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The influence of L-Val and D-Val amino acids on a phospholipid bilayer, which
serves as a physical model for the cell membrane, has been studied using the
simultaneous small and large angle X-ray diffraction, as well as optical polarizing
microscopy methods. It is shown that despite L-Val and D-Val amino acids having
the same structure and differing only on their chirality, the effect of L-amino acids
and, consequently, their permeability on the membrane is greater than that of D one.
This indicates that the cell membrane exhibits a certain selectivity towards chiral
molecules. Additionally, it was demonstrated that the hydrophobicity and hydration
of an L- and D-amino acids also play a significant role on the interaction between
the amino acids and the cell membrane.

It is known that L-amino acids are more prevalent in nature than D-amino acids.
This research was to explore the interaction of L- and D-amino acids with the
phospholipid bilayer, which can serve as a physical model of the biological
membrane, aiming at understanding the differences of their effects. This could help
to explain the widespread presence of L-amino acids in nature and the scarcity of
D-amino acids.

The data obtained in this work suggest that this difference is likely due to the
distinct mechanisms of interaction between L- and D-amino acids with the bilayer.
Investigating the interaction of these amino acids with the phospholipid bilayer,
which forms the essential structure of biological membranes, one can gain insights
into the mechanisms of their interaction with biological membranes.
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Introduction. In modern biology, membrane structures are widely prevalent,
highlighting the crucial role of phospholipid bilayers in the emergence of life on
Earth and suggesting the impact of the biophysical properties of membrane structures
on cellular function. Similar structures and properties of molecules should facilitate
molecule-membrane interactions and, consequently, permeability. The observation
of the selective permeability might have been the most convincing evidences of a
membrane recognition of a molecule. There are few studies in the literature [1-5]
regarding the interactions of chiral molecules with biological membranes. The data
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on the interaction of amino acids with biological membranes are almost nonexistent.
On the other hand, discovering the mechanisms of the interaction between chiral
molecules and biological membranes might have allowed to fabricate lipid bilayers
with desired properties.

Materials and Methods. To study phosphatidylcholine (“Avanti (polar
lipids)”, purity 93%)—water—amino acid systems on the molecular level, the X-ray
diffraction method was employed. We used the L- and D-forms of L-Val (“Reanal”,
Budapest, purity 92.5%) and D-Val (“Reachim”, Moscow, purity 91%) amino acid.
Experimental data were obtained using the X-ray diffraction equipment DRON-3M
and X-ray Diffractometer MD-10, equipped with specialized X-ray chambers of
types PKCO and HOB, which allow simultaneous application of the X-ray diffrac-
tion method at both small and large angles.

When studying with the DRON-3M device, the diffracted beams at large
angles are recorded on the X-ray film. The initial beam is absorbed by a lead plate
located on the photographic box, where a film is positioned for recording reflections
at small angles. This type of chamber allows recording of reflections in the range of
20 = 1.5-40°, with the small angle portion of 1.5-3°. The exposure time for
X-ray imaging with the DRON-3M was 3-5 h.

In the case of the X-ray Diffractometer MD-10 device, the obtained diffraction
pattern was recorded directly onto the computer, allowing necessary analysis.
The exposure time was 15-20 min. For samples, capillaries made of quartz with their
wall thicknesses of 0.1 mm and diameters of 0.4-1.0 mm (produced in Germany)
were used, as well as “sandwich” type cells [6].

The phosphatidylcholine—water—amino acid ternary systems are prepared as
follows: a weighed amount of dry phosphatidylcholine is gradually added, drop by
drop, to double-distilled and deionized water and mixed vigorously until a
homogeneous mass is obtained. Then, an amino acid portion with the appropriate
concentration is added. To analyze the X-ray diffraction patterns, the Luzzati two-
parameter equation was used:
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d=1I+ (k+E)C—l,

where d is the period for the identity of the liquid crystal structure; [, is the length

of the molecule the lamella; k is the swilling coefficient; u is the mass of a single

molecule; S, is the surface per head; p is the water density; C,, and C; are the
water and lipid concentrations, respectively [7-9].

Studies on the over-molecular level were carried out using a Japanese
MENJI type optical polarizing microscope. In this case, the sample was prepared,
dropping the prepared specimen onto a glass slide and covering it with a coverslip.
The magnification of the microscope in this case was x600. The optical image is
recorded and analyzed by the computer [9].

Results and Discussion. To investigate the lamellar phase structure of the
phosphatidylcholine—water system, we used the L- and D-forms of L-Val and D-Val
amino acids at neutral pH [10, 11]. Fig. 1 shows the effects of these amino acids on
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Fig. 1. Dependence d~C,,/C; for the lamellar phase of the phosphatidylcholine—water system in the
presence of amino acids: 1) phosphatidylcholine—water; 2) phosphatidylcholine—water—L-Val;
3) phosphatidylcholine—water—D-Val, where C,,/C; =8,41.

