Pe3tomera Ha HayuyHuTE MyOIMKauuu Ha Aou. A-p Buktopus ButkoBa Ha Obarapcku e3uk u
AHTJIMHCKH €3MK 32 Y4acTHe B KOHKYPC 3a akaJleMUYHATa JIIBKHOCT ,,lipodecop”’, 00sBeH B
JIppkaBeH BecTHUK, Opoit 61 ot 02.08.2019 r.

1. C. Minetti, V. Vitkova, F. Dubois, I. Bivas, Digital holographic microscopy as a tool to
study the thermal shape fluctuations of lipid vesicles, Optics Letters 41(8): 1833- 1836
(2016) DOI: 10.1364/0L.41.001833; IF: 3.416 (2016 Impact Factor) Q1

1.1. Abstract: The bending elasticity modulus of lipid membranes is obtained by applying for the
first time, to the best of our knowledge, a novel experimental technique based on digital
holographic microscopy. The fluctuations of the radius with time were extracted by tracking
and measuring the optical thickness at the vesicle poles. The temporal autocorrelation
function of the vesicle diameter computed for each of the studied vesicles was then fitted
with the theoretical expression to deduce the membrane’s tension and bending constant. For
the bending elasticity modulus of SOPC bilayers, the value of (0.93+0.03) x 10 *? erg was
obtained. This result is in accordance with values previously obtained by means of other
conventional methods for the same type of lipid membrane in the presence of sugar
molecules in aqueous medium. The obtained results encourage the future development of
the digital holographic microscopy as a technique suitable for the measurement of the
bending elasticity of lipid membranes.

1.2. Pestome: 3a mppBH BT MOAYJIBT Ha €IACTHYHOCT HA Or'bBAaHE HA MOJCITHH JIMITHIHU
MeMOpaHH € IMOJyYeH upe3 MPHIaraHeTo Ha HOB €KCIIEPUMEHTAJICH MOJXO0J, OCHOBAaH Ha
mudpoBa xonorpadcka Mukpockonus. DuykTyanuuTe Ha paadyca Kato (YHKIHS Ha
BpPEMETO Ca MOJy4YeHH OT 3amuca Ha ONTHYHATa JcOelnHa Ha BE3WKysIara MPH HYJICB
MOJISIpEH bI'hJl. BpemeBaTta aBTOKOpenanvoHHa (YHKIHMS Ha JHaMETbhpa Ha BE3UKYyJaTa,
M3YHCIIeHa 3a BCSAKAa OT M3CJICJABAHUTE BE3WKYJIM, € OIKMCaHa 4Ype3 ChINECTBYyBaIlaTta B
JUTEpaTypaTa TEOpHs 3a 3aBUCHMOCTTa M OT MOJyJia Ha €JIaCTUYHOCT Ha OrbBaHE Ha
MeMOpaHaTa U HEHHOTO MEXaHHYHO HampekeHue. V3uucieHa e CTOMHOCTTa Ha MOJyJia Ha
€IACTMYHOCT Ha Or'bBaHe Ha creapuir-ojiers GocharuaunxoarnaoBa Mmemopana, (0.93+0.03)
x 107 erg B chbracMe ¢ JAHHWTE, MONYYCHH Ype3 KOHBEHIMOHATHUTE METOAU 3a
M3MepBaHe Ha MeMOpaHHATa €TaCTUYHOCT Ha OTbBAaHE 3a CHINMS THIT MeMOpaHa B 3aXapHU
pa3TBopH. Hammwmst pesynrar € jmo0pa ocHOBa 3a pa3BUTHETO Ha mudpoBaTa xosorpadceka
MHUKPOCKONHA KaTO MoAXOodAll METOH 3a H3CJICABAHC HAa MCEXAHUYHUTEC CBOMCTBa Ha
JIUTHTHA MEMOpaHH.

2. K. Antonova, V. Vitkova, C. Meyer, Membrane tubulation from giant lipid vesicles in
alternating electric fields, Physical Review E 93, 012413 (2016); IF 2.252 Q1

2.1. Abstract: We report on the formation of tubular membrane protrusions from giant
unilamellar vesicles in alternating electric fields. The construction of the experimental
chamber permitted the application of external AC fields with strength of dozens of V/mm
and kHz frequency during relatively long time periods (several minutes). Besides the vesicle
electrodeformation from quasispherical to prolate ellipsoidal shape, the formation of long
tubular membrane protrusions with length of up to several vesicle diameters, arising from
the vesicular surface in the field direction, was registered and analyzed. The threshold
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2.2.

3.

3.1.

3.2.

electric field at which the electro-induced protrusions appeared was lower than the field
strengths inducing membrane electroporation.

Pestome: B Hacrosimara cratus ce cho01iaBa U aHaiau3upa GOpMUPaHETO HAa LUIMHIPUYHU
MeMOpaHHU CTPYKTYpH, M3TEIJICHH OT MEMOpaHUTEe Ha TUTAHTCKH, €THOCIOHHH, MOYTH
c(pepuYHHU JIMIIUAHN BE3UKYJIN IPU Bb3JEHCTBUE HA IPOMEHIUBO EIEKTPUYHO I10JI€ BBPXY
Tax. KoHCTpykinusTa Ha eKCIepUMMEHTajgHaTa KieTKa II03BOJIABA IpUJIaraHeTo Ha
IIPOMEHJIUBU €JEKTPUYHU II0J€Ta C MHTEH3UTET OT IOopsaAbKa Ha JeceTku B/MM B
KUJIOXEPIIOBUS YECTOTEH OOXBAaT B MPOABIDKCHHE HAa CPABHUTEIHO JIBJITH MHTEPBAIH OT
BpeMe (HSAKOJIKO MHUHYTH). 3aeiHO C HpomsHata Ha (opMaT Ha Be3UKyJaTa oOT
KBazuchepruHa BbB (hopMa Ha YABIDKEH IO IMOCOKaTa Ha eNEKTPUYHOTO IOJIE SIUTICOU, Ce
HaOIroAaBa M3TErISHETO OT MeMOpaHaTa Ha Be3MKylara I10 I0COKaTa Ha IIOJIETO Ha
LWIMHIPUYHA MEMOpPaHHM HMILKHM C ABJDKMHA, JOCTUTalla HIKOJKO I'bTU JUaMeThbpa Ha
Be3MKynara. VIHTEH3UTEThT Ha EJIEKTPUYHOTO II0jJe, IpU KOeTo € HabaraaBaHa
MoponoruuHara TpaHchopmMalysa Ha BE3UKYJaTa € 10/ TPaHUYHUTE CTOMHOCTH Ha I0JIETO,
IIPU KOUTO C€ MHAYLMpa MEMOpaHHA eJIEKTPOIOpaLusl.

V. Vitkova, D. Mitkova, K. Antonova, G. Popkirov, R. Dimova, Sucrose alter the electric
capacitance and dielectric permittivity of lipid bilayers, Colloids and Surfaces A:
Physicochemical and Engineering Aspects, vol. 557, p. 51-57 (2018) Available online 5 May
2018; https://doi.org/10.1016/j.colsurfa.2018.05.011; IF: 2.714 Q2

Abstract: Understanding sugar-membrane interactions is of fundamental and technological
relevance considering the role of sugars in drought-protection mechanisms of plants as well
as the cryo- and bio-preserving effect of carbohydrates in many industrial and medical
applications. In this work, we investigated the effect of sucrose on the electrical properties
of membranes. In particular, we measured the specific capacitance of palmitoyl-oleoyl
phosphatidylcholine membranes in aqueous solutions of sodium chloride. Different
concentrations of sucrose were examined. The capacitance was assessed from the
frequency-dependent deformation of giant unilamellar lipid vesicles in alternating electric
field. Our measurements on giant vesicles in sugar-free aqueous solutions yield lower
specific capacitance compared to values obtained for suspended and supported bilayers.
This might be a result of the higher membrane tension in the latter systems, which is
coupled to smaller thickness of the bilayer. We also report an increase of the bilayer
capacitance upon increasing the sugar content in water. This finding is consistent with the
sugar-induced thinning of membranes reported in the literature. However, the thinning is not
sufficient to explain the observed capacitance increase with rising sugar concentration. We
interpret the trend as resulting from an increase in the membrane dielectric permittivity.

