absolut Ag1 Bag CHARMM | Konformasyon | Dihedral Uyum . Potansiyel RMS Relatif Van der
- - 2 P . .. | Pharmprint 2 . . Waals
Enerji Enerjisi | Enerjisi Enerjisi Numaras1 Enerji Degeri Enerji Gradenti Enerji Enerjisi
Hiphop/GSK-3p 46,1721 | 20,8978 | 17,1154 48,73 82 9,10574 | 3,83781 '11101' 48,73 22,5209 | 14,5019 0,0813
HipHop/Asetil 1 46 1368 | 208978 | 17,1154 | 48,73 73 9,10574 | 2,97149 | ‘1101' 4873 | 22,5200 | 14,4666 | 0,0813
kolinesteraz
3D Q.SAR/ GSK- 44,1903 | 20,8978 | 17,1154 48,73 35 9,10574 | 6,68694 111 48,73 22,5209 | 12,5201 0,0813
3B/ Hipotez 1
3D Q.SAR/ GSK- 59,0132 | 20,8978 | 17,1154 48,73 60 9,10574 | 5,76643 '1011' 48,73 22,5209 27,343 0,0813
3B/ Hipotez 7
3D QSAR/ Asetil
kolin Esteraz/ | 63,0279 | 20,8978 | 17,1154 48,73 86 9,10574 | 6,25669 111 48,73 22,5209 | 31,3578 0,0813
Hipotez 1
3D QSAR/ Asetil
kolin Esteraz/ | 33,8843 | 20,8978 | 17,1154 48,73 6 9,10574 | 3,94145 ‘0111 48,73 22,5209 2,2142 0,0813
Hipotez 6
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5.6.4. ELDE EDILEN BUTUN FARMAKOFOR MODELLERIYLE ENA99104
MOLEKULUNUN DOKING SONUCU ELDE EDILEN KONFORMASYON
ILE KARSILASTIRILMASI

Farmakofor modelleriyle uyumun tespiti i¢in bir diger dikkat edilmesi gereken nokta da
ENA99104’¢ ait doking sonuglarmin c¢akistirilmasidir. Ciinkii doking sonucunda elde
edilen konformasyon ENA99104’iin baglanma paketi icerisinde olmasi1 beklenen halidir.
Bu noktada molekiiliin bu konformasyonuyla da farmakofor modeliyle cakistirilmasi
tizerinde durulmus; GSK-3p ile elde edilen hipotezler ENA99104’iin GSK-3pB’ya dokingi
sonucu elde edilen konformasyonla, asetilkolinesteraz ile elde edilen hipotezler
ENA99104’tin  asetilkolinesteraza dokingi sonucu elde edilen konformasyonla
cakistirllmistir (Sekil 5.44). Hipotezler ile ENA99104 bilesiginin molekiiler doking
sonucunda elde edilen konformasyonu ile karsilastirilma ¢alismasinda “Ligand
Pharmacophore Mapping” metodundan yararlanilmistir. Hem Sekil 5.44 hem de
istatistiksel veriler (Cizelge 5.22) incelendiginde sonuglarin ENA99104’iin doking Oncesi
konformasyonu ile yiiriitiilen ¢akistirmaya gore degisim gosterdigi gézlenmektedir. Ancak
ozellikle uyum degerleri incelendiginde sasirtict bir sonugla karsilasilmaktadir. Buna gore
asetilkolin esteraz enzim inhibitorleriyle 3D-QSAR yontemi kullanilarak gelistirilen
hipotezin uyum degeri (5,61144), ENA99104’iin belirlendigi ana hipoteze (3D
QSAR/GSK-3p) ait uyum degerinden (5,47884) daha yiiksek bulunmustur (Cizelge 5.22).
Bu sonug¢ ile ENA99104 molekiiliiniin her iki enzimle de etkilestigi ve coklu hedefe
yonelik ilag aday1 olabilecegi bir kez daha ortaya konmustur.
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Sekil 5.44. FElde edilen biitiin farmakoforlar ile ENA99104 molekiiliiniin doking
sonuglariin karsilagtiritlmas: a) 3D-QSAR metodu asetil kolinesteraz enzimi galismasi
Hipotez-1 b) 3D-QSAR metodu-asetilkolinesteraz enzimi ¢aligsmasi1 Hipotez-6 ¢)3D-QSAR
metodu GSK-3B enzimi galismasi Hipotez-1 d) 3D-QSAR metodu GSK-3f enzimi
calismas1 Hipotez-7 e)HipHop metodu Asetil kolinesteraz enzim galismasi f) HipHop
metodu GSK-3f enzim ¢alismasi
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Cizelge 5.22. ENA99104 Molekiiliiniin docking sonuclariyla biitiin hipotezlerin
cakistirilmasina ait istatistiksel veriler

Absolut Konformasyon Uyum _
. Pharmprint
Enerji Numarasi Degeri
Hiphop/GSK-34 44,6183 1 0,907356 '11101"
HipHop/Asetil
_ 38,8526 1 1,02323 '1011°
kolinesteraz
3D QSAR/ GSK-3p/
. 44,6183 1 5,47884 ‘111
Hipotez 1
3D QSAR/ GSK-3p/
_ 44,6183 1 3,93402 '1010°
Hipotez 7
3D QSAR/ Asetil kolin
Esteraz/ Hipotez 1 38,8526 1 5,61144 111
3D QSAR/ Asetil kolin
) 38,8526 1 3,63001 ‘0111
Esteraz/ Hipotez 6
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6. TARTISMA VE SONUC
6.1. TARTISMA

Calisma kapsaminda iki farkli yaklagimla farmakofor modelleme caligsmasi yiiriitiilmiis,

ortaya ¢ikan modeller temel alinarak ¢oklu hedefe yonelik yeni bir Anti-alzheimer ilag

aday1 molekiilii gelistirilmesi hedeflenmistir.

6.1.1. FARMAKOFOR MODELLEME SONUCU ELDE EDILEN VERILERIN
DEGERLENDIRILMESI

Calismamizda en iyi hipotez GSK-3f inhibitorleri ve 3D QSAR farmakofor gelistirme
yontemiyle elde edilmistir. Daha sonra elde edilen farmakofor hem caligma setindeki
molekiillerle hem de asetilkolinesteraz inhibitérleriyle cakistirilarak farmakoforun kontrolii

saglanmstir.

Asetilkolinesteraz inhibitorleri ile olusturulan farmakofor hem 0zellik agisindan, hem
geometrik acidan kiigiik olmasi ve oldukca kompakt bir yapiy1 temsil etmesine ragmen
GSK-3p inhibitorleriyle 3D QSAR metodu vasitasiyla gelistirilen farmakofor daha yiiksek
bir maksimum uyum degeri gdstermistir. Ote yandan daha once Asetilkolinesteraz
inhibitorleriyle yiiriitiilen caligmalarda 2 hidrofobik, 1 hidrojen bagi donérii ve 1 halkal
aromatik ozellige rastlanmig (98) olmasi asetilkolinesteraz inhibitorleriyle de daha genis

yapida bir farmakofor modeli gelistirilebilecegini gostermistir.

Daha 6nce GSK-3p inhibitorleriyle yiiriitiilen 3D QSAR c¢alismasinda da yine 2 Hidrojen
bagi alicist bulunurken 2 tane de hidrofobik yapiya rastlanmigtir (43). Farmakofor
modelinin geometrik yapisi géz 6niine alindiginda yerlesecegi baglanma yoresi agisindan
benzer niteliklere sahip oldugu sdylenebilmektedir. Calismamizda 6ne ¢ikan hipotez 1’ de
halkali aromatik yapilar1 temsil eden oOzellik literatiirdeki hidrofobik bolgeyi temsil
etmektedir.

6.1.2. ADME-TOKSIKOLOJi SONUCLARININ DEGERLENDIRILMESI

DrugLikeDiverse Database vasitasiyla bulunan 3930 molekiil bulunmustur. Ardindan bu
molekiiller arasindan da toksikoloji 6zellikleri (mutajenite, karsinojenite vb) lizerinden bir

inceleme yiiriitiilmiistiir. Ozellikle GSK-3B enzimi igin segilen inhibitdrlerin ATP
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yarigmasiz olmasina dikkat edilerek bu molekiiller iizerinden gelistirilen farmakoforun
olasi toksisitesi disiliriilmiistiir. Bu durumun netlestirilmesi ig¢in in vitro ve in vivo

deneylerle desteklenmesi gerekmektedir.

ADME analizi sonrast1 molekiil sayis1 20’ye diisiiriilmiistiir. Bulunan molekiilin hem
kanbeyin bariyerini gegecek kadar lipofilik hem de agiz yoluyla alinip intestinal sistemde
¢oziinecek kadar hidrofilik olmas1 gerekmektedir (99).

Secilen molekiill (ENA99104) ilgili veritabanlarinda (E-molecules(100)) taranarak

sentezlenebilirligi arastirilmistir. Bu noktada farmakofor modeline %89 oraninda benzeyen

molekiillerin varlig1 tespit edilmis, ilgili molekiiliin sentezi i¢in olas1 reaksiyonlar

incelenmeye baglanmistir.

6.1.3. MOLEKULER DOKING VE MOLEKULER DINAMIK SIMULASYON
SONUCLARININ DEGERLENDIRILMESI

Molekiiler doking sonuglari hem inhibitor molekiiller hem de olasi yeni onder bilesikler
icin literature uygundur. Buna parallel olarak yiiriitiilen molekiiler dinamik sonuglarinda da
benzer ENA99104 baglanma paketinin igerisinde olmasina ragmen molekiiler doking
sonuclar1 ve literatiirle uyusmazliklar mevcuttur. Bunun nedeni simiilasyon siiresinin kisa
tutulmast olarak disiiniilmektedir. RMSD sonuglarn incelendiginde de; GSK-3p ile
bilesikden olusan kompleksde enzimin, Asetilkolinesteraz ile ENA99104 kompleksinde ise
molekiiliin heniliz stabil hale gelmedigi goriilmektedir. Hem simiilasyon siiresinin
uzatilmast hem de inhibe edilmesi planlanan reseptorlerle ayni aileden gelen ve yliksek
homoloji gosteren bazi diger reseptorler (GSK-3a) ile de molekiiler doking ve simiilasyon
caligmalarinin yiirtitiilmesi hedeflenmektedir.
6.1.4. ELDE EDILEN BUTUN FARMAKOFOR MODELLERIYLE ENA99104
MOLEKULUNUN CAKISTIRILMASINA DAIR SONUCLARIN
DEGERLENDIRILMESI

Tez caligmast sonucunda elde edilen biitiin farmakofor modelleriyle ENA99104’{in birebir
cakismasi ve yliksek uyum degerleri vermesi beklenmemesine ragmen o&zellikle 3D
QSAR/asetil kolinesteraz enzim inhibitorleriyle gelistirilen hipotez ile de ENA99104
molekiilii biiylik 6l¢lide oOrtiismiis, ayrica uyum degeri de oldukca yiiksek bulunmustur.

Boylece molekiiliin ¢coklu hedefe yonelik 6zellik gosterebilecegine dair teorimiz biiyiik
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olciide dogruluk kazanmustir. Ote yandan &zellikle HipHop modeliyle gelistirilen
farmakofor hipotezleriyle yeni calismalarin yiiriitilmesi ve bu farmakofor modellerine

uygun molekiillerin tespit edilmesi de ¢alismanin devami i¢in 6ngoriilmektedir.
6.2. SONUC

Sonug olarak molekiiler modelleme ¢alismalar1 hesaplamali ¢alismalarin son basamagidir.
Molekiiliimiiz (ENA99104) bu noktada basarili goriinse de farkli reseptorler kanaliyla pek
cok yolag1 da bloke edebilecegi diisiiniildiigiinde hem farkli simiilasyon ¢aligmalarinin hem

de deneysel caligmalarin yiiriitiilmesi biiylik 6nem arz etmektedir.

Ozellikle GSK-3f inhibisyonunun B katenin yolagini aktive ederek tiimdr olusumuna yol
acabilecegine dair ¢alismalar vardir (99). Bu nedenle ATP-yarigsmasiz inhibitor gelistirme
tistiinde durulmus olsa da molekiiliin in vitro ve in vivo deneylerde de basar1 gosterdiginin

bilinmesi gerekmektedir.

Bundan sonraki asamada vyiiriitiilmesi diisiiniilen calismalar:

a) Ozellikle HipHop metodu ile gelistirilen farmakofor modelleri ile yeni bir calisma
yiiriitiilerek bu hipotezlere uygun molekiillerin tespiti tizerine ¢alisilacaktir.

b) ENA99104 molekiiliiyle yiiriitilen molekiiler dinamik simiilasyonlaria devam
edilecek boylelikle siire¢ igerisinde ligand-reseptor etkilesimlerinde 6nemli bir
degisim olup olmayacag1 gozlenecektir.

c) ENA99104 molekiiliiniin basarisinin tespiti igin Ozellikle GSK-3a gibi hedef
proteinlere homolojik agidan benzer proteinlerle de molekiiler doking ¢aligmalari
ve molekiiler dinamik simiilasyonlar: ytirtitiilecektir.

d) ENA99104 molekiiliiniin sentezine yonelik calismalar vyiiriitiiliicek. Oncelikle
sentez i¢in olasi reaksiyonlar incelenecek, ardindan sentez protokolii oturtulacaktir.

e) Saf olarak elde edilen ENA99104 molekiiliiniin aktivite testleri hem GSK-3f hem
de asetil kolinesteraz enzimleri iizerinde yapilacaktir.

f) Bundan baska, Alzheimer modeli hiicre hatlar1 ve normal sinir hiicrelerinde in vitro
deneylerin yiiriitilmesine ¢aligilacaktir.

g) Son olarak 6zellikle uzun vadede tiimor olusumuna etkisinin incelenmesi igin in

vivo deneyler yiiriitiilmesi de hedeflenmektedir.
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8. EKLER
EK-1
Sira Bilesik Kodu Tahmini Maksimum 48 CAP01681654 | 0,203733 6,39794 97 UKR215243 0,253576 6,30289 146 UKR524203 0,303673 6,22459 195 SPE89256 0,351724 6,1608
Deger Uyum 49 UKR774103 0,205731 6,3937 98 ENA1283391 0,253619 6,30282 147 UKR391006 0,303803 6,22441 196 UKR486248 0,353457 6,15866
1 ASI1196602 0,110442 6,66386 50 UKR247723 0,206114 6,39289 99 OTA107083 0,253981 6,3022 148 ENA359977 0,304285 6,22372 197 ASI142848 0,353802 6,15824
2 CBG619874 0,111946 6,65799 51 CBG599807 0,206468 6,39215 100 ENA707427 0,256663 6,29764 149 CBG119485 0,304805 6,22298 198 ENA1139459 0,3538 6,15824
3 CDI1234433 0,119141 6,63094 52 UKR343436 0,208378 6,38815 101 UKRA455575 0,257442 6,29632 150 ENA180217 0,305024 | 6,22267 199 ENA872846 0,35482 6,15699
4 ENA833169 0,120704 6,62528 53 UKR622494 0,208541 6,38781 102 ENA497379 0,260873 6,29057 151 UKR244601 0,305579 6,22188 200 CAP00249932 | 0,354971 6,15681
5 CAP00256071 | 0,122228 6,61983 54 UKR453609 0,209326 6,38618 103 CAP00791726 | 0,261273 6,2899 152 VIT150955 0,306558 6,22049 201 ENA1090479 0,355474 6,15619
6 CBG207676 0,125976 6,60671 55 UKR365948 0,21081 6,38311 104 CBG126663 0,261321 6,28983 153 LIF222633 0,306701 6,22028 202 CAP04814909 | 0,355751 6,15585
7 CDI132241 0,132422 6,58504 56 ENA925136 0,211943 6,38078 105 UKR563628 0,263368 6,28644 154 CAP00394890 | 0,309757 6,21598 203 UKR438368 0,35675 6,15464
8 ENAG623984 0,134841 6,57718 57 ENA1057468 0,212111 6,38044 106 ENA461020 0,263681 6,28592 155 UKR1353805 0,310715 6,21464 204 CBG592736 0,357439 6,1538
9 CDI1132313 0,144347 6,54759 58 CBG23430 0,214284 6,37601 107 ENA228521 0,263716 6,28586 156 UKR348775 0,311013 6,21422 205 UKR847134 0,358159 6,15292
10 ENA322157 0,146514 6,54112 59 ASI290064 0,21444 6,37569 108 UKR378178 0,26439 6,28475 157 ENA931369 0,313193 6,21119 206 CD194805 0,358187 6,15289
11 TIM414703 0,147362 6,53861 60 UKR1180784 0,216016 6,37251 109 UKR149717 0,265277 6,2833 158 UKR403334 0,315164 | 6,20846 207 OTA188016 0,358841 6,1521
12 TIM317732 0,151599 6,5263 61 UKR77577 0,218347 6,36785 110 CD1883466 0,265383 6,28313 159 ASI194772 0,315737 6,20767 208 ENA426681 0,359346 6,15149
13 UKR779396 0,152032 6,52506 62 CBG707213 0,220585 6,36342 111 TIM250348 0,268806 6,27756 160 UKR1059350 0,317047 6,20588 209 LIF243752 0,359348 6,15148
14 CBG149542 0,153192 6,52176 63 UKR1218055 0,221224 6,36217 112 UKR960801 0,273176 6,27056 161 ENAS556792 0,318831 6,20344 210 VIT424975 0,359533 6,15126
15 CBG139514 0,153676 6,52039 64 TIM488283 0,221365 6,36189 113 AS1283382 0,275192 6,26736 162 ENA278957 0,319709 6,20225 211 UKR1032949 0,359544 6,15125
16 UKR773291 0,155896 6,51416 65 LIF316787 0,221578 6,36147 114 CBG77267 0,275204 6,26734 163 ENA478282 0,32099 6,20051 212 UKR341385 0,359826 6,15091
17 TIM467938 0,158034 6,50825 66 CBG684158 0,223244 6,35822 115 UKR1479640 0,275371 6,26708 164 ENAS515528 0,322526 6,19844 213 UKR1146453 0,360454 6,15015
18 ENA949656 0,158513 6,50693 67 ENAB802444 0,225046 6,35473 116 CBG565142 0,277135 6,26431 165 CAP05944091 | 0,323037 6,19775 214 ENA586014 0,36062 6,14995
19 CBG347506 0,159235 6,50496 68 ENA429610 0,225623 6,35362 117 UKR410173 0,278739 6,2618 166 UKR433865 0,325292 6,19473 215 1BS421229 0,361927 6,14838
20 CDI1105519 0,159374 6,50458 69 CBG201279 0,227265 6,35047 118 ENA305490 0,278959 6,26146 167 UKR88011 0,325974 | 6,19382 216 UKR99123 0,364306 6,14553
21 ENA843853 0,162113 6,49718 70 ENA702430 0,228637 6,34785 119 CDI394061 0,279113 6,26122 168 UKR473966 0,32616 6,19357 217 ENA1067440 0,364731 6,14503
22 CDI676704 0,162636 6,49578 71 ENA1017418 0,229173 6,34684 120 ENAB802629 0,279534 6,26056 169 UKR661645 0,327743 6,19147 218 UKR563205 0,365731 6,14384
23 SPE103091 0,166332 6,48602 72 ASI316535 0,229736 6,34577 121 ENA984888 0,279826 6,26011 170 ENA1025938 0,328 6,19113 219 CBG49154 0,36605 6,14346
24 CDI700696 0,169626 6,47751 73 CDI150241 0,230742 6,34387 122 LIF172259 0,281718 6,25719 171 CBG626643 0,328754 | 6,19013 220 UKR961802 0,366301 6,14316
25 UKR1458837 0,175227 6,4634 74 ASI10011 0,230816 6,34373 123 UKR161418 0,282254 6,25636 172 CBG179356 0,32927 6,18945 221 UKR785589 0,366547 6,14287
26 CBG572422 0,175511 6,4627 75 CBG350883 0,231921 6,34166 124 CAP05041253 | 0,28334 6,25469 173 UKR1397037 0,329976 6,18852 222 ENA342060 0,367784 6,14141
27 ENA999952 0,175765 6,46207 76 ENA141891 0,23465 6,33658 125 CAP00103831 | 0,283629 6,25425 174 CBG303201 0,33105 6,18711 223 TIM276010 0,367845 6,14133
28 TIM413421 0,176978 6,45908 77 UKR97494 0,235089 6,33577 126 CDI488719 0,285771 6,25098 175 CDI1811327 0,331562 6,18644 224 CBG421332 0,370562 6,13814
29 PEK9333 0,177752 6,45719 78 UKR358959 0,237712 6,33095 127 CAP01750971 | 0,286769 6,24947 176 UKR1428358 0,331836 6,18608 225 CAP02896237 | 0,370917 6,13772
30 ENA308105 0,178641 6,45502 79 CBG376208 0,238216 6,33003 128 UKR403245 0,28687 6,24931 177 UKR1018187 0,332903 6,18468 226 UKR1040972 0,373906 6,13424
31 ENA204412 0,181343 6,4485 80 UKR873236 0,239506 6,32768 129 ENA327975 0,288031 6,24756 178 UKR1355452 0,333079 6,18445 227 CAP05036418 | 0,374329 6,13375
32 CBG572579 0,182176 6,44651 81 CDI703283 0,241587 6,32393 130 UKR1403727 0,290608 6,24369 179 ENA244248 0,333961 6,1833 228 CAP00260792 | 0,374503 6,13354
33 ASI308152 0,183166 6,44415 82 CBG473275 0,242022 6,32315 131 ENA501285 0,29133 6,24262 180 UKR964221 0,335478 6,18134 229 UKR374471 0,376024 6,13178
34 ENA47264 0,183425 6,44354 83 ENA947702 0,242384 6,3225 132 ENA343137 0,292225 6,24128 181 ENA300942 0,335511 6,18129 230 CDI1281337 0,380522 6,12662
35 CDI807283 0,184885 6,4401 84 UKR454888 0,243906 6,31978 133 ENA373903 0,292482 6,2409 182 TIM466425 0,338027 6,17805 231 CAP05037654 | 0,381406 6,12561
36 UKR1207440 0,185818 6,43791 85 AS16083 0,2451 6,31766 134 UKR1361991 0,293967 6,2387 183 CDI621734 0,340642 6,1747 232 CDI103599 0,383051 6,12374
37 CBG80484 0,185845 6,43785 86 UKR128751 0,246038 6,316 135 UKR263840 0,294266 6,23826 184 1BS419310 0,341778 6,17326 233 CBG118961 0,384719 6,12186
38 TIM457446 0,185953 6,4376 87 CAP05039942 0,247679 6,31311 136 CBG215935 0,294655 6,23769 185 UKR28024 0,341877 6,17313 234 ENA688332 0,385087 6,12144
39 CDI1392383 0,186272 6,43685 88 VIT415811 0,247921 6,31269 137 UKR16022 0,296408 6,23511 186 CDI11007265 0,342143 6,17279 235 LAB52863 0,385152 6,12137
40 CBG566888 0,192411 6,42277 89 CDI447084 0,248318 6,31199 138 CDI1018929 0,296553 6,2349 187 ASI1108027 0,344666 6,1696 236 VIT236590 0,385217 6,12129
41 CAP05862542 | 0,1938 6,41965 90 CDI52991 0,249531 6,30987 139 UKR136762 0,297478 6,23354 188 ENA584059 0,346863 6,16684 237 UKR1058184 0,385483 6,12099
42 ASI212316 0,195947 6,41486 91 ENA635212 0,250781 6,30771 140 UKR1468606 0,298893 6,23148 189 CDI401025 0,348454 | 6,16486 238 ENA153647 0,385569 6,1209
43 ASI99771 0,196828 6,41291 92 CDI1548176 0,252014 6,30558 141 CBG207280 0,300271 6,22949 190 ENA859101 0,34964 6,16338 239 ENA389264 0,386793 6,11952
44 UKR1338738 0,200001 6,40597 93 SPE73143 0,2523 6,30508 142 UKR1384825 0,301539 6,22766 191 ENA1063013 0,349747 6,16325 240 UKR211504 0,38728 6,11897
45 1BS437150 0,20003 6,40591 94 UKR698648 0,252884 6,30408 143 CBG606728 0,301758 6,22734 192 ENA1176853 0,349782 6,1632 241 UKR315905 0,387327 6,11892
46 UKR333007 0,200084 6,40579 95 ENAB881608 0,253406 6,30318 144 ENA917374 0,302287 6,22658 193 UKR453348 0,350248 6,16262 242 CAP01992968 | 0,387603 6,11861
47 UKR1453703 0,201714 6,40226 96 ENA119056 0,253457 6,3031 145 ASI291151 0,303067 6,22546 194 CNR13756 0,350631 6,16215 243 ENA135055 0,388949 6,11711
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244 UKR394993 0,38899 6,11706 301 ENA621317 0,436788 6,06673 358 CBG163691 0,487492 6,01903 415 ENA591092 0,535141 5,97853 472 CDI132502 0,590925 5,93547
245 CDI1629471 0,389501 6,11649 302 ENA17461 0,437414 6,06611 359 ENA284796 0,488598 6,01805 416 UKR1069300 0,537789 5,97639 473 UKR245091 0,593277 5,93374
246 CD1432690 0,389527 6,11646 303 UKR1234107 0,438041 6,06548 360 UKR1282295 0,489074 6,01763 417 ENA498056 0,538588 5,97574 474 ASI134753 0,594607 5,93277
247 CDI1354589 0,390004 6,11593 304 ENA45318 0,438377 6,06515 361 CDI251625 0,489489 6,01726 418 UKR1276273 0,541719 5,97323 475 ENA1004525 0,59601 5,93175
248 CAP00311886 | 0,390135 6,11579 305 CAP00285037 | 0,441375 6,06219 362 LIF172331 0,49057 6,0163 419 CDI735746 0,542507 5,97259 476 VIT205078 0,598276 5,9301

249 CAP05049015 | 0,390292 6,11561 306 ENA153723 0,443143 6,06046 363 CAP03391698 | 0,490591 6,01628 420 TIM259516 0,544098 5,97132 477 ENA852581 0,600043 5,92882
250 UKR282454 0,390399 6,11549 307 ENA139724 0,444324 6,0593 364 VIT349797 0,491048 6,01588 421 ENA290083 0,544407 5,97108 478 ENA689363 0,600902 5,9282

251 CBG562150 0,390725 6,11513 308 ENA499441 0,447929 6,05579 365 CBG436805 0,491585 6,0154 422 CBG408269 0,547635 5,96851 479 ENA816704 0,601288 5,92792
252 ENA1276049 0,391077 6,11474 309 ENA687546 0,448056 6,05567 366 UKR773352 0,49585 6,01165 423 CDI1593455 0,548366 5,96793 480 VIT923083 0,603135 5,92659
253 1BS464459 0,392544 6,11311 310 CAP02578109 | 0,448138 6,05559 367 ENA1237125 0,498085 6,0097 424 1BS161059 0,548469 5,96785 481 CAP04955128 | 0,603857 5,92607
254 UKR3453 0,393288 6,11229 311 ENA462173 0,448151 6,05558 368 ENA980201 0,498318 6,00949 425 LIF124451 0,54963 5,96693 482 UKR323490 0,606222 5,92437
255 CBG199535 0,394229 6,11125 312 1BS143834 0,449694 6,05408 369 CBG678837 0,499742 6,00825 426 SPE182528 0,54992 5,9667 483 UKR504153 0,606821 5,92394
256 CD14893 0,394331 6,11114 313 LIF337608 0,450886 6,05293 370 UKR1387771 0,500261 6,0078 427 LIF263155 0,55087 5,96595 484 ENA1096395 0,608491 5,92275
257 CBG706836 0,394507 6,11095 314 LIF209113 0,455746 6,04828 371 SPE74244 0,50098 6,00718 428 VIT1020528 0,551859 5,96517 485 NET20372 0,609163 5,92227
258 ENA1019300 0,396048 6,10925 315 CBG652823 0,456332 6,04772 372 ASI293510 0,50106 6,00711 429 CDI727753 0,553683 5,96374 486 ENA921753 0,609676 5,9219

