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ABSTRACT

Drug delivery systems are engineered technologies for the targeted delivery and/or
controlled release of therapeutic agents. Nanoparticles (NPs) as drug delivery systems
have shown significant promise in cancer treatment, where they are used to improve the
biodistribution of cancer drugs. Thus, nanoparticles need to be designed with optimal
size and surface characteristics in order to decrease side effects and drug toxicity while
maximizing a treatment’s impact. Magnetic nanoparticles (MNPs) are a class of
nanoparticles, which can be manipulated using magnetic field gradients in order to
reach the target site of interest and deliver the drug faster and more efficiently. Such
particles commonly consist of a magnetic core and attached ligands. Among all MNPs,
iron oxide MNPs with proper surface architecture and conjugated targeting
ligands/proteins are of great importance for drug delivery applications because of their
biocompatibility. The two main forms of such MNPs are magnetite (Fe3O4) and its

oxidized form maghemite (y-Fe,O03).

A first consideration in assessing MNP toxicity as well as efficiency of translocation in a
cell is the interaction of the MNP with the cell membrane. In the present thesis,
computational approaches were used for the construction of functionalized magnetite
MNPs of different shape, size, and surface chemistry. Subsequently, Molecular
Dynamics (MD) simulations were performed to investigate the MNP in contact with a
model cell membrane in order to gain insights into the physicochemical properties that

govern the interactions between different classes of MNPs and the membrane.

Initially, a generic code that builds the model of the NP core of a given size and surface
architecture was developed. The growing planes of the Fe;O,4 crystal, which are relative
to the minimum surface energies, were used to extend the size and shape of the NP.
This approach was generalized by developing an algorithm that construct different
crystal morphologies for a given crystal based on its preferred growing planes, the Miller
indices and a user-defined size of the crystal. Subsequently, another algorithm was
developed to attach polyvinyl alcohol (PVA) and polyarabic acid (ARA) ligands to the
Fe3;O4 MNP core. A dipalmitoylphosphatidylcholine (DPPC) lipid bilayer was then built
as a model cell membrane. Finally, the two model MNPs were placed in the water
phase of the lipid bilayer system and atomistic MD simulations were performed in order

to describe the nanoparticle-membrane interactions in atomic-level detail.



The results from our simulations are further compared to available experimental data
from our collaborators and conclusions are drawn for the distinct interactions between

the different ligand coating of the NP and the model cell membrane.

SUBJECT AREA: Computational Molecular Biophysics

KEYWORDS: nanopatrticles, drug delivery systems, magnetite, molecular dynamics,

atomistic simulations



NEPIAHWH

Ta ouothuata MPETAPOPAS QAPUAKWY aA@OPOUV TEXVOAOYIEG MWNXAVIKAG Yia TN
OTOXEUMEVN  UETOQOPA  KaI/f TNV  eAeyXouevn  oTTeAeuBépwon  BePATTEUTIKWV
TTapayoviwy. Ta vavoowuatidla (NPS), w¢ ouoTAPATa  UETAPOPAS QAPUAKWY,
TTapoucidfouv ONnUAvTIKA E€TMIOTAPOVIKA UTTOOXEON OTn BepaTreia Tou Kapkivou, OTTOU
XpnoigoTtrolouvTal oTn BEATIwWON TNG BIOKATAVOUNG TWV AVTIKAPKIVIKWY Qapuakwy. Katd
auTtd TOV TPOTTO, VAVOOWMUATIOIO BEATIOTOU PEYEBOUG KAl XOPAKTNPIOTIKWY ETTIPAVEING
gival avaykn va oxedlaoTouV e OTOXO TN MEIWON TWV TTAPEVEPYEIWV KAl TNG TOEIKOTNTAG
TWV QAPUAKWY EVW PEYIOTOTTOIEITAI N BETIKY ETTITITWON TOUG 0TN BepaTreia. Ta payvnTika
vavoowpaTtidia (MNPS) atroteAouv pia KaTtnyopia vavoowuaTidiwy, Ta OTroia YTTopouv
vVa XEIPIoOTOUV KATW atrd Tnv €TTidpacn €viaong payvnTikou Trediou PE OKOTTO va
@TACOUV OTN OTOXEUMEVN TTEPIOXNA KAl VA ATTEAEUBEPWOOUV TO GAPHAKO TTIO YPHyopa Kal
O aTTOTEAECMATIKA. TéTola ocwpatidla ocuvABw atroteAouvTal attd €vav PayvnTiko
TTUPAVA KAl OUVOEDEPEVOUG POPIOKOUG TTPOodETEG. MeTtagu OAwv Twv MNPs, T1a
vavoowuaTidla ogeidiou Tou OIOAPOU PE KATAAANAN QPXITEKTOVIKY ETTIQAVEIQS KAl
ouleuypéva  Popla/TTpwTEiveG  TTapoucidlouv  €CAIPETIK OnuUaAcia  OTIC €QAPUOYEG
METAPOPAS Qapudkwy eEaitiag TG BioouuBatdtnTd Toug. O1 dUO KUPIEG HOPPES AUTWV

gival o payvnTitng (Fes04) Kal N o&eIdwPEVN HOPPH TOU, O HayediTng (Y-Fe20s3).

