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1. Action of Humicola lanuginosa lipase on mixed monomolecular films of tricaprylin

and polyethylene glycol stearate,

Ivanova, Tz., Mircheva, K., Dobreva, G, ... Proust, J.E., Verger, R., Colloids and Surfaces B
Biointerfaces, 2008, 63(1), pp. 91-100, DOI: 10.1016/j.colsurfb.2007.11.004, Q2

Abstract: The hydrolysis catalyzed by Humicola lanuginosa lipase (HLL) of pure
tricaprylin (TC) or stearate of polyethylene glycol 1500 (PEG-St) as well as their mixtures spread
as monomolecular films were studied. The catalytic transformation of the two substrates TC or
PEG-St into their respective reaction products was detected by measuring simultaneously the
decrease in the film area and the surface potential using the “zero order” trough at constant surface
pressure. A kinetic model describing the enzymatic hydrolysis was developed. The surface
concentrations of the two substrates and their respective reaction products as well as the values of
the global kinetic constants of hydrolysis were determined. The experimentally obtained global
Kinetic constants of the catalytic action of HLL against TC and PEG-St present in mixed
monolayers of TC/PEG-St are approximately the same as in the case of pure monolayers. These
obtained results give some indications that the activity of enzyme is not significantly affected by
the different molecular environments in the mixed monolayers.

Pe3tome: M3scnenBana e xuapoiusara, Karaiu3upana ot jumasara Humicola lanuginosa
lipase (HLL) Bbpxy uunct tpukanpuiaut (TC) u nonuerunen rimmkon creapat 1500 (PEG-St), kakto
U TCXHUTEC CMECHU, HAHCCCHU KAaTO MOHOMOJICKYJIHU (I)I/IJ'IMI/I. Kartanutuunara TpaHC(I)OpMaI_II/I}I Ha
nBara cyocrpata TC wnu PEG-St B chOTBEeTHUTE UM PEaKIIMOHHU TPOJYKTU € M3CIeBaHa Ype3
CAHOBPECMCHHO U3MCPBAHC HA HAMAJIABAHCTO HaA IIJIONITA HA (bHJ'IMa 1 MMOBBPXHOCTHHS ITIOTCHIHUAI,
M3MOI3BallKi BaHaTa OT ,,HYJIEB MOPAIBK™ MPU MOCTOSTHHO MOBBPXHOCTHO HandraHe. Pazpadboren
€ KHUHCTUYCH MOJCJ, OIIMCBAll CH3MMHATA XWUAPOJIN3a. OnpeneneHH Ca IMOBBPXHOCTHHUTC
KOHIOCHTpAallMKM Ha JABaTa cy6CTpaTa U CBOTBCTHUTC HM PCAKIUMOHHU MPOAYKTH, KAKTO U
CTOMHOCTUTE Ha TJIOOAIHATE KHHETHYHM KOHCTAHTH Ha XUApoJjn3arta. EKCHepI/IMeHTaHHO
MOJIy4E€HUTE TJI00aTHN KHHETUYHU KOHCTaHTU Ha KataauTuuHoTo AeiictBue Ha HLL cpemy TC u
PEG-St, mpucbcerBamy B cMecenu MmoHocnoese oT TC/PEG-St, ca mpuOau3nuTeHo ChIUTE, KAKTO
B ClIy4as Ha YACTU MOHOCJIOCBC. Tes3n IMOJIYUCHHU PE3YJITATU IMOKA3BAT, Y€ aKTUBHOCTTA HA CH3UMaA
HC € 3HAUUTCIIHO MOBJIMAHA OT PA3JIMYHUTC MOJICKYJIHU CPpCAU B CMECCCHUTC MOHOCJIOCBC.

Conclusion: The action of HLL against TC/PEG-St mixtures organized in monolayers were
studied by two independent methods: decrease of the surface area and evolution of the surface
potential with time at barostatic condition. The change of the surface area detects both the
transformation of the substrate into reaction products as well as their solubilization. The evolution
of the surface potential detects the presence of dipoles and charges of the reaction products
remaining at the interface during the lipolysis. The applied kinetic model, describing the interfacial
hydrolysis, allowed us to estimate the global kinetic constants. The comparison between the



https://www.scopus.com/pages/publications/40849150753
https://www.scopus.com/pages/publications/40849150753
https://www.scopus.com/pages/publications/40849150753
https://www.scopus.com/authid/detail.uri?authorId=23100109900
https://www.scopus.com/authid/detail.uri?authorId=23100109900

estimated values of Qm for pure and mixed monolayers suggests that the activity of HLL is not
significantly affected in monolayer containing both substrates.

3akuouenue: JlefictBuero Ha HLL Bbpxy cmecu ot TC/PEG-St, opranmsupanu B
MOHOCJIOEBE, O€llle U3CJIEIBAHO Ype3 J1Ba HE3aBUCUMHU METOJ1a: HaMaJsiBaHEe Ha MOBBPXHOCTHATA
IUION] M €BOJIONHUS Ha TMOBBPXHOCTHHS MOTEHIMA C BPEMETO MHpU 0apOCTaTUYHU YCIOBHSL.
[IpoMsiHaTa Ha TOBBPXHOCTHATA TUIONI € PE3YJITAT OT XUAPOJIM3aTa Ha CyOcTpara B peaklnOHHH
MPOJIYKTH, KAaKTO M TAXHOTO paszTBapsine. EBoionusTa Ha MOBBPXHOCTHHUS MOTEHIIMAJ [OKa3Ba
HaJUYUETO HA JIUIIOJH U 3aps/Id B PEaKLIMOHHUTE MPOAYKTH, OCTABAIlld HA TOBBPXHOCTTA IO BpeMe
Ha Junonu3ara. [IpuinokeHusIT KMHETHYeH MOjiel, OMMCBall MexIydazoBaTa XHIpOJIU3a, HU
MO3BOJIM JIa OIICHUM TJIOOAJIHUTE KUHETUYHU KOHCTaHTU. CpaBHEHUETO MEX]y OLICHECHUTE
CTOMHOCTH Ha Qm 3a YUCTH U CMECEHHM MOHOCIIOEBE Iperoiara, ye aktTuBHoctra Ha HLL He e
CBHILIECTBEHO MOBJIMSIHA B MOHOCTION, ChIBPIKAII U JIBaTa cyOcTpara.

2. Comparative study of lipolysis by PLA2 of DOPC substrates organized as
monolayers, bilayer vesicles and nanocapsules,

Mircheva, K., Minkov, 1., lvanova, Tz, ... Proust, J.E., Verger, R. Colloids and Surfaces B
Biointerfaces, 2008, 67(1), pp. 107-114, DOI: 10.1016/j.colsurfb.2008.08.007, Q2

Abstract: The water-soluble lipolytic enzymes act at the interface of insoluble lipid
substrates, where the catalytical step is coupled with various interfacial phenomena as enzyme
penetration, solubilization of reaction products, loss of mechanical stability of organized
assemblies of phospholipids molecule, etc. One biologically relevant example is the enzymatic
hydrolysis of DOPCby PLA2, which results in cleavage of phospholipids molecules into water
insoluble lipolytic products, namely oleic acid and lysophospholipid. In general, the enzymatic
activity depends on the substrate organization and molecular environment of the catalytic reaction.

The lipolysis by phospholipase A2 of dioleoylphosphatidylcholine substrates organized as
monolayer, bilayers vesicles and lipid nanocapsules was studied by measuring the decrease of the
surface area at constant surface pressure or increase of the surface pressure at constant area at air—
water interface. A kinetic model describing the coupling of the catalytic act with corresponding
interfacial phenomena was developed. By using the kinetic model the values for the global
hydrolytic kinetic constantswere obtained. The obtained value for the monolayer is five orders of
magnitude higher than this obtained with small unilamellar vesicles and six orders of magnitude
higher then those obtained with lipid nanocapsules. The comparison shows that the enzymatic
catalytic act occurring in the lipid environment of the monolayer is more efficacious than at the
vesicle and nanocapsules interfaces.

Pe3rome: BO,I[OpaB.TBOpI/IMI/ITe JIUITOJIUTUYHU C€H3UMU HeﬁCTBaT Ha TpaHULlaTa MCEKAY
HCPa3TBOPUMU JIUIIUIAHA Cy6CTpaTI/I, KBJACTO KaTaJluTU4YHAaTa CThIIKA € ChbUYC€TaHa C pPa3IM4YHU
Me)K,Z[yq)EBOBI/I SABJICHUS KAaTO IMPOHUKBAHC HA CH3WUMH, PA3TBAPSAHC HAa PCAKIIMOHHU NPOAYKTH,
3aryba Ha MeXaHW4YHa CTAaOWMITHOCT HAa OpPraHW3UpPaHH TPYNH OT POCQOIUTIUIHN MOJICKYIH U JIp.
Enun npumep e ensumnuara xugponuza Ha DOPC ot PLA2, xosT0 BOogu A0 NpeBpBLIaHE Ha
(1)00(1)0J'[I/IHI/I,ZIHI/I MOJICKYJIM BbB BOAOHCPA3TBOPUMH JIUIIOJIUTUYHHU MMPOAYKTH, @ UMEHHO OJICMHOBA
KHUCCIIMHA U J'II/IBO(I)OC(I)OJII/IHI/IIL Karo 10, CH3UMHATA AKTUBHOCT 3aBUCHU OT OpraHH3aluAaATa Ha
cy6CTpaTa U MOJICKYJIHATa Cp€aa Ha KaTaJIUTHYHATa PCaKIu. HI/IHOJ'II/ISaTa, KaTaJlu3upaHa OT
dochomunaza Az BbpXy auoieomsnpochaTHIMIKONIUHOBH CyOCTpaTH, OpPraHU3MpaHU Karo
MOHOCJ’IOfI, 6I/ICJ'IOGB€, BC3UKYJIM WU JIMIIMAHW HAHOKAIICYJIH, € HM3CJICABaHA 4YpE3 HM3MCPBAHC Ha
HaMaJIIBAHCTO Ha IMOBBPXHOCTHATA IUIOHI IIPU TIOCTOAHHO MOBBPXHOCTHO HAJKITAaHC WA
YBCIIMYaBaHEC HA MOBBPXHOCTHOTO HAJIATAHC IPU MOCTOAHHA IUJIOII HAa I'paHUIaTa BB3AYyX-BOJaA.
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Pa3pa60TeH € KUHCTUYCH MOJECJI, OITMCBAIl CBBP3BAHCTO HA KAaTAIUTUYHHA aKT CbC CbOTBECTHUTEC
Mexay(da3oBu sBieHus. Upe3 u3noa3BaHe HA KHHETUYHUS MOJIEI Ca MOJYyYeHH CTOWHOCTHUTE 32
riao0aHuTe XUAPOJIUTHYIHN KMHCTUYHU KOHCTAHTHU. HonyquaTa CTOHMHOCT 3a MOHOCJIOS € C IET
InopsAabKa 1o-BMCOKa OT Ta3u, IIOJIYUYCHA 3a MAJIKH GHHOCHOﬁHH BC3UKYJIU, U C IICCT IMMOpAAbKA I10-
BHCOKa OT Tas3, IIOJy4YC€Ha 3a JIMIINIAHN HaHOKaHCYHH.(:paBHeHHCTO IIOKa3Ba, 4€ CH3HMMHUAT
KaTAJIMTHUYCH aKT, IpOoTUYall B JIMIIKAHATA CPpEaa OpraHu3rpaHa KaTo MOHOCJIOA, € HO-e(beKTI/IBeH,
OTKOJIKOTO KaTO BE3UKYJINUTC U HAHOKAIICYJIUTE.

Conclusion: Lipolysis by phospholipase A2 of dioleoylphosphatidylcholine, substrates
organized asmonolayer, vesicles and lipid nanocapsules was studied. The kinetic model describing
the coupling of the catalytic act with corresponding interfacial phenomenawas proposed and a
comparison between the efficiency of the enzyme action on differently organized assemblieswas
analyzed. By using the kinetic model the values for the global hydrolytic kinetic constants (Q) were
obtained. The comparison of these values shows that the value of global kinetic constant for the
monolayer (Qm) is five orders of magnitude higher then this obtained for small unilamellar vesicles
(QSUV) and six orders of magnitude higher then those obtained for lipid nanocapsules (QLNC).
This finding is in accordance with the fact that the monolayer system is experimentally the most
versatile in terms of lipid packing and efficiency of the enzymatic catalytic act, which is not the
case for the two other studied dispersed systems, the vesicles and especially the lipid nanocapsules.

3aKkJIroueHne: I/I3cnez[BaHa € JIMIIOJIN3a Ha ,I[I/IOJ'IGOI/IJ'I(bOCQ)aTH,HI/IJIXOJII/IHHOBI/I Cy6CTpaTI/I,
OpraHu3vpaHnu KaTo MOHOCJIOfI, BC3UKYJIM W JIMIIMAHW HAHOKAIICYJIW II0M IIGIZCTBPIGTO Ha
@OCQ)OHHH&S& A2. HpezmoxceH € KHUHCTHYCH MOJACII, OIIMCBAIll CBbP3BAHCTO HA KATAJIUTUYHUSA aKT
CbC CBOTBCTHUTC MC)KI[pra?;OBI/I npouecu U € aHaJIM3upaHoO CPAaBHCHUC MCKIY e(i)eKTI/IBHOCTTa Ha
€H3MMHOTO JIEHCTBUE BBPXY pPa3IWYHO OPraHU3UpPaHU CTPYKTypu. YUpe3 wu3mnoj3BaHe Ha
KHUHCTUYHUA MOACT Ca IIOJYYCHU CTOMHOCTHUTE 3a IJIOOAJIHUTE XUAPOJIUTUYHNU KUHCTUYHU
KOHCTaHTHU (Q) CpaBHeHI/IeTO Ha Te3HW CTOHHOCTHU IIOKa3Ba, 4€ riao0aiHaTa KHHETHYHA KOHCTaHTa
3a MoHoclos (Qm) € c meT mopsiabKa MO-BHCOKA OT Ta3H, IMOJIydeHa 3a MajKU €IHOCIONHHU
BE3UKYJIN (QSUV) N C IICCT NopAAbKa IMO-BUCOKA OT Ta3H, IOJYUCHA 3a JIMITUIHU HAHOKAIICYJIN
(QLNC). ToBa e B choTBEeTCTBHUE C (paKTa, Ue MOHOCIOMHATA CUCTEMAa € €KCIIEPUMEHTAITHO Haii-
yz[06Ha II0 OTHOIIICHHUEC HA JIUIINUAHOTO OIIAKOBAHEC U e(beKTHBHOCTTa Ha €H3UMHUA KaTaJIUTUYCH
AKT, KOCTO HC € TaKa 3a APYIruTe JABC U3CJICABAHU CUCTCMU - BE3UKYIIUTC U 0co0eHo JIUIMMUIHUTC

HaHOKaIICYyJIu.

3. Enzymatic proteolysis of alpha gliadin monolayer spread at the air-water interface,
Mircheva, K., Ivanova, T., Panaiotov, I., Ducel, V., Boury, F., Journal of Colloid and
Interface Science, 2010, 347(1), pp. 69-73, DOI: 10.1016/j.jcis.2010.03.016, Q1

Abstract: The mechanism of the enzymatic hydrolysis under the proteolytic enzyme action
of a plant protein alpha gliadin organized as a model monolayer system at the air/water interface
was studied. The advantage of the monolayer technique is the ability to control and modify easily
the interfacial organization of the molecules and the possibility to optimize the conditions for the
hydrolysis. Enzymatic hydrolysis was studied by using a traditional barostat surface balance. The
hydrolysis kinetic was followed by measuring simultaneously the decrease of the surface area and
change of the surface potential with time. The decrease with time in film area is result of the random
scission of the peptide bonds of polypeptide chain and their solubilization in the aqueous subphase.
The interpretation of the surface potential data is based on the contribution of the dipole moments
of the intact and broken peptide groups. An appropriate kinetic model describing the proteolytic
action of a peptidase was applied and the global kinetic constant was obtained. The random scission
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of the protein chains gave kinetic constants comparable with those measured during the hydrolytic
scission of polyester macromolecules but quite different to the values obtained with short-chain
lipids.

Pe3rome: IM3cneasan € MexaHM3MbBT Ha €H3MMHAaTa XWAPOJIM3a IIOJ JEHCTBHETO Ha
IPOTCOIMTUYCH €CH3UM BBPXY PACTUTCIIHUA IIPOTCHH an(ba TJIIMaH, OpraHu3upaH KaTo MOACIIHA
MOHOCJIOWHA CUCTEMa Ha TpaHullaTa Bb3AyX/Bona. [IpequMCcTBOTO HA MOHOCIIOWHATA TEXHHUKA €
BB3MOXHOCTTA 3a JICCCH KOHTPOJI H MO,Z[I/I(l)I/II_II/IpaHe Ha MC)KI[yd)EBOBaTa OpraHu3anuvsa Ha
MOJICKYJIMTEC MW BB3MOKHOCTTA 3a OITHUMH3HUPAHC Ha YCJIOBHATA 3a XHUAPOJIHU3a. En3umuara
XUApoJju3a € Mu3CjiciBaHa C IIOMOLITAa Ha TpaduHWOHHAaTa 6apOCTaTI/I‘IHa Be3Ha. Knnernkara Ha
XuApoJjn3ara € NpociieAcHa 4pe3 CAHOBPECMCHHO U3MCPBAHC HA HAMAJIAIBAHCTO HA ITIOBBPXHOCTHATA
IO W IIpOMsHATa Ha IMOBBPXHOCTHHA IIOTCHIHATI C BPEMETO. Hamanssanero Ha JjiomiTa Ha
¢uaMa Cc BpeMeTO € pe3yiTar OT CIy4YailHOTO pa3KbCBaHE HA TENTHIHUTE BPB3KA Ha
IOJHUIICIITUAHATA BC€pUIr'a U TAXHOTO Pa3TBApsAHC BHB BOIAHATA nombacsa. I/IHTepHpeTaI_[I/I}ITa Ha
AAHHUTC 3a MOBBPXHOCTHHUA MOTCHIMAJI CE€ OCHOBaBa Ha IMPHMHOCA HAa AWUIIOJIHUTC MOMCHTH Ha
HCPA3KbCAHATUTEC U PA3KbCAHU INCINTUIHU TI'DYIIN. HpI/IJ'IO)KeH € Mnmoaxoasdanl KHMHETHUYCH MOJCII,
ornucpall MmpoTCOJIMTUIHOTO IIGP'ICTBI/IC Ha nenTtuagas3a, u € IOoJIyuCHa rimobanHaTa KUHETHYHA
KOHCTaHTa. CHy‘IaﬁHOTO Pa3KbCBAaHC Ha IMPOTCUHOBUTC BCPUIH JdaBa KUHCTHYHH KOHCTAHTH,
CpaBHUMHU C TCE3HU, U3MCPCHU IO BPEMC Ha XUJAPOIHUTHYHOTO PA3KHBCBAHC HA IOJHUCCTCPHU
MaKpOMOJICKYJIU, HO JOCTa pa3JINdHU OT CTOMHOCTHT €, NOJIYUCHHU 34 KbCOBCPHUIKHU JIMITUIH.

Conclusion: The action of Savinase against alpha gliadin organized as monolayer was
studied by two independent approaches: decrease of the surface area and change of the surface
potential as a function of time at constant surface pressure. The change of the surface area gives
information to the transformation of the substrate into reaction products and their solubilization,
while the evolution of the surface potential shows the presence at the interface of the dipole moment
of reaction products. The applied kinetic model, describing the interfacial proteolysis, permits us
to determine the global kinetic constant Qm without any fitting parameter. The comparison of these
values with the values of Qm for polymer molecules shows that they are comparable, while the
values for the lipolysis kinetics of short-chain lipid monolayers are several order of magnitude
higher then that obtained with both macromolecules. The developed original approach could be
used to characterize the hydrolysis of different macromolecular biosurfactants which are widely
developed to stabilize dispersed systems for different applications. Moreover it could provide a
predictive tool to improve the production of plant hydrolysates. To better understand enzymatic
hydrolysis in vivo this work could serve as a preliminary study to investigate the in vitro digestion
of food interface.

3akuouenue: [leiictBuero Ha en3uma CaBHHa3a BbpXY anda IiuaJuH, OpraHu3upaH KaTo
MOHOCJ’IOfI, Oemre H3CJICABAHO YpPE3 JIBa HE3aBUCUMM IMOAXOJA: HAMAIABAHEC Ha IOBBPXHOCTHATA
1ol U MpoMsAHA HAa NMOBBPXHOCTHHUA IMOTCHIMAT KAaTO q)yHKI_[I/ISI Ha BPEMCTO IIpHU IMMOCTOAHHO
MOBBPXHOCTHO Haysirane. [IpomsHata Ha MOBBPXHOCTHATA IUIONI JaBa HWHGOpMAIMsS 3a
TpaHC(I)OpMaL[I/IﬂTa Ha cy60TpaTa B PCAKIIMOHHU MPOAYKTHU U TAXHATA COJ'IIO6I/I.III/I33.I_II/ISI, J0KaTo
CBOJIIOLIMATA Ha MOBLPXHOCTHHA IIOTCHHOHAJI IMOKa3dBa HAJIWYHUETO Ha JHUIIOJICH MOMCHT Ha
PCAKIIUOHHUTE TIPOAYKTH. HpI/IJ'IO)KeHI/IHT KHHCTHYCH MOJCJ, OIIMCBAaIIl MC)K,Z[Y(I)@BOBaTa
MPOTEOJIN3a, HU TO3BOJISABA J1a OMPEIeTUM TJIo0aTHaTa KHHETUYHA KOHCTaHTa Qm 0e3 HUKaKbB
nmapaMeTbp 3a HaIlaCBAaHC. CpaBHeHI/ICTO Ha Te€3H CTOMHOCTH CBbC CTOMHOCTUTE Ha Qm 3a
IMOJIMMEPHU MOJICKYJIM IMOKa3Ba, Y€ TC Ca CPaBHUMH, OOKATO CTOMHOCTUTE 3a KHHETHKaTa Ha
JIMTIOJIN3aTa Ha KbCOBCPHIKHU JIMITUIHU MOHOCJIOCBE Ca C HAKOJIKO NMOpAAbKa IIO-BUCOKHU OT TC3H,
MOJIy4EHH C IBETE MaKpOMOJIeKyIH. Pa3paboTEeHUAT OpUTrHHAJIEH TOIX0] MOXKE J1a C€ U3I0JI3Ba 3a
XapPaKTCPU3HUPAHC HA XHUAPOJIM34aTa HAa PA3JIMUYHHA MAKpPOMOJICKYJIHHU 6I/IOHOB’LpXHOCTHoaKTI/IBHI/I
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BEIIECTBA, KOWTO Ca IMUPOKO Pa3pabOTeHM 3a CTA0MIM3MpAaHE Ha JHMCIECPTUPaHU CHUCTEMHU 32
pasnuaHu npuiokeHus. OCBEH TOBa, TOH MOXKeE J1a CIIYXHU KaTo MHCTPYMEHT 3a TPOTHO3UPAHE 3a
nono0OpsiBaHE Ha TPOM3BOJCTBOTO HA PACTHTEIHHM XUAPOJU3aTH. 3a Mo-100po pa3dupaHe Ha
€H3MMHATa XUAPOJIN3a in Vivo, Ta3u paboTa MOXKe J1a MOCITYXH KaTo MPeIBapUTEIIHO IPOyIBaHE
3a U3CJIEABAHE HA in Vitro CUCTEMHU.

4. Hydrolysis of mixed monomolecular films of
tricaprylin/dilauroylphosphatidylcholine by lipase and phospholipase A2,
Mircheva, K., lvanova, T., Panaiotov, I., Verger, R., Colloids and Surfaces B

Biointerfaces, 2011, 86(1), pp. 71-80, DOI: 10.1016/j.colsurfb.2011.03.018, Q2

Abstract: The purpose of this article was to describe the kinetics of the enzymatic action
of one or more enzymes on mixture of substrates organized in 2D structures in order to mimic some
situations existing in biological or industrial systems. Hydrolysis of the mixed monomolecular
films of tricaprylin/ dilauroylphosphatidylcholine (TC8/DiC12PC) by Thermomyces lanuginosus
lipase (TLL) and phospholipase A2 (PLA2) was studied by measuring the decrease of the surface
area and change of the surface potential at barostatic conditions. The decrease of the surface area
detects the transition of the substrate into reaction products and their solubilization while the
change of the surface potential detects the contribution of dipole moment of the molecules
remaining at the interface during the hydrolysis. The kinetic models, describing the interfacial
hydrolysis allowed us to estimate the values of the global kinetic constants for TC8 and DiC12PC
hydrolysis, respectively. The role of interaction between all participants of the catalytic act in that
complex catalytic system is shown. The catalytic activity of TLL and PLAZ2 is affected by the
molecular environment in TC8/DiC12PC mixed monolayers.

Pe3rome: ]_[eJ'ITa Ha Ta3Hu CTaTHs € Aa OIIMIIC KMHECTUKAaTa Ha CH3UMHOTO ,I[eflCTBPIe Ha €AUH
WU TIOBEYE EH3UMH BBPXY CMEC OT cyOcTpaT, opranusupanu B 2D crpykTypu, 3a ma ce
,[[O6J'II/I)KI/IM A0 CBIICCTBYBAIIUTEC OHOJIOTHYHHU WU HHAYCTpUAJIHHU CUCTCMHU. XI/IILPOJII/I38.T8. Ha
CMECEHH  MOHOMOJIEKYJIHU buamu OT  TPUKaNpWIMH/IuiaypousapocHaTuIuiIXoiuH
(TC8/DiC12PC) mox aefictBueto Ha jumasata Thermomyces lanuginosus (TLL) u pocdonumnasza
A2 (PLA2) Gewe u3cienBaHa upe3 U3MEpBaHE HAa HaMaJsIBAHETO Ha MOBBPXHOCTHATA IUIONI U
InpoMAaHaTa Ha IMOBBPXHOCTHUA IIOTCHLHUA B 6ap0CTaTI/I‘lHI/I ycCJioBus. HamansBanero Ha
IMOBBPXHOCTHATA IJIOL] IMTOKa3Ba MPCBPBIIAHEC HA cy6CTpaTa B PCAKIIMOHHHU IMMPOAYKTHU U TAXHOTO
pa3TBapsAHC, JOKATO IIPOMSAHATA HAa MOBBPXHOCTHUA IMOTCHIOHUAI J1aBa I/IH(I)OpMaI_II/I}I 3a JUIIOJIHUA
MOMCHT Ha MOJICKYJIUTE, OCTaBallli Ha I'paHHWYHATa IOBBPXHOCT IIO BPEMC Ha XHApPOJM3aTa.
Kunetnunure MOJACIH, OIIMCBaIllH Mexcz[y(ba30BaTa XUApOoJin3a, HU II03BOJIMXAa Jda OUHCHUM
CTOMHOCTHATE Ha IVIOOAJHUTE KUHETUYHH KOHCTAHTH CHOTBETHO 3a XuAapoju3ara Ha TC8 u
DiC12PC. IToka3aHa e poyiAiTa Ha B3aUMOJICHCTBUETO MEXAY BCHUKU YYACTHHUIIM B KAaTATUTUIHUS
aKT B Ta3W CJIOKHA KaTanuTuyHa cucteMma. Katamutnunara aktuBHOCT Ha TLL m PLA? ce Bimsie
OT MoJIeKyJIHaTa cpesia B cmeceHute MoHocnoee TC8/DiC12PC.

Conclusion: Hydrolysis of the mixed monomolecular films of TC8/DiC12PC by lipase
(TLL) and phospholipase A2 (PLA2) was studied by measuring the decrease of the surface area
and change of the surface potential at barostatic conditions. The decrease of the surface area detects
the transition of the substrate into reaction products and their solubilization while the change of the
surface potential detects the contribution of dipole moments of the molecules remaining at the
interface during the hydrolysis. The kinetic models, describing the interfacial hydrolysis allowed
us to estimate the values of the global kinetic constants Q‘m and Qm in the case of the hydrolysis
of the pure TC8 and DiC12PC, respectively.
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The values of Q'm for pure TC8 and Qm for pure DiC12PC were compared with these
obtained for the hydrolysis in the mixed TC8/DiC12PC monolayers under the action of each of
enzymes (TLLmor PLA2) or of both enzymes (TLL + PLA2).

The kinetic study of lipolysis of mixture of substrates TC8 and DiC12PC organized as
mixed monolayers by TLL or PLAZ2 respectively, shows an increasing of the catalytic action of
TLL, while the action of PLA2 in the molecular environment of the mixture of substrates TC8 and
DiC12PC is not affected.