259 ASI36702 0,396298 6,10898 316 UKR1161866 0,456658 6,04741 373 CD11001648 0,50328 6,00519 430 VIT342268 0,553838 5,96362 487 UKR654287 0,610007 5,92166
260 ENA944349 0,3965 6,10876 317 UKR764600 0,457063 6,04702 374 UKR1009527 0,503298 6,00518 431 UKR1081216 0,555759 5,96211 488 CAP05043430 | 0,610118 5,92159
261 TIM405938 0,397202 6,10799 318 ENA324381 0,457471 6,04664 375 ENA274511 0,503686 6,00484 432 CAP00043863 | 0,557652 5,96064 489 CDI713226 0,613111 5,91946
262 UKR1242148 0,397686 6,10746 319 UKR560268 0,457867 6,04626 376 CBG49291 0,504498 6,00414 433 ASI313807 0,560438 5,95847 490 ENA838223 0,613398 5,91926
263 ENA272147 0,398456 6,10662 320 VIT924036 0,458777 6,0454 377 ASI1108386 0,505758 6,00306 434 ENA1188972 0,560489 5,95843 491 UKR489459 0,614212 5,91868
264 LIF127522 0,403779 6,10086 321 ENA911988 0,459132 6,04506 378 LIF179806 0,506211 6,00267 435 UKR1325116 0,560831 5,95817 492 ASI286757 0,61741 5,91643
265 ENA184935 0,404093 6,10052 322 UKR1297400 0,459243 6,04496 379 UKR32653 0,506369 6,00253 436 OTA96557 0,561966 5,95729 493 CAP02896273 | 0,617625 5,91628
266 CDI1719347 0,406199 6,09826 323 UKR1081786 0,459716 6,04451 380 ASI322298 0,506412 6,0025 437 SPE156081 0,563566 5,95606 494 ENA235541 0,61852 5,91565
267 UKR544542 0,406307 6,09815 324 CDI1550524 0,461208 6,0431 381 UKR531995 0,507124 6,00189 438 CBG419470 0,564849 5,95507 495 ENA1156512 0,619209 5,91516
268 ENA46977 0,408674 6,09562 325 CDI707617 0,461366 6,04295 382 ENA105076 0,507282 6,00175 439 CDI1625549 0,565778 5,95435 496 UKR975087 0,619307 5,91509
269 CD1438440 0,409161 6,09511 326 LIF10088 0,461769 6,04257 383 1BS415988 0,507612 6,00147 440 LIF56382 0,56615 5,95407 497 UKR1446548 0,620668 5,91414
270 CAP05946133 | 0,409279 6,09498 327 CBG72969 0,463495 6,04096 384 UKR166722 0,509727 5,99966 441 UKR764049 0,566744 | 5,95361 498 SPE138217 0,621201 5,91377
271 CDI1509980 0,409358 6,0949 328 ENA19912 0,464093 6,04039 385 UKR159111 0,509813 5,99959 442 VIT374818 0,569072 5,95183 499 ASI158430 0,6219 5,91328
272 ENA344424 0,410688 6,09349 329 CAP03451783 | 0,46475 6,03978 386 UKR1380827 0,511625 5,99805 443 ANC7164 0,569959 5,95116 500 CDI1545000 0,623784 | 591197
273 CDI1952879 0,412725 6,09134 330 TIM438497 0,465632 6,03896 387 ENA801488 0,511763 5,99793 444 UKR267510 0,571742 5,9498 501 CAP02827474 | 0,624156 591171
274 UKR803207 0,41447 6,08951 331 CAP00234881 | 0,466922 6,03776 388 ENAB847408 0,511895 5,99782 445 VIT967694 0,572839 5,94897 502 CBG433493 0,625624 5,91069
275 ASI1141338 0,417049 6,08681 332 UKR576719 0,466942 6,03774 389 CDI1928412 0,512334 5,99745 446 ENA643929 0,573159 5,94873 503 UKR1496211 0,626898 5,9098

276 CDI190628 0,418849 6,08494 333 ENA322 0,46746 6,03726 390 UKR108750 0,512504 5,9973 447 CAP01379373 | 0,573786 5,94825 504 UKR922181 0,627622 5,9093

277 SPE163451 0,419693 6,08407 334 UKR35326 0,467865 6,03688 391 UKR285898 0,512765 5,99708 448 UKR801445 0,574432 5,94776 505 ENA185094 0,628218 5,90889
278 ENA716979 0,420315 6,08342 335 ENA381373 0,467933 6,03682 392 CDI518293 0,512995 5,99689 449 ENA262666 0,574839 5,94745 506 CAP04276958 | 0,628907 5,90841
279 UKR1492998 0,420492 6,08324 336 ASI253335 0,468003 6,03675 393 ENA1231127 0,513237 5,99668 450 CAP00227280 | 0,577123 5,94573 507 UKR765887 0,630264 5,90748
280 CBG91227 0,420562 6,08317 337 ENA401589 0,468152 6,03661 394 ENA704900 0,513328 5,9966 451 UKR454926 0,577662 5,94533 508 CDI722988 0,631365 5,90672
281 LIF185784 0,420821 6,0829 338 ASI109019 0,469701 6,03518 395 UKR4916 0,514595 5,99553 452 SPE110520 0,578263 5,94487 509 VIT843954 0,631374 | 590671
282 VIT923177 0,421396 6,08231 339 ASI1288069 0,47089 6,03408 396 TIM486333 0,519915 5,99107 453 UKR267644 0,5788 5,94447 510 ANC7077 0,633842 5,90502
283 UKR696182 0,422645 6,08102 340 CBG217692 0,471003 6,03398 397 ENA1249759 0,52024 5,9908 454 UKR1051759 0,579241 5,94414 511 ENA281467 0,633957 5,90494
284 UKR1248772 0,424538 6,07908 341 CAP00198739 | 0,471329 6,03368 398 CDI508410 0,520674 5,99043 455 CBG570782 0,580176 5,94344 512 IBS575 0,63404 5,90488
285 MAY20361 0,426028 6,07756 342 ENA378378 0,471858 6,03319 399 UKR389696 0,523584 5,98801 456 UKR1507249 0,580687 5,94306 513 ENA436959 0,634421 5,90462
286 ENA99104 0,426734 6,07684 343 CAP02213813 | 0,471897 6,03315 400 CDI736528 0,524515 5,98724 457 ENA586057 0,581764 | 5,94225 514 ENA700155 0,637729 5,90236
287 ENA1167054 0,428948 6,0746 344 ENA1048309 0,472821 6,0323 401 ENA127436 0,524524 5,98723 458 CBG285711 0,582734 | 594153 515 CDI1828292 0,63861 5,90176
288 1BS432164 0,429193 6,07435 345 ENA1222166 0,474872 6,03042 402 ENA945652 0,525211 5,98667 459 UKR1429006 0,582784 | 594149 516 ENA939762 0,639003 5,9015

289 CDI1339313 0,430369 6,07316 346 UKR486089 0,474976 6,03033 403 UKR162677 0,525271 5,98662 460 CDI1955998 0,583043 5,9413 517 CAP05925545 | 0,639558 5,90112
290 ENA900099 0,431095 6,07243 347 NET35504 0,475551 6,0298 404 ENA1090240 0,525747 5,98622 461 UKR169174 0,584402 5,94029 518 UKR266793 0,640864 5,90023
291 PHA116585 0,431441 6,07208 348 SPE123278 0,475594 6,02976 405 CBG219277 0,525879 5,98611 462 ENA819899 0,58513 5,93975 519 ASI297202 0,641473 5,89982
292 CDI105894 0,431629 6,07189 349 CNR22181 0,47615 6,02926 406 VIT352147 0,526113 5,98592 463 ENA311220 0,585282 5,93963 520 ENA363437 0,642517 5,89912
293 ENA301028 0,431645 6,07187 350 ENA312631 0,476425 6,02901 407 UKR968702 0,527751 5,98457 464 OTA21504 0,585441 5,93952 521 UKR864855 0,643778 5,89826
294 ENAG687464 0,432324 6,07119 351 LIF294649 0,479201 6,02648 408 UKR407476 0,529608 5,98305 465 UKR1220629 0,585471 5,93949 522 UKR425705 0,645345 5,89721
295 UKR1365932 0,433039 6,07047 352 UKR921228 0,479666 6,02606 409 ASI54923 0,529711 5,98296 466 ENA461153 0,587025 5,93834 523 VIT239163 0,645937 5,89681
296 UKR544673 0,433686 6,06982 353 ENA101119 0,481908 6,02404 410 UKR1120062 0,529978 5,98274 467 UKR1096193 0,587474 | 5,93801 524 CDI21677 0,646074 5,89672
297 TIM431571 0,435137 6,06837 354 UKR965124 0,483388 6,0227 411 CAP00236825 | 0,531443 5,98154 468 AS1186216 0,588275 5,93742 525 UKR577289 0,646123 5,89668
298 UKR1496412 0,435725 6,06779 355 UKR652039 0,484353 6,02184 412 UKR291623 0,532802 5,98043 469 UKR632643 0,58884 5,937 526 UKR1400045 0,646274 5,89658
299 LIF11610 0,435852 6,06766 356 UKR662603 0,484727 6,0215 413 ENA792465 0,533255 5,98007 470 ENA1223803 0,590255 5,93596 527 ANC14969 0,646377 5,89651
300 CBG703266 0,43633 6,06718 357 ENA1233268 0,486947 6,01952 414 UKR1330791 0,53474 5,97886 471 UKR403454 0,590587 5,93572 528 UKR301902 0,646871 5,89618
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529 UKR53126 0,647257 5,89592 586 UKR430317 0,71788 5,85095 643 CDI1472294 0,780426 5,81467 700 ENA114469 0,855673 5,77469 757 VIT487184 0,939268 5,73421
530 CBG102035 0,648696 5,89496 587 ENA1211721 0,719992 5,84967 644 CBG587174 0,783114 5,81317 701 LAB43642 0,858636 5,77319 758 UKR1332209 0,939282 5,7342
531 CBG42677 0,651008 5,89341 588 UKR1229542 0,720115 5,8496 645 UKR94647 0,786045 5,81155 702 CBG397531 0,861585 57717 759 CAP03451691 | 0,93948 5,73411
532 OTA47044 0,651328 5,8932 589 ASI312038 0,722408 5,84822 646 SPE178569 0,787254 5,81088 703 CD1982567 0,861759 5,77161 760 UKR401130 0,939492 5,73411
533 CAP00189081 | 0,653306 5,89188 590 VIT1024538 0,72337 5,84764 647 ENA228469 0,787807 5,81058 704 ENA815934 0,86231 5,77134 761 CAP05987760 | 0,941405 5,73322
534 ENA1080238 0,653569 5,89171 591 CAP03390739 | 0,723537 5,84754 648 TIM11661 0,789902 5,80943 705 LIF172252 0,863127 5,77093 762 SPE187871 0,941535 5,73316
535 ENAG56769 0,653681 5,89163 592 OTA99933 0,724595 5,8469 649 ENA743620 0,790705 5,80899 706 UKR1137223 0,863886 5,77054 763 CDI1638631 0,942997 5,73249
536 UKR974976 0,654327 5,89121 593 CAP00087641 | 0,724945 5,8467 650 UKR403634 0,791849 5,80836 707 ENAB8830 0,864136 5,77042 764 CBG705731 0,94303 5,73247
537 UKR248935 0,656934 5,88948 594 OTA170473 0,724996 5,84666 651 UKR206257 0,792384 5,80806 708 CDI1671645 0,865046 5,76996 765 CDI1925915 0,9443 5,73189
538 CAP05919393 | 0,65789 5,88885 595 OTA63987 0,726053 5,84603 652 CDI637976 0,794029 5,80716 709 LIF32478 0,865515 5,76973 766 OTA40954 0,947471 5,73043
539 ENA912199 0,659821 5,88757 596 ENA613531 0,727254 5,84531 653 ENA1258517 0,795045 5,80661 710 ENA607822 0,867492 5,76873 767 OTA25834 0,950455 5,72907
540 CBG177204 0,661647 5,88637 597 UKR1120487 0,729827 5,84378 654 UKR142432 0,795469 5,80638 711 UKR1142430 0,868589 5,76819 768 UKR130638 0,956345 5,72639
541 CBG272692 0,664151 5,88473 598 ENA379910 0,729842 5,84377 655 UKR891898 0,795933 5,80612 712 CAP00047715 | 0,869311 5,76783 769 ENA881537 0,957733 5,72576
542 CDI538621 0,668505 5,8819 599 UKR790865 0,729956 5,8437 656 ASI253594 0,795967 5,8061 713 ENA1247069 0,86933 5,76782 770 CAP02810673 | 0,959084 | 5,72514
543 CDI1176027 0,668612 5,88183 600 ENA901232 0,730909 5,84314 657 UKR267231 0,800905 5,80342 714 UKR406233 0,869818 5,76757 771 ENA599223 0,960646 5,72444
544 VIT169751 0,670389 5,88067 601 LIF330621 0,73147 5,8428 658 CDI1566050 0,801168 5,80328 715 ENA243500 0,871576 5,76669 772 CDI11028279 0,960705 5,72441
545 CDI11002515 0,67191 5,87969 602 CD142376 0,731731 5,84265 659 ENA194789 0,801524 5,80308 716 ENA649810 0,872399 5,76629 773 ENA669905 0,960774 | 5,72438
546 VIT125483 0,671984 5,87964 603 UKR799261 0,734249 5,84116 660 CDI585764 0,804976 5,80122 717 CBG56751 0,874601 5,76519 774 ASI165723 0,961464 5,72407
547 UKR811213 0,678289 5,87559 604 CDI1510026 0,734313 5,84112 661 UKR1351202 0,805097 5,80115 718 CDI738799 0,879084 | 5,76297 775 CDI503113 0,962626 5,72354
548 ENA776277 0,679769 5,87464 605 MAY29031 0,735214 5,84059 662 ENA48729 0,80536 5,80101 719 UKR1522550 0,882405 5,76133 776 UKR1075222 0,963069 5,72334
549 TIM414992 0,681282 5,87367 606 UKR268424 0,73644 5,83986 663 CDI1887874 0,805672 5,80084 720 CDI1933503 0,882472 5,7613 77 ENA138941 0,963749 5,72304
550 ENAG600149 0,681551 5,8735 607 CBG76632 0,738272 5,83878 664 UKR1395523 0,806582 5,80035 721 ENA721126 0,883833 5,76063 778 ENA133974 0,965065 5,72244
551 UKR325147 0,684984 5,87132 608 ENA34059 0,741159 5,83709 665 UKR359635 0,808021 5,79958 722 LIF154573 0,886119 5,75951 779 ENA106373 0,965925 5,72206
552 SPE183117 0,685382 5,87107 609 CBG565318 0,744713 5,83501 666 CAP02819531 | 0,809768 5,79864 723 CBG34783 0,887593 5,75879 780 CDI1673943 0,966274 5,7219
553 ENA265555 0,686699 5,87023 610 CAP00257383 | 0,745007 5,83484 667 ENA85904 0,810173 5,79842 724 UKR939170 0,891445 5,75691 781 UKR1543262 0,96673 5,72169
554 UKR13348 0,687377 5,86981 611 CBG604186 0,745205 5,83472 668 UKR1345557 0,810826 5,79807 725 ENA1083656 0,892577 5,75635 782 ENA1018719 0,967273 5,72145
555 ENA261267 0,688165 5,86931 612 CDI1740060 0,746796 5,8338 669 LIF212943 0,814238 5,79625 726 ENA630497 0,895409 5,75498 783 ENA480832 0,967366 5,72141
556 CDI566230 0,688744 5,86894 613 ENA978510 0,747527 5,83337 670 UKR33029 0,814784 5,79596 727 CAP02579430 | 0,898611 5,75343 784 CDI1904370 0,970004 | 5,72023
557 CBG490499 0,690118 5,86808 614 UKR1366007 0,748166 5,833 671 UKR244533 0,81564 5,7955 728 ASI158495 0,898837 5,75332 785 CAP05923707 | 0,972119 5,71928
558 ENA761791 0,690357 5,86793 615 CBGb543785 0,750059 5,8319 672 UKR70947 0,815742 5,79545 729 ENA602099 0,89885 5,75331 786 ENA1109804 0,972144 5,71927
559 1BS407449 0,690505 5,86783 616 ASI137384 0,750443 5,83168 673 CDI742751 0,817055 5,79475 730 CAP00195743 | 0,899174 | 5,75316 787 CBG170742 0,972328 5,71919
560 LIF46356 0,691337 5,86731 617 CDI1589633 0,750657 5,83156 674 ENA196968 0,81714 5,7947 731 ENA371530 0,899304 | 5,75309 788 MAY7081 0,974981 5,718
561 ENA168582 0,69482 5,86513 618 ENA802632 0,751216 5,83124 675 ASI1229899 0,821006 5,79265 732 ENA1030376 0,900537 5,7525 789 ENA413003 0,975299 5,71786
562 ENA523646 0,694947 5,86505 619 ENA511258 0,751545 5,83104 676 VIT442729 0,821873 5,7922 733 ENA142364 0,908042 5,74889 790 ANC12951 0,976887 5,71716
563 CDI657253 0,696749 5,86392 620 ENA798488 0,752681 5,83039 677 ENA99596 0,823244 5,79147 734 LIF172301 0,908261 5,74879 791 CDI1025795 0,979725 5,7159
564 CAP01273257 | 0,696848 5,86386 621 LIF238378 0,75275 5,83035 678 OTA61144 0,825087 5,7905 735 CAP05042459 | 0,908322 5,74876 792 LIF168649 0,980042 5,71576
565 ENA937160 0,697032 5,86375 622 UKR1035826 0,756361 5,82827 679 CDI739025 0,825572 5,79024 736 CDI917553 0,91158 5,74721 793 CAP02578876 | 0,980682 5,71547
566 ENA1047613 0,69796 5,86317 623 CBG397215 0,75872 5,82692 680 SPE115069 0,829842 5,788 737 UKR1400086 0,913008 5,74653 794 UKR472140 0,984201 5,71392
567 ENA206105 0,699529 5,86219 624 CAP01993284 | 0,75893 5,8268 681 ENA859400 0,83167 5,78705 738 VIT1027733 0,913091 5,74649 795 ANC11216 0,985128 5,71351
568 ENA978129 0,699879 5,86198 625 CDI1123356 0,759119 5,82669 682 CBG539877 0,834278 5,78569 739 1BS173195 0,913688 5,7462 796 VIT996578 0,989651 5,71152
569 TIM426333 0,701614 5,8609 626 CDI436331 0,759794 5,8263 683 UKR158695 0,836028 5,78478 740 ENA798941 0,915 5,74558 797 CDI1023156 0,990392 571119
570 UKR1503806 0,702049 5,86063 627 CDI909969 0,760202 5,82607 684 CBG155967 0,836364 5,7846 741 UKR1409619 0,916291 5,74497 798 ENA275928 0,99198 5,7105
571 ENA320680 0,702133 5,86058 628 UKR23190 0,760269 5,82603 685 ENA124628 0,83668 5,78444 742 LIF172996 0,917112 5,74458 799 CDI6954 0,994642 5,70933
572 CAP05939203 | 0,703153 5,85995 629 UKR373341 0,765602 5,823 686 CDI1582591 0,838528 5,78348 743 CAP01494678 | 0,91872 5,74382 800 UKR307743 0,995594 | 5,70892
573 ENA87022 0,703767 5,85957 630 ASI136988 0,766094 5,82272 687 UKR787059 0,838953 5,78326 744 MAY23250 0,91943 5,74348 801 CBG224171 0,99712 5,70825
574 ENA954053 0,705291 5,85863 631 UKR1120838 0,770521 5,82022 688 LIF54828 0,841092 5,78216 745 CAP00194019 | 0,925925 5,74042 802 LIF227068 0,997845 5,70794
575 UKR106020 0,707989 5,85697 632 UKR699589 0,770707 5,82011 689 ENA373024 0,842119 5,78163 746 ASI1252023 0,927014 | 5,73991 803 VIT233406 0,999646 5,70715
576 ENA5199 0,709238 5,85621 633 CBG620758 0,77082 5,82005 690 UKR508248 0,842623 5,78137 747 UKR231924 0,927565 5,73966 804 OTA109543 0,999767 5,7071
577 UKR158413 0,709473 5,85606 634 ASI304118 0,771482 5,81967 691 CDI1022646 0,844234 5,78054 748 UKR22725 0,927662 5,73961 805 ENA506725 1,00059 5,70675
578 CAP00983758 | 0,709881 5,85581 635 ENA463702 0,772379 5,81917 692 UKR59224 0,844819 5,78024 749 UKR968645 0,928495 5,73922 806 ENA262656 1,00119 5,70648
579 CDI725378 0,710872 5,85521 636 ENA740248 0,773513 5,81853 693 VIT230414 0,846596 5,77932 750 CAP00231846 | 0,929406 5,73879 807 CDI1783221 1,00751 5,70375
580 VIT243503 0,711428 5,85487 637 CDI11008614 0,773889 5,81832 694 TIM211092 0,846892 5,77917 751 UKR1333544 0,930315 5,73837 808 ANC11268 1,00986 5,70274
581 CDI465103 0,711445 5,85486 638 ENA48073 0,775541 5,8174 695 UKR1026721 0,849973 5,7776 752 CAP05041512 | 0,932293 5,73745 809 CDI531337 1,01002 5,70267
582 ENA108184 0,713498 5,85361 639 LIF225840 0,776401 5,81691 696 UKR1107316 0,850992 5,77707 753 ENAB864845 0,934401 5,73647 810 ASI214957 1,01132 5,70211
583 ENA249518 0,714012 5,85329 640 UKR1219453 0,776921 5,81662 697 CAP00352023 | 0,852137 5,77649 754 UKR347614 0,936251 5,73561 811 CDI138694 1,01293 5,70142
584 UKR1284849 0,717156 5,85139 641 ASI51224 0,778654 5,81566 698 ENA973462 0,852965 5,77607 755 CDI356292 0,938135 5,73473 812 LIF309124 1,01369 5,7011
585 ENA111911 0,71773 5,85104 642 CBG434819 0,779092 5,81541 699 UKR532040 0,854348 5,77537 756 ENA182672 0,938266 5,73467 813 LIF332466 1,01448 5,70076
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814 CDI1934666 1,01617 5,70003 871 CDI837490 1,13367 5,65251 928 CAP00186049 | 1,23705 5,61461 985 ENA166314 1,33472 5,58161 1.042 | OTA7450 1,46224 5,54198
815 CDI1581890 1,01778 5,69935 872 CD1142450 1,13704 5,65122 929 ENA3130 1,24417 5,61212 986 SPE165085 1,34105 5,57956 1.043 | UKR283487 1,46489 5,5412
816 ENA344234 1,02356 5,69689 873 CDI725975 1,13771 5,65097 930 OTA38821 1,24617 5,61142 987 UKR1206141 1,34355 5,57875 1.044 | OTA39084 1,46698 5,54058
817 UKR1437719 1,02415 5,69663 874 CDI1726308 1,13805 5,65084 931 ASI295425 1,24706 561111 988 ENA398332 1,34619 5,57789 1.045 | CAP03433070 | 1,46998 5,53969
818 CAP03573841 | 1,0258 5,69594 875 ENA323371 1,1384 5,6507 932 CBG169343 1,24707 561111 989 CBG617899 1,34841 5,57718 1.046 | ENA897885 1,4717 5,53918
819 CAP00329431 | 1,02657 5,69561 876 ENA595330 1,13937 5,65033 933 ENA168848 1,24942 5,61029 990 VIT200159 1,35067 5,57645 1.047 | CAP05907925 | 1,47538 5,5381
820 CBG170176 1,02706 5,6954 877 CAP03443892 1,1415 5,64952 934 ENA68390 1,25012 5,61005 991 CAP03389146 | 1,35373 5,57547 1.048 | ENA153009 1,47562 5,53802
821 ENA1264898 1,02836 5,69485 878 CAP03459690 | 1,14161 5,64948 935 ENA337790 1,25685 5,60772 992 CBG110442 1,35419 5,57532 1.049 | VIT216683 1,47956 5,53687
822 CDI6970 1,0318 5,69341 879 ASI263767 1,14186 5,64939 936 LIF165218 1,25824 5,60724 993 CAP00139684 | 1,35439 5,57526 1.050 | CAP05006769 | 1,48333 5,53576
823 CAP00454663 | 1,03351 5,69269 880 CBG86977 1,14491 5,64823 937 ENA1077131 1,25977 5,60671 994 UKR953039 1,35554 5,57489 1.051 | ENAI1170252 1,4837 5,53565
824 ENA165312 1,03876 5,69049 881 CAP01090991 | 1,14625 5,64772 938 CDI1821633 1,26077 5,60637 995 ENA211467 1,36064 5,57326 1.052 | ENA459284 1,48418 5,53551
825 CDI1523395 1,04021 5,68988 882 ENA778233 1,1469 5,64747 939 UKR179717 1,26208 5,60591 996 PEK13263 1,36068 5,57324 1.053 | CDI609437 1,48801 5,53439
826 LIF342636 1,04273 5,68883 883 ENAB893875 1,14734 5,64731 940 CDI815192 1,26262 5,60573 997 1BS447171 1,36119 5,57308 1.054 | ENAI1047543 1,4908 5,53358
827 LIF309252 1,04389 5,68835 884 CDI471408 1,14905 5,64666 941 CAP02579104 | 1,26567 5,60468 998 ENA439006 1,36219 5,57276 1.055 | PHA137639 1,49092 5,53354
828 1BS238349 1,0472 5,68697 885 ENA1205080 1,15375 5,64489 942 ENAG87366 1,26585 5,60462 999 CAP03168746 | 1,36224 5,57275 1.056 | ASI264156 1,49431 5,53256
829 UKR574365 1,04914 5,68617 886 UKR472862 1,15575 5,64414 943 ENA770099 1,26627 5,60447 1.000 [ ANC2834 1,36921 5,57053 1.057 | PHA182480 1,50107 5,5306
830 UKR188437 1,04953 5,686 887 LIF169747 1,15646 5,64387 944 PHA223952 1,26845 5,60373 1.001 | ENA1090999 1,37244 5,56951 1.058 | CAP00191276 | 1,507 5,52889
831 ENA760607 1,05014 5,68575 888 ASI1254662 1,16415 5,64099 945 CDI1627826 1,26921 5,60347 1.002 | ENA796044 1,37269 5,56943 1.059 | UKR556058 1,50873 5,52839
832 CBG224804 1,05043 5,68563 889 LIF222831 1,16699 5,63993 946 ENA494380 1,2728 5,60224 1.003 | ASI319530 1,37385 5,56906 1.060 | TIM256552 1,50906 5,52829
833 ENA138106 1,05161 5,68514 890 CDI211118 1,17064 5,63858 947 CAP00482790 | 1,27313 5,60213 1.004 | CBG151593 1,37473 5,56878 1.061 | UKR227384 15121 5,52742
834 ENA874068 1,05538 5,68359 891 UKR691893 117127 5,63834 948 ENA1287876 1,27603 5,60114 1.005 | ENA41862 1,37869 5,56753 1.062 | UKR1462870 1,51336 5,52706
835 ASI168165 1,05649 5,68314 892 UKR495220 1,17145 5,63827 949 1BS299187 1,27894 5,60015 1.006 | PEK11894 1,38085 5,56685 1.063 | ENA282720 1,51382 5,52692
836 CBG705960 1,05669 5,68305 893 UKR226938 1,17435 5,6372 950 ENA1073972 1,27911 5,60009 1.007 | UKR1421449 1,38258 5,56631 1.064 | ENA737694 1,51494 5,5266
837 CDI1508377 1,06129 5,68117 894 CBG697229 1,17628 5,63649 951 UKR1417150 1,28573 5,59785 1.008 | ENAS547392 1,38263 5,56629 1.065 | CDI718930 1,51596 5,52631
838 CAP01994803 | 1,06236 5,68073 895 CAP01966209 | 1,17972 5,63522 952 LIF120507 1,28621 5,59769 1.009 | UKR1430262 1,38315 5,56613 1.066 | ENA1062550 1,51849 5,52559
839 ENAB89626 1,0664 5,67908 896 CAP00143636 | 1,18393 5,63367 953 UKR202765 1,28694 5,59744 1.010 | CDI588766 1,38339 5,56606 1.067 | ENA61928 1,51943 5,52532
840 CAP04954834 | 1,07042 5,67745 897 UKR1076411 1,18453 5,63346 954 CAP00249346 | 1,28806 5,59706 1.011 | SPE199055 1,38384 5,56591 1.068 | ENA215823 1,52131 5,52478
841 1BS234543 1,07288 5,67645 898 UKR923311 1,18462 5,63342 955 CBG518972 1,28916 5,59669 1.012 | CAP00450292 | 1,3845 5,56571 1.069 | ENA1258348 1,52296 5,52431
842 CBG143182 1,07567 5,67532 899 ENA804781 1,1859 5,63295 956 CBG198015 1,29066 5,59619 1.013 | CAP05900471 | 1,3853 5,56546 1.070 | ENA1281596 1,5233 5,52422
843 CAP01729941 | 1,07799 5,67439 900 CAP03443589 | 1,18636 5,63278 957 CBG506099 1,29893 5,59341 1.014 | LIF248070 1,3916 5,56348 1.071 | SPE70316 1,53121 5,52197
844 ENA678991 1,07963 5,67373 901 CDI11062678 1,18777 5,63227 958 ENAB837278 1,29942 5,59325 1.015 | UKR1186598 1,39354 5,56288 1.072 | OTAI18179 1,5376 5,52016
845 1BS380328 1,0799 5,67362 902 CBG287995 1,18866 5,63194 959 CAP00519690 | 1,30006 5,59304 1.016 | ENAI1054571 1,39678 5,56187 1.073 | CDI1088097 1,53941 5,51964
846 UKR190743 1,0825 5,67257 903 CBG1915 1,18908 5,63179 960 UKR1291252 1,30038 5,59293 1.017 [ ASI93901 1,39797 5,5615 1.074 | CAP05038763 | 1,54134 5,5191
847 CDI534317 1,08386 5,67203 904 CBG308003 1,18915 5,63176 961 ENA1158669 1,30081 5,59279 1.018 | CAP04831952 | 1,40202 5,56025 1.075 | CAP03466135 | 1,54162 5,51902
848 ENAB852454 1,08856 5,67015 905 CAP03444835 | 1,193 5,63036 962 UKR1301257 1,30441 5,59159 1.019 | ENA931723 1,4044 5,55951 1.076 | ASI169742 1,54481 5,51812
849 CDI699670 1,09119 5,6691 906 UKR963220 1,19444 5,62984 963 ENA1045587 1,30599 5,59106 1.020 | ENAG648426 1,40734 5,5586 1.077 | ENAA431449 1,54663 551761
850 ENA793846 1,0925 5,66858 907 VIT1009036 1,19498 5,62964 964 ENA1164991 1,30655 5,59087 1.021 | ASI36871 1,40926 5,55801 1.078 | CBG659102 1,54882 5,517
851 UKR1425442 1,0941 5,66794 908 VIT452079 1,19546 5,62946 965 ENA1171835 1,30889 5,5901 1.022 | LIF157229 1,40971 5,55787 1.079 | CBG440982 1,55442 5,51543
852 UKR1147692 1,10161 5,66497 909 CDI313257 1,1971 5,62887 966 UKR193900 1,31034 5,58961 1.023 | ENA771977 141114 5,55743 1.080 | UKR1249134 156111 5,51357
853 UKR351160 1,10224 5,66472 910 ENA1138885 1,19743 5,62875 967 ENA280866 1,31067 5,58951 1.024 | LIF157334 1,41331 5,55676 1.081 | UKR20834 1,56419 5,51271
854 1BS414577 1,10317 5,66436 911 ENA656184 1,20266 5,62686 968 ASI37214 1,31241 5,58893 1.025 | SPE96423 1,41558 5,55607 1.082 | CAP04828574 | 1,56616 551216
855 CBG225732 1,10628 5,66313 912 UKR1216279 1,2028 5,62681 969 ENA843194 1,31361 5,58853 1.026 | ENA1286967 1,42995 5,55168 1.083 | CAP02579555 | 1,57246 5,51042
856 ENA1006558 1,10814 5,66241 913 UKR1060564 1,20345 5,62657 970 CAP00282379 | 1,31694 5,58744 1.027 | UKR794722 1,43033 5,55156 1.084 | LIF115738 1,5725 5,51041
857 OTA23740 1,10865 5,66221 914 CAP04806549 | 1,2041 5,62634 971 ENA278653 1,31728 5,58732 1.028 | ENA482732 1,43456 5,55028 1.085 | UKR930611 1,57639 5,50934
858 CAP03463074 | 1,11047 5,66149 915 ASI223611 1,20719 5,62522 972 ENA267501 1,32221 5,5857 1.029 | UKR1213679 1,44055 5,54847 1.086 | CAP05909330 | 1,57955 5,50847
859 ENA217841 111171 5,66101 916 ENA596621 1,2095 5,62439 973 CDI51032 1,32504 5,58477 1.030 | ENAB853357 1,44066 5,54844 1.087 | ENA56645 1,58163 5,50789
860 UKR1169384 1,11247 5,66071 917 UKR1335096 1,21343 5,62299 974 CAP01992835 | 1,32512 5,58475 1.031 | ENAI1264201 1,44093 5,54836 1.088 | OTA393 1,58444 5,50712
861 UKR1484732 1,1135 5,66031 918 CDI483845 1,21386 5,62283 975 CDI1065837 1,32608 5,58443 1.032 | ENAB866278 1,44215 5,54799 1.089 | LIF169467 1,58501 5,50697
862 CDI58795 1,11447 5,65993 919 ENA207468 1,21607 5,62204 976 CDI747602 1,32632 5,58435 1.033 | UKR1384700 1,44237 5,54792 1.090 | ENA595145 1,58516 5,50693
863 ENA740141 1,11483 5,65979 920 CDI191640 1,21904 5,62098 977 ENA1236289 1,32643 5,58432 1.034 | UKR592028 1,44512 5,5471 1.091 | UKR1121998 1,58962 5,50571
864 1BS32181 1,1164 5,65918 921 CBGY6653 1,22363 5,61935 978 CBG471595 1,32644 5,58431 1.035 | LIF157354 1,44812 5,5462 1.092 | CAP03397833 | 1,59657 5,50381
865 UKR499414 1,11798 5,65857 922 UKR269048 1,22432 5,61911 979 UKR1094386 1,328 5,5838 1.036 | CDI482975 1,44978 5,5457 1.093 | ASI258679 1,59912 5,50312
866 ENA437128 1,11839 5,65841 923 UKR955115 1,22696 5,61817 980 CAP03413430 | 1,32882 5,58354 1.037 | UKR347099 1,4505 5,54548 1.094 | ASI14452 1,59928 5,50307
867 CDI898896 1,1186 5,65833 924 CDI846466 1,22937 5,61732 981 TIM518087 1,32902 5,58347 1.038 | CBG217252 1,45106 5,54531 1.095 | CDI724909 1,60011 5,50285
868 CAP05944031 | 1,12461 5,656 925 CDI619568 1,23047 5,61693 982 UKR694618 1,3291 5,58344 1.039 [ ASI149260 1,45643 5,54371 1.096 | ENAS534036 1,60037 5,50278
869 UKR306923 1,12645 5,65529 926 CDI1909983 1,23164 5,61652 983 CDI178632 1,32969 5,58325 1.040 1BS461226 1,45832 5,54315 1.097 | CAP01957604 | 1,60364 5,50189
870 UKR6624 1,12683 5,65514 927 ENA292970 1,23224 5,6163 984 CDI1594938 1,33425 5,58176 1.041 | ENA327339 1,46041 5,54253 1.098 | CAP03614167 | 1,60434 5,5017
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1.099 [ OTA24919 1,61007 5,50016 1.156 | ASI274920 1,76252 5,46087 1.213 | CAP00245418 1,91733 5,4243 1.270 | CBG491876 2,09913 5,38496 1.327 UKR311976 2,24686 5,35542
1.100 [ ENA30159 1,61543 5,49871 1.157 | UKR1496513 1,76323 5,46069 1.214 | ENA53437 1,92289 5,42305 1.271 ENA1027195 2,10059 5,38466 1.328 | CAP05036754 | 2,26655 5,35163
1.101 | ASI60849 1,61931 5,49767 1.158 | UKR1490529 1,76434 5,46042 1.215 | CDI706546 1,9247 5,42264 1.272 UKR970863 2,1008 5,38462 1.329 | CDI707461 2,27712 5,34961
1.102 | CDI38497 1,62049 5,49735 1.159 LIF331613 1,7696 5,45912 1.216 UKR864990 1,92632 5,42227 1.273 | OTA41766 2,10554 5,38364 1.330 ENA390279 2,28263 5,34856
1.103 | CDI1019492 1,62291 5,49671 1.160 | CDI883210 1,7724 5,45844 1.217 | CDI1023313 1,92803 5,42189 1.274 | TIM87301 2,10788 5,38315 1.331 UKR1125156 2,28271 5,34855
1.104 | ENA591643 1,62394 5,49643 1.161 | CDI584624 1,77552 5,45768 1.218 ENA141937 1,93186 5,42102 1.275 | CDI578664 2,10985 5,38275 1.332 | ASI161318 2,28496 5,34812
1.105 | ENA260482 1,6247 5,49623 1.162 | ENA307122 1,77913 5,45679 1.219 | ENA791294 1,9366 5,41996 1.276 ENAG08980 2,11203 5,3823 1.333 | CBG678180 2,28863 5,34742
1.106 [ CDI809522 1,62587 5,49591 1.163 | CAP01992945 1,7817 5,45617 1.220 | ENA117763 1,94082 5,41902 1.277 ENA205123 2,11431 5,38183 1.334 PHA106751 2,29373 5,34646
1.107 | CDI1007506 1,6276 5,49545 1.164 | CAP05863743 1,78189 5,45612 1.221 | ENA241749 1,94083 5,41901 1.278 UKR1085429 2,11465 5,38176 1.335 UKR1363129 2,29403 5,3464
1.108 | UKR143863 1,6282 5,49529 1.165 | OTA93356 1,78571 5,45519 1.222 | CDI898984 1,94273 5,41859 1.279 UKR1463459 2,11535 5,38162 1.336 UKR1120067 2,29728 5,34579
1.109 | CDI982858 1,62936 5,49498 1.166 | CAP02224249 1,78815 5,4546 1.223 | CAP01694106 1,94432 5,41823 1.280 | ASI109290 2,11657 5,38137 1.337 | CAP04957518 | 2,30208 5,34488
1.110 | VIT232851 1,6346 5,49359 1.167 | CBG19433 1,79115 5,45387 1.224 | CAP01791601 1,94441 5,41821 1.281 ENA152165 2,11782 5,38111 1.338 ENA974092 2,31117 5,34317
1.111 | UKR674309 1,63867 5,49251 1.168 | ASI48835 1,79159 5,45376 1.225 | CBG643694 1,94444 5,41821 1.282 ENA265054 2,11802 5,38107 1.339 | CBG518629 2,31207 5,343
1.112 | CBG339394 1,64197 5,49164 1.169 | ENA705593 1,79241 5,45356 1.226 1BS383335 1,95062 5,41683 1.283 UKR1105167 2,12451 5,37974 1.340 UKR804143 2,31309 5,34281
1.113 | CBG116737 1,64296 5,49137 1.170 | ENA293398 1,79444 5,45307 1.227 | PHA141798 1,95413 5,41605 1.284 | CBG699697 2,12862 5,3789 1.341 | SPE140724 2,31365 5,3427
1.114 | CDI743165 1,64469 5,49092 1.171 | CAP02357195 1,79838 5,45212 1.228 | ASI204450 1,95464 5,41593 1.285 UKR1460994 2,13196 5,37822 1.342 LIF10221 2,31792 5,3419
1.115 | ENAS538566 1,64624 5,49051 1.172 | CBG644134 1,79942 5,45187 1.229 UKR671921 1,95775 5,41524 1.286 UKR1042249 2,13295 5,37802 1.343 UKR958256 2,32078 5,34137
1.116 | CAPO05863067 1,65255 5,48885 1.173 | CAP00244463 1,80482 5,45057 1.230 | TIM45236 1,96024 5,41469 1.287 ENA1020746 2,13622 5,37735 1.344 | CBG352120 2,32363 5,34083
1.117 | CAP00259584 1,65283 5,48877 1.174 | CAP03435927 1,80897 5,44957 1.231 | CAP01361614 1,96349 5,41397 1.288 | CBG587567 2,14372 5,37583 1.345 UKR373841 2,32673 5,34025
1.118 | OTAG1546 1,65533 5,48812 1.175 | CDI342299 1,81235 5,44876 1.232 ENA1229256 1,96903 5,41275 1.289 | CDI767467 2,14512 5,37555 1.346 | CAP04816166 | 2,32763 5,34009
1.119 1BS121546 1,65786 5,48745 1.176 | ENA328502 1,81378 5,44842 1.233 | OTA188883 1,97138 5,41223 1.290 | CAP00679000 | 2,15104 5,37435 1.347 | CDI691700 2,33033 5,33958
1.120 | ENA210634 1,65981 5,48694 1.177 | CAP03447609 1,81492 5,44814 1.234 | LIF288718 1,97225 5,41204 1.291 ENAB85396 2,15567 5,37342 1.348 ENA954498 2,3348 5,33875
1.121 | CAP00726598 1,66691 5,48509 1.178 | CAP00273140 1,81589 5,44791 1.235 | CDI43873 1,97618 5,41117 1.292 UKR175904 2,15602 5,37335 1.349 ENA195244 2,33889 5,33799
1.122 1BS434580 1,667 5,48506 1.179 | ENA1129988 1,81878 5,44722 1.236 ENA825488 1,97793 5,41079 1.293 | OTA209531 2,15811 5,37293 1.350 [ CAP00185266 | 2,34224 5,33737
1.123 | CBG506830 1,67406 5,48323 1.180 [ CDI911089 1,81992 5,44695 1.237 LIF179507 1,98438 5,40938 1.294 | CDI440065 2,15834 5,37288 1.351 ENA1037962 2,34223 5,33737
1.124 | CAP00314040 1,6793 5,48187 1.181 | UKR1241467 1,82122 5,44664 1.238 ENA153690 1,98688 5,40883 1.295 UKR881884 2,16232 5,37208 1.352 ENA872856 2,34406 5,33703
1.125 | ENAG603210 1,68134 5,48134 1.182 | ASI173090 1,82344 5,44611 1.239 UKR1008469 1,9898 5,40819 1.296 ENA210752 2,16275 5,37199 1.353 | CDI625470 2,35052 5,33584
1.126 | VIT456778 1,68444 5,48054 1.183 | ENA485517 1,82579 5,44555 1.240 | VIT104315 1,98997 5,40815 1.297 UKR1031510 2,16466 5,37161 1.354 UKR674188 2,3595 5,33418
1.127 | CDI843912 1,68695 5,4799 1.184 | CDI145269 1,83417 5,44356 1.241 ENA402554 1,992 5,40771 1.298 | CAP02223446 | 2,17515 5,36951 1.355 ENA1026398 2,36122 5,33386
1.128 | UKR1023188 1,69533 5,47775 1.185 1BS406145 1,83503 5,44336 1.242 ENA184599 1,99247 5,40761 1.299 UKR360224 2,17647 5,36925 1.356 | CBG171062 2,36188 5,33374
1.129 | UKR770996 1,69628 54775 1.186 | OTA183689 1,83585 5,44316 1.243 ENA1269033 1,99393 5,40729 1.300 ENA992202 2,17874 5,36879 1.357 | CDI1026082 2,36541 5,33309
1.130 | VIT111654 1,70446 5,47541 1.187 | ENA285874 1,83992 5,4422 1.244 | UKR1338864 1,99498 5,40706 1.301 | ANC6321 2,18095 5,36835 1.358 | CDI466616 2,36583 5,33302
1.131 | CBG98066 1,70632 5,47494 1.188 | CAP00482810 1,84093 5,44196 1.245 ENA1108399 2,00495 5,4049 1.302 UKR1475977 2,18139 5,36827 1.359 ENA723900 2,36759 5,33269
1.132 | CBG585356 1,70735 5,47468 1.189 | CAP00392560 1,84122 5,44189 1.246 UKR908721 2,00664 5,40453 1.303 LIF11577 2,18291 5,36796 1.360 LI1F341344 2,37969 5,33048
1.133 | CAP03437529 1,70961 54741 1.190 | ANC5908 1,84981 5,43987 1.247 ENA1196305 2,0097 5,40387 1.304 1BS346061 2,18302 5,36794 1.361 | CAP01981599 | 2,3847 5,32957
1.134 | UKR95477 1,70999 5,47401 1.191 | PHA32332 1,85134 5,43951 1.248 ENA144998 2,01525 5,40267 1.305 ENA563420 2,18836 5,36688 1.362 | CAP04814902 | 2,38863 5,32885
1.135 | UKR515354 1,71254 5,47336 1.192 | ASI240763 1,85183 5,4394 1.249 UKR236624 2,01809 5,40206 1.306 1BS336195 2,19039 5,36648 1.363 UKR835081 2,39421 5,32784
1.136 | OTA35146 1,71954 5,47159 1.193 | CDI417010 1,85375 5,43895 1.250 ENA231058 2,0201 5,40163 1.307 | CAP00241718 | 2,19089 5,36638 1.364 ENA792267 2,40664 5,32559
1.137 LI1F240385 1,72135 547113 1.194 | UKR1271158 1,857 5,43819 1.251 ENA1141591 2,02137 5,40135 1.308 1BS222380 2,19254 5,36605 1.365 | SPE187445 2,40823 5,3253
1.138 | CAP00895469 1,72619 5,46991 1.195 | UKR223664 1,86278 5,43684 1.252 | CAP03418287 | 2,02541 5,40049 1.309 | CDI985504 2,19812 5,36495 1.366 | CAP05946670 2,42075 5,32305
1.139 | CAP05045482 1,72799 5,46946 1.196 | UKR836711 1,86541 5,43623 1.253 ENA140580 2,03343 5,39877 1.310 ENA454879 2,19914 5,36475 1.367 | VIT439244 2,42102 5,323
1.140 | CAP00232730 1,73299 5,4682 1.197 | UKR1135935 1,86642 5,43599 1.254 | ENA382165 2,03595 5,39823 1.311 | ASI244103 2,20101 5,36438 1.368 | CDI565075 2,42347 5,32256
1.141 | ENA1046462 1,73331 5,46812 1.198 | CBG218150 1,86959 5,43525 1.255 LI1F329898 2,04171 5,39701 1.312 | CAP00340083 | 2,20401 5,36379 1.369 | CAP05909402 | 2,42419 5,32243
1.142 | ENA748127 1,73354 5,46807 1.199 | UKR689356 1,8734 5,43437 1.256 | ASI192252 2,04485 5,39634 1.313 UKR1360235 2,20474 5,36364 1.370 ENA1005394 2,42656 5,32201
1.143 | ENAT736115 1,73542 5,4676 1.200 | ENA1288863 1,87426 5,43417 1.257 | CDI722501 2,04852 5,39556 1.314 UKR43188 2,20757 5,36308 1.371 | CAP02810807 2,42787 5,32177
1.144 | ENAI1220366 1,73831 5,46687 1.201 | ENAT793908 1,87608 5,43375 1.258 UKR635699 2,05204 5,39481 1.315 | CDI597957 2,20868 5,36287 1.372 UKR370995 2,42883 5,3216
1.145 | UKR355145 1,73904 5,46669 1.202 | UKR1282065 1,88258 5,43225 1.259 | CAP03575879 | 2,05366 5,39447 1.316 | CAP05036361 | 2,20973 5,36266 1.373 | ASI312247 2,43177 5,32108
1.146 | CDI94618 1,74137 5,46611 1.203 | CAP03616803 1,88449 5,43181 1.260 | CAP03617812 | 2,0563 5,39391 1.317 ENAG96422 2,21631 5,36137 1.374 ENA437103 2,43484 5,32053
1.147 | CBG501105 1,74295 5,46571 1.204 | CAP00244469 1,88712 54312 1.261 UKR1464370 2,0581 5,39353 1.318 LIF58769 2,21707 5,36122 1.375 ENA110511 2,43552 5,32041
1.148 | UKR1313779 1,74519 5,46516 1.205 | CDI38736 1,8882 5,43095 1.262 1BS291990 2,06232 5,39264 1.319 | CDI1015839 2,21743 5,36115 1.376 UKR1435517 2,43774 5,32001
1.149 | CDI808216 1,74595 5,46497 1.206 | CAP05873482 1,88911 5,43074 1.263 UKR427623 2,06504 5,39207 1.320 | ASI193377 2,21809 5,36102 1.377 LIF39021 2,44313 5,31905
1.150 | CBG134726 1,74741 5,46461 1.207 NET24143 1,88926 5,43071 1.264 | UKR1280842 2,06705 5,39165 1.321 UKR44835 2,22399 5,35987 1.378 | CDI898841 2,44363 5,31896
1.151 | UKR97227 1,74755 5,46457 1.208 | CBG654900 1,89377 5,42967 1.265 ENA197727 2,07408 5,39017 1.322 | CDI999654 2,22963 5,35877 1.379 | CBG603821 2,44392 5,31891
1.152 | CBGA43461 1,74919 5,46416 1.209 | UKR431050 1,89415 5,42959 1.266 | TIM353686 2,08276 5,38836 1.323 | CBG480335 2,23021 5,35865 1.380 | CDI749694 2,44839 5,31812
1.153 1BS297042 1,75001 5,46396 1.210 | CDI915215 1,90189 5,42782 1.267 ENA834177 2,08796 5,38728 1.324 | CBGA414712 2,23657 5,35742 1.381 ENA1016126 2,45103 5,31765
1.154 | ENA902883 1,75074 5,46378 1.211 | CDI687352 1,90678 5,4267 1.268 | CDI513413 2,09574 5,38566 1.325 ENA1125576 2,23774 5,35719 1.382 ENA1090761 2,4587 5,31629
1.155 | ENAB860934 1,76016 5,46145 1.212 | CDI994685 1,9128 5,42533 1.269 ENA131201 2,0985 5,38509 1.326 LAB13481 2,23884 5,35698 1.383 | CDI439145 2,46539 5,31511
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1.384 | LIF15064 2,46772 5,3147 1.441 | ENAI80162 2,64973 5,2838 1.498 | CBG692750 3,00506 5,22915 1555 | CAP01891052 | 3,2601 5,19377 1.612 | ENAI1218592 3,54135 5,15783
1.385 | CBGA47267 2,47066 5,31419 1.442 | 1BS208917 2,65994 5,28213 1.499 | ENAI1282810 3,01113 5,22827 1.556 | UKR892665 3,26052 5,19371 1.613 | CDI430618 3,54276 5,15766
1.386 | ENA281201 2,4714 5,31406 1.443 | ASI112528 2,66644 5,28107 1.500 | UKR1333469 3,01228 5,2281 1.557 | LIF118705 3,26363 5,1933 1.614 | SPE196718 3,54409 5,1575

