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ABSTRACT

Bivlogical maternals, recently. are the kuitding blocks uf several self-assembling peptide and protein systems.
The mawn ehallenge in molecular self-assembly is to dessgn molecular buildhng blacks that can undergo
spontanecus orgamzation. These cvelic poptides were produced by an alternuting cven number of D- and L-
aming avids, which interact through non-covalent misractions to an array of selfassembied narotubes.
Physicochercal properties of structurs of some peptide nanornngs in ecuple form, with the supporl of 4
biocompatible and hiodegraduble polvlactic acid. (PLA) have been eaiculated by quantum mechanica
cgiculations within the Onsager seif-consistent rcaction field (SCRF) model using a Hurtrec-Fock method
(RHF} at the RHESTO-3G (5D-TF) level m water mediam at 310 K. Four nings, Cyefo [[(D-Gly-L-Giyh] (A),
Cvefe [D-Cly-L-Alak] (B) Cvelo [«{D-Gly-L-aminoGiv)sJiC) Cvele [-{D-Gly-L-tvdroxyGly),] (D). are
designed in a couple form and geometrically oplimized near by the L, 3 and & polyiactic agid, (PLA) suppert,
with non-covaient interaction, Analyzing the peometrical pusition of polyliactie acid chain, around the couple:d
aano system, resuits the PLA i~ prefemed 10 stand in the distance of 4 A of AA, 2-3 A far AB and 12 A tar koth
BC and AD. The stability of some systems, could not be zffected! in the wide range of disiances such #s, AC in
I-10A BB in 3-i2 A, CCin 4-12 A and both CD 2ad DD in the 2-i2 A. 131D nano system preseats the best in
all comdhions where CC, BD ond AD couples stand in the second rank BC and AC stand afier. The stability of
AA, AB and BB are less. Alhough no effect in behavior of nano systems are seen, increasmg the number of
suppirts make Hem more stale, Comung near and o [r, the PLA affects the dipoie moment ol system, deeply.

Keywords: Cycio heva peptide nano ring, Drug delivery; Quantum mechanies; Palvlactic acid. Gibbs free
enerey: Dipole mament

INTRODUCTION

Manotechnology provides the tools for the invesapation
of molowieal systems, on biology offers mspimtion
models as well as bio-assembled napomachins to nano
dimensinn  technology,  Investieative methods  of
nundechnology have made an effective way o
fumdamental  biological  processes.  Sellassembly,
cellular processes, and systems hiology arc the main
largets. Nanoeehnology offers new teehnology tor the
utslization of hiosysiecms aed provides a hroad
techmological platform  for  applicatians  such as
hirprocessing and molecular medicine [1-9).

turr:t.pm:dm_q withor m_manay emidcyahoo com

Biological materials, reeently. are the building
blovks of several seif-assembling peptile aad
proicin sysicms that lorm nanctubes, heiical
ribbons and tibrous scaffolds. Peptides and
proteins have also been selected to bind metals,
semiconduciors and ions, the design of new
matenals for a wide range of applications in
nano-bintechnology is one of the man goals of
this interdisciplinary setenees [7-14]
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The basis of molceular self-assembly

The mam challenge in moleeular self-assembly 1
e destgn molecular building blocks thur can
underge spontansous orgamization. Well-defined
and stable siructure supported with uon—covalent
bonds, is the base of this techmology. Tymealty,
hydrogen bonds. ionic bonds, water-mediared
hydrogen bonds, hydrophobic and van der Waals
inteructions are welt known non-covalent bonds.
The coliective interactions can produce very stabic
struciures  Amino acids and shon peptides had not
been defined to be wsetif for drug delvery purpnse,
The genctic engineering techniques in peptide
synthesis and molcoular engineerad proteing have
changed this view. Self-assembly of momoleeules
1y TOW, 3 new route to produce novel nmaterials
and o complement other materials, Considerabie
points hase been destgned 16 the use of peptides
and proteims as building hlacks to produce a wide
range  of bwlogical materials for  universal
applications [2-9].

