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ABSTRACT

Nanomaterials offer new promising applications in medicine, physics, engineering and
other fields varying from energy storage to paints, industrial catalysts and drug delivery.
The increasing applications of these engineered nanostructures require that they have
specialized properties for each of their desired functions; these properties can be
acquired through functionalization of their surface with various chemical groups and
architectures. Nanoparticles can be functionalized with surface attachment of ligands
such as small molecules, surfactants, dendrites, polymers, biomolecules, etc.

Indefinite combinations of functionalized nanoparticles can exist when coating them
with different ligands. To test which functionalized nanoparticles are best suited for the
intended nanoparticle application, one may resort to wet lab experiments. However,
experiments can be costly considering different experimental steps such as
nanoparticle synthesis, functionalization, characterization, quality control, conduction of
experiments etc. One way to minimize the cost and time needed for these experiments,
is to first run inexpensive computer simulations in order to predict which nanoparticles
are best suited for the intended application, and then test in the lab only a few
nanoparticles, which are predicted as promising from simulations.

This master thesis describes the creation of a web-based tool, which allows users to
coat any nanoparticle with a desired ligand, creating functionalized nanoparticles ready
for simulation. The operation of this tool is based on the processes described below.
First, the user uploads the nanoparticle and ligand coordinates. The algorithm reads the
nanoparticle and ligand elements, their coordinates and the ligand bonds, and prompts
the user to select which nanoparticle element will interact with the ligand. To identify the
positions of these elements on the nanopatrticle surface as well as the surface area of
the nanoparticle, the Concave-Hull algorithm is implemented. The ligand is then rotated
in 3D space and the area of the ligand along its main axis is calculated. Using the area
of the ligand, the recommended grafting density of the nanoparticle is calculated and
provided to the user. Then, the user is asked to choose whether a bond should exist
between the nanoparticle and the ligand elements and the default bond value is
calculated from the distance table of chemical bonds and provided to the user. Finally,
in order to construct the topology file for molecular mechanics simulations, the bonded
and non-bonded empirical force field parameters are requested from the user through
the browser interface panel. After the input of the desired parameters, the algorithm
distributes, replicates and places the ligands on the nanoparticle surface, and provides
three nanoparticle-ligand complex files for download: i) coordinate file with .pdb
extension, ii) coordinate file with .gro file extension, iii) topology file for use with the
GROMACS Molecular Dynamics package for molecular simulation. The algorithm is
developed in Python and the associated web server with HTML, PHP, Javascript and
CSS. The tool can be accessed and used at http://83.212.106.195/nanofunctioner.html

SUBJECT AREA: Computational Molecular Biophysics
KEYWORDS: Nanomaterials, ligands, functionalized nanopatrticles, Molecular
Dynamics simulations, web development
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NEPIAHWYH

Ta vavoUAIKG €xouv TTOANEG EQAPPOYEG O€ TOUEIG OTTWG N IATPIKI, N QUOIKA, N MNXAVIKN
K.0. KOl N Xpron Toug TToIKiAAEl, atrd Tnv atrobrkeuon evépyelag €wg Tn XpHon O€
MTTOVYIEG, BIOPNXAVIKOUG KATOAUTEG KAl TN METAPOPA QapUAKwy. O1 €QapuUOYEG TWV
VaVOOOUWYV auTwyv, TTPOUTTOBETOUV TNV UTTAPEN OIO@OPETIKWY ECEIBIKEUPEVWVY IBIOTHTWV
yla koBepia ammd TIG €mMOUPNTEG TOUug AsiToupyieg. AUTEG o1 1IBIOTNTEG UTTOPOUV va
EMTEUXOOUV PEOW TNG AEITOUPYIKOTNTAG TNG EMMIPAVEIAG TOUG HE OIAPOPES XNMIKEG
OMAdEG KAl APXITEKTOVIKEG. Ta vavoowuaTidla YTToOpoUV va "yivouv AEITOUpyIKG" PHEow
TNG TIPOOKOAANONG TTPOODETWV otV EMQAVEID TOUuG OTTWG HIKPA  uopIq,
ETTIPAVEIODPACTIKA oI, DEVOPITEG, TTOAUMEPT, BIOUOPIA K.ATT.

ApETpnTOol CUVOUAOHOI AEITOUPYIKWY VAVOOWUATIOIWY HUTTOPOUV VA KATAOKEUAOTOUV
otav ouvdeBouv pe BIaPOPETIKOUG TTPOCOETEG. A Tov EAeyXO TwV TMO KATAAANAwWV
vavoowuaTidiwy yia pia emoupnth epappoyn, 6a mpétrel va die¢ayxBouv pyacTnpiakd
TeipdpaTta. QoTdéo0o, Ta TEIPAPATA PTTOPEl va eival apkeTd datravnpd, Aaupdavovrag
uttown Oidgopa  TreIpapaTikd  BAPaTta, OTwg ouvbeon Twv vavoowuaTtidiwyv, n
AEITOUPYIKOTNTA, O XAPAKTNPIOHOG , O TTOIOTIKOG EAEYXOG, N diECaywyn TTEIPAPATWY K.ATT.
‘Evag 1pOTT0G yIa va eAaXIOTOTTOINOEI TO KOOTOG KAl O XPOVOG TTOU OTTAITEITAI IO QUTA TO
TTEIPAUATA, Eival APXIKA VO EKTEAEOTOUV HE UTTOAOYIOTIKEG TTPOCOMOIWOEIG, Ol OTTOIEG
gival ANIyoTEPO KOOTOROPEG KOl QTTAITOUV HIKPOTEPO XPOVO OdleCaywyng, woTe va
TTPORAEPOOUV TTOI0 VaVOOWATIOIa £X0OUV TIG KATAAANAES 1810TNTEG, KAl OTN CUVEXEID VO
QOKINACTOUV TTEIPAPATIKA PHOVO Ta vVAVOOWMATTIOIN, Ta OTToia TTPORAETTOVTAI WG TA TTIO
TTOAAG UTTOOXOMEVA ATTO TIG TTIPOCONOIWOEIG.