Pestome: HTepechT KbM U3CHeABaHE BB3JACHCTBHETO Ha 3axapd BBbPXY JIMIHUJIHU
MeMOpaHHU CTPYKTYpPH MMa KaKTO (yHJAaMEHTAJIEH Taka U MPUJIOKEH XapaKkTep BbB BPb3Ka
C ONHMCAHMETO Ha MOJIEKyJIHaTa OpraHu3alus B TaKMBa CHCTEMH, 3a HU3y4aBaHE H
U3MOJI3BaHE Ha MEXaHU3MUTE Ha I[IpelANa3BaHe OT 3acyllaBaHE IpU pacTEeHUsATa B
OMOTEXHOJIOTMHUTE 3a KpUO- M OuornpesepBaus Ha ThKaHU M XpaHU. B Hactosmiara pabota
cMe u3ciefBaiu edekTa Ha 3axapo3ara BbpXY €JNEeKTPUYHHTE CBOMCTBA Ha CHHTETUYHU
munuaHd - MeMmOpanu. M3mepen e cnenuuUHMST KamauuTeT Ha HaJIMHUTUII-OJICHI
¢dochaTuanaxomuHOBY MeMOpaHU BBB BOJHHM pPA3TBOPU Ha HATPUEB XJIOPHJ C Pa3IUUYHU
KOHIIEHTPAaLlMU Ha 3axapo3a. 3a ILelTa € H3MO0J3BAaH eNEeKTPOJePOPMALUOHHUAT METON,
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0a3upaH Ha YECTOTHO-3aBUCHMAaTa AeopMalus Ha €IHOCIOMHN KBAa3UC(HEPUUHHU BE3UKYIH
B IIPOMEHJINBO €JIEKTPUYHO 1ouie. [lorydenaTa cTOWHOCT 3a MeMOpaHHUS KaraluTeT B YUCT
COJIEBU Pa3TBOp € IHO-HHUCKA OT IyOJMKyBaHAaTa OT APYI'M aBTOPH CTOMHOCT, M3MEpEeHa
BBPXY OKAaueHM WM OTIOXKEHH BBPXY TBBpJA IOJUIOKKAa MeMOpaHu. Taka moiydeHara
pa3nuKa BEpOSTHO € PEe3yNTaT OT 3HAYMTEIHO IMO0-BHCOKOTO MEXaHWYHO HANpEeKEeHUE U
CBBP3aHOTO C HETO M3THHABAHE HA JIMIMMIHUS OMCIOHN B CiIydas HAa OKaYeHU WM OTIIOXKEHH
MemOpanu. Hammrte pesydaratd mnoka3BaT HapacTBaHE Ha cHerupuUHUS MeMOpaHeH
KamanuTeT MY yBeJIMYaBaHE Ha KOHIICHTPAIMITA HA 3aXapTa BbB BOJHHS Pa3TBOP, KOETO €
B CHIJIACHE C JOKJIAQ/IBAHOTO B JUTEpaTypaTa U3ThHABAHE HA OMCIIOS B MPUCHCTBHE HA 3axap.
Hamanenmero na neGenmHara Ha Oucios camo mo ce0e cu He € JOCTaThbUHO Ja OOSICHU
HAOII0JTaBaHOTO HApacTBaHE Ha KalaluTeTa, KOETO BOAU JO 3aKJIOYEHUETO, de
OTHOCHTEJIHATA AUEJIEKTPUYHA IPOHUIIAEMOCT Ha MEMOpaHaTa ChII0 HApacTBa.

4. V. Vitkova, D. Mitkova, K. Antonova, Capacitance of lipid bilayers in sugar-free aqueous
solutions, Comptes rendus de | ’Académie bulgare des Sciences, Vol. 70, No 10, 2017,
p.1355-1362; IF: 0.251 Q2

4.1. Abstract: By analysing the deformation of ‘giant’ unilamellar lipid vesicles in alternating
electric field at varied frequency we measured the specific capacitance of palmitoyl-oleoyl
phosphatidylcholine membranes in sugar-free aqueous solutions of sodium chloride. The
obtained value 0.50 + 0.02 pF/cm? is lower than the values reported so far. This finding is in
good agreement with the membrane capacitance found in the literature for the same lipid
composition in sugar-containing aqueous solutions taking into account the sugar-induced
membrane thinning effect. With regard to the previous data for the membrane capacitance
from experiments with black lipid membranes, our result is consistent with the expected
impact of the coupling of the membrane tension to its thickness.

4.2. Pestome: Upe3 aHanm3 Ha YECTOTHO-3aBUCHMHTE IPOMEHH BBB (opMara Ha ‘TUTAHTCKU’
KBa3UC(PEpUUHU JIMIUIHU BE3UKYJIUM B TPOMEHIMBO €JIEKTPUYHO IIOJE € OIpeneseH
CJIEKTPUYHUAT KalaluTeT Ha NaIMUTHI-0oJewsl (ochaTUAUIXOIMHOBU MEMOpaHu B
pa3TBOopr Ha HaTpueB xJjopun. Ilomydenata croifHocT Ha crneunduyHus MeMOpaHEH
kamanuret, 0.50 + 0.02 ],L(D/CMZ, € MO-HHUCKa OT HAMEPEHHUTE B JIUTEparypara JIaHHH 3a
JEUUTUHOBU MeMOpaHu. ToBa cpaBHeHUE B KOMOMHAIMS ¢ MyOIMKYBaHUTE OT APYT'H aBTOPU
JI0Ka3aTeJICTBA 3a BIMSHUETO HA 3aXapUTe BbpPXY CTPYKTypaTa Ha JIMIIUIHUS OHUCIION € B
I00po chriacue ¢ OOpaTHONPONMOPLMOHATHATA 3aBUCUMOCT MEXAY €JIEeKTPHUECKUS
KanauTeT Ha Oucios u nedernHaTa Ha ChIIUs B MPUOIMKEHUE Ha TNIOCHK KOHIEH3aTOpP.

5. D. Mitkova, N. Marukovich, Y. A. Ermakov, V. Vitkova, Bending rigidity of
phosphatidylserine-containing lipid bilayers in acidic aqueous solutions, Colloids and
Surfaces A: Physicochem. Eng. Aspects 460, pp. 71-78 (2014); ISSN: 0927-7757; IF: 2.752

Q2

5.1. Abstract: The elastic properties of anion lipid-containing bilayers were studied in aqueous
solutions with fixed ionic strength at pH <5. Giant vesicles from stearoyl-oleoyl-
phosphatidylcholine (SOPC) with various contents of dioleoyl-phosphatidylserine (DOPS)
were obtained via electroformation and observed in phase contrast and fluorescence. Two
structural phases were found to coexist in vesicle membranes. Thermal fluctuation
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spectroscopy of quasispherical vesicles with homogeneous liquid membranes was applied
for the gquantification of their bending rigidity. The white-noise contribution, significantly
influencing the calculated value of the bending modulus, was taken into account in the
analysis of the thermal shape fluctuations of vesicles. Electrokinetic measurements with
SOPC/DOPS liposomes provided information about their surface potential dependence on
pH and also as a function of the DOPS molar content in bilayers. The experimentally
obtained values for the bending rigidity of SOPC bilayers containing various amounts of
DOPS are reported and discussed in the light of the existing theory for the electrostatic
contribution to the bending modulus of charged lipid membranes.

5.2. Pestome: M3crenBaHu ca enacTUYHHUTE CBOMCTBA HA MEMOpaHH C aHMOHEH JIMITUJ] B ChCTaBa
UM, BBB BOJHH pa3TBOpH ¢ (ukcupana HonHa cuia u pH <5. Besukymu ot creapmi-onewn
dbocharuauaxonud (SOPC) ¢ pa3nuyHO MOJIHO ChIbpPKaHKHE HA AHOJIEHT GochaTHIuICEpuH
(DOPS) ca mony4yaBanu upe3 eleKTpoOpMHUpaHE U ca U3CIeABaHH C (IIyOpPECIECHTHA |
(ha30BOKOHTPACTHA MUKPOCKOIIHSI. Y CTAHOBEHO € ChIIECTBYBAHETO HA JIBE CTPYKTYpPHH (a3u
B U3CJIe/IBaHUTE MeMOpaHu. EnacTH4HOCTTa Ha Or'bBaHE € U3MEPEHa MOCPEICTBOM TEPMUYHA
(GIIyKTyallMOHHA CIIEKTPOCKONHsI Ha KBa3UC(HEPUYHH BE3HKYJIM C XOMOICHHH MEMOpaHH.
[Tpu ananm3a Ha QIYKTyalMUTE € OTYCTEH OCNUAT IIyM, YUHTO MPHUHOC [TPU U3UYUCIISIBAaHE Ha
MOJyJa Ha OrbBaHE € IIOKa3aH B IMPEIXOJHO H3cienBaHe. Upe3 eIeKTPOKUHETUYHU
excepumentd ¢ SOPC/DOPS numo3oMu € MOJydYeH MOBBPXHOCTHHAT IOTEHIMAT Ha
MeMmOpaHuTe karo ¢yHKius Ha PH Ha BogHaTa cpela MpH pa3iiuvyHO MOJIHO ChAbP)KaHUE Ha
DOPS. HU3mepenute croiiHOocTH Ha Moayna Ha orbBaHe Ha SOPC/DOPS oGucioeBe ca
JTUCKYTHPAHHU B CBETJIMHATA HA CHIECTBYBAIATa TEOPHS 32 CICKTPOCTATUYHUS MPHHOC KbM
eJIACTUYHOCTTA Ha O'bBAHE HA 3apPCIICHU JIMITHIHA MEMOpPaHH.