Peptide-based nanostructurcs

Peptide butlding blocks had been introduced for
the assembly of nano-ordered matenat a decade
ago when Ghadiri and co-workers were the first 1o
deseribe a new ciass of binchemical nanotubes
based on rationuily desipmed cyelic polypepiides.
These cyclic peptides were produced by un
altematimg cven number of D- and L-amine acids,
which teract through non-covalenl interactions
o an arruy of seif assembled manotubes. The
ntemal diameter of the nanotuhes ranges hetween
7-8 A and can be contolled by chanping the
number of the amine acids, Vanous applications
were offered for these Wwhular structures. One of
the first applications was bused on thelr membrane
mterwetions. The cyvelic peptide nanotubes are
toxic antbiotic agents w hacteria. Other potential
applications  include drug delivery, as these
SIrUCIUTCS  call serve as  nanccontainets  and
applicatiom in wmaterial seiences [8-29]

Bisdegradalne palymer, PLA

Polylaetic acid (PLA) 18 ¢ rigid thermoplastic
polymer that cun he semierystailine or wially
amorphous. Li-)-lactic acid (2-hydroxy propionic
weid) is generally, the naturai and most commnn
form, but D{-}-lactic acid is be produced by
MICTOOFgATIsIms nr through racemization and this

64

impurity. D-lactie acid units wre menmporacd
e L-PLA 10 optimize the crysiatlization
kinetics for specific fabnication procésses and
applications. Lactic acid is the basic buibdiiyg
block for PLA. Itis a highly water-soluble, three-
carbon chiral acid that is naturally aceurring and
15 most commmly Tound. Tt is used as an
acidulant i foods. as a building block lor
biodegradable polymers, und is converted 1o
esters and used as a green solvent for melal
cleaning, paints. aud coatings. .

The physical characteristics of PLA are o an
execllent  dependent  on its . trunsition
iemperatures such as density, heat capacity, and
mechanical propenies. PLA wn be  cither
amorphous i the solid state. or semiérystailine,
Tt depends on the steregchemistry and thermad
history [30, 31]. |

THEORETICAL BACKGROUND
tHartree-Fock (Scif-Consistent Field, ISC F}
method o

This method is based on detemmmation of the
spatial  ombitals w, of the many-clectron
determinantal wave-function based on redwing
coupled nan-linear differential equations for the
vptimum forms of the molecubar orbitals by use af
the varutional method. The Hartree-Fock
Hamultontan operator ts defined in terms of these
otbitals through the vperators of couiomb and
exchange repulsion. The generul procedure tur
solving the nrbitals sclf-consistent with e
potentrad field they generate, is the ifundqlménml ol
Hartree-Fock cquations. The self-consistont teld
method 15 achweved through o mal-and-crror
computationdl process. In the case of open-shell
systems it should distnguish between the spin-
resiricted Hanree-Fock (RIF) method and spin-
unresmmeted Hartree-Fock (UHF) method. Tn the
former approach a single set of molecuiar urbitals
s preset, some being doubly occupied and|some
being singly necupied with an eleciron of spin. In
the UHF approach different  spaual orbitals are
assigned 1o electrons with o and P sping and the
orbitals y, duubly oceupicd i the RHT micthod
are replaced by two  distinet orbitals i (w) and
wiB) [32], ,
Energy calculation and minimization
One of the hasie properties of biomolecules is
their energy content and leve), Three thelﬂrcnuu[
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computational methods arc included empincal
{molecular mechanics), Semicmptrical, and b
initio (quantum mechanics) approaches Energy
mintmization results in geometry optimization of
the molecular structure, Ab initio calculations arc
designed  based on self-consistent ficld (SCF)
methods, 1n which a set of orbuals 15 assumed
and the electron-clectron repulsion is calculated.
This cnergy is then used to calculate & new set of
orbitals, and used to calculate new repulsiun
energy.  The process 15 continued  wnbil
convergenee occurs and  self cunsistency 1
achicved.  Semiempirical  and  ab  imitio
calculations calculate the vibrational motions of
seleeted atoms, search for transitinn states of
reaclant ot preduct  atoms,  display  the
glectrostatic patential, tatal spin density or tata
charge density, analvze and display orbitals and
therr energy lovels, anaiyze and dwsplay the
vikrationai frequencies, analyze and display the
uilravielet-visible spectrum. An assumption of
constant bond lengths and bond angles by
carrying out folding simulation in vacwum
stmplifics the wotal encrgy expression to