A mutual inhibition effect of the catalytic activities of both TLL and PLAZ2 enzymes during
their simultaneous action on the mixed TC8/DiC12PC substrates was observed. The studied
systems illustrate the role of interactions between the all participants of the interfacial catalytic act
in a more complex catalytic system. In order to investigate a system more closer to the “in vivo”
situation,weintend in the future to extend our approach to the study of the simultaneous action of
pancreatic lipase and PLA2 on the mixture TC8/Di(C18:1)PC substrates in various interfacial
organizations. The use of pancreatic lipase instead of TLL will get closer our analyze to the
physiological conditions of the lipolysis in the digestive tract. As far as the dependence of the
enzymatic activity on substrate organization is concerned, a recent study [22] of the mechanism of
lipolysis by PLA2 of Di(C18:1)PC) substrates organized in various assemblies such as monolayer,
bilayer vesicles or lipid nanocapsules could be instructive.

3ak/rouenue: Xuaponusara Ha cMeceHd MoHoMonekyHU punmu ot TC8/DiC12PC noa
neiicteuero Ha nunasa (TLL) u pocdomumnaza A2 (PLA2) Gemre n3ciensana upe3 u3mMepBaHe Ha
HaMaJXIBAHCTO Ha IMOBBPXHOCTHATA IIJIOHL KW IIPpOMAHATA Ha IOBBPXHOCTHHUS IIOTCHHOHA B
6ap0CTaTI/I‘~IHI/I YyCJ10BUA. Hamanssanero Ha IOBBPXHOCTHATA IIJIOLI ITOKa3Ba MPCBPBHIIAHCTO HA
cy6CTpaTa B PCAaKIUOHHHU NPOAYKTH U TAXHOTO PAa3TBAPAHC, JOKATO IIPOMAHATA HA IOBBbPXHOCTHUA
IMOTCHIMAJI JaBa AUIIOJIHUTC MOMCHTHU Ha MOJICKYJIMTC, OCTaBalllkd HAa 'PaHWYHATa ITOBBPXHOCT 110
BpEMC Ha XHAPOJIMU3aTa. Kunernunure MOJICIH, OIIMCBAlllU Mex(z[y(ba30BaTa XUApOJjin3a, HH
MO3BOJIMXA JIa OIEHUM CTOMHOCTUTE Ha TJIOOQIHUTE KUHETUYHU KOHCTAaHTH Q‘m u Qm B ciydaid
Ha Xxuaponu3a cboTBeTHO Ha unctust TC8 u DiC12PC.

CroitHocture Ha QM 32 ynctr TC8 u Qm 3a umcr DiC12PC 6sxa cpaBHEHH C Te3H,
MOJIyYeHHM 3a Xujapoiauszara B cMeceHH MoHocnoeBe TC8/DiC12PC nop neiicTBUETO HAa BCEKH OT
enzumute (TLL unu PLA2) wiu v o eqHOBpeMeHOTO JieiicTBue Ha f1Bata eH3uma (TLL + PLA2).
KunetnuHOTO M3cneaBaHe Ha aunonusara Ha cmec ot cyocrparu TC8 u DiC12PC, opranusupanu
KaTo CMeCeHH MoHocaoeBe choTBeTHO oT TLL wmmm PLA2, mnoka3Ba mnoBuIIaBaHe Ha
KaTaluTU4HOTO JeiicTtBue Ha TLL, nokaro aeiictBuero Ha PLA2 B MosnekynHaTa cpefa Ha cMecTa
ot cyoctpatu TC8 u DiC12PC ne ce moBnussa.

Ha6J'II-OI[aBa C€ B3aMMCH I/IHXI/I6I/IpaI_I_I CCI)CKT Ha KaTaJIUTU4YHATa aKTUBHOCT Ha €H3UMMUTC
TLL u PLA2 mo Bpeme Ha €IHOBPEMEHHOTO WM JEHCTBHE BBPXY CMECEHUTE CyOCTpaTu
TC8/DiC12PC.

W3cnenBanuTe CHUCTEMU WIIOCTPUPAT POJIATA HA B3aUMOJCHUCTBUATA MEXKIY BCUUYKH
y4aCTHHULIA B Me)KI[y(baBOBI/IH KaTAJIMTUYEH aKT B IIO-CJIOJKHA KaTaJWTHYHA CHUCTEMa. 3a aa
W3ClIeIBaME€ CHCTEeMa, IMO0-OJIM3Ka JI0 CHUTyalusara ,in Vvivo“, Bb3HaMepsBamMe B Obelie aa
pasmipuM HalUA MNOAXOJ KbM HU3CJIICABAHC Ha COAHOBPCMCHHOTO HeﬁCTBHe Ha MaHKpCaTUYHa
muna3za u PLA2 Bepxy cmecra ot TC8/Di(C18:1)PC cyOctpatu B pa3inyHH MeXIy(pa3zoBU
OopraHu3anuvu. H3non3Banero Ha IMMaHKpEaTU4IHa Jinia3a BMECTO TLL me )106J'II/I)KI/I HalIus aHaJInu3
10 (U3MOJIOTUYHUTE YCIOBUS Ha JUIOJM3aTa B XpaHocMmuiatennust TpakT. [1{o ce oTHacs mo
3aBUCUMOCTTAa Ha CH3MMHATA AKTHBHOCT OT OpraHu3anusAaTa Ha cy6CTpaTa, CAHO CKOPOIIHO
npoyuBase [22] Ha MexaHu3Ma Ha sunonusa oT PLA2 va Di(C18:1)PC) cyOcTpatu, opranuzupanu



B Pa3IMYHU CTPYKTYPH, KATO MOHOCJIOU, JABYCIIOMHM BE3UKYJIH WIH JIMIUIHA HAHOKAIICYJIH, OH
MOTJIO Ja OBbJIE IIOJIEZHO.

5. Enzymatic hydrolysis by Savinase of coacervates containing a-gliadin spread at the
air-water interface,

K. Mircheva, Tz. lvanova, I. Panaiotov, F. Boury, Nanoscience and nanotechnology 9, 2009,
pp.213-216

Abstract: Coacervation is a microencapsulation process used in pharmaceutical or food
industries to protect sensitive substances such as vitamin or aroma for example. The plant proteins
are widely used in complex coacervation.

The spreading of a dispersion of coacervates at the air-water interface leads to their
destabilization and formation of a complex film containing a-gliadin molecules.

The enzymatic hydrolysis by Savinase of so formed film as well as the pure a-gliadin
monolayer was studied by using a traditional barostat surface balance. The hydrolysis kinetic was
followed by measuring simultaneously the decrease of the surface area and change of the surface
potential with time. The decrease with time in film area is results of the random scission of the
peptide groups of plypeptide chain and their solubilization in the aqueous subphase. The
interpretation of the surface potential data is based on the contribution of the dipole moments of
the intact and broken peptide groups. An appropriate kinetic model describing the proteolytic action
of Savinase is applied and the global kinetic constant ai obtained.

Pe3rome: KoauepBauHﬂTa € IIpomec Ha MHUKPOKAIICYJIUpPaHC, U3II0JI3BaH BbLB
(bapMaHeBTI/ILIHaTa WM XPAHUTCIIHO-BKYCOBAaTa IMPOMHUIIJICHOCT 34 3alldTa Ha YYBCTBUTCIIHU
BCHICCTBA, KAaTO HAIIPUMCP BUTAMUHH WK aAPpOMATHU CHCIAWHCHMUA. Pacturennure IIPpOTCUHU CC
H3I0JI3BAaT IIMPOKO B KOMIUJICKCHATa KOalCpBaluA.

Hanacsiaero Ha AUCHICPCHUA OT KOALICPBATH HA I'PaHUIATa Bb3AYyX-BOJda BOAU HNO TAXHATA
nectadbmim3anus U o0pazyBaHe Ha CIOXKEH (UM, ChABPIKAI MOJIEKYIH o-riuajand. En3umHaTa
XUApOJn3a OT CaBuHa3a Ha Taka O6pa3y'BaHI/I$I (I)I/IJ'IM, KaKTO U Ha YUCTHS MOHOCJIOHN OT O-TJIMaJUH,
Oermre H3CJICABaHa C MoMouITa Ha TpaauliuoOHHaTa 6ap0CTaTI/I‘IHa BE€3HA.

Kunetnkara Ha XUApOJn3ara Oerre npocicacHa 4pe3 C¢IJHOBPECMCHHO H3MCPBAHC Ha
HaMaJIIBAaHCTO Ha IMOBBPXHOCTHATA IJIONI U ITPOMAHATA Ha TIOBbPXHOCTHUSA ITOTCHIIUAJI C BpEMCTO.
HamamnsiBaneTro Ha mjiouirTa Ha (I)I/IJ'IMa C BpEMCTO € pe3yjiTaT OT CﬂyqaﬁHOTO Pa3KbCBAHC Ha
MENTUIHATE TPYNU Ha TOJMIENTHAHATA BEpUra M TAXHOTO pa3TBapsHE BHB BOjJHATa cyOdasa.
I/IHTepnpeTauI/mTa Ha AJAaHHUTE 3a HOBBPXHOCTHUSA NMOTCHHOHAJI CE OCHOBABA Ha IIPHHOCA Ha
AUTIOJIHUTE MOMCHTHU HAa MHTAKTHU W PA3KBCAHUTC NCITUAHU T'PYIIA. HpI/IJ'IO)KeH € MOAXOIAIL]
KHUHECTUYCH MOJCII, OIMKUCBAI ITPOTCOJIUTUIHOTO ,HeﬁCTBHe Ha CaBI/IHaSa, " € IMOJIy4YCHa CTOMHOCT
Ha rio0ajHaTa KHHEeTHYHA KOHCTAaHTA.

Conclusion: The action of Savinase against a-gliadin organized as a monolayer or as a film
formed after spreading coacervate complex was studied. The applied kinetic model, describing the
interfacial proteolysis, permits us to determined the global kinetic constant Qm. The obtained
values for monolayers formed of a-gliadin or from coacervates were identical.

3aKkJIroueHne: I/I3CJ'IC,Z[BaHO (§] HeﬁCTBHeTO Ha CaBuHa3a BBpPXY O-TJIMaAWH, OpTraHU3UupaH
KaTo MOHOCJIOW WM Kato ¢uiaM, oOpa3yBaH cjel HaHACSHE Ha KOallepBaTHUS KOMILIEKC.
HpI/IJ'IO)KCHI/ISIT KHHCTHYCH MOJACJ, OIIMCBAII] MC)K,Z[Y(I)BBOBaTa IpoTCOJIM3a, HU IO3BOJIsIBA [a
onpeaenuM riobanHaTa KMHeTHYHa KoHCTaHTa Qm. [lomydyeHuTe CTOHHOCTH 3a MOHOCIIOEBE,
O6pa3}IBaHI/I OT O-TJIMAAWH U OT KOALICPBATH, Ca WACHTUYHU.



6. Savinase proteolysis of insulin Langmuir monolayers studied by surface pressure
and surface potential measurements accompanied by atomic force microscopy (AFM)
imaging,

K. Balashev, Tz. Ivanova, K. Mircheva, |. Panaiotov, Journal of Colloid and Interface
Science, 2011, 360(2), pp. 654-661, DOI: 10.1016/j.jcis.2011.04.101, Q1

Abstract: The mechanism of the enzymatic action of Savinase on an insulin substrate
organized in a monolayer at the air—water interface was studied. We followed two steps
experimental approach classical surface pressure and surface potential measurements in
combination with atomic force microscopy imaging. Utilizing the barostat surface balance, the
hydrolysis kinetic was followed by measuring simultaneously the decrease in the surface area and
the change of the surface potential versus time. The decrease in the surface area is a result of the
random scission of the peptide bonds of polypeptide chain, progressively appearance of amino acid
residues, and their solubilization in the aqueous subphase. The interpretation of the surface
potential data was based on the contribution of the dipole moments of the intact and broken peptide
groups which remain at the interface during the proteolysis. An appropriate kinetic model for the
Savinase action was applied, and the global kinetic constant was obtained. The application of the
AFM revealed the state of the insulin monolayers before and after the Savinase action. The
comparison of the topography of the films and the roughness analysis showed that insulin
Langmuir—Blodgett (LB) films transferred before the enzyme action were flat, while at the end of
hydrolysis, roughness of films has increased and the appearance of 3D structures was observed.

Pe3rome: M3cnenBan € MeXaHU3MbT Ha €H3UMHOTO JielicTBUE Ha eH3uMma CaBHHAa3a BbPXY
HUHCYJIMHOB Cy6CTpaT, OpraHu3HUpaH B MOHOCJION Ha T'paHullaTa BB3AYX-BOAA. CJ'ICI[BaH Oerre
ABYCTAIICH CKCIICPUMCHTAJICH MMOAXO/ - KIIACUYCCKH U3MCPBAHUA HA MIOBBPXHOCTHOTO HAJIATAHE
" NOBBbPXHOCTHUSA IMOTCHIIMAT B KOM6I/IHaI_II/I}I C I/I306pa)KeHI/I$I OT aTOMHO-CHJIOBA MUKPOCKOIIUS.
W3nons3Baiiku OapocTaTMuHa MOBBPXHOCTHA BE3HA, KHMHETUMKATa Ha XWJpoju3ara Oeie
npociceacHa 4pe3 €AHOBPEMCHHO HN3MCPBAHC HAa HAMAJIKIBAHCTO Ha INOBBPXHOCTHATA IUIOLI H
ImpoMsAHaTa Ha MOBBPXHOCTHHUA MMOTCHLIMAT C BPEMETO. HamamnsBanero Ha MMOBBPXHOCTTA ILJI0L] €
pe3yiTar OT CJ'I}”-I&IZHOTO Pa3KbCBAaHC Ha IMCINTUIAHUTC BPB3KU HA IMOJUIICITUAHATA BEpUra,
IMOCTCIICHHOTO MOSABABAHC HAa AMHHOKHUCCIIMHHHM OCTAaThbLIU H TAXHOTO pPa3TBApPsAHC BBHB BOAHATA
Cy6(1)21321. I/IHTepHpeTaHI/I}ITa Ha NaHHUTEC 3a MOBBPXHOCTHUA MOTCHI A CE€ OCHOBABa HA IIPUHOCA
Ha JUIIOJTHUTC MOMCHTH Ha HHTAKTHUTC W PA3KBCAHUTC NCOTUAHU T'PyIHM, KOUTO OCTaBaT Ha
MOBBPXHOCTTA IO BpPpEME Ha IIPOTCOJIM3AaTa. bemre MPUIIOKECH IMOAXOAAI KUHCTUYCH MOJICI 34
nericteuero Ha CaBuHa3zaTa U Oellle moJiydeHa riio0ajqHaTa KHHETHYHA KOHCTaHTa. [Ipunaranero
Ha AFM MCTOAHKATa II0OKa3Ba CBHCTOAHUCTO Ha HWHCYJIUMHOBUTEC MOHOCIOCBC IMNpPEAU U CIICH
neiicrBuero Ha CaBuHazata. CpaBHEHHETO Ha Tomorpadusita Ha (UIMHTE W aHATU3BT Ha
rpamaBoCTTa Moka3axa, 4e mHcynuHoBuTe Jlanrmiop-bnomker (LB) dbunmu, nperecenu mpeau
)IefICTBHeTO Ha €H3HMMa, Ca INIOCKHU, JOKATO B Kpasd HAa XUAPOJIM3aTa I'paltaBOCTTa Ha (1)I/IJ'IMI/IT6 ce
yBEJIMYU U ce HabIo1aBa mosiBata Ha 3D cTpyKTypH.

Conclusion: In conclusion, the action of Savinase on insulin monolayer was studied
combining two experimental approaches: first — by measurements of the decrease in the surface
area and the surface potential as a function of time at constant surface pressure and second — atomic
force microscopy (AFM). The change of the surface area gives information to the transformation
of the substrate into reaction products and their solubilization, while the evolution of the surface
potential shows the presence at the interface of the dipole moment of reaction products. The applied
kinetic model, of the interfacial proteolysis, allowed us to determine the global Kinetic constant



Qm without any fitting parameter. The comparison of these values with the values of Qm for
polymer molecules shows that they are comparable, while the values for the lipolysis kinetics of
short-chain lipid monolayers are several order of magnitude higher than that obtained with both
macromolecules.

The application of the AFM allowed us to study the state of the insulin monolayer at
different surface pressures. Moreover, we obtained AFM images of the insulin LB films transferred
before and after the Savinase action. The comparison of the topography of the films and the
roughness analysis showed that LB film transferred before the enzyme action were flat, while at
the end of hydrolysis, roughness of the films as a result of the destabilization of the insulin
molecules has increased and the appearance of 3D structures from the collapsed B chains was
observed.

The developed experimental approach could be used to characterize the hydrolysis of
different macromolecular biosurfactants which are widely developed to stabilize dispersed systems
for different applications.

3aKkJioueHne: I[ef[CTBI/IeTO Ha CaBuHa3aTa BBbpPXY UHCYJIMHOBUA MOHOCJIOH € n3cjeaBaHoO
qpe3 KOM6I/IHI/IpaHC Ha IBa CKCIICPUMCHTAJIHU I1IOAX0JAa: IIbPBO - YPE3 USMEPBAHC HA HAMAJIAABAHCTO
Ha IIOBBPXHOCTHATA ILIOII KW IOBBPXHOCTHHUA ITIOTCHLUAJI KaTo (I)YHKLII/ISI Ha BpPEMCTO IIpH
IIOCTOSIHHO TOBBPXHOCTHO HaJsiTaHE M BTOPO - 4Ype3 aTOMHO-CHiIOBa Mukpockomnus (AFM).
HpOM}IHaTa Ha IOBBPXHOCTHATA ILJIOLI daBa I/IH(bOpMaI_II/ISI 3a IPCBPHIIAHCTO Ha cy6CTpaTa B
INPOAYKTH Ha peaKiudATa U TIAXHOTO pPa3TBApPSAHC, HOKATO CBOJIIONUATA HAa IOBBPXHOCTHUSA
MOTCHIMAJI [TOKAa3Ba HAJIMYUCTO HAa JUITOJICH MOMCHT Ha IMIPOAYKTUTEC HA pCaKIUiATa. HpI/IJ'IO)I(CHI/I}IT
KHHCTHNYCH MOJICJI Ha MG)KIIy(baSOBaTa IMpOTCOJIM3a HHU IIO3BOJIM Oa OIpPEACIIUM riaobajiHara
KHMHCTHYHA KOHCTAaHTa Qm 0e3 HUKAKbLB mapaMCeTbp 34 HaIlaCBaHC. CpaBHeHI/ICTO Ha TE3u
CTOMHOCTH CbhC CTOMHOCTUTE Ha Qm 3a MOJIMMEPHU MOJIEKYJIM IIOKa3Ba, Y€ T€ ca ChIIOCTAaBUMU,
JOKaTo CTOMHOCTHUTE 32 KMHETHKATA Ha JIMIIOIN3aTa Ha KbCOBCPUIKHU JIUIIUAHU MOHOCJIOCBEC Ca C
HAKOJIKO NMOpAABbKa MO-BUCOKU OT TC3H, IMOJTYUYCHU ITPHU ABCTEC MAKPOMOJICKYJIHN.

HpnnaraHeTo Ha AFM HH no3Boau Aa u3cjaeaBaMe CbCTOAHUCTO HA HWHCYJIWMHOBHUA
MOHOCJION IPHU Pa3INYHU MOBBPXHOCTHU Haysiranus. OcBeH ToBa noiayunxme AFM nzoOpakenus
Ha UHCYJIMHOBHUTC LB (1)I/IJ'IMI/I, IMPEHECCHU IPEAUN U CIICA ,HeﬁCTBHeTO Ha CaBuHa3ara. CpaBHeHI/IeTO
Ha TonorpadusTa Ha QUIMHUTE U aHAJIM3BT HA TpanaBoCcTTa Mokaszaxa, ye JIb punmure, npeneceHn
npeau HeﬁCTBHeTO Ha C€H3MMa, Ca IIJIOCKH, JOKATO B Kpas HAa XHUAPOJH3aTa I'pallaBOCTTa Ha
(1)I/IJ'IMI/ITC B pC3yJITaT Ha I[@CTa6I/IJ'II/ISaIII/I$ITa Ha MHCYJIHMHOBUTEC MOJICKYJIM CC € YBCIIMYUIIA U CC
HabmoaaBa nossara Ha 3D cTpykTypH OT paspyiueHure B Bepuru.

Pa3paboreHusT excriepuMeHTaIeH MoAX01 OM MOT'BJI J]a C€ U3I0JI3Ba 3a XapaKTepu3npaHe
Ha XUPOJIN3aTa Ha pa3IMYHU MAKPOMOJIEKYJIHU OMOChP(aKTaHTH, KOUTO Ca IIUPOKO pa3padoTeHH
3a CTa6I/IJ'II/I3I/IpaH€ Ha JUCIICPCHU CUCTEMHU 3a pa3JINYHU ITPUTTOKCHUA.

7. Properties of mixed monolayers of clinical lung surfactant, serum albumin and
hydrophilic polymers,

Minkov, 1., Mircheva, K., Grozev, N., lvanova, T., Panaiotov, I. Colloids and Surfaces B:
Biointerfaces, 2013, 101, pp. 135-142, DOI: 10.1016/j.colsurfb.2012.05.038, Q1

Abstract: It is now established that the surface activity of the clinically used lung surfactant
is reduced by serum proteins and can be restored by adding the hydrophilic polymers. The



mechanisms of lung surfactant inactivation by serum proteins and restoring effect by the
hydrophilic polymers remain not completely understood.

In this paper the state and rheological dilatational properties of surface films formed from
clinical lung surfactant Exosurf, Survanta, Curosurf and Alveofact in the presence of serum
albumin (BSA) and hydrophilic polymers polyvinylpyrrolidone (PVP), polyethylene glycol (PEG)
and Dextran were studied. The obtained results suggest that the lung surfactant and BSA mixtures
spread at air—water interface form a DPPC/BSA mixed monolayers with lower content of DPPC.
The presence of hydrophilic polymers PVP, PEG and Dextran restore the DPPC content in the
surface film. The effectiveness of the DPPC spreading and formation of better compacted film
increases in order Exosurf, Survanta, Curosurf, Alveofact. The obtained results are in accordance
with the generally admitted ideas about the mechanisms of serum protein inactivation and restoring
effect of hydrophilic polymers based on the previously studies of the lung surfactant adsorption
rate.

Pe3iome: YcraHoBeH (DakT e, 4e MOBBPXHOCTHATA aKTUBHOCT HA KJIMHUYHO W3IMOI3BAHUS
6en0z[po6eH C’Lp(baKTaHT CC HaMaJIsiBa OT CECPYMHHU IIPOTECHHU U MOKEC 1a 6’5,[[6 Bb3CTaHOBCHA YpPC3
nobapsiHe Ha xuapowiHu mnonuMmepu. MexaHW3MHTE Ha WHAKTHBUPAHE Ha OenoapoOHUs
C’bp(l)aKTaHT OT CCPpYMHHU NPOTCHHU U Bb3CTAHOBABALIUSA e(l)eKT oT XI/II[pO(l)I/IJ'IHI/ITC IMOJIUMEPHU HE
ca BC€ OIll€ HaIl'bJIHO pa3OpaHH.

B Ta3zu pa60Ta ca U3CJICABaHU CbCTOAHUCTO U PCOJIOTHYHHUTC AWJIaTAlIMOHHHA CBOICTBa Ha
MOBBPXHOCTHUTE (uiamu, 00pa3yBaHH OT KIMHWYHH OenoapobHu chpdakrantu: Exosurf,
Survanta, Curosurf u Alveofact B mpuchctBue Ha cepym anOymun (BSA) u xunpodunuu
nonumepu noauBUHUINUPOIUAoH (PVP), nonuerunen rnukon (PEG) u dexkcrpan. [lonyyenure
pe3yJITaT MoKa3BaT, 4e cMecuTe oT OenoapoleH cypdaktanT 1 BSA, HaHeceHU Ha TOBBPXHOCTTA
BB3yX—B0ojia, oOpa3yBar cmecenn MmoHocioeBe DPPC/BSA ¢ mo-aucko cwabpxkanue nHa DPPC.
Hanuuuero na xunpodunau nonmumepu PVP, PEG u JlekcTpuH Bb3CTaHOBSABA ChIBPKAHUETO HA
DPPC B nosbpxnoctHus punm. EpextuHocTTa Ha paztuuanero Ha DPPC u 06pasyBanero Ha 1o-
nobpe ymisTHeH (uiMm HapacTBa B pena Exosurf, Survanta, Curosurf, Alveofact. TTomy4yenure
PE3YITAaTU CHbOTBECTCTBAT HA O6HIOHpI/IeTI/IT€ UACH 3a MCXaHU3MHUTC HAa MHAKTHBALIUA HA CCPYMHUTC
IMPOTCUHU U BB3CTAHOBABAII e(l)eKT Ha XI/I,[[pO(i)I/IJIHI/ITe MOJIMMEPH, Bb3 OCHOBA HAa NPCAUIITHUTC
n3cleBaHMs Ha CKOPOCTTa Ha afcopOuus Ha 6enoipoOHus chbp(aKTaHT.

Conclusion: In conclusion, the developed approach to study the state and dilatational
properties of surface layers formed at the air—water interface after spreading of dispersions
containing LS pure or mixtures with BSA and hydrophilic polymers would be a tool to classify the
clinical lung surfactants concerning their capacity to form a compact DPPC film. The results
obtained are rather in accordance than in contradiction with the generally admitted ideas about the
role of BSA and restoring effect of hydrophilic polymers based on the adsorption rate studies.

3aKkJiIroueHne: P33pa6OTCHI/I}IT noaxoJ 3a n3ydyaBaHe Ha CbCTOAHUCTO U JUIIATAIUOHHUTEC
CBOICTBA Ha MMOBBPXHOCTHHUTE CIIOCBE, O6paBYBaHI/I Ha MOBBPXHOCTTA BB3AyX-BOJda CJIC HAHACSIHC
Ha TUCTIepCUH, chabpkamy yucT LS nmn cmecu ¢ BSA u xuapodwminau nonumepu, 6u MOTBA Aa
ce U3MOoJI3Ba 3a KiacupuIupaHe Ha KIMHUYHUTE 0enoapoOHU cbpdaKTaHTU MO OTHOLIEHHE Ha
TSIXHaTa crocoOHoCT 1a oopasyBat komnakTeH DPPC ¢unm. [Tomyuenure pe3ynraTu ca mo-ckopo
B CHOTBETCTBHME, OTKOJIKOTO B MPOTHUBOpEUYHE C OOMIONPHU3HATHTE MJieu 3a pojisita Ha BSA u
Bb3CTaHOBABAIIUA C(I)CKT Ha XI/I,Z[pO(I)I/IJ'IHI/IT € MMOJIMMEPU Ha Oasara Ha H3CJICABAaHHA HA CKOPOCTTA
Ha ajIcopOIus.
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8. Development of 2D and 3D Mucus Models and Their Interactions with Mucus-
Penetrating Paclitaxel-Loaded Lipid Nanocapsules,

Anne-Claire Groo & Kristina Mircheva & Jérdme Bejaud & Caroline Ailhas & lIvan
Panaiotov & Patrick Saulnier & Tzvetanka Ivanova & Frederic Lagarce, Pharmaceutical
Research, 2014, 31(7), pp. 1753-1765, DOI: 10.1007/s11095-013-1280-4, Q1

Abstract. Purpose To study, diffusion through mucus (3D model) of different formulations
of paclitaxel loaded lipid nanocapsules (Ptx- LNCSs), to interpret the results in the light of LNC
behavior at air-mucus interface (2D model).

Methods LNC surface properties were modified with chitosan or poly(ethylene glycol) (PEG)
coatings of different size (PEG 2,000 to 5,000 Da) and surface charges. LNC diffusion through 446
um pig intestinal mucus layer was studied using Transwell®. LNCs were spread at the air-water-
mucus interface then interfacial pressure and area changes were monitored and the efficiency of
triglyceride (TG) inclusion was determined.

Results Ptx-LNCs of surface charges ranging from —35.7 to + 25.3 mV were obtained with sizes
between 56.2 and 75.1 nm. The diffusion of paclitaxel in mucus was improved after encapsulation
in neutral or positively charged particles (p<0.05 vs Taxol®). No significative difference was
observed in the 2,000- 5,000 PEG length for diffusion both on the 2D or 3D models. On 2D model
positive or neutral LNCs interacted less with mucus. Highest efficiency of TG inclusion was
observed for particles with smallest PEG length.

Conclusions The results obtained with 2D and 3D model allowed us to select the best candidates
for in vivo studies (neutral or positive LNCs with smaller PEG length).