6. R. Georgieva, K. Mircheva, V.Vitkova, K. Balashev, Tz. lvanova, C. Tessier, K. Koumanov,
P. Nuss, A. Momchilova, G. Staneva, Phospholipase A2 induced remodeling processes on
liquid-ordered / liquid-disordered membranes containing docosahexaenoic or oleic acid: a
comparison study, DOI:10.1021/acs.langmuir.5b03317(2016); Langmuir 32, 1756—1770
(2016) IF: 3.683 Q1

6.1. Abstract: Vesicle cycling, which is an important biological event, involves the interplay
between membrane lipids and proteins, among which the enzyme phospholipase A2 (PLA2)
plays a critical role. The capacity of PLA2 to trigger the budding and fission of liquid-
ordered (Lo) domains has been examined in  palmitoyl-docosahexaenoyl
phosphatidylcholine (PDPC) and palmitoyl-oleoyl phosphatidylcholine (POPC)/
sphingomyelin/ cholesterol membranes. They both exhibited a Lo/liquid-disordered (Ld)
phase separation. We demonstrated that PLA2 was able to trigger budding in PDPC-
containing vesicles but not POPC ones. The enzymatic activity, line tension, and elasticity
of the membrane surrounding the Lo domains are critical for budding. The higher line
tension of Lo domains in PDPC mixtures was assigned to the greater difference in order
parameters of the coexisting phases. The higher amount of lysophosphatidylcholine
generated by PLA2 in the PDPC-containing mixtures led to a less-rigid membrane,
compared to POPC. The more elastic Ld membranes in PDPC mixtures exert a lower
counteracting force against the Lo domain bending.



6.2. Pestome: BesukynapHHUAT TpaHCIOPT, €AWH OT OCHOBHHTE TPAHCIOPTHU MEXAaHU3MH B
KJIETKATa, € TSCHO CBBP3aH C B3aMMOJCHCTBUETO MEKIYy MEMOpPAHHHUTE JIMITUIN U IIPOTCUHH,
cpen xouto eH3uMbT Qoconunaza A2 (PLA2) wurpae kputuuna pons. M3cieasano e
BiaustHreTo Ha PLA2 Bbpxy Mopdosorusta Ha TeuHo-moapeacHu (LO) qoMeHu B maaMHTHII-
noko3axekcanows ¢pocharuauiaxonuHou (PDPC) memOpanu u B MeMOpaHH OT MaJIMHTHII-
oneun pocharuauaxonus (POPC)/ chunromuenun/ xonecrepon. M qBara chcTaBa mokasBar
¢ba3oBo pasaensHe Ha TeuHa noapenacHa (LO) u teuna nenoapeneHa (Ld) dasu. [Tokaszano e
cotictBoTo Ha PLA2 na mpeaussuksa mbnkysane (budding) 8 PDPC-chabpikaliy Be3UKYIIH,
KoeTo He ce HaOmogaBa npu Besukynu or POPC. EH3uMHaTa akTHUBHOCT, JIMHEHHOTO
HaNpEe)KCHUE M ENIACTHYHOCTTa Ha MeMOpaHata B TedHaTa HemozpeaeHa ¢asza okoio Lo
JOMEHHTE ca OCHOBHHU (hakTopu, MmoBiusBaiIM npouecute Ha meikyBade (budding). ITo-
BHCOKOTO JIMHEWHO HampexeHue Ha LO momenute B PDPC-chabpkammu memOpanu e
OOSICHEHO C TO-TOJIsIMaTa pas3jidKa MEXAYy MapaMeTpuTe Ha TOJPEACHOCT Ha JBETe
€IHOBPEMEHHO ChILECTBYBAIIM CTPYKTYpHH (a3u. B pe3ynrar Ha Mo-BUCOKOTO ChAbPIKAHHE
Ha Ju30hochaTHINIXOIMH BCiencTBUE Ha neiictBueto Ha PLA2 B PDPC-chappxkamure
CMECH €JIACTHYHOCTTAa Ha OI'bBaHE Ha MeMOpaHaTa HapacTBa B CPABHEHUE C €IIACTHYHOCTTA
Ha POPC wmemoOpanute. [lo-Huckustr moxyn Ha orbBaHe Ha PDPC-chawpxkammre Ld
MeMOpaHHu OJIaroNpUsATCTBa Or'bBaHeTO Ha LO-10MeHuTe.

7. P. Todorov, P. N. Peneva, St. I. Georgieva, J. Tchekalarova, V. Vitkova, K. Antonova, A.
Georgiev, Synthesis, characterization and anticonvulsant activity of new azobenzene-
containing VV-hemorphin-5 bio photoswitch, Amino Acids, 2019 (accepted); ISSN: 0939-
4451 (Print) 1438-2199 (Online) IF: 2.906 Q1

7.1. Abstract: A novel analog of VV-hemorphin-5 containing azobenzene moiety has been
synthesized and investigated for anticonvulsant activity in relation to its E — Z
photophysical properties activated by long wavelength light at 365 nm. The synthesis was
achieved by a modified SPPS by Fmoc-dimerization strategy. The electrochemical behavior
before and after UV illumination was investigated using different voltammetric modes. The
number of electrons transferred, heterogenic rate constant and diffusion coefficient for E-
and Z-isomers were also evaluated. Revealing the governing principles involved in signaling
and nerve pulse propagation requires the detailed characterization of the electrical properties
of cell membranes. For probing the effect of synthesized azo-peptide on the membrane
electrical properties, we measured the specific capacitance of lipid bilayers, representing a
basic physical model of biomembranes with their simple reproducibility in laboratory
conditions at controlled membrane composition and physicochemical parameters of the
surrounding aqueous medium. Our results have shown reduced membrane capacitance in the
presence of the azo-peptide, thus providing evidences for possible alterations in the
dielectric permittivity of the bilayer. The (Val-Val-Tyr-Pro-Trp-Thr-GIn)2Azo peptide was
explored also in vivo for preliminary anticonvulsant activity by using the 6-Hz seizure test
and pentylenetetrazol (PTZ) seizure test in mice. The Z-isomer has exhibited higher potency
compared to E-isomer most pronouncedly in the 6 Hz test for psychomotor seizures where
the compound had activity at all three tested doses. It was found that the Z-isomer decreased
the latency for onset of clonic seizures induced by PTZ. These results demonstrate that the
Z-isomer deserves further evaluation in other screening tests for anticonvulsant activity.
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Pestome: CuHTe3UpaH € MOJMNeNnTui, npous3BojeH Ha VV-xemopduH-5, chabpKain
a300€H30JIHa TpyNa, U € U3CJIeBaH 3a NPOTUBOKOHBYJICHBHA aKTUBHOCT B KOHTEKCTa Ha
¢dorodusnunute my cpoiictBa (E — Z) npu ynTpaBHONETOBO OCBETSBaHE C JBJDKMHA Ha
BeiHaTa 365 NM. 3a mosyyaBaHETO Ha TOJMIENTHAA € W3MOJI3BaH MOAU(HUIMpaH
TBBPJOTENEH TMENTHIEH CHUHTe3. ENeKTpoXMMUYHOTO MOBEJEHHE Mpead U  Clief
YATPAaBUOJIETOBO OCBETSIBAaHE € M3CJeIBaHO upe3 BojiTaMeTpus. HampaBena e omeHka Ha
Oposl OTAAICHH €JIEKTPOHHU, CKOPOCTHATA KOHCTaHTa U KoedurureHTa Ha audy3us Ha E- u Z-
nzomepute. M3crneaBaHeTo Ha €IEKTPUYHHUTE CBOMCTBA HAa KJIETHYHHUTE MEMOpaHU CTOHM B
OCHOBATa Ha OIIMCAHUETO HA MEXaHU3MUTE Ha MPEIaBaHETO Ha HEPBHUS UMIYJIC. 3a OLEHKa
Ha e(eKTa Ha CHUHTE3MpaHHs a30MENTH]] BbPXY EJIEKTPUYHHUTE CBOWCTBA Ha JIMIUIHHSA
OUCIION, EeKCHEpUMEHTAIHO € OINpe/ieieH CHEeUU(UYHUAT EeNEeKTPUYEH KalaluTeT Ha
MojienHu (ochaTUANIXOTMHOBH MeMOpaHu. B mpHChCTBHE Ha a30MENTHI € YCTAaHOBEHO
HaMaJIeHMe Ha MEMOpaHHUs KallallUTeT B CPaBHEHUE C KOHTPOJIaTa, KOETO CBUJIETEJICTBA 32
NpoMsiHA Ha JUENEKTPUYHATA MPOHHUIIAEMOCT Ha OWCIIOS B TPUCHCTBHE HA MENTHIA.
[IpoBenenn ca u iN-ViVO u3cie[BaHus 32 XapaKTEpU3HpaHE HA MPOTHBOKOHBYJICHBHOTO
JIeiCTBUE HA TMENTHIA BBPXY JiaboparopHu MuIKW. llodydeHu ca mokazaTencTBa 3a Io-
BUCOK IIOTEHIMal Ha Z-u3omMepa B cpaBHeHHME C E-n3omepa 3a OTKIIOYBaHE Ha
MICUXOMOTOPHH NPUNAIBIM U MPH TPUTE M3CIECABAHU JI03M. Y CTAHOBEH € MOTHCKAI] eeKT
Ha Z-uzomepa CHOpsMO TOsBaTa Ha KJIOHWUYHU [PUNATbLU, NPEAU3BUKAHU OT
NEHTHJICHTeTpa3osl. Te3n pe3ynraTd JAEMOHCTpHUpAT TOTEHIHMana Ha Z-u3omepa 3a
MPOBEXKIAHE HA IOIBIHUTEIIHN CKPUHHHUHT TECTOBE 32 aHTUKOBYJICHBHA aKTUBHOCT.