E=E ot Bt Bt £5

where Lo, L Lo, and £, are torsion angle
potentiul. van dor Waals interuction, clectrostahic
potential. and pseudoentropic term that drive the
protein o a uglobular stake. The combwmation of
trv and error cniteria with foree field camponents
may iess sevier the inadequacy in the simplified
fitness functions The prediction of sccondary
sttucture may be performed to reduce the scarch
space. Thus. cither idealized torsion angles or
boundarics for torsion angles according to the
predicted secondary structures can be used 1o
constrain mam-chain  torsion angles. MO0
rovealed that the incorre€l structurcs have less
stabihized hydrogen bond. clectrastatic. and van
der Waals interachions, A greater Faction of
hydropliobic side-chain atoms capnscd to the
solvent and a larger solvent accessible surface is
a property of the incormect structures [32-34].

Dipole moment

Electronic polarization of atoms and nrientational
polarization nf local dipoles were resulted in
regional dielcctrie constants anging fom 1 to 20
mside the protcin, Dapele momcms can be
caleulated 1 (wo ways:

(i} a5 the cxpectation value of the dipole nperutor
frot

{i) as the derivative of the clectronic energy
Ei#), evaluated

for # = 0. of the perturbed Hamiltonian

H = H+ A
The dipole moment is defined as:

R
=3 gin-r,)
where ¢/ is the partial charge of cach atom amd
rron 18 the conter of mass of the protein [32]

COMPUTATIONAL DETAILS

Structure of some hetero cyche hexa peptide
nanorings in couple form in combination with
the support af w brocompatible and bicdegradable
poly lactic acid, have beon caiculated by
quantum mechanical caleulatons within the
Onsager self-consistent reaction ficid (SCRF)
model using a Hartree-Fock method (RHE af the
RHE/STO-3G (5D-TF) leve! in waler medinn al
310 K. Hyperchem'™ 8, software is used o
design the structures. Gaussview(03 18 used 1o
tnake the certain distinet distances. The cntire
calculations are performed at Hartree-Fock (HF)
levels nn a Penttum IV2.8 GHz personal
computer using Gaussian Y8W program packape.
mvoking  geometry  ophmization,  Geametry
vencrated from standard paramelers 15 minnmized
without any constraint in the potential cnergy at
Hartree-Frock level, adopting the standard STO-
3G (5D-TF) basis set The A0 valuc for SCRF
calculations based on the Onsager model s
caleulated for all parameter, scparatcly. Dipolc
moment 1s calewlated (nowater solvent as well as
Gibbs free cnergy. Attention is drawn to the fact
that the caltulanons were based on optimized
geometres using Hartree-Fook methed and STO-
IG(5D-TF) basis sct. which 15 the primary
approximation, is the central ficld apprnximation
and the wave function is Jescribed by lor only a
few ane-electron  sysicms  as  (the  second
approximation and STO-3G{53D-TF) hasis sct
The effect of a solvent ean be incorporated in
quantum-chemical calculations most casily by
eansidering it us a contnucus diclceric mediom,
chaructenzed by a  dicleetric constant,  The
clectrie field caused by the melecule mduces a
polanization of the medium, which i tum acts on
the elcettons in the maolesule (Self-Consistent
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Reaction Field, SCRF). The model thus contains
the quantum-mechanical deseription of the
molecule and @ classical medium. In the
Gaussian programs s simple approximaton s
used in which the volume of the solute is uscd to
compute the rads of a cavity which forms the
hypothetical surface of the molecyle [33-35].

RESULTS

The heterocyelic hexa amune acid nano rings
were designed and nomenclatered as in Figure |
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A -H Crolo [ D-Glv-L-Gily);, |
B -CH3 Crelo [-T3-Gly-L-Alap]
(': -ME2 | Cycle [{D-Giy-L- aminuGlyvy]
B -DH | Cyelo [-(D-Giy-L-hydracyGly |

Fig. 1. S1rueture of heterocyclic hexa peptide
[N,

The polylacoe acid as a hiodegradable and
biocompatible support were added to systern and
aftcr  energy minimization, the geometrically
optimization werc done on sysicms, 2s presented in
Figurc 2 as an example. After. alt systems,
optimized geometrically and the freq parameters.
caleulated as presented m following.,

Analyzing the heterocyclic coupled nano carries
systems mear by the poly lache acid cham, the
stability of systems reveal the different hehavior,
The AA-L-LA sysiem has the maximum of
stability, where the PLA support stands in the
distance of 4 A. The mummum amount is defined in
1T A tn AB-L-LA syslem 2-5 A are the intcrval
that is though the acceptable stability is obtained.