Pestome. Lea: [la ce uszcnena nudysusta Ha pa3nuyHu OPMYITUPOBKH HA JIUMHIHU
HaHOKaricynu ¢ HartoBapeH mnakiurtakcen (Ptx-LNCs) mpe3s mykyc (3D mogmen), 3a nma ce
MHTEepHpeTHpaT pesyiratute 3a noeneHuero Ha LNC Ha mOBBPXHOCTTa BB3AYyX-MyKyc (2D
MOJIe).

Metoam: IloBbpxHocTHUTE cBoMicTBAa HA LNC 6s1xa MOauHUIMpaH ¢ XUTO3aH WIH MOJIMETHIICH
riukon (PEQG) ¢ pasnuuen pazmep (PEG 2,000 1o 5,000 Da) u noBbpxHOCTHH 3apsaau. dudysusata
Ha LNC npe3 446 pum cioii oT CBUHCKH YpeBEH MyKyc Oelle mpoydeHa ¢ nomouira Ha Transwell®.
LNC 06sixa HaHeceHHM Ha TOBBPXHOCTTA BB3IyX-BOJA-MYKYC, CJleJ KoeTo Osxa HabogaBaHU
IMPOMCHHUTC B HNOBBPXHOCTHOTO HAJIATAHC MW IUJIOLITA, U Oerre OIpeaciiCHa GQ)CKTI/IBHOCTTa Ha
BKIIOUBaHeTo Ha Tpurimnepuu (TG).

Pesyararu: [lonyuenu 6sixa Ptx-LNC ¢ noBbpXHOCTHM 3apsiid B quanasoHa ot -35.7 go +25.3
mV u pazmepu Mexay 56.2 u 75.1 nm. /lu¢y3usra Ha makinTakcea B MyKyc Oelle OBHILIEHa CIe]T
KaIlCyJIMPAaHETO B HEYTPATHU WM MOJOKHUTETHO 3apeaeHn yacTui (p<0.05 cnpsimo Taxol®). He
Oerre HaOJrO1aBaHa 3HauYMMa pasziuka B abmkrHata Ha PEG ot 2,000 no 5,000 3a nudys3usa u Ha
nsara mojiena. [Ipu 2D mozaen nonoxurtenaute uian Heytpanau LNC B3auMoaeiicTBaiu no-Maiko
¢ Mmykyc. Haii-Bucokara epekTuBHOCT Ha BKITItouBaHe Ha TG Oerie HaOIr0/1aBaHa 3a YaCTHUITU C HAil-
Maiika aeipkrHa Ha PEG.

3akiouenus: Pesynratute, momydenu ¢ 2D u 3D mozen, Hu mo3Bouxa 1a n3depem Hail-100puTe
KaHauaaTu 3a 1n vivo n3cijeaBaHusg (HCYTpaJ'IHI/I nnu nonoxureanu LNC ¢ no-manka ABJOKMHA Ha
PEG).

Conclusion: LNC 2D behavior at the air-mucus interface and LNC 3D behavior in mucus
were studied for different type of LNCs and showed their complementarity. LNC behavior at air
water- mucus interface gave information about interfacial interactions between the mucus and
LNCs; whereas 3D model allows seeing results of interaction between mucus and LNCs on
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diffusion phenomenon. Diffusion through the mucus (3D model) of particles is a complex
phenomenon depending on mucus model, size and surface properties of particles.

The 2D model allowed to better interpreting diffusion results. Interfacial method constituted
an efficient screening method and allowed us to select the most favorable LNC formulations for
mucus penetration and diffusion. In fact the formulations that best crossed mucus layer were
positive or neutral and did not exhibit longer PEG chains. Consequently, the selected LNCs for the
next in vivo studies were standard LNCs, LNCs coated with DSPE-DSPE-PEG2000-amino and
LNCs coated with chitosan. The next step of this work will be to conduct an in vivo experiment in
order to study the effect of particle surface over bioavailability. In vivo/in vitro correlation could
thus be envisioned.

3akuouenue: M3cienpanu 6sixa 2D moeaenuero Ha LNC Ha MOBBPXHOCTTA BB3IAYyX-
Mykyc ¥ 3D nosenenuero Ha LNC B mykyc 3a pasnuunu BujgoBe LNC u e nokaszaHa TsxHaTa
KOMIIJICMCHTAPHOCT. HOBCI[GHI/IGTO Ha LNC mnHa INOBBPXHOCTTAa BB3AYX-BOAA-MYKYC JaBa
nHpOpMaNKs 32 TOBbPXHOCTHUTE B3auMoJIeHcTBUA Mexay Mykyc U LNC; mokaro 3D momenst
IO3BOJIsABA a C€ BUAAT PEIYJITATHUTC OT B3aHMO,HeﬁCTBHCTO MCKAY MYKYC U LNC otHOCHO TAXHaTa
mudysus. Judysuara Ha yactunmre mpe3 mykyca (3D mogen) e ciokeH (heHOMEH, 3aBUCEI] OT
MYKYCHUA MOJCLII, pa3dMEpa U MOBbPXHOCTHUTC CBOICTBa Ha HaCTHULIUTEC.

2D MonenbT MO3BOJIABA Jla CE MHTEPIPETUPAT MO-I00pe pesynrarutre oT audysusta.
HOB’prHOCTHI/I}IT MCTOJ IPCACTaBJIABAIIC e(beKTHBeH MCTOJ 3a CKPHMHHUHI' U HHW IIO3BOJIM Jda
nzbepem Haii-Omaronpustautre ¢opmymupoBkn Ha LNC 3a mponukBane u audysus mpes
MYyKyCHHTE clioeBe. BebiHocT, popMyIupoBKHUTE, KOUTO Hail-100pe mpeMuHaxa mpe3 MyKyCHHUS
CII0H, Os1Xa MOJIOKUTEJIHN WIM HEYTPaJIHU U HE Moka3Baxa no-awird Bepuru PEG. B pesynrar Ha
toBa u3opanute LNC 3a cneapamuTe in vivo uscinensanus 0sxa crangaptan LNC, LNC, mokputu
¢ DSPE-DSPE-PEG2000-amun u LNC, mokputu ¢ xuto3an. Cienpamiara CThIIKa B Ta3u paboTa
e 6”[:,[[6 IMPOBCIKAAHCTO Ha 1n vivo CKCIICPUMCHT, 3a Ia CC IIPOyIHn e(i)eKT’bT Ha IIOBBPXHOCTTA HA
yacTULIUTE BbpPXY OMOHainyHOcTTa. [lo TO3M HAaumH MOXke Ja ce MpeABUAM In vivo/in vitro
Kopceianus.

9. Interfacial behavior of lipid nanocapsules spread on model membrane monolayers,

Tz lvanova & K. Mircheva & K. Balashev & I. Minkov & P. Saulnier & I. Panaiotov, Colloid
Polym Sci (2014) 292:1307-1318, DOI 10.1007/s00396-014-3180-5, Q2

Abstract. The lipid nanocapsules (LNCs) spread at the air—water interface (A/W) undergo
destabilization and disaggregation leading to formation of a triglyceride (TG) surface film. The
kinetics of reorganization and formation of TG surface film were followed by measuring either the
change of surface pressure at constant area or the surface area at constant surface pressure. From
the obtained experimental data were determined the effectiveness of TG spreading and the rate of
LNC disaggregation at A/W interface covered with preformed model membrane monolayers of
DPPC, Curosurf®, and mucus. Partial LNC stabilization due to their interaction with the model
membrane monolayers was observed and characterized by atomic force microscopy (AFM). The
obtained results demonstrated that the LNCs spread on mucus surface layer, which models the
epithelial surface were more stable than if they were spread either on DPPC or Curosurf® surface
layers, which emulate the alveolar surface.

Pe3ome: Jlunuguure nHanokancynu (LNCs), HaHeceHH Ha MOBBPXHOCT BB3JIyX-BOJa
(A/W), mnperwspmnsiBaT naecTaOWiau3anus W paspyliaBaHe, BOJEMIO 10 oOpa3yBaHETO Ha
nobpxHocTeH (punm ot Tpuriuuepuan (TG). Kunernkata Ha peopranuzanus U oOpazyBaHe Ha
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TG IIOBBPXHOCTCH (bI/IJ'IM € IIpOCIICACHA, YPE3 MMPOBECIKAAHEC HA OIIMTHU, CBBbP3aHU HUJIK C IIpOMAHaTa
Ha NOBBPXHOCTHOTO HAJIATAHC ITPU IMOCTOSAHHA IJIOLI, WK C IMPOMAHA B IJIOIITA IPU NOCTOSAHHO
IIOBBPXHOCTHO HaJIATraHe. Ot IMOJIYUCHUTEC CKCIICPUMCHTAJIHU JaHHU oe orpeacicHa
epexTuBHOCTTAa Ha HaHacstHeTO Ha TG u ckopoctTa Ha paspymaBane Ha LNC Ha MOBBPXHOCTTA
A/W, mokpuTa ¢ NpeABapUTEIIHO 00pa3yBaHU MOJAETHH MeMOpaHHH MoHocioeBe or DPPC,
Curosurf® u mykyc. Cradmmmsanusra Ha LNC Bojema 10 TIXHOTO B3aUMOJICHCTBUE C MOJICITHU
MeMOpaHUu € XapaKTepu3upaHa ¢ aroMHa cuioBa MUKpockonus (AFM). Ilonydenure pesynratu
nokassar, ue LNC, HaHeceH! BbpXy OBBPXHOCTHHMSI CJION OT MyKYC, KOUTO MOZIE/IMpa ENUTEIHaTa
IIOBBPXHOCT, Ca MO-CTA0MIHU OTKOJIKOTO aKoO 6’b,I[aT HAaHCCCHN Ha IOBBPXHOCTHUTEC CJIOCBC HaA
DPPC wimm Curosurf®, KOUTO HMHTHPAT aJIBEOJIAPHATA TOBBPXHOCT.

Conclusion. A loss of mechanical stability of LNCs spread at pure A/W interface or at
preformed model membrane monolayers is observed. The LNCs undergo a partial destabilization,
disaggregation, and formation of pure or mixed surface films. The comparison between the
effectiveness of spreading (e1c) and the rate of LNC disaggregation (k1) at pure A/W interface and
at preformed DPPC monolayer indicates a partial LNCs stabilization due to LNCs-DPPC
interaction. The comparison between effectiveness of inclusion of TG (erg) into model membrane
monolayers of DPPC, Curosurf®, and mucus shows that the LNCs spread on mucus surface layer
are more stable and interact stronger with the monolayer than if they are spread on DPPC and
Curosurf® monolayers. These findings are in accordance with AFM images showing more 3D
structures grafted in mucus layer than in DPPC monolayer. As far as the molecular nature of
LNCs—model membrane monolayer interactions are concerned, additional approaches and
techniques are needed to develop a conclusive molecular model of the behavior of LNCs spread on
various model membrane systems.

From physiological point of view, we hope that such approach could provide some new
insights and suggestions about the behavior of LNCs at membranes interfaces. The choice of
Curosurf® and mucus monolayers as membrane models was mainly provoked by the attempts
which are now in progress various liposoluble drugs to be administrated via LNCs towards alveolar
surface and luminal surface of gastrointestinal tract thus proving their effectiveness as drug
delivery systems. Obviously, it is a difficult task to bridge the existing gap between monolayer
model system and LNCs behavior in physiological medium. Although, in the future we intend to
find a way to correlate the results obtained from the developed 2D model of LNCs—membrane
interaction with the results from 3D drug delivery model systems.

3aKJIIouYeHne. HSCJ’ICI{BaHa (¥ 3ary6aTa Ha MEXaHWYHa CTAOMIHOCT Ha LNCS, HAHCECCHU Ha
yrcTa NOBBbPXHOCT A/W Win BbpXY NpeABapUTEIHO (GOPMUPAHU MOHOMOJIEKYJIHH MEeMOpaHHU
cioeBe. LNCs NpeThpIriABaT 4aCTUYIHA I[eCTa6I/IJ'II/I3aI_[I/I$I, Ac3arperanua nu 06pa3yBaHe Ha 4YMCTHU
WM CMECEHH MOBBPXHOCTHU QuiMu. CpaBHEHHETO MeXy €(pEeKTUBHOCTTA Ha HaHACsSHE (€TG) U
ckopoctTa Ha jiezarperanus Ha LNC (k1) BbpXy uncta moBbpXxHOCT A/W U BbpXY MPeIBAPUTEIHO
dhopmupan moHomodekyseH ciaoir ot DPPC moka3Ba wactuuna crabmimsarnus Ha LNC mopanu
B3aumosieiicteue Mexay LNC u DPPC. CpaBHeHnneTro Mexly e(peKTUBHOCTTA Ha BKIIOUYBAHE HA
TG (etc) B Mozmennu MemOpanHu cinoese Ha DPPC, Curosurf® u mykyc mokasa, ye LNC,
HAaHCCCHU BbPXY IMOBBPXHOCTHHUA CIIOH OT MYKYC, Ca [M0-CTA0MIIHU 1 BSaHMOHCﬁCTBaT I10-CHUJIHO C
MOHOCJIOSI, OTKOJIKOTO aKO Ca HaHECEHU BBPXYy MOoHOMOJEKyHH ciioeBe oT DPPC u Curosurf®.
ToBa cpoTBercTBa Ha wu300paxkeHusra or AFM, kouro mokaszBar mnoseue 3D cTpykTypH,
MIPUKPEIIEHU B CJI0SI OT MYKYC, OTKOJIKOTO B MOHOMOJeKynHUs ciaoit ot DPPC. Illo ce otHacs no
MOJICKYJIHATA IIpHUpoaa Ha LNC - B3aHMOHCﬁCTBHHTa C MOACIIHU MeM6paHHI/I MOHOCJIOEBE, Ca
HGO6XOI{I/IMI/I JOIIBJIHUTCIIHN NOAXOAW W TEXHUKHU 3a pa3pa60TBaHe HAa OKOHYATCJICH MOACII 3a
IIOBCACHUECTO HaA LNC, HAaHCCCHHU BBHPXY PA3JIMYHU MOJCITIHA MCM6paHHI/I CUCTEMU.
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Ot ¢usuonoruyHa rieHa To4Ka, ce HajAsgBaMe, Y€ TaKbB MOAXOJ MOXKE J1a MPEeI0CTaBU
HOBU WJICU U TpelyioxkeHus 3a noseneHneTo Ha LNC B MeMOpaHHU mOBBbpxHOCTH. M300phT Ha
Curosurf® u MyKyc KaTo MOJETHU MeMOpaHu Oellle OCHOBHO MPOBOKUPAH OT OMUTUTE, KOUTO B
MOMEHTa C€ MPOBEKIAT 3a aJMUHUCTPUPAHETO HA PA3JIMYHHU JIMIIOPA3TBOPUMH JIEKapCTBa 4pe3
LNC xbpM anBeonapHata MOBbPXHOCT U JIyMUHAJIHATa IOBBPXHOCT HA CTOMAIIHO-YPEBHUS TPAKT,
JIOKa3BaliKM 1O TO3M HAYMH TSIXHATa €()EeKTUBHOCT KAaTO CHUCTEMH 3a JOCTaBKa Ha JIEKapCTBa.
OueBuaHO, € CII0KHA 3a/1a4ya Ja Ce CBbpKaT U3CIEABAHMUATA HA MOHOCIIOMHATA MOJIEJIHA CUCTEMA
c nosenenrero Ha LNC BbB ¢usmonornuna cpena. Bwrnpeku ToBa, B Oblemie uMame uzies aa
HaMepUM HAuMH J1a KOpelnupame pe3ysTaTuTe, moiaydeHu ot pazpadorenus 2D monen na LNC —
MeMOpaHa B3auMOJICHCTBHSA, C pe3yaTaTute oT 3D JexapcTBO-A0CTABSIIN MOJCITHU CUCTEMH.

10. Effect of gold nanoparticles on the photocatalytic efficiency of ZnO films,

Peter Georgiev, Nina Kaneva, Assya Bojinova, Karolina Papazova, Kristina Mircheva,
Konstantin Balashev, Colloids and Surfaces A Physicochemical and Engineering Aspects,
2014, 460, pp. 240-247, DOI: 10.1016/j.colsurfa.2014.02.004, Q2

Abstract: This study presents a simple and inexpensive method for preparation of ZnO/Au
thin film photocatalysts. Nanostructured ZnO and modified with gold nanoparticles zinc oxide
films are obtained on glass substrateby dip-coating technique. The precursor suspension is prepared
using commercial ZnO powder, ethanoland polyethyleneglycol, while the gold nanoparticles are
obtained by classical citrate synthesis. Thin ZnO and ZnO/Au films are characterized by Atomic
Force Microscopy (AFM), Scanning Electron Microscopy (SEM), Energy Dispersive X-ray
Spectroscopy (EDS), X-ray diffraction and UV-Vis spectroscopy. The photocatalytic action of the
samples is studied in respect to Malachite Green photodegradation under UV and visible light
irradiation. The modified ZnO/Au films manifest higher photocatalytic efficiency under UV and
visible light illumination in comparison to ZnO ones. A possible mechanism for explanation of the
observed effect is proposed.

Pe3rome: Tosa HU3CJICABAaHC TIPCACTaBsg IMPOCT U C€BTHH MCTOA 3a IIOJYyYaBAHC Ha
ThHKOCTONHU ¢oTokaTanm3aTtopu ZnO/Au. Hanoctpykrypupanu ZnO u MoauduuupaHd ChC
3JIJaTHU HaHOYAaCTUIMU IOHUHKOBOOKCHUIHHN (I)I/IJ'IMI/I Ca MOJYYCHU BBHPXY CTBHKIICHA IMOIJIOKKA YpE3
TCXHHUKA Ha ITIOTAIIsIHE. CyCHGHSI/IS[Ta Ha MpEKypcopa € IpUroTB€Ha C IOMOIITA HAa TbPTOBCKH IIpax
ZnO, €TAaHOJ U IMOJIMCTUJICHIJTIMKOJI, a 3JIATHUTC HAHOYACTHLIU Ca IOJYUCHHU YPE3 KIIACUYCCKU
uutpateH cuHTe3. TrHkHTE Guiamu oT ZnO u ZnO/Au ca oxapakTepu3UpaHU C aTOMHO-CHUJIOBA
mukpockormust (AFM), ckanupama enextpoHHa Mmukpockonus (SEM), eHepruiiHo-aucrnepcHa
pentreHoBa crnektpockonus (EDS), penrrenoBa mudpaxius u UV-Vis crnekTpockomnus.
I/ISCJ'IC,[[BaHO € (bOTOKaTaHHTHqHOTO ,Z[eflCTBI/Ie Ha HpO6I/ITe 110 OTHOIICHHUEC Ha q)OT Oopa3rpax1aHeTo
Ha MaJlaxUTOBO 3ejeHo npu oompuBane ¢ UV u BuauMma cBetinHa. Momgudunupanute ZnO/Au
(I)I/IJ'IMI/I MMpoABsABAT IMO-BUCOKA (bOTOKaTaJ'II/ITI/I‘-IHa e(bCKTI/IBHOCT IIpHU OCBCTABAHC C UV u BUAUMa
CBETJINHA B cpaBHeHUE ¢ Te3u oT ZnO. [IpenioxeH € Bb3MOKEH MEXaHU3bM 3a O0SCHEHUE Ha
HaOmo1aBaHus e(eKT.

Conclusions: Zinc oxide and modified with gold nanoparticles ZnO photocatalytic thin
films are prepared for the first time using the combination of Turkevich citrate method and dip
coating technique from ZnO suspensions. The thin films are characterized by means of UV-Vis
spectroscopy, AFM, EDS and XRD analysis. Gold nanoparticles modified ZnO photocatalytic
films show a tendency for improved photocatalytic activity with higher gold content in samples.
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The photocatalytic efficiency of ZnO/Au films is greater than the activity achieved by pure ZnO
films under UV and visible light illumination, as a result of successful charge separation.

3akiaouenne: 3a IIbPBH IIBT Ca IMOJTYYCHH (bOTOKaTaJ'II/ITI/I‘IHI/I TBbHKH (bl/IJ'IMI/I OT IIMHKOB
OKcHJ U Moau(UIMpaH cbC 37MaTHU HaHouyacTULM ZnO, KaTo € W3MOJI3BaHa KOMOMHALUATA OT
HUTpAaTHUA METOJ HaA TIOpKeBI/Iq M TCXHHUKAaTa Ha IIOoTallIHE B CyCIICH3UHU Ha Zn0O. TrHKUTE (bI/IJ'IMI/I
ca oxapakrepusupanu c¢ nomomra Ha UV-Vis cnekrpockonusi, AFM, EDS u XRD ananus.
MopaudunupanuTe CbC 3JaTHH HAHOYACTUIM (GoTOoKaTAMMTHUYHU GuiaMu oT ZnO moKas3BaT
TCHACHIIUSA KBbM HOI[O6p51BaHC Ha (bOTOKaTaHHTHqHaTa AKTUBHOCT C IMO-BUCOKO CBHABbPIKAHUC HA
3maro B mpoburte. DortokatasmtuyHata edekTuBHOCT Ha ZnO/Au umiMute € mo-rojasMa OT
AKTUBHOCTTA, IIOCTUTHATa OT YUCTHUTC Zn0O (1)I/IJIMI/I IIpU OCBCTABAHC C YJITPABHUOJICTOBA U BUIHMMaA
CBCTJIMHA, B PE3YJITaT HAa YCIICHIHOTO pa3AC/IAHE Ha 3apsaJuTeE.

11. Properties of p-carotene and retinoic acid in mixed monolayers
withdipalmitoylphosphatidylcholine (DPPC) and Solutol,

K. Mircheva, M. Gonnet, K. Balashev, Tz. Ivanova, F. Boury, I. Panaiotov, Colloids and
Surfaces A: Physicochem. Eng. Aspects 460 (2014) 209-218,
DOI: 10.1016/j.colsurfa.2013.12.046, Q2

Abstract: The liposoluble vitamins and carotenoids are sensitive molecules and their
antioxidant properties can be dramatically affected when included in membrane environment or in
encapsulated carriers as liposomes or lipid nanocapsules (LNCs). The formation and state of mixed
monolayers at air-water interface of p-carotene (BC) or retinoic acid (RA) with
dipalmitoylphosphatidylcholine (DPPC) as simplest membrane model or with Solutol (Sol) which
forms the soft layer covering the LNCs were studied by means of surface pressure (x) and surface
potential (AV) measurements. The mutual miscibility and interfacial organization of components
in studied mixed monolayers was found to strongly depend on their composition. It was suggested
a better inclusion of BC small quantities in pure DPPC monolayer at low surface pressure than for
films with more BC at higher surface pressure. The measurements of surface properties were
complemented by Atomic Force Microscopy (AFM) as a suitable technique for direct visualization
at nanoscale level of the monolayer microheterogeneity and the presence of interfacial structures.
It was also found that the addition of bigger amounts of BC led to the appearance of stripe like
phase which is more deeply formed at higher surface pressure.

Pe3rome: MaCTHOpaSTBOpI/IMI/ITe BUTAMHWHHU U KAPOTCHONAUTEC Ca YyBCTBUTCIHNU MOJICKYJIN
U TCEXHUTC AHTHOKCHIAHTHU CBOIiCTBa Morar aa 6T)JlaT 3HAYUTCIIHO IIOBJIMSIHH, KOI'aTO Ca
BKJIFOUCHU B MCM6paHHO O6KpL)KCHI/IC WX KallCyJIMpaHU B HOCHUTCIIM KaTO JIMIIO30MHU HJIN
munuaad  HaHokarncynu (LNC). Upes wusmepBaHusi Ha TOBBPXHOCTHO Hajsirane (m) H
NMOBBPXHOCTCH IMOTCHIIUA (AV) € H3CIICABAHO (I)OpMI/IpaHeTO U CBCTOAHUETO HA CMECCHH
MOHOCJIO€BE Ha MOBBbPXHOCTTA Bb3AyX—BoJia Ha B-kapoTeH (BC) unu petrHonoBa kucenuHa (RA)
¢ aunanmurounndocharuamixonud (DPPC) karo Haii-npocta MojenHa MeMOpaHHa CUCTEMa WM
csc Comoron (Sol), koiito obpasysa nek cioi, mokpuBam LNC. YcTaHoBeHO €, ye B3auMHaTa
CMCCBACMOCT H IIOBBPXHOCTHATA OpraHu3alvsgd Ha KOMIIOHCHTHUTC B H3CJICABAHUTC CMCCCHU
MOHOCJIOEBE CHJIHO 3aBHUCST OT TEXHUS CHCTaB. Y CTAHOBEHO € 1'[0-,21'06p0T0 BKJIFOYBAHE€ HA MaJIKN
KOJINYECTBAa BC B unucT MoHociaoun DPPC IIpU HUCKO NOBBPXHOCTHO HAJIATAHC, OTKOJIKOTO BBHB
¢unamu ¢ noeue BC npu MO-BUCOKO NOBBPXHOCTHO HaJsiraHe. M3mepBaHusITa Ha TOBbPXHOCTHUTE
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CBOICTBa Os1Xa JOIIBIHEHU C aTOMHa cujoBa MUKpockonus (AFM) karo moaxossia TeXHUKA 3a
AUPCKTHA BU3YyAJIM3allA HAa HAHOPA3MCPHO HHMBO Ha MHKPOXCTCPOICHHOCTTA HAa MOHOCIIOA U
IMPHUCBCTBUCTO HA IMOBBPXHOCTHU CTPYKTYPH. C’bI_HO Taka Oe YCTaHOBCHO, Y€ ,Z[O6aB$IHeTO Ha I10-
rosiemMu konmdectBa BC Boau 10 mosiBaTa Ha (aza, Mog0OHa Ha HUIIKA, KOATO € M0-U3pa3eHa Mpu
II0-BHUCOKO IMMOBBPXHOCTHO HAJIATaHE.

Conclusion: The observed by AFM scanning probe technique interfacial structures confirm
that the presence of BC causes alteration in the structure of DPPC monolayer. The comparison for
example of Fig. 3C with Fig. 4A and Fig. 3F with Fig. 4C shows a net difference of phase pattern
of mixed BC/DPPC LB-films to that of pure DPPC LB-film. The obtained by AFM images are in
some agreement with the conclusions stemming from the analysis of surface properties of BC and
RA in mixed monolayers with DPPC and Solutol. For example, the n(A)pppc data (Fig. 2A — points)
imply for a better inclusion of BC in the true DPPC monolayer at small Xpc= 0.25 and low surface
pressure = 9 mN.mthan for the films containing more BC (Xpc= 0.75) at higher surface pressure
n= 25 mN.m™. This suggestion is confirmed by AFM observations (Fig. 4A and D) assuming that
the addition of small amount of BC leads to the lowering of line tension between LE and LC phases
in DPPC monolayer. The addition of bigger amounts of BC (Xpc= 0.75) leads to the appearance of
stripe like phase (Fig. 4B and D) which is more deeply formed at higher surface pressure of & = 25
mN.m2,

The study of interfacial behavior of BC and RA in mixed monolayers with DPPC and
Solutol complemented by an additional technique for direct visualization highlights their
microheterogenious nature and the presence of interfacial structures. As a consequence, the usual
interpretation of obtained w(A)-isotherms could be inconsistent [24]. In particular, the classical
Goodrich’s thermodynamical treatment cannot be applied to 2D-microheterogeneous system in
which the dimensions and aggregates geometry of interfacial structures must be taken into account
in the thermodynamical consideration.

As far as our attention is directed to the particular case of BC and RA inclusion in LNCs
shell, the visualization of co-packing and aggregates geometry of carotenoids, lipids and other
components seems particularly useful. In particular, our results suggested that BC could be located
predominantly in the phospholipid while RA in the Solutol part of the thick interfacial layer
surrounding the TG core of LNC. The interfacial localization of BC and RA might cause alteration
of permeability of LNCs shell thus controlling the release of liposoluble BC from the TG particles’
core. Generally speaking, the interfacial organization of such colloidal carriers is a factor that might
influence and control accessibility of carotenoids and that must be taken into account for the design
of new drug delivery systems.

