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ABSTRACT

Theoretically predictions uf the snlvent effects of 1 - pentadecanoyl - 2 -docnsahexaenoyl - Sn— glycerol -
3 - phosphocholin have been studied using artree-tock quantum chiemical approxumatinn gnd 3TO - 3G

basis set within the Onsager Self-Cousistent Reaction

field (SCRFY modet All optimized confmrmers of 1 -

pentadecannyl - 2 -docnsshexacnoy| - Sn — glyceral - 3 - phosphocholin as well as Lheir total relative
energies in terms yf the most stable confooner in as phase and different solvent medis such as water,

elthunol, methanol and DMSO have been calcuiated. A
- 2 - dycosahexaenoy] - Sn — glyceryl - 3 - phusply

ceording o the obtained resulls the | - pentudecanoyi
ochylin configuration has the mnst negative EMergy

values and then has been found 1o be the most stable confirmer, In this aspect the graph nf relative energy
values versuy dielecttic constants {c} as well as Ln (/&) of employed selvents has been pintted and the

obiserved trend has been analvzed.

For further investigatiou, the effect nf solvent’s polarity on the dipole moments yf 1-pentadecanoy - 2 -
docasahexaenoyl - Sn — glycerel - 3 - phosphocholin in vamous seiveut muedia have heen reporied aud
compared with the gas phase. We would like to vote that the dipyle moment variatinns revealed that the

values af the computed dipole momemt seems ty he

solvent - dependent because this property is elusely

related to the enviroiunenlzl effects the greatest dipule moment brings mare stability which is under

influence nt solvation

Keywnrds: Pentudecanoyl; Docosahexsenovl: - $n
Dicigetric constant; Encrpry values

INTRODUCTION

Lomg chain polyunsaturated fatly acids are highly
entiched 1n the oervous sysiem. The eatly model of
biylogical membranes, which called “fluid-inosaic
madel™. was propesed in 1972 explaming an idea that
the lipid membrane could be considered as 3 two
dimensional fluid and the pruteins ¢an diffuse around ',
Lipid molecules are the main constituents of

* Correspanding nuthor: m_monajjemi@,yahon.com

— Blycerol, Phusphocholing Solvent effect; SCRF:

the lnological membranes. They exist in numerous
strutiural forms which the glycerophospholipids
{or phosphoglvecndes) are the minst ybundant
tipids in tnembranes *,

Cells which are mnre metabolically achve need
maore flexible membranes and for this purpose,
these membranes are better to have phospholipids
carry long chamn unsaturated fatty acids ™*, Long
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chain polyonsaturated fatty acids arc highly
enriched in the ncrvnus system Docosahexaenoic
actd (22:6n-3, DHA), in partieular, is the most
abundant polyunsaturated fany acid in the bram,
and is concentrated in amino philsphilipids of cell
isee Fig.t)

membrancs™ "

domatrresic 13

Fig.l. Mulecular structure of docosshexaenoic acid
(DHAY.

DHA is paired in giycerophnspholipids often
with palmitic acid (16:0) and steanc acid {18:0)
and in some cases with anGther ]cmg -chain
polyunsaturated fatty acid such as 22:6 in pﬂs:tmn
sti-1 and accumulales in
phosphatidyiethanolamines''. It has  becn
postulated that optimai neurolugicat development,
imformation processmg, the capacity nf nerve eclis
to eonduct clectrical signals ™ and cngnitive
functinns'™¥. DHA is major struetural and
functional buildings 0f the heain about 30% of the
structural lipids of the grey matter are DHA
Henes, it is not surprising that the deficicncy
DHA in early life hus becn associate w1th a
variety of lcaming and cognitive disorders '

As DHA can only produced by the hﬂd}' in
lumted quantites i has to supply hy dictary
SOUICES 4 ”.