t-10 A for AC-L-LA nano coupted system,
8 9and 11 A for AD-L-LA_just 10 and 1 A for
BC-L-LA and 2-12 A for BB-L-L.A have

m W
|

f ||\

presented aceeptable peints, CC-L-LA, in the

interval of 5-12 A and

Fig. 2 Demonstratica of gevgraphical pnfs:liuns ul [,
3 and 6 potylactic aed suppost around the CC nano

eoupted ring systern us an exampte. This system &
supparted with non-cevatenl inleractions
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DD-L-LA in the interval of 312 A are more
stable as well as CD-L-L A in the imterval of 2-12
A The bebavior of BD-L-LA is different nearby
the PLA support. The distanec of 1, 3, 5,9, 11 and
12 Aare more stahle than others. (Tah. 1)

Analyzing the dipole moment of system. aod the
cffeet of PLA support on it 1t is revealed that
AAT-LA nano carricr system has a disturbance
point in 11 A as well as AB-L-LA systemin 2, 4
and 6. The behavior of BB-L-LA is the same as
both lwo others, as il has 2 not sn harmony point
in 2 A, CD-L-LA presents the minimum dipele

moment at point of 3 A, where DD-L-LA. nano
system, shows i at 12 A, The trends of dipolc
moment harmony in CC-L-LA and AC-L-LA is
complicated as well as AD-L-LA. In AC-L-LA,
there is 2 maximum point in 5 A and a minimum
at 9 A. Other points have to be analyzed
separatcly. AD-L-LA. has a minimum at 3 4,
where the maximums are 1n the pownts of 10 and
1t A 5 A and 11-12 A are the points of
maximuem and mimmum referred to CC-L-LA.
(Tab. 2)

Table 1. Stability analvsis of PLA heteroeyelic nanoring systems, due to distance difference
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The behavior of nano rings are different near
by the PLA in point of stability. DD nano system
presents the best stability not only with one. but
also with 3 and 6 PLA. C, BD and AD couples
stand the sccond rank. Where BC and AC get the
third. The stability of AA. AR and BB are less in
comparison ¢ others. lncreasing the mymber of
Supparts ¢an nol affect the behavior of nano

Systems, but makes them more stable in gencral
{Tab. 3).
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Analyzing the dipole moment, it 15 revealed that
the maximum dipole moment referred to system
with just one PLA support and increasing to three
ones makes the system to have less dipole
moment. For AD, BC, CC, AA and "AD couple
nngs the trend is the same. No signitleant changes
1 obscrved for AC system. The trend for DD and
BD systems are analyzed vice versa. Although the
changes in BB and AB are not very considerable
but an inereusable trend s observed (Fig. 4).
.

o
Table 3. The effect of meruasing of PLA suppart sround the systems. The stability of systems is anatyzed based
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Fig, 4. Trend of dipole mument changes, during increasing the PLA support from 1. 16 3 and 6 units.
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CONCLUSION

The cnmputational mcthods  allow  the
investigator to enter th the world of nano designs
and present the now idea without any concern.
Design and introducing a tight lodegradable and
biocompatible nano system to drug delivery,
scems o be important o the  world nf
nanomedicine today,

The main goal of such suggestion is to be far
away of biohazards. such as remaining the
residues in the cell Peptides as the buldimg
blocks of naturat priteins in biological world.
give us this though that utilization nf such
biomaterials may never make such nsks such as
svothetic materfals. Decause of the open ended
ard hollow fiber tube properties, the cyclo hexa
peptide mann rings nr tubes are interested in the
field of nano delivery nt deugs. Such nngs nr
tubes have hwo useful sites o attach and delivery
the drugs. Onc 15 internal. another 5 defined
extemal side. The changeable physicocbemical
properties of such rings, give this chance i
manage the mano delivery system based on the
drug characteristics and propertics of tarpet
vrganctle or eell. It 13 tned o introduce some
physicochemical properties of such nano svstems
i this investigation.

It is though that when we put a drug ioto such
svstemis the Tings goes under a big pressure o
leave cach nthers. To prevent such phenomcnon

a biochmpatible and bindegradable poly
clectrolyte, such as poly lactic acd is
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