3axuouenue: HabmonaBanure ¢ AFM cTpykTypu MOTBbpAKXa, Yye MpUChCTBUETO Ha BC
BOJM J10 U3MEHEHUe cTpykTypaTa Ha MoHocnost Ha DPPC. CpaBuenuero, Hanpumep, Ha @ur. 3C
c @ur. 4A u @ur. 3F ¢ ®ur. 4C nokaspa sicHa pasziauKa BbB (Pa30BOTO ChCTOSIHME HA CMECEHUTE
BC/DPPC LB-¢punmu copsmo uuctus DPPC LB-¢punm. [Honyuenure or AFM u3obpaxenus ca
AOHAKBAC CbBMECTUMHU C U3BOJUTC, IIPOUITHUYAIIN OT aHAJIM3a HAa IMMOBBPXHOCTHUTC CBOMCTBA Ha
BC u RA B cmecenu monocnoeBe ¢ DPPC u Solutol. Hanpumep pesynrarute 3a m(A)pppc (Pwur.
2A - Toukn) nokaspar 1no-no0po BkiatouyBane Ha BC B uuctus DPPC monocnoit npu manka X pc=
0.25 ¥ HICKO MOBBEPXHOCTHO HanmATaHe m= 9 mN.M %, 0TKONIKOTO 32 QHIMHTE, ChABPIKAIIN TTOBEYE
BC (X pc= 0.75) npu Mo-BUCOKO HOBBLPXHOCTHO HajsAraHe = 25 mN.m 1. Toa npennoxkenue ce
MOTBBPk1aBa oT HaOmoaeHusATa ¢ AFM (®dur. 4A u D), mpu koeTo ce npeamnonara, 4ye 7100aBsIHETO
Ha MaJIKO KOJIHNYECTBO BC BOAU A0 HaAMaJIsIBAHEC Ha JINHENHOTO HAIIpCKCHUEC MCKAY LE u LC
¢azure B DPPC monocnos. Jlo6aBsHeto Ha mo-rojemu koiudectBa BC (X pc= 0.75) Bogu 1o
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1osiBaTa Ha HUUIKOBUJHA cTpyKTypa (Dur. 4B u D), xosro e no-apadoko opopmeHa mpu mo-
BHCOKO MOBBPXHOCTHO HajsraHe 1 = 25 mN.m™ L,

N3yuaBaneto Ha moBbpXHOCTHHUTE cBOMCTBA Ha BC 1 RA B cMeceHr MOHOCTIONHYU CHCTEMH
¢ DPPC u Solutol, mombnHeHo ¢ TeXHHKa 3a JUPEKTHA BHU3yaJH3alMs, MMOJYepTaBa TIXHATA
MHUKpPOXETEPOreHHa IIPUPOJIa, KAKTO U MIPUCHCTBUETO HA IIOBBPXHOCTHU CTPYKTYypH. B pesynrar
Ha TOBa, oOOMYaliHaTa HHTEPIpPETAU Ha MMoJTydyeHuTe T(A)-U30TepMHU MOXKE /1a € IPOTUBOPEUNBA.
B wactHOCT, KiacM4eckoTo TepMoaMHaMM4YHO TpetupaHe Ha Goodrich He Moxe na Obae
MPWIOKEHO KbM 2D-MHKpOXETEepOreHHa CUCTEMa, B KOSATO pa3MEpUTE U TIEOMETpHsTa Ha
MIOBBPXHOCTHUTE arperaTu TpsiOBa ja ObaaT B3€TH NPEABUIL.

JIOKOJIKOTO HAIlIeTO BHUMAHKE € HaCOYeHO KbM BKJIouBaHeTO Ha BC 1 RA B oOBUBKaTa Ha
LNC, Busyanusanusta Ha CBbBMECTHOTO OIIAKOBAHE M TIE€OMETpHUATAa Ha arperature B
MOHOCJIOMHUTE CTPYKTYpH, 00pa3yBaHH OT KapOTECHOWIWTE, JIUIMUAUTE U APYTH KOMIIOHEHTH,
usriexnaa ocodeHo nosuesHa. [lo-cnenuanto, HamKTe pe3yiTaTH mnokaszaxa, ye BC 61 MOrsa Ja
ObJle BKIIOYCH MNpeauMHO BBB Qochomumuanre, mokato RA B Solutol, koiiTo e wact or
MOBBPXHOCTHUS €J10H, 3a00ukassi siaporo oT TG Ha LNC. [TopbpxHocTHaTa nokanu3anus Ha BC
u RA moxe na npeau3Buka n3MeHeHue B IpoHuLiaeMocTTa Ha o0BuBKaTa Ha LNC, koHTponupaiku
10 TO3U HA4MH OCBOOOXk1aBaHeTo Ha Jiunopa3zrBopumus BC ot saporo Ha TG yactunure. O61110
Ka3aHo, MOBBPXHOCTHATA OPTaHM3aIUs Ha TAKMBA KOJIOUIHU HOCUTENH € (PaKkTop, KOMTO MOXKE 1
BJIMsIE U KOHTPOJIMPA JOCTHIIHOCTTA HAa KAPOTEHOUIUTE U KOWTO TpsIOBa J1a ce B3eMe MpeIBU/I IIPH
J13aiiHa Ha HOBU CUCTEMH 3a JJOCTABSIHE Ha JIEKApCTBEHU BEIIECTBA.

12. Monolayer kinetic model of formation of B-cyclodextrin— p-carotene inclusion
complex,

Tz. lvanova, K. Mircheva, K. Balashev, I. Panaiotov, F. Boury, Colloids and Surfaces B:
BiointerfacesArticle2015, DOI: 10.1016/j.colsurfb.2015.07.055, Q1

Abstract: The carotenoids are sensitive molecules and their chemical integrity must be
preserved from pro-oxidant elements which could affect and decrease their physiological benefits.
The encapsulation based on the inclusion of the carotenoids into cage molecules is a promising
approach for preserving over time of the intrinsic properties of the carotenoids. It is well known
that cyclic oligosaccharide B-cyclodextrin (CD) as a cage molecule possesses strong inclusion
ability to B-carotene (C) and as a result of the hydrophobic interactions forms an inclusion complex.
In the present paper a monolayer kinetic model was established with the notion to extract more
information about the influence of the molecular structure and organization to the interfacial
interactions between the interacting species as well as about the role of the specific areas, which
are often under-estimated in previously studied dispersed systems. We developed the monolayer
kinetic model for the formation of the inclusion CD-C complex by applying an experimental
approach for following the kinetics by means of measuring the decrease of the surface area (A)
versus time (t) at constant surface pressure () and the decrease of surface pressure () versus time
(t) at constant surface area (A). We also visualized by AFM the state of the monolayers at the initial
and end points of the kinetic process. The values for the degree (d) and constant (Ka) of the
association were estimated and compared with those from the studies of dispersed systems.

Pe3rome: KapOTeHOI/IHI/ITe Ca YYBCTBUTCIIHU MOJICKYJIHN W XUMHUYCCKATa UM ILAJIOCTHOCT
Tp$I6Ba Ja 6’[:,[[6 3ala3cHa OT MPOOKCUIAAHTHHU CJICMCHTHU, KOHUTO ouxa MOIIH Ja HOBJIHUAAT U
HaMaisIT (U3MOIOTHYHUTE UM (QyHKIUH. KamncynupaHero, OCHOBAaHO Ha BKJIIOYBAHETO Ha
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KapoTeHOHAWTEe B XuApodoOHATa KyxXxuHAa Ha [-IUKIOACKCTPUHA, € OOemaBail IOIX0J 3a
3arma3BaHe Ha TPUCHIINTE CBOWCTBAa Ha KaporeHouawte. JloOpe € M3BEeCTHO, Y€ IUKIUIHHST
onuro3axapu B-uukinoaekctput (CD) kaTo MoJieKkya-HOCHTEN IPHUTEKaBa CUTHA CTIOCOOHOCT 3a
BkitoyBaHe Ha fB-kapotruH (C) m B pe3ynrar Ha XuApopoOHHTE B3auMOJEHCTBHA 0Opa3yBa
KoMIniekc. B HacTod1ara CTaTuA € M3I10JI3BaH MOHOCJIOCH KMHETHUYCH MOJECI C LECI IT0JIydaBaHe
Ha moBeye MHQOpPMALHUSA 3a BIMSAHUETO HA MOJIEKYJTHATa CTPYKTypa W OpPraHU3alusi BBPXY
MMOBBPXHOCTHUTE B3aMMOJICHCTBHS MKy B3auMoaecTramuTe cu mosiekyiu (CD—C), kakTo u 3a
pojidTa Ha CHCI_[I/I(l)I/I‘-IHI/ITe IJIOIIH, KOWUTO YC€CTO Ca NOAUCHSABAHU B MPCAUIIHH H3CJIICABAHUA.
Pa3pa60TI/IXMe MOHOCJIO€H KMHETUYEH MOJCI 3a (bOpMI/IpaHeTO Ha KOMIIJIEKca Ha BKiIrouBaHe CD—
C, KaTo HNPUIOKHUXMC CKCICPUMCHTAJICH IIOAXOZA 3a IPOCICOsABAHC Ha KHHCTHKATA, 4Ype3
M3MEpBaHE Ha HaMaJIIBaHETO Ha MOBBpXHOCTHaTa 1wiom (AA) ¢ BpemeTo (t) MpU MOCTOSHHO
IIOBBPXHOCTHO HaJIAraHe () U HaMalsiBaHE Ha MOBBPXHOCTHOTO HalisAiraHe (1) ¢ BpeMeto (t) npu
nocrosiHHa ToBbpxHOCTHa Mmionl (A). Cemo Taka Buszyanusupaxme ¢ AFM  meronukara
CbCTOAHUCTO HAa MOHOCJIIOCBCTC B HAYAJIOTO M B Kpasd Ha KUHCTUYHUSA ITPOLICC. CroiiHocTute 3a
crenenta (d) u koncranTtata (Ka) Ha acornuanusta 6s1xa OleHEH! U CPAaBHEHU C APYTU U3CJIEIBaHU
AUCTICPCHU CUCTCMHU.

As a general conclusion, the monolayer study of the kinetics of inclusion complex
formation between C and CD confirms the interfacial characteristic of the interaction. The kinetic
approach developed in this paper highlights some issues often under estimated in previously
studied dispersed systems, e.g. the influence of the processes occurring simultaneously together
with the inclusion process, the importance of the molecular structure and organization of the
interacting species at the interface as well as the role of the specific areas.

3akaouyenne: MoHOCIOHMHOTO HN3CJICABAHEC HAa KMHCETHUKATA HAa BKIIFOUYBAHC HAa KOMIIJICKCHU
Mexay C u CD morBbpkaaBa Mexayda3oBus XapakTep Ha B3auMoJeHCTBHETO. KHMHETUIHHST
nmoaxon, pa3pa60TeH B Ta3u CTATHA, IOAUCPTABa HAKOHU HpO6J’IeMI/I, KOHNTO 4E€CTO Ca HCAOOUCHCHU
B MPCANUIITHU U3CJIICABAHU OUCIICPCHU CUCTEMH, KaTO HAIIPUMEDP BIIMAHUCTO HA IMPOLUECUTE, KOUTO
npoThudaT €AHOBPCMCHHO C MPOHCCa Ha BKIIOYBAHC, 3HAYCHUCTO Ha MOJICKYJIHATa CTPYKTypa U
opraHu3anuvs Ha BSaHMOI[efICTBaHIHTe CH MOJICKYJIM Ha IOBBPXHOCTTA, KAKTO W pPOJATA Ha
CHGLII/I(I)I/I‘IHI/ITe IIJIOIIH.

13. Interfacial reorganization of molecular assemblies used as drug delivery systems,

I. Panaiotov, Tz. lvanova, K. Balashev, N. Grozev, |. Minkov, K. Mircheva, Chemistry, 2015,
24(6), pp. 891-921

Abstract: The number of potential applications of nanosized molecular assemblies such as
vesicles, nanocapsules, biodegradable polyester matrix and more complex structures in drug
research and nanomedicine is rapidly increasing with the developed technologies to tune and
control their bulk and mainly surface properties. For a better understanding of nanoparticle
behavior at the membrane interfaces an in vitro study of the mechanisms of loss of mechanical
stability and their reorganization on various membrane systems seems indispensable. By using the
simplest convenient monolayer models the mechanisms of destabilization and reorganization of
various classical or modified nanosized molecular assemblies spread or adsorbed on pure air/water
interface or at the preformed model membrane were studied.

Pe3rome: BpO}IT Ha TMOTCHIHUAIHUTC TMPUIIOKCHHA Ha HAHOPAasSMCpHU MOJICKYJIHU
CTPYKTYpH, KaTO BE3UKYJIM, HAHOKAIICYJIH, 6I/IOpa31"paJII/IMI/I MOJIMECTCPHU MAaTPHUIU U ITO-CIOXKHHA
CTPYKTYpU B pa3paOOTBaHETO Ha JEKapCTBEHM (pOpMHU W B HaHOMEIMIIMHATA HapacTBa OBP30 C
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Pa3BUTHUETO Ha TEXHOJIOTMUTE 3a HaCTpOﬁKa U KOHTPOJ Ha TCXHHUTC o0eMHH U NpEaAUMHO
MOBBPXHOCTHHU CBOMCTBA. 3a MO-100pOTO pa3OupaHe Ha MOBEACHUETO HAa HAHOYACTHULUTE HA
MeMOpaHHUTE MOBBPXHOCTH € HEOOXOAMMO in Vitro mpoydyBaHe Ha MEXaHU3MHUTE Ha 3ary0ba Ha
MEXaHWYHa CTAaOWUJIHOCT M PEOpPraHu3alyATa UM BBPXY Pa3IMuYHU MeMOpaHHM cucTeMu. Upes
HU3I10JI3BAHEC Ha Haﬁ-HpOCTHTe yz[06HI/I MOHOCJIOMHH MOACIN 0sxa HU3CJIC€ABaHU MEXaHU3MUTE Ha
JecTaOUIN3aIHsl U peopraHu3alisl Ha pa3IMyHi KIACHYECKH WM MOIU(UIIPAaHH HAHOPa3MEpHH
CTPYKTYpPH, HAHECEHHM WM aJCOpOMpaHM Ha 4YUCTAa TOBBPXHOCT BB3AYX/BOJa WIH Ha
npeaBapuTesIHO 0PopMeHa MOAETHA MeMOpaHa.

Conclusion: Finally, the developed in a series of investigations simple model systems
represent an important first step to assess the behavior of various kinds of micro- and nanosized
molecular assemblies as drug carriers on interfacial networks in the living environment. They have
provided new information about the mechanisms of interfacial reorganization and drug delivery of
SUV (small unilamelar vesicles), LNC (lipid nanocapsules), polyester matrix and LS (lung
surfactant) carriers in the complex living ystems. Together with the analyse of the behavior of drug
carriers in model systems closer to the in vivo situation as well as with in vivo experiments, the
developed simple models contribute to better understanding of the behavior in vivo and to select
the most efficient formulation of DDS (drug delivery systems).

3akuouenue: Pa3zpaboreHuTe B cepusi OT HM3CIEABAHUSA MPOCTH MOJACIHHU CHCTEMH
OpeaAcCTaBIIBAT BaKHA ITbPBa CTHIIKA 3da OLICHKA Ha ITOBCACHUCTO HA Pa3JIMYHU BUJOBC MUKPO- H
HAaHOCTPYKTYpPHHU MOJICKYJIHH agcaMOJIM KaToO HOCHUTEIHW Ha JICKAPCTBCHU BCIICCTBA B JKUBUA
OpraHu3BbM. HOJ’Iy‘leHI/ITC pe3yjTaTu JaBaT HOBa I/IHCI)OpMaI_II/I}I OTHOCHO MCXAaHHU3MUTEC Ha
MOBBPXHOCTHA PEOpraHM3alisi M JOCTaBsiHe Ha JekapctBa Ha SUV (Majku yHHIaMelTapHU
Be3ukynn), LNC (unuaHu HaHOKArCyu), MOJIMEeCTEPHU MaTPHUIIM M HocuTenu Ha LS (anBeonapen
cbp(aKTaHT) B CIOKHUTE >KUBU CUCTEMH. 3a€/IHO C aHAJIHM3a Ha IMOBEICHUETO Ha JICKaPCTBEHUTE
HOCUTCJIIM B MOACIHHM CHCTCMH, KOHTO Ca 0-0JIU3KH A0 cuTtyauusaTa in ViVO, KaKTO U C
EKCIIEPUMEHTHTE in Vivo, pa3pabOoTEeHUTE MPOCTH MOJIETH JOTPUHACAT 3a MO-A00pOTO pazdupaHe
Ha MOBEICHUETO in Vivo U 3a n300pa Ha Hali-eeKTUBHUS cheTaB Ha DDS (cucrteMu 3a npeHoc Ha
JIEKapCTBa).

14. Phospholipase A2-Induced Remodeling Processes on Liquid-Ordered/Liquid-
Disordered Membranes Containing Docosahexaenoic or Oleic Acid: A Comparison Study,

Rayna Georgieva, Kristina Mircheva, Victoria Vitkova, Konstantin Balashev, Tzvetanka
Ivanova, Cedric Tessier, Kamen Koumanov, Philippe Nuss, Albena Momchilova, and Galya
Staneva, Langmuir 2016, 32, 1756—1770, DOI: 10.1021/acs.langmuir.5b03317, Q1

Abstract: Vesicle cycling, which is an important biological event, involves the interplay
between membrane lipids and proteins, among which the enzyme phospholipase A2 (PLA?) plays
a critical role. The capacity of PLA: to trigger the budding and fission of liquid-ordered (Lo)
domains has been examined in palmitoyl-docosahexaenoylphosphatidylcholine (PDPC) and
palmitoyl-oleoylphosphatidylcholine (POPC)/sphingomyelin/cholesterol membranes. They both
exhibited a Lo/liquid-disordered (Lq) phase separation. We demonstrated that PLA> 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 L, domains in PDPC mixtures was assigned to the greater difference in order
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parameters of the coexisting phases. The higher amount of lysophosphatidylcholine generated by
PLA: in the PDPC-containing mixtures led to a less-rigid membrane, compared to POPC. The more
elastic Lg membranes in PDPC mixtures exert a lower counteracting force against the L, domain
bending.

Pe3rome: 3aTBap$IH€TO Ha BC3UKYIIUTC, KOCTO € BAXXCH OHOJIOrnYEeH Imponec, BKIIIOYBA
B3aHMOHeﬁCTBHCTO MCKAY M6M6paHHI/ITe JUNUuad "W OpOTCHUHHU, CPCOd KOUTO CH3UMBT
dochomumnaza Az (PLA2) urpac BaxHa pois. CmocobHoctra Ha PLA2 nma mpenns3BHKBa
o0Opa3yBaHETO U pa3ieissHeTo Ha TeuHo-nonapeneHu (Lo) qoMeliHu e u3cnenBana B MeMOpaHu Cbe
ChCTaB MaJIMUTOMII-JTIOKO3aXeKCaeHOU(hochaTU IUITXOJTUH (PDPC) u MaJIMUATOMII-
oneomndocharuaunxomu (POPC)/chunromuenun/xonectepos. M nBare MOJEIHH CHCTEMHU
mokaszaxa HajauuneTo Ha TteuHo-moapencHo (Lo)/reuno-uenmompencuo (Ld) daszoBo pasmensme.
Hoxkazaxme, ue PLA2 Moxe 1a npenn3Brka 00pa3yBaHETO Ha BE3UKYJIH, Chabpkaim PDPC, Ho He
u Ha POPC. En3umuara AKTHUBHOCT, JIMHENHOTO HaIIPpCIKCHUEC U CJIIACTUYHOCTTA Ha MeM6paHaTa,
obrpaxknama Lo qoMeitHuTe, ca OT pemanaiio 3HaueHue 3a Ha4aIHOTO 0(hopMsIHE Ha BE3UKYJIIUTE
(mprikyBaneto). I1o-BHCOKOTO JHHEHHO HampexeHnue Ha Lo gomeiinure B PDPC cmecu Oere
MMPpUIIMCAHO Ha MO-ToJIAMaTa pas3jIMKa B MMapaMCTPUTC Ha NOAPCIKAAHC HAa CbIICCTBYBAIIUTC (1)2131/1.
[To-ronssmoTo KoMYecTBO au3odocharnauaxonut, reaepupano oT PLA2 B cmecuTe, ChabpIKaIiu
PDPC, Boau o no-masnko TBbpa MeMopana B cpaBHeHue ¢ POPC. Ilo-enactuunure Lg MemOpanu
B PDPC cmecure yYHOpaxHsaBaT I1O-HUCKaA HpOTHBOﬂeﬁCTBaHIa CHJla Cpclly OI'bBAHCTO Ha Lo
JIOMEUH.

Conclusion: The present work uses raftlike lipid mixtures to clearly demonstrate that line
tension and elastic properties govern budding formation after the addition of phospholipase Az
(PLA>), which explains why docosahexaenoic acid (DHA)- containing phosphatidylcholine (PC),
but not oleic acid (OA)-containing PC, are able to exhibit liquid-ordered (Lo) domain budding.

The overarching concept of the present study was to examine to what extent a biological
event such as vesicle cycling can be influenced by the replacement of OA by DHA in PC. We could
show that this subtle difference in the chemical structure of the fatty acids leads to a unique
membrane organization that, in turn, results in a strongly different effect of PLA2 on vesicle
budding capability. Vesicle cycling is of high importance for cell trafficking, in particular at the
synapse level. The scientific literature on this topic is scarce, with no clear explanation on how raft
domains in synapse regulate the functional aspects of neurotransmission, such as vesicle formation.
While rafts have been involved in neuronal protein localization, a more in-depth understanding of
their role in vesicle formation can highlight the role of lipids in neurotransmission. The present
study is relevant for the understanding of central nervous system (CNS) signaling, since the brain
is highly enriched in DHA. Furthermore, PLA2, which is known to be a major mediator in
membrane shape and trafficking, is also described to be dysfunctional in numerous
neuropsychiatric disorders. The PLA: interplay with physicochemical properties of the lipid
membranes can be considered as a crossroads to the understanding of vesicle cycling, which is a
major event involved in cell functioning.

3akirouenue: B Hactosmata pabora ce uM3mnoi3Bar padrooOpayBally JUMUIHUA CMECU
(HaJII/I‘{I/IC Ha moApeacHa W HEMOAPCACHA (1)8.33), 3a Ia ¢€ ACMOHCTpHpa SICHO, Y€ JIMHEHHOTO
Halpe)KeHUe U eIacTUYHUTE CBOMCTBA peryiupaT o0pa3yBaHETO Ha IBIKHU clied J00aBIHETO Ha
dochomumnaza Az (PLA2), koero obOsicHsBa 3amo ¢ocharuaunxommuastr (PC), chabpixkar
noko3axekcaeHoBa kucenuHa (DHA), o ne u PC, cpabpxain onenHoBa kucenuna (OA), e B
CbCTOSAHUC 1A MMPOABHU ITBIIKYBAHC HA TCYHO MOAPCACHU (Lo) JOMCHH.

OcHoBHaTa naced Ha HaCTOALIOTO MH3CJIICABAHE € Ja CE€ Hu3CjI€aABa J0 KaKBa CTCIICH
OUOJIOTUYHHUS nmponec Kkato o6pa3yBaHeTo 1 3aTBApAHCTO Ha BC3UKYJIIMTC MOXKC 1a 6’]3,[[6 IIOBJINSIHO
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oT 3amsHata Ha oneuHoBa kucenmnHa (OA) c noko3axekcaeHoBa kucenmHa (DHA) BbB
dochocmunuaute (PC). [Nokazaxme, ye Ta3u GpuHA pazIrKa B XUMUYHATA CTPYKTYypa HA MAaCTHUTE
KHCETMHU BOAM 10 YHUKallHa MeMOpaHHa OpraHu3alus, KOSTO, OT CBOS CTpaHa, BOAHU 0
3HAQUUTENHO pa3nuuHO BiusiHue Ha PLA2 BbpXy cmocoOHOCTTa 3a I'bIIKYBaHE Ha BE3UKYJIH.
3arBapsHETO (UMKIM3UPAPAHETO) HA BE3UKYIIM € OT TOJIIMO 3HaYeHHUE 3a KJICThUHHS TPAHCIOPT,
oco0eHO Ha HMBOTO Ha cuHancure. HaydnaTa nureparypa Mo Ta3u TeMa € OCKbJIHA, KaTo HiIMa
SICHU OOSICHEeHHsI KaK padT JOMEHUTE B CHHAINCUTE PEryaupar (yHKIHMOHATHHUTE ACIEeKTH Ha
HEBPOTPAHCMHCHSTA, KaToO HampuMmep oOpa3yBaHETO Ha BE3UKYIH. Bbemnpeku dye padroBere
y4acTBaT B JIOKaJIM3UPAHETO HA HEBPOHHU MPOTEUHH, [10-33bJI00YEHOTO pa3OupaHe Ha PosIsTa UM
npu 00pa3yBaHETO HA BE3UKYJU MOKE Jla TOAUepTae posiiTa Ha JUIMUIUTE B HEBPOIIPEIaBAHETO.
Hacrosmoro uscnenBane € oT 3HaueHHUE 32 pa30MpPaHETO HA CUTHAJIM3UPAHETO Ha IEHTpaIHaTa
nepBHa cuctema (ILIHC), Toit kato MO3BKBT € cuitHO oborateH ¢ DHA. Ocgen toBa, PLA2, kosiTO
€ M3BECTHA KaTO OCHOBEH MeauaTop 3a (opmara M TpaHCIOpTa Ha MeMOpaHHTE, ChIIO Taka €
OlMcaHa KaTo AUC)YHKIMOHAIHA TIPU MHOXECTBO HEBPOICUXHATPUYHU Pa3CTPOUCTBA.
BsaumoneiictBuero Ha PLA? ¢ pU3MKOXMMUYHUTE CBOICTBA HA TUMUAHUTE MEMOPaHH € BaXKHO 3a
pa3dupaHeTo Ha NHUKIUPAHETO HAa BE3UKYJIHUTE, KOETO € OCHOBEH IIPOLEC, yYaBCTBAI BbHB
(GYHKIIMOHUPAHETO HA KIETKUTE.

15. Monolayer structures formed by L-ASP based surfactants,

Anchev, B., Tsekova, D., Mircheva, K., Grozev, N., Nanoscience & Nanotechnology:
Nanostructured materials application and innovation transfer, 2018, 18, 2

Abstract: Two new compounds, derivatives of the L-Asp that belong to the group of
dimeric surfactants (two hydrophilic heads and two hydrophobic tails) have been synthesized and
investigated. Their structure includes L-Asp as a hydrophilic part and myristic acid as a
hydrophobic part. One of the compounds contains two free carboxylic groups and the other one is
its double benzyl ester. Their surface activities have been studied by the LB monolayer technique.
Nano- and microfibers observed by BAM in the monolayer were studied also by AFM and SEM.

Pe3rome: CI/IHTC3I/IpaHI/I " U3CJICABAHU Ca NBC HOBU CbCAWHCHUA, ITIPOU3BOAHU HaA L-ASp,
IMpHUHAJIC)KAIIW KbM I'pyliata Ha JUMCPHUTE TOBbPXHOCTHOAKTHBHU BCIICCTBA ()IBG XI/II[pO(l)I/IJ'IHI/I
IJIaBU U JBe XUapo¢poOHu omnamku). CTpykTypaTa UM BKIouBa L-Asp kaTo xuapoduiaHa yact u
MHUPHUCTHUHOBA KHUCCJIMHA KaTo XPI)IpO(i)O6Ha qacrT. EJIHOTO OT CBCIUHCHUATA CbAbpPiKA IBC
CB060,Z[HI/I Kap6OKCI/IJ'IHI/I rpymnu, a Apyroto € HEroBuiAT ABOCH OEH3UIIOB €CTEp. HOB’prHOCTHaTa
UM aKTUBHOCT € H3clie[iBaHa uype3 MoHocioiHata LB Texnuka. HaGmiomaBanute HaHO- U
MUKpoBiakHa upe3 BAM B MoHoOCII04, ca uzcnensanu cbiio upe3 AFM u SEM.

Conclusion: The newly synthesized compounds have amphiphilic structures and obviously
in solution their molecules are self-ordering into micelles. Both studied compounds differ in their
behavior to form more complicated supramolecular structure. Micelles of A6N14 interact with each
other and form well shaped fibers, while micelles formed by A6N14C under the studied conditions
are not capable of such interactions. Most probably n-n stacking is responsible for the divergence
observed, because the only difference in the molecular structure is the absence of benzene rings in
AG6N14C (see Fig. 1). More experiments are necessary to gain insight into these interactions.