To study the effects of amino acids on phosphatidylcholine—water systems,
using polarizing optical microscopy, the amino acids L-Val and D-Val were used in
this case.

a

Fig. 2, b shows the micellar structures formed at 58% concentration. When
L-Val was introduced to the phosphatidylcholine—water system, the micellar

Fig. 2. The effects of amino acids on the phos-
phatidylcholine—water system using polarizing
optical microscopy with C; = 62% by weight and
Cy/C, =8.41:

a) phosphatidylcholine—water;

b) phosphatidylcholine—water—L-Val,

¢) phosphatedylcholine-water—D-Val.
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structures were preserved, but their quantity increased, and their appearance became
somewhat blurred. The increase in the number of micelles is due to a change in
the critical concentration for micelle formation caused by the effect of L-Val.
The loss of structural clarity in the micelles is ascribed to changes in the balance of
electrostatic and van der Waals interactions, which cause them to self-organize.
In the case of D-Val on the phosphatidylcholine-water system, there was the
minimum effect. As seen in Fig. 2, ¢, D-Val does not interact with this system;
instead, it forms a separate phase. This may be due to the relatively low
hydrophobicity of the amino acid and the specific orientation of its dipole fragment
within the phospholipid bilayer (due to the direction and magnitude of the angle
formed with the bilayer).

This conclusion can be drawn based on the analysis of the results obtained
from X-ray diffraction measurements.
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Fig. 3. X-ray diffraction patterns of the lamellar phase of the phosphatidylcholine—water system in
the presence of amino acids with C; = 62% by weight and C,,/C; =8.41: a) phosphatidylcholine-water;
b) phosphatidylcholine-water-L-Val; c) phosphatidylcholine-water—D-Val.
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As seen in Fig. 3, the L-Val results in multiple reflections at different angles,
which are due to the presence of micelles with varying degrees of hydration.
Comparison of the diffraction patterns on Figs. 3, a and 3, ¢ shows that two peaks of
the phosphatidylcholine—water system are reproduced, but with lower intensity and
increased half-width. This indicates a weak effect of D-Val on this system.
The sharply defined peak with a small half-width between these two peaks suggests
the presence of a separate crystalline phase of D-Val. From these results, it can be
concluded that there is a selective interaction with the lamellar phase. Anyhow,
amino acids lead to a decrease in the slope of the linear region of d~C,,/C; curve,
as well as an increase in the C,,/C, ratio (Fig. 1), at which point d reaches a constant
value. Thus, amino acids also contribute to the increase in the swelling coefficient
of phosphatidylcholine in water. Additionally, the effect of amino acids causes
internal disruption within the lamellae.

Such effect of amino acids on the structure of the lamellae can be achieved, if
there is dipole-dipole interaction between the dipole fragments of the amino acids
and phosphatidylcholine molecules. This interaction increases the dipole moments
of the phosphatidylcholine molecules and alters their polarizability. With an increase
in molecular hydrophobicity, the collinearity of the dipoles of amino acids and
phosphatidylcholine can disrupt in favor of the contact between the hydrophobic part
of the amino acid and the hydrocarbon domain of the lamella. This leads to a
reduction in the overall dipole moment of the molecule, as well as a decrease in the
hydrophilicity of phosphatidylcholine, which, in turn, causes disruption of the
lamellae.

Conclusion. Based on the obtained data, the following conclusions can be
made.

1. The phospholipid bilayer exhibits selective interaction with the L- and
D-forms of amino acids.

2. This may provide a basis for understanding, why the L- and D-forms
exhibit different permeability properties through the membrane.

3. The difference in the interactions of the L- and D-forms with the lipid—
water system can be explained by the orientation of the dipole fragments in the lipid
bilayer and the reduction of the system's hydrophobicity.

4. Discovering the mechanisms of interaction between chiral molecules and
biological membranes can provide an opportunity of creating lipid bilayers with
desired properties.
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I'. T. BAJAJISIH, M. A. CTEITAHSH

U3BUPATEJIBHOE BO3JIEUCTBUE L- U D-AMUHOKMCJIOT
HA BUOMEMEBPAHY

MeTonoM pEeHTIeHOBCKOH MU(paKIuy OXHOBPEMEHHO IO MAaJbIMH |
OONBPIIMMHK YTJIaMH, & TaKXK€ METOAOM ONTHYECKOH MOJSAPU3ALHOHHON MHUKpPO-
CKOIIMM HCCIIENI0BaHO B3auMojeiicTBue L- u D-aMUHOKUCIOT ¢ (hochomumuaHbpIM
oucmoem, sSBISIOMIMCS (pU3MUECKOl Mojensio OmomeMOpansl. [lokazano, dToO,
HECMOTpsl Ha TO 4TO L- ¥ D-aMHHOKHCIOTBI UMEIOT OJJUHAKOBYIO CTPYKTYPY H
Pa3IN4aloTCcsl TOJNBKO XUPATBHOCTHIO, BO3JEHCTBHE W MPOHHUIAEMOCTh L-aMuHO-
kucnot Oounbmie, yeM D-amuHOKUCIOT. To ecTh OmomMeMOpaHa IPOSBIISIET OIpeie-
JICHHYIO CEJICKTUBHOCTH MO OTHOIICHHIO K XHPAIbHBIM MOJIEKyJlaM. A TaKkKe
MOKa3aHo, 4TO THAPOPOOHOCT, M THapatanus L- u D-aMHHOKHCIOT HrparoT
Ba)KHYIO POJIb BO B3aHMOJICHCTBUU MEKIY HUMH H OMOMEMOpPaHOii.