Currently. some fatty fishes. Such as mna and
salmon 15 the main source of DHA and these
supphes arc unreliablie hecause of unpleasant
tastc, marine pollution, scasonal vanation and
high processing costs '“. Microorganisms arc
used to providc DilA and also microaigae
hiomass 15 particuarty suitable for providing
pohvunsaturatcd fatty acids due 1o their swhie
composition, contaminant free and good tastes '

Schizochyttimn  sp  is @ algae- !:ke
microorzamism wsed for industnal productinn of
docosahexacnoic acid (D1LA) - nch ol and dried
microongmism for its usage as a source of thﬁ
fatty acid in foods, and numitional supplements '
Nowadays, it is mnhvicus thar the ma_p::r

phosphotipids m the Schizochytrium sp.l Straia
F26 - b is a novcl PC whieh contains
pentadecanoicactd  (C15:0)  at  sn-1  and
docosahexaenvie acid at sn-2, L, the systcmatic
pame nf this new phospholipid is L -
pentadccanoyl - 2 - docosahexacnoyl - Sn -
plycetal - 3 -phosphocholin {scc Fig.2) and 1l'it is
possible tl extract and purify DHA from this
MICIOOTEaNsM 2 New Iﬂ‘ﬂght open into the
methuds of producing DHA

Fig.2 The optimised structure of |-pentadecanayl-2-
docosahexasnnyi-Sn-givcerol-3-phbsphocholin.
. ¥

In the early study of Demel et al, the force-
area eharacteristics of unsaturated PC minelayers
were  determined™.  Numerous |:e.xp=:rimental
chservations explain that the existence af DHA
and other pni}'unsaturated falty| acids in the
membrang hilayer rcsuit in dramatic changes in
malen ak ]:rmpﬂmﬂq ik

The siructure and dynamics of these
polyuusaturated lipvd chains ar the molecular
level are profoundly differcnt from  their
saturated counterpart with correlation times and
extremely low chain order as revealed hy NMR
%pﬂ(.ll‘ﬂﬁﬂﬂ]}}’l

Ah - imtio quantum chemical studies of
sepments nf DHA  with classical molecular
dynamics simuiations of DHA-containing have
been cxplained. In the recent  review,
hiochcmical mechanisms for  emiching  and
metahelizing DHA 1n ncural cells are diseussed
in the context of hinlogeal significance
neuronal function™.

The lack of theoretical wvestigation of
snivent cffect on the biolvwical stalnlity of DHA
in a vancty of solvents motivated us to performn
the computational mnieculur modeling to better
understand  the - struciural  changes due to
solvation as well as variations of cnorgy values
and dipole moments of DHA m solvents.
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Hartree - fock {HF) approximation has been
uscd to study the structural changes of hydrated
forms of 1 - pentadecanayl - 2 - docosahexacnoyl
- 5o - glycerol - 3 - phasphocholin as well as
varigtion of svlvation energies in different solvent
tedia.

The purpose of the present study 15 to analyze
the solvent cffects on the cnergy values which
reveal the relative structural stability caysed by
selvents on | - pentadecanoyl - 2 -
docosahexaenuyl - Sn - ulyeerol - 3 -
phesphocholin within various solvents.

To estimate the effect of polarity of solvent
media on the relative biological stahilities of the
coosidered compounds we have employed the
Onsager SCRF solvent model at the level of
RHF/STO-3G theory.,

COMPITITIONAL DETAIL

For membrane™s phospholipids, the experimental
studics are so difficull and NMR studies nf
unsaturated fatty acids in memhranes provide
equilibrium and dyoamic properties. but to
ohtain data in atomic level of those properties for
such molecules, we have to use eomputer
simulation. Surcly, molecular dynamics (MD) is
the most common techniqgue 1 simulate
membranc systems ", However, one may gain
more detailed deseription of @ svsiem in shnrt
fime range simulation, generatly in the order of
picoseconds .

In our siudy, first, we have optimized the { -
pentadecanoyl - 2 - doeosahexacnovl - Sn -
glycerol - 3 - phosphocholin molecule with
HYPER 6 software For this purpose, we have
chosen  different water boxes and have
considered 310K for all of them the same as
body (emperature.  Then  inset the 1 -
pentadecanoyl - 2 - decosahexaenoyl - Sn -
glycervl - 3 - phusphocholin in each of boxes and
hyvperchem software optimized them .the seeond
step was to obtain volume of cach afumized
solute cavity with Gaussian 98 sofrware =,

S0, we calculated all moiecules’ volumes at the
Hf / STO-3G ievel of theory. Then put the
aptrmized molecules with definite volume in six
solvents with different dielectric constant water
{£ = 78.39), DMSO (e = 46 8), nitro methane (¢ =
38.2). methano! (e = 32.63), ¢thanol (v =24.55
and acctane (¢ = 20.7), then obtained ENergy

values as well as dipole moments have been
analyred {Table 1).