3akirouenune: HoBocuHTe3upaHuTe ChEAUHEHHS HUMAT aMUOUIHU CTPYKTypU H
OYCBHUIHO B PAa3TBOP TCXHUTC MOJICKYJIM CC€ CAMOIIOAPCIKIAT B MUICIIH. " ABETEC H3CICIBAHU
ChEMHEHUS CE Pa3IMuaBatr Mo MOBEACHUETO CH, KaTO 00pa3yBaT MO-CI0KHA CYMPaMOJIEKyIsIpHA
CTpykTypa. Munenure or A6N14 B3aumojeiicTBaT MOMEXIy CH U 0Opa3yBar g00pe ohopMeHH
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BJIaKHa, IOKATO MUIEIUTe, 00pasyBanu o A6N14C mpu u3cieaBaHUTE YCIOBUS, HE Ca CIIOCOOHHU
Ha TaKWBa B3auMOJCUCTBUA. Hail-BepOsSTHO T-T MOAPEkKTAHETO € OTTOBOPHO 3a HabOII0aBaHaTa
JTUBEPreHIMs, 3all0TO €IMHCTBEHATa pa3jifuKa B MOJIEKYJIHATa CTPYKTypa € JIurcara Ha OEH3€HOBH
npectenn B A6N14C (Bmwx @ur. 1). HeoOxonumu ca omie eKCriepuMEHTH, 32 Ja ce IMOIy4Yd
MpeJicTaBa 3a Te3U B3aUMOJCHCTBHUS.

16. Formation of stable and horse head-like shape platinum nanoparticles at the
air/water interface,

N. Grozev, M. Nedyalkova, G. Tzvetkov, K. Mircheva, K. Balashev, Proceedings of SPIE the
International Society for Optical Engineering, 2019, 11332, 1133205,
DOI: 10.1117/12.2552734

Abstract: Efficient preparation of dispersions of platinum nanoparticles (Pt NPs) was
achieved by reduction of chloroplatinate ions (PtCls*>") by hexadecylaniline (HDA) as the reaction
occurred at the air/water interface where the insoluble monolayer of HDA was spread. The
obtaining of the platinum nanoparticles, formed spontaneously at the air—water interface by HDA
enables their facile transfer as multilayers onto suitable solid supports by means of the Langmuir—
Blodgett technique. Langmuir—films were characterized by Atomic force microscopy (AFM)
imaging and X-ray photoemission spectroscopy (XPS).

Pe3ome: EdexTrBHO NPUrOTBsiHE HA quctiepcuu OT ruiatnHeHu Hanodactuim (Pt NPS)
Oellle MOCTUTHATO Ype3 PEeAyKLHs Ha XJIOPOIUIATUHEHU HOHU (PtClezf) C XeKCaleUWIaHWINH
(HDA), xaTo peaknmsita mpoTHYa Ha TpaHUIIaTa Bb3yX/BOJIa, HA KOATO ce (hopMupa HEpa3TBOPUM
MmoHocion ot HDA. HonyanaHeTo Ha IIIAaTHHCHUTC HAHO4YaCTHUIIH, O6p8.3}IBaHI/I CIIOHTAHHO Ha
rpanumara Bbp3ayx/Boga upe3 HDA, 1mo3BosisiBa JIECHOTO MM MPEXBBPIISIHE BBHPXY MOIXOISIIH
TBBPAU HOCUTCIIU TOCPEACTBOM TCXHHUKATA Ha .HaHFMIOp-BJ'IOI[)KCT. .HaHl"MI-OpOBI/ITe (bHJ'IMPI Osxa
XapakTepu3upaHu 4pe3 aToMHO-cuioBa Mukpockonus (AFM) u pentreHoBa (oToeMHucnoHHA
cnektpockonus (XPS).

Conclusions: We demonstrated an experimental approach for synthesis of Pt NPs at the
air/water interface by means of Langmuir trough. In this approach we prepared a dispersions of Pt
NPs by reduction of chloroplatinate ions PtCle>~ by hexadecylaniline (HDA) where the insolvable
monolayer of HDA was used as a reaction media. As a result, the spontaneously formed at the air—
water interface Pt NPs were transferred onto solid mica supports by means of LB technique as
multilayers and were further characterized by Atomic force microscopy (AFM) and X-ray
photoemission spectroscopy (XPS).

3akarouenne: ITokazaxme CKCIICPUMCHTAJICH MMOAXOJ 34 CUHTE3 Ha Pt NPs Ha rpanunara
BB3AYyX/BoJa TocpencTBoM JlanrMopoBa Be3Ha. B ToBa u3cienBane mNpuUroTBUXMeE JUCIIEPCUU OT
Pt NPs upe3 pemykius Ha XjgopomnatuneHu ionu PtCl6° ¢ xekcanemunanumun (HDA), kato
Hepa3TBopuMuAT MoHoco oT HDA OGemre n3non3Ban Kato peakioHHA cpefa. B pesynraTr Ha
TOBa CIHOHTaHHO OOpa3yBaHWTE HA IpaHMIaTa Bb3AyX-Bojxa Pt NPs 0sixa mpexBbpiieHH BBpPXY
TBBPIU CIIOJICHU TIO/IOKKHK TocpeAcTBOM LB TexHuka kato MHOTOCIONHU CTPYKTypH U Osxa
AOI'BJIHUTCIIHO XapaKTCPpU3UPAHU YPE3 ATOMHO-CUIIOBA MHKPOCKOIIHA (AFM) U PCHTTCHOBA
¢dotoemucuonna cnexkrpockonus (XPS).

22


https://www.scopus.com/authid/detail.uri?authorId=23100109900
https://www.scopus.com/authid/detail.uri?authorId=23100109900

17. Monolayer formed by L-Asp-based gemini surfactants self-assembled in 1D
nanostructures,

Borislav A. Anchev, Daniela S. Tsekova, Kristina M. Mircheva and Nikolay A. Grozev, Rsc
Advances, 2019, 9(57), pp. 33071-33079, DOI: 10.1039/c9ra06390k, Q1

Abstract: Herein, studies on the surface activities of newly synthesized L-Asp-based
gemini surfactants, both nonionic and anionic, are presented. Conductometry, tensiometry, and the
Langmuir—Blodgett (LB) film technique were applied for this purpose. n—A isotherms were
obtained with a Langmuir trough and Wilhelmy balance. The structures of the monolayers
assembled at the air/water interface and those deposited as LB films were studied via Brewster
angle microscopy (BAM) and atomic force microscopy (AFM). The 2D films formed by the anion-
active compounds show a well-known pattern of a monolayer film, whereas the nonionogenic
amphiphiles have been found to be 1D structures with nano-widths and micro-lengths that align
with each other during the process of compression; this is the first study where the organization of
1D fibrils in 2D films during compression is reported. The scanning electron microscopy (SEM)
study reveals that 1D nanostructure formation is an intrinsic tendency of these molecules as not
only nonionogenic surfactants, but also the anion active representatives have been constructed in
the solid state by fibrillary structures.

Pe3rome: B HacTrosamoTo u3ciieBaHE € IMPEACTaBEHO MPOyYBaHE HAa IOBBPXHOCTHATA
AKTHUBHOCT Ha HOBOCHUHTC3UPAHH FGMI/IHI/IC”bp(i)aKTaHTI/I Ha Oa3aTa Ha L-ASp, KaKTO HeﬁOHHH, TakKa
1 aHUOHHU. 3a Ta3u el 0sIxa M3MO0JI3BaHU KOHAYKTOMCTPHUYICH, TCH3MOMCTPUYICH MCTOA, KAKTO U
Jlanmroup-brnomxker (LB) TexHuka 3a uztrerisiHe Ha GUIMH. T—A HU30TEpMUTE OsIXa TOTYUEHU C
nomoinra Ha JlanMronpoBa Be3Ha 1o merona Ha Bunxenmu. CTpyKTypUTe Ha MOHOCIIOEBETE, Ha
rpaHuIaTa Bp3ayx / Boga u LB ¢uimMure, 651xa u3cinenBaHu ¢ MUKPOCKOITHS 1101 bprocTepoB brbi
(BAM) u atomua cunoBa mukpockonus (AFM). 2D ¢unmure, oOpasyBaHu npu HaHacsiHE Ha
aHMOHHO-aKTUBHUTE CbCIUHCHUA Ca MOHOMOJICKYJIHU, TOKATO HeroHnorenuure I1TAB 06pa3yBaT
o-cKopo 1D cTpykTypH C MMpHHA HAKOJIKO HAaHOMETPAa U JBJDKWHA OT HIKOJIKO MHUKPOMETpA,
KOUTO CC€ MOoApCKAAT €AHa CIIPAMO Apyra 1o BpEME Ha KOMIIPECUS Ha (I)I/IJ'IMa; TOBA € MI'bPBOTO
Mpoy4YBaHe, B KOETO ce ChoOIIaBa 3a opranuzaiusara Ha 1D ¢ubpunu B 2D dunmu mo Bpeme Ha
koMmmpecus. M3cimeaBaHeTo CbC CKaHMpalla eJIeKTpoHHa MuKpockomus (SEM) nokaspa, ue
oOpaszyBanero Ha 1D HaHOCPYKTypH € THUIIMYHO 32 T€3M MOJEKYJIH, ThH KAaTo HE caMoO He-
MOHOT€HHUTE NMOBBPXHOCTHOAKTHBHU BCIICCTBA, HO 1 AHUOHAKTUBHU Ca U3I'PaZICHU OT (I)I/I6pI/IJIHI/I
CTPYKTYpH.

Conclusions: Herein, new representatives of gemini surfactants were synthesized, whose
molecules include L-Asp as a hydrophilic part and acyl residues of aliphatic acids as a hydrophobic
part. They belong to two structurally related series: four of the new compounds contain two free
carboxylic groups (compounds 2a—d) and the other four are their double benzyl esters (compounds
la—d). Studies of the surface activities of these compounds show that the acetic acid derivatives
(1a and 2a) do not possess surface activity. The other six are surfactants, three of which are anion-
active (2b, 2c and 2d) and the other three are nonionogenic (1b, 1c, and 1d). Tensiometric and
conductometric measurements for the sodium salts of the anionic surfactants (2b, 2c and 2d)
showed really lower cac/cmc values than those of the conventional representatives with the same
tail length (results are summarised in Table 2).

For example, comparison with the sodium salts of the parent fatty acids shows that the
compound 2b has a 36 times lower CAC than caproic acid (CsH1:COONa), whereas the compound
2c has a 37 times lower CAC than capric acid (CoH19COONa), and the compound 2d has a 276
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times lower CAC than caproic (should be myristic) acid (C1sH27COONa); this means that the new
surfactants achieve higher surface activity at significantly lower concentrations.

An increase in the length of the aliphatic fragment led to a 10 times lower CAC for 2c than that for
2b and a 50 times lower CAC for the compound 2d as compared to that for 2c (see data in Table
1).

Investigations on the formation of monolayers at the water/air interface show that the
derivatives of decanoic and myristic acids in both anion-active and nonionogenic forms arrange
into quasi-monomolecular films, providing typical surface pressure—apparent molecular area (n—
A) isotherms. The compounds containing hexanoyl residues (1b and 2b) do not provide such an
isotherm. The isotherms of the compounds in which the polar part is not charged and includes
benzyl ester groups (1c and 1d) significantly differ from those of the compounds with charged
carboxylate groups (2c and 2d). Moreover, two governing factors can be pointed: the area occupied
by the head group at the air/water interface and the type of interactions with the subphase. The
presence of two benzyl groups leads to a marked difference in the molecular area (MMA). All the
isotherms are reproducible. The arrangements of the structure morphology during the compression
of the monolayer were examined by BAM.

To the authors® best knowledge, this is the first time where the formation of fibres with
nano- and microdimension ordering in a Langmuir monolayer has been observed by microscopic
techniques (BAM and AFM).

Obviously, the molecules of the newly synthesized substances tend to self-organize into 1D
supramolecular complexes. The fibers formed secondarily interact with each other under
compression to form a dense 2D layer. The physical interactions responsible for formation and
existing of this type monolayer is a matter to be explored. Since the isotherms of these compounds
are reproducible and the isotherm-defined MMA values are constant (although they do not
correspond to the actual size of a single molecule), we can conclude that the dimensions of the 1D
aggregates under the same conditions are the same and have a construct behaviour, i.e. these
aggregates can be deemed as polymeric molecules based on the physical bonds between monomers.
The pattern of fiber formation and their arrangement in a 2D film have been observed only for the
compounds 1c and 1d, which belong to nonionogenic surfactants. Their molecules are double
benzyl esters of the compounds 2c and 2d. On the other hand, the compounds 2c and 2d contain
free carboxylic groups and represent anion-active gemini surfactants. The observation of the
monolayers formed by 2c and 2d using BAM and AFM did not reveal a filamentous nature.
Scanning electron microscopy images of the solid samples show that all six amphiphilic
compounds 1b—1d and 2b—2d have a filamentous structure. Herein, some questions arise: how far
the molecules with free carboxyl groups align in a 2D layer by forming thinner fibrils that are
indistinguishable by techniques such as BAM and AFM, e.g. sodium salt of 2d forms filaments
with a diameter of 20-30 nm (SEM Fig. 10B). To what extent the adhesion among the filamentous
constructions can happen during compression, simple accumulation or for another reason to form
a laminar structure by merging the boundaries between the individual threads? How stable is this
type of monolayer (built by nano-filaments)? These and other questions require new studies on the
observed phenomenon.

3akaouenune: B HACTOAIIOTO HM3CJICABAHC Ca CMHTCTH3WPAHHW HOBU INPCIACTABUTCIIN Ha
OJIM3HAYHU (F CMI/IHI/I) MOBBPXHOCTHO-AKTHUBHU BCIICCTBA, YUUTO MOJICKYJIN BKIIFOYBAT L-ASp KaTo
XuApouIIHA YacT U alWJIHU OCTaThLIM OT anu(aTHU KUCENMHU Karo xuapodoOHa yact. Te
IMpUHAJICI)KAT Ha ABC CTPYKTYPHO CBBbP3aHU CCPpUUN: YHCTUPHU OT HOBUTC CbCANHCHUSA CHAbPIKAT ABC
CBOOOMHU KapOOKCHIHM Tpynu (chenuHeHus 2a—d), a JApyrute 4YeTUpU ca TEXHHU JIBOMHHU
OEH3UIIOBH €CTCpHU (C’BCI[I/IHCHI/I}I la—d). I/ISCJ'IC,ZLBaHI/I}ITa Ha MOBBPXHOCTHATAa aKTHUBHOCT Ha TC3U
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ChEIMHEHUSl TI0Ka3BaT, Y€ NPOU3BOJHHUTE Ha olleTHaTa KucenuHa (la m 2a) He MpUTEkKaBar
MOBBPXHOCTHA aKTUBHOCT. J[pyruTe mecT ca MOBbPXHOCTHO aKTUBHU BEILECTBA, TPU OT KOUTO Ca
aHroH-akTuBHU (2D, 2¢ u 2d), a npyrure Tpu ca Heronorennu (1b, 1¢ u 1d). TensunomerpuunuTe
Y KOHJIYKTOMETPUYHHUTE H3MEPBAaHUs HA HATPUEBUTE COJIM HA AHNOHHUTE MOBBPXHOCTHO aKTUBHH
BemectBa (2b, 2¢ u 2d) moka3BaT HaMCTHHA MMO-HUCKM CTOMHOCTH Ha cac/cmc B CpaBHCHHE C
TPaJUIIMOHHUTE TPEACTAaBUTENN C €AHAKBA IBJDKHHA Ha OMalIKaTa (pe3yiaTaTuTe ca 00001IeHH B
Tabnuua 2).

Hanpumep, cpaBHEHHETO ¢ HATPUEBHUTE COJIM HA M3XOIHUTE MAaCTHU KHCEJIMHHU MIOKa3Ba, ue
chenuHeHueTo 2b uma 36 mbtu no-uucka CAC ot kanponoBara kucenuHa (CsH1:COONa), nokato
chenuHenueTo 2¢ uma 37 mptu no-uucka CAC ot xampmioBaTta kucenuHa (CoHigCOONa), a
ceenuHeHueTo 2d nma 276 metu no-uucka CAC ot mupuctunoBa kucenuHa (C13H27COONa); ToBa
O3HayaBa, Y€ HOBHUTE MOBBPXHOCTHO AaKTUBHHU BEIIECTBA HMAT I10-BHCOKAa IOBBPXHOCTHA
aKTUBHOCT TMPH 3HAYUTENHO TMO-HUCKM KOHIIGHTpAIMH. YBEIMYEHUETO B [IbJDKMHATA Ha
amdaraus pparment Boau A0 10 metu no-uucka CAC 3a 2¢ B cpaBHeHue ¢ 2b u 50 mbTH 110-
Hucka CAC 3a ceequHenueTo 2d B cpaBHeHuE ¢ 2¢ (BXK. JaHHW B Tabnuna 1).

W3cnensanusita BrpXy 0oOpa3yBaHETO Ha MOHOCIOEBE Ha TOBBPXHOCTTA BOIA/BB3IyX
MOKa3Bar, 4e MPOU3BOJHHUTE Ha IEKAHOBA U MUPUCTHHOBA KHCEIMHA, KAKTO B aHMOHAKTUBHA, TaKa
U B HeilloHOTeHHa (hopMa, ce TOJPEkIaT B MOHOMOJIEKYJIHU (DMIIMH, TaBAiKN THIIMYHUA U30TEPMHU
MOBBPXHOCTHOTO HaJsiraHe—MoJieKynHa ol (1—A). CbeIuHEHUsATa, ChIABPIKALIN XCKCAHOUITHU
ocrarpiu (1b m 2b), He nmaBaT TakaBa m3oTepma. M3orepmure Ha CHEJUHEHUSTA, NPH KOUTO
MoJIipHaTa YacT He € 3apelieHa U BKIYBa OeH3miI0BU ectepHH rpynu (1c u 1d), 3HauuTenHo ce
pa3nuyaBar OT Te3W Ha ChEIUHEHUATA ChC 3apeieHn kapOookcwminu rpymu (2¢ u 2d). OcBen ToBa
Moratr Aa ObJaT MOCOYEHHU JBa ONpeAesau (akTopa: IJIOLITa, 3aeTa OT IJaBHATa Ipyna Ha
MOBBPXHOCTTA BB3AYyX/BOIa W TUIBT B3auMoneicTBus ¢ moxadasara. IlpucbecTBueTo Ha aBe
OCH3WJIOBU IPYIIM BOJM JI0 3HAYUTENIHA pa3iuKa B MosiekyaHarta o (MMA). Beuuku nzorepmu
ca BB3Mpon3BoauMH. CTpyKTypHaTa MOp(OJOTHS MO BpeMe Ha CBMBaHE Ha MOHOCIOs Oerre
oxapakTepusupaHa ¢ nomouira Ha BAM.

J1o KOJIKOTO € M3BECTHO Ha aBTOPHTE, TOBA € IIbPBHAT CIy4aid, B KOWTO 00pa3yBaHETO Ha
BJAKHA C HaHO- M MHKpO-pa3MepHa mnojapenda B JIaHTMIOMPOB MOHOCION € HaOI0/laBaHO C
MuKpockorcku TexHuku (BAM u AFM). MonekynuTe Ha HOBOCUHTE3UPAHUTE BEILIECTBA UMaT
CKJIOHHOCT Ja ce camoopranusupar B 1D HagmonekyiaHu komiuiekcu. OOpa3yBaHHUTE BIIaKHA
BTOPUYHO B3aUMOJICHCTBAT TIOMEXIY CH IpPH CBHBaHE, 3a Ja oOpa3yBar mibTeH 2D croi.
du3nuecKuTe B3aUMOJIECHCTBHSI, OTTOBOPHHU 3a 00pa3yBaHETO W ChHIUIECTBYBAHETO HAa TO3U THII
MOHOCJION, ca BBIPOC, KOWTO TpsiOBa na Obae m3cnenBaH. ThH Karo M30TEPMUTE Ha TE3H
CbEJMHEHUsl ca BB3MPOU3BOJUMU M CTOHHOCTUTe Ha MMA, ompesaereHu OT M30TepMara, ca
MIOCTOSTHHY (BBIIPEKH Y€ HE OTTOBAPSIT HA ISHCTBUTEIHUS pa3Mep Ha eIMHIYHA MOJIEKYJIa), MOKEM
Jla 3aKJII0YMM, 4e pasMepure Ha 1D arperature mpu ChIIMTE YCIOBHMS Ca €IHAKBM M HMarT
KOHCTPYKTHBHO MOBEJICHHE, T.€. TE3H arperaTy Morar ja Ob/1aT CYNTaHU 32 TIOJTMMEPHH MOJIEKYITH
Ha 0a3aTa Ha GU3UYECKUTE BPH3KU MEKIY MOHOMEPH.

MopensT Ha 00pa3yBaHe Ha BJIaKHA M TsXHaTa nmoapenda B 2D ¢uim e HabmromaBan camo
3a ceeauHeHUsATa lc W 1d, KouTO mMpHUHA/IEKAT HA HEHMOHOTEHHU IMOBBPXHOCTHO AKTHUBHH
BemecTBa. Te3u MOJeKyJIu ca ABOWHU OCH3WIOBU ecTepH Ha cheAauHeHudara 2c¢ u 2d. Ot gpyra
CTpaHa, CheAMHeHMsATa 2¢ ¥ 2d chaABpKAT CBOOOHI KapOOKCUITHU TPYITH U ITPECTABISIBAT aHUOH-
aKTHUBHY T'€MHHH TOBBPXHOCTHO aKTHBHU BeliecTBa. Ha0mroieHneTo Ha MOHOMEpHTE, 00pa3yBaHH
oT 2¢ u 2d ¢ nomomra Ha BAM u AFM, He pa3kpuBa BiakHecTa npupojaa. CHUMKUTE OT
CKaHHpalla eJIeKTPOHHA MHKPOCKONHS Ha TBBPAWTE MPOOHM ITOKa3BaT, Y€ BCHYKHUTE MIECT
ampudunan cbeauHenus 1b—1d u 2b—2d umar BnakHecTa cTpykTypa. B TO3M KOHTEKCT Bb3HUKBAT
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HSKOU BBIIPOCHU: JOKOJKO MOJEKYJIUTE ChbC CBOOOTHU KapOOKCHIIHU TpyNU ce moapexaaTr B 2D
CIIOH, 00pa3yBaliKul MO-ThHKH (PUOPHITH, KOUTO HE MOTaT J1a ObJIaT pa3rpaHUUEHU C TEXHUKHU KaTO
BAM u AFM, namnp. Harpuesara con Ha 2d obpa3syBa BiakHa ¢ guameTsbp ot 20-30 nm (SEM
@ur. 10B). [Joxbae Moxke [a ce CIIy4yu aJxe3usiTa MEeX]y BIAKHECTUTE CTPYKTYpPH IO BpeMe Ha
KOMITpecHs, IPOCTa aKyMyJlallis WIH 0 JApyra Ipu4yuHa 3a popMupaHe Ha JaMHUHApHA CTPYKTYpa
Ype3 CIMBaHE HA TPAHUIIUTE MEXKIY OTACTHUTE HUIMKH? KOJKO cTabuiieH € TO3H TUIT MOHOCTIOM?
Te3u u 1pyru BbIPOCH U3UCKBAT HOBU U3CJIEIBAHUS Ha HAOJI01aBaHUTE €EeKTH.

18. Action of Vipoxin and its separated components on monomolecular film of
Dilauroylphosphatidylcholine at the air/water interface,

K. Mircheva, S.D. Petrova, Tz. Ivanova, |. Panaiotov, K.T. Balashev, Colloids and Surfaces
A Physicochemical and  Engineering  Aspects, 2019, 562, pp. 196-202,
DOI: 10.1016/j.colsurfa.2018.11.040, Q1

Abstract: The growing research interest about neurotoxin Vipoxin is inspired by its
intriguing heterodimeric structure and the resulting interactions between Vipoxin’s basic catalytic
subunit and the acidic regulatory subunit.

In this paper we studied the enzymatic action of Vipoxin and its individual components on
Dilauroylphosphatidylcholine (DLPC) monolayers at air-water interfaces. We applied the classical
surface barostatic method and interpreted our experimental data with an adapted Michaelis-Menten
kinetic model. This approach allowed us to obtain the global kinetic constants together with the
interfacial specific activity of Vipoxin and its subunits. Using reconstituted Vipoxin complexes
formed by incubating the enzymatic VBC-sPLA2 and non-catalytic VAC subunits in different
ratios, we showed that the activity of the reconstituted mixture VAC:VBC-sPLA2 (1:1), which
should correspond to the composition of Vipoxin, is higher than that of the natural Vipoxin
complex. Finally, Vipoxin heterodimers in the DLPC monolayer were imaged by Atomic force
microscope (AFM) and statistically analyzed.

Pe3rome: HapacTBamusaT H3CIENOBATEICKM HHTEPEC KbM HEBPOTOKCHMHA BHIIOKCHH €
BABXHOBCH OT HCTOBATa MHTPUT'YBallld X€CTCPOAUMCECPHA CTPYKTYPA U MOJIYUCHUTC B3aHMOﬂeﬁCTBHH
MCXKIAY OCHOBHATa KaTaJIMTH4YHA Cy6eI[I/IHI/IIIa Ha BunokcuH u KHceIWHHATa peryjiaTopHa
cyOenHHUIIA.

B Ta3u cratus n3cjaeaBaxme €H3MMHOTO HGfICTBI/IG Ha BUIIOKCHH UM HETOBUTE OTACIIHU
KOMIIOHEHTH BbPXY MOHOCI0€eBe oT aunaypouidocdaruamnxonart (DLPC) Ha rpaHumTe B3 1yX-
Boaa. llpunoxkuxme Kiacuueckus NOBBPXHOCTEH OapOoCTaTHYeH METOJl M HHTEpIpeTHpaxmMe
CKCIICPUMCHTAJIIHUTE CH JaHHU C aJallTUpAH KHUHETHYCH MOJICII Ha Muxaenuc-MenteH. To3u
moAXO0 HU MO3BOJIM Aa IMOJTYyYUM rJI00aJHUTE KUHETHYHN KOHCTAHTH 3a€HO CBC CHCHI/I(l)I/IqHaTa
MC)K,ILY(I)EBOBS. AKTUBHOCT Ha Bunoxkcun u HETroOBUTEC Cy6CIII/IHI/II_II/I. HM3non3Baiiku
PEKOHCTUTYUPAaHU BUIIOKCMHOBH KOMILIEKCH, 00pa3yBaHU upe3 UHKyOupaHe Ha eH3uMHuTe VBC-
sPLA2 u nexkatanutnunute VAC cyOequMHMIM B pa3iMYHU CHOTHOIICHUS, IOKa3axme, ue
aKTUBHOCTTa Ha pekoHcTuTyupaHata cmec VAC:VBC-sPLA2 (1:1), xosto Ou TpsiOBaso naa
CBbOTBETCTBA Ha CbHhCTaBa Ha BI/IHOKCI/IH, € IO-BHCOKA OT Ta3W Ha €CTSCTBEHHUS BUIIOKCHHOB
koMmruiekc. Hakpas, xerepoaumepute Ha Bunokcun B Mmonocnost DLPC 0s1xa Bu3yanu3zupasu upe3
aTOMHO-CUJIOB MUKpPOCKON (ACM) U CTaTUCTUYECKU aHATU3UPAHHU.

Conclusion: Vipoxin has fascinating properties which mark its existence among other
neurotoxins isolated from snake venoms. Those properties are governed by the unique relationship-
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structure—function. Understanding Vipoxin’s heterodimeric structure composed of one basic
catalytic subunit and one acidic regulatory subunit together with their mutual interactions still is an
intrigue and challenging scientific perspective. The results presented in this study may be
considered as a step further in revealing biological functions of Vipoxin and its individual subunits
and particularly for understanding the regulatory role of Vipoxin acidic component (VAC).

By applying the classical monolayer approach for studying the enzyme hydrolysis of
phospholipid monolayers under the action of the reconstituted heterodimeric Vipoxin complex
(formed by mixing and pre-incubating of purified VBC-sPLA2 and non-catalytic VAC subunits in
different VAC:VBC molar ratios), we established the modulating effect of VAC subunit on the
enzyme activity of individual VBC-sPLAZ2. By applying an adapted to the interfacial hydrolysis of
short- and medium chain lipids Michaelis-Menten kinetic model, we obtained the global kinetic
constants Qm as well as the interfacial specific activity SA* of the enzymatic hydrolysis of DLPC
monolayers undergoing the action of VBC-sPLAZ2 in presence of VAC. Our data showed that the
enzymatic activity of the reconstituted Vipoxin complexes (as mixtures composed of separated
purified and pre-incubated VAC and VBC-sPLA2 subunits) were even higher in comparison to
those of the natural Vipoxin complex. These results imply that the inter-subunit interactions within
the heterodimeric protein structure are not just a simple noncovalent association between two
individual components, but they are result of different dynamical, structural and functional
combinations which can control the catalytic and pharmacological properties of Vipoxin complex
as it is known for other heterodimeric complexes [38]. These complexity was demonstrated by
AFM images of DLPC monolayers transferred on mica solid supports which showed that trapped
within DLPC monolayer VAC structures have sizes of dimers and pre-incubated with VAC
(VBC+VAC), while the pure VBC-PLA2 structures trapped in the DLPC monolayer were found
to exist primarily as monomers.