21NV Trapouca OITTAWUATIKA €pyacia, TTEPIYPAPETAI N dnuioupyia evog dIAdIKTUAKOU
EPYAAEiOU, TO OTTOIO ETTITPETTEI OTOUG XPOTEG VA TTPOODEVOUV OTTOIOOATTOTE ETTIBUUNTO
TTPOOOETN TTAVW O vavoowuaTidlo TG €TMAOYAG TOUG, ONMIOUPYWVTAS TEAIKA
AeIToupyik@  vavoowuaTidla  €Tolga yia  TTpocopoiwon. H  Aeiroupyia autoU Tou
O1adIkTUaKOU epyaAgiou BaaileTal OTIC TTAPAKATW TTEPIYPOAPOUEVES DIEPYQTieS. APXIKA, O
XPAOTNG €I0AYEl TIG OCUVTETAYUEVEG TOU VvaAVOOWWMOTIOoU Kal Tou T1pocdétn. O
aAyopiBuog “diaBadel” Ta xnUIK& OTOIXEIO TTOU UTTAPXOUV OTO VAVOCWWMATIOIO Kal OToV
TTPOOCOETN, TIG CUVTETAYMEVEG TOUG KOBWGS Kal TOUG OECUOUG TOU TTPOCOETN, Kal {NTA ATTo
TOV XPNOTN va ETTIAEEEI TTOIO OTOIXEIO TOU vavoowaTIdiou Ba aAAnNAoETTIOPACEl PE TTOI0
oTOoIXEI0 TOU TTPOCOETN. MNa va TTPoodIopIoTOUV OI BECEIC TwV OTOIXEIWV OTNV ETTIPAVEIQ
Tou vavoowpaTidiou, KaBw¢ Kal 1o €uPadOV TNG ETIPAVEING TOU VvAvOOowHaTIdiou
XPNOIJOTIOIEITAl O  OAYOPIBUOG Concave-hull. O T1poodéTng OTnNV CUVEXEIQ,
TTEPIOTPEPETAI OTOV TPIOBIACTATO XWEO, Kal UTToAoyieTal N To eUPaddV Tou KaTd URKOG
TOU KUPIOU Agova Tou. XpNOIJOTTOIWVTAG TNV ETTIPAVEIA TOU TTPOCOETN, UTTOAOYICETAI TO
emBuunTé grafting density kai dideTal epgavieTal aTov XprnoTn. ZTn Cuvéxela, ¢nTeital
amdé Tov XpNoTtn va emAECel €dv Ba TTpETel va uTTdpéel OEOPOG METAEU TOoUu
VaVOOWMPATIOIOU KAl TWV OTOIXEIWV TOU TTPOCOETN, KAl UTTOAOYICETAI N TTPOETTIAEYUEVN
TIA d€0POU ATTO TOV TTIVAKA OTTOOTOONG TWV XNUIKWY OEoPwWY OTTou Kal diveTal oTov
XpNotn. TEAOG, TIPOKEIUEVOU VA KATOOKEUOOTEN TO aApXEiO TOTTOAOYIAG YO
TTPOCONOIWOEIS HOPIAKAS PMNXaviKAg (Molecular Dynamics), ¢nteital ammd 10 XproTn va
EI0AYEl TIG OMOIOTTONIKEG KOI HN  OMOIOTIONIKEG QAANAETTIOPACEIG TNG  EMTTEIPIKAG
ouvdaptnong duvauikAg evépyelag (force field parameters). Metd Tnv €icaywyrn Twv
TTAPOUETPWY, O AAYOPIOUOG KaTaveipel, TTOAATTAOOIAZEI KOl TOTTOBETEI TOUG TTPOCOETEG
yUpw a1td TNV €TMIQAVEIA TOU VAVOOWHAOTIOIOU, KAl £LAYEl TPEIG UOPPESG APXEIWV TOU
OUPTTAOKOU vavoowaTIdiou- TTPOCdETWV: i) apxeio doung ouuttAdKou ue etrékTaon pdb



ii) apxeio dOPAG CUUTTAOKOU pE ETTEKTAON Qro iii) apxeio oUuPTTAOKOU pE eTTEKTAON top
KATAAANAo yia xprion pe 10 Aoyiopikd6 GROMACS. O¢ aAyopIOUOG KAOTAOKEUAOTNKE WE
TNV TTpoypapuaTioTikl yAwooa Python, eviy o web-server, XpnoigoTTolWVTOG TIG
TTpoypapuaTioTikEG YA wooeg HTML, PHP, JAVASCRIPT kai CSS.

To epyaleio, ytTopei va TpooTTeAAOTEl KAl va XpNoIyoTroindei p€ow TNG dIAdIKTUAKNG
d1evBbuvong: http://83.212.106.195/nanofunctioner.html
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