RESULTS AND DISCUSSION

The mvestigation of molecular energics in g wide
vanety of selvents, polaritics of 1 - pehitadecancyl
- 2 - docosuhexacnovl - Sn - giveerol - 3 -
phosphocholin will be of great interest for
oblaining @ logieal relationship between the
delicate balance of dielectric constant and encrEry
values caused by intermelecular nteracticos
within selvabion process.

Solvent effects on the structural sta bility
Amongst studied molecuics in ditferent solvent
media the highest energy value and con sequent
the least stability observed in the solvents with
dielectric eonstant in the range of 20} up to 40.
Also through increasing the dielectrie constant of
solvent the structural encrgy has been decreased
{sce Fig.2).

Strikingly supposing two cases whieh the 1 -
pentadecancyl - 2 - docnsghexaenoyl - Sn -
elyeerot - 3 - phosphocholin has been optimized
within 548 and 561 water molecuics the plotted
graphs of relative energies in different solvent
media considerably rescrnble to cuch other. So.
we fan realize that the most structural stability
has been observed in acetone and in the other
cases the stability has heen increased through
tnereasing dietecttie constants. The optmized -
pentadecanoyl - 2 - docosahexaenovl - Sn -
glyeerol - 3 - phosphecholin in 566 and 629 water
melecules exhihited the similar plotted graphs and
the least stahility 15 corresponded to ethanol (=
24.55} and (hrough going to the highest dieleetnc
constant and then the highest palanty the
molecular stability has been increased.

However the vpumized molecule wilhin 566
water moelecules exhibited different trend to the
both above cases .in spite of such a siymificant
difference , we ean clearly find a point that these
three curves crossed each nthers it is ootable that
this point has been located in the moderate
polarity .i.e ¢=20.5 up to 24,55 (see Fig.2).

For the conformer which has been optmized in
613 water molecules the most stahility has been
found in acctone and eomversely the ieast stability
has been comresponded to ethancl (see Fig 3.
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Table 1. Dipole moment und energy values for the nptimized structure of 1 - pentadecanoyl - 2 -