H TTpwTn eKTiNON OXETIKA PE TNV TOZIKOTNTA TV MNPS KaBwg Kal TNG aTTOTEAECUATIKAG
METAQOPAG TOUG OTO KUTTAPO, €ival n aAAnAemidpaon tou MNP pe Tnv KUTTApPIKA
MEMBPAVN. ZTnV TTapoUuca OJITTAWMATIKY) €PyaOia, XPNOIMOTTOINBNKAV UTTOAOYIOTIKEG
TTPOCEYYIOEIG VIO TNV KATAOKEUR VAVOOWMPATIOIWY payvnTitn OI0QOPETIKOU OXNMATOG,
MEYEBOUG Kal XNUEIQG TNG E€TMIQAVEIAS TOUuG. AKOAOUBWG, TTPOCOUOIWOEIS HOPIOKAG
QUVAMIKAG e@apudoTnKav yia Tn dlEpelvnon TNG €Ta@nig Tou MNP e TNV KUTTAPIKA
MEUBPAVN, TTPOKEIYEVOU VO QTTOKTNOEI yvwon TwV QUOIKOXNMIKWY I8I0TATWY TToU

OlETTouv  TIG aAANAemmdpdoeic PeTaly OlaQOPETIKWY KaTnyopiwv MNPs kalr Tng
HepBpavng.

ApXIKA, €vag YEVIKOG KWAIKAG avaTITUXONKE yia TNV KOTAOKEUN TOU POVTEAOU TTUprva
vavoowpaTidiwv Oedopévou  PEYEBOUG Kal QPXITEKTOVIKAG emi@dveiag. Ta etTireda
avatmtuéng tou FezO4 kpuoTdAAou, Ta oTroia oxeTiCovral PE TNV €AAXIOTN €VEPYEIQ
EMMQPAVEIOG, XPNOIPMOTTOINBNKAV yIa TNV ETTEKTACN TOU MEYEBOUG Kal OXAMOTOG TOU
vavoowpaTidiou. H TTpooéyyion auTr] YEVIKEUTNKE PE TNV AVATITUEN €vOG aAyopiBuou

KATOOKEUNG OIOQOPETIKWY HOPPOAOYILV KPUCTAAAOU HE BAon Ta etrireda avatmTuéng



TOoU KpuoT&AAou, Toug deikTeg Miller kal Tou KPUOTAAAIKOU peyEBoug KaBopliouévo atro
Tov XPAOoTN. AkKOAOUBwG, n uAotroinon €vog AGAAOU TTPOYPAMMATOG ETTITPETTEI TNV
TTPO0dEON TwV AAUCIOWV TTOAUBIVUAIKNG OAKOOANG (PVA) kKal TTOAUOKPIAIKOU O&EwG
(ARA) oTovV Fe3Oq4 MNP TTUpRVva. H AITTIOIKA dIrTrAooToIRGda
(dipalmitoylphosphatidylcholine - DPPC) KaTaOKEUAOTNKE OTN OUVEXEIA WG MOVTEANO TNG
KUTTOPIKAG MEPPBPAvNG. TEAog, Ta duo poviéAa MNPs TomroBetriBnkav oTtnv uddrivn
TTEPIOXN TNG ANITMOIKAG OITTAOCTOIBASOG KAl ATOMIKIOTIKEG TTPOCOUOIWOEIG HOPIAKAG
OUVOUIKNG €QAPUOOTNKAY HPE OKOTTO TNV  TTEPIYPAP TwV  AAANAETIOpAoEwV
VAVOOWMATIOIOU-PEPPPAVNG OE ATOMIKO ETTITTEDO.

Ta amoteAéopata TNG TIPOCOMOIWONG OUYKPIVOvVTal TTEPAITEPW ME Ta OlaBEoIpa
TTEIPAPATIKA OEDOUEVA ATTO TOUG CUVEPYATEG UAG KAl TA CUPTTEPACHATA CUVTACOOVTAI
WG TTPOG TIG OIOPOPETIKES AAANAETIOPACEIC HETALU DIOPOPETIKWY TTPOCdETWY Tou NP Kal

TOU MOVTEAOU KUTTAPIKAG MEUPBPAVNG.

OEMATIKH MNMEPIOXH: YTtroAoyioTikry Mopiakr Bloguaoikn

AEZEIX KAEIAIA: vavoowparidla, CUCTAPATA HETAPOPAS QOPUAKWY, HayvNTITNG,

MOPIOKK) QUVAUIKI], ATOUIKIOTIKEG TTPOCOUOIWCEIG



