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ABSTRACT 
  

Hydrogen bonding of DPPE with water that surrounded of membrane, plays an important role in permeability of 
membrane that we were presented this matter with analysis of bond angles and torsion angles before and after of 
added water molecules. 

Interaction with water molecules causes some changes in the geometry of DPPE which were explained by 
the contribution of zwitterionic form of DPPE molecule, also hydrated DPPE becomes stabilized. Comparison 
between theoretical and experimental values of geometry of DPPE molecule calculations at HF/3-21G level 
produce results in better agreement with the crystallography structure.      The NMR shielding tensor of selected 
atoms in the hydrated complexes of DPPE were reported by ab initio level of theory. 
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INTRODUCTION 
The structural backbone of a biological 
membrane is the lipid bilayer, which consists 
of a variety of phospholipids: 
phosphatidylcholines (PC), 
phopshatidylethanolamines (PE), 
phosphatidylglycerol                                 (PG) 
and phosphatidylinositol (PI) among others 
[1,2]. Phospholipids are the basic structural 
components of biological membranes, which 
are essential in compartmenting the fluid 
biological phases of all organisms. They play 
an important role in membrane functions such 
as material transport, cell-cell recognition, and 
signal transduction [3-5]. Phospholipids are 
amphiphilic molecules with hydrophilic head 
groups of varying composition and two 
hydrocarbon tails. They assemble 
spontaneously to form bilayers with the 
hydrophobic tails pointed toward the center 
and the head groups exposed to the aqueous 
phase. The bilayer is a 40 Å thick lamella 
including the region in which the phosphates 
and several groups esterified to it (choline, 
ethanolamine, glycerol, inositol), are exposed 
to the water media (Figure 1) [1,2]. 

 
 
Fig.1. Organization of carbonyls, phosphates and 
esterified groups at the membrane surface with its 
hydration water molecules. 
1. Carbonyl network at the membrane plane,  
2. Carbonyl   normal to the membrane plane,  
3. Phosphate (P=O) groups, 
4.Groups (choline, serine, inositol, glycerol) 
protruding into the water phase. The inset denotes 
the number of water molecules that may bind to 
different oxygen atoms. 

  
Water is of crucial importance to life. It is 

even so important that most biomolecules 
would not work at all or even maintain their 

three-dimensional structure without the 
surrounding solvent. Water is the support 
where the cell structures lies. While the aim 
has been to resolve the structure of membranes 
and proteins, the aqueous environment plays a 
passive, and has a holder role. 

Most biomolecular structures have also 
been found to be strongly influenced by their 
surrounding environment, usually water which 
constitutes about 70% of most cells. The water 
molecules close to surfaces like DNA, proteins 
or membranes are very tightly bound to the 
structures, and sometimes better characterized 
as being part of them rather than the bulk 
solvent [6]. 

The information obtained from 
investigation of experimental systems 
indicates water is mainly localized around the 
polar head groups of phospholipides. A total 
amount of 18 to 20 water molecules per lipid 
has been found, depending on the lipid 
species, distributed in the carbonyl, C-O-C and 
phosphates bonds [7]. Although it is known 
that water is located in the polar region, little 
is known about the organization and structure 
of water around the chemical groups of the 
polar heads, the distribution of the energy of 
interaction and the special organization of 
water dipoles around them, that may 
contribute to the dipole potential. 

Thus, the modifications in the bilayer water 
interface by the presence of different types of 
phospholipids whose polar heads contain large 
dipoles, net charges and hydrogen bonding 
moieties, may be of significance for peptides 
and proteins to come into contact with the 
bilayer. 

It is generally accepted that the distinctive 
properties of water can be ascribed to 
hydrogen bonding [8]. The fundamental 
dynamical process of the liquid is the making 
and breaking of hydrogen bonds. This 
dynamics, however, is far from being 
completely understood. Experiments such as 
infrared absorption and Raman scattering [9], 
depolarized light scattering [10], and inelastic 
neutron scattering [11]. Science these 
biological surfaces contain phospholipids, the 
interaction of water molecules with these 
lipids is of particular relevance to the 
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biological function of the membrane surface 
[12]. 

Hydrogen bonds exist with a continuum of 
strengths. Nevertheless, it can be useful for 
practical reasons to introduce a classification, 
such as “weak”, “strong”, and possibly also 
“in between”. Jeffrey called hydrogen bonds 
moderate if they resemble those between water 
molecules or in carbohydrates (one could also 
call them “normal”), and are associated with 
energies in the range 4-15 kcalmol-1.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Hydrogen bonding is of central importance in 
many areas of chemistry, biochemistry, and 
biology [13-15]. Due to its versatility and 
applicability to molecular systems in all 
condensed phases, nuclear magnetic resonance 
(NMR) spectroscopy is commonly used for 
studying hydrogen-bonding phenomena. The 
hydrogen bonding effects on the isotropic 
chemical shift have been known, and 
understood in a qualitative manner for a long 
time [16-19]. In this work we made use of the 
‘Gauge Including Atomic Orbitals’ (GIAO) 
method [20,21], which has recently become a 
widely used technique leading to gauge-
independent results [22,23].  
 