J. Genova, V. Vitkova, |. Bivas, Registration and analysis of the shape fluctuations of nearly
spherical lipid vesicles, Physical Review E 88, 022707 (2013); 1539-3755 (print);1550-2376
(online) IF 2.288 Q1

Abstract: The analysis of shape fluctuations of giant nearly spherical lipid vesicles observed
via optical microscopy is one of the widely used methods for the determination of the
bending elasticity of lipid membranes. Although the method has been used already for three
decades, the values of this material constant, obtained by different groups for membranes of
the same composition, in identical conditions, differ significantly. The aim of the present
work is the development of the method, enabling us to avoid the influence of artifacts on the
value of the measured bending modulus. This is achieved by rejection of some images of the
vesicle or the whole vesicle when they do not satisfy the requirements (selection criteria) of
the applied theory. The bending modulus of 1-stearoyl-2-oleoyl-sn-glycerol-3-
phosphocholine lipid membranes is determined via the advanced method described here.
The results are compared with the values in the literature and their difference is discussed.

Pestome: AHanu3bT Ha QuiyKTyauuutre Ha Qopmara Ha THUTAHTCKHM, HOYTH CHEpUYHHU
JUMUIHA BE3UKYNM, HAOJIOJaBaHM C ONTHYHA MMKPOCKOIUS IPEJCTaBIsBA €IUH OT
IIMPOKOU3IIOJI3BAHUTE METO/IU 3a OIpe/essiHE Ha €JaCTUYHOCTTa Ha Or'bBaHE Ha JIMMUIHU
MeMOpaHu. BeIpeku e MeToabT € Mpuiiaral Bede B MPOABIDKEHHE HAa TP JECeTUIIETHs,
CTOMHOCTHUTE Ha Ta3W MaTepualiHa KOHCTAHTA, MOJIYYEHU OT PA3JIMYHU IPYNH 3a MEMOpaHu
C €JHAKbB XMMHYECKH ChCTaB IPU UJEHTUYHU YCIIOBUS, CE pa3nuuyaBaT 3HauuTeNnHoO. LlenTa
Ha HacTodAlara padoTa € yChbBBPIICHCTBAHETO Ha METOJA 3a MPEOJOsIBAHE HA BIUSHUETO
Ha pa3NuuHu apredakTH BbPXY H3MepeHaTa CTOWHOCT Ha MOJyJla Ha Or'bBaHe Ha
MeMOpaHaTta. ToBa € MOCTUTHATO MOCPEICTBOM Ha OTXBBPIEHHU MO OMPENECICHU KPUTEPHUU
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9.

9.1.

9.2.

10.

o0pa3u WM Ha caMmaTa BE3WKYIla B CIy4ail, ue He yJIOBJIETBOPSIBA U3UCKBAHUATA (KPUTECPUH
3a CelieKIrs) Ha pa3paboTeHaTta Teopus. Moy IbT Ha OrbBaHe Ha MeMOpaHu ot 1-cTeapui-
2-onen-SN-Taunepo-3-GpochoxXonrH e onpeaeNieH Mo ONMUCAaHUs TyK MeToA. Pe3ynrarsT e
CpaBHEH ChC CTOMHOCTHUTE B JIMTEPATypaTa, KaTo ca 00CHJACHH YCTAHOBECHUTE PA3IUKH.

V. Vitkova, D. Mitkova, G. Staneva, Lyso- and omega-3-containing phosphatidylcholines
alter the bending elasticity of lipid membranes, Colloids and Surfaces A: Physicochem. Eng.
Aspects 460, pp. 191-195 (2014); ISSN: 0927-7757; IF: 2.752 Q2

Abstract: We report on the effect of lyso- and polyunsaturated fatty acid (PUFA)-containing
lipids on the bending elastic properties of lipid membranes. The bending stiffness of
monounsaturated phosphatidylcholine (POPC) bilayers with various molar fractions of an
omega-3-containing phosphatidylcholine (PDPC)and/or a lyso-phosphatidylcholine (lyso-
PC) was measured by thermal shape fluctuation analysis (TSFA)performed on
quasispherical giant unilamellar vesicles (GUV). Strong evidences of their softening effect
on lipid bilayers are provided together with data suggesting different degree of influence of
the two molecules on the membrane bending elasticity. The effect of lyso-PC on the bending
stiffness of POPC membranes was shown to be stronger than the PDPC. We conclude that
the PDPC and lyso-PC are most likely controlling the membrane deformations by
modulating its elastic properties.

Pestome: M3cnenBan e edeKkThT Ha JHM3OIUNUAM H JUIOUAA C [TOJMHCHACUTCHH
mactHOKucenuHHN octarbiin  (PUFA) BbpXy MeXaHHYHHTE CBOMCTBA Ha OHCIIOA.
EnactuuHocTTa Ha OrbBaHe Ha MeMOpaHHM OT MOHOHEHACHTEHH (oChaTHIMIXOIMHA
(POPC) ¢ pazmuunu MoJIHH YacTd oMera-3-chabprkamu dpocharuauaxonuan (PDPC) u/wmn
nu3odocharuamixonu (lyso-PC) e moiydeHa upe3 aHaIu3 Ha TEPMUYHHUTE QIIYKTYaIl[dH HA
dopmara Ha KBasUCPEpPUUHU JUMHIHU Be3WKynu. [lomydeHm ca JokaszaresicTBa 3a
HamaJsiBaHe Ha MOJyja Ha OrbBaHE Ha MeMOpaHaTa, KOMTO CBHJETEJICTBAT 3a pa3lIMdHa
CTemeH Ha To3M e(eKT TMpH JBeTe W3CICABAaHM MOJCKYIH. BiusHHeTOo Ha
m30(ochaTHIMIIKONMHA BHPXY €llacTHYHATa KOHCTaHTa € TO-CHJIHO B CpaBHEHHE C
YCTaHOBEHOTO HaMmalleHHhe Ha Mojyna Ha orbBaHe npu PDPC-chabpxkamu MemOpaHu.
[lonmyyenure pesynraTd JaBaT OCHOBaHME Ja ce 3akmoun, dve PDPC n
30 ochaTHIMIKOIMHBT TOBIHUSIBAT JeOpMAIMUTE HA MEeMOpaHaTa 4pe3 MOIyJUpaHe Ha
MEXaHUYHUTE M CBOWCTBA.

V. Vitkova, D. Mitkova, N. Kozarev, A. Stoyanova-lvanova, and |. Bivas, Bending rigidity
of lipid membranes and the pH of the aqueous surroundings, C. R. Acad. Bulg. Sci. 65 (3)
(2012) 329-334; ISSN 1310-1331 (Print); ISSN 2367-5535 (Online); IF 0.284 Q2

10.1. Abstract: The bending elasticity of synthetic lipid membranes is studied at two different

values of pH of the aqueous medium. The bending elasticity modulus is measured via
analysis of the thermally induced fluctuations of the shape of quasispherical vesicles. The
results show that at lower pH values corresponding to higher acidity of the water
environment, the bending modulus of the membrane decreases and the membrane becomes
more flexible. The softening effect of sucrose solutions on the lipid bilayer is proven
experimentally in accordance with our previous results. The strong influence of the
antibacterial agent, imidazole, dissolved in the aqueous surroundings, on the membrane



mechanics is revealed. It is shown how the presence of 0.01 mol/L of potassium chloride in
the water alters the bending rigidity of lipid bilayers.

10.2. Pe3tome: MogynbT Ha €1aCTUYHOCT HA OI'bBaHE HAa CUHTETUYHU JIMIUIHU MEMOpaHU e
oIpezesieH MpHU JIB€ CTOWHOCTH Ha PH Ha BoaHMs pa3TBOp. MarepuajiHaTa KOHCTaHTa €
u34yuciIeHa Ha 0a3ara Ha aHauM3 Ha TepMHUYHMTE (aykTyauuu Ha ¢opmara Ha
KBa3uc(eprnuHN BE3UKYyTH. EKcriepuMeHTaTHUTE pe3yiTaTH I0Ka3BaT, Y€ NpPU HUCKH
CTOMHOCTH Ha PH, ChOTBETCTBAallM HAa KHUCEIMHHU CBOICTBAa Ha cpejraTa, MOLYJIbT Ha
orpBaHe Ha MeMOpaHara HamaisiBa. [lomydeHH ca HOBM JJOKa3aTelCTBA 3a BIMSHUETO HA
3axapo3aTra BbPXY €JaCTUYHOCTTAa HA Or'bBaHE HA JIMIUIHMUS OUCION B CHOTBETCTBHUE C
HAIIUTE NPEIXOJHU pe3yJTaTH. YCTAaHOBEHO €, Y€ B NPUCHCTBUE HAa aHTHUOAKTEpUAIHUSA
areHT MMU/a30J1 Ce IPOMEHs eJaCTUYHOCTTa Ha OorbBaHe Ha MeMOpaHaTa. M3MeHeHus B
MarepualiHaTa KOHCTaHTa ca IOJydeHH W BbB BojeH pa3tBop Ha 0.01 mon/n kanues
XJIOpUI.

