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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 nanoparticle 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



http://83.212.106.195/nanoserver.html
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NEPIAHWYH

Ta vavoUAIKG £xouv TTOAAEG EQAPUOYEG O€ TOWPEIG OTTWG N IATPIKH, N QUOIKA, N
MNXQVIKA K.a. KAl N Xpion Toug TTOIKIAAEL, atTd TNV aTTOBNKEUON EVEPYEIAS £WG
TN XPron O€ UTTOYIEG, BIOUNXAVIKOUG KATAAUTEG KAl TN PETAPOPA QAPHAKWV.
O1 epapuoyéc Twv  VavodOPWY auTwyv, TIPoUTToBETOUV TNV UTTOPEN
OIAPOPETIKWYV EEEIDIKEUPEVWV IDIOTATWYV YIA KABEWia atro TIG EMMOUPNTEG TOUG
Aeitoupyieg. AuTéG o1 1016TNTEG UTTOPOUV  va  ETTITEUXOBOUV  pECW NG
AEITOUPYIKOTNTOG TNG ETTIPAVEIAG TOUG HE OIAPOPES XNMIKEG OMAdEG Kal
QPXITEKTOVIKES. Ta VOVOOWUATIOIO JTTOPOUV va "Yivouv AEITOUPYIKA" HECW TNG
TTPOOKOAANONG TIPOOOETWY  OTAV  ETTIPAVEIA TOUG OTTWG MIKPA  POpIa,
ETTIPAVEIOdPACTIKA HOPIa, OEVOPITES, TTOAUUEPN, BIOMOPIA K.ATT.

AuETpnTOol  OUVOUOOUOI  AEITOUPYIKWY  VAVOOWWMATIOIWY  PTTOpOUV  va
KATOOKEUAOTOUV OTaV oUvOEBOUV e DIAPOPETIKOUG TTPOCOETEG. A TOV EAEYXO
TWV TTI0 KATAAANAWY VaVOOWHATISIWYV yia pia TTIOUPNTA €Qapuoyr, Ba TTPETTE
va dlegaxBouv epyacTtnplakd TreipduaTta. QoTtdéo0o, Ta TTEIPAPATA PTTOPEI VA
gival apketd dartravnpd, AauBdavovrag utmown didgopa Treipapatiké BrRuara,
OTTWG OUVOEDT TWV VavoowuaTIdiwV, N AEITOUPYIKOTNTA, O XOPAKTNPIOHOG , O
TTOIOTIKOG €Aeyxog, n OleCaywyn Teipapdtwy KA. ‘Evag 1pé1mog yia va
ehaxiototroinBei 70 KOOTOG KAl O XPOVOG TIOU QaTTaITEITAl yid Qutd TA
TEIPAUATA, €ival apXIKA va EKTEAECTOUV UE UTTOAOYIOTIKEG TTPOCOMNOIWOEIG, Ol
OTTOIEG €ival AlyOTEPO KOOTOROPEG KAl ATTAITOUV UIKPATEPO XPOVO dIECAYWYNG,
woTe va TTPoBAe@BoUV TToIa VavOoowUaTidla €Xouv TIG KATAAANAES 1810TNTEG,
KAl OTn OUVEXEID VO QOKINOOTOUV TTEIPAUATIKA PMOVO TA VAVOOWMATTIOI, Ta
oTroia TTPORAETTOVTAI WG TA TTIO TTOAAG UTTOOXOMEVA ATTO TIG TTPOCOUOIWTEIG.