docosahexaenoy! - 8o - glyceral - 3 — phosphochniin | ! i
E Lo1/s) E(1IF) f‘fc::};;‘l; Dipole mament
DHA- 8.3 A0160 | -Z73L705RA0 1 U002 34741
°“"‘la1“’"5 16 4 3 RASEE | 2702 TOSHRG 00036 34794
lelﬂ?n?:;‘fin 3.2 364283 | -2732 Mssal -0 Q00031 3 462 ;
S48 waler 32.63 348523 | -2734. 705890 -1} 00023 3445 |
molecuies 24,55 3.20071 | -2732,705913 -1.00KH 35354
0.7 TS | 2732705622 0 CHHK) 35220
DHA- 7839 236169 | -2732.703452 -0 (000343 34741 :
containing 3684 -3 8458y [ o273 T0sRsg R TIE, 1474
molecule W2 364705 1 -2T32SH63 - 0003 | 3 4562
oplitized in 32,63 348323 | -2T3RINSRT 0.000K123 3,405}
361 water 24 35 12071 | 2732705443 -0 000009 3.5354 i
molecules .7 3013 | 2732703804 0.000 35221} E
DIA- 7R.39 436160 | -2732 bUR06 -0 0000 L4 33776 l
containing 36,4 384588 | -2732.610808 -0.0000 12 13416 4
melecule w2 -3 64243 AT A0R2 L, 000003 13865
optimized in 12,63 348523 | -273L610R1R -0.000003 3 3914 {
366 water 1455 2120071 | 2TITALGR {1,000 3,3004
muHecules 2T S0 | -2razal0812 | 0000009 3 1054
DHA- 7839 .36169 | -2732 620918 D.ZRRTED D
crmtainng 46.3 -3 84588 ) -2712 0003 =0 (W05 3l
molecule 182 364083 | 2732 M966d LOBO00 3 1626
optitruzed in 12 63 348521 | -2732.905668 0001} Y 1648
576 water 1455 320071 | 2732620920 0255748 31147
molecules )7 203013 | -2enm)l -0, IR8T56 3.1724
DEHA- T%.39 430169 | -2732.63809% 000077 34438
cuntaining CLEY =3, 84548 S2T32 638101 RIRLEINRE) 34461
molecule .2 364283 | -273L63R104 -} 00002 | 3 4417
oplimized in 17 63 344523 ] -27ALAaR104 00002 | 34573
613 waler 24,55 220071 | -273n63R135 0.000 3 4ffid
malecules 20,7 3013 | 2a2a0nd | 0.00003] 34520 .
7%.39 L436169 | -2732.630060 20 (010 31663
46,5 354584 | -2732 630063 “ARO00T EE
15.2 364205 | ~2732.63000 -0.000004 31714
DIIA- 32 63 344523 | -2730630070 0000 3.0744 -
containing 24,55 320071 | -2 32630067 -.000K103 3. LR70
molecule N -4,36169 _X732 aHIG0 [ EHIDI 0 3,163
optimized in 74,39 236169 | -2732.61 1858 -0 (K00 14 14302
629 water 368 1 8a5H8 | 2732 bl 1%60 L0002 34427
moleeutes ] EYSTENE ISP 3 2460
32 63 344523 | -27316) 1544 11 000025 34270
74 55 320071 | -2732.61 153 0, RROHH S 34316
K EYTEN ISR R.ANH? 3460
DHA- TR, 39 336169 | 2735108537 -0 0000 T 33261 .
containing, 46.8 3.845RR | -2733, 10%54]) -0 600D 4 3 3281 ;
molecule 1263 348525 | -2733 | f454 0 000 33215
oplimized in 74 53 320071 | -2735.108534 -, 000020 33159 :
07 waler 24,7 303 | 273310853 -0.000423 33358 .
molecules TR 36160 | ZTiaUNs3T | D007 34261

OB :




N, Khodayan et ai. /), Phys, Theor.Chem TAU Lran. 6(2): 105-1 11, Summoer 200%

Tablel. Connnge,..

DYHA- 74,39 436169 | -2735.061333 - BOOOD 10547
containing 46.4 -d4dsER B -3735 061353 ) 1H31) 2 9535
molecule 34.2 -3.6428) | 2735061354 -0 OOONH) | 29554
optimized 1n 1 63 -3 48523 | 2735061355 0,000 79518
777 water 24 55 -3 20071 f -2735 061354 —3,000207 29306
malecuies 0.7 S303013 | -2735.060342 | 0000013 39558
THIA- TR 39 -4 36169 | -2733.061353 -0 BOD00 | 20517
containing 4008 -3 R45K8 [ -2735.061354 0 000 20555
malecule 34.2 -1.64283 | 2735 061354 {1,000 20356
optimisd in 32.63 -3,48323 1 275501354 [.000 1957]
884 wauler 1455 -3.20071 | 2735061334 000 79500
maiceuies 20.7 | 30503 | 2735 061341 -0 RO 3 29539

For the {-pentadecanoyl-2-ducosahexacnoyi-Sn- docosahexaenoyl - Sn - glyeerol -

giycerol-3-phosphocholin

which

has

heen

3
phosphochoiin in 548 and 561 water molecules

optimized in 692 water molecules the most
positive encrgy vaiues and the least one have been
observed in acctone and methanol, respectively
{(see Fig.3),

Finally, for the optimized conformer in 777
and 884 water molecules the most stahility has
been ohscrved in acetome and sirikingly the
chtumed cneryy values appeared with significant
difference in comparison to other employed
solvents. Although, the least stability has been
caysed by hydrution in water
Solvcat effects on the structural palarity
Selvent-induced effect has been investigated [or
all considered copformer which have heen
optimized in difTerent water molocules and
different values of dipole moments CORCEring
the structural polarity of studied compounds huve
been ohtained 1 different soivent medin. The
highest values of dipole moment have been
viclded in the range of 20 up tn 30 of dielectric
constant {see Fig.4).