3aKkJioueHne: Bunokcunst IpUTCI)KaBa YHHUKAJIHU CBOﬁCTBa, KOUTO OeJexar
CBHUIECTBYBAHETO MY CpE€Jl IPYTM HEBPOTOKCUHHU, H30JIMPAHU OT 3MUIMCKN OTPOBHU. Te3n CBOMCTBa
ce OIpeNeNaT OT yHHMKallHaTa Bpb3Ka CTPYKTypa-QpyHkuus. Pa3OupaneTo Ha XeTepoaumepHarta
CTpyKTypa Ha BuIIOKCHMH, cbCTaBeHa OT €Ha OCHOBHA KaTaJlMTU4YHA CyOelIMHHIIAa U eJHa
KHCCIIMHHA PETyJIaTOpHA Cy6eI[I/IHI/II_Ia, 3a€1HO C TCXHUTC B3aMMHHU B3aHMOﬂeﬁCTBHH, BCE€ o1I€ €
HHTpUTYBallla U MNPCAU3BUKATCIIHA HAaydYHa IICPCIICKTUBA. PGSYJ'ITaTI/ITe, npeacTaBCHu B TOBa
IMpoyuBaHC, MOTaT Aa CC€ Pa3ryICKAAT KAaTO CTBIIKA HAIIpEd B PA3KPHUBAHCTO Ha OUOJIOTHYHHTE
¢byHKIIMY HAa BUNIOKCHH M HETrOBUTE OTAENHU CYyOeAMHMIIM U MO-CIIELHAIHO 3a pa3OMpaHeTo Ha
perynaTopHara poJjis Ha kucenuHHus koMnoHeHT (VAC) Ha BunokcuH.

T—Ipeg npujaraHe Ha KIACHUYCCKHA MOHOCJIOCH IMIOAXOA 3a H3CJIICABAHC Ha CH3HMMHATa
XUApOJn3a Ha CI)OC(i)OJII/IHI/I,Z[HI/I MOHOCJIOEBE 11O HCI\/'ICTBI/ICTO Ha PCKOHCTUTYUPAHUA
xeTepoaumepeH BunokcnHoB koMiieke (00pazyBaH 4pe3 CMECBaHE U MPeIBApUTETHA MHKYOAITHs
Ha npeurcteHn VBC-sPLA2 u nekaramutuunn VAC cyOequHMIM B pa3iMyHU MOJAapHU
cboTHOLeHUs1 VAC:VBC), Hue ycranoBuxme moaynupaius epext Ha VAC cybenuHunaTa Bbpxy
€eH3MMHaTa axkTUBHOCT Ha otaenHure VBC-sPLA2. Upe3 mnpwiarane Ha ajganTupaH KbM
MexaydazoBaTa XUJIPOIN3a Ha KbCOBEPUIKHU M CPEAHOBEPHXKHU JIUIUAN KUHETUYEH MOJEN Ha
Michaelis-Menten, momy4yuxme ra00aTHATE KHHETUYHH KOHCTaHTH Qm, KaKTO ¥ MeXIy(da3oBarta
cnenudrana akTHBHOCT SA* Ha eH3uMHara xujapoiusa Ha DLPC MoHnocnoeBe, moaioxeHn Ha
neiicruero Ha VBC-sPLA2 B npucbscrBuero Ha VAC. Hamure naHHM 1oKa3Bar, ye eH3UMHaTa
AKTUBHOCT Ha PCKOHCTUTYUPAHHUTC BunokcnHoOBH KOMILIEKCH (KaTO CMECHU, CBhCTAaBCHHU OT
OT/IeJICHH MPEYUCTEeHHU U npenBaputenHo nHkyoupanun VAC u VBC-sPLA2 cybenunuin) e 1opu
IMO-BHUCOKa B CpaBHCHHWE C Ta3W Ha CCTCCTBCHHA Bunokcunos komiurekc. Te3u peE3yiTaTu
mnpeamnojaarar, 4e BBaI/IMOI[efICTBI/IHTa MCKOY Cy6CIlI/IHI/II_II/ITe B PaMKHUTC Ha XCTCPOAHUMCpHATA
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MIPOTEMHOBA CTPYKTypa HE ca MPOCTO HEKOBAJIEHTHA BPb3Ka MEXAY /1Ba OTACIHU KOMIIOHEHTA, a
ca pe3yaTar OT pa3jIMyHu JUHAMUYHH, CTPYKTYPHU U (YHKIMOHATIHA KOMOMHAIIMH, KOUTO MOTaT
J1a KOHTPOJIMPAT KaTaTUTHYHUTE U (apMaKOJIOTUYHUTE CBOWCTBA Ha BUITOKCHH KOMILIEKCa, KAaKTO
€ U3BECTHO 32 JIpyru xeTepoaumepHu komruiekcu [38]. Tazu cnoxHOCT Oere 1eMOHCTpUpaHa Ype3
AFM m3o6paxenus Ha DLPC moHOCIIOeBE, IPEHECEHH BBPXY TBBP/IU CIIOJCHU HOCUTENIN, KOUTO
nokasaxa, ue 3arBopenure B DLPC monocnos VAC cTpyKTypu UMaT pa3MeEpUTE Ha TUMEPH U ca
npeaBaputesiHo uHKyOupanun ¢ VAC (VBC+VAC), nokaro uncrure VBC-PLA2 ctpykTypw,
3arBoperu B DLPC MoHOC11051, ChIleCTBYBAT NPEJUMHO KATO MOHOMEPH.

19. On the synthesis, surface activity and supramolecular structures of pseudo double-
chained L-Asp based amphiphiles,

Borislav Anchev, Nikolay A. Grozev, Kristina M. Mircheva, Daniela S. Tsekova, Journal of
Chemical Technology and Metallurgy, 2020, 55(1), pp. 11-22, Q3

Abstract: Eight new final compounds derivatives of L-Asp are synthesized. They contain
L-Asp linked by an amide bond both to n-hexyl chain on its C-side and an acyl chain linked to the
N-side. Four different acylic residues are condensed to the N side. The newly synthesized
compounds belong to two series of structures, as four of them contain L-Asp-B-benzyl ester, while
the other four — a typical L-Asp-B-carboxylic group. The structures of the surfactants are
categorized as pseudo-double alkyl chained amphiphiles, because one of the tails has a constant
length of only six carbon atoms. Some of the newly synthesized surfactants are studied as
monolayers on the air/water interface. The properties of the rest of them are determined by
tensiometric and conductometric methods. Nano- and micro- sized supramolecular complexes of
the compounds studied are observed in monolayers using Brewster Angle Microscopy (BAM) and
Scanning Electron Microscopy (SEM) for samples after solvent evaporation.

Pe3iome: CI/IHTC3I/IpaHI/I ca OCEM HOBU CbCAUHCHUS, IIPONU3BOAHU HA L-ASp. Te CbAbpIKAT
L-Asp, cBBbp3aH Ype3 aMUHA BPB3Ka C N-XEKCHIIHA Bepura oT HeroBust C-kpaif, Taka 1 ¢ aiuiHa
BE€pura, CBbp3aHa € N-Kpafl. LICTI/IpI/I Ppa3jIniIHU allMJIOBH OCTAThKAa Ca KOHACH3HWPAHU KbM N-Kpaﬂ.
HoBocuHTe3upannte cbeTMHEHUS NIPUHAIEKAT KbM JIBE CEPUU CTPYKTYPH, KaTO YETUPH OT TAX
cbabpxkar L-Asp-B-OeH3usnoB ectep, 10KaTo Apyrure 4eTupu - TunudyHa L-Asp-B-kapOokcuiHa
rpyna. CTpyKTypuTe Ha NOBBbPXHOCTHOAKTHBHHUTE BELIECTBA Ca KATErOPU3UPAHU KaTo JABOWHO
BCPpHMIKHU AJIKUJTIOBU aM(l)I/I(i)I/IJ'IHI/I MOJICKYJIH, TBU KaTo c€AHaTa OT OIIalIKHUTEC HMa IIOCTOSHHAa
ABJDKUHA caMo oT mecT BBIVICPOIHU aromMa. Hsaxou oT HOBOCHHTC3UPAHUTEC
MOBBPXHOCTHOAKTHBHH BCIICCTBA Ca U3CICABAHHU YPE3 MOHOCJIOMHATa T€XHHUKa Ha rpanunara
BBb3/lyX/Boja. CBolicTBaTa Ha OCTaHAJINWTE OT TAX Ca ONPEJEICHHM 4Ype3 TEH3UOMETPUYHU HU
KOHAYKTOMETPUYHU MCTOU. Hano- u MHUKpPO-pasMCpHHU HAAMOJICKYJIHHU KOMIIJICKCHU Ha
W3CIICIBAHUTE CHEIMHEHUS ca HAOJII0JlaBaHM B MOHOCJTIOEBE, H3IMOi3Baiiku Brewster Angle
Microscopy (BAM) u Scanning Electronic Microscopy (SEM).

Conclusions: Eight new final compounds, derivatives of the alpha amino acid L-Asp, are
synthesized. They all contain two alkyl tails. Six of these compounds possess a surface activity.
They are called in this communication ,,pseudo-double-chained surfactants* since one of the alkyl
tails has a length of only six carbon atoms, while the rest contain five, nine or thirteen alkyl carbons
and one carbonyl carbon. Three compounds belong to a nonionic series of structures, while another
three have anionic structures. They all tend to self-organize in supramolecular arrangements of
nano- and micro dimensions, but the anionic surfactants form significantly better shaped structures.
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Two of the non-ionic surfactants (compounds 3 and 4) give stable monolayers (2D structures) of
similar characteristics and collapsing pressure values (about 18 mN.m™). The third nonionic
surfactant has a higher solubility in water and its n-A isotherm does not show a collapsing point.
All anionic analogs do not form monolayers because of their significantly higher solubility in
water.

The presence of supramolecular complexes, bigger than micelles, provides to define the
determined critical concentrations as critical aggregate concentrations (CAC). The CAC of the
anionic surfactants is in the concentration range typical of many surfactants.

The phenomena observed are still not well studied, but they are in the focus of different research
teams. The appearance of filamentous micro-dimensional objects in the Langmuir monolayer is
not so far reported.

The application of the newly synthesized compounds as surfactants and building units in nano-
and micro-structural chemistry is a topic of future investigation of the compounds described here
as well as of their analogues.

3aKkJioueHne: CI/IHTGBI/IpaHH ca OCEM HOBHU CbBCAMHCHHUSA, IIPOM3BOAHHU Ha an(ba
amuHOKHcennHata L-Asp. Bceuukm Te cbappkar aBe ankwioBn onamku. Illect or Te3m
CbCAMHCHHS IPUTCIKABAT ITIOBBPXHOCTHA aKTUBHOCT. B ToBa nu3cijicaBaHe TC Ca 0003HAYEHH KATO
,[ICEBI0-IBOMHOBEPUKHUA MOBBPXHOCTHOAKTUBHU BEILIECTBA™, Thi KaTO €IHATa OT AJIKWJIOBHTE
OIMIalllKH € C AbJDKKWHA CaMO IICCT BBITICPOAHH aTOMA, 1OKATO BTOpAaTa BEpUra MOKE J1a C€ CbCTOU
OT IICT, ACBCT WJIM TPHUHAACCCT AJIKMJIOBU BBIVICPOJa WU CAWH Kap60HI/IJIeH BBIJICPOU. TpI/I oT
cheHeHusiTa ca HeloHHU IIAB, nokato apyrute Tpu ca anuoHHu IIAB. Bcuuku Te umat
CTMOCOOHOCTTA J1a C€ CAaMOOPTAaHU3UPAT B HAIMOJIEKYJIHH CTPYKTYpH C HaHO- M MHUKpOpa3MepH,
KaTO aHHUOHHHUTC IMOBBPXHOCTHOAKTUBHH BCIICCTBA 06pa3yBaT 3HAYUTCIHO HO-I[O6pC 0(1)OpMeHI/I
CTpYKTypu. JIBe OT HEHOHHHTE MOBBPXHOCTHOAKTHBHHU BeullecTBa (cheauHeHus 3 u 4) nasar
cTabuiHu MoHocnoeBe (2D cTpykTypu) ¢ moJo0OHM XapaKTePUCTUKH M CTOMHOCTH Ha HAJISATAHETO
B KOJIArNcHO cheTostHue (0komo 18 mN.m™). TpeToTo HefOHHO MOBBEPXHOCTHOAKTUBHO BEIIECTBO
HMa I10-BUCOKaA PAa3sTBOPHUMOCT BHBB BOJa W HCroBaTa m-A HU30TE€pMa HC NOCTUTA CBCTOAHHUC Ha
kousanc. He Bcuuky aHMOHHU aHaI03Uu O6p33}IBaT MOHOCJIOCBE ITOpaan 3HAYUTCIIHO ITO-BHCOKATa
UM pa3TBOPUMOCT BbB BOJA.

Hannunero Ha HAaAMOJICKYJIHHW KOMIIJICKCH, IMO-TOJIEMU OT MHUICIIMTE, IMO3BOJIABA Ja CC
,Z[e(i)I/IHI/IpaT OIIPECACIICHUTC KPUTHYHU KOHLUCHTPAIWUN KATO KPUTUYHH arpe€raTHU KOHLUCHTpALHUU
(CAC). CAC na aHHOHHHUTE MOBBPXHOCTHOAKTHBHH BEIECTBA € B KOHIICHTPAIIMOHHHUS HAIIa30H,
THUITNYCH 3a MMOBCYCTO INOBBPXHOCTHOAKTHBHU BCUICCTBA.

HabutonaBanuTe siBlEeHUs Bee OlIe HE ca JoOpe IpOoyydeHH, HO ca BbB (JOKyca Ha pa3IuyHu
HN3CJIC€A0BATCICKHU CKUIIN. ITostBaTa Ha HHUIIKOBUAHU MHUKPOpPAa3MCPHU CTPYKTYpH B
JIJAHTMIOUPOBOBU MOHOCJIOCBE 10CCTa HE € JOKJIaJiBaHa.

HpHJIO)KeHI/IeTO Ha HOBOCHUHTC3HUPAHUTEC CBCAUHCHHA KaTO TIOBBPXHOCTHOAKTHBHU
BELIeCTBAa M TPaJUBHU €IMHUIU B HAHO- M MUKPOCTPYKTypHaTa XUMHUS € TeMa Ha OBbIelio
H3CJICABAHC HA OIMMUCAHUTC TYK CbCANHCHUA, KAKTO U HA TCXHUTC aHAJIO3H.

20. The enzymatic action of Vipoxin on insoluble long-chain phospholipid Langmuir
monolayers,

K. Mircheva, N. Grozev, S.D. Petrova, Tz. Ivanova, |. Panaiotov, K.T. Balashev, Colloids and
Surfaces A Physicochemical and Engineering Aspects, 2021, 629, 127469,
DOI: 10.1016/j.colsurfa.2021.127469, Q2
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Abstract: In recent years some toxins such as Vipoxin that is isolated from the venom of
Vipera ammodytes meridionalis have provoked scientific interest due to their intriguing structure,
enzymatic activities, and potential for medical applications. This paper considers the kinetics of
the enzymatic action of Vipoxin on long-chain phospholipids’ monolayers of Palmitoyl-oleoyl-
phosphatidyl-choline (POPC), Palmitoyl-oleoyl-phosphatidyl-glycerol (POPG), and Palmitoyl-
oleoyl-phosphatidyl-ethanolamine (POPE) spread at air-water interfaces. To analyze theoretically
the enzyme activity that is altered by the presence of insoluble lipolytic products we adapted the
classical Michaelis-Menten kinetic model and an experimental approach that utilizes the p-
cyclodextrin (8-CD) as a solubilizing agent. This allowed us to obtain the global Kinetic constants
of the enzymatic reaction catalyzed by the Vipoxin. Using AFM, we also analyzed the influence
of the monolayer structure on the kinetics of the enzyme reaction by measuring the observed
structures and microheterogeneities of the LB films transferred from monolayers that either
contained S-CD or without -CD.

Pe3rome: IIpe3 nocneaure roqvHA HAKOU TOKCUHU, KaTO HanIpumep BUnokcux, n3onmupan
oT orpoBara Ha Vipera ammodytes meridionalis, mpeau3Bukaxa HaydeH HHTEpeC MOpaau
HHTpUT'yBallaTa CU CTPYKTypad, CH3MMHA aKTHBHOCT U MMOTCHUOMAT 34 MCAULIUMHCKA IIPUIIOKCHHA.
Tasu craTtus pasriicxKaa KHHETUKaTa Ha CH3UMHOTO ,Z[eflCTBI/Ie Ha Bunokcun BBPXY MOHOCIJIOCBC OT
JTBITOBEPHKHE (POCHOIUNHIAN OT MATIMHTOMI-0eom-hochaTuaui-xoimH (POPC), manmmutowns-
oneoun-pocharuamn-rimuuepon  (POPG) wu  manmutoumn-oneoui-gochaTuaui-eTaHOTAMUH
(POPE), naHeceHH Ha TpaHMIIaTa BB3IyX-BoJa. 3a Ja aHAIW3UpPaMe TCOPETUYHO CH3MMHATa
AKTUBHOCT, KOATO C€ IMPOMCHA OT HAJIWYUCTO HA HCPASTBOPHUMU JIMIIOJIHUTHYHU IIPOAYKTH,
aganTupaxme KIAaCHUYCCKHA KHHCETUYCH MOJICIT Ha Muxaenuc-MeHTeH U CKCIICPUMCHTAJICH
MoAxoJl, KoWTo u3non3Ba P-uukinoaekctpun (B-CD) kato comrobunusupaml areHT. ToBa HH
IIO3BOJIK Ja IOJIYyUYUM riao0aJIHUTE KHUHETUYHY KOHCTAHTH HA €H3MMHATa pCaKnus, KaTaJlu3dnupaHa
or Bunokcun. M3nonssaiiku AFM, ananu3upaxme BIMSHUETO HA CTPYKTypara Ha MOHOCIOSA
BbpPXy KHHETHMKAaTa Ha €H3MMHATa peakius, KaTo H3MepuxMe HaOJI0JJaBaHUTE CTPYKTYypU U
MHUKpOXeTeporeHHocTH Ha LB ¢unmure, npexBbpiieHH OT MOHOCIOEBE, KOUTO WM ChIbpKaT [3-
CD, unmu He cpappxar 3-CD.

Conclusions: This paper considers the kinetic behavior of the long-chain phospholipid
monolayers composed of POPC, POPG, and POPE undergoing the catalytic action of Vipoxin. It
is a continuation of our previous study [2] where the catalytic activity of the same toxin on short-
chain phospholipid monolayers was studied. It was done by adapting the Michaelis-Menten, in
which are added kinetics steps for the involvement of the S-cyclodextrin (5-CD) as a solubilizing
agent. Hereafter, we studied the lipolysis POPC, POPG, and POPE monolayers undergoing the
action of Vipoxin action in the absence or presence of 5 - CD by following the change in the surface
area (4A4) with time (t) at constant surface pressure (). From the developed theoretical model, we
were able to conveniently fit the experimental and to obtain the global kinetic constants of the
enzyme reaction catalyzed by the Vipoxin. At the more relevant for membrane bilateral surface
pressure = = 20 mNx m™?, the global lipolitic constant Qm for POPC and POPG are slightly larger
than that for POPE in accordance of the observation of the different interfacial microheterogeneity
of POPC and POPG in opposition to POPE. The AFM analysis of the LB films transferred from
monolayers that either contained S-CD or without S-CD in the subphase, suggested that the
different interfacial microheterogeneity of POPC and POPG monolayers in comparison with the
structure of POPE monolayers might be responsible for the differences in the kinetic behavior of
these monolayer systems.

3akuouenue: Ta3zu paboTa pasriexa KHHETUYHOTO TOBEICHHE Ha IBITOBEPUKHUTE
dbochomunuanu MoHocioeBe, chcraBeHn oT POPC, POPG wu POPE, mnomioxenu Ha
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KaTAIUTUYHOTO JeicTBUe Ha Vipoxin. Ts € mpoab/DKeHHe Ha HAIIETO MPEAUIITHO MpoyYBaHe [2],
KbJIETO € H3CJIeABaHA KaTaJIUTHUYHATA AKTUBHOCT Ha CBIIUS TOKCHUH BBPXY KBCOBEPHIKHU
dbochomumuaar MoHOcToeBe. ToBa € HampaBeHO upe3 ajanTupaHe Ha cxemara Ha Michaelis-
Menten, B K0siTO ca J0OABEHU KMHETUYHU CTHIIKH 32 yuacTheTo Ha B-uukiioaekctput (B-CD) karo
comobmmmsupain areHT. Ciex ToBa HHe u3cneaBaxme nunoiuzata Ha POPC, POPG u POPE
MOHOCJIOEBE, MOJUIOKEHU Ha ACWCTBUETO HA VipoXin Ipu OTCHCTBHE WU IpuchcTBUe Ha B -CD,
KaTo MpocieuXMe MpoMsHaTa B MOBbpXHOcTHaTa mioml (AA) ¢ Bpemero (t) mpH MOCTOSHHO
MOBBPXHOCTHO Haysirane (m). OT pa3paboTeHHs TEOPETHUYEH MOJIe] YCHSIXME YCIEIIHO JAa
HaracHeM €KCIIEPUMEHTAITHUTE PEe3yJITaTH U J1a MOIYYUM I[NI00aTHUTe KUHETUYHN KOHCTaHTH Ha
eH3UMHATa peakiys, Kataausupana ot Vipoxin. [Ipu moBbpxHOCTHO Hamsrane 1 = 20 mNx mt
(chOTBETCTBAIIO HA KJIeThUHATAa MeMOpaHa) rio0a HaTa TunoauTuYHa KoHctanta Qm 3a POPC u
POPG e manko no-ronsima ot tasu 3a POPE, B choTBeTCTBHE C HAOMIOJCHUETO HA pa3InyHATA
MexaydazoBa mukpoxereporeHHOCT Ha POPC u POPG B cpaBuenue ¢ POPE. AFM ananu3sT Ha
LB ¢unmuTe, mpexBBpIEHN OT MOHOCIIOCBE, KOUTO WK chabpxkat B-CD, unu He chabpxkar B-CD
B nojadaszarta, npeanosara, 4ye pa3inyHara Mexayda3oBa MUKPOXETEPOr€HHOCT Ha MOHOCTIOEBETE
POPC u POPG B cpaBHeHue cbc cTpykTypaTa Ha MoHocinoeBere POPE Moxe na e npuunHa 3a
Pa3IUKUTE B KHHETHYHOTO MOBEICHNE HAa T€3H MOHOCTIOWHU CUCTEMH.

21. Electrostatic Forces in Control of the Foamability of Nonionic Surfactant,

Stoyan I. Karakashev 1, Nikolay A. Grozev, Svetlana Hristova, Kristina Mircheva and Orhan
Ozdemir, Coatings, 2023, 13(1), 37, DOI: 10.3390/coatings13010037, Q2

Abstract: Can the DLVO theory predict the foamability of flotation frothers as MIBC
(methyl isobutyl carbinol)? The flotation froth is a multi-bubble system, in which the bubbles
collide, thus either coalescing or rebounding. This scenario is driven by the hydrodynamic push
force, pressing the bubbles towards each other, the electrostatic and van der Waals forces between
the bubbles, and the occurrence of the precipitation of the dissolved air between the bubbles. We
studied the foamability of 20 ppm MIBC at constant ionic strength | = 7.5 x 10 mol/L at different
pH values in the absence and presence of modified silica particles, which were positively charged,
thus covering the negatively charged bubbles. Hence, we observed an increase in the foamability
with the increase in the pH value until pH = 8.3, beyond which it decreased. The electrostatic
repulsion between the bubbles increased with the increase in the pH value, which caused the
electrostatic stabilization of the froth and subsequently an increase in the foamability. The presence
of the particles covering the bubbles boosted the foamability also due to the steric repulsion
between the bubbles. The decrease in the foamability at pH > 8.3 can be explained by the fact that,
under such conditions, the solubility of carbon dioxide vanished, thus making the aqueous solution
supersaturated with carbon dioxide. This caused the precipitation of the latter and the emergence
of microbubbles, which usually make the bubbles coalesce. Of course, our explanation remains a
hypothesis.

Pe3rome: Moxxe mu DLVO Teopusra aa npeackaxe neHooOpazyBaHETO Ha (PIOTAlMOHHU
nenutenu kato MIBC (Metun uzo0yTtun kapOunoin)? ®noTaloHHaTa MIHa € MHOTOMeXypyecTa
CHUCTCMA, B KOATO MEXypucTara CC C6J'I’bCI(BaT, KaTo IO TO3HW HAYMH MOraT aa €€ KoajJecuupar nuinu
na otckavar. To3m crueHapuii ce o0yciaBsi OT XUAPOJMHAMUYHATA CHJIa HA M3TJIACKBaHE, KOSTO
IMPUTHUCKA MEXYypUeTaTa CIHO KbM APYTO, OT CJICKTPOCTATUIHUTC CUJIU U CUJIUTC HA Ban ACp Baanc
MCXKAY MEXYpUCTaTa, KAKTO U OT MpCHHUIINTAlIMATa Ha PAa3TBOPCHUA BB3AYX MCXKIY MEXypUcTarTa.
Uscnensaxme nenoodpasysaneto Ha 20 ppm MIBC npu nocrosHHa Honna cuma I = 7,5 x 107
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mol/L npu paznuunu cTOWHOCTH Ha pH B OTCHCTBUE M NMPUCHCTBUE HA MOAUGMUIIUPAHU YACTHIH
CHJIMIOMECB JUOKCHU, KOUTO Ca MMOJOXKUTCIIHO 3apCACHU U IO TO3W HAYMH INOKPUBAT OTPHULATCIHO
3apCACHUTE MEXYypUcTa. Ha6J’II-O,[[aBaXMe YBCIINYAaBaHC HaA HCH006pa3YBaHeTO C YBC/IIMUAaBaHC Ha
croitHoctTa Ha pH 10 pH = 8,3, cien koero TOo HamansiBa. ENeKTpOCTaTHYHOTO OTOIBCKBaHE
MCXKAY MEXypuc€Trara C€ yBCIMYaBa C YBCIMYAaBAaHCTO Ha CTOMHOCTTA Ha pH, KOE€TO BOIHU 10
CJICKTPOCTATUYIHO CTa6I/IJII/ISI/IpaHe Ha IIIHaTa MW  BIHOCJICACTBHUC [0 YBCIMYAaBAHC Ha
r[eHoo6pa3yBaHeTo. Hammuwnero Ha qaCTUulu, IMOKpUBaIlA MeXypueTara, IIoBHUIIIaBa
MEHOOOPa3yBaHETO U MOPAIU CTEPUIHOTO OTOTBCKBAHE MEXIy Mexypuerara. HamansBaneTo Ha
neHooOpasyBaiara criocoonoct mpu pH > 8,3 moske na ce 00scHM ¢ dakTa, 4ye Py Te3U yCIOBUS
Pa3TBOPUMOCTTA HA BBITICPOAHHUA AUOKCHUI U3YEC3BA, KATO 11O TO3W HAYUH BOJHUAT Pa3TBOP CTaBa
IPEHACUTEH C BBIVICPOACH AUOKCHUI. Tosa BOOW OO MMpEUUMIIMTAlMA Ha IMOCICAHHA W I10sIBa HaA
MHUKpOMeXypUeTa, KOUTO OOMKHOBEHO KapaT MexypueTrara jga ce ciesT. Pa3bupa ce, Hamero
00sICHEHHE CH OCTaBa XUIIOTE3A.

Conclusions: We arrived at the following conclusions with this work:
1. The foamability of 20 ppm aqueous solutions of methyl isobutyl carbinol (MIBC) depended on
the pH value and consequently the electrostatic repulsion between the bubbles at ionic strength | =
7.5 x10* mol/L (1/x = 11.14 nm) until reaching a maximum between 8 < pH < 9. The increase in
the electrostatic repulsion between the bubbles prevented their coalescence and hence boosted the
foamability.
2. The electrostatic attraction between the bubbles and 1 wt. % modified silica particles increased
the froth height, compared with the particle-free sample, until reaching its maximum at 8 < pH <
9. This was due to the steric repulsion between the bubbles. The latter additionally prevented the
coalescence between the bubbles.
3. The existence of the maximum froth height at 8 < pH < 9 can be explained by the lack of the
solubility of carbon dioxide at pH = 8.36. Hence, at pH > 8.36, the water was free of dissolved
carbon dioxide. The solution under such conditions was pre-saturated with carbon dioxide. This is
an excellent condition for gas precipitation during froth generation. The gas precipitation of the
dissolved gas contributes to the coalescence of the bubbles. This is likely the reason for the drop in
the froth height at pH > 8.36. This explanation remains a hypothesis until it can be either proven
or rejected.