1.387 | ASI61743 2,4752 5,31339 1.444 | CBG40634 2,66878 5,28069 1.501 | CAP00206838 | 3,01327 5,22796 1.558 | CAP05938659 | 3,26475 5,19315 1615 | CBGA43865 3,54979 5,1568

1.388 | CAP05044556 | 2,47778 5,31294 1.445 | TIM85779 2,67822 5,27915 1.502 | CBG533128 3,02071 5,22689 1.559 | ASI186003 3,27293 5,19206 1.616 | CDI155654 3,55441 5,15623
1.389 | CBG62046 2,48361 5,31192 1.446 | CDI1020108 2,68212 5,27852 1.503 | LIF345970 3,02232 5,22666 1.560 | CAP00202399 | 3,27404 5,19192 1.617 | CDI819489 3,56133 5,15539
1.390 | CDI645336 2,49596 5,30976 1.447 | CAP03134739 | 2,69266 5,27682 1.504 | OTA170428 3,02559 5,22619 1561 | CAP01339458 | 3,283 5,19073 1.618 | CAP04816943 | 3,56334 5,15514
1.391 | ENA1095030 2,49606 5,30975 1.448 | CAP00174255 | 2,70255 5,27523 1.505 | ENA953097 3,03497 5,22485 1562 | MAY1566 3,28533 5,19042 1.619 | ENA344411 3,57316 5,15395
1.392 | UKR476288 2,49986 5,30908 1.449 | CDI1021685 2,7092 5,27416 1.506 | TOS16359 3,03557 5,22476 1.563 | ENA902028 3,28894 5,18994 1.620 | LIF337576 3,5818 5,1529

1.393 | ASI300222 2,5 5,30906 1.450 | ENA952323 2,71221 5,27368 1.507 | ENA793507 3,04017 5,2241 1.564 | ENA268451 3,29146 5,18961 1.621 | CAP05988582 | 3,58319 5,15273
1.394 | ENAB837884 2,50032 5,309 1451 | CAP00585919 | 2,71281 5,27358 1.508 | UKR485365 3,04205 5,22383 1565 | CAP03617489 | 3,30145 5,1883 1.622 | UKR993994 3,58472 5,15254
1.395 | ENA210722 2,50202 5,30871 1.452 | CDI406726 2,72812 527114 1.509 | 1BS442086 3,04338 5,22364 1.566 | CAP04276576 | 3,30295 5,1881 1.623 | ENA888234 3,58482 5,15253
1.396 | UKR469171 2,50214 5,30869 1.453 | CAP00259385 | 2,74386 5,26864 1.510 | TIM286466 3,04857 5,2229 1.567 | MAY37936 3,30324 5,18806 1.624 | CAP05927081 | 3,58663 5,15231
1.397 | ENAI061147 2,5052 5,30816 1.454 | CAP05988599 | 2,74429 5,26857 1511 | ENAI64445 3,05138 5,2225 1.568 | CBG448779 3,30586 5,18772 1.625 | CAP00574745 | 3,58759 5,1522

1.398 | UKR1015389 2,50704 5,30784 1.455 | ENAI1258025 2,75521 5,26685 1.512 | CDI886046 3,05589 5,22186 1.569 1BS270992 3,30754 5,18749 1.626 | CDI923679 3,59023 5,15188
1.399 | ENA404092 2,50848 5,30759 1.456 | CBG196467 2,77845 5,2632 1.513 | ENA404739 3,06602 5,22042 1.570 | ENA676240 3,31036 5,18712 1.627 | ENA799415 3,59352 5,15148
1.400 | VIT37851 2,51576 5,30633 1.457 | ASI108665 2,78041 5,26289 1514 | CBG157961 3,06766 5,22019 1571 | ENA606850 3,31073 5,18708 1.628 | CDI652977 3,59607 5,15117
1.401 | CDI647365 2,51764 5,30601 1.458 | CDI49866 2,78262 5,26255 1.515 | CAP01619342 | 3,07051 5,21979 1.572 | CAP01844311 | 3,31747 5,18619 1.629 | UKR1205649 3,59626 5,15115
1.402 | UKR247720 2,51934 5,30571 1.459 | UKR953270 2,78646 5,26195 1.516 | ENA207536 3,07186 5,2196 1.573 | SPE175438 3,32695 5,18495 1.630 | UKR1325616 3,59744 5,15101
1.403 | UKR459439 2,51979 5,30564 1.460 | CDI720678 2,79265 5,26098 1.517 | ENA682370 3,0762 5,21898 1.574 | ENAB830678 3,32763 5,18487 1.631 | UKR393514 3,59902 5,15082
1.404 | CBG64858 2,52776 5,30426 1.461 | SPE91528 2,79734 5,26025 1.518 | UKR1230112 3,07998 5,21845 1.575 | UKR1002247 3,34375 5,18277 1.632 | CBG131966 3,60302 5,15033
1405 | CAP01846547 | 2,52964 5,30394 1.462 | CDI44304 2,82597 5,25583 1.519 | CAP05851836 | 3,09416 5,21646 1.576 | ENA663407 3,35096 5,18183 1.633 | ASI18715 3,6041 5,1502

1.406 | ENA787774 2,53287 5,30339 1.463 | CDI1019737 2,82617 5,2558 1.520 | CAP01845070 | 3,09634 5,21615 1577 | CBG149755 3,35859 5,18084 1.634 | NET17856 3,60753 5,14979
1.407 | CAP00784466 | 2,53383 5,30322 1.464 | ENA93672 2,82933 5,25532 1.521 | ENAI1235305 3,10121 5,21547 1.578 | CDI885662 3,3608 5,18056 1.635 | UKR304426 3,6096 5,14954
1.408 | CDI12311 2,54564 5,3012 1.465 | ENA302807 2,85108 5,25199 1.522 | CDI793612 3,10157 5,21542 1.579 1BS448906 3,36311 5,18026 1.636 | ENA1099689 3,6177 5,14857
1.409 | UKR563360 2,54832 5,30075 1.466 | CAP05040371 | 2,85119 5,25197 1.523 | CAP03361226 | 3,10456 5,215 1.580 | UKR823756 3,37022 5,17934 1.637 | CAP04795701 | 3,61955 5,14834
1410 | CBG442935 2,55097 5,3003 1.467 | CDIS71714 2,85483 5,25142 1.524 | ENA1003830 3,10707 5,21465 1.581 | CDI1008709 3,372 517911 1.638 | ENA823336 3,62702 5,14745
1411 | CAP02270662 | 2,553 5,29995 1.468 | UKR992520 2,85796 5,25094 1.525 | UKR1222854 3,10937 5,21433 1582 | CAP05923838 | 3,37503 5,17872 1.639 | NET25476 3,63558 5,14643
1412 | CAP01068427 | 2,55455 5,29969 1.469 | CDI1014982 2,86048 5,25056 1.526 | 1BS366470 3,11576 5,21344 1.583 | ASI45818 3,38556 5,17737 1.640 | ENA269035 3,63587 5,14639
1.413 | CAP00549753 | 2,55763 5,29916 1.470 | ENA749664 2,86913 5,24925 1.527 | ENA471527 3,11984 5,21287 1.584 | OTA12048 3,38876 5,17696 1.641 | ENAB14354 3,63821 5,14611
1.414 | CBG22747 2,55983 5,29879 1.471 | ANC10081 2,87895 5,24777 1.528 | CDI490641 3,12616 5,21199 1.585 | UKR509778 3,41834 5,17318 1.642 | ENA94223 3,63869 5,14606
1.415 | CDI999866 2,56081 5,29862 1.472 | CDI903213 2,88296 5,24716 1.529 | OTAI128525 3,1338 5,21093 1.586 | CAP01379016 | 3,41883 5,17312 1.643 | LIF339041 3,65685 5,14389
1416 | CDI5982 2,56225 5,29838 1.473 | CAP05037576 | 2,88404 5,247 1.530 | ASI133414 3,13577 5,21066 1.587 | ENAI1214649 3,42225 5,17269 1.644 | CAP03390107 | 3,66415 5,14303
1.417 | CDI685470 2,56757 5,29748 1.474 | CBG640165 2,88444 5,24694 1.531 | CBG581092 3,13605 5,21062 1.588 | CBG122822 3,42234 5,17268 1.645 | CBG522815 3,66409 5,14303
1.418 | CAP00748559 | 2,56914 5,29721 1.475 | TIM416161 2,88821 5,24637 1.532 | LIF226378 3,1443 5,20948 1.589 | UKR1130680 3,43025 5,17167 1.646 | ASI104193 3,66702 5,14269
1.419 | ENA437539 2,57664 5,29595 1476 | MAY614 2,88887 5,24627 1.533 | ASI310533 3,14703 5,2091 1.590 [ CDI745325 3,43273 5,17136 1.647 | ENA1270194 3,66968 5,14237
1.420 | ENAG698396 2,5791 5,29553 1.477 | CAP03005192 2,8943 5,24546 1.534 | ENA457496 3,15683 5,20775 1591 | ENAI1010864 3,43797 5,1707 1.648 | CAP00697626 | 3,67428 5,14183
1421 | CAP01266723 | 2,58156 5,29512 1.478 | UKR700478 2,8949 5,24537 1.535 | UKR996087 3,15788 5,2076 1592 | ENAI1217854 3,43857 5,17062 1.649 | LIF281438 3,67733 5,14147
1.422 | SPE85874 2,59097 5,29354 1.479 | UKR1228519 2,90145 5,24439 1.536 | LIF322726 3,15879 5,20748 1.593 | CDI334987 3,43876 5,1706 1.650 | UKR145726 3,6782 5,14136
1.423 | UKR1022979 2,59234 5,29331 1.480 | ENA903978 2,90725 5,24352 1.537 | CAP05040141 | 3,16444 5,2067 1.594 | UKR1283407 3,44055 5,17037 1.651 | ENA954063 3,68837 5,14017
1.424 | MAY13405 2,59426 5,29299 1.481 | UKR286476 2,90946 5,24319 1.538 | CAP01855336 | 3,16891 5,20609 1595 | CBG607613 3,44428 5,1699 1.652 | CDI503414 3,69098 5,13986
1.425 | CAP00234759 | 2,5944 5,29296 1.482 | ENA204745 2,91138 5,2429 1.539 | VIT196986 3,17627 5,20508 1.596 | CDI490381 3,44965 5,16922 1.653 | CAP03474945 | 3,69286 5,13964
1.426 | UKR912707 2,6045 5,29127 1.483 | CAP01891299 | 2,91478 5,24239 1.540 | UKR1074482 3,18252 5,20423 1.597 | CDI109007 3,46109 5,16779 1.654 | CBG385382 3,70773 5,13789
1.427 | CAP03401008 | 2,60505 5,29118 1484 | CBG213137 2,91639 5,24215 1.541 | CAP00257608 | 3,1877 5,20352 1.598 | CAP01332207 | 3,46211 5,16766 1.655 | UKR793892 3,70903 5,13774
1.428 | ENAI1077792 2,60708 5,29085 1.485 | UKR793838 2,9204 5,24156 1.542 | CDI586234 3,18954 5,20327 1.599 | ENA284404 3,46856 5,16685 1.656 | ENA10082 3,70988 5,13764
1429 | PHA92141 2,61159 5,29009 1.486 | UKR238282 2,92177 5,24135 1.543 | UKR1025679 3,19035 5,20316 1.600 | CDI427311 3,46901 5,1668 1.657 | UKR852408 3,71227 5,13736
1.430 | CAP00782435 | 2,61261 5,28993 1.487 | CNR25732 2,93031 5,24009 1.544 | UKR836279 3,19111 5,20306 1.601 1BS132556 3,47004 5,16667 1.658 | LIF16627 3,74086 5,13403
1.431 | LIF182686 2,61416 5,28967 1.488 | CBG513539 2,93774 5,23899 1.545 | ENA934593 3,19936 5,20194 1.602 | UKR1298342 3,47296 5,1663 1.659 | OTA21962 3,74549 5,13349
1432 | CAP00497840 | 2,6153 5,28948 1.489 | UKR231941 2,94624 5,23773 1.546 | UKR1386363 3,20777 5,2008 1.603 | CAP05020253 | 3,47351 5,16623 1.660 | CBG610922 3,74658 5,13337
1433 | CAP01972291 | 2,61692 5,28921 1.490 | CAP02580026 | 2,95577 5,23633 1.547 | 1BS434044 3,20974 5,20053 1.604 | ENA68686 3,48772 5,16446 1.661 | LIF236041 3,76276 5,13149
1.434 | SPE100621 2,61854 5,28894 1.491 | UKR512657 2,96474 5,23501 1.548 | CAP04934958 | 3,21554 5,19975 1.605 | UKR137633 3,48779 5,16445 1.662 | UKR782619 3,77654 5,12991
1435 | CAP01793441 | 2,62169 5,28842 1.492 | ENAS52306 2,96592 5,23484 1.549 | CBG153204 3,21971 5,19918 1.606 | ASI43636 3,49602 5,16343 1.663 | CAP03042608 | 3,78584 5,12884
1.436 | CAP00973857 | 2,62608 5,28769 1.493 | ASI161319 2,97173 5,23399 1.550 | CDI730154 3,22934 5,19789 1.607 | ASI137283 3,51983 5,16048 1.664 | CDI71686 3,80105 51271