THEORETICAL METHODS 
All quantum chemical calculations of 
geometry, energy, rotation, NMR 
measurements and solvent effects were carried  

Hydrogen bonds with energies above and 
below this range are termed strong and weak, 
respectively. Some general properties of these 
categories are listed in Table 1. It must be 
stressed that there are no “natural” borderlines 
between these categories, and that there is no 
point in using this or any related system in too 
stringent a way. For a comment on the names 
of the categories, see footnote [13]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
out with the GAUSSIAN 98 program [24]. 
The ab initio method used is Hartree-Fock 
(HF). 
 
HYDRATION OF DPPE MOLECULE 
We have been optimized isolated molecule of 
DPPE with HF/ 3-21G, HF/ 6-31G, and HF/ 6-
31G* level of theory in the gas phase. (Fig.2 
shows Atom labeling and dihedral angle 
notation for DPPE molecule). 
 

 
α2(C4 O21 P16 O8 ) 
α3(O21 P16 O8 C26) 
α5(O8 C26 C33 N42) 

Figure 2. Atom labeling and dihedral angle 
notation for DPPE molecule. 
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For build a hydration shell around the 
optimized DPPE molecule, the first water 
molecule was added to the optimized DPPE 
molecule, and then monohydrated complex 
was reoptimized. It is obvious that in order to 
optimizations at higher levels of theory. After 
adding the first water molecule to the DPPE 
macromolecule, the produced hydrated 
complex has a lowest energy, in the same way 
such a procedure can be repeated until 5 water 
molecules are arranged around the DPPE 
molecule according to the Fig.3 Water 
molecules were distributed in the region of the 
polar head where phosphates and cholines are 
located. The energy values of DPPE-basis sets 
and DPPE-n H2O are listed in Fig.4.  

 
Figure3. Optimized structures of DPPE-5H2O 
with the HF/6-31G*. 
 
NMR MEASURMENT 
The nuclear magnetic shielding tensors, 
defined as the mixed second derivatives of 
energy molecular (E) with respect to the 

magnetic moment of the X-th nucleus ( xm
→

) 
and the external magnetic field (

→

B ), 
represented by the equation below [25] (Greek 
superscripts denote the corresponding vector 
or tensor components): 

βα
αβσ

X
X mB

E
∂∂

∂
=

2

 

 
are primary importance. However, it has been 
long recognized that a calculation of the 
second-order magnetic response properties 
from the first principles, using a finite basis 
set, requires a gauge-independent 
algorithm[26-30].Number of computational 
techniques have been proposed to achieve the 

gauge-invariance. Within the so-called GIAO 
methodology (Gauge Independent Atomic 
Orbitals), based on the works of London and 
Ditchfield [25,31] the gauge-invariance is 
achieved using explicitly field-dependent basis 
functions [25-31].Application of the GIAO 
approach to molecular systems was 
significantly improved by an efficient 
implementation of the method for the ab initio 
SCF calculations, using techniques borrowed 
from analytic derivative 
methodologies[28,29]. 
The isotropic shielding values defined as 

σiso = 
3
1  ( σ 11+σ22+σ33 ) 

( iiσ  being the principal tensor components) 
were used to calculate the isotropic chemical 
shifts (δ ). The principal components of the 
calculated chemical shielding tensors are 
absolute shielding values.i.e.σ = 0 corresponds 
to shielding of the “bare” nucleus. The 
isotropic chemical shielding σiso can be 
converted to isotropic chemical shift δiso by 
δiso=σiso

ref-σiso
molecule where σiso

ref is the chemical 
shielding value of a reference substance 
(chosen have to be TMS for 1H and13C, 
CH3NO2 for15N, H3PO4 for 31P and H2O for 
17O) that calculated at the same level. 
 

RESULTS AND DISCUSSION 
GEOMETRY OPTIMIZATION OF DPPE 

IN GAS PHASE 

Zwiterionic 
DiPalmioylPhosphatidylEthanolamine 
molecule was chosen as starting structure for 
gas phase (Fig.2). Gas phase optimization of 
DPPE fragment at HF/3-21G level of theory 
resulted in dihedral values very close to those 
of PE crystal structure (see Table 2). With 
optimization, head group of DPPE leads to a 
different geometry, in which the molecule 
adopts a cyclic conformation. 
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DPPE is found to be unstable in the gas phase 
when optimized at HF/3-21G, 6-31G and 6-
31G* level and to convert into a natural 
structure by an intermolecular proton transfer 
from the ammonium group to one of the 
phosphate oxygenes (Fig.3), due to a very 
strong attraction between the (+) charged 
ammonium group and a (-) charged phosphate 
oxygen atom (O20). This strong attraction 
actually causes a proton transfer from 
ammonium nitrogen to the phosphate oxygen, 
thus it is made of converting the zwitterionic 
to a neutral molecule. The H+ transfer was 
found, at all levels of theory investigated in 
this work. 
 