11. V. Doltchinkova and V. Vitkova, Surface charge and light scattering of thylakoid
membranes and the effect of divalent cations, Comptes rendus de ’Académie bulgare des
Sciences (accepted) Q2

11.1. Abstract: Cations are vital components of all membranes, since they are intimately
concerned in protein-protein, lipid-lipid and protein-lipid interactions in cells. The effect of
cations on the structural organization of chloroplast membranes and illumination may
induce dramatic functional changes. For elucidation of molecular mechanisms underlying
divalent cation interactions with chloroplasts, we combined microelectrophoresis and light
scattering of thylakoid preparations at fixed pH values of 7.5 and of 6.3 upon addition of
calcium or magnesium cations. In their presence the net negative membrane charge density
and aggregation of thylakoids are obtained to increase upon illumination. The secondary
ion-exchange (proton gradient formation) across the membrane is enhanced by divalent
cations at pH 7.5. Our results indicate a strong effect of Mg** and Ca*" on thylakoid
aggregation and primary ion-exchange processes across the membrane at pH 6.3. The
significance of cation interaction with thylakoid membranes at photo-activating and near-
saturated illumination is discussed.

11.2. Pe3tome: Y4acTHeTo Ha KATHOHUTE B MEMOPAaHHO-CBBP3aHHUTE MIPOIECH B KJIETKATa 3acsra
BCUYKH MOJIEKYJIHU B3aUMOJIEHCTBUS U UTPASAT BaKHA POJIS 32 ONpeNieNsiHe Ha CTPYKTypaTa
Ha THWJIAKOMTHUTE MeMOpaHH Ha XJjoporuracture. EQeKkThT Ha KAaTHOHHUTE BBPXY
CTPYKTYpHaTa OpraHu3alus Ha XJIOPOIUIACTHUTE MEMOpaHM M NHUITMEHT-OeIThYHHUTE
KOMILJIEKCH B KOMOWHAIIMS C OCBETSBaHE MOJKE JIa TOBEJE 10 3HAUMTENHU (DYHKIIMOHATHU
IpOMEHM B MeMOpaHaTa. 3a Ja u3cieaBaMe MOJIEKYJIHHUTE MEXaHU3MHU Ha JeHCTBHE Ha
JIBYBAJICHTHUTE KaTHOHU BHPXY XJIOPOIJIACTHU MEMOpaHH, IPOBEIOXME MU3MEPBAHUS Ype3
MUKpoeneKkTpodopesa u cBeTopaceiiBane Ha TUIAKOUAHU oOpasiwm mipu pH 7.5 u pH 6.3 u
no0aBsiHE HA KAJIIMEBH WJIM MarHe3WeBU HOHU. B mMpuchcTBUE Ha IBYBAJICHTHUTE KATHOHU
€ YCTaHOBEHO HapacTBaHE Ha HETHAaTa IUTBTHOCT Ha 3apsja M arperainusaTa Ha TUIAKOUINTE
npu ocBeTsiBaHe. BropuuHusaT floneH oOMeH (popMHupaHETO HA MPOTOHEH IPATUEHT) Mpe3
MeMOpaHaTa ce yBelW4YaBa B NPUCHCTBUETO Ha JIBYBAJIEHTHHMTE KaTHOHU npu pH 7.5.
Pesyirratute o n3MepBanusta npu pH 6.3 cuerencrear 3a cuiien epekr va Mg® i Ca?*
BbPXY TWIAKOMJHATa arperanyss ¥ DObPBUYHUS HOHEH OOMEH mpe3 MeMmOpaHara.

-8-



JluckyTrupaHu ca MOJIyYEHUTE PE3yNITaTh 3a KATHOHHOTO B3aUMOJIEHCTBUE C THJIAKOUIHHUTE
MeMOpaHu Ipu OcBeTsBaHe ¢ (OTOAKTHBHpAILA U OJIM3Ka JJO HACHUIIAIATa CBETIINHA.

12. D. Mitkova and V. Vitkova, The aqueous surroundings alters the bending rigidity of lipid
membranes, Russian Journal of Electrochemistry, 2016, Vol. 52, No. 12, pp. 1172-1178;
ISSN 1023-1935 [Published in Russian in Elektrokhimiya, 2016, Vol. 52, No. 12, pp. 1312-
1319] IF: 0.828 Q4

12.1. Abstract: The bending elasticity is the mechanical property that characterizes the
deformability of lipid bilayers. In the present study the bending elasticity of
phosphatidylcholine lipid membranes is reported in aqueous media with various chemical
composition and pH. The bending modulus is obtained from analysis of the thermal shape
fluctuations, performed on nearly spherical giant lipid vesicles. Lower bending rigidity of
phosphatidylcholine bilayers is measured in agueous media, containing potassium or sodium
chlorides, compared to its value in water without salts. The results reported here for the
membrane bending elasticity at three acidic values of pH are compared with the literature
data from micromanipulation measurements of giant unilamellar vesicles from the same
lipid. In accordance with previous results, further evidences are provided for the softening of
lipid bilayers in the presence of sucrose in the aqueous surroundings.

12.2. Pestome: M3MepBaHeTo Ha €JaCTUYHOCTTa HAa OrbBaHE Ha JMMMIHATa MeMOpaHa jaBa
KOJINYECTBEHA OIICHKAa Ha CIIOCOOHOCTTA M Aa ce nedopMHpa, MPOMEHSIHKN KPUBHHATA CH
10J1 Bb3ACHCTBUE HAa BHHILIHYU CUJIM. B HacTosmaTra pabora € mpoBeIeHO eKCIIEPUMEHTATHO
U3CIIeBAaHE Ha EJIACTHYHOCTTa Ha OrbBaHe Ha (ochHaTHIMIXOIMHOBH MEMOpDaHHU BbHB
BOJIHU PA3TBOPHU C PA3JIMYHU XMMUYEH cbCTaB U PH. MoayIbT Ha Or'bBaHe € MOJIyYeH Ype3
aHaM3 Ha TepMUYHUTE (pIyKkTyanuu Ha ¢opmara Ha OUYTH CHEPUUHH JTUITHTHI BE3UKYJIH.
VYcTaHOBEHO € HaMajsiBaHe Ha CTOMHOCTTa Ha M3MEpBaHaTa MaTepualHa KOHCTaHTa Ha
OuCII0s1 BbB BOJHU Pa3TBOPH HA KaJIMEB U HATPUEB XJIOPUJ] B CPAaBHEHUE ChC CTOMHOCTTA Ha
MOJyida B JBOHHOJECTWIMpaHa Boja. Pesynrature, mnonydyeHH 3a MeMOpaHHaTa
€JIACTHYHOCT TIPU TPH CTOWHOCTH Ha PH B KHcenara o0acT ca IUCKYTHPaHH B CBETIIMHATA
Ha HaMEpeHHUTE B JINTepaTypara JaHHU OT MUKPOMAaHMITYJAIUsl HAa TUTAHTCKU BE3UKYJIH
ChC ChIIU JUIIMACH ChCTAaB. B cwrimacme ¢ mammre NpEeaAXOaHU PEIYJITATH 3a BIIMAHUCTO Ha
HUCKOMOJIEKYJTHM BBIVIEXUJIpPATH BBPXY MeMOpaHHAaTa MEXaHUKa, ca IOJy4YeHH HOBHU
JI0Ka3aTeJICTBA 32 HAMAJIsIBAaHETO HAa MOJyJla HAa Or'bBaHE HA OMCIOS B NPHCHCTBUE HA
3axapo3a BbB BOJHOTO My OOKpPBKEHHUE.

13. D. Mitkova, A. Stoyanova-lvanova, St. Georgieva, P. Todorov, N. Kozarev, Yu. A.
Ermakov, and V. Vitkova, Charged lipid bilayers in aqueous surroundings with low pH, in
Edited by Ales Igli¢ and Chandrashekhar V. Kulkarni, editors: Advances in Planar Lipid
Bilayers and Liposomes vol. 18 (Elsevier), 2013, pp. 1-20 (ISBN: 9780124115156)

13.1. Abstract: The present chapter discusses our experimental results on morphology, stability,
and the mechanical properties of two-component charged lipid bilayers in aqueous solutions
with controlled ionic strength at low pH. Observations by phase-contrast and fluorescent
microscopy revealed coexistence of two structural phases in membranes from stearoyl
oleoyl phosphatidylcholine (SOPC), containing more than 10 mol% of the charged lipid
dioleoyl phosphatidylserine. At temperatures lower than 29 C, the existence of
nonfluctuating “hard” domains was registered in fluid membranes at pH 5.0. The method of
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shape-fluctuation analysis of quasi-spherical vesicles was applied for the determination of
the bending modulus of homogeneous liquid bilayers. The value obtained for this material
constant of bilayers with 0.2 molar fraction of charged lipid is around 30% higher than the
bending modulus of uncharged (SOPC) membranes in the same surrounding solution. The
experimental findings, presented and discussed in the chapter, qualitatively agree with our
previous results for the curvature rigidity of charged bilayers as measured by vesicle
micromanipulation.