The next steps of our studies are to vary the strength of the electrostatic repulsions by
performing experiments with different constant ionic strength values.

3aKkJIloueHne: HaHpaBCHI/I Ca CJICAHUTC 3aKJIIFOYCHUA:
1. ITenoo6pazyBaneTo Ha 20 ppm BOJHU pa3TBOPHU Ha MeTHII 300y T KapouHon (MIBC) 3aBucu
OT CTOMHOCTTA Ha pH N CBOTBCTHO OT CJIICKTPOCTATUYHOTO OT OJIBLCKBaHE MCKAY MEXypuceTara IIpu
itonna cuma I = 7,5 x10* mol/L (1/x = 11,14 nm) 10 A0oCTHraHe Ha MaKCUMyM MexIy 8 < pH < 9.
VYBenu4yaBaHeTO Ha CJIICKTPOCTATUIHOTO 0TOJIBCKBAHE MCXKAY MeEXypueTaTa IMpeaAOTBpaTsBa
KoaJIeCIICHIIMsTAa UM U CJIICAOBATCIIHO IIOBUIIIaBa HGHOO6paSyBaHeTO.
2. EJ'ICI(TpOCTaTI/ILIHOT O IPUBJIMYAHC MCIKAY MEXypUcTaTa " MOIII/I(bI/II_II/IpaHI/ITe qacTHULM CUIIMIUECB
nuokeua ot 1 ters. % yBenudaBa BUCOYMHATA Ha IsIHaTa B CpaBHEHME ¢ Mpobara 6e3 YacTHIH,
AOKATO JOCTUTHE CBOS MAaKCUMYM IIpU 8 < pH < 9. ToBa ce ABJLKU HA CTCPUYIHOTO OTOIBCKBAHE
MCXKAY MEXypucTaTra. HOCJ’IeJIHOTO JOMBJIHUTCIIHO MPCAOTBpaTABa KOAJICCHCHUOUATA MEKIAY
MeXypueTara.
3. HanumumeTo Ha MakcuMaliHa BUCOYMHA Ha TissHaTa TipH 8 < pH < 9 mMoxe na ce o0sicHH ¢ urcara
Ha pa3TBOPUMOCT Ha BbIiiepoaHus auokeun npu pH = 8,36. Cnenosarenno npu pH > 8,36 Bonata
€ CBOOOJHAa OT pa3TBOPEH BBIVICPOJICH NUOKCHA. Pa3TBOPBHT TpH TE3W YCIOBUA € OWI
OpeABAPUTCIIHO HACUTCH C BBIJICPOACH JUOKCHUI. ToBa € OTJINYHO YCJIOBUEC 3a MMPECHUTIUTUPAHECTO
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Ha rasa Io BpeMe Ha oOpa3yBaHeTO Ha IsHa. [IpernunuTupaneTo Ha pa3TBOPEHUS Ta3 TONMPHHACS
3a KOAJIECLEHLIUSTa HA MexypueTara. ToBa BEpOsITHO € MpUYMHATA 3a ClaJla BbB BUCOYMHATa HA
nsHata npu pH > 8,36. ToBa o0sicHeHHMEe ocTaBa XHUIIOTE3a, JAOKAaTO HE OblEe JOKA3aHO WIIH
OTXBBPJICHO.

CrnenBanuTe CTHIIKM Ha HAIIWTE W3CIAEABAHUA ca Ja C€ MPOMEHsS cujaTa Ha
€JIEKTPOCTATUYHUTE OTOTBHCKBAHUS Ype3 MPOBEKAAHE HA EKCIEPUMEHTH C Pa3IMYHU CTOMHOCTHU
Ha IOCTOSIHHA HOHHA CHIIa.

22. Surface Chemistry Tuning Solutions for Flotation of Fine Particles,

Karakashev, S.1., Grozev, N.A., Mircheva, K., ... Hristova, S., Ozdemir, O., Minerals , 2023,
13(7), 957, DOI: 10.3390/min13070957, Q2

Abstract: This paper analyses the basic obstacles preventing the fine particles from floating
and suggests solutions for the wetting zone between the bubble and the particle during their
collision. It has been shown in our recent paper that the basic problem of fine particle flotation is
not the low frequency of collisions with the bubbles, but it consists of the efficiency of these
collisions. Moreover, there exists a thermodynamic lower size limit for flotation of fine
hydrophobized particles in the sub-micron range, and it is weakly dependent on the size of the
bubbles. It was shown that fast flotation with high recovery of fine particles can be achieved by
means of: (i) electrostatic attraction between particles and bubbles; (ii) a significant increase in the
level of their hydrophobicity; (iii) existence of fine bubbles in the flotation cell. It was shown as
well that the drainage of the wetting film between bubbles and particles is unimportant, but the
deformation of the bubble by the particle during their clash plays a major role in its rupturing.
Electrostatic attraction between bubbles and fine silica particles was achieved with hexylamine. It
causes a moderate increase of their hydrophobicity from contact angle = 39.5°+ 2.5° to contact
angle = 51.7° £7.5° and gave almost 90% recovery within 2 min. Unfortunately, the selectivity of
this collector is unsatisfactory if the fine silica particles are mixed with fine magnesite particles. It
was shown that even being hydrophilic, the recovery of fine particles can jump to almost 50% if
strong electrostatic attraction with the bubbles exists. It was demonstrated as well with the collector
hexamethyldisilazane causes significant increase of the hydrophobicity of the fine silica particles
(contact angle _ 90 ) results in skin flotation with 100% recovery when alone and 97% recovery
when being mixed with fine magnesite particles (51/49). A new collector significantly increasing
the hydrophobicity of magnesite fine particles was tested (disodium dodecyl phosphate) resulting
in 89% recovery of fine magnesite particles alone and about 98% recovery in a mixture with fine
silica particles.

Pe3tome: Ta3u craTus aHain3Mpa OCHOBHUTE OOCTOSITENICTBA, KOMTO Mpedar Ha (puHHUTE
YaCTHULIU [a IJIaBaT, U Mpeajiara pCicHud 3a 30HaTa Ha OMOKPSAHE MCKAY MCXYPUCTO U HaCTHULaTa
10 BpEMC Ha TCXHUSA cOnscepK. B Hamara CKOpolIHa CTaTusd € MOKa3aHo, Y€ OCHOBHUAT HpO6J’IeM
Ha (I)J'IOTaLII/I}ITa Ha (I)I/IHI/ITC JaCcTHUIIM HE € HUCKATa 4€CTOTa Ha C6J'I’LCT>I_II/ITC C MEXypueTara, a c
CbCTOH B e(i)eKTHBHOCTTa Ha TE3n C6HLCLHH. OcBeH TOBAa, CbIICCTBYBA TCPMOANHAMHWYHA JOJIHA
rpaHuia Ha pasmepa 3a ¢uoTauus Ha (UHM XuAPo(POOM3MpPaHM YACTULUM B CYOMUKPOHHUS
JMarna3oH W TS c¢1abo 3aBHCH OT pa3Mepa Ha Mmexypuerarta. [lokazano e, ye Obp3a QuioTanus ¢
BHCOKO BB3CTaHOBABAHC Ha (I)I/IHI/ITC YaCTHUIHU MOXKC 1a C€ MMOCTUTHEC YpPC3: (1) CJIICKTPOCTATUYHO
MpPUBJIMYAHE MEXAYy YacTHIIMTE M MexypueraTa; (11) 3HaYMTEIHO MOBHILIABaHE HA HUBOTO Ha
TsXHaTa XuApoPoOHOCT; (ii1) HaTMuKe Ha (PUHU MeXypueTa BbB (ioTalimoHHaTa kieTka. [lokazano
€ ChIIO0, Y€ APCHUPAHETO HA OMOKPALINUA (1)I/IJ'IM MCXKIY MEXypUue€TaTa U 4aCTUIUTE € MaJIOBAXKHO,
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HO JedopMaIusiTa Ha MEXypPUYETO OT YacTHIlaTa 1o BpeMe Ha TeXHHs COIbCHK UTPae OCHOBHA POJIS
3a HETOBOTO pa3KkbCBaHe. EJIEKTpOCTaTHUHO MPUBIMYAHE MEXKAY MeXypueTa U (PMHU CHIINIIUCBH
yacTuly Oelle MOCTUTHATO C XeKCHWJIaMHUH. ToBa MPUYMHSBA YMEPEHO YBEIMYEHUE Ha TAXHATa
XUAPOPOOHOCT OT KOHTAKTEH brbi = 39.5°+ 2.5° 10 KoHTakTeH B = 51.7° £7.5° u naBa moyru
90% BB3CcTAaHOBSIBAaHE B pAMKHUTE Ha 2 MUHYTH. 3a Ch)KaJeHHE, CEJIEKTUBHOCTTA Ha TO3U KOJIEKTOP
€ He3aJOBOJIUTENIHA, aKO (PMHHUTE CHIIMIIUEBH YaCTUIU C€ CMECBAT C (PMHU MarHe3WTOBH YACTHUIIH.
beme nokasano, ue nopu u a € XuapoQuiieH, Bb3CTAHOBABAHETO Ha (DUHUTE YACTHUIM MOXKE Ja
ckoun a0 nouytu 50%, aKo ChIIECTBYBA CHJIHO E€IEKTPOCTATUYHO IPHUBIMYAHE C MEXypdUeTara.
bemie neMoHCTpUpPaHO CHIIO U € KOJIEKTOPA, Y€ XEKCaMETHIITUCHIIa3aHbT IPUYUHIBA 3HAYUTEITHO
yBeNnu4eHue Ha XuapodoOHOCTTa Ha (PUHUTE CUIMIMEBU YaCTUIM (KOHTaKTeH BI'ba 90), KoeTo
Boau 10 ¢uiotanus Ha koxaTta c¢bC 100% BB3CTaHOBSBAHE, KOraTo € CaMmoCTOsATenHO, U 97%
BBH3CTAaHOBSIBaHE, KOTaTO € cMeceH ¢ (puHM MarHe3uToBH yactuiy (51/49). beme TecTBaH HOB
KoJieKTop (auHaTpueB moaernuiadocdar), KOWTO 3HAYUTEIHO yBeln4yaBa XuapodoOHOCTTa Ha
(UHUTE YaCTHUIIM MArHe3WT, KOeTo aoBene 10 89% BH3CTAHOBSIBAHE caMO Ha (UHUTE YaCTHUIIU
Mar"e3uT 1 oKoJsio 98% BB3CTaHOBSIBAHE B cMeC C (PMHU YACTUIU CHIIUIIUEB JUOKCHU].
Conclusion: This work is the continuation of our former work [13]: “Physical restrictions
of the flotation of fine particles and ways to overcome them”. Our latest understanding of mineral
particle flotation can be expressed in the following:
1. The drainage of wetting film between the bubble and the particle at their encounter is an
unimportant factor during the capture of the particle by the bubble;
2. The wetting film ruptures due to (i) the deformation of the bubble by the particle across the
wetting film during their clash, as well as (ii) the dissolution of the air from the bubble outwards
towards the particle, thus forming nuclei whose precipitation depends on the level of
hydrophobicity of the particle;
3. The fine particles can be floated with high recovery for a short time if: (i) they are sufficiently
hydrophobic; (ii) electrostatic attraction between them and the bubble exists; (iii) fine bubbles with
a high volume fraction are present;
4. The ore particles should have a high level of liberation.
3akuiouenue: Tasu paboTa e NpoAbIDKEHNE Ha IpeauIIHaTa HU padora [13]: ,,dusndecku
orpaHuyeHus Ha (proTanusaTa Ha PUHM YaCTULIM U HAYMHU 3a IpeoaosiBaHeTo uM*. Hamiero Haii-
HOBO pa30upane 3a ¢uoTanusTa Ha MUHEPAJIHH YaCTHLIM MOJKE Jla Ce M3Pa3u MO CIEAHUS HAaYMH:
1. Orruuanero Ha OMOKpSIL (QUIM MEXAy MEXypueTo M YacTUlaTa MpU cpellara UM e
He3HauuTeNIeH (GakTop MO BpeMe Ha yJIaBSHETO Ha YyacTULaTa OT MEXypUeTo;
2. OMokpsAIMAT GUIM ce pa3kbeBa nmopaau (1) AedopmaiusaTa Ha MEXYpPUeTO OT YacTHIaTa Mpe3
OMOKDSIII (PMJIM IO BpeMe Ha cONbChKA UM, KakTo U (ii) pa3TBapsHETO Ha Bb3AyXa OT MEXypUYETO
HaBBH KbM YacTHIIaTa, KaTo 110 TO3U HAYUH ce 00pa3yBar siipa, YUETO yTasiBaHE 3aBUCH OT HUBOTO
Ha Xuapo(HoOHOCT Ha YACTHIIATA;
3. ®uHUTE YacTUIM MOTaT Ja Obaar (JIOTHpPAaHU C BHCOK JTOOMB 3a KpaTko Bpeme, ako: (1) ca
JI0CTaTh4HO XuAPo(oOHHU; (il) CHIIECTBYBA €JIEKTPOCTATUYHO NPUBIMYAHE MEXKIY TAX H
MexypuerTo; (1i1) IpUChCTBAT GUHU MEXypUeTa ¢ BUCOKa 00eMHa (paKIus;
4. Pynuute yacTUIM TpsiOBa /1a MMaT BUCOKO HMBO Ha OCBOOOX/1aBaHe.

23. Counter-lon Effect on the Surface Potential of Foam Films and Foams Stabilized
by 0.5 mmol/L Sodium Dodecyl Sulfate,

Nidelina Petkova, Dilyana Ivanova-Stancheva, Nikolay A. Grozev, Kristina Mircheva and
Stoyan I. Karakashev, Coatings , 2024, 14(1), 51, DOI: 10.3390/coatings14010051, Q2

34


https://www.scopus.com/authid/detail.uri?authorId=23100109900

Abstract: It is well known that the type of counter-ion affects the state of the adsorption
layer of ionic surfactants and, consequently, its surface potential. Yet, it is not clear how they affect
the foamability, the rate of foam decay or foam production. How is the surface potential of the
air/water interface related to the properties of the foam? This work aims to answer these questions.
Foam films, stabilized by 0.5 mmol/L sodium dodecyl sulfate (SDS) in the presence of added LiCl,
NaCl, and KCI, were studied by means of the interferometric experimental setup of Scheludko—
Exerowa. The surface potential values were derived from the equilibrium film thickness by means
of the DLVO theory. A linear relation between the values of the surface potential and specific
adsorption energy of the counter-ions on the air/water interface was established. The slope of this
linear relation depends on the salt concentration. The foamability, the rate of foam decay, and the
foam production of the same aqueous solutions of SDS and added salts were studied by means of
the shaking method. A correlation was found between the derived surface potential of the foam
film’s surfaces and the properties of the foam. The foam production, which is the ratio between the
initial foam volume and the rate of foam decay, increases with the decrease in the surface potential.
Previous studies in the literature confirm that the lower surface potential promotes higher surfactant
adsorption, thus boosting more foam and vice versa. It was also confirmed that the dual effect of
KCI on foam production involves converting the best foam stabilizer into a foam suppressor at the
highest salt concentration.

Pe3rome: I[06pe HU3BCCTHO €, 4€ BUABT Ha HpOTHBOﬁOHa BJIMAC BBPXY CBCTOSIHHUCTO Ha
aI[C0p6III/IOHHI/I$I CJIOM Ha HOHHUTE IMOBBPXHOCTHOAKTHBHH BEIICCTBA W CJICAOBATCIIHO BBPXY
HCTOBHUA IIOBBPXHOCTCH IIOTCHIIMAJI. B’bl’[peKI/I TOBA HE € JSCHO KaK TC€ BIIUAAT BBPXY
MEHOO0pa3yBaHETO, CKOPOCTTa Ha paslajaHe Ha TsSHATa Wik oOpa3zyBaHeTo Ha mnsHa. Kak
IMOBBPXHOCTHHUAT IIOTCHI A HA I'paHUuIaTa B’LBI[yX/ BOJZia € CBbpP3aH CbC CBOliCcTBaTa Ha IsHATa?
[enTa Ha Ta3u paboTa € a ce OTTOBOpU Ha Te3U BhIIpocH. ®unmMu oT mnsiHa, ctabunuzupanu ¢ 0,5
mmol/L narpueB noneuwmncyndar (SDS) B npucserBuero Ha nodasenu LiCl, NaCl u KCl, 6sxa
u3cleBaHU € MOMOINTa Ha MHTepdepoMeTpuyHaTa exkcrepuMeHTanHa kieTka Ha Scheludko-
Exerowa. CroiiHocTuTE Ha NOBBPXHOCTHUA TIOTCHIHAJI Osxa NOJIYU€HU OT ,Z[e6eJ'II/IHaTa Ha
paBHOBecHUs (pruiM mocpencTBoM Teopusita DLVO. YcraHoBeHa e MHEHA 3aBUCUMOCT MEXKTY
CTOMHOCTHUTE Ha IMMOBBPXHOCTHHA MNOTCHOHUAI H CHCI_II/I(i)I/I‘lHaTa CHCpIUsA Ha ancop6unﬂ Ha
HacpelHuTe HOHU Ha TpaHuIlaTa Bb3AyX/Boaa. HakmoHbT Ha Ta3u TUHEHHA 3aBUCUMOCT 3aBHCH OT
KOHIOCHTpanuATa Ha COJITa. HCHOO6p33yBaHeTO, CKOpPOCTTa Ha paslaJgaHe Ha IIsIHaTa U
oOpa3yBaHeTO Ha MsSIHA Ha €IHU M ChUIM BOJHM pa3TBopu Ha SDS u nobaBeHu conu Osxa
HU3CJICABAHU Ype3 MCETOJAa Ha pa3KiallaHe. YcraHoBeHa ¢ Kopejianiusgs MCXKAY H3BCACHUS
MOBHPXHOCTEH TOTEHIMAT Ha TMOBBPXHOCTHTE Ha TeHOooOpasyBaius (UM M CBOMCTBaTa Ha
IIAHarTa. HpOI/ISBOI[CTBOTO Ha IIs1Ha, KOCTO IMMPEACTABIIsIBA CbOTHOIMCHUETO MCKAY IIbPBOHAYATTHUA
o0eM Ha msHATA U CKOPOCTTa Ha pasnagaHe Ha IgHaTa, CC yBCJIM4YaBa C HaAMAJIIBAHCTO Ha
NMOBBPXHOCTHUA IOTCHIHAJIL. Hpel[I/IH_IHI/I MMpoy4uBaHUA B JIUTEpaTypaTa IOTBBpPKAABAT, Y€ I10-
HUCKUAT  TOBBPXHOCTEH  TOTEHIMAJI  CIOCOOCTBA 3a  MO-BHCOKAa  ajcopOIus  Ha
MOBBPXHOCTHOAKTHBHHA BCIICCTBA, KATO I10 TO3W HAYWH ITOBHIIABA KOJIMYCCTBOTO IIs1HA U 06paTHO.
Crp10 Taka Oeliie noTBbpIeHO, ue NBoHHUAT edekT Ha KCl Bbpxy oOpa3yBaHeTo Ha MsiHa BKIIIOUBA
NPEBPBHIIAHCTO HaA HaI>'I-I[06pI/I$I CTa6I/I.III/I3aT0p Ha IIdHa B MOTHCKAII IIsIHAaTa IpU Hal-BHCOKAaTa
KOHICHTpAIKrA Ha COJITA.

Conclusion: The numerical values of the surface potentials of the equilibrium foam films
for each of the cases and the corresponding specific counter-ion adsorption on the film surfaces are
presented in Table 1.

One can see in Table 1 that the values of the surface potential in the case of added LiCl are
very close to the case of no ion-specific effects, at which uo/ksT = 0. In addition, the larger the

35



absolute value of uO/ksT, the smaller the absolute value of the surface potential is and vice versa.
During its generation, the foam is far from equilibrium, but correlations with equilibrium foam
films can still be made.

Generally the following contributions of our work can be drawn:

1. A correlation between the foamability, the initial rate of foam decay, the foam production and
the specific energy of adsorption of the counter-ions and the related absolute values of the surface
potential of the equilibrium foam films is developed for the first time in the literature. One can see
that most of the correlations are either linear or close to linearity.

2. It was reported for the first time that the Li* ions practically do not adsorb on the air/water
interface. Thus, the effect of these counter-ions is only electrostatic screening. In reality, the
addition of electrolytes always screens the electrostatic interaction between the bubbles, by means
of an effective decrease in the surface potential and the shrinking of the diffusive layer of counter-
ions [38,46] due to the overall decrease in the energy of the electrostatic field because of its
interaction with the counter-ions.

3. The counter-ion effect on the foamability and the rate of decay of foam, produced by means of
the Bartsch method, was studied separately for the first time. The counter-ions, in a sequence of
increasing foaming effect, can be ordered as follows: Li* > Na* > K*. The generation of foam
occurs under the regime of electrostatic stabilization of the bubbles. These bubbles are produced
during the foam generation and their electrostatic repulsion hinders their coalescence, thus boosting
foamability. On the contrary, the counter-ions in the sequence of increasing the foam stabilization
effect can be ordered as followed: Li* < Na* < K*. The decay of the foam occurs under the regime
of electrostatically controlled surfactant adsorption. Immediately after the generation of the foam,
the vigorous adsorption of surface-active co-ions on the bubbles begins. The bubbles in the
presence of counter-ions with the largest absolute value of the specific adsorption energy of
counter-ions will have the smallest electrostatic barrier preventing the surfactant adsorption and
the bubbles will undergo the fastest surfactant adsorption, causing the slowest foam decay. The
opposite happens with the bubbles in the presence of counter-ions with the smallest absolute value
of the specific energy of adsorption of the counter-ions.

These results allow one to better understand the counter-ion-specific effect on foamability
and the subsequent foam durability of agueous solutions of ionic surfactants.

3akaouenne: YncieHnure CTOMHOCTH Ha NMOBBPXHOCTHUTC NMMOTCHIIUAJIM HAa PABHOBCCHUTC
(bumMu OT TIsTHA 32 BCEKU OT CIIy4YauTe M ChOTBETHATa crienupuyHa aacopOIys Ha MPOTUBOHOHHU
BBPXY HOBBPXHOCTUTE Ha (pUIMMTE ca MPeJCTaBeHU B Tabuuna 1.

B Tabmuna 1 ce Bwxma, ye CTOMHOCTUTE HA MOBBPXHOCTHUS TMOTEHIMAN B Cilydyas Ha
nob6aseH LiCl ca MHOro O6JIM3KK 10 coydast Ha JIUICA Ha celupUUHN HOHHU ePeKTH, TPH KOWTO
Uo/ksT = 0. OcBeH TOBa, KOJIKOTO IO-ToyisiMa € abcomrorHara croiHoct Ha uo/keT, TonkoBa 1mo-
Majka € a0CONIIOTHATa CTOMHOCT Ha MOBBPXHOCTHHUA NOTCHOHUAI H O6paTHO. IIo BpEMC Ha
TCHECPUPAHECTO CH ITsIHATa € JaJI€Y OT PAaBHOBECHUETO, HO BCC ITaK MOraT Jia C€ HAIpaBAT CHIIOCTaBKH
C PaBHOBCCHUTC (I)I/IJIMI/I OT IIsIHA.

Haii-06110 mosxe 1a ce HampaBu U3BOJI 3a CIEAHUTE TIPUHOCH Ha HamiaTa pabora:

1. 3a mbpBU ITBT B IUTEpaTypaTa € pa3paboTeHa Kopelaus MexX, 1y IeHO00pa3yBaHETo, HaYaHaTa
CKOPOCT Ha pasmajiaHe Ha MsHaTa, 00pa3yBaHETO Ha IsTHA U crielM(uIHaTa eHeprus Ha aicopOIus
Ha HpOTPIBOﬁOHPI H CBBP3aHUTC C HECA a0COJIIOTHA CTOMHOCTH Ha IMMOBBPXHOCTHHA IMMOTCHIIMATT HA
paBHOBECHHTE TIeHOOOpa3yBany puamu. Bukia ce, ue moBeueTo OT KOpEIaluuTe ca IMHSHHHT UITH
OIn3KH a0 JIMHEHHOCTTA.

2. 3a mbpBY BT C€ ChOOIIABa, Ye HonuTe Ha Li* npakTuuecku He ce ancopOMpaT Ha rpaHMIaTa
B’bSI[yX/BOILa. Ilo TO3m HauuH C(I)CKT’bT Ha TE3U HpOTHBOfIOHPI € CaMO CIICKTPOCTATUIHO
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eKkpaHupane. B geiictBurenHocT J00aBSHETO HAa  €JIEKTPOJIUTH BHHArM  EKpaHHpa
€JIEKTPOCTATUYHOTO B3aMMOJCHCTBHE MEXAYy Mexypuerara 4pe3 e()eKTHBHO HaMassBaHE Ha
MOBBPXHOCTHUS TOTCHIMAI M CBHBaHE Ha MUQY3HHUSA CIOM OT npoTtuBoioHu [38,46] mopamu
00III0TO HAMAJISIBAHE HA EHEPrUsTa Ha €JIEKTPOCTATHYHOTO I10JIE TIOPaIi B3aUMOACHCTBUETO MY C
MPOTHUBOMOHH.
3. 3a mppBH BT Oellie U3caeIBaH OTACIHO e()EeKTHT HAa IPOTUBOMOHHN BEPXY NEHOOOPa3yBaHETO U
CKOpOCTTa Ha pa3lajJaHe Ha IMsfHATa, MoidydyeHa mo wmeroaa Ha bapu. IIporuBoiionute, B
MOCTIeIOBATEIHOCT HA YBEIMYaBaHE Ha MeHOoOpa3yBamus epeKT, Morar aa ObJaT MmoApeieHH,
kakto cneasa: Lit > Na® > K'. T'eHepupaHeTo Ha IsiHA C€ OCHUIECTBABA B PEXUM Ha
€JIEKTPOCTATUYHO CTAOMIM3MpaHe HA MexypueTara. Te3n Mexypuera ce oOpa3yBar 1o BpeMe Ha
TeHEpUPAHETO HAa ISHA U TIXHOTO EJIEKTPOCTATUYHO OTOIBCKBAHE BB3MPENITCTBA
KOAQJIECIICHLIMATA MM, KaTo IO TO3M HAYWH TOBUIIAaBa NeHooOpasyBaHeTo. HampoTus,
MIPOTUBOMOHUTE B TIOCTIEIOBATEIIHOCTTA Ha yBelnYaBaHe Ha e(eKkTa Ha cTaOuIM3upaHe Ha IsTHaTa
Morat aa Obaat noapeaeHu no ciueanus Hauny: LiT < Na* < K*. PasnazaneTo Ha nsHaTa HaCThIIBA
B PEKHUM Ha €JIEKTPOCTATHYHO KOHTPOJUPAHA acopOLMs Ha MOBbPXHOCTHOAKTUBHU BEIIECTBA.
Henocpeacreeno cien oOpa3dyBaHeTo Ha IIsiHaTa 3aloyBa €HEPrUYHA ajacopOnus Ha
MOBBPXHOCTHOAKTUBHU KO-WOHH BBpPXY MexypueTrata. Mexypuetata B MNPUCHCTBHETO Ha
MIPOTUBOMOHHU C HAK-roJisiMa a0COIOTHA CTOMHOCT Ha CrielU(pUIHATA aICOPOIIMOHHA CHEPTHS Ha
MPOTUBOMOHUTE 1€ WMAaT Hail-MankaTta eJIeKTpOoCTaTH4YHa Oapuepa, BB3MPENATCTBAIIA
azicopOIMATa Ha TOBBPXHOCTHOAKTUBHOTO BEUIECTBO, M MEXypUeTara Ile IpeThpIsT Hall-Obp3a
azicopOI1Ms Ha MOBBPXHOCTHOAKTUBHOTO BEUIECTBO, KOETO III€ JOBEIE A0 Hali-0aBHOTO pa3mnajaHe
Ha nsHaTa. OOpaTHOTO ce cllyuBa C MEXypueTaTa B IPUChCTBUETO HA IPOTUBOMOHU ¢ Hal-MaJiKa
abCoMIOTHA CTOMHOCT Ha crienupuyHaTa eHeprusi Ha afcopOIHsl Ha MPOTUBOHOHH.