1.437 | CDI627044 2,63159 5,28678 1.494 | MAY50338 2,98515 5,23203 1.551 | LIF332379 3,24776 5,19542 1.608 | OTA64460 3,52335 5,16004 1.665 | LIF317515 3,80134 5,12706
1.438 | OTA61943 2,63382 5,28641 1.495 | CAP05049056 | 2,99415 5,23073 1.552 | OTA49755 3,25125 5,19495 1.609 | CDI1066181 3,52996 5,15923 1.666 | CAP05915773 | 3,80651 5,12647
1.439 | CDIS558567 2,63478 5,28626 1.496 | CAP02062570 | 3,00308 5,22943 1.553 | ASI189605 3,25923 5,19388 1.610 | ENA400532 3,53159 5,15903 1.667 | ENAI1198197 3,81389 5,12563
1.440 | 1BS34160 2,64839 5,28402 1.497 | CAP00209884 | 3,00416 5,22928 1.554 | CDI426192 3,25973 5,19382 1.611 | ENAI1177009 3,53346 5,1588 1.668 | UKR229727 3,82538 5,12433
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1.669 | CAP01340787 | 3,83254 5,12351 1.726 | ENA619179 4,18031 5,08579 1.783 | CAP05933860 | 4,49358 5,05441 1.840 | CDI750472 4,9513 5,01228 1.897 | PEK6887 5,47188 4,96886
1.670 | CDI638419 3,8431 5,12232 1.727 | CDI884843 4,18481 5,08532 1.784 | PHA228790 4,49449 5,05432 1.841 | ENA311749 4,97437 5,01026 1.898 | ASI245584 5,47835 4,96835
1.671 | ENAB878352 3,85322 512118 1.728 | ENA259923 4,18629 5,08517 1.785 | CBG339533 4,49673 5,0541 1.842 | ENA1044027 4,97537 5,01017 1.899 | ENA397883 5,48027 4,9682
1.672 | CDI500696 3,85337 512116 1.729 | CAP04954141 | 4,1894 5,08485 1.786 | ENA1150449 4,49836 5,05395 1.843 | UKR977885 4,97813 5,00993 1.900 | CAP05945144 | 5,49093 4,96735
1.673 | CBG680176 3,85789 5,12065 1.730 | CAP05895233 | 4,20169 5,08358 1.787 | CAP05925991 | 4,50199 5,0536 1.844 | CDI5733 4,99173 5,00875 1.901 | CAP02810594 | 5,49482 4,96705
1.674 | UKR927896 3,87258 5,119 1.731 | CBGB86129 4,20179 5,08357 1.788 | CDI709739 4,51384 5,05245 1.845 | ENAI1051572 4,99949 5,00807 1.902 | CAP00291421 | 5,49804 4,96679
1.675 | CDI649108 3,87682 5,11852 1.732 | ENA1040906 4,20422 5,08331 1.789 | CBG190514 4,53265 5,05065 1.846 | ENA735644 5,00147 5,0079 1.903 | ENA75522 5,50567 4,96619
1.676 | ENAI1259446 3,88529 5,11758 1.733 | ENA21099 4,20596 5,08314 1.790 | CAP01844260 | 4,54202 5,04975 1.847 | CAP03390129 | 5,00937 5,00722 1.904 1BS461791 5,52059 4,96501
1.677 | CAP01729917 | 3,89377 5,11663 1.734 | ENA1207408 4,21129 5,08258 1.791 | UKR428161 4,54518 5,04945 1.848 | CDI136461 5,02043 5,00626 1.905 | LIF194123 5,55289 4,96248
1.678 | CDI600742 3,90221 5,11569 1.735 | ENA206134 4,21872 5,08182 1.792 | 1BS371824 4,55347 5,04866 1.849 | CDI630615 5,02499 5,00586 1.906 | ENA752233 5,57038 4,96112
1.679 | CDI582470 3,90972 5,11485 1.736 | CAP00346797 | 4,23117 5,08054 1.793 | CDI119451 4,55955 5,04808 1.850 | CDI601380 5,03506 5,005 1.907 | CBG27652 5,5754 4,96072
1.680 | CDI367688 3,92454 511321 1.737 | CBG106964 4,24176 5,07945 1.794 | CAP03422381 | 4,56262 5,04779 1.851 | UKR1525222 5,04818 5,00386 1.908 | VIT203574 5,57801 4,96052
1.681 | UKR930986 3,92491 5,11317 1.738 | CDI25785 4,24942 5,07867 1.795 | ASI168763 4,57282 5,04682 1.852 | 1BS107783 5,05069 5,00365 1.909 | CBG97941 5,58332 4,96011
1.682 | CAP00801872 | 3,92578 5,11307 1.739 | ENAI1290207 4,26011 5,07758 1.796 | ENA1281289 4,57821 5,0463 1.853 | UKR509046 5,05977 5,00287 1.910 | CAP03616734 | 5,5911 4,9595
1.683 | CAP00049066 | 3,92704 5,11293 1.740 | CAP05046205 | 4,2622 5,07737 1.797 | ENA426985 4,60582 5,04369 1.854 | ENA941019 5,06461 5,00245 1911 | UKR283892 5,5963 4,9591
1.684 | PHA156537 3,92896 5,11272 1.741 | OTA99647 4,27162 5,07641 1.798 | PEK11648 4,60773 5,04351 1.855 | ENA397082 5,07101 5,00191 1912 | CDI833258 5,61567 4,9576
1.685 | 1BS423577 3,94392 5,11107 1.742 | CBG121775 4,27904 5,07565 1.799 | LIF7677 4,62656 5,04174 1.856 | CAP03435851 | 5,07171 5,00185 1.913 | ENA495052 5,63197 4,95634
1.686 | CAP02810390 | 3,95699 5,10963 1.743 | ENA293261 4,28159 5,0754 1.800 | LIF163795 4,6327 5,04117 1.857 | LIF132320 5,07278 5,00175 1.914 | CAP01218502 | 5,64242 4,95553
1.687 | CBG569111 3,96127 5,10917 1.744 | CNR15045 4,28769 5,07478 1.801 | CAP04958286 | 4,635 5,04095 1.858 | ENA595183 5,07405 5,00165 1.915 | CAP00266469 | 5,65181 4,95481
1.688 | OTA22306 3,97011 5,1082 1.745 | CAP00200072 | 4,29397 5,07414 1.802 | UKR1510919 4,65219 5,03934 1.859 | ENAB803025 5,07933 5,00119 1.916 | TIM83613 5,6559 4,9545
1.689 | ENA301901 3,97123 5,10807 1.746 | ENAS357169 4,29865 5,07367 1.803 | SPE163139 4,66356 5,03828 1.860 | CAP03473427 | 5,0999 4,99944 1.917 | CDI703131 5,6646 4,95383
1.690 | ENAB8709 3,97422 5,10775 1.747 | OTA38562 4,30193 5,07334 1.804 | ENA1207008 4,67643 5,03709 1.861 | SPE82024 5,10439 4,99906 1.918 | CDI994115 5,67559 4,95299
1.691 | ENA265368 3,97589 5,10757 1.748 | ENAB826631 4,3143 5,07209 1.805 | CAP00258817 | 4,69926 5,03497 1.862 | LIF127647 5,10589 4,99893 1919 | LIF11743 5,67575 4,95298
1.692 | CAP05926351 | 3,98206 5,10689 1.749 | CAP00784596 | 4,32075 5,07144 1.806 | MAY21544 4,70117 5,03479 1.863 | ASI65257 5,10663 4,99887 1.920 | CDI143587 5,70933 4,95042
1.693 | UKR1349126 3,98397 5,10668 1.750 | PHA142791 4,32445 5,07107 1.807 | CDI827387 4,71394 5,03362 1.864 | CAP01994148 | 5,12678 4,99716 1.921 | ASI109907 5,71564 4,94994
1.694 | UKR1349878 3,98801 5,10624 1.751 | CAP00972761 | 4,32597 5,07092 1.808 | CDI807856 4,72446 5,03265 1.865 | CDI1009655 5,13069 4,99682 1.922 | VIT924178 5,71716 4,94982
1.695 | ASI211674 3,99424 5,10557 1.752 | TIM525005 4,32725 5,07079 1.809 | UKR1029697 4,74 5,03122 1.866 | CBG511331 5,14753 4,9954 1.923 | UKR552240 5,74007 4,94808
1.696 | PHA198954 3,99446 5,10554 1.753 | OTAI161475 4,32944 5,07057 1.810 | CDI843548 4,74368 5,03088 1.867 | ENA304079 5,15558 4,99472 1.924 | CBG99984 5,74347 4,94783
1.697 | 1BS383477 4,0073 5,10415 1.754 | OTA35614 4,33886 5,06962 1.811 | ENAI1126321 4,74431 5,03083 1.868 | CAP01327766 | 5,15867 4,99446 1.925 | ENA308720 5,76403 4,94627
1.698 | TIM274771 4,01274 5,10356 1.755 | ENA215259 4,33954 5,06956 1.812 | CAP01734439 | 4,752 5,03012 1.869 | ASI194524 5,16765 4,99371 1.926 | CAP04812377 | 5,77273 4,94562
1.699 | ENAB893629 4,01433 5,10339 1.756 | UKR1376625 4,34848 5,06866 1.813 | VIT845121 4,76048 5,02935 1.870 | CBG660393 5,17273 4,99328 1.927 | CAP03176820 | 5,78096 4,945
1.700 | UKR1105141 4,02605 5,10212 1.757 | CBG198080 4,35831 5,06768 1.814 | CDI365886 4,76113 5,02929 1.871 | ENA628055 5,1803 4,99264 1.928 | CAP02305465 | 5,79255 4,94413
1.701 | CDI5291 4,03057 5,10163 1.758 | CDI755667 4,36124 5,06739 1.815 | LIF179124 4,76592 5,02885 1.872 | ENA404610 5,20336 4,99072 1.929 | CDI1006324 5,80464 4,94322
1.702 | UKR1332704 4,04458 5,10013 1.759 | TIM477377 4,36386 5,06713 1.816 | ENA70758 4,77649 5,02789 1.873 | ENA101205 5,2092 4,99023 1.930 | UKR841329 5,80552 4,94316
1.703 | 1BS399024 4,04723 5,09984 1.760 | CAP03459135 | 4,36429 5,06709 1.817 | ENAT738089 4,78334 5,02727 1.874 | CAP00264727 | 5,22675 4,98877 1.931 | ENA331056 5,80612 4,94311
1.704 | ASI11652 4,06278 5,09818 1.761 | UKR171714 4,36451 5,06706 1.818 | CAP03042676 | 4,78415 5,02719 1.875 | OTA278992 5,23129 4,98839 1.932 | LIF177357 5,81555 4,94241
1.705 | UKR457983 4,06997 5,09741 1.762 | CAP03437260 | 4,36602 5,06691 1.819 | 1BS261989 4,79648 5,02608 1.876 | ENA295276 5,24179 4,98752 1.933 | CDI601037 5,83775 4,94075
1.706 | 1BS119679 4,07055 5,09735 1.763 | UKR576818 4,37353 5,06617 1.820 | CDI693528 4,7972 5,02601 1.877 | CAP00314213 | 5,24781 4,98702 1.934 | CAP05923227 | 5,85201 4,9397
1.707 | ASI296185 4,07761 5,09659 1.764 | ENA1229793 4,37535 5,06599 1.821 | CDI486225 4,83117 5,02295 1.878 | ENAB846121 5,24899 4,98692 1.935 | UKR1488200 5,85631 4,93938
1.708 | 1BS376006 4,08601 5,0957 1.765 | SPE16371 4,37561 5,06596 1.822 | CDI707492 4,83111 5,02295 1.879 | CAP03615133 | 5,2501 4,98683 1.936 | ENA860483 5,86373 4,93883
1.709 | CDI694390 4,09122 5,09515 1.766 | CDI30709 4,39759 5,06379 1.823 | CAP00010417 | 4,83659 5,02246 1.880 | CAP02223645 | 5,26745 4,9854 1.937 | UKR908087 5,87544 4,93796
1.710 | VIT476462 4,0989 5,09433 1.767 | SPE170834 4,40043 5,0635 1.824 | 1BS450790 4,83975 5,02218 1.881 | PHA172884 5,26945 4,98523 1.938 | ENA139247 5,88407 4,93732
1.711 | ENAI1260267 4,11099 5,09305 1.768 | UKR345469 4,40324 5,06323 1.825 | UKR143529 4,8401 5,02215 1.882 | CAP00281035 | 5,27949 4,98441 1.939 | CDI746041 5,88913 4,93695
1.712 | CAP00198980 | 4,11283 5,09286 1.769 | CDI128262 4,404 5,06315 1.826 | UKR578275 4,84551 5,02166 1.883 | SPE174132 5,29338 4,98327 1.940 | CDI481523 5,89753 4,93633
1.713 | OTAS55207 4,12091 5,09201 1.770 | UKR287128 4,41426 5,06214 1.827 | ASI310262 4,8481 5,02143 1.884 | 1BS405336 5,31716 4,98132 1.941 | CAP00240916 | 5,91622 4,93496
1714 | CBG141825 4,12607 5,09146 1.771 | CBG160422 4,41692 5,06188 1.828 | CAP05046017 | 4,85057 5,02121 1.885 | SPE176140 5,32875 4,98037 1.942 | UKR1342986 5,92716 4,93415
1.715 | ENA1127011 4,12863 5,09119 1.772 | CAP02053038 | 4,43286 5,06032 1.829 | CBG489213 4,85529 5,02079 1.886 | CDI624736 5,34694 4,97889 1.943 | VIT279607 5,93311 4,93372
1.716 | ENA835481 4,14897 5,08906 1.773 | UKR1213761 4,43835 5,05978 1.830 | CAP02222892 | 4,85845 5,0205 1.887 [ VIT422900 5,36155 497771 1.944 | CBG197708 5,93777 4,93338
1.717 | OTA86761 4,15233 5,08871 1.774 | ASI259605 4,43875 5,05974 1.831 | UKR1362850 4,86551 5,01987 1.888 | CAP00234661 | 5,38075 4,97616 1.945 | ASI235717 5,94947 4,93252
1.718 | CAP02214507 | 4,1524 5,0887 1.775 | CAP01848404 | 4,43968 5,05965 1.832 | CAP00709862 | 4,87734 5,01882 1.889 | LIF223616 5,38152 4,9761 1.946 | ENA1046889 5,97249 4,93084
1.719 | UKR1202573 4,15719 5,0882 1.776 | CBG584522 4,44165 5,05946 1.833 | CDI693633 4,88607 5,01804 1.890 | CDI582486 5,39345 4,97513 1.947 | UKR285314 5,9738 4,93075
1.720 | UKR121287 4,16067 5,08784 1.777 | CDI652623 4,45426 5,05822 1.834 | CAP04631589 | 4,89011 5,01768 1.891 | CAP03456340 | 5,39366 4,97512 1.948 | CAP05939644 | 5,98074 4,93025
1.721 | VIT844625 4,16362 5,08753 1.778 | CAP04842953 | 4,47274 5,05643 1.835 | CDI634717 4,9188 5,01514 1.892 | CAP04846017 | 5,39575 4,97495 1.949 | ENAT770922 5,98555 4,9299
1.722 | CDI569189 4,16985 5,08688 1.779 | ENAG672953 4,48231 5,0555 1.836 | UKR1121970 4,92384 5,0147 1.893 | CAP02579687 | 5,40196 4,97445 1.950 | CBGA465436 6,00136 4,92875
1.723 | CDI454307 4,17279 5,08657 1.780 | ENA765329 4,48492 5,05525 1.837 | CAP00873462 | 4,92704 5,01441 1.894 | CDI835513 5,42159 4,97287 1.951 | CAP02578969 | 6,00306 4,92863
1.724 | CDI522423 4,17526 5,08632 1.781 | CAP00198423 | 4,4863 5,05511 1.838 | CDI128240 4,92995 5,01416 1.895 | PEK10881 5,43017 4,97219 1.952 | CAP00284422 | 6,01536 4,92774
1.725 | ENA679139 4,17921 5,08591 1.782 | CAP02406970 | 4,49228 5,05453 1.839 | LIF170297 4,93162 5,01401 1.896 | CDI500323 5,45286 4,97038 1.953 | CDI591596 6,03531 4,9263
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1.954 [ CDI136405 6,03768 4,92613 2.011 | CAP00215020 6,78763 4,87528 2.068 1BS193237 7,57527 4,8276 2.125 UKR210657 8,11404 4,79776 2.182 | CAP05040733 | 9,26348 4,74023
1.955 | CAP05045784 6,0386 4,92606 2.012 | CAP03005888 6,79511 4,8748 2.069 UKR1494824 7,58223 4,8272 2.126 | CBG147690 8,11934 4,79748 2.183 | CBG101751 9,27382 4,73974
1.956 | CAP03464597 6,03952 4,926 2.013 | CBG160773 6,82444 4,87293 2.070 | CAP01945793 | 7,58973 4,82677 2.127 UKR606624 8,13901 4,79643 2.184 ENA1178797 9,33449 4,73691
1.957 | CAP03398242 6,05929 4,92458 2.014 | CAP02320661 6,82752 4,87274 2.071 | CAP00248204 | 7,60758 4,82575 2.128 | CDI819044 8,18956 4,79374 2.185 UKR672055 9,33851 4,73672
1.958 | CBG242109 6,09409 4,92209 2.015 | CAP00194524 6,83967 4,87196 2.072 | CBG146866 7,61327 4,82543 2.129 | CDI760966 8,22023 4,79212 2.186 | CAP01216060 | 9,34251 4,73654
1.959 [ CDI485022 6,12396 4,91997 2.016 | OTA114950 6,84825 4,87142 2.073 UKR1427604 7,61721 4,8252 2.130 UKR383195 8,22782 4,79172 2.187 PHA29591 9,35518 4,73595
1.960 | CAP00227607 6,12405 4,91996 2.017 | CAP05939215 6,87856 4,8695 2.074 | SPE180503 7,62077 4,825 2.131 | CAP05046406 | 8,27516 4,78922 2.188 | CAP00189565 | 9,39337 4,73418
1.961 | OTA70570 6,12598 4,91982 2.018 LIF63044 6,89156 4,86868 2.075 | CAP01846619 | 7,62471 4,82478 2132 ENA700088 8,28156 4,78889 2.189 | CAP04559440 | 9,39939 4,7339
1.962 | CAP01974394 6,14537 4,91845 2.019 LIF204441 6,89209 4,86865 2.076 | CDI972921 7,65821 4,82287 2.133 | CBG665035 8,32085 4,78683 2.190 | CAP00198064 | 9,40011 4,73387
1.963 | UKR434049 6,14685 4,91835 2.020 | CAP00183531 6,90529 4,86782 2.077 | CAP03132111 | 7,67562 4,82189 2.134 | CAP00320308 | 8,33982 4,78584 2.191 ENA205202 9,40055 4,73385
1.964 | UKR987384 6,15037 4,9181 2.021 | CAP05044414 6,90669 4,86773 2.078 ENA111759 7,69073 4,82103 2.135 | CAP03457134 | 8,34705 4,78547 2.192 ENA320808 9,42064 4,73292
1.965 | CBG493281 6,15321 4,9179 2.022 | ASI294524 6,90784 4,86766 2.079 | OTA4394 7,69146 4,82099 2.136 | CAP05987813 | 8,35092 4,78527 2.193 ENA739155 9,4211 4,7329
1.966 | CDI839191 6,15787 4,91757 2.023 LIF154703 6,94399 4,86539 2.080 UKR1219284 7,69397 4,82085 2137 ENA941066 8,38293 4,7836 2.194 PEK3136 9,44283 4,7319
1.967 | ENA815958 6,16102 4,91735 2.024 | CAP02287130 6,98678 4,86272 2.081 | CAP01328691 | 7,6941 4,82084 2.138 | OTA189612 8,38462 4,78352 2195 | CBG661098 9,46779 4,73075
1.968 | VIT366413 6,18846 4,91542 2.025 | CDI738245 7,0161 4,8609 2.082 | ENAB806801 7,70538 4,82021 2.139 | CAP05042372 | 8,38972 4,78325 2.196 | CAP02084941 | 9,50597 4,729
1.969 LIF113305 6,19829 4,91473 2.026 | CAP02220429 7,01953 4,86069 2.083 UKR1282165 7,70795 4,82006 2.140 | CAP05923226 | 8,40931 4,78224 2.197 | CDI728585 9,561278 4,72869
1.970 | CDI64280 6,20511 4,91425 2.027 | UKR1259514 7,02463 4,86038 2.084 | UKR130915 7,72233 4,81925 2.141 | CAP01993115 | 8,4238 4,78149 2.198 UKR801096 9,61668 4,72397
1.971 | ENA515840 6,21603 4,91349 2.028 | UKR102590 7,04184 4,85931 2.085 ENA1101632 7,73656 4,81845 2.142 | SPE159335 8,46029 4,77961 2.199 ENA1176095 9,63524 4,72314
1.972 | OTA98195 6,21938 4,91325 2.029 | CAP03174808 7,06303 4,85801 2.086 ENA728442 7,76037 4,81712 2.143 | CAP02210333 | 8,46549 4,77935 2200 | CBG187535 9,64844 4,72254
1.973 | CBG24744 6,2326 4,91233 2.030 | ASI311667 7,07044 4,85755 2.087 UKR1333851 7,7617 4,81704 2.144 | CBG17555 8,47612 4,7788 2.201 1BS442257 9,65726 4,72215
1.974 | ENAS561790 6,24758 4,91129 2.031 | CAP05931601 7,08121 4,85689 2.088 1BS297865 7,79493 4,81519 2.145 | VIT14785 8,49095 4,77804 2.202 | CDI1943897 9,6851 4,7209
1.975 | CDI609786 6,2513 4,91103 2.032 | CDI937302 7,08126 4,85689 2.089 | CBG57602 7,80789 4,81447 2.146 | CAP00261521 | 8,5096 4,77709 2.203 | CBG331091 9,6964 4,72039
1.976 | CAP01379196 6,2628 4,91023 2.033 | CAP03162631 7,10261 4,85558 2.090 | CAP05045632 | 7,80968 4,81437 2.147 | CDI6887 8,51006 4,77707 2.204 | CAP04804761 | 9,70429 4,72004
1.977 | CAP00262367 6,28332 4,90881 2.034 | CAP03045511 7,10976 4,85515 2.091 UKR1240112 7,81331 4,81416 2.148 | CAP03473835 | 8,5115 4,77699 2205 | CAP00301363 | 9,72386 4,71916
1.978 | CAP01842737 6,28704 4,90855 2.035 [ ASI122520 7,11232 4,85499 2.092 | CAP03465815 | 7,81558 4,81404 2.149 ENAG90119 8,52524 4,77629 2.206 ENAG31176 9,79388 4,71605
1.979 | UKR444123 6,28753 4,90852 2.036 | CAP01896761 7,12626 4,85414 2.093 LIF327788 7,83636 4,81289 2.150 UKR1022033 8,57456 4,77379 2207 | CAP00261131 | 9,81445 4,71513
1.980 1BS93923 6,28967 4,90837 2.037 | ENAI1172676 7,13856 4,85339 2.094 | CAP00020039 | 7,83974 4,8127 2.151 | CAP02572266 | 8,57922 4,77355 2.208 | CAP00234721 | 9,82159 4,71482
1.981 | CAP01845526 6,29329 4,90812 2.038 | ASI306827 7,14555 4,85296 2.095 | CAP00217658 | 7,84892 4,81219 2.152 | CAP00261266 | 8,62604 4,77119 2.209 | CAP00260103 | 9,84726 4,71368
1.982 | CBG214413 6,29615 4,90792 2.039 | CAP03459283 7,15714 4,85226 2.096 | CAP01846931 | 7,85429 4,81189 2.153 ENA1096786 8,62842 4,77107 2.210 LIF324615 9,85708 4,71325
1.983 | UKR1314014 6,32522 4,90592 2.040 | CBG214922 7,16451 4,85181 2.097 1BS412191 7,86209 4,81146 2.154 UKR1432359 8,64138 4,77042 2.211 | CDI500393 9,89293 4,71167
1.984 | UKR282632 6,33768 4,90507 2.041 | UKR1307771 7,18802 4,85039 2.098 1BS189112 7,86379 4,81137 2.155 | CAP03465455 | 8,65693 4,76964 2212 | CAP03745125 | 9,99573 4,70719
1.985 [ CBG14715 6,33988 4,90492 2.042 | CBG627240 7,19132 4,85019 2.099 | CAP00264169 | 7,88378 4,81027 2.156 | CBG23815 8,66344 4,76931 2213 1BS357025 9,99636 4,70716
1.986 | TIM495545 6,34743 4,9044 2.043 | UKR463162 7,19616 4,8499 2.100 | VIT357449 7,89113 4,80986 2.157 | CAP00440630 | 8,67854 4,76855 2.214 | CDI161049 10,0043 4,70681
1.987 | ENAI1260340 6,36111 4,90347 2.044 | CBG363194 7,1999 4,84967 2.101 | CAP03437802 | 7,89312 4,80975 2.158 | CAP00440951 | 8,68008 4,76848 2.215 | CNR1545 10,0149 4,70636
1.988 | CDI450099 6,36459 4,90323 2.045 | ENA1014264 7,22289 4,84829 2.102 | CDI503780 7,91434 4,80859 2.159 | TIM84173 8,7003 4,76747 2.216 UKR1227978 10,0363 4,70542
1.989 | UKR1330930 6,38903 4,90157 2.046 | OTAS55707 7,23075 4,84782 2.103 LIF333673 7,91657 4,80846 2.160 | PHA141863 8,74604 4,76519 2.217 | CDI393291 10,0638 4,70424
1.990 | CAP02566252 6,39947 4,90086 2.047 | CDI843965 7,23823 4,84737 2.104 | 1BS130609 7,92243 4,80814 2.161 | ASI88165 8,76484 4,76426 2.218 UKR1128938 10,0803 4,70353
1.991 | SPE88488 6,39944 4,90086 2.048 1BS376079 7,24974 4,84668 2.105 LI1F148004 7,9282 4,80783 2.162 | CAP00668244 | 8,76746 4,76413 2.219 | CDI78911 10,0891 4,70315
1.992 | SPE6084 6,42957 4,89882 2.049 | ENA238946 7,26545 4,84574 2.106 | CAP01272604 | 7,94865 4,80671 2.163 | OTA257023 8,81997 4,76153 2.220 | CAP00008985 10,1438 4,7008
1.993 | CAP00177462 6,43617 4,89837 2.050 | CBG135722 7,27842 4,84496 2.107 ENA157790 7,95511 4,80635 2.164 | CBG689360 8,82635 4,76122 2.221 | ASI297919 10,1484 4,7006
1.994 | CAP00079801 6,44262 4,89794 2.051 | ENA1075190 7,29222 4,84414 2.108 | CBG256324 7,95559 4,80633 2.165 | CAP00007476 | 8,83183 4,76095 2.222 | ASI285607 10,1968 4,69854
1.995 | ENAB846169 6,44635 4,89769 2.052 | CAP01614182 7,33937 4,84134 2.109 | CAP02211069 | 7,9557 4,80632 2.166 | CDI495746 8,89099 4,75805 2.223 UKR898473 10,2362 4,69686
1.996 | UKR1004368 6,45627 4,89702 2.053 | ENA751498 7,35482 4,84043 2.110 UKR140268 797273 4,80539 2.167 ENA767650 8,94845 4,75525 2.224 | CDI583756 10,2544 4,69609
1.997 | CAP02040525 6,45798 4,8969 2.054 | CAP01891477 7,38213 4,83882 2.111 NET2805 7,98526 4,80471 2.168 | CAP04815700 | 8,95113 4,75512 2.225 ENAG65870 10,2592 4,69588
1.998 | CBG566645 6,46151 4,89667 2.055 1BS140160 7,39437 4,8381 2.112 ENA631338 7,99318 4,80428 2.169 ENA162526 8,95471 4,75495 2.226 | CAP05917633 10,2999 4,69417
1.999 | CDI484583 6,46152 4,89667 2.056 | CAP03361158 7,3992 4,83782 2.113 UKR766382 7,99349 4,80426 2.170 | SPE118281 8,96358 4,75452 2.227 1BS472193 10,3135 4,69359
2.000 LIF175834 6,51141 4,89333 2.057 | OTAI14709 7,43442 4,83575 2.114 | 1BS434558 7,99498 4,80418 2.171 | ASI306781 9,0087 4,75234 2.228 | OTA9374 10,3288 4,69295
2.001 | UKR848498 6,51423 4,89314 2.058 | CBG683878 7,46452 4,834 2.115 ENA392474 7,9956 4,80415 2.172 | CDI1000932 9,01352 4,75211 2.229 ENA768330 10,357 4,69176
2.002 | ENA959948 6,57503 4,8891 2.059 | CAP01379185 7,47657 4,8333 2.116 | CBG451609 7,99909 4,80396 2.173 LIF183421 9,03292 4,75117 2.230 | CAP03466437 10,3652 4,69142
2.003 | ENAB80428 6,58421 4,8885 2.060 LIF217072 7,47707 4,83327 2.117 | OTAA43332 8,00247 4,80378 2.174 UKR380175 9,03512 4,75107 2.231 | CAP02568469 10,3746 4,69103
2.004 | CAP03361275 6,59059 4,88808 2.061 | CDI169085 7,499 4,832 2.118 UKR1483084 8,01141 4,80329 2.175 UKR603097 9,10415 4,74776 2.232 UKR137836 10,3788 4,69085
2.005 | CDI710842 6,63016 4,88548 2.062 | ENAI1213265 7,50488 4,83166 2.119 | CDI613867 8,06019 4,80065 2.176 LIF10986 9,10917 4,74752 2.233 ENA634820 10,3938 4,69023
2.006 | CAP02579648 6,6391 4,88489 2.063 | UKR311587 7,52781 4,83033 2.120 ENA1187948 8,07202 4,80002 2.177 | CAP01729867 | 9,14682 4,74573 2.234 | CAP02579348 10,3945 4,6902
2.007 | UKR308407 6,66449 4,88323 2.064 | ENA36694 7,52921 4,83025 2.121 | CAP02223294 | 8,08662 4,79923 2.178 ENAG8493 9,15438 4,74537 2.235 | SPE119453 10,4177 4,68923
2.008 | CAP02210928 6,72772 4,87913 2.065 | CDI419923 7,55046 4,82903 2.122 UKR1305787 8,09573 4,79874 2.179 ENA1286149 9,16119 4,74505 2.236 UKR1515589 10,4195 4,68915
2.009 | CDI994155 6,77048 4,87638 2.066 1BS73291 7,56668 4,82809 2.123 ENA1016028 8,09888 4,79858 2.180 ENA426100 9,19848 4,74328 2.237 1BS461318 10,4262 4,68887
2.010 | ENA135396 6,77918 4,87582 2.067 | CAP03922230 7,57313 4,82772 2.124 | CAP00585882 | 8,09986 4,79852 2.181 UKR987168 9,22117 4,74221 2.238 LI1F209193 10,4365 4,68845
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2.239 | CAP05914573 10,4389 4,68835 2.296 | PHA170542 11,5548 4,64424 2.353 | CAP00443372 12,6779 4,60395 2410 ENA166319 14,0785 4,55844 2467 | CDI590635 15,9643 4,50385
2.240 | UKR955246 10,4614 4,68741 2.297 1BS288888 11,5686 4,64372 2.354 | CAP01186917 12,7219 4,60245 2411 ENA819836 14,0791 4,55843 2.468 | CAP02896396 15,9966 4,50297
2.241 1BS353603 10,47 4,68705 2.298 | UKR433131 11,6037 4,6424 2.355 LIF323784 12,7311 4,60213 2412 | CAP05927113 14,0873 4,55817 2.469 | CAP00038589 16,0123 4,50255
2.242 | CBG626005 10,5377 4,68425 2.299 | CAP00327620 11,6896 4,6392 2.356 | CDI168338 12,7806 4,60045 2.413 | CAP03750962 14,1375 4,55663 2470 | CBG396394 16,0555 4,50138
2.243 LIF126048 10,5529 4,68363 2.300 | ENA1017146 11,6954 4,63899 2.357 | CAP05945998 12,7852 4,60029 2414 ENA437078 14,1377 4,55662 2471 | CDI510107 16,0699 4,50099
2.244 | UKR1129266 10,5616 4,68327 2.301 | UKR804292 11,7145 4,63827 2.358 | CDI334755 12,7907 4,60011 2415 | SPE138053 14,1581 4,556 2.472 | CAP03081686 16,1054 4,50003
2.245 LIF177843 10,5683 4,683 2.302 | CAP01729252 11,722 4,638 2.359 | CBG442144 12,8431 4,59833 2416 | CAP05944451 14,2178 4,55417 2473 | ASI98755 16,1161 4,49974
2.246 | ENAI1171395 10,5731 4,6828 2.303 | CBG204680 11,7416 4,63727 2.360 | CAP00240541 12,8658 4,59756 2417 ENA948965 14,2737 4,55246 2474 | ASI240598 16,1463 4,49893
2.247 | CBG686522 10,5757 4,68269 2.304 | CBG372091 11,748 4,63704 2.361 | CAP02224844 12,8797 4,5971 2418 | OTAI130174 14,285 4,55212 2.475 ENA200664 16,1475 4,4989
2.248 | CBG313353 10,5817 4,68245 2.305 | ENAB894531 11,7676 4,63631 2.362 | CAP03453770 12,8927 4,59666 2.419 UKR891570 14,3035 4,55156 2.476 | CAP05863641 16,2129 4,49714
2.249 LIF185691 10,6046 4,68151 2.306 | ENA1082503 11,7691 4,63626 2.363 | OTA27611 12,9024 4,59633 2.420 | TOS6955 14,3096 4,55137 2.477 ENAG05396 16,2189 4,49698
2.250 | ASI263835 10,6654 4,67902 2.307 | PHA44094 11,7791 4,63589 2.364 | CAP02211402 12,9075 4,59616 2421 | CAP02580128 14,314 4,55124 2478 LIF170132 16,2306 4,49667
2.251 | CBG158191 10,6747 4,67864 2.308 | SPE141812 11,8594 4,63294 2.365 | PHA130959 12,9397 4,59508 2422 UKR1150352 14,3862 4,54905 2.479 | CAP03618656 16,2808 4,49532
2.252 | ENAI1211061 10,718 4,67689 2.309 1BS228678 11,864 4,63277 2.366 | CAP03134621 12,9426 4,59498 2423 | CAP00235886 14,4443 4,5473 2480 | CAP02218639 16,355 4,49335
2.253 | ASI55416 10,7224 4,67671 2.310 LIF221542 11,8726 4,63245 2.367 LIF126771 12,9552 4,59456 2.424 | CAP01266681 14,5377 4,5445 2.481 | CAP03437381 16,4048 4,49203
2.254 | ENA348912 10,7268 4,67653 2.311 | CAP05905541 11,8798 4,63219 2.368 | CDI490900 12,9558 4,59453 2.425 | CAP03474529 14,5381 4,54449 2.482 ENA135946 16,4089 4,49192
2.255 | UKR963381 10,7502 4,67558 2.312 | CAP00588345 11,8892 4,63185 2.369 | ASI319861 12,9748 4,5939 2.426 UKR342729 14,5772 4,54333 2.483 ENA1080351 16,4252 4,49149
2.256 | PHA211121 10,7859 4,67414 2.313 | CBG625093 11,8976 4,63154 2.370 LIF174534 12,9784 4,59378 2427 UKR943312 14,6208 4,54203 2484 | CNR5226 16,4437 4,491
2.257 | UKR1509168 10,7977 4,67367 2.314 | ENAA473670 11,9192 4,63075 2.371 ENA1089695 13,0034 4,59294 2428 | CAP00076918 14,6676 4,54064 2485 | VIT144863 16,4775 4,49011
2.258 | ENA1154647 10,8064 4,67332 2.315 | UKR1267979 11,9195 4,63074 2.372 ENA984271 13,0098 4,59273 2429 ENA747304 14,7315 4,53875 2486 | TIM38035 16,486 4,48988
2.259 | VIT259238 10,83 4,67237 2.316 | CBG398949 11,9713 4,62886 2.373 UKR369769 13,0219 4,59233 2.430 | CAP02580421 14,7459 4,53833 2.487 | CBG270219 16,5471 4,48828
2.260 | UKR1319766 10,8311 4,67233 2.317 | CAP00238269 11,9781 4,62861 2.374 | ENA318232 13,0401 4,59172 2.431 | CAP00263472 14,8078 4,53651 2.488 MAY57373 16,5567 4,48803
2.261 | ENA633967 10,8606 4,67115 2.318 | ENAB844456 11,9793 4,62857 2.375 ENA957377 13,0457 4,59153 2.432 UKR935407 14,8139 4,53633 2.489 | CAP02580236 16,5602 4,48794
2.262 | ENA853303 10,8974 4,66968 2.319 [ ASI300890 11,991 4,62815 2.376 | CDI150684 13,0716 4,59067 2433 | CDI696854 14,8452 4,53541 2490 | TIM371054 16,6839 4,4847
2.263 MAY26853 10,8973 4,66968 2.320 | TIM78443 12,0281 4,6268 2.377 1BS98134 13,1107 4,58937 2.434 LIF327874 14,906 4,53364 2491 UKR1325890 16,7947 4,48183
2.264 | CAP01845302 10,9172 4,66889 2.321 | CAP00263944 12,0621 4,62558 2.378 | CAP00002643 13,1619 4,58768 2435 | CBG191351 14,9432 4,53256 2.492 ENA1196854 16,8459 4,4805
2.265 | CAP05041805 10,9212 4,66873 2.322 | OTAS50435 12,0905 4,62456 2.379 | CAP00260711 13,1779 4,58715 2.436 | CBG702476 14,9489 4,53239 2493 | VIT338134 16,8513 4,48037
2.266 | CBG116028 10,9349 4,66818 2.323 | CAP00263946 12,097 4,62432 2.380 UKR259540 13,1921 4,58669 2.437 UKR58845 14,9542 4,53224 2.494 LI1F145827 16,9219 4,47855
2.267 | CAP03748536 10,9399 4,66799 2.324 | UKR1048671 12,1218 4,62343 2.381 | CBG197607 13,2192 4,58579 2.438 UKR1146469 14,9695 4,53179 2.495 | CAP05946448 16,949 4,47786
2.268 | CAP00252078 10,982 4,66632 2.325 | PHA164072 12,1269 4,62325 2.382 LIF58611 13,2226 4,58568 2.439 ENA1116684 14,9706 4,53176 2.496 UKR1092894 16,9574 4,47764
2.269 | ENA987441 10,9917 4,66594 2.326 | ASI5751 12,1361 4,62292 2.383 | CBG180371 13,248 4,58485 2440 | VIT147845 14,9773 4,53157 2.497 1BS242703 16,9751 4,47719
2.270 | UKR1512014 11,0073 4,66532 2.327 1BS253560 12,1413 4,62273 2.384 | ASI194107 13,2874 4,58356 2441 | CAP05863625 14,9785 4,53153 2498 | CAP03437188 17,1131 4,47367
2.271 | CAP05942964 11,0911 4,66202 2.328 | UKR184523 12,1466 4,62255 2.385 ENA501965 13,3076 4,5829 2.442 LIF178011 14,9813 4,53145 2.499 UKR1365718 17,1256 4,47335
2.272 | CAP00233938 11,0916 4,66201 2.329 LIF164583 12,1621 4,62199 2.386 UKR324652 13,3202 4,58249 2.443 | CAP03459157 15,0105 4,5306 2.500 PHA182263 17,1538 4,47264
2.273 | ENAI1240556 11,1014 4,66162 2.330 | CAP04934682 12,1767 4,62147 2.387 UKR1025117 13,3314 4,58212 2.444 | CAP02064254 15,0571 4,52926 2.501 ENA1189795 17,2162 4,47106
2.274 | UKR672747 11,1192 4,66093 2.331 | CDI999059 12,1901 4,62099 2.388 | CDI1052099 13,3578 4,58126 2.445 | CBG677517 15,0875 4,52838 2.502 | CBG683472 17,2256 4,47083
2.275 LIF314770 11,15 4,65972 2.332 | PHA142519 12,2029 4,62054 2.389 | CAP00442600 13,4614 4,57791 2.446 | CAP03469513 15,1001 4,52802 2.503 ENA941130 17,2971 4,46903
2.276 | CBG11692 11,1758 4,65872 2.333 | CDI731280 12,2343 4,61942 2.390 | CAP01326736 13,5114 4,5763 2.447 ENA658046 15,1862 4,52555 2.504 UKR521773 17,3488 4,46773
2.277 | ENAI1233261 11,179 4,6586 2.334 | CAP01887289 12,2492 4,61889 2.391 | VIT338474 13,5257 4,57584 2.448 UKR685542 15,1877 4,52551 2.505 UKR391243 17,3529 4,46763
2.278 LIF139871 11,1867 4,6583 2.335 | CAP03444623 12,2645 4,61835 2.392 | CDI879966 13,5476 4,57514 2.449 | TIM88600 15,2319 4,52425 2.506 LIF164815 17,3964 4,46654
2.279 | UKR1171991 11,1991 4,65782 2.336 | CAP01253714 12,2802 4,61779 2.393 | CAP01423538 13,5833 4,57399 2.450 | CAP01207282 15,3501 4,52089 2.507 | CAP05042079 17,4783 4,4645
2.280 LIF125033 11,2021 4,6577 2.337 LIF162623 12,3095 4,61676 2.394 | UKR577758 13,6298 4,57251 2451 | CBG31595 15,4107 4,51918 2.508 PHA150158 17,498 4,46401
2.281 | ENA1194549 11,2145 4,65722 2.338 | ASI70420 12,3983 4,61364 2.395 | CAP04958338 13,6762 4,57103 2452 | CAP00182436 15,4732 4,51742 2.509 | CDI507408 17,5056 4,46382
2.282 1BS110846 11,229 4,65666 2.339 | VIT451207 12,403 4,61347 2.396 UKR443335 13,6977 4,57035 2.453 | CAP01833709 15,4991 4,51669 2.510 | SPE91436 17,5321 4,46317
2.283 | UKR51824 11,2445 4,65606 2.340 | CBG407137 12,4242 4,61273 2.397 UKR320078 13,7354 4,56916 2.454 | CDI325473 15,5126 4,51632 2,511 | CDI1011921 17,5394 4,46298
2.284 | UKR406032 11,2936 4,65417 2.341 | ASI291936 12,458 4,61155 2.398 | CAP03575702 13,7474 4,56878 2.455 ENA832078 15,529 4,51586 2.512 | CDI865703 17,5874 4,4618
2.285 | ASI321033 11,2951 4,65411 2.342 | CDI257727 12,4802 4,61078 2.399 | CDI521015 13,7582 4,56844 2.456 ENA765004 15,6183 4,51337 2.513 | CAP00282539 17,5899 4,46174
2.286 | ENA1240339 11,3533 4,65188 2.343 | OTA63627 12,4807 4,61076 2.400 | CAP00959444 13,7703 4,56806 2.457 UKR266028 15,6403 4,51275 2.514 | CAP00201530 17,772 4,45726
2.287 | ENA510598 11,3871 4,65059 2.344 | ENA703144 12,4856 4,61059 2.401 | CAP00793231 13,772 4,568 2.458 ENA273073 15,7299 4,51027 2.515 | CBG57236 17,8196 4,4561
2.288 | CAP00215025 11,4281 4,64903 2.345 | ENA956582 12,5282 4,60911 2.402 | CAP03134197 13,7769 4,56785 2.459 ENA76014 15,7551 4,50958 2.516 | CDI594533 17,8591 4,45514
2.289 1BS43436 11,43 4,64895 2.346 | ENA985823 12,6037 4,6065 2.403 | CDI1012717 13,7838 4,56763 2.460 | OTA438 15,7779 4,50895 2.517 | CAP00257782 17,949 4,45296
2.290 | ENA1084963 11,4304 4,64894 2.347 LIF181425 12,6141 4,60614 2.404 | UKR1351776 13,8649 4,56508 2.461 | CAP00257820 15,7848 4,50876 2518 | CAP03618165 18,0092 4,4515
2.291 | ASI78871 11,4553 4,64799 2.348 | CAP00238353 12,6167 4,60605 2.405 | CAP03455945 13,8775 4,56469 2.462 | CDI137403 15,8891 4,5059 2.519 | OTA18011 18,0663 4,45013
2.292 LIF193902 11,5065 4,64606 2.349 | CAP03001886 12,6377 4,60533 2.406 | CAP02829708 13,9326 4,56297 2.463 | CBG642229 15,9288 4,50482 2.520 | CAP02572093 18,077 4,44987
2.293 | ENA230763 11,5173 4,64565 2.350 | CDI595771 12,6507 4,60489 2.407 | VIT838713 13,9908 4,56116 2.464 LIF185578 15,9371 4,50459 2.521 | CAP00024529 18,2084 4,44673
2.294 | CBG512889 11,5327 4,64507 2.351 | ENAT785605 12,6546 4,60475 2.408 UKR913034 14,0574 4,5591 2.465 | CBG98831 15,9512 4,50421 2.522 | CAP00442843 18,2129 4,44662
2.295 | CAP05044374 11,5452 4,6446 2.352 | CAP03435688 12,665 4,6044 2.409 | CAP05891952 14,0709 4,55868 2.466 | CAP04816687 15,9595 4,50398 2.523 | CAP00231996 18,2458 4,44584
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2.524 | PHA118309 18,2852 4,4449 2.581 | ENA982445 21,2745 4,37914 2.638 LAB29458 24,9759 4,30948 2.695 | CAP00231827 | 28,6531 4,24983 2.752 UKR541462 33,517 4,18173
2.525 | ENA1028782 18,324 4,44398 2.582 | CAP00964036 21,2904 4,37882 2.639 UKR1031853 24,9773 4,30946 2.696 | CAP00619498 | 28,793 4,24771 2.753 | CDI702197 33,6103 4,18053
2.526 | UKR1138728 18,3906 4,4424 2.583 | PHA97242 21,4013 4,37656 2.640 | CAP01847649 | 25,0656 4,30792 2.697 | CAP00782429 | 28,8241 4,24724 2.754 ENA946339 33,6761 4,17968
2.527 | CAP05987433 18,4295 4,44149 2.584 | CAP00446173 21,4018 4,37655 2.641 | CAP00432497 | 25,1044 4,30725 2.698 | CAP02004174 | 28,9355 4,24557 2.755 | CAP01847246 | 33,7843 4,17828
2.528 | UKR24678 18,541 4,43887 2.585 | CBG458139 21,4093 4,3764 2.642 | CBG170014 25,2912 4,30403 2.699 | CBG195980 28,9793 4,24491 2.756 | CDI458249 34,0824 4,17447
2.529 | CAP01729346 18,5587 4,43845 2.586 | CAP00803422 21,4619 4,37533 2.643 | CAP02219032 | 25,3173 4,30358 2.700 | CAP02223362 | 28,9812 4,24488 2.757 | CBG224634 34,1018 4,17422
2.530 [ CDI1004164 18,7293 4,43448 2.587 | ENA344716 21,5023 4,37452 2.644 | ENA351089 25,3962 4,30223 2,701 | CAP05661891 | 28,9929 4,24471 2.758 | OTA9680 34,1407 4,17373
2.531 [ CDI611920 18,7762 4,43339 2.588 | CBG239335 21,6075 4,3724 2.645 | CDI871069 25,4684 4,301 2.702 | CAP05741607 | 29,0443 4,24394 2.759 | CBG681781 34,1428 4,1737

2.532 | CAP02829028 18,7865 4,43315 2.589 | CBG186133 21,7313 4,36992 2.646 | ENA1242937 25,472 4,30094 2.703 MAY26230 29,0685 4,24358 2.760 | VIT208520 34,3592 4,17096
2.533 | UKR499744 18,7996 4,43285 2.590 | CBG550919 21,8195 4,36815 2.647 | CAP00515395 | 25,4897 4,30063 2.704 | VIT624646 29,1028 4,24307 2.761 ENA712716 34,4454 4,16987
2.534 | ENA1018826 18,915 4,43019 2.591 | ENAI1205790 21,9416 4,36573 2.648 | CAP01694330 | 25,7342 4,29649 2.705 | CAP02578506 | 29,1321 4,24263 2.762 | SPE174727 34,5521 4,16853
2.535 1BS420532 18,9276 4,4299 2.592 NET22824 22,0193 4,3642 2.649 | CAP00189225 | 25,8033 4,29533 2.706 | CDI394814 29,1832 4,24187 2.763 ENAG31777 34,8464 4,16484
2.536 | PHA21654 18,9437 4,42953 2.593 | ENA503421 22,0692 4,36321 2.650 | CDI760415 25,8955 4,29377 2.707 ENA273291 29,2334 4,24112 2.764 ENA811497 35,1744 4,16077
2.537 | CAP01378983 18,9718 4,42889 2.594 LIF334007 22,098 4,36265 2.651 | CAP00517682 | 25,9194 4,29337 2.708 | CAP03747373 | 29,2455 4,24094 2.765 | SPE174980 35,2613 4,1597

2.538 | CDI23170 18,9787 4,42873 2.595 | ENA132709 22,1909 4,36082 2.652 | CBG696600 25,9684 4,29255 2.709 ENA1047975 29,2696 4,24058 2.766 | CAP03746908 | 35,5956 4,1556

2.539 | CAP03617927 19,0433 4,42726 2.596 | CAP04825529 22,3888 4,35697 2.653 UKR1410287 25,9771 4,29241 2.710 | CAP02811357 | 29,3989 4,23867 2.767 UKR1270424 35,6838 4,15453
2.540 | CAP00266339 19,1024 4,42591 2.597 | ASI182938 22,4435 4,35591 2.654 | CBG416423 25,9866 4,29225 2.711 | CAP01968136 | 29,4159 4,23842 2.768 UKR1306959 35,703 4,15429
2.541 | CAP00258122 19,1833 4,42408 2.598 | UKR881834 22,5003 4,35481 2.655 | CAP02223894 | 26,0379 4,29139 2.712 | CDI954081 29,5296 4,23674 2.769 ENA146589 35,7792 4,15337
2.542 | CAP03615290 19,2925 4,42161 2.599 | CAP02577984 22,5655 4,35356 2.656 | CDI702232 26,0447 4,29128 2.713 MAY8693 29,6572 4,23487 2.770 | CAP03545701 | 35,8021 4,15309
2.543 | ENAG606022 19,3361 4,42063 2.600 [ CAP05929968 22,6179 4,35255 2.657 UKR1432176 26,0737 4,2908 2714 | CAP04678310 | 29,7267 4,23385 2771 UKR1329295 35,9557 4,15123
2.544 | UKR1228123 19,3387 4,42057 2.601 | CDI45992 22,6473 4,35198 2.658 NET29319 26,1281 4,28989 2.715 1BS6534 29,8822 4,23159 2.772 | CAP05036967 | 35,9823 4,15091
2.545 | CAP02899015 19,3718 4,41983 2.602 | CBG393632 22,6525 4,35188 2.659 | CDI590679 26,152 4,28949 2.716 | CBG535804 29,886 4,23153 2.773 | CNR31458 35,9943 4,15077
2.546 | PHA241368 19,4424 4,41825 2.603 | ENA664550 22,7154 4,35068 2.660 | OTA17630 26,2333 4,28815 2.717 | ASI295963 29,8967 4,23138 2.774 | CDI354408 36,1694 4,14866
2.547 | ASI157981 19,5421 4,41603 2.604 [ CDI1075367 22,7322 4,35036 2.661 | CBG352717 26,2501 4,28787 2.718 | CAP00210559 | 29,945 4,23068 2.775 | CAP00765752 | 36,3199 4,14685
2.548 | CAP03042624 19,563 4,41556 2.605 | CAP00001511 22,7788 4,34947 2.662 | CAP00193524 | 26,2983 4,28707 2.719 | ASI306574 29,9636 4,23041 2.776 | CDI353091 36,322 4,14683
2.549 | CAP00977751 19,6401 4,41386 2.606 | CAP00191795 22,8364 4,34837 2.663 | CAP05039429 | 26,3418 4,28636 2,720 | CAP03410576 | 29,9855 4,23009 2777 LAB36216 36,6193 4,14329
2.550 | CAP01656764 19,6652 4,4133 2.607 | CAP01992814 22,9606 4,34602 2.664 | CBG229711 26,418 4,2851 2.721 UKR1272912 30,3303 4,22512 2.778 L1F340343 36,9949 4,13886
2.551 | CAP03457179 19,7307 4,41186 2.608 | CNR5426 22,9655 4,34592 2.665 | CAP00442013 | 26,5554 4,28285 2.722 | CAP00227374 | 30,5236 4,22236 2.779 ENA660155 37,149 4,13705
2.552 1BS454930 19,8343 4,40958 2.609 | ENA1002404 23,0671 4,34401 2.666 | CDI747319 26,5665 4,28267 2.723 | CAP00188167 | 30,6075 4,22117 2.780 | CAP00202432 | 37,2558 4,13581
2.553 1BS399992 19,8433 4,40939 2.610 | VIT415920 23,2134 4,34126 2.667 UKR326960 26,6137 4,2819 2.724 ENA815104 30,726 4,21949 2.781 | CAP03361145 | 37,5912 4,13191
2.554 | CBG455369 20,1486 4,40276 2.611 [ CDI876565 23,2571 4,34044 2.668 MAY11270 26,7234 4,28011 2.725 ENAG69276 30,7504 4,21915 2.782 ENAG74811 37,7504 4,13008
2.555 | UKR689643 20,1524 4,40267 2.612 | ENA265147 23,3089 4,33948 2.669 | OTA98931 26,7264 4,28006 2726 | OTA106828 30,7603 4,21901 2.783 | SPE116977 38,1706 4,12527
2.556 | CDI510876 20,175 4,40219 2.613 | CDI701157 23,3633 4,33847 2.670 | CDI127196 26,8008 4,27885 2.727 | CDI11837 30,8843 4,21726 2.784 | CDI668389 38,643 4,11993
2.557 | CAP01881211 20,1812 4,40205 2.614 | CDI171225 23,4308 4,33721 2.671 | CDI789540 26,8257 4,27845 2.728 | ASI33015 30,8953 4,21711 2.785 | OTA66733 38,7202 4,11906
2.558 | PHA154008 20,2266 4,40108 2.615 | OTA103927 23,5027 4,33588 2.672 1BS443630 26,9197 4,27693 2.729 | PHA115196 31,0096 4,2155 2.786 ENA393559 38,9114 4,11692
2.559 | UKR895536 20,2446 4,40069 2.616 | ENAA433243 23,6155 4,3338 2.673 | CAP01326515 | 27,0659 4,27458 2.730 | CDI265487 31,0523 4,21491 2.787 | CDI799700 38,9141 4,11689
2.560 | CAP02128186 20,3053 4,39939 2.617 | CAP05912035 23,6663 4,33287 2.674 | UKR307812 27,1422 4,27336 2.731 | CAP00238271 | 31,0819 4,21449 2.788 ENA949922 39,0097 4,11583
2.561 1BS5788 20,3063 4,39937 2.618 | CDI919448 23,7 4,33225 2.675 | CAP05929854 | 27,2212 4,27209 2.732 | CNR12799 31,1149 4,21403 2.789 | CBG664301 39,5443 4,10992
2.562 | PHA193695 20,3561 4,39831 2.619 | CAP04956318 23,7612 4,33113 2.676 | OTA279596 27,3592 4,2699 2.733 UKR837428 31,5509 4,20799 2.790 | CAP00262645 | 39,5977 4,10933
2.563 | CAP00194866 20,4032 4,3973 2.620 | CAP00048919 23,8266 4,32994 2.677 | CDI1017124 27,3606 4,26988 2.734 | ASI37246 31,8626 4,20372 2.791 | CAP02046896 | 39,6066 4,10923
2.564 | TIM181329 20,4508 4,39629 2.621 | CAP00263598 23,9003 4,3286 2.678 | VIT263083 27,4543 4,26839 2.735 UKR829580 32,0178 4,20161 2.792 UKR1172038 39,7811 4,10732
2.565 | CAP01729264 20,5027 4,39519 2.622 | UKR1543105 24,0905 4,32515 2.679 | CBG346058 27,5582 4,26675 2.736 UKR417901 32,0303 4,20144 2.793 | CAP02579014 | 40,0176 4,10475
2.566 | CDI817731 20,5167 4,39489 2.623 | UKR125027 24,1058 4,32488 2.680 | CAP02116134 | 27,5729 4,26652 2.737 | CAP03002189 | 32,3056 4,19772 2.794 ENA746831 40,4524 4,10006
2.567 | PHA232131 20,5396 4,39441 2.624 | CAP05937708 24,1582 4,32394 2.681 | CBG652513 27,6042 4,26602 2.738 | CAP03615582 | 32,3229 4,19749 2.795 | CDI18358 40,6541 4,0979

2.568 | CAP04848118 20,5473 4,39425 2.625 | OTA186078 24,2284 4,32267 2.682 | CAP00195185 | 27,6171 4,26582 2.739 | TIM455995 32,5989 4,1938 2.796 | CAP03470440 | 40,6716 4,09771
2.569 | CAP04800627 20,6392 4,39231 2.626 | CDI49057 24,2452 4,32237 2.683 | CAP03438990 | 27,6597 4,26515 2.740 | CBG361688 32,6123 4,19362 2.797 1BS317687 40,7295 4,09709
2.570 | ENAT775945 20,6733 4,39159 2.627 | CAP00232555 24,3002 4,32139 2.684 | CDI548705 27,7137 4,26431 2.741 | CBG574780 32,6787 4,19273 2.798 | CAP03438573 | 41,1943 4,09216
2.571 | CAP00302960 20,7471 4,39004 2.628 | CAP01628614 24,3565 4,32039 2.685 ENA881003 27,7894 4,26312 2.742 ENAG48919 32,8603 4,19033 2.799 | CAP00335371 | 41,605 4,08785
2.572 LIF218624 20,7768 4,38942 2.629 LIF115065 24,4365 4,31896 2.686 | CAP00008219 | 27,8161 4,2627 2.743 | CAP03134203 | 32,9144 4,18961 2.800 | CAP01089818 | 42,0085 4,08366
2.573 | ENA356377 20,7868 4,38921 2.630 | PHA213511 24,4563 4,31861 2.687 LIF318655 27,9918 4,25997 2.744 | CAP00234015 | 32,9807 4,18874 2.801 | CAP05921658 | 42,0255 4,08349
2.574 | CAP00620597 20,8103 4,38872 2.631 | CAP01845509 24,4977 4,31788 2.688 UKR1185304 28,0763 4,25866 2.745 UKR289869 33,0257 4,18815 2.802 | CAP00448971 | 42,4221 4,07941
2.575 | CDI400718 20,8274 4,38836 2.632 | CAP02215330 24,5392 4,31714 2.689 | CAP00265006 | 28,0782 4,25863 2.746 UKR1308259 33,1551 4,18645 2.803 | CBG259977 42,4644 4,07898
2576 | UKR1166132 20,8775 4,38732 2.633 LIF4290 24,5945 4,31616 2.690 UKR463868 28,105 4,25822 2.747 UKR365619 33,2181 4,18562 2.804 | CBG388420 42,4734 4,07888
2.577 | CDI928555 20,8914 4,38703 2.634 | CAP01952309 24,7028 4,31425 2.691 | CAP03446796 | 28,1117 4,25811 2.748 | CDI475629 33,2377 4,18537 2.805 | CDI167695 42,5972 4,07762
2,578 | CDI127784 20,915 4,38654 2.635 | CDI668231 24,7416 4,31357 2.692 | VIT109765 28,1501 4,25752 2.749 | CAP01848480 | 33,308 4,18445 2.806 | CAP01992978 | 42,7395 4,07617
2.579 | CAP04957850 20,9925 4,38494 2.636 | UKR242473 24,7474 4,31347 2.693 1BS444987 28,3625 4,25426 2.750 ENA1060496 33,3146 4,18437 2.807 | CAP00202757 | 42,8446 4,0751

2.580 | UKR290160 21,1156 4,3824 2.637 | CBG402925 24,7657 4,31315 2.694 | CAP05851718 | 28,5906 4,25078 2.751 | CDI1052647 33,353 4,18386 2.808 | CNR14651 42,9945 4,07359
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2.809 | ENAI053131 43,0361 4,07317 2.866 | OTA27249 54,2343 3,97273 2.923 | CBG8141 65,6654 3,88966 2.980 | ENA1147299 84,9965 3,7776 3.037 | ENA1264992 120,868 3,62469
2.810 | CAP01584448 | 43,0673 4,07285 2.867 | CAP05007079 | 54,3418 3,97187 2.924 | ASI13071 65,7677 3,88899 2.981 | CAP03473666 | 85,3873 3,77561 3.038 | CAP00183981 | 120,964 3,62434
2.811 | CBG226678 43,1035 4,07249 2.868 | UKR1409746 54,3786 3,97157 2.925 | CDI336381 65,8971 3,88813 2.982 | CBG70911 85,5857 3,7746 3.039 | ENAG45463 121,725 3,62162
2.812 | CAP04133617 | 43,4234 4,06928 2.869 | UKR1480049 54,6015 3,9698 2.926 | CAP04800364 | 66,4442 3,88454 2.983 | CAP02216883 | 86,5685 3,76964 3.040 | CBG23552 122,407 3,61919
2.813 | PEK5982 43,595 4,06756 2.870 | PHAG0846 54,8493 3,96783 2.927 | CAP01299691 | 66,4955 3,88421 2.984 | CAP03401810 | 87,3411 3,76578 3.041 | CBG656257 124,647 3,61132
2.814 | CBG695375 43,6979 4,06654 2.871 | CAP03545516 | 55,0211 3,96647 2.928 | CAP01424578 | 67,2238 3,87948 2.985 | ASI316581 89,1983 3,75664 3.042 | CAP04562288 | 125,028 3,60999
2.815 | CBG55685 43,7495 4,06603 2.872 | CAP00263081 | 55,0646 3,96613 2.929 | ENA1000188 67,5749 3,87721 2.986 | ENAG60927 89,3035 3,75613 3.043 | ENA986929 125,157 3,60955
2.816 | ENAI1280620 44,0862 4,0627 2.873 | 1BS438928 55,286 3,96438 2.930 | CAP01775851 | 67,7217 3,87627 2.987 | CDI352052 89,4735 3,75531 3.044 | CAP05863550 | 125,313 3,609
2.817 | 1BS382965 44,1318 4,06225 2.874 | CAP02143795 | 55,654 3,9615 2.931 | UKR259659 68,098 3,87387 2.988 | CBG152093 89,5416 3,75498 3.045 | CAP01846882 | 125911 3,60694
2.818 | CAP00256918 | 44,5368 4,05828 2.875 | CDI423537 56,0946 3,95808 2.932 | CAP04934974 | 68,1345 3,87363 2.989 | CBG26258 89,969 3,75291 3.046 | CBG371549 126,542 3,60476
2.819 | LIF160266 44,6354 4,05732 2.876 | CAP00192840 | 56,1809 3,95741 2.933 | CDI67244 68,3571 3,87222 2.990 | ENA1111388 91,8568 3,74389 3.047 | CAP02810686 | 128,358 3,59858
2.820 | ENAB875334 44,722 4,05648 2.877 | UKR1525779 56,3225 3,95632 2.934 | UKR440244 68,3836 3,87205 2.991 | ENA216535 93,3348 3,73696 3.048 | SPE96703 128,484 3,59815
2.821 | CDI756430 44,834 4,05539 2.878 | CAP00849854 | 56,4069 3,95567 2.935 | ENAS575496 68,6176 3,87056 2.992 | CAP04845189 | 93,8917 3,73437 3.049 | LAB63824 128,499 3,5981
2.822 | CAP00315705 | 44,9442 4,05433 2.879 | CAP00801921 | 56,4776 3,95512 2.936 | CAP03433074 | 69,2941 3,8663 2.993 | UKR1055872 95,5121 3,72694 3.050 | CBG503469 129,054 3,59623
2.823 | CDI674836 44,9991 4,0538 2.880 | CAP01730025 | 56,6486 3,95381 2.937 | ASI324315 70,018 3,86179 2.994 | OTAG63074 95,8325 3,72549 3.051 | CBG407710 129,222 3,59566
2.824 | 1BS243101 45,1947 4,05191 2.881 | CAP00662358 | 56,788 3,95274 2.938 | UKR1018829 70,2387 3,86042 2.995 | CAP02579670 | 96,2483 3,72361 3.052 | VIT397162 129,786 3,59377
2.825 | CAP00236327 | 45,2516 4,05137 2.882 | ENA1048604 56,8788 3,95205 2.939 | LIF200601 70,2598 3,86029 2.996 | CAP05908292 | 96,6531 3,72178 3.053 | CAP02004785 | 130,074 3,59281
2.826 | CAP03437562 | 4555 4,04851 2.883 | PEK12547 57,2703 3,94907 2.940 | UKR1212249 70,2969 3,86006 2.997 | CAP03444658 | 96,6879 3,72163 3.054 | CBG639943 130,47 3,59149
2.827 | CAP02510439 | 45,8463 4,0457 2.884 | ENAI135339 57,3091 3,94878 2.941 | CDI26212 70,8162 3,85687 2.998 | CAP02810722 | 96,7029 3,72156 3.055 | TIM233207 131,764 3,5872
2.828 | ENAS564780 46,3488 4,04096 2.885 | CAP01816962 57,4884 3,94742 2.942 | CAP03394158 | 70,8414 3,85671 2.999 | CBG489180 96,7282 3,72145 3.056 | CAP00260154 | 133,073 3,58291
2.829 | ASI268749 46,5578 4,03901 2.886 | ASI214806 58,1172 3,9427 2.943 | CDI78166 71,3892 3,85337 3.000 | UKR1490543 96,7877 3,72118 3.057 | CAP00258467 | 133,738 3,58074
2.830 | CDI412617 46,7418 4,03729 2.887 | CAP00260249 | 58,1239 3,94265 2.944 | SPE142572 71,5344 3,85248 3.001 | CDI557746 96,9264 3,72056 3.058 | CAP03437968 | 133,934 3,58011
2.831 | CBG138141 46,7449 4,03727 2.888 | CAP00855120 | 58,2046 3,94204 2.945 | CAP02829878 | 72,603 3,84605 3.002 | CAP03545409 | 97,813 3,7166 3.059 | CBG502383 133,993 3,57992
2.832 | CBG24007 46,9477 4,03539 2.889 | ENA323388 58,2714 3,94154 2.946 | 1BS416495 72,8731 3,84443 3.003 | CAP00259399 | 98,7597 3,71242 3.060 | ENA394544 134,222 3,57918
2.833 | CAP01729166 | 47,2716 4,0324 2.890 | CAP03617170 | 58,4464 3,94024 2.947 | CBG536816 72,9198 3,84415 3.004 | UKR1503053 98,9985 3,71137 3.061 | TIM493334 134,949 3,57683
2.834 | ENA906959 47,3571 4,03161 2.891 | PHA102868 58,5371 3,93957 2.948 | ENAI1144979 72,9375 3,84405 3.005 | CDI637494 100,205 3,70611 3.062 | CBG116338 135,641 3,57461
2.835 | UKR483257 47,6479 4,02896 2.892 | CAP01903090 | 58,8878 3,93697 2.949 | CAP04935144 | 73,0501 3,84338 3.006 | CAP05047159 | 100,55 3,70462 3.063 | ENA923182 136,209 3,57279
2.836 | CDI571259 47,7806 4,02775 2.893 | CAP05044863 | 59,2138 3,93458 2.950 | ENA214095 73,6744 3,83968 3.007 | 1BS39883 100,705 3,70395 3.064 | ENAG671079 136,263 3,57262
2.837 | CDI469497 47,7861 4,0277 2.894 | ENA474643 59,2469 3,93433 2.951 | MAY46015 73,7964 3,83896 3.008 | SPE142997 101,122 3,70216 3.065 | CDI811909 136,296 3,57252
2.838 | ENA210760 47,9266 4,02642 2.895 | UKR1222386 59,5185 3,93235 2.952 | CAP00153288 | 73,8057 3,83891 3.009 | CBG158183 101,618 3,70003 3.066 | CAP05923776 | 137,49 3,56873
2.839 | UKR413789 47,9367 4,02633 2.896 | CAP05943511 | 59,7076 3,93097 2.953 | ENA761561 74,4454 3,83516 3.010 | CAP01845869 | 102,546 3,69608 3.067 | ENA304209 139,167 3,56346
2.840 | CAP02810483 | 48,1688 4,02423 2.897 | UKR1419675 60,0781 3,92828 2.954 | PHA173801 74,5766 3,8344 3.011 | CAP00527831 | 102,904 3,69457 3.068 | CAP05987611 | 139,318 3,56299
2.841 | CDI525430 48,5281 4,02101 2.898 | 1BS269939 60,2711 3,92689 2.955 | CBG319547 74,7169 3,83358 3.012 | CAP01212871 | 103,056 3,69393 3.069 1BS380402 139,837 3,56138
2.842 | CBG281495 48,6323 4,02008 2.899 | CBG137903 60,3339 3,92644 2.956 | CAP04000594 | 74,9361 3,83231 3.013 | CAP02053026 | 104,654 3,68725 3.070 | CAP04841723 | 139,882 3,56124
2.843 | LIF331301 49,1226 4,01572 2.900 | CAP05007760 | 60,8887 3,92246 2.957 | ENAB826922 75,1896 3,83084 3.014 | CAP01847473 | 104,983 3,68588 3.071 | ENA407666 140,358 3,55976
2.844 | CAP01274815 | 49,609 4,01144 2.901 | CBG82823 61,1579 3,92055 2.958 | ENAB891751 75,8946 3,82679 3.015 | CAP05941883 | 105,095 3,68542 3.072 | ASI299842 141,572 3,55602
2.845 | ENA1097451 49,9563 4,00841 2.902 | CAP01971874 | 61,3568 3,91914 2.959 | UKR1486962 76,023 3,82605 3.016 | CAP00234915 | 105,355 3,68435 3.073 | CDI866525 141,618 3,55588
2.846 | CAP04541107 | 50,8836 4,00042 2.903 | CAP04845648 | 61,3998 3,91883 2.960 | UKR1223236 76,0922 3,82566 3.017 | CAP02811185 | 106,487 3,6797 3.074 | CAP03003704 | 141,698 3,55564
2.847 | UKR1157243 51,1627 3,99805 2.904 | CDI1090249 615 3,91812 2.961 | CAP03438300 | 76,8387 3,82142 3.018 | CBG303289 106,8 3,67843 3.075 | CAP02579450 | 142,178 3,55417
2.848 | ANC19107 51,1855 3,99785 2.905 | CAP02810882 61,9658 3,91485 2.962 | CAP05046168 | 76,8929 3,82111 3.019 | UKR1274190 107,611 3,67514 3.076 | CAP00201588 | 142,312 3,55376
2.849 | ENAG601616 51,2587 3,99723 2.906 | UKR1533599 62,1951 3,91324 2.963 | PHA199469 78,39 3,81274 3.020 | CAP02580517 | 108,373 3,67208 3.077 | OTA69582 142,886 3,55201
2.850 | CDI560828 51,3281 3,99664 2.907 | CAP01694119 | 62,4823 3,91124 2.964 | CAP03617022 | 78,6857 3,8111 3.021 | ENA754505 108,822 3,67028 3.078 | ASI91242 143,308 3,55073
2.851 | CBG133141 51,5913 3,99442 2.908 | CAP03472616 | 62,5327 3,91089 2.965 | UKR458122 78,9853 3,80945 3.022 | CBG46052 109,254 3,66856 3.079 | SPE159528 143,469 3,55024
2.852 | LIF176162 51,5954 3,99439 2.909 | CAP05775973 | 62,867 3,90858 2.966 | UKR872799 79,471 3,80679 3.023 | 1BS382463 109,905 3,66598 3.080 | UKR824239 144,386 3,54747
2.853 | ENAB99796 51,754 3,99306 2.910 | 1BS105807 62,9165 3,90824 2.967 | CAP03617802 | 79,6227 3,80596 3.024 | CDI596095 110,126 3,66511 3.081 | CAP02571544 | 144,446 3,5473
2.854 | LIF35039 51,7959 3,9927 2.911 | CAP03459551 | 63,3257 3,90542 2.968 | ASI180737 79,6422 3,80586 3.025 | ENA421451 112,194 3,65703 3.082 | CAP00006406 | 145,208 3,54501
2.855 | UKR1235533 52,2108 3,98924 2.912 | ASI234826 63,3272 3,90541 2.969 | ENA371151 79,7908 3,80505 3.026 | CBG133460 112,259 3,65678 3.083 | OTAB5955 145,758 3,54337
2.856 | SPE173934 52,3816 3,98782 2.913 | CAP00201885 | 64,0128 3,90073 2.970 | UKR695467 79,7914 3,80504 3.027 | CAP05987464 | 112,395 3,65625 3.084 | CAP02156078 | 148,759 3,53452
2.857 | CAP00078003 | 52,6004 3,98601 2.914 | CBG204272 64,2216 3,89932 2.971 | ASI13805 80,0757 3,8035 3.028 | LAB36923 112,78 3,65477 3.085 | CDI69355 149,088 3,53356
2.858 | CAP01731985 | 52,714 3,98507 2,915 | CBGA450720 64,3741 3,89829 2.972 | UKR801121 81,5543 3,79555 3.029 | CBG47044 112,834 3,65456 3.086 | CAP03501614 | 150,107 3,5306
2.859 | OTA62660 52,8416 3,98402 2.916 | ENA914305 64,4567 3,89773 2.973 | 1BS377964 81,7561 3,79448 3.030 | CAP01250178 | 113,409 3,65235 3.087 | CDI487729 150,275 3,53011
2.860 | UKR399375 52,8608 3,98387 2.917 | ENAI274657 64,6684 3,89631 2.974 | LIF230303 82,1526 3,79238 3.031 | UKRS542785 114,138 3,64957 3.088 | CAP05049268 | 151,817 3,52568
2.861 | CAP01215920 | 52,9885 3,98282 2.918 | SPE168932 64,7345 3,89586 2.975 | LAB15199 83,2457 3,78664 3.032 | ENAG609665 114,676 3,64753 3.089 | CAP05875674 | 152,801 3,562287
2.862 | CDI76302 52,9894 3,98281 2.919 | CDI664936 64,7869 3,89551 2.976 | CDI985784 83,5566 3,78502 3.033 | CBG252644 115,689 3,64371 3.090 | CAP00269093 | 152,842 3,562276
2.863 | UKR367489 53,5207 3,97848 2.920 | CAP00635021 | 64,9997 3,89409 2.977 | CAP00700581 | 84,2016 3,78168 3.034 | CAP03445259 | 119,212 3,63068 3.091 | TIM268831 153,031 3,62222
2.864 | CAP05923813 | 53,6045 3,9778 2.921 | CDI665171 65,4163 3,89131 2.978 | CBG485845 84,8653 3,77827 3.035 | CAP01847298 | 119,495 3,62965 3.092 | UKR110736 153,9 3,51976
2.865 | CDI925952 54,0433 3,97426 2.922 | VIT246843 65,5919 3,89015 2.979 | CAP01785677 | 84,9019 3,77808 3.036 | ENA454372 120,119 3,62739 3.093 | CAP00147277 | 154,318 3,51858
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3.094 | CAP00333042 | 155,231 3,51602 3.151 | UKR1007181 201,268 3,40323 3.208 | CAP03053250 | 249,155 3,31053 3.265 | CAP05911114 | 315,812 3,20757 3.322 | CAP00960343 | 432,478 3,07104
3.095 | ENA1227020 155,591 3,51501 3.152 | CDI63249 201,972 3,40171 3.209 | UKR1409092 249,313 3,31025 3.266 | CAP01657838 | 319,501 3,20253 3.323 | CAP02210323 | 435,237 3,06827
3.096 | CAP05946559 | 156,079 3,51366 3.153 | CAP03138058 | 202,541 3,40049 3.210 | UKR257919 249,403 3,3101 3.267 | CAP05905023 | 319,496 3,20253 3.324 | UKR1375617 435,718 3,06779
3.097 | UKR1037467 157,123 3,51076 3.154 | CAP05919885 | 202,817 3,3999 3.211 | UKR708566 250,237 3,30865 3.268 | NET17692 320,077 3,20175 3.325 | CAP02810727 | 436,263 3,06725
3.098 | LAB39143 157,738 3,50906 3.155 | CAP02220686 [ 203,99 3,39739 3.212 | UKR1086124 250,243 3,30864 3.269 | CAP05739869 | 321,548 3,19975 3.326 | CBG211238 436,754 3,06676
3.099 | ENA506958 157,925 3,50855 3.156 | ASI10893 204,058 3,39725 3.213 | CAP03455092 | 250,681 3,30788 3.270 | CAP04839256 | 323,935 3,19654 3.327 | ENA599889 443,009 3,06059
3.100 | CDI872064 157,973 3,50842 3.157 | CAP04954638 | 205,713 3,39374 3.214 | CBG276558 250,795 3,30768 3.271 | CBG86670 333,197 3,1843 3.328 | CAP04815227 | 446,677 3,05701
3.101 | UKR670812 161,218 3,49959 3.158 | 1BS93107 205,722 3,39372 3.215 | CAP05046172 | 252,048 3,30552 3.272 | VIT180698 335,398 3,18144 3.329 | CAP03450030 | 448,657 3,05509
3.102 | CAP03751209 | 162,259 3,49679 3.159 | CAP00478791 | 205,971 3,39319 3.216 | VIT464725 252,56 3,30464 3.273 | CBG704368 342,714 3,17207 3.330 | CNR8708 448,696 3,05505
3.103 | CAP03415399 | 162,434 3,49632 3.160 | TIM293791 206,343 3,39241 3.217 | CAP04808180 | 253,999 3,30217 3.274 | CBG662473 343,902 3,17057 3.331 | CAP00234794 | 448,982 3,05477
3.104 | CAP03449686 | 162,756 3,49546 3.161 | CAP01890964 | 207,558 3,38986 3.218 | CAP00139075 | 255,05 3,30037 3.275 | CAP03617799 | 344,76 3,16948 3.332 | CAP01992853 | 449,312 3,05445
3.105 | CBG668399 163,376 3,49381 3.162 | ENA892457 208,171 3,38858 3.219 | CAP04935183 | 256,114 3,29857 3.276 | CAP04841079 | 345,78 3,1682 3.333 1BS435913 453,566 3,05036
3.106 | CAP02222088 | 163,683 3,493 3.163 | CDI325661 208,383 3,38814 3.220 | CAP01993505 | 256,12 3,29856 3.277 | LIF55560 347,084 3,16657 3.334 | CAP04569647 | 455,023 3,04897
3.107 | CAP00976144 | 163,873 3,49249 3.164 | CAP01637880 | 208,49 3,38791 3.221 | TIM515560 256,855 3,29731 3.278 | CAP00260986 | 347,521 3,16602 3.335 | CAP03503729 | 461,137 3,04317
3.108 | CAP00234157 | 164,469 3,49091 3.165 | CBG579931 208,984 3,38689 3.222 | CBG464938 258,611 3,29435 3.279 | UKR1210006 348,128 3,16526 3.336 | CAP03042552 | 463,709 3,04075
3.109 | CNR5927 166,355 3,48596 3.166 | CAP00688073 | 209,115 3,38661 3.223 | CDI587130 259,169 3,29342 3.280 | CAP01993547 | 348,283 3,16507 3.337 | CAP05899642 | 463,757 3,04071
3.110 | CAP02896368 | 167,465 3,48308 3.167 | CAP05913924 | 209,557 3,3857 3.224 | 1BS97379 259,538 3,2928 3.281 | OTA183462 349,159 3,16398 3.338 | CAP00442194 | 464,57 3,03995
3.111 | CAP03470314 | 169,112 3,47883 3.168 | LIF21388 211,714 3,38125 3.225 | CAP00007567 | 259,551 3,29278 3.282 | ENA954095 350,956 3,16175 3.339 | CAP03433565 | 466,152 3,03847
3.112 | CAP00263494 | 169,427 3,47802 3.169 | CAP00442223 | 211,73 3,38122 3.226 | CAP01424226 | 260,294 3,29154 3.283 | CAP05931463 | 352,966 3,15927 3.340 | ENA1268372 466,899 3,03778
3.113 | CAP03469334 | 169,715 3,47728 3.170 | CBG691996 212,685 3,37926 3.227 | CAP05946698 | 262,199 3,28837 3.284 | CBG472049 356,748 3,15464 3.341 | CAP00070895 | 467,917 3,03683
3.114 | CAP03440387 | 170,853 3,47438 3.171 | PHA186835 213,276 3,37806 3.228 | CAP05987701 | 264,558 3,28448 3.285 | CBG659407 358,561 3,15244 3.342 | CBG83213 470,592 3,03436
3.115 | ENAG666034 171,102 3,47374 3.172 | CAP02005450 | 213,304 3,378 3.229 | MAY21667 268,693 3,27774 3.286 | CAP00240974 | 361,659 3,1487 3.343 | CAP00260627 | 470,888 3,03408
3.116 | CBG80598 171,241 3,47339 3.173 | CAP01657639 | 216,664 3,37121 3.230 | CAP01730352 | 270,517 3,27481 3.287 | CAP04801896 | 363,402 3,14661 3.344 | VIT358006 471,611 3,03342
3.117 | CAP00447954 | 171,705 3,47222 3.174 | CAP00233489 | 217,472 3,3696 3.231 | UKR1530937 270,605 3,27466 3.288 | CAP00581692 | 366,13 3,14336 3.345 | CAP00265799 | 474,061 3,03117
3.118 | CAP02217368 | 172,142 347111 3.175 | CBGA463452 218,217 3,36811 3.232 | CAP05036068 | 270,937 3,27413 3.289 | CAP00315978 | 367,466 3,14178 3.346 | CAP02215094 | 474,975 3,03033
3.119 | UKR1412263 172,162 3,47106 3.176 | CAP05042163 | 221,233 3,36215 3.233 | CAP03616760 | 271,236 3,27365 3.290 | CAP00687548 | 367,736 3,14146 3.347 | CAP05940216 | 477,11 3,02838
3.120 | ENAI1095732 172,723 3,46965 3.177 | LIF186868 224,262 3,35624 3.234 | ASI271806 271,379 3,27342 3.291 | CAP05875721 | 367,932 3,14123 3.348 | LIF164591 482,511 3,02349
3.121 | OTA93806 172,842 3,46935 3.178 | ENAI1285645 225,352 3,35414 3.235 | CAP01845872 | 271,729 3,27286 3.292 | CAP05049491 | 368,257 3,14085 3.349 | CDI516987 483,315 3,02277
3.122 | CAP05988254 | 175,083 3,46376 3.179 | UKR1481191 225,397 3,35405 3.236 | CAP00239182 | 271,945 3,27252 3.293 | 1BS304574 370,553 3,13815 3.350 | CAP00011130 | 483,755 3,02237
3.123 | CDI688079 177,915 3,45679 3.180 | CAP04834838 | 226,156 3,35259 3.237 | VIT126324 272,58 3,27151 3.294 | CAP04803341 | 370,732 3,13794 3.351 | CAP00255774 | 486,982 3,01949
3.124 | CAP02811395 | 177,956 3,45669 3.181 | CAP00058160 | 226,33 3,35226 3.238 | CNR12354 272,8 3,27116 3.295 | CBG85579 371,706 3,1368 3.352 | CAP03153908 | 489,045 3,01765
3.125 | CNR21976 179,578 3,45275 3.182 | UKR809663 226,621 3,3517 3.239 | CBG530886 273,721 3,26969 3.296 | CAP04955322 | 372,886 3,13542 3.353 | CAP01847876 | 490,473 3,01638
3.126 | CAP01654586 | 180,039 3,45163 3.183 | ENA249792 226,843 3,35128 3.240 | ENAI1170195 274,824 3,26795 3.297 | NET32053 379,624 3,12765 3.354 | ENA1061432 491,087 3,01584
3.127 | CAP01287792 | 181,02 3,44927 3.184 | CAP03503849 | 227,914 3,34923 3.241 | UKR1052927 278,524 3,26214 3.298 | CAP00074887 | 381,821 3,12514 3.355 | CAP00008869 | 492,145 3,01491
3.128 | CBG260695 181,079 3,44913 3.185 | ENA301442 228,64 3,34785 3.242 | CAP02133788 | 283,162 3,25496 3.299 | CAP05041997 | 385,656 3,1208 3.356 | CAP03615159 | 496,634 3,01096
3.129 | CBG700825 181,431 3,44829 3.186 | NET8761 230,071 3,34514 3.243 | CAP03501423 | 285,286 3,25172 3.300 | CAP03439318 | 386,036 3,12037 3.357 | UKR457864 502,247 3,00608
3.130 | LIF208870 181,606 3,44787 3.187 | CAP03419354 | 231,423 3,34259 3.244 | SPE182259 286,331 3,25013 3.301 | CAP00201762 | 386,983 3,11931 3.358 | CAP03391701 | 506,452 3,00246
3.131 | CAP00218122 | 184,844 3,44019 3.188 | CAP01844958 | 232,225 3,34109 3.245 | LIF167164 287,219 3,24879 3.302 | CDI675642 389,133 3,1169 3.359 | ENA1066045 508,672 3,00056
3.132 | UKR1243832 184,872 3,44013 3.189 | ENA414569 233,479 3,33875 3.246 | UKR332092 288,468 3,2469 3.303 | ENA423447 392,97 3,11264 3.360 | CAP03036549 | 509,699 2,99969
3.133 | CAP00494403 | 185,28 3,43917 3.190 | SPE7459 233,909 3,33795 3.247 | ENA912723 288,505 3,24685 3.304 | CBG82529 392,991 3,11262 3.361 | CAP00641803 | 524,566 2,9872

3.134 | CBG514261 185,398 3,4389 3.191 | UKR1376814 234,034 3,33772 3.248 | SPE151668 292,681 3,24061 3.305 | UKR615629 394,57 3,11088 3.362 | CAP00298712 | 525,368 2,98654
3.135 | CAP03470315 | 187,232 3,43462 3.192 | CAP03456744 | 234,314 3,3372 3.249 | ENAG607549 293,583 3,23927 3.306 | CBG557700 397,834 3,1073 3.363 | ENA166829 525,957 2,98605
3.136 | CAP03037898 | 187,592 3,43378 3.193 | ENA612967 234,668 3,33655 3.250 | CAP00157733 | 294,677 3,23765 3.307 | CAP05895621 | 400,104 3,10483 3.364 | CAP04955719 | 528,398 2,98404
3.137 | 1BS311676 188,142 3,43251 3.194 | CAP00001779 | 235,268 3,33544 3.251 | CAP00313088 | 295,026 3,23714 3.308 | 1BS53737 404,194 3,10041 3.365 | CAP03745810 | 531,2 2,98174
3.138 | CBG685034 188,205 3,43237 3.195 | CAP01337890 | 236,707 3,33279 3.252 | ENAG668865 296,92 3,23436 3.309 | CBG57861 407,673 3,09669 3.366 1BS234092 532,181 2,98094
3.139 | CAP02573652 | 188,98 3,43058 3.196 | CAP03436250 | 237,429 3,33147 3.253 | CAP03043148 | 298,776 3,23165 3.310 | CAP05946239 | 408,062 3,09627 3.367 | ASI58599 533,225 2,98009
3.140 | ENA259832 189,222 3,43003 3.197 | CAP00075805 | 238,34 3,3298 3.254 | UKR540127 302,227 3,22667 3.311 | CAP05924022 | 408,717 3,09558 3.368 | CBG637720 536,271 2,97762
3.141 | CBG323321 190,225 3,42773 3.198 | CDI826067 240,536 3,32582 3.255 | CAP03445099 | 303,716 3,22453 3.312 | CDI675552 408,899 3,09538 3.369 | CBG171669 537,746 2,97642
3.142 | CAP01847301 | 190,304 3,42755 3.199 | CAP00075739 | 240,543 3,32581 3.256 | CAP00186367 | 305,621 3,22182 3.313 | ENAG4034 412,211 3,09188 3.370 | CAP00242518 | 539,195 2,97525
3.143 | CAP03174733 | 190,782 3,42646 3.200 | ENA394304 241,311 3,32442 3.257 | CDI57442 306,494 3,22058 3.314 | VIT121585 412,49 3,09159 3.371 | CAP01995917 | 546,38 2,9695

3.144 | CAP00079652 | 192,812 3,42187 3.201 | CAP05863712 244,349 3,31899 3.258 | CAP00009879 | 306,773 3,22018 3.315 | CAP05987426 | 414,272 3,08971 3.372 | CBG613991 552,67 2,96453
3.145 | CBG642217 197,682 3,41103 3.202 | CAP00694182 244,413 3,31887 3.259 | CDI177379 310,655 3,21472 3.316 | ASI23046 417,666 3,08617 3.373 | SPE181553 557,285 2,96092
3.146 | CAP00804542 | 197,811 3,41075 3.203 | CDI385803 247,158 3,31403 3.260 | CAP00029342 | 310,898 3,21438 3.317 | CAP00190925 | 421,815 3,08188 3.374 | CAP05914597 | 560,008 2,95881
3.147 | CAP05046785 | 197,83 3,41071 3.204 | UKR481982 247,262 3,31384 3.261 | ENA973577 312,201 3,21257 3.318 | CBG657847 424,759 3,07886 3.375 1BS375480 562,177 2,95713
3.148 | CAP00603104 [ 199,551 3,40695 3.205 | CAP00201674 | 247,454 3,3135 3.262 | CBG312117 312,329 3,21239 3.319 | LIF217207 427,417 3,07615 3.376 | CAP03153907 | 562,251 2,95707
3.149 | CAP03545435 | 199,646 3,40674 3.206 | CBG657156 249,016 3,31077 3.263 | ENAI1191477 312,48 3,21218 3.320 | CBG116247 431,049 3,07247 3.377 | ASI319441 562,754 2,95668
3.150 | CAP00010557 | 200,269 3,40539 3.207 | CAP00095807 249,062 3,31069 3.264 | CDI468810 313,461 3,21082 3.321 | CAP02577089 | 431,096 3,07243 3.378 | UKR827037 564,688 2,95519
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3.379 | CAP00244134 | 566,362 2,95391 3.436 | CAP00442545 | 794,783 2,80675 3.493 | CAP00265642 | 1.091,38 2,66903 3.550 | CAP01379519 | 1.521,89 2,52462 3.607 | ENA1214987 2.543,33 2,3016
3.380 | CAP00315833 | 568,798 2,95204 3.437 | CAP03618268 | 796,807 2,80565 3.494 | CAP01891676 | 1.106,28 2,66314 3.551 | ENA955417 1.529,46 2,52246 3.608 | CAP00183575 | 2.601,03 2,29185
3.381 | CAP01438804 | 573,362 2,94857 3.438 | ENA659781 806,533 2,80038 3.495 | ENAB804913 1.109,62 2,66183 3.552 | CAP03004379 | 1.548,98 2,51695 3.609 | OTA35038 2.620,95 2,28854
3.382 | ENA1088625 575,648 2,94684 3.439 | CAP00177517 806,568 2,80036 3496 | CAP01657741 | 1.117,17 2,65888 3.553 | CAP02828420 | 1.563,54 2,51289 3.610 | CAP05047044 | 2.628,08 2,28736
3.383 | CAP05987524 | 577,305 2,94559 3.440 | VIT106333 808,803 2,79916 3.497 | CAP00443126 | 1.128,6 2,65446 3.554 | 1BS395163 1.585,04 2,50696 3.611 | CAP04954412 | 2.647,75 2,28412
3.384 | CAP03471199 | 578,924 2,94438 3.441 | CAP05048126 | 809,078 2,79901 3.498 | CAP02828806 | 1.146,53 2,64762 3.555 | LIF174293 1.596,54 2,50382 3.612 | UKR1434273 2.707,79 2,27439
3.385 | LAB45219 579,259 2,94413 3.442 | CAP03754626 | 813,172 2,79682 3.499 | ENA290111 1.163,28 2,64131 3.556 | ENA464542 1.616,36 2,49846 3.613 | CAP00442082 | 2.729,62 2,2709
3.386 | ENA1162134 580,251 2,94338 3.443 | CAP05988085 | 813,411 2,79669 3.500 | CAP04934937 | 1.166,76 2,64002 3.557 | CAP03618578 | 1.631,79 2,49434 3.614 | CAP01657807 | 2.732,63 2,27042
3.387 | CAP00429824 | 589,59 2,93645 3.444 | CAP02809461 | 826,748 2,78963 3.501 | CAP03439519 | 1.193,78 2,63007 3.558 | 1BS6234 1.651,14 2,48922 3.615 | CAP05038586 | 2.735,92 2,2699
3.388 | CAP02224912 | 592,684 2,93418 3.445 | CAP03617349 | 830,775 2,78752 3.502 | 1BS438017 1.202,75 2,62683 3.559 | CBG278195 1.662,89 2,48614 3.616 | UKR779592 2.737,81 2,2696
3.389 | CAP01694426 | 595,811 2,93189 3.446 | CAP03747289 | 831,143 2,78732 3.503 | CAP05041129 | 1.202,93 2,62676 3.560 | ENA1209343 1.666,59 2,48517 3.617 | UKR1274280 2.851,57 2,25192
3.390 | ENA1007992 603,184 2,92655 3.447 | CAP05987980 | 834,251 2,7857 3.504 | CAP00007130 | 1.203,06 2,62671 3.561 | LIF311557 1.666,83 2,48511 3.618 | CAP05940423 | 2.874,02 2,24851
3.391 | CAP02909197 | 605,452 2,92492 3.448 | CAP05038729 | 835,394 2,78511 3.505 | ASI194361 1.228,27 2,61771 3.562 | CAP03503595 | 1.681,06 2,48142 3.619 | CBG165386 2.920,9 2,24148
3.392 | CAP00272972 | 605,708 2,92474 3.449 | TIM63877 854,113 2,77548 3.506 | ENA1201320 1.230,59 2,61689 3.563 | ENA1160605 1.707,39 2,47467 3.620 | TIM510786 2.940,45 2,23859
3.393 | CAP05006933 | 610,518 2,9213 3.450 | CAP02003736 | 856,641 2,7742 3.507 | CAP03504176 | 1.231,8 2,61646 3.564 | CAP03434955 | 1.709,18 2,47421 3.621 | CAP02566516 | 2.940,49 2,23858
3.394 | CAP05926466 | 620,938 2,91395 3.451 | CAP03153938 | 857,9 2,77356 3.508 | CAP02824189 | 1.232,59 2,61618 3.565 | CBG290848 1.720,58 2,47133 3.622 | SPE6844 2.951,23 2,237
3.395 | CAP00202190 | 625,938 2,91047 3.452 | CAP00235884 | 880,056 2,76249 3.509 | CAP03749112 | 1.234,51 2,61551 3.566 | CAP03747047 | 1.785,2 2,45531 3.623 | CAP02580215 | 2.954,62 2,2365
3.396 | CAP04956129 | 629,913 2,90772 3.453 | ENAI187588 883,458 2,76081 3.510 | UKR791264 1.238,86 2,61398 3.567 | CAP00263461 | 1.786,12 2,45509 3.624 | CDI894842 2.975,79 2,2334
3.397 | CAP02828532 | 630,059 2,90762 3.454 | CAP03393838 | 887,149 2,759 3.511 | ENAI1196868 1.243,81 2,61225 3.568 | CDI850979 1.815,24 2,44807 3.625 | CAP04797986 | 2.997,44 2,23025
3.398 | CDI492643 651,313 2,89321 3455 | CAP03457626 | 890,311 2,75746 3.512 | CAP00580864 | 1.244,84 2,61189 3.569 | VIT124954 1.876,38 2,43368 3.626 | LIF168783 3.006,97 2,22887
3.399 | CDI313469 651,91 2,89281 3.456 | CAP01847153 | 899,372 2,75306 3.513 | CAP00688008 | 1.246,04 2,61147 3.570 | CAP03462947 | 1.879,91 2,43286 3.627 | CAP03466945 | 3.028,22 2,22581
3.400 | CAP00444046 | 653,337 2,89186 3.457 | CAP02219686 | 899,921 2,7528 3.514 | UKR1292950 1.255,56 2,60816 3.571 | CAP03617166 | 1.913,79 2,4251 3.628 | CBG308598 3.033,12 2,22511
3.401 | CBG195692 655,131 2,89067 3.458 | CAP00005321 | 914,759 2,74569 3.515 | CAP00768455 | 1.257,12 2,60762 3.572 | CAP03043922 | 1.939,34 2,41935 3.629 | ENA1157942 3.034,64 2,22489
3.402 | UKR1392956 656,298 2,8899 3.459 | CAP03440634 | 917,654 2,74432 3.516 | CAP02211406 | 1.264,75 2,605 3.573 | LIF163495 1.964,3 2,41379 3.630 | CAP02135157 | 3.046,75 2,22316
3.403 | CAP01425954 | 663,729 2,88501 3.460 | CAP05937369 | 920,499 2,74298 3.517 | CBG166583 1.275,48 2,60132 3.574 | CAP03175320 | 1.972,68 2,41194 3.631 1BS126075 3.077 2,21887
3.404 | CAP05046506 | 664,913 2,88423 3.461 | LIF46835 922,322 2,74212 3.518 | ASI163108 1.281,23 2,59937 3.575 | CDI76033 1.975,34 2,41136 3.632 | CAP03618232 | 3.078,41 2,21867
3.405 | CAP05924142 | 665,891 2,8836 3.462 | ENAS599718 924,994 2,74086 3.519 | CBG678575 1.283,05 2,59876 3.576 | 1BS443521 1.988,36 2,4085 3.633 | CAP03617447 | 3.084,77 2,21778
3.406 | CBG497641 668,604 2,88183 3.463 | CAP01848477 926,091 2,74035 3.520 | CAP00049657 | 1.289,92 2,59644 3.577 | CAP03436702 | 2.016,55 2,40239 3.634 | CAP05937862 | 3.108,33 2,21447
3.407 | CBG202115 671,55 2,87992 3.464 | CAP02810528 | 937,25 2,73514 3.521 | CAP05036769 | 1.298,45 2,59358 3.578 | ENAS505119 2.024,09 2,40077 3.635 | CAP03391455 | 3.113,07 2,21381
3.408 | CAP03754300 | 674,875 2,87778 3.465 | UKR1436403 939,119 2,73428 3.522 | ENA312829 1.314,78 2,58815 3.579 | CAP05905110 | 2.027,35 2,40007 3.636 | CAP01491199 | 3.144,93 2,20939
3.409 | CAP00236412 | 675,17 2,87759 3466 | CAP01334851 | 952,787 2,728 3.523 | CBG656749 1.316,36 2,58762 3.580 | CAP03460938 | 2.027,69 24 3.637 | LAB106326 3.157,73 2,20762
3.410 | ENA229718 686,624 2,87028 3.467 | CBG162190 955,087 2,72696 3.524 | CNR11077 1.319,35 2,58664 3.581 | ENA455223 2.064,76 2,39213 3.638 | CAP03617370 | 3.190,24 2,20318
3411 | CAP04934779 | 689,74 2,86831 3.468 | CAP05946032 959,046 2,72516 3.525 | ASI205735 1.321,02 2,58609 3.582 | CAP00005433 | 2.065,16 2,39205 3.639 | CAP03748718 | 3.270,29 2,19241
3.412 | ENAS541339 691,708 2,86708 3.469 | ENA325934 967,938 2,72115 3.526 | LIF196665 1.345,63 2,57807 3.583 | CAP00000514 | 2.069,59 2,39112 3.640 | CAP04847540 | 3.275,1 2,19177
3.413 | UKR605328 692,168 2,86679 3.470 | CAP03176830 | 972,295 2,7192 3.527 | ASI190001 1.349,03 2,57698 3.584 | CDI123083 2.073,81 2,39023 3.641 | CAP02226119 | 3.311,62 2,18696
3.414 | CDI427045 695,336 2,86481 3.471 | SPE172813 977,242 2,717 3.528 | TIM470453 1.353,15 2,57565 3.585 | CDI671245 2.102,99 2,38416 3.642 | PEK6165 3.390,99 2,17667
3.415 | CAP04792811 | 698,635 2,86275 3.472 | CBGB86316 983,849 2,71407 3.529 | CAP05902392 | 1.359,29 2,57369 3.586 | CAP05988239 | 2.111,05 2,3825 3.643 | CAP02818895 | 3.409,24 2,17434
3.416 | CAP00233345 | 705411 2,85856 3.473 | CAP02211112 990,038 2,71135 3.530 | CAP04819125 | 1.368,36 2,5708 3.587 | CAP05939856 | 2.173,37 2,36987 3.644 | CAP03575058 | 3.412,55 2,17392
3.417 | CAP05929435 | 706,145 2,85811 3.474 | OTA46116 998,922 2,70747 3.531 | CAP00202004 | 1.369,58 2,57041 3.588 | CAP05042937 | 2.193,84 2,36579 3.645 | CAP00263720 | 3.498,41 2,16313
3.418 | CAP04824219 | 713,215 2,85378 3.475 | CAP03749788 | 999,27 2,70732 3.532 | UKR1380920 1.376,27 2,5683 3.589 | CAP03575471 | 2.244,18 2,35594 3.646 | CAP03437195 | 3.516,64 2,16087
3.419 | CAP04830495 | 713,321 2,85371 3.476 | CAP01482215 | 1.008,64 2,70326 3.533 | CAP03883741 | 1.376,65 2,56818 3.590 | CAP01910946 | 2.249 2,35501 3.647 | CAP00531586 | 3.528,06 2,15946
3.420 | CBG24095 728,114 2,8448 3.477 | CBG650075 1.010,76 2,70235 3.534 | CDI732918 1.382,55 2,56632 3.591 | LIF93396 2.257,92 2,35329 3.648 | CBG113889 3.566,22 2,15479
3.421 | CAP04793044 | 735,221 2,84058 3.478 | ENAB848883 1.024,44 2,69651 3.535 | CAP00231771 | 1.385,2 2,56549 3.592 | CBG516143 2.274,28 2,35016 3.649 | ASI161796 3.624,77 2,14772
3.422 | CAP03453847 | 736,923 2,83958 3.479 | CBG172124 1.025,36 2,69613 3.536 | VIT415733 1.401,83 2,56031 3.593 | OTA1228 2.282,35 2,34862 3.650 | CAP03616677 | 3.624,74 2,14772
3.423 | CAP01994913 | 737,799 2,83906 3.480 | CAP03006055 | 1.031,76 2,69342 3.537 | ASI298174 1.406,86 2,55875 3.594 | CAP03616330 | 2.299,76 2,34532 3.651 | SPE138420 3.655,1 2,1441
3.424 | CBG16779 742,853 2,8361 3.481 | CBG16540 1.033,71 2,6926 3.538 | 1BS440647 1.425,09 2,55316 3.595 | CAP05898115 | 2.308,45 2,34368 3.652 | CAP05038231 | 3.657,87 2,14377
3.425 | CAP00430244 | 755,009 2,82905 3.482 | CAP04954699 | 1.039,52 2,69017 3.539 | CAP00188001 | 1.431,37 2,55125 3.596 | CAP00192209 | 2.324,99 2,34058 3.653 | CDI582069 3.659,31 2,1436
3.426 | LIF196671 757,576 2,82757 3.483 | UKR1377134 1.043,11 2,68867 3.540 | CAP03038536 | 1.433,99 2,55045 3.597 | CAP00446955 | 2.326,09 2,34037 3.654 | CAP05987951 | 3.734,68 2,13475
3.427 | CAP01863908 | 768,678 2,82126 3.484 | CDI196216 1.049,82 2,68589 3.541 | CAP05038699 | 1.434,43 2,55032 3.598 | CAP05924689 | 2.352,77 2,33542 3.655 | MAY9734 3.793,74 2,12793
3.428 | CAP00013192 | 774,817 2,8178 3.485 | CAP02216655 | 1.054,35 2,68401 3.542 | CAP03545578 | 1.465,03 2,54115 3.599 | CAP01847386 | 2.371,54 2,33197 3.656 | CBG705750 3.805,53 2,12658
3.429 | 1BS456953 777,512 2,81629 3.486 | CAP02563337 1.062,74 2,68057 3.543 | ASI70001 1.479,24 2,53696 3.600 | CAP02810659 | 2.410,7 2,32486 3.657 | UKR1213263 3.812,79 2,12576
3.430 | CBG294844 777,616 2,81623 3.487 | CAP00020368 | 1.064,18 2,67998 3.544 | ENA651745 1.489,72 2,5339 3.601 | ENA434935 2.414,79 2,32412 3.658 | CAP00013200 | 3.895,53 2,11643
3.431 | CAP03575733 [ 778,965 2,81548 3.488 | CAP02065329 | 1.071,62 2,67696 3.545 | CAP03431557 | 1.490,8 2,53358 3.602 | OTA81213 2.417,82 2,32358 3.659 1BS401987 3.976,46 2,1075
3.432 | CBG506736 781,921 2,81384 3.489 | CAP00271256 | 1.073,47 2,67621 3.546 | CAP00722597 | 1.492,75 2,53301 3.603 | ENA1173566 2.454,13 2,3171 3.660 | CAP05041000 | 3.986,84 2,10637
3.433 | CAP00009086 | 787,373 2,81082 3.490 | UKR1480550 1.076,32 2,67506 3.547 | CBG1315 1.494,9 2,53239 3.604 | CAP04803632 | 2.495,82 2,30979 3.661 | CDI962486 4.057,3 2,09876
3.434 | CAP01847753 | 791,617 2,80848 3.491 | CAP05916505 | 1.077,5 2,67458 3.548 | UKR349951 1511,31 2,52765 3.605 | CAP05863691 | 2.508,38 2,30761 3.662 INF517 4.082,44 2,09608
3.435 | CAP00179397 | 792,811 2,80783 3.492 | CAP00237505 | 1.089,08 2,66994 3.549 | CAP02223569 | 1.518,49 2,52559 3.606 | CAP03455702 | 2.541,12 2,30198 3.663 | SPE27258 4.131,08 2,09094
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3.664 | CDI741938 4.182,29 2,08559 3.721 | CAP03135376 | 7.601,22 1,82612 3.778 | OTAI16851 15.905,9 1,50544 3.835 | CBG177526 47.420,9 1,03103 3.892 | CBG679710 147.468 0,538301
3.665 | CBG579003 4.265,73 2,07701 3.722 | CAP03044619 | 7.618,44 1,82513 3.779 | CAP04454522 | 15.998,5 1,50292 3.836 | CAP05862870 | 47.476,6 1,03052 3.893 | ASI249262 150.392 0,529775
3.666 | CAP04111414 | 4.378,88 2,06564 3.723 | CNR20238 8.160 1,79531 3.780 | CAP01952977 | 16.085,6 1,50056 3.837 | ENA982149 49.828,6 1,00952 3.894 | CAP04934829 | 151.979 0,525215
3.667 | CAP01847825 | 4.398,74 2,06367 3.724 | OTA79460 8.181,54 1,79416 3.781 | CAP00235686 | 16.525,9 1,48884 3.838 | CAP02885429 | 49.966,8 1,00832 3.895 | CAP03455658 | 154.941 0,516834
3.668 | CAP05037923 | 4.448,33 2,0588 3.725 | CAP01968068 | 8.242,94 1,79092 3.782 | CAP03545666 | 16.591 1,48713 3.839 | CAP05922490 | 50.481,3 1,00387 3.896 | CAP03457943 | 156.739 0,511824
3.669 | CAP03455353 | 4.449,07 2,05873 3.726 | CAP00174071 | 8.444,41 1,78043 3.783 | CDI8336 16.914 1,47875 3.840 | ENA1286336 50.803,6 1,00111 3.897 | CAP02579169 | 160.820 0,500659
3.670 | ASI47381 4.522,33 2,05164 3.727 | CAP00190256 | 8.591,54 1,77293 3.784 | CAP05905109 | 17.902,8 1,45408 3.841 | CAP02225219 | 52.048,2 0,990594 3.898 | CAP05945252 | 161.040 0,500067
3.671 | CAP00486618 | 4.53591 2,05034 3.728 | CAP04069665 | 8.611 1,77195 3.785 | CBG410762 18.413 1,44188 3.842 | CAP03504258 | 52.341,5 0,988154 3.899 | CAP03614925 | 164.746 0,490184
3.672 | ENA245097 4.606,5 2,04363 3.729 | CBG197415 8.617,65 1,77161 3.786 | CAP01423373 | 18.807,7 1,43266 3.843 | ENAG11572 52.551 0,986419 3.900 | CAP01564915 | 170.912 0,474227
3.673 | CAP02828749 | 4.630,16 2,0414 3.730 | UKR1078790 8.657,52 1,76961 3.787 | CAP03754497 | 19.889,8 1,40837 3.844 | CDI387797 52.815 0,984242 3.901 | CAP00210236 | 175.919 0,461687
3.674 | CAP01338353 | 4.798,17 2,02592 3.731 | ENA936026 8.681,82 1,76839 3.788 | CAP02809295 | 20.974,9 1,3853 3.845 | CAP05873481 | 52.821,5 0,98419 3.902 | CAP01328903 | 180.856 0,449667
3.675 | ENA747477 4.837,95 2,02234 3.732 | CAP03053032 | 8.721,38 1,76641 3.789 | 1BS413356 21.682,4 1,37089 3.846 | CBG683677 52.878,7 0,983719 3.903 | CAP05906423 | 182.022 0,446875
3.676 | CAP00236962 | 4.909,91 2,01593 3.733 | CAP03553195 | 8.781,12 1,76345 3.790 | CAP04934980 | 22.4134 1,35649 3.847 | CAP00205432 | 55.835,6 0,960089 3.904 | CDI441308 191.500 0,424831
3.677 | CAP03545354 | 4.945,19 2,01282 3.734 | OTA23946 8.825,64 1,76125 3.791 | CAP00298680 | 22.572,8 1,35342 3.848 | CAP05939391 | 58.587,5 0,939195 3.905 | CAP01620912 | 201.022 0,403757
3.678 | CAP00242473 | 4.971,13 2,01054 3.735 | CAP05926013 | 8.861,55 1,75949 3.792 | LIF208264 22.835 1,3484 3.849 | CAP01848576 | 58.590,9 0,93917 3.906 | CDI569826 202.226 0,401164
3.679 | SPE4426 4.996,87 2,0083 3.736 | CAP02579072 8.864,64 1,75934 3.793 | CAP03418099 | 24.481,8 1,31816 3.850 | ENAG93861 60.186,1 0,927504 3.907 | CAP02579241 | 202.616 0,400326
3.680 | CAP03440225 | 5.060,18 2,00283 3.737 | CAP05940872 8.912,1 1,75702 3.794 | ENA406822 24.867,5 1,31137 3.851 | CAP00480213 | 60.735,5 0,923558 3.908 | CAP03439024 | 203.012 0,399479
3.681 | CAP05946443 | 5.080,97 2,00105 3.738 | ENAI1210133 8.996,27 1,75294 3.795 | CAP00266334 | 25.222,8 1,30521 3.852 | ENA328575 61.127,7 0,920762 3.909 | CAP00450663 | 209.875 0,385039
3.682 | CAP04564985 | 5.084,91 2,00072 3.739 | CAP00000600 | 9.023,26 1,75164 3.796 | ENA936293 25.264,2 1,30449 3.853 | CAP03472208 | 61.186,7 0,920343 3.910 | CAP00738954 | 217.399 0,369743
3.683 | CAP02189364 | 5.138,78 1,99614 3.740 | CAP03747366 | 9.046,01 1,75054 3.797 | ASI28750 25.357,6 1,30289 3.854 | CAP00258427 | 62.064,7 0,914155 3.911 | CDI453733 219.390 0,365784
3.684 | CAP05941101 | 5.141,74 1,99589 3.741 | CBG362617 9.375,57 1,735 3.798 | CAP01846833 | 25.387,3 1,30238 3.855 | CAP03459756 | 62.586,4 0,91052 3.912 | CAP05741169 | 228.019 0,349029
3.685 | CAP05860017 | 5.205,08 1,99057 3.742 | UKR923191 9.435,22 1,73225 3.799 | ENA913134 25.639,4 1,29809 3.856 | CAP04823020 | 63.042,6 0,907366 3.913 | CAP05892265 | 231.283 0,342857
3.686 | ENA697390 5.227,19 1,98873 3.743 | CAP05909601 | 9.634,82 1,72316 3.800 | CAP05893329 | 25.918,1 1,2934 3.857 | CAP05046471 | 63.654,4 0,903172 3.914 | VIT949399 233.509 0,338695
3.687 | SPE94950 5.232,12 1,98832 3.744 | CAP03750265 | 9.709,77 1,71979 3.801 | VIT964773 26.103,9 1,29029 3.858 | CAP05006738 | 63.861,3 0,901762 3.915 | CAP05945424 | 235.367 0,335255
3.688 | CAP03439715 | 5.266,33 1,98549 3.745 | CAP00634383 | 10.193 1,6987 3.802 | CAP00233995 | 26.401,9 1,28536 3.859 | CAP03615280 | 65.529 0,890567 3.916 | ENA572206 245.170 0,317534
3.689 | OTA48679 5.291,43 1,98343 3.746 | CAP05883604 | 10.234,8 1,69692 3.803 | CAP02828380 | 27.041,5 1,27497 3.860 | CAP00234062 | 66.447,3 0,884523 3.917 | LAB48699 248.007 0,312535
3.690 | CAP05045570 | 5.293,01 1,9833 3.747 | 1BS317492 10.410,7 1,68952 3.804 | CBG613307 27.574,3 1,2665 3.861 | CAP04810650 | 67.647,3 0,876749 3.918 | CAP03460963 | 254.743 0,300898
3.691 | UKR1301778 5.412,72 1,97358 3.748 | CAP00173460 | 10.686,6 1,67816 3.805 | CAP05863582 | 28.057,3 1,25895 3.862 | CNR11968 68.298,5 0,872589 3.919 | CAP03430799 | 280.377 0,259258
3.692 | CAP04807791 | 5.470,74 1,96895 3.749 | CAP03751030 | 10.762,2 1,6751 3.806 | 1BS281700 28.413,7 1,25347 3.863 | CAP00316632 | 68.352 0,872249 3.920 | CAP03437316 | 310.835 0,214471
3.693 | CDI131999 5.472,58 1,96881 3.750 | 1BS13237 10.771,4 1,67473 3.807 | CBG582396 29.743,6 1,23361 3.864 | SPE191934 68.511 0,87124 3.921 | CBG254982 328.958 0,189859
3.694 | CAP05941616 | 5.474,24 1,96868 3.751 | CAP04793003 | 11.007,1 1,66533 3.808 | CAP04799096 | 30.254,8 1,22621 3.865 | 1BS391325 69.970,1 0,862087 3.922 | ENA262825 339.018 0,176778
3.695 | CAP03061209 | 5.631,57 1,95637 3.752 | ENA753819 11.043,9 1,66388 3.809 | CAP05862561 | 31.1835 1,21307 3.866 | CDI87858 71.052,6 0,85542 3.923 | CAP00161456 | 380.679 0,126441
3.696 | CAP01959017 | 5.637,97 1,95588 3.753 | CAP03575217 11.546,8 1,64454 3.810 | CAP02573304 | 31.839,7 1,20403 3.867 | CAP03574299 | 71.320,5 0,853786 3.924 | TIMS5595 414.832 0,0891277
3.697 | CAP01847393 | 5.659,69 1,95421 3.754 | CAP02826827 11.703,4 1,63869 3.811 | CAP02580216 | 32.263 1,1983 3.868 | CAP04935042 | 72.718,4 0,845356 3.925 | CAP00250935 | 416.059 0,0878446
3.698 | CAP05739324 | 5.664,49 1,95384 3.755 | CBG148090 11.893,1 1,6317 3.812 | CAP03053121 | 32.643,5 1,1932 3.869 | CAP00201877 | 73.223,8 0,842348 3.926 | CAP01847079 | 431.025 0,0724973
3.699 | CAP01678491 | 5.671,07 1,95333 3.756 | LIF179271 11.899,4 1,63147 3.813 | CAP03501576 | 32.913,7 1,18962 3.870 | CAP05729728 | 75.398,3 0,829639 3.927 | CAP02053106 | 434.402 0,0691083
3.700 | CBG27312 5.722,47 1,94942 3.757 | ENA455692 11.936,2 1,63013 3.814 | CAP03502598 | 33.464,8 1,18241 3.871 | CAP03618271 | 77.106,2 0,819911 3.928 | CBG199700 443.397 0,0602074
3.701 | CAP05918648 | 5.725,02 1,94922 3.758 | CAP05940378 | 12.288,5 1,6175 3.815 | CAP00188102 | 33.797,7 1,17811 3.872 | CAP05851862 | 78.644,7 0,811331 3.929 | CAP01845517 | 481.096 0,0247686
3.702 | CAP03457300 | 5.842,03 1,94044 3.759 | ENAT760265 12.565,2 1,60783 3.816 | CAP04816519 | 33.924,5 1,17649 3.873 | UKR1225321 79.876,2 0,804583 3.930 | CAP05934656 | 496.207 0,0113372
3.703 | CAP05040389 | 5.850,86 1,93978 3.760 | ENA925250 125745 1,60751 3.817 | CAP00440904 | 34.287,3 1,17187 3.874 | CAP01130038 | 86.566,8 0,769649