13.2. Pestome: B HacrosimaTta rinaBa ca pasriielaHd €KCIIEPUMEHTATHUTE HU Pe3yITaTh BBPXY
MopdonorusTa, CTpyKTypHaTa oOpraHu3anmuss W  MEXaHMYHUTE  CBOWMCTBa  Ha
JBYKOMITOHEHTHH 3ape/ICHU JIMIUTHU MEMOpaHH BHB BOJHHU PAa3TBOPU C KOHTPOJIMpaAHA
onna cwuina u PH. HaOmonenwsita BBB (Pa3oBOKOHTpacTHa M (IyopecIeHTHA
MUKPOCKOIIHS TIOKa3BaT CBHBMECTHOTO CHIIECTBYBaHE Ha JBE CTPYKTYpHH (a3u B
MemOpanu ot creaprit-oiaeui docharuaunxonun (SOPC), ceappkanm nagx 10 mox % ot
3apeienus unua quonent pocharuauncepud. [Ipu Temneparypu, no-uucku ot 29 °C, the
€ YCTaHOBEHO ChIIECTBYBAaHETO Ha HeIYKTyHpauy “TBbpAuM” 00JacTH B TeYHATa
memOpana mpu pPH 5.0. MonxymrsT Ha eIacTHYHOCT Ha Or'bBaHE HAa XOMOTCHHH
JBYKOMIIOHEHTHH MeMOpaHU € OIpeAesieH upe3 MPOBEKIAHETO Ha (IIyKTyallMOHHO-
CIIEKTPOCKOIICKH W3MEPBaHUS BBPXY KBa3WCPEPUUHU TUTAHTCKH Be3uKynu. CTOWMHOCTTA,
MOJIyuyeHa 3a KOHCTaHTaTa Ha orbBaHe Ha OucnoeBe ¢ 0.2 MOJHM 4acTH 3apeeH JUIHUI € C
okosio 30% mo-BUCOKa OT MarepuaiHara KoHcTtaHTa Ha He3apeaeHu (SOPC) memOpanu.
YCTaHOBEHOTO HapacTBaHE Ha MOJyJia Ha OrbBaHE HA 3apeleHH JUMUAHU MeMOpaHH,
NpPEJCTaBeHO B HACTOSIIATa IJIaBa, € B KA4yeCTBEHO ChIVIACHE C HAIIUTE pPE3YJITaTH,
nyOIMKYBaHH MO-PAHO 3a €IACTUYHOCTTA HA OI'bBAHE HA 3apelieHH OHMCIIOeBE, OmpesesieHa
Yype3 MeXaHNYHa MUKPOMAaHUITYJIAUs Ha JTUITUIHA BE3UKYIIH.

14. V. Vitkova and A.G. Petrov, Lipid Bilayers and Membranes: Material Properties, in
Advances in Planar Lipid Bilayers and Liposomes, in: A. Iglic, J. Genova (Eds), Academic
Press: Burlington, vol.17, p. 89-138 (2013), ISBN: 9780124115163

14.1. Abstract: In this chapter, the experimental data about the mechanical and the
electromechanical properties of lipid bilayers and native membranes are collected and
reviewed together with the existing methodology for their measurements. The emphasis is
on the important mechanical property, membrane bending rigidity. The discussion is
accompanied by illustrative experimental examples for the curvature elasticity of lipid
bilayers with different compositions and in various environments. Particular attention is
given to the alteration of the bending stiffness of lipid membranes as a consequence of the
presence of biologically significant molecules such as cholesterol, carbohydrates, or
amphiphilic peptides.

14.2. Pe3ome: B HacTodIlaTa rJjiaBa € HaIpaBCH O630p Ha CKCIICPUMCHTAJIHUTC JadHHU B
JUuTeparypara 3a MEXaHUYHUTEC U CIICKTPOMEXaHUYHUTE CBOMCTBA Ha JIMITHIHHI ouciioeBe u
HaTUBHU MeM6paHI/I. Pasrnemana e u ChbIICCTBYBAIlaTa MCETOAOJIOTHUA 3a TAXHOTO
HN3MCPBAHC. AKHCHTT)T € IMOCTaBCH BBHPXY CIIACTUYHOCTTA HAa OI'bBAHC HA JIMIIUAHUA oucioi
BbB BpPbB3Ka C poOJiATa Ha MCXAHUYHUTC CBOIiCTBa Ha MCM6paHaTa 3a OIIMCaHHUEC Ha
MGM6paHHOCBT)p33HHTe omponecu B KICTKAaTa, KAKTO W B peauna IMPUITIOXKCHUA B
TCXHOJIOTHUTC U 6I/IOMCIII/IL[I/IHaTa. ﬂI/ICKy'CI/IHTa € CbIIPOBOJICHA C WJIIOCTPATUBHU MPUMEPU
OT CKCIICPpUMCHTA 3a ONPCACIIAHC HA €CIIACTUYHOCTTA HAa OI'bBAaHC Ha MeM6paHI/I C pas3jinucH
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JUNHUJAEH CbCTaB U B PA3IMYHU BOJHU pa3TBopu. CrenuasHO BHUMaHHE € OTIEIIEHO Ha
pe3yiTaTuTe 3a BIMSHUETO HA OMOJIOTMYHO3HAUYMMHU MOJEKYIM KaTo XOJIeCTepoll,
HUCKOMOJICKYJTHM BBITIEXUApaTH W aMmpuduien mnonumentun BbpXy MeMmOpaHHATa
€JIaCTUYHOCT Ha OI'bBaHE.

15. V. Vitkova and C. Misbah, “Dynamics of lipid vesicles — from thermal fluctuations to
rheology” in Edited by Ales Igli¢: Advances in Planar Lipid Bilayers and Liposomes, vol. 14,
(Elsevier), p. 257- 292, ISBN: 978-0-12-387720-8 (2011)

15.1. Abstract: Deformability is a key feature of the lipid membrane, being of importance for
numerous processes taking place in biological cells, as well as for the flow behavior of cells
in blood circulation. In the first part of the chapter, the potentials of investigating the
dynamics of membrane fluctuations as an experimental tool for probing the membrane
material properties are presented and discussed. By analysing the dynamics of thermally
induced shape fluctuations of nearly spherical lipid vesicles, important mechanical constants
of the bilayer are possible to be extracted, namely bending elasticity modules at free and
blocked exchange of molecules between the two monolayers, comprising the lipid
membrane, and the intermonolayer friction coefficient of the bilayer. The second part of this
contribution is dedicated to the dynamics of unconfined lipid vesicles in linear
hydrodynamic fields. The current state of theory and experiment of single vesicle dynamics
in simple shear flows is reviewed. Special attention is given to the relation between the
overall rheological properties of vesicle suspensions and the individual vesicle dynamics in
the flow.

15.2. Pe3rome: CBOMCTBOTO Ha JMIUAHUTE MEMOpaHH Ja MPOMEHST cBosita (hopma (KpUBHHA)
MOJI BB3ACHCTBHEC HA BBHHIIHA CHIU € KJIIOYOB (PAKTOp MPU MHOXKECTBO MPOIECH Ha
KJIEThYHO HHUBO. 3HAUEHHUETO HAa MEXaHWYHHUTE CBOICTBA HAa MeMOpaHaTa ce WIIOCTpUpa U
OT TIpUMeEpa 3a ChIIECTBEHATa posis Ha AehopMHUpyeMOCTTa (MEXaHUYHUTE CBOMCTBA) HA
epPUTPOLIUTUTE 32 HOPMATHATA XEMOJMHAMHKa B OopraHu3ma. [IbpBaTa yacT Ha riaBarta e
MMOCBETCHA Ha M3CIICJBAHETO HA JUHAMHKATa Ha (UIYKTyallMUTe HA JUMHJIHATA MEMOpaHa
KaTo CPEJCTBO 3a OMpejelisiHe HAa MaTepuadHuTe M cBoicTBa. [locpeacTBom aHanmu3 Ha
TUHAMHUKATa Ha TepMUYHUTE QUIyKTyanuu Ha (opmara Ha KBa3HUCHEPUUIHH JUTUIHH
BE3WKYJIU C€ TMOJy4aBaT OCHOBHM MEXAaHMYHU KOHCTaHTH Ha MeMOpaHara, a WMEHHO
MOJIYJIUTE HA OT'bBAaHE MPU CBOOOJEH M 3a0paHeH OOMEH Ha MOJICKYJIM MEXIy JaBaTa
MOHOCJOS, ChCTaBAIIN MeMOpaHaTa, KakTO KOCPHUIIMEHTHT Ha MEKIYMOHOCIOWHO TPHEHE.
BBB BTOpara yacT Ha riiaBata € pasriie/aHa U JUCKyTHpaHa TMHAMUKAaTa Ha HEOTPaHWYICHH
(maneye OT CTEHUTE) JUIMUIHU BE3UKYIH B JHMHECH XHUIPOAMHAMHMYEH IOTOK, KaTo €
00CBICHO aKTYAITHOTO CHCTOSHUE HA TCOPHUYHUTE W CKCICPUMEHTAITHHUTE Pa3paObOTKH TIO
temaTa. CrieniMagTHO BHUMaHUE € MOCBETEHO Ha BPb3KaTa MEXKIY PEOJIOTMUYHUTE COBHCTBA
Ha BE3UKYJTHH CYCIICH3UHN M UHIUBUAYyaTHATa JHHAMHUKA Ha BE3UKYJIUTE B TIOTOKA.