Te3u pesynratu mMmo3BosIBAT Ja ce paszdepe mo-7o0pe CHenupUIHUAT €ePEeKT Ha
MPOTUBOIIOHA BBPXY MEHOOOpa3yBaHETO M IOcJe/BaliaTa TPaHOCT HA MsSHATa Ha BOJHUTE
pa3TBOpH Ha HOHHUTE TTOBEPXHOCTHOAKTUBHH BEIIECTBA.

24. Behavior of froth in absence and presence of particles,

Stoyan |. Karakashev, Dilyana S. Ivanova-Stancheva, Nikolay A. Grozev, Kristina M.
Mircheva, Minerals Engineering 2024, 212, 108715, DOI: 10.1016/j.mineng.2024.108715, Q1

Abstract: This work aims to study the effect of entrained and captured particles on the
properties of the froth. It was established that the entrained particles act as froth suppressors, while
captured particles act as froth boosters. The average liquid hold up of froths containing entrained
particles increases with the increase of the gas flow rate. On the contrary, the froths with mostly
captured particles exhibit the opposite dependence. Our study on the liquid hold up on the top of
the froth versus the gas flow rate show that the froth with entrained particles increases its liquid
hold up on the top until reaching a maximum, beyond which a decrease is observed. Surprisingly,
the froth with mostly captured particles shows different behavior — its liquid hold up on the top
practically does not depend on the gas flow rate, yet it can be seen at a certain minimal value.
Overall, this work reports than entrained and captured particles cause substantiall different and
even opposite effects on the froth stability and the liquid hold of the flotation froth.

Pe3iome: Ilenta Ha Ta3m pabora € Ja ce IpOy4H BIUSHUETO HAa YBICYCHUTE U YIIOBEHUTE
YaCTHULIK BBPXY CBOMCTBaTa Ha MIgHaTa. Y CTAaHOBEHO €, 4C YBJICUCHUTC YaCTHUIU ﬂeﬁCTBaT KaTo
IMOTHUCKalIX IIsIHaTa, A0KAaTO YJIOBCHUTE YaCTHIU JleﬁCTBaT KaTo nmoAaCuJIBaIlM I1sIHaTa. Cpe)IHOTO
3aABbPIKAHC HAa TCUHOCTTA B IIIHATA, CbABbprKalla YBJICUCHU YaCTUIHU, CC YBCIINYaBa C YBCIIMYABAHC
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Ha ,I[e6I/ITa Ha Ta3sa. HaHp0TI/IB, IgHarta € MINPCAUMMHO YJIOBCHH 4YaCTHIHM IIOKa3Ba o6paTHa
3aBucuMocT. Hamero H3CJICABAHC Ha 3aAbpKAaHCTO HAa TCYHOCT B I'OpHATa 4YacCT HaA IIdHATa B
3aBUCUMOCT OT I[e6I/ITa Ha rasa IiokKasBa, 4€ Is1HaTa ¢ YBJICYCHU YaCTHULKU YBEIIM4YaBa 3abPKAHETO
Ha TCYHOCT B I'opHaTa 4aCT 40 JOCTUIaHC HA MAKCUMYM, CJICI KOCTO CC Ha6JHOI[aBa HaMaJIIBaHE.
I/I3H6HaI[BaI_HO, IsiHaTta € MOPpEAMMHO YJIOBCHM YaCTHIM II0OKasBa Ppas3IM4YHO IIOBCACHUC -
3aABPIKAHCTO HAa TCUHOCTTA B ropHaTa M 4acT MPaKTUYCCKHU HEC 3aBUCHU OT ;[e6ma Ha rasa, HO BCEC
IIaK MOXK€E€ a ce Ha6J'IIOI[aBa ornpeacicHa MUHUMAJIHAa crornoct. Karo oAJ10 Ta3n pa60Ta II0Ka3Ba,
Y€ YBJCYCHUTC U YJIOBCHHUTC 4YaCTHLMW MNPCAU3ZBHUKBAT 3HAYUTCIIHO pPa3sjindidHd W JOpHU
IIPOTHUBOIIOJIOKHHA e(beKTI/I BBbpPXY CTAaOMIIHOCTTA Ha IIsTHATa U 3aABPKAHETO Ha TCYHOCTTAa BBB
(dbroTanmoHHAaTa TISHA.

Conclusion: We have established different effects of the captured particles and entrained
particles on the foamability and liquid hold up on the top of froth. The entrained particles act as
de-foamers, while the captured particles act as froth boosters. In addition, we have established
different dependencies of the average liquid hold up values versus the gas flow rate in the cases of
only entrained and captured particles. In the case of only entrained particles the average liquid hold
up increases with the increase of the gas flow rate, while it is opposite in the case of froth with
captured particles — the average liquid hold up decreases with the increase of the gas flow rate. This
difference should be further studied. We have established as well that the liquid hold up on the top
of froth with only 1 x 102 M MIBC and 1 x 102 M MIBC + 1 wt% STERILES MS — 45 passes
through maximum with the increase of the gas flow rate. On the contrary, in the case of 5 x 102
M Hexylamine the liquid hold up on the top of the froth diminishes with the increase of the gas
flow rate until reaching a certain minimal value. If such a froth captures particles (5 x 10"2 M
Hexylamine + 1 wt% STERILES MS — 45) this dependence becomes significantly weaker. Yet,
one can see that minimal value of the liquid hold up corresponds to the minimal value of the gas
flow rate.

3ak/royeHue: YCTaHOBUXME Pa3IMUHU €(EeKTH Ha YJIOBEHUTE M YBIEUYEHHUTE YaCTHULIU
BBpPXY H6H006p8.3}/'BaHeTO " 3abPXKAHCTO Ha TCYHOCTTA B rOpHATa 4aCT Ha IIsIHATA. VYBieueHuTe
qacTuu HeﬁCTBaT KaTo 06€3H€HI/IT€J'II/I, J0KAaTO YJIOBCHHUTC YaCTHLU HGfICTBaT KaTo yCHJIBATCIIHU
Ha mnsgHata. OcBeH TOBa YCTAHOBUXMC pa3JIMYHHU 3aBUCUMOCTH Ha CPCAHUTC CTOMHOCTH Ha
3aABbPIKAHEC HAa TCYHOCTTA B 3aBUCHUMOCT OT I[C6I/ITa Ha rasza B CIIy4auTc CaMO Ha YBJICUCHU H
YJIOBCHHU YaCTUILIU. B ClIy4das Ha CaMO YBJICUCHHU YaCTULU CPCIAHOTO 3abprKaHC HA TCYHOCTTA CC
YBCIn4aBa € yBCJINYaBaHC HA I[€6I/ITa Ha rasa, 10KaTo B ClIy4das Ha IIsIHa CbC 3abpKaHN YaCTUIH
€ O6paTHOTO - CpCOHOTO 3aAbpP7KAaHC HA TCYHOCTTA HaMaJIsIBa C YBCIIMYaBAHC HaA I[C6I/ITa Ha rasa.
Tazu pasiivka cJjeaBa ga 6’I)I[e AOI'BJIHUTCIIHO TIPOYYCHA. Ycranosuxme ChIIIO TakKa, 4€
3a/IbP’KAHETO HA TEYHOCTTA B TOPHATA YacT Ha maHaTa camo ¢ 1 x 1002 MIBC u 1 x 10°2 MIBC +
1 rernoeH % STERILES MS - 45 npemunaBa rpe3 MakCUMyM C YBeJIM4aBaHe Ha 1e0UTa Ha rasa.
Hanporus, B citydas ¢ 5 x 10 2 M XeKCHIaMHH 3a1bPKaHETO HA TEYHOCTTA HA BbpXa Ha IIsHATa
HaMmallsiBa C YBCIMYaBaHCTO Ha 2166I/ITa Ha rasa, JOKAaTO IOOCTUTHE OIpEACIICHA MHWHHMAJIHA
CTOMHOCT. AKO TakaBa MsHa ynaBs yacTuim (5 x 1072 M xexcunamus + 1 termosen % STERILES
MS - 45), Ta3u 3aBUCUMOCT cTaBa 3HAYMTEIHO MMO-cliaba. 1 Bce mak ce BK/a, Ye MUHHUMAaJTHATA
CTOMHOCT Ha 3aABPIKAHEC HA TCUHOCTTA ChbOTBCTCTBA HA MUHUMAJIHATA CTOMHOCT Ha ):[66I/ITa Ha rasa.

38



25. Inorganic Salts as Chemical Foam Suppressors,

Niravkumar Raykundaliya, Stoyan I. Karakashev, Vyomesh M. Parsana, Nikolay A. Grozev,
Kristina_Mircheva and Dilyana Ivanova-Stancheva, Coatings, 2024, 14(11), 1358,
DOI: 10.3390/coatings14111358, Q2

Abstract: Can the foamability of surfactant aqueous solutions be controlled chemically?
Well-known antifoams can prevent foaming by inducing the coalescence of the bubbles, but can
the surfactants be deactivated chemically? If yes, how does this affect the surface tension of their
aqueous solutions and their foaming capacity? To shed a light on these fundamental questions, we
chose a well-known surfactant containing in its molecule a sulfate group (Sodium dodecy!l sulfate,
SDS) and mixed it with BaCly, (the solubility of BaSO4 is 0.245 mg/100 mL water, T = 20 C),
Pb(NO3):2 (the solubility of PbSOy4 is 40.4 mg/100 mL water, T = 25 °C) and FeCls (the solubility
of Fex(SO4)3 is 25.6 g/100 mL water, T = 20 °C) at different molar ratios (MXn/SDS): 1/2, 1/1, 2/1,
4/1. The results were surprising: in the case of BaCl., despite being in stoichiometric molar ratio
with SDS (BaCl, + 2SDS -> Ba(DS). + 2 NaCl), or in excess of BaCl, which should convert the
whole amount of SDS into a sediment, the surface tension value remained significantly lower than
that of the single surfactant. At the same time, foamability was either low or absent. It therefore
appears that all of the surfactants should be converted into a sediment with very small solubility,
but the low surface tension indicates the opposite. The lack of foamability indicated the opposite
of that opposite. With Pb(NOz3). and FeCls, the results are even stranger. The surface tension values
are substantially smaller than those of the single surfactants, and at the same time, low foamability
or lack of foamability was observed. It appears that the surfactant exists and at the same time does
not exist in the aqueous solution. Where is the truth? Future studies will shed a light.

Pe3rome: Moxe u Ja CC KOHTPOJIHUpa XUMHUUICCKHU neH006pa3yBaHeTo Ha BOJAHH Pa3TBOPH
Ha MOBBPXHOCTHOAKTUBHU BGHIGCTBa? 21061)6 IMMO3HATUTC AHTHUIICHUTCIIN MOraT Aa MpeaoTBpPaTAT
o6pa3yBaHeTo Ha TIIgHa, KAaTO NPCAU3BUKAT KOAJICCHCHHOUWA Ha MEXypucTarda, HO MOI'aT JIU
MMOBBPXHOCTHOAKTHBHHUTEC BCIICCTBA Aa 6’I)I[aT ACAKTUBHPAHU 110 XUMHUYCH obeT? AKO Ja, Kak TOBa
CC 0Tpa3sBa Ha TIOBBPXHOCTHOTO HAIIPCIKCHUEC HA BOAHUTC UM PAa3TBOPHU U HA CIIOCOOHOCTTA UM aa
ce pasneHBaT? 3a Jja XBbpJIUM CBETJIMHA BbPXY Te3U (PyHIaMEHTAJIHU BBIIPOCH, H30paxme 100pe
IO3HATO MOBBPXHOCTHOAKTHUBHO BCHICCTBO, CBHABPIKAIIIO B MOJICKYyJaTa CHU CyJICI)aTHa rpyna
(marpueB poneuwmicyndar, SDS), u ro cmecuxme ¢ BaClz (pazrBopumoctta Ha BaSO4 e 0,245
mg/100 mL Boxa, T =20 °C), Pb(NO3)2 (pazrBopumoctta Ha PbSO4 ¢ 40,4 mg/100 mL Boga, T =
25 °C) u FeCls (pasrBopumoctra Ha Fex(SO4)3 € 25,6 g/100 mL Boma, T = 20 °C) npu pasiuyHu
Monapuau cboTHomeHuss (MXn/SDS): 1/2, 1/1,2/1, 4/1. PezyntaTute 6s1xa U3HEHAIBAIIU: B CIIy4as
¢ BaCl,, Bprpekn 4e € B CTEXMOMETPUYHO MOJIapHO cboTHOIeHue cbe SDS (BaClz + 2SDS ->
Ba(DS)2 + 2 NaCl) wiu B uznumrsk ot BaClz, koeTo 61 TpssOBasio 1a MpeBbpHE ISUIOTO KOTHYECTBO
SDS B yraiika, CTOMHOCTTa Ha MOBBPXHOCTHOTO HAIpPEKEHUE OCTaBa 3HAYMTEIIHO MMO-HHCKA OT
Ta3u Ha CAUHUYIHOTO NMOBBPXHOCTHOAKTHBHO BCIICCTBO. B CbIIOTO BpEMC HCHOO6pa3YBaHCTO €
HHUCKO HJIU JIUIICBA. CHeJIOBaTeJ'IHO H3TJICKIa, 4Y€ BCUYKHU IMOBBPXHOCTHOAKTHBHH BCUICCTBA on
Tpﬂ6BaJ'IO Aa C€ NpCBbPHAT B yTaﬁKa C MHOI'0 MaJika pa3TBOPUMOCT, HO HUCKOTO MOBBPXHOCTHO
HalnpeXeHue MokazBa oOpaTtHoTo. Jlumcata Ha mMeHOOOpa3yBaHE MOKa3Ba OOPAaTHOTO Ha TasH
npotusomnonoxHoct. [Ipu Pb(NO3z)2 u FeCls pesynrature ca omie no-crpanuu. CToifHOCTUTE Ha
IOBBPXHOCTHOTO HAIpECIKCHUE Cca 3HAYUTCIIHO IIO-HUCKHU OT TE3Uu HAa COAUHHUYHUTEC
NMOBBPXHOCTHOAKTHBHH BCHICCTBA U B CHIIOTO BPEMEC CC Ha6mo;[aBa HHCKa HeHOOGPaByBaeMOCT
Wiy JgIica Ha HCH006paSYBaeMOCT. Oka3sBa CC, Y€ TIOBBPXHOCTHOAKTHBHOTO BEIIECCTBO
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ChIICCTBYBA U CHIICBPEMECHHO HE CHIIECCTBYBA BbB BOAHHS PA3TBOP. K’b,[[e e uctuHara? B’LI[CH_II/ITG
MIPOYYBaHUS 1€ XBBPJIAT CBETJIMHA.

Conclusion: The experimental results raised more questions about the nature of foam
suppressing
than existed prior to the beginning of this experiment. In short, the following conclusions were
drawn from this work:
1. The counter-ions of the added salt react with DS— co-ions, thus forming sediments with
increasing solubility in the series Ba(DS). < Ph(DS). < Fe(DS)z (see Table 1); the mechanism of
this reaction is not clear, because they do not react completely, thus leaving certain free amounts
of counter-ions and SDS; the latter varies with the variation in salt/SDS molar ratio;
2. The three salts reduce the foamability of the aqueous solutions of SDS following the same order
of increasing foam suppressing capacity: FeClz < Pb(NO3)2 < BaCly; this correlates well with the
solubility of the sediments, suggesting the idea of the mechanism of exhausting of the solution
from SDS.
3. The surface tension value drops significantly in the three cases, even substantially below the
minimal value at CMC of the single SDS system. Despite the low values of surface tension, the
foamability is either completely suppressed or significantly reduced. The hypothesis of exhausting
the solution of SDS, due to the formation of sediment, cannot explain the combination of low
surface tension values and lack of foamability (or significantly reduced foamability). Evidently,
more studies are needed to explain this puzzle.

3aKkiroueHne: PGSyJ'ITaTI/ITC OT CKCIICPpHMMCHTA IMOBAUIHAXa IMOBCYC BBIIPOCH OTHOCHO
C€CTCCTBOTO Ha Mponeca Ha MOTHCKAHC Ha HGHOOﬁpaSYBaHeTO, OTKOJIKOTO ChIICCTBYBaxa IpCau
Ha4YaJI0TO Ha TO3HW CKCIICPUMCHT. HaKpaTKO, OT Tas3Hu pa60Ta Osxa HalpaBCHU CJICOAHUTC
3aKJIIHOYCHUA:
1. HpOTI/IBOI/IOHI/ITe Ha ,Z[O6aBeHaTa COJI p€arupar C DS- KO-MOHHUTC, KAaTO IIO TO3HM HAYHUH CC
o0pasyBaT yTailku ¢ HapacTBala pa3rsopumoct B peaumnara Ba(DS), < Pb(DS). < Fe(DS)3 (Bx.
Ta6J’II/II_Ia 1), MCXAaHU3MBT HA Ta3u pCaKIUsd HE € SICCH, TBU KaToO T€ HE pcarupart Hall'bJIHO, KAaTO I10
TO3M HAUYUH OCTaBaT OMpEAENIeHH CBOOOJHHM KOJIMYECTBA MPOTUBOMOHM W SDS; mocimegHoTo
Bapupa ¢ IpoMsiHaTa Ha MOJIAPHOTO ChOTHOIIEHHE coi/SDS;
2. Tpute coyn HamalsABaT MeHOOOpa3yBalara CrrocOOHOCT Ha BOJAHHUTE pa3TBOpH Ha SDS B chimus
pel Ha yBenu4aBaHe Ha neHooOpasysaiata ciocooHoct: FeCls < Pb(NOs3). < BaClz; Toa noope
KOpeJiipa ¢ pa3TBOPUMOCTTA Ha YTaKUTE, KOETO MOJICKA3Ba UJIEATa 38 MEXaHU3Ma Ha U3UEPIIBAHE
Ha pa3TtBopa oT SDS.
3. CroiiHOCTTa Ha MOBBPXHOCTHOTO HAIPEKEHHUE Clajla 3HAYUTEIHO U B TPUTE ciydyas, J0pU
3HAQUUTENHO Mo MHUHMManHata ctodHocT npu CMC Ha enunHuyHaTta cuctema SDS. Bbrpeku
HHUCKHUTE CTOMHOCTH Ha IMOBBPXHOCTHOTO HANPECKCHUC, HGHOO6paSYBaH€TO € WJIU HaIlbJIHO
IIOTHCHATO, U1K 3HAYUTCIHO HAMAJICHO. Xunoresara 3a HU3YCPIIBAHC HA pa3TBOPA Ha SDS nopaau
oOpazyBaHe Ha yTallka HE MOXeE Ja OOSCHM KOMOWHAIuATa OT HHCKA CTOMHOCTH Ha
MOBBPXHOCTHOTO HAIIPCKCHUEC W JIMIICAa Ha HeH006pasyBaHe (I/IJ'II/I 3HAYUTCIIHO HaMaJICHa
neHoobpaszyBaemoct). O4eBHIHO ca HEOOXOAUMH JOMBIHUTEIIHA U3CIICBAHUS, 32 Ja C€ O0SCHU
Ta3u 3arajgka.
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26. Study of the influence of ionizing radiation on the activity of the neurotoxin
Vipoxin in a model monolayer system at the water/air interface,

Philip Marinov, Kristina Mircheva, Svetla D. Petrova, Konstantin Balashev, Results in
Surfaces and Interfaces, 2024, 15, 100232, DOI: 10.1016/j.rsurfi.2024.100232, Q2

Abstract: The main components of the cell membrane are phospholipids, and the enzymes
that hydrolyze them for the purposes of many important physiological functions are the
phospholipases whose properties strongly depend on the phospholipids’ structural organization.
Here, we propose a proper experimental approach to study the effect of ionizing radiation on the
catalytic action of the neurotoxin Vipoxin, a heterodimeric protein complex composed of an active
basic secretory phospholipase A2 (PLA2) and an inactive acidic component, known as “inhibitor”,
on the phospholipid substrate such as a-L-dilauroylphosphatidylcholine (DLPC) using as a model
system Langmuir monolayer. First, the Vipoxin dissolved in buffer solution was irradiated in a
controlled manner with radiation doses varying from 0.1 to 10 Gy, next, the Vipoxin PLA2 activity
was followed in real-time, using a modified Langmuir trough, measuring the surface area change
of the monolayer. This approach allowed us to obtain the dependence of the neurotoxin catalytic
activity at a particular surface pressure and to determine the fundamental constants of the enzyme
reaction. It was found that the activity of Vipoxin was influenced in a dose dependent manner. We
also found that at higher irradiation doses the enzymatic activity increased, hypothetically due to
dissociation of its dimeric Vipoxin complex.

Pe3tome: OCHOBHHTE KOMIIOHEHTH Ha KJIEThYHATa MeMOpaHa ca Qocdonunuanre, a
CH3UMUTC, KOUTO I'M XUAPOJJU3HUPAT 3a LHCIUTC Ha MHOI'O Ba>XHHU CI)I/I?»I/IOJ'IOFI/I‘IHI/I (1)yHKI_[I/II/I, ca
dochommnazuTe, YUUTO CBOWCTBA CHJIHO 3aBUCAT OT CTPYKTypHaTa oOpraHu3anus Ha
(1)00(1)0J'II/IHI/I,I[I/ITC. TyK npempiaraMe mnoAXoJAl] CKCICPHUMCHTAJICH IIOAXOJ 3a HM3CJICABAHC Ha
edexTa Ha HOHU3UPAILIOTO JTbUEHUE BbPXY KaTAIUTUYHOTO JACHCTBIE HA HEBPOTOKCHHA Bunokcus,
XCTCPOAUMEPCH ITPOTCUHOB KOMIUICKC, CbCTABCH OT AKTHMBHA OCHOBHA CCKPETOPHA (boc@om/ln%a
A2 (PLA2) u HeakTHBEH KHCEIMHEH KOMIIOHEHT, W3BECTEH Karo ,,MHXHOUTODP®, BBPXY
dbocomunuanus cydcrpar karo o-L-gunaypoundocharuaunxonun (DLPC), usnonssaiiku kato
MojieJTHa MOHOCIIOMHA cuctema. [IspBo, Bunokcun, pasrBopeH B Oydepen pa3TBop, 6elie 00irp4eH
KOHTPOJHMPAHO ¢ 03U Ha obmbuBane, Bapupamniy ot 0,1 go 10 Gy, cien KoeTo akTMBHOCTTa Ha
Bunokcun PLA2 Gemie npocneaeHa B peaiHo Bpeme, U31oJ3Baiiku Moaudunrpana Jlanrmroonposa
BaHa, H3MepBaI>iKPI IIpoMAHATa B IIOBBPXHOCTHATA IIJIOI HAa MOHOCJIOA. To3u IIoaAxXoJ HU I1O3BOJIN
Aa IOJIyYMM 3aBUCHUMOCTTAa Ha KaTaJIMTHYHATA aKTUBHOCT Ha HEBPOTOKCHMHA MpPU OMNPEACTICHO
MOBBPXHOCTHO HAJIATAHE U J1a OIPCACIINM (byH,[[aMeHTaJ'IHPITe KOHCTAHTHU HAa CH3WMHATa pCaKUusl.
YcTanoseHo €, U€ aKTHUBHOCTTA Ha Bunokcun ce Biuse mo J10303aBUCHUM HA4YUH. Ycranosuxme
ChbIIO, Y€ IIPU IMO-BUCOKHU 03U 00JbUBaHE €H3MMHATAa aKTUBHOCT CE yBCINn4aBa, XUIIOTCTUIHO
mopaau auconruanus Ha HEroBusa JUMEPECH BunokcuHoB KOMILIEKC.

Conclusion: In this paper, the influence of ionizing radiation on the catalytic PLA> activity
of the heterodimeric neurotoxin Vipoxin was investigated, using as a substrate a monolayer of
medium-chain phospholipid DLPC, formed at the water/air interface. The enzymatic hydrolysis of
the DLPC monolayer under the action of Vipoxin was carried out in the "zero-order"” trough under
barostatic conditions at a surface pressure of 20 mN/m, and the kinetic curves of the surface area’s
change (AA) in time (t) were measured. Experimental data were obtained for Vipoxin solutions,
preliminary irradiated in a controlled manner with doses of 0.1 Gy, 1 Gy, and 10 Gy, as the
experiments were carried out 3h and 72h after their irradiation, respectively. From the obtained
kinetic curves, the values of the global kinetic constant Qm and the surface activity SA* of the

41


https://www.scopus.com/authid/detail.uri?authorId=23100109900
https://www.scopus.com/authid/detail.uri?authorId=23100109900

enzyme-catalytic reaction were calculated. The analysis of the data showed that for the Vipoxin
solutions, which were irradiated 3h before the initiation of hydrolysis of DLPC monolayers, the
activity of the Vipoxin (i.e., the values of Qm and SA*) correlating to the increased intensity of
irradiation (the dose), thus implying that the change of the enzyme activity is dose dependent. We
speculated that the radiation through some unknown molecular mechanism led to a dissociation of
the Vipoxin complex and subsequently to an increased lipolytic activity that is dependent on the
increased number of dissociated from the Vipoxin complex PLA subunits.

Comparing data obtained during the Vipoxin hydrolysis 3h and 72h after the irradiation of
the Vipoxin solutions we found that the PLA: activity of Vipoxin samples, irradiated with a dose
of 0.1 Gy and after 72 h slightly increased or remained unchanged within the error of measurement,
while the activity of Vipoxin irradiated with a dose of 1 Gy and 10 Gy decreased. One explanation
of these results could be that the decrease in Vipoxin enzyme activity most likely is a result of a
reverse association of its active PLA; and inactive VAC components to an active heterodimeric
Vipoxin complex. This hypothesis is coherent with the results we previously reported about the
lipolytic activity of the Vipoxin complexes reconstituted from pre-incubated VAC/PLA2 mixtures
that reached higher values of the global kinetic constant Qm and the surface activity SA* in
comparison to those of the native Vipoxin complex (Mircheva et al., 2019). Conformational and
structural changes in the heterodimeric complex Vipoxin and its individual active PLA, and
inactive VAC subunits define regulatory mechanisms for its so important enzymatic (active site and
interfacial binding site) and pharmacological (receptor binding site) functions. In principle, the
results presented in this study unravel the importance of the intimate molecular structure of
Vipoxin, for understanding the regulatory mechanisms of its action. It may also provoke some
intriguing questions concerning the role of ionizing radiation in the evolutionary development of
these mechanisms and the refinement of the protein complexes as a whole.

3akirouenue: B Ta3u craTus € n3ciaeaBaHo BIMSHUETO HA HOHU3UPALIOTO TbUEHUE BbPXY
KaTaJIuTU4YHAaTa PLAz AKTUBHOCT Ha XE€TCPOAUMCPHHA HCBPOTOKCHUH BI/IHOKCI/IH, KaToO € U3I10JI3BaH
KaTo cyOcTpar MoHOcHoON OT cpeaHoBepmwkeH ¢ochomunua DLPC, obpasyBan Ha rpaHuiiaTta
BoAa/Bb3AyX. EH3umuara xumponusza Ha DLPC moHocnos mon aeiictBuero Ha Bumokcun e
MIpOBE/IeHa BbB BaHa OT "HYJIEB NMOPAIBK" MpH OapOCTaTUYHH YCIIOBUS MOBBPXHOCTHO HaJIAraHe
oT 20 mN/m u ca u3MepeHu KHHEeTUYHUTE KPUBU Ha MPOMsIHATa Ha MOBBPXHOCTHATA 1ioml (AA)
BBB BpeMe (t). [lomyuenu ca ekcrieprMeHTalHU JaHHHU 32 pa3TBOpU Ha BUNOKCHH, peBapUTEIHO
obpueHn koHTpoaupaHo ¢ 1o3u ot 0,1 Gy, 1 Gy u 10 Gy, Karo eKCepuMEHTHUTE ca MMPOBEACHU
CbOTBETHO 3 yaca M 72 4aca ciea TAXHOTO oOibuBaHe. OT MOIYYEHUTE KUHETUYHH KPUBU ca
M3YHUCIIEHN CTOMHOCTUTE Ha I100alHaTa KUHETHYHA KOHCTAHTa Qm U ITOBBPXHOCTHATA aAKTUBHOCT
SA* Ha eH3WMHO-KaTaIUTHYHATA peakius. AHAIM3BT HA JAHHHUTE MOKAa3a, Y€ 32 PA3TBOPHUTE HA
Bumnokcun, xouto ca Ounm oOnbyeHH 3 4yaca mpead 3amoyBaHe Ha xuapoaumsara Ha DLPC
MOHOCJIOEBE, aKTMBHOCTTa Ha Bumokcun (T.e. cToiftHOcTUTe HAa Qm u SA*) Kopemmