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ABSTRACT

The advent of technological advances in the field of computer-aided drug design has
streamlined the drug design process, making it more cost- and time-efficient.
Nowadays rational, structure-based drug design may quantify underlying molecular
interactions involved in ligand-protein binding by utilizing the 3D structure of the
therapeutic target in the process. One of the most important tasks in the lead
optimization phase of the drug design process is to predict, among a series of lead
candidates, which ones will bind more strongly to the therapeutic target. In this
direction, relative binding free energy methodologies have been developed, which
rely on physics-based molecular simulations and rigorous statistical mechanics to
calculate the differences in the free energy of binding between a parent candidate
drug and analogues. For example, Free Energy Perturbation (FEP) calculations
coupled with Molecular Dynamics (MD) simulations calculate the free energy
difference between an initial (reference) and a analog (target) molecule to an
average of a function of their energy difference evaluated by sampling for the initial
state.

Such methodologies have shown significant potential in the lead optimization
process, however, they have been limited by technical challenges such as manual
creation of large numbers of input files to setup/run/analyze free energy simulations.
Automating free energy perturbation calculations would streamline the use of FEP
calculations and would be a step forward to delivering high throughput calculations
for accurate predictions of relative binding affinities before a compound is
synthesized, and consequently save enormous experimental and human resources.

In this thesis, an algorithm that automates the set up procedure for relative binding
free energy simulations is described. We have created FEPrepare, the first web-
based server, which automates the set-up procedure for FEP calculations within the
context of NAMD, one of the major MD engines. The user has to upload the structure
files to the web-server. The algorithm, which is written in Python, performs atom
renaming, and partial charge redistribution. Later it uses VMD, which is a molecular
viewer program that can be used to help set up NAMD simulations and to help
analyse and visualize NAMD output, to generate all needed files for the calculations.
After the algorithm confirms compatibility with NAMD, it provides the user with
everything needed to run a simulation

Computational methods in drug design have proven very useful as they render the
lead optimization process both time and cost efficient. Automation of Free Energy
Perturbation calculations to provide access to large-scale simulations for lead
optimization has been presented in this thesis.

SUBJECT AREA: Computational Chemistry

KEYWORDS: free energy, drug design, NAMD, dual topology file, ligands, web
development



NEPIAHWYH

H &iadikacia oxedlaopou @apuakwy €xel BeATioTotroinBei pe 1 Bonbeia Twv
NAEKTPOVIKWY UTTOAOYIOTWY, £XOVTAG YiVEl TTIO ATTOOOTIKN) aTTO TTAEUPAS KOOTOUG Kal
XPOVoU. 2nuepa, Xpnolgotrolwvtag Tn 3D Oopr) Tou BeparreuTikoU OTOXOU O
0POOAOYIOTIKOG OXEDIOONOG QPAPHAKWY HTTOPEI VO TTOCOTIKOTIOINCEl TIG HOPIAKES
OAANAETTIOPACEIG TTOU €UTTAEKOVTOI OTN OE€0PEUON CUVOETN-TTPpWTEIVNG. 'Eva atmod Ta
MO ONUAVTIKA KaBrkovTa oTov oXedIooud Qapudkwy gival va TTpoRAEYoUUE PETAEU
MIAG O€IPAg UTTOWN@IWY TToId aTTd aUTA Ba dECPEUTOUV KOAUTEPO OTOV BEPATTEUTIKO
OTOXO. Z€ AUTH TNV KaTeuBuvon £xouv avatrTuxBei ueBodoAoyieg OXETIKAG BETPEUONG
TNG €AEUBEPNG eVEPYEIOG, Ol OTTOIEG PBaciovial O€ POPIAKEG TTPOCOPOIWOEIG, OTN
QUOIKA KAl 0TV AQuoTnPrf OTATIOTIKI PNXAVIKA YIa TOV UTTOAOYIONO TWV dIapopwV
oTnNV €AeUBePN evEpyEIa oUVOEONG PETAGU €VOG YOVIKOU UTTOWAPIOU (PAPPAKOU Kal
avoAéywv Tou. Ta Tapddeiypa, ol uttoAoyiopoi TNG EAeuBepng Evepyelakng
Alarapaxnig (FEP) og ouvduaopo pe Tig TTpocopoiwoels Moplakng Auvauikig (MD)
uttoAoyifouv Tnv €AeUBepn dla@opd evépyelag HETAEU €VOG apXIKOU Kal VOGS TEAIKOU
Mopiou.

Tétoleg peBodoloyieg €xouv  Ocigel onuavtikég OuvatdtnTeg oTn  dladikaoia
BeATioTOTTOINONG 0ONYWV HOPIWYV, WOTOCO £XOUV TTEPIOPIOTEI OTTO  TEXVIKEG
TIPOKANOCEIG OTTWG N XEIPOKiIVNTN dnuioupyia peydAou apiBuou apxeiwv 106dou yia
TNV eykatraoTaon / €kTéAeon / avAAuon eAeUBEpwV TTPOCOMNOIWCEWY evépyelag. H
QUTOPATOTTOINON TWV UTTOAOYICPWY TNG dlatdpaing TnG €AeUBepng evépyelag Ba
amrAotroifoel TN Xprion Twv utroAoyiopwyv FEP kai gival éva BAua TTpog 1a euTTpOg
yla TV TTapoXr UTToAOYIOPWY UWNAAG attédoong yia akpiBeig TTpoBAEWEIS TTPIV ATTO
TNV 0UVOEON WIOG £VWONG KOl CUVETTWG Ba e€0IKOVOUNOEl TEPAOTIO XPOVO Kal KOOTOG.

2 autn Tn d1aTpIPn TTEPIYPAPETAI £Vag aAyOpPIBUOG TTOU auTopaToTTolEl TN dladikaaia
EYKOTAOTOONG VIO OXETIKEG OEOCMEUTIKEG TIPOOOMOIWOEIG €AEUOEPNG EVEPYEIQG.
Anuioupyrioape 10 FEPrepare, tov TpwTto I0TOTOTTIO, TIOU QUTOMOTOTIOIEI TN
dladikaoia Tou oTnoiuaTog yia uttoAoyiopoug FEP oTo mAaiolo Tou NAMD, evég atro
TOUG ONMAVTIKOTEPOUG unxaviopoug MD. O xpriotng aveBdlel ta apyxeia SOPNng
TTPWTEIVNG Kal TWV TTPOCOEUATWY, 0 aAyOpIBPOG O 0TToI0G ival ypauuévog o€ Python
METOVOUACZEl T dATOMA, KOl avadlaveigel Ta  @QOpPTia Twv aATtopwv. ApyoTtepa
xpnoigotroigital 7o VMD, 10 oTr0io €ival €éva TTpoypapua JopIokAG TTPOBOAAG TTou
MTTOPEl va XpnolyotroinBei yia va Bondrnoel oTn dnuioupyia TTPOCOMNOIWONG TOU
NAMD kai va Bon8rioel otnv avdAuon Kal aTreikovion Twv 0£OOPEVWY TTOU TTAPAYEI
10 NAMD, yIa va TTapdgel Ta apxeia Tou xpelaldPaoTe, Kal va KAvel To Solvation kai
TOV 10VIOPO. AQoU 0 aAyopiBuog emBeBaiwaoel ol OAa Ta apxeia ival cupBard ue To
NAND Ta TTOpEXEI OTOV XPNOTN .

O1 uTtrohoyioTikéEC pEBODOI OTOV OXEDIAOUO QapUAKwyY €Xouv aTTodelxBei TTOAU
XPNOIMEG KABWG KAvouv Tnv dladikacia Tng BEATIOTOTTOINCNG TTOAU TTIO ypriyopn Kai
@Onvr. Z16X0¢ pag oe autr TNV OITTAWMATIKA €pyacia €ival va QUTOPOTOTTOINCOUUE
TOUG UTTOAOYIOHUOUG €AEUBEPNG evépyelag TTPOCOECNG VIO VA TTAPEXOUNE TTPOoRacn
0€ MEYAAN KAIJOKA TTPOCOUOILCEWV.

OEMATIKH MEPIOXH: YTroloyioTikA Xnusia
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