16. V. Vitkova, A. Farutin, B. Polack, C. Misbah, and T. Podgorski, Erythrocyte dynamics in
flow affects blood rheology, Journal of Physics: Conference Series 398 012027 (2012);
ISSN: 17426588; SJR 0.229

16.1. Abstract: Normal blood consists of highly deformable particles (red blood cells, RBC, or
erythrocytes) suspended in a Newtonian fluid (blood plasma). As a rough physical model
of erythrocytes, giant unilamellar vesicles (GUV) are successfully used to probe their
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16.2.

membrane properties. In shear flows vesicles and red blood cells show rich variety of
dynamical behaviours influencing the rheological properties of their suspensions. Here, we
focus on new experimental aspects of the problem in the case, when a combination of an
oscillatory shear rate and a basic constant shear rate is applied to suspensions.
Experimental examples with concentrated RBC suspensions are presented together with a
discussion on the importance of the superposition of a constant shear flow to the pure
oscillation, which is usually used to extract the viscoelastic properties of a complex fluid.

Pestome: KpbBTa B HOpMa TpeCTaBisiBa CYCIEH3HsI OT CHIHO JIe(OpMUPYEMHU YaCTHUIH,
KJICTKH (YepPBEHH KPBBHHU TEJIA MK €PUTPOIUTH) B HIOTOHOB (biyna (KpbBHATA ILIa3Ma).
B kauectBoTO cM Ha 0a30B (U3MYECKH MOJEN HA EPUTPOIUTHTE, ,,TUTAHTCKHUTE
ennocinoiinn nunuaad Besukynu (I'JIB) ycmemno ce wu3moia3BaT 3a H3CieIBaHE Ha
MaTepUaIHU CBOKMCTBA HA MEMOpaHH ¢ KOHTPOJHMPAH JIMIUJICH ChCTaB U (GU3UKOXUMHUYHU
YCIIOBUS Ha EKCIepUMEHTa. B JIMHEHHW XHIAPOAWHAMHYHU TIOTOIM BE3UKYIUTE M
EPUTPOLIUTUTE CE XapPaKTEPHU3UPAT ¢ WHAMBHIyaIHA ITUHAMHUKA, KOSITO OKa3Ba BIUSHUE
BBPXY PCOJIOTUYHUTE CBOMCTBA Ha CycreH3usTa. Tyk € pasrieaH HOB €KCIIEPHMEHTAIICH
ACTeKT Ha Mpo0JieMa B CIIyvasi, KOraTo BbPXY CYCIICH3HATA € MPUI0oKEeHAa KOMOUHAIUS OT
CTallMOHAapHa W ocumwiaropHa aedopmanus. OOChICHH ca pe3ylTaTHTE, MOJYyYCHH 3a
KOHIICHTPUPAHU CYCIICH3UH OT CPUTPOIIUTH.

17. D. Mitkova, A. Stoyanova-lvanova, Yu. A. Ermakov and V. Vitkova, Experimental study of
the bending elasticity of charged lipid bilayers in aqueous solutions with pH5, Journal of
Physics: Conference Series 398 012028 (2012); ISSN: 17426588; SJR 0.229

17.1.

17.2.

Abstract: Exposure to high concentrations of contaminations due to air polluting gases,
vapours and aerosols and possibly altering the normal pH in the body could lead to
undesirable changes in the properties of biological cells. Here, we study experimentally the
mechanical properties of synthetic phospholipid bilayers containing increasing molar
fractions (up to 0.15) of charged lipid (synthetic phosphatidylserine) in aqueous solutions
with controlled ionic strength and at pH 5, which is slightly lower than the physiological
values of pH. Our observations in phase contrast and fluorescence testified to the
coexistence of two phases in membranes for temperatures below 29°C. Micro-sized
inhomogeneities in vesicle membranes were systematically observed at temperatures lower
than 29°C and for molar fractions of phosphatidylserine in the bilayer higher than 0.1. For
the quantitative determination of the membrane bending rigidity, we applied thermal
fluctuation analysis of the shape of quasispherical lipid vesicles. As far as the liquid-
crystalline state of the bilayer is a necessary condition for the application of the
experimental method, only vesicles satisfying this requirement were processed for
determination of their membrane bending rigidity. The value obtained for the bending
modulus of bilayers with 0.15 molar content of charged lipid is about two times higher than
the bending modulus of uncharged membranes in the same bathing solution. These findings
are in qualitative agreement with our previous results for the bending rigidity of charged
bilayers, measured by vesicle micromanipulation.

Pestome: M3naraneTo Ha BHCOKM KOHIIGHTpAllMM BpEIHH BEILIeCTBA B pe3yiaTaT Ha
3aMBbpPCABAHETO HA BB3/yXa € CaMo eIMH OT (pakTopuTe, KOUTO OMXa MOTJIH /1a JOBEJAT J10
HapyIIeHHUs B XOMeOocTa3aTa U B YaCTHOCT, /10 OTKJIOHEHHUS] B HOPMaJHUTE CTOMHOCTU Ha
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PH ¢ mpousTHUamMTE OT TOBA IOCIEICTBUS BBPXY KU3HEHUTE IPOLECH B KIETKaTa.
MexaHn4yHUTE CBOKCTBA Ha (ochaTUIMIXOIMHOBH OuciIoeBe, chabpxamm 10 0,15 MoxHM
qacT (pochaTUuIUICEpUH, Ca ONPENEICHU EKCIEPUMEHTATHO BBB BOJHU DPAa3TBOPU C
KOHTpoJMpaHa HoHHa cwia npu PH 5. Ta3u croiHOCT € mo-HUCcKa OT (pU3HONIOrHyHaTa
croiiHocT Ha PH Ha kpbBTa. HabmoneHusTa ¢ ONTHYHA MUKPOCKOMHS BB (Da30B KOHTPACT
U (uyopecLeHIMs J10Ka3BaT ChLIECTBYBAaHETO Ha JBy(a3Ha o0siacT B MeMOpaHUTE MpHU
temneparypu nox 29°C. YcraHOBEHUTE NPH T€3H TEMIEpaTypu MUKPOHEXOMOTCHHOCTH Ca
HaOJII01aBaHy B CiIy4as Ha JBYKOMIIOHEHTHHM MeMOpaHnu ¢ Haj 10 moxn % 3apeneH aunuj B
ChCTaBa UM. 3a KOJIMYECTBEHOTO ONPEENIIHE Ha MOAYJA HA €JAaCTUYHOCT Ha OT'bBAHE €
NPUJIOKEH aHaJIW3 Ha TepMUYHUTE (PIyKTyauuu Ha opmara Ha KBa3sUCHEPUUHU JIUIHUIHU
BE3UKyJIu. B ChOTBETCTBHME ¢ M3UCKBAHMATA HA METOJA 3a LEJITAa Ca M3CJIEIBAaHU CAMO
XOMOIeHHM MeMOpaHu B TeyHa HenojapeneHa ¢aza. CTOHHOCTTa Ha MOAYyJIa Ha OI'bBaHE 3a
memOpanu ¢ 0,15 MoaHM YacTu 3apeeH JUMH]L € OKOJIO JIBa I'BTH MT0-BUCOKA OT MOJYJA Ha
OrbBaHE Ha KOHTpoJlaTa — He3ape/ieHa €IHOKOMIIOHEHTHa MeMOpaHa B CBIIUS BOJEH
paztBop. Taka nogydyeHHUAT pe3yinTaT € B ChIJIACUE C YCTAHOBEHOTO II0-PAaHO 4YpeE3
MHUKPOMaHMITyJIAIMsl HAa BE3UKYJIM HapacTBaHE HAa MOJYJa Ha €JaCTUYHOCT Ha Or'bBaHe Ha
3apeIeH MeMOpaHHu.

18. C. Minetti, V. Vitkova, F. Dubois and I. Bivas, New optical method for measuring the
bending elasticity of lipid bilayers, Journal of Physics: Conference Series 682 (2016)
012031; ISSN: 17426588; SJR 0.229

18.1.

18.2.