GEOMETRY OPTIMIZATION IN THE 
DPPE-nH2O COMPLEXES 
The characteristics of interactions of water 
molecules with the head group of 
phospholipids membrane are subject of special 
interest.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
Theoretical studies on phospholipids-water 
cluster with ab initio method have not been 
reported yet. For comparison, we minimized 
the structure of DPPE molecule without water 
molecules. 
Optimization of DPPE molecule with 3-21G, 
6-31G and 6-31G* basis sets. The results of 
two levels of basis sets (3-21G and 6-31G) are 
not brought because of high volume of data. 
As it was expected, the most stable form was 
related to the 6-31G*. The results of 
calculations show that 5 water molecules are 
arranged around the DPPE head group that 
make to form hydrophilic part of DPPE 
molecule. The water molecule can bind to 
DPPE molecule along NH, CH and P-O-H 
sides as a proton acceptor and along P=O sides 
as a proton donor. 
Hydration of DPPE molecule causes that the 
stabilization energies to be more negative than 
no-hydrated this compound (Fig.4). According 
to ab initio calculations insertion of water-
DPPE complex to an intrinsically stable 
structure. 
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Figure 4: Comparison between calculated binding energies of DPPE-nH2O complexes in four 
basis sets obtained from ab initio method (in kcal mol-1) . 
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With adding one and two water molecules, we 
had natural structure but with adding from n=3 
to n=5, DPPE molecule convert into a 
zwiterionic form that was our expected form 
and repeated in all of our methods and was 
important point which is reason was the highly 
interaction between O-H and N-H. 
The O-H and N…H distances are 0.972 and 
1.879 Å in the DPPE-1H2O and are 0.972 and 
1.867Å in the DPPE-2H2O while the O…H 
and N-H distances become 1.49 and 1.086 Å 
in the DPPE-3H2O 1.725 and 1. 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

031 Å in the DPPE-4H2O also 1.604 and 
1.047 Å  in the dppe-5H2O  respectively. 
The latter is a very short distance compared to 
the some of the vander waals radii [32] of 
hydrogen(1.2Å) and nitrogen(1.55Å) of 2.75Å 

.The bond analysis (Table 3) shows that this is 
more than a pure electrostatic interaction but 
much less than the covalent bonding between 
hydrogen and oxygen in the DPPE after proton 
transfer. 
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The arrangement of water molecules is 
different in four basis sets that applied for 
optimization and every water molecule forms 
one or two hydrogen bond with DPPE 
molecule. With adding the water molecules, 
the hydrogen bond was forming between water 
molecules (see Fig.3 and Table 3).  
Hydrogen bonds exist with a continuum of 
strengths (Table 2). 
Based on the Y…H distance and value of the 
X-H…Y angle (>130) in Table 3 in the 
complex under study should be assigned as 
moderate.  
 
EFFECT OF HYDROGEN BONDING ON 
THE CHEMICAL SHIELDING TENSORS 
OF SELECTED ATOMS 
The calculations including intermolecular 
interactions give semi quantitative information 
on effects of Hydrogen Bonding (HB) on the 
principal values of chemical shift tensors. We 
were studied the influence of intermolecular 
interactions on chemical shielding tensors for 
1H, 15N, 31P,17O some selected nucleus, in 
DPPE-nH2O(n=0-5). 
The water molecule, according to the position 
which is located around the DPPE molecule 
has taken as the H-acceptor and H-donor, in 
the hydrogen bond discussed here. This may 
suggest that the intermolecular HB and the 
environmental interaction have a dramatic 
effect on the calculation of shielding tensors. 
Hydrogen bond length effects on the chemical 
shielding tensor and orientation of nuclei. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

It is noteworthy that the small variation in the 
position of atoms, eventually results in a 
considerable change in the lengths of the 
various intermolecular hydrogen bonds, which 
may probably effect the calculation of NMR 
shielding tensors.Based on the optimized 
structures, we calculated the shielding tensors 
for isolated and hydrated DPPE and 
corresponding data were list in Table 4 as 
well.For the compound studied, the most 
important intermolecular interaction arises 
from HB between adjacent molecules 
occluded. According to the results in Table 4 
and Fig.5, the calculations predict significant 
intermolecular effects for all of the oxygen 
shift tensors considered here. For the 
protonated nitrogen, when we have proton 
transfer in nH2O=3 (-NH3+) σiso and σaniso 
show the largest intermolecular effect. The 
deshielding effects ranges from 272.69 to 
266.57 ppm for σiso and ranges from 25.10 to 
13.33 ppm for σaniso. 
From the results presented above, the 
following qualitative observations follow that 
the largest HB effects are observed in the 
chemical shift components that are in O20, 
O21, O9 and O8 because these atoms have 
some HB interaction with water molecule and 
hydrogen atoms around, for the lowest HB 
effects are observed in the chemical shift 
components that are in H11 and H38 and the 
largest HB effects are observed in the 
chemical shift components when forth water 
molecule add. 
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