3.704 | CDI600641 5.926,06 1,93423 3.761 | ENA1229743 12.652,1 1,60484 3.818 | CAP04829331 | 34.470,5 1,16955 3.875 | CBG110486 87.992 0,762557

3.705 | MAY40691 6.122,9 1,92004 3.762 | CBG540817 13.105 1,58956 3.819 | UKR923160 34.601,1 1,16791 3.876 | 1BS340328 89.178,3 0,756741

3.706 | ENA287416 6.194,11 1,91502 3.763 | CAP05918199 | 13.294 1,58334 3.820 | CAP03468529 | 34.963,2 1,16339 3.877 | CAP00274347 | 89.992,7 0,752793

3.707 | ANC19332 6.228,21 1,91264 3.764 | CAP01680314 | 13.677,9 1,57098 3.821 | CAP00180452 | 36.547,4 1,14414 3.878 | ENAG69485 92.613,2 0,740327

3.708 | CDI630790 6.300,4 1,90763 3.765 | CAP00011409 | 13.818,9 1,56653 3.822 | CAP00715575 | 36.707 1,14225 3.879 | CAP03445813 | 93.447,4 0,736433

3.709 | CDI850350 6.367,64 1,90302 3.766 | CAP00073634 | 13.970,8 1,56178 3.823 | NET20383 37.185,3 1,13663 3.880 | CAP00196552 | 94.266 0,732645

3.710 | CAP02223487 | 6.404,95 1,90048 3.767 | CAP03750223 | 13.973,9 1,56168 3.824 | CAP01823726 | 40.278,3 1,10193 3.881 | CDI723285 94.281,6 0,732573

3.711 | ENAB812513 6.442,26 1,89796 3.768 | CAP02004670 | 14.486,3 1,54604 3.825 | CAP01331546 | 40.355,7 1,10109 3.882 | OTA134469 94.994,9 0,7293

3.712 | CAP01232407 | 6.479,98 1,89543 3.769 | CAP02810770 | 14.668,8 1,5406 3.826 | CAP00762640 | 40.906 1,09521 3.883 | CAP00236221 | 96.001,5 0,724722

3.713 | ENA488591 6.489,6 1,89478 3.770 | CAP03615577 14.696 1,5398 3.827 | CAP00444315 | 41.4883 1,08907 3.884 | CAP01994843 | 99.964,1 0,707156

3.714 | CBG87975 6.520,46 1,89272 3.771 | CAP05009440 | 14.769,3 1,53764 3.828 | ENAS508615 42.102,7 1,08269 3.885 | CAP00257853 | 100.648 0,704194

3.715 | CAP04845790 | 7.159,82 1,8521 3.772 | CAP02213621 | 14.810,3 1,53644 3.829 | ENAI1172478 431154 1,07237 3.886 | CAP03462300 | 112.269 0,65674

3.716 | CAP03458985 | 7.228,62 1,84794 3.773 | CAP03042747 14.877,4 1,53447 3.830 | ENA278371 43.845,9 1,06507 3.887 | SPE81873 116.094 0,642191

3.717 | CAP00007942 | 7.261,54 1,84597 3.774 | CBG179583 15.075,6 1,52873 3.831 | CAP05944973 | 44.374,2 1,05987 3.888 | CAP00234193 | 123.372 0,615782

3.718 | CBG218866 7.292,34 1,84413 3.775 | LAB96817 15.084,8 1,52846 3.832 | CAP00178070 | 44.801,8 1,0557 3.889 | CAP02210804 | 123.929 0,613826

3.719 | CAP00640174 | 7.332,09 1,84177 3.776 | LAB64835 15.103,9 1,52791 3.833 | CAP03449854 | 45.026,9 1,05353 3.890 | CAP00007235 | 124.403 0,61217

3.720 | CDI844241 7.351,6 1,84062 3.777 | ASI300259 15.692,3 1,51131 3.834 | CNR9745 46.003,8 1,04421 3.891 | CBG149967 144.187 0,548072
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EK-2

Bilesik

3D Yapust

1 ENA833169

2 CDI132241

CBG599807

3 ENA623984

ASI1290064

ENAB881608

ENA373903

158

UKR263840




9 UKR1353805
10 UKR403334
11 CDI811327

12 CNR13756
13 UKR961802
14 TIM405938

15 VIT923177
16 ENA99104
17 CDI339313
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18 ENA462173
19 CNR22181
20 ASI1108386
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EK-3

-CDOCKER

Baglanma -CDOCKER

Eneriisi Eneriisi Etkilesim
nerjisi nerjisi

Mod : : Enerjisi

(kcal/mol) (kcal/mol)
(kcal/mol)
Donepezil 2 -25,9367 18,7042 53,1795
Fizostigmin 5 -17,1355 7,51695 39,9244
Huprineks 6 -18,6734 -7,33011 34,049
BDBM50117612 2 -34,1957 36,9766 56,5379
CHEMBL93936 2 -34,8692 32,4285 56,0543
CHEMBL131827 2 -27,9418 45,7384 59,3591
ikopezil 1 -24,6936 14,0706 50,3825
BDBM50028685 2 -22,5628 40,2029 45,9322
BDBM50032164 2 -26,2122 30,8256 51,6839
CHEMBL486698 6 -18,2117 15,4917 29,3167
CHEMBL263322 2 -23,1654 13,6593 40,4797
BDBM50032163 2 -26,0909 13,7097 51,5065
BDBM50094630 3 -27,0204 -10,0133 39,0267
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EK-4

Baglanma
Mod Enerjisi Doking Skoru
(kcal/mol)

BDBM3175 6 -24,4516 56,491
BDBM50150698 2 -8,87536 47,306
BDBM50293152 2 -25,3205 61,878
BDBM50267461 1 -16,8475 63,269
BDBM50267607 3 -33,8869 99,574
BDBM50293155 2 -21,1341 61,847
BDBM50293153 3 -21,8826 59,793
BDBM50267802 1 -19,1126 92,2
BDBM50267760 2 -29,2557 57,936
BDBM50267801 3 -29,9127 55,742
BDBM50312998 3 -17,5039 53,953
BDBM50312996 2 -22,9089 56,43
BDBM50337557 2 -18,2973 58,892

BDBM8359 4 -17,231 60,372

BDBM31587 3 -20,4722 66,211
BDBM31588 3 -15,0663 58,709

162




BDBM251576 1 -18,4082 59,779
BDBM251573 4 -17,231 60,372
BDBM251572 2 -16,4056 61,96

BDBM8686 2 -34,0697 57,433

EK-5
4EY7 aktif yoresindeki Donepezil
I
Gﬁ:ael Hls S
A:120 H
INews) Aiig 0
A:
AL =
B g b : 454
AL A:386 INPLE
A@i‘(l)JZ Vfd'
A:294

Rezidii Etkilegimi K%%

Elektrostatik PEI&APEI&S
van der Waals A: :

Kovalent Bag ﬁg&

Su
Metal . &S}Z
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EK-6

1Q41 aktif yoresindeki Indirubin

A:136

Rezidii Etkilegimi
T
Elektrostatik A:I§4
van der Waals

Kovalent Bag

Su
Metal .
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TEZDEN CIKAN YAYINLAR

POSTERS

damaged nucleotide recognition and catalytic complex formation.
To gain a deeper insight into the kinetic mechanism the struc-
tural model of the enzyme complex with DNA was created by
molecular dynamics approach. Because no structure of human
SMUGI is available, we used the high sequence homology
among hSMUGI! and xSMUGI from X. /aevis (PDB IDs 10E4
and 10ES5) to obtain a structure of wild type hSMUGI and its
F98W and H239A mutant forms by homology modelling. To
obtain model of hSMUGI-DNA complex the set of complexes
of structurally homologous uracil-DNA glycosylases with DNA
were analyzed. The structure of the hSMUGI-DNA complex
was modeled using structural alignment of hSMUG] with human
thymine-DNA glycosylase TDG bound to DNA (PDB ID
5T2W) as it is the nearest homologue with available enzyme-
DNA complex structure. The model structure of hSMUGI-DNA
complex revealed new details of the mechanism of specific site
recognition and allowed to understand more deeply the func-
tional role of some active site amino acids in the key steps of
DNA-substrate binding and catalysis. The work was funded by
Russian Science Foundation grant 16-14-10038.

P.22-002-Tue

In silico assessment of cardiovascular adverse
effects of drug-drug interactions

S. Ivanov, M. Semin, A. Lagunin, D. Filimonov, V. Poroikov
Institute of Biomedical Chemistry (IBMC), Moscow, Russia

Adverse drug effects (ADEs) are one of the leading causes of death
in developed countries and the main reason for drug recalls from
the market. The ADEs associated with action on the cardiovascu-
lar system are the most dangerous and widespread. Treatment of
human diseases often requires the intake of several drugs, which
can lead to drug-drug interactions (DDIs) causing an increase in
the frequency and severity of adverse effects. Evaluation of ADEs,
as well as the effect of DDIs on their manifestation, is a non-trivial
task and requires numerous experimental and clinical studies. To
solve this problem, we developed a computational approach to
assess the cardiovascular effects of DDIs. This approach includes:
(I) creation of training sets including pairs of drugs showing syner-
gistic and antagonistic effects on cardiovascular ADEs based on
the analysis of FDA spontaneous reports; (IT) prediction of inter-
action of individual drugs with human proteins and influence on
expression of human genes based on structure-activity relation-
ships; (ITI) identification of correlations between drug action on
proteins and genes with appearance of ADEs, and calculation of
interaction scores for each pair of drugs for each cardiovascular
ADE; (IV) validation of developed approach based on the cross-
validation procedure; (V) assessment of possible molecular mecha-
nisms of synergy and antagonism based on pathway analysis of
selected proteins and genes. The developed approach allows pre-
dicting the following effects of DDIs: myocardial infarction,
ischemic stroke, ventricular tachyarrhythmia, cardiac failure and
arterial hypertension. Validation of the approach showed its
acceptable accuracy for the studied effects. For each ADE we iden-
tified possible mechanism of synergy and antagonism at the level of
genes, proteins and signaling pathways. The study was supported
by Russian Science Foundation grant 17-75-10168.

FEBS Open Bio 8 (Suppl. S1) (2018) 107-496 DOI: 10.1002/2211-5463.12453
© 2018 The Authors. Published by FEBS Press and John Wiley & Sons Ltd.

Computational biology

P.22-003-Wed

Pharmacophore generation studies for the
discovery of potential glycogen synthase
kinase 3p enzyme inhibitors

G. Yalcin', 1. Yildiz*

! Ankara University Biotechnology Institute, Ankara, Turkey,
2 Ankara University Faculty of Pharmacy, Ankara, Turkey

Glycogen synthase kinase 3 (GSK3) is a member of Ser/Thr pro-
tein kinase family. There are two GSK3 isoforms (GSK-3o and
GSK-3p) in mammals that show 98% sequence identity within
their kinase domain. Both GSK3 isoforms are highly expressed
in the nervous system including brain and spinal cord. GSK3 has
a critical role for regulation of neuronal functions, including neu-
rotransmission, neurite out-growth, growth-cone dynamics,
cytoskeletal dynamics, synaptic plasticity, endocytosis, apoptosis,
and neurogenesis. Because of this the activity of this receptor has
been linked with several human diseases as diabetes, cancer and
Alzheimer’s Diseases (AD). In the recent researches GSK-3f
activity is especially found linked to increased levels of A pro-
duction and AP deposits, tau hyperphosphorylation, and synaptic
damage in AD patients. In this study, we have aimed to develop
a novel pharmacophore model for discovering new lead GSK-38
enzyme inhibitors. For this purpose, all 3D structures of GSK-38
was taken from RSCB Protein Databank. Homology modeling
was implemented for missing residues in first step. Molecular
docking studies were applied for the choosing of best 3D struc-
ture for pharmacophore modeling studies. Discovery Studio 3.5
Client and AutoDock Vina v1.5.6 were used for this second step.
Structure-Based Pharmacophore Modeling and 3D QSAR Phar-
macophore Modeling were applied for improving of hypothesis
and discovering of new lead GSK-3p enzyme inhibitors by using
Discovery Studio 3.5 Client. In our preliminary studies, 3D struc-
tures with PDB ID: 4PTE, 109U, SK5N, SHLP, 4ACC, 3GB2,
3F7Z. 1Q41 were found appropriate for the further studies and
twenty molecules were chosen with their ICs, values from the
Zinc and BindingDB databases.

P.22-004-Mon

Computational approach to HIV resistance
prediction to reverse transcriptase and
protease inhibitors

O. Tarasova, 1. Mayorov, D. Filimonov, V. Poroikov

V.N. Orekhovich Institute of Biomedical Chemistry, Moscow,
Russia

The problem of resistance to nucleoside-, non-nucleoside HIV
reverse transcriptase (RT) inhibitors (NRTIs and NNRTIs) and
protease inhibitors (PRIs) is important because these classes of
drugs are included in most of highly active antiretroviral therapy
(HAART) schemes. The aim of our study is the development of
the computational approach to predict the resistance of the par-
ticular variant of HIV to NRTIs, NNRTIs and PRs using avail-
able data on relationships between the particular mutations in
pol gene of HIV and the resistance of RT variant to NRTIs,
NNRTIs and PRs. Our computational approach is based on
PASS algorithm, which was earlier proposed to apply for predic-
tion of HIV resistance. We propose to use the (1) descriptors as
a set of pentapeptides of the amino acid sequence of reverse tran-
scriptase and protease and (2) combined descriptors involving the
pentapeptide and a chemical descriptor of a antiretroviral drug.
We used over 3000 RT amino acid sequences and over 3400 PR
sequences of HIV variants from HIV Drug Resistance Database
to build models aiming at predicting the genotype-phenotype
relationships providing the interpretation of the HIV variants
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MOLECULAR BINDING PROFILE OF PROTOBERBERINE
ALKALOIDS ON GLYCOGEN SYNTHASE KINASE 3 AS a DRUG
CANDIDATE FOR ALZHEIMER’S DISEASES

ALZHEIMER HASTALIGINDA iLAC ADAYI OLARAK PROTOBERBERIN
ALKALOITLERININ GLIKOJEN SENTAZ KINAZ 3B ILE MOLEKULER BAGLANMA
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ABSTRACT

Objective: Protoberberine alkaloids such as berberine, palmatine, jatrorrhizine, columbamine,
magnoflorine were found to prevent a progressive neurodegenerative disorder as experimentally, the
mechanisms of them are not absolutely clear. In this study, we have aimed to elucidate the binding and affect
mechanism of these alkaloids on the GSK-3p.

Material and Method: Glycogen Synthase Kinase 3 (GSK-3p) is a serine/threonine kinase which has

essential roles in Alzheimer’s Diseases (AD) processes. AD shows neuropathological markers as tau
hyperphosphorylation and accumulation of amyloid B (Ap) proteins. Af proteins are generated from sequential
cleavages of amyloid precursor protein (APP). Recent studies show that inhibition of GSK-3f causes to
decrease in the cleavage of APP. Thus the accumulation of Aff was prevented by this process. Due to the
therapeutic benefit of the inhibition of GSK-3p it has been a favoured target for scientists.
Alkaloids are secondary metabolites which are produced by a large variety of organisms as plants with diverse
structures. To explain the binding and the effect mechanism of GSK-3p, molecular docking studies were applied
on these natural products by using CDOCKER module of Discovery Studio 3.5 Client. Binding mechanism was
identified by Hydrogen, m bindings between ligands and GSK-3p.

Result and Discussion: It has established that some protoberberine alkaloids with attractive properties
about inhibition of GSK-3f. The molecules exhibited <-7.0 kcal/mol binding affinity values. Best docked results

* Corresponding Author / Sorumlu Yazar: Gozde Yalcin
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were detected with magnoflorine. In contrast with the other protoberberine alkaloids, magnoflorine has a
compact structure. It could be more effective on binding affinity to receptor due to this reason.

Keywords: alzheimer’s disease; glycogen synthase kinase 3f8; molecular docking; protoberberine alkaloid
oz

Amag: Berberin, palmatin, yatrorrizin, kolumbamin, magnoflorin gibi protoberberin alkaloitlerin
norodejeneratif hastaliklardan korudugu deneysel olarak tespit edilmis olmasina ragmen; buna yol agan
mekanizma tam olarak agikla wtir. Bu ¢alismada, bu alkaloitlerin GSK-3f ile baglanma ve etki
mekanizmalarint agiga kavusturmak hedeflenmistir.

Gere¢ ve Yontem: Glikojen Sentaz Kinaz 3f (GSK-3p) Alzheimer Hastaligina (AD) ait siireglerde
vazgegilmez éneme sahip bir serin/treonin kinazdir. Alzheimer Hastaligi tau hiperfosforilasyonu ve amiloid 8

(Ap) proteinlerin birikimi gibi néropatolojik belirtegler gostermektedir. Ap proteinleri Amiloid Onciil Protein
(APP) nin sekanssal kesimi ile meydana gelmektedir. Son donemlerdeki ¢alismalar GSK-3p inhibisyonunun
APP kesiminde gerilemeye yol actigim ortaya koymustur. Boylece Af birikimi bu proses ile onlenmektedir.
GSK-3p inhibisyonunun terapotik onemi nedeniyle Bilim insanlari i¢in 6nemli bir hedef haline gelmistir.
Alkaloidler cesitli yapilardaki bitkiler gibi pek ¢ok organizma tarafindan iiretilen sekonder metabolitlerdir.
Alkaloitlerin GSK-3f ile baglanma ve etki mekanizmalarini agiga kavusturmak amaciyla; bu dogal iiriinlerle,
Discovery Studio 3.5 Client programina ait CDOCKER modulii kullanilarak molekiiler doking ¢alismalart
yiiriitiilmiistiir. GSK-3f ile ligandlar arasindaki baglanma mekanizmasi Hidrojen ve  baglari vasitasiyla tespit
edilmistir.

Sonu¢ ve Tartisma: Dikkat ¢ekici ozellikleriyle bazi protoberberin alkaloitlerinin GSK-3f inhibisyonu
tizerindeki etkileri incelenmistir. Molekiiller -7.0 kcal/mol’den kiigiik bir baglanma afinitesi gostermistir. En iyi
doking sonuglart magnoflorinden elde edilmistir. Diger protoberberin alkaloitlerinin aksine magnoflorin daha
kompakt bir yapiya sahiptir. Bu ézelliginin reseptore baglanma kapasitesinin arttirilmasinda etkili olabilecegi
diisiiniilmiistiir.

Anahtar Kelimeler: alzheil hastaligi; glikojen sentaz kinaz 3f; molekiiler doking; protoberberin
alkaloitleri
INTRODUCTON

Alzheimer’s disease (AD) is an irreversible, progressive neurodegenerative disease that causes
memory lose and decreasing of cognitive skills. In most people with Alzheimer’s, symptoms first appear
in their mid-60s. Alzheimer's disease is currently ranked as the third leading cause of death for older
people in the United States, just behind heart disease and cancer [1].

AD is very complex and just one drug is not being enough to treatment of disease. Current
approaches mainly focus on increasing of mental function, managing of behavioral symptoms, and slow
down certain problems, such as memory loss. It is getting importance to understand the underlying
reasons of disease and developing new multi-target drug molecules.

AD has been caused by the troubles which evolve in several mechanisms and shows itself with
some neuropathological markers as neurofibrillary tangles with tau hyperphosphorylation and

accumulation of amyloid B (AB) proteins (Figure 1)[2].
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Normal Alzheimer’s

Neuroibrillary
tangles
2

Figure 1. Neuropathological markers of AD [2]

3

Sequential proteolysis of amyloid precursor protein (APP) causes generation of Af} proteins.

APP is a transmembrane protein which is highly expressed in brain tissues and concentrated in the

synapses of neurons. An a-secretase, B-secretase, and the intramembranous y-secretase complex perform

a sequential process to APP (Figure 2) [3].

Jeasp [ ] [ 1 C31
i}

pé3 [E— o s
1

)

mge caspase-cleavage

sAPPa o
L = oCTFI [

y | pm—

S S—
a-cleavage
P

- . BCTF = [

SAPPB ~'
y-cleavage caspase-cleavage
¥
rn—— C— JAICD
AB J
Jeasp | [ ] C31

Full-length APP . ¥ —— |
t —= ¢ S — Y
B-cleavage ——— caspase-cleavage
4 &=

Figure 2. Generation of A proteins by processing of APP [3]
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B-secretase 1 (BACEL) is the key enzyme in the B-cleavage of APP protein (Figure 2). Inhibition
of BACE1 prevents the generation of A proteins. Glycogen Synthase Kinase 3 is a proline-directed
serin/threonine protein kinase which mediates glycogen metabolism. Ly et al. examined the effects of
GSK-3B-specific inhibition on AD neuropathology and found specific inhibition of GSK-3p reduced
BACE-mediated cleavage of APP [4]. In the recent studies BACE]1 inhibitor design was scrapped, due
to the constraints of the active site [5]. As a result of this, drug design on GSK-3p inhibition gain
importance as a drug target.

The protoberberine alkaloids found in the Berberidaceae and Ranunculaceae families.
Berberidaceae family which contains 18 genera of flowering plants commonly called the barberry family
[6]. The protoberberine alkaloids found the several species such as Berberis vulgaris L., B. aristata DC.,
B. crataegina DC., Mahonia aquifolium (Pursh) Nutt., Hydrastis canadensis L., Xanthorhiza
simplicissima, Marshall Phellodendron amurense Rupr., Coptis chinensis Franch., Tinospora cordifolia
(Thunb.) Miers, Argemone mexicana L. and Eschscholzia californica Cham. [7-10]. The species include
trees, shrubs and perennial herbaceous plants. There are four Berberis sp. in Turkey. B. crataegina DC.
and its hybrids are widespread and the fruits are often used as food [11].

The protoberberine alkaloids include a tetracyclic ring system, and they are derived from
benzylisoquinolines through phenolic oxidation and coupling with the isoquinoline N-methyl group,
which becomes the ‘‘berberine bridge’’ carbon [12]. The most commonly found protoberberines are:
berberine, palmatine, jatrorrhizine, columbamine, magnoflorine. It was observed that protoberberine
alkaloids show very important biological activities on different specific organic systems. Activities such
as analgesic, anticonvulsant, antiamnesic, narcotic, antiarrhythmic, antihemorrhagic, hypotensive,
antiinflammatory, antioxidant, antitumoral, antidiarrhetic, antiulcer [12]. In recent studies
Protoberberine alkaloids were found to prevent a progressive neurodegenerative disorder as
experimentally however the effect mechanism wasn’t explained clearly [13].

In this study, we have aimed to elucidate the binding and affect mechanism of these alkaloids
on the GSK-3B. For this purpose, molecular docking studies were applied for these natural products by
using CDOCKER [14] module of Discovery Studio 3.5 Client [15]. Binding mechanism was identified
by Hydrogen, m interactions between ligands and GSK-38.

MATERIAL AND METHOD

The atomic coordinates of GSK-3f from human have been deposited in the Protein Data Bank
(www.rcsb.org; PDB accession no. 1H8F [16]) (Figure 3). GSK-3p was co-crystallized with an inhibitor
of receptor, EPE, 4-(2-Hydroxyethyl)-1-Piperazine Ethanesulfonic Acid molecule. Binding pocket of
GSK-3p was defined with key residues like PHE67, PHE93, ARG96, ARG180, ASP200, ASN213,
VAL214, TYR 216, LYS205 [16].
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Receptor crystallized in dimer form (Figure 3A). Receptor was used in dimer form for docking
protocol owing to binding pocket is in the outer surface of subunits (chain A or B) (Figure 3B-D). All
the other heteroatom’s except water molecules in active site (i.e., nonreceptor atoms such as redundant
water molecules, ions, co-crystallized ligand, etc.,) were also removed (Figure 3E). For the preparation
of receptor to docking hydrogens were added and their positions were optimized using the all atom
CHARMmM force field and Adopted Basis set Newton Raphson (ABNR) method available in Discovery
Studio 3.5 Client [15] (Figure 3E). The binding sphere was selected around the inhibitor EPE using the

binding site tools.

Chain A

E

Figure 3. 3D structure of GSK-3p. A) Whole structure with all heteroatoms. B) Active site in Chain A.

Yellow labeled surface in black square show interested area. C-D) Active site (binding pocket) between

two subunits. E) Form of GSK-3p prepared to docking

All protoberberine alkaloids (Figure 4) were sketched; CHARMm forcefield parameterization
was assigned to all atoms, and then minimized using the ABNR method. Molecular dynamics (MD)
approach was used for conformational searches. The ligand was heated to a temperature of 700K and

then annealed to 200K.
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Palmatine

Figure 4. 2D structures of protoberberine alkaloids

CDOCKER [14] method was performed by using Discovery Studio 3.5 Client (DSC). EPE was
firstly docked and RMSD values were calculated on the purpose of fixing a docking protocol and binding

site.

RESULT AND DISCUSSION

EPE, known inhibitor of GSK-3p, was firstly examined for the comparison between the
inhibitor and protoberberine alkaloids by DSC. Docking sphere was chosen as 24,967, 15,929, 25,595
(X, Y, Z coordinates respectively) and 6,66201 radius value. CDOCKER, CHARMm based molecular
docking method, was used as docking protocol. Also in situ ligand minimization was implemented by
ABNR algorithm. Binding values of conformations were calculated with Generalized Born using

Molecular Volume (GBMYV), implicit solvent, model. RMSD values of EPE were given in Table 1.
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Table 1. RMSD values EPE
Binding Mode RMSD (A)
1 0.0000
2 72757
3 72757
4 2.2958
5 2.8834
6 5.9871
7 1.4587
8 1.4588
9 1.4588
10 1.4588

The predicted conformation of docking result was same with crystal structure in reliable RMSD

values (~3A). Superposition of crystallized form and docking result of EPE was shown in Figure 5.

Figure 5. Superposition of crystallized form and docking result of EPE (RMSD value=1.4587 A).

Crystallized form was shown in yellow color.

EPE’s docking profile in binding pocket was found similar with literature [16] (Figure 6).
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Figure 6. EPE’s binding properties. Green, Blue and Pink discrete lines show hydrogen bonds.
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Protoberberine alkaloids were also docked by the same protocol with same sphere attributes.

CDOCKER results were given for each ligand in Table 2.

Table 2. Binding properties of protoberberine alkaloids

Bindin o -CDOCKER
Compoyng mode ¢ Bmding Exeey Interaction Energy
Berberine 5 -7,43364 26,4198
Magnoflorine 1 -18,2533 34,2943
Columbamine 7 -11,988 31,9855
Jatrorrhizine 1 -12,1812 31,8892
Palmatine 1 -10,6678 30,9308
EPE 9 -6,94096 33,3915

Magnoflorine was found most effective compound with its highest binding affinity and -

CDOCKER Interaction Energy. Interaction between residues and magnoflorine was shown in Figure 7-

Figure 7. Molecular surface of GSK-3p with magnoflorine. Hydrophobic structure of the binding
pocket. Blue residues show especially hydrophilic residues. Interaction profile between ligand and

residues were shown in red square. Green discrete lines show hydrogen bonds (with ARG96, ARG180).
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Figure 8. 2D demonstration of interaction profile of magnoflorine. Blue discrete lines show hydrogen
bonds (with ARG96, ARG180).

ARG86

Figure 9. Interactions between magnoflorine was showed more detailed. Green discreet lines shows

hydrogen bonds. Pink discreet lines shows the “bumps (close contacts)” between ligand and VAL214.
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Interaction profiles of the other protoberberine alkaloids were given in Figure 10-11.
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Figure 10. Protoberberine alkaloids in binding pocket. A) berberine b) columbamine c) jatrorrhizine

d) palmatine. Blue discrete lines show hydrogen bonds, orange lines show n-m interactions.

Figure 11. Protoberberine alkaloids in binding pocket with 3D structure of receptor. A) berberine b)

columbamine c) jatrorrhizine d) palmatine. Green discrete lines show hydrogen bonds, orange lines
show m-m interactions.
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In this work, we have established some Protoberberine alkaloids with attractive properties about
inhibition of GSK-3p. The molecules exhibited <-7.0 kcal/mol binding affinity values.

Best docked results were detected with Magnoflorine. In contrast with the other protoberberine
alkaloids, magnoflorine has a compact structure. It could be more effective on binding affinity to
receptor due to this reason. Experimental studies between magnoflorine and GSK-3, couldn’t find in
the literature however magnoflorine was found to cross blood-brain barrier and it was found effective
on the locomotor activity of mices [17]. It was thought that this effect could provide by the inhibition of
GSK-3p.

ARG96 and ARG180 were found essential for binding as literature [16]. Also PHE67, PHE93
and PHE293 residues which are in the binding pocket of GSK-3B were found interacting with
compounds as well. On the other hand water molecules weren’t found effective on binding of

compounds.
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