Abstract: The knowledge of the elasticity of lipid bilayer structures is fundamental for new
developments in biophysics, pharmacology and biomedical research. Lipid vesicles are
readily prepared in laboratory conditions and employed for studying the physical properties
of lipid membranes. The thermal fluctuation analysis of the shape of lipid vesicles (or
flicker spectroscopy) is one of the experimental methods widely used for the measurement
of the bending modulus of lipid bilayers. We present direct phase measurements performed
on dilute vesicular suspensions by means of a new optical method exploiting holographic
microscopy. For the bending constant of phosphatidylcholine bilayers we report the value
of 23kgT in agreement with values previously measured by micropipette aspiration,
electrodeformation and flicker spectroscopy of giant lipid vesicles. The application of this
novel approach for the evaluation of the bending elasticity of lipid membranes opens the
way to future developments in the phase measurements on lipid vesicles for the evaluation
of their mechanical constants.

Pestome: M3yuaBaHeTo Ha €JacTUYHOCTTAa Ha JIMIUIAHUTE MEMOpPaHHU CTPYKTYpH € OT
dyHIaMeHTalleH W TNPUIOXKEH HHTEepeC BbBB (PapMakoiorusTa, OHOTEXHOJOTHUTE U
OMOMEMIMHCKUTE H3cieBaHus. JIMOUAHUTE BE3UKYJIM ca MOJEIHU CHCTEMH C
KOHTPOJIMPAaHU JIUNHUAEH CbCTaB M (PU3MKOXMMUYHHM TapaMeTpu Ha oOemHaTa (a3a,
dopmupar ce Mo J00pe YCTaHOBEHHM EKCIEPUMEHTAIHU IPOTOKOIM B JIaOOpPaTOpHU
YCIIOBUSL M C€ M3IOJ3BAT 3a U3CJe/IBaHe HAa (PU3WYHHUTE CBOICTBA HA JMIHUJIHU MeMOpaHH.
@OnyKTyallMOHHATa CIIEKTPOCKOIUS C€ OCHOBaBa Ha aHAJIW3 Ha (IyKTyalluuTe Ha Gopmara
Ha KBa3UC(EepUYHH JTUIHUIHUA BE3UKYJIU M MPEACTaBIsBa OCHOBEH METOJ 3a U3MEpBaHE Ha
MOJyJa Ha eJacTUYHOCT Ha JIMNuaHaTa MeMmOpaHa. B HacrosimaTta paGota mpezactaBsMe
TUPEKTHO H3MepBaHe Ha (a3ara Ha KOMIUJIEKCHaTa aMIUIMTY/Aa Ha WHTEH3UTETa Ha
CBETJIMHATA, NpEMHUHAJIa Ipe3 pa3pelcHa BE3UKYJIHA CYCIIEH3Ms, 4pe3 IpUJIaraHe HOB
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ONTUYEH MeTOoJ, Oa3upaH Ha Xosorpadcka Mukpockomus. OmpeneneH € MOAYIBT Ha
€JIaCTUYHOCT Ha OorbBaHe Ha (ochaTtuanixoanHoBu MeMOpanu. [lonydyenara cTOWHOCT Ha
enmactuyHata KoHcranta 23KgT € B ChIVIACHE CTOMHOCTUTE Ha MOJyJia Ha Or'bBaHE,
U3MEpPEHH 4Ype3 MeXaHWYHa MUKPOMAHHUITyNIanusi, ejaekTpoiedopMmaius U KiIacuyecka
¢duykTyanmonHa crektpockonus. llpuiaranero Ha HOBHS IMOAXOJ 3a MOJy4YaBaHe Ha
€IaCTUYHOCTTa HA Or'bBaHE HA JIMIKUIHU MEMOpaHU OTBapsl NEPCIEKTUBH 3a ObACIIN
pa3paboTKX BBB (Pa30BUTE U3MEPBAHMS HA JIMITUIHU BE3UKYIH 32 OI[CHKA HA MAaTEPUATHUTE
UM KOHCTaHTH.

19. D. Mitkova, K. Antonova and V. Vitkova, Mechanical and electrical properties of
biomimetic membranes in the presence of sweeteners, AIP Conference Proceedings,
2075(1):170009; ISSN 0094243X (2019); SJR 0.165

19.1.

19.2.

Abstract: Understanding the basic mechanisms driving cell division, neuron growth,
endocytosis, or shape changes in organelles such as the endoplasmic reticulum requires a
detailed knowledge on the membrane elastic properties. Revealing the governing principles
involved in other processes like signaling and nerve pulse propagation necessitates the
detailed characterization of the electrical properties of membranes. With their simple
reproducibility in laboratory conditions at controlled membrane composition and
physicochemical parameters of the surrounding aqueous medium, lipid bilayers represent a
basic physical model of biomembranes successfully applied for determination of their
physical properties. Giant unilamellar lipid vesicles are widely used in biophysical research
as a powerful biomimetic tool for characterization of lipid membranes. We measure the
bending rigidity and capacitance of lipid bilayers in aqueous solutions of aspartame and
sorbitol, which are non-saccharide sweeteners with wide application in the food industry.
Our interest in these compounds is motivated by the existing issues on their influence on
the human organism raising questions about the impact of these molecules at membrane
level. We employ deformation of lipid vesicles in AC fields to obtain the electrical
capacitance of palmitoyl-oleoyl phosphatidylcholine bilayers in sorbitol solutions. Analysis
of the thermal shape fluctuation of lipid vesicles is applied to determine the bending
elasticity modulus of POPC membranes in the presence of aspartame or sorbitol in the
aqueous solution. Their influence on the studied membrane properties is found to be
different from the effect of sugars reported earlier.

Pesrome: OnucanneTo Ha MOJIEKYJIHUTE MEXAHM3MU Ha IPOLIECUTE HA KIETHYHO JIEJICHE,
pacTeka Ha HEBPOHMTE, BE3UKYJIAPHUS TPAHCIIOPT U IPYrH € CBBP3aHO C U3CJIEIBAHE Ha
€JIaCTUYHHUTE CBOMCTBA Ha JUNHMAHaTa MeMmOpaHa. [Ipouiecure Ha KJIeThYHA CUTHAIIU3ALINS
Y IIpeJlaBaHE Ha HEPBHMS MMILYJIC OT CBOSI CTpaHa, U3UCKBAT JETAMIHO XapaKTEpU3HpaHe
Ha €JEeKTPUYHUTE CBOIcTBa Ha JunuaHUS Oucioil. JloGpara BB3NPOM3BOAMMOCT B
71a00paTOPHU YCIOBUS NMPH KOHTPOJIUPAH JIUIHUIEH ChCTaB U (PU3MKOXUMHUYHH MTApaMeTpU
Ha BOJHMUSI paTBOP 00YCIIaBST U3IOJI3BAHETO HA JIMIHUIHUTE OHcIoeBe kaTo 0a30B pusnueH
Mo/JIeNl Ha OMOJIOrMyHaTa MeMOpaHa, YCIeIHO NMPUIaral 3a U3cieBaHe Ha (PU3UUYHUTE UM
cBoiicTBa. I'MraHTCKUTEe €AHOCIOWHM JUMOUAHM BE3UKYJIM Ca IIUPOKO M3IOJ3BAHU B
O0MOoU3NYHNTE U3CIEBAHMS KAaTO TI'bBKaB OMOMHUMETHYEH OOEKT 3a OompeiesHe Ha
MaTepUaIHUTE XapaKTepUCTHMKH Ha MeMOpanarta. l3cienBaHu ca enacTUYHOCTTa Ha
OrbBaHE M EJIEKTPUYHUAT KalaluTeT Ha JMIUAHA MeMOpaHU BbB BOJHHU pa3TBOPH Ha
HE3aXapHUTE MOJACIATUTENN acnaptam U copOutos. MHTEpechT KbM Te3M MOJEKYIH €
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MPOJUKTYBAH OT HIMPOKATa UM ymoTpeda B XpaHUTEIIHATA UHIYCTPHUS U CHIIECTBYBAIIUTE
B JIUTepaTypaTa JaHHH 32 MOTCHIMAIHUTE ONACHOCTH, CBBP3aHHU ChC 3JIPABETO Ha YOBEKA.
3a u3cneBaHe Ha BIUSHUETO HA COPOUTOIIA BBPXY €INEKTPUYHUTE CBOWCTBA HA JIMITHIHUS
Oucioi ce m3moi3Ba enekTpoaedopManus Ha JIMOUIHUA BE3UKYJIH OT MAJIMUTHII-OJICHIT
docharunmnxommu (POPC) B mpoMEHINBO €NEKTPUYHO TIOJIE, a 332 ONPESIISTHE Ha MOTyJIa
Ha OT'bBaHE ce mpuiiara QUIyKTyallhoOHEH aHajau3 Ha Be3ukyiau or POPC B mpuchcTBHE Ha
acmapraM WM COpPOWTON BBHB BOAHHS Pa3TBOP. YCTAHOBEHO €, Y€ BIMSHUETO Ha
U3CIICIBAHUTE MOJICKYJIM BbPXY MEXaHWUYHHUTE M CJICKTPUYHUTE CBOHCTBA Ha MeMOpaHaTa
Ce pa3MyaBa OT OIHMCAHUS MMO-PaHO €PEKT Ha HUICKOMOJICKYJTHH BBITICXUIPATH.
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