2TNV TTapoucda OITTAWMATIKY €pyaoia, TTEPIYPAPETAI N dnuIoupyia  €VOG
O1adIKTUOKOU €PYAAEioU, TO OTTOIO ETTITPETTEI OTOUG XPNOTEG va TTPOCOEVOUV
OTTOI00ATTOTE ETMIOUNNTO TTPOCOETN TTAVW O€ VAVOOWWMATIOIO TNG E€TTIAOYAG
TOUG, ONUIOUPYWVTAG TEAIKA  AEITOUPYIKA VOVOOWMATIOIO  €TOINO VIO
TTpooopoiwan. H Asitoupyia autou Tou diadikTuakou epyalciou BaaileTal OTIG
TTOPAKATW  TTEPIYPAPOPEVEG DdlEpyaoieg. ApXIKG, O XpAoTNG E€Iodyel TIG
OUVTETOYMEVEG TOU vavoowpaTidiou kal Tou TTpoodétn. O  aAyoépiBuog
“dlapader” Ta xnuUIK& oToIxEia TToU UTTAPXOUV OTO VAVOOWUATidIo Kal OTOV
TIPOCOETN, TIC CUVTETAYUEVEG TOUC KOBWGS Kal Toug O€0UOUC TOU TTPOCOETN, KAl
nTa amd TOoV XPNOoTn va €TMAECEl TTOI0 OTOIXEIO TOU vavoowpaTidiou Ba
AAANAOETTIOPACEl E TTOIO OTOIXEIO TOU TTPOCOETN. MNa va TTpocdiopioTOUV Ol
B€0€EIC TWV OTOIXEIWV OTNV ETMIEAVEID TOU vavoowuaTidiou, KaBWS Kal To
EUPBadOV TNG ETMIPAVEIONG TOU VAVOOWUATIOIOU XPNOIUOTTOIEITAlI O aAyOpIBuog
Concave-hull. O TTpood€TNG OTNV CUVEXEIQ, TTEPIOTPEPETAI OTOV TPIOOIACTATO
XWpPOo, Kal uttohoyiletal n 10 eUBadOV Tou KaTé PrKOG Tou KUplou GEova Tou.



XpNOIYOTIOIWVTAG TNV ETTIQAVEIA TOU TTPOCOETN, UTTOAOYICeTal TO €TTIBUUNTO
grafting density kai dideTal eugavifeTar oTOV XPrOTN. TN OUVEXEIQ, {NTEITal
atrod TOV XPNoTn va eTAEEEl €av Ba TTPETTEl va UTTAPEEl DECPOG METALU TOU
VOVOOWMATIOIOU KOl TWwV OTOIXEIWV TOU TIPOCOETN, KAl UTTOAOYICeTal N
TIPOETTIAEYPEVN TIUA OECUOU ATTO TOV TTIVAKA OTTO0TAONG TWV XNMIKWY OECUWV
OTTou Kal Oivetal otov XpNoTn. TEANOG, TTPOKEINEVOU VA KATAOKEUAOTEN TO
apxeio TOTTOAOYIOG yIa TTPOCOUOIWOCEIG HOPIaKNG pNnxavikAg (Molecular
Dynamics), {nteital ammd TO XPAOTN va €I0AYEl TIC OUOIOTTOAIKEG KOl HN
OMOIOTTONIKEG  AAANAETTIOPACEIC TNG  EUTTEIPIKAG  OUuVAPTNONG  OQUVAUIKAG
evépyelag (force field parameters). Metd Tnv €icaywyr) TwWV TTAPAPETPWY, O
aAyopIBuog KaTaveigel, TTOANATTAACIAZEl KAl TOTTOBETEI TOUG TTPOCOETEG YUPW
atré TNV €MEAVEIQ TOU VAVOOWMATIOIOU, Kal £CAYEI TPEIS HOPPES APXEIWV TOU
OUPTTAOKOU VOVOOWUATIOIOU- TTPOCOETWYV: i) apXEio OOUNG OCUUTTAOKOU HE
emmékraon pdb i) apxeio OOPNG CUUTTAOKOU pE €TTEKTOON gro iii) apxeio
OUMTTAOKOU [e emrékTaon top KatdAAnAo vyia xprion HE TO AoyIOMIKO
GROMACS. Og¢ aAyopiBuog¢ KATOOKEUAOTNKE WE TNV TTPOYPAPUATIOTIKA
yAwooa Python, evw o web-server, XpnoIJOTTOIWVTAG TIG TTPOYPOAUMOTIOTIKEG
yAwooeg HTML, PHP, JAVASCRIPT kai CSS.

To epyalAeio, PTTOpEi va TTPOCTTEAACTEI Kal va XPNOIUOTToINGEi uEow TNG
d1adikTuakng dieubuvong: http://83.212.106.195/nanofunctioner.html
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