Accordiog to nur chtained tbeoretical data,
the walues of dipole moment cxhibited (he
decreasing trend through increasing dielectric
constant and the highest value of dipole moment
have been ohserved in the polar solvents such as
acclone. cthanel and methanol, In the case of

optimized [ - pentadecamoyl - 2 -

the highest Pic on the graphs of reiative dipoie
moment versus  dielecteie constaut which s
corresponded to acclone and after passing that
region the decreasing irend has heen nbvious und
in water solvent the pick reaches to the lowest
valuc (see Fig. 4),
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Fig.3.The graphs af relanve eneruy vaiues For
nptimized 1 - pentadecansiyi - 2 - docosahexacnny] -
Sn - glveerol - 3 - phosphochalin in diflerent water
mulccnies,
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For the } - pentadecanoyl - 2 -
docosahexacnoyl - Sn - glyeeroi - 3 -
phosphocholin which has heen optimized in 566
water mnlecules the highest dipolc moment value
and the lepst one have been observed in acctone
and water, respectively. and for the next meiecute
which optimized im 576 watcr melecules the
mentipned values have heen vhigined in methano!
and water respectivelvisee Fig.d).

In the casc of { - penladecanoyl - 2 -
docosahexaenvyl - Sn olveerol-3-
phosphochelin which has been optimized with
613 and 629 water mofecuies the plotted graphs
exhibited the same pattern and the highest points
corresponded 1o ethanol and after this region the
decreasing trend has been obvieus and finaily the
pick reaches to the lowest value in waler.

The last two |1 pentadecanoyi - 2
docnsahexacnoyl - Sn glycerol - 3
phosphocheiin  molectles which  hawe  been
optimized in 777 and 884 water molecuks
respectivelv, exhihited the similar plotted graphs
and the highest values dipole moment have heen
observed in ethanpi and the least valuc
corresponded to mcthanol{see Fig.4).

CONCLUSION

Computer 1cchnology has an important rofe in
the conformational energctics of the DHA chan
in hiological membranes especially in nerve
ceil's membrane and shouid be considered when
understanding the unique properties of this tatry
acid. The large numher of conformers accessihle
with the thermal energy of physiological
conditions far excecds those of saturated lipids,
even in their fluid state A novel DilA
containing phosphocholin have  found  in
Schizochytrium sp. Stran F26-b which 18
expected to consider as a new, safe and heteer
source [er  DHA  and  DHA-cootaining
phospholipids. This new molceule hay heen
chosen  for  solvent effect's  study o
computational methods

Due w some conditional watigtions may
chanpe cell's membrane as well as coli integrity.
so, understanding the nf different solvent effect
on unsaturatcd chains in ali membranes wili be
fruitful to identify membrmes behaviors in
differcnt  eondinons. In this  rescarch, the
influence of employing dillerent sclvent media

3§
on the structural stability has been investigated
with quantum chemical caleuiations. 1| “
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Fig.4.The graphs related to dipole moment values for
gptimized | - pentadecanoyl - 2 - docosahexacnoy! -
Sn - glycerol - 3 - phosphocholin in different water
molecules,

The Soivent - Induced cffect on conformational
encrrics and structurad stability of DHA 15 a
criticaiiy 1mportant feature  that  shouid  be
scriously identified in order to find cut the unique
Physico - chiemical propertics of this fatty acid.
Structural investigations of | - pentadecanoy! - 2
- docpsahexaenoie - $n - plveerol - 3
phosphocholin  in  goneral show a relation
between the solvent’s pofarities and the stractural
stability of similar bicingicat compouods. These
resuits are tn agrecment with the comminn
chemical concepls. ' '

It has been found that in different solvent
media the highest cnergy vaiue and then the least
stahility correspond 10 solvents with diclectsic
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constant in the rauge of 20 wp to 40 and ako
through 1ncreasing the diclectric constant of
solvent the structural encrey vahes decreased.

In the case of solvent effect on dipole nioment
the result show that the highest value of dipole
mument have been obtained in the range of 20 up
to 30 dielectric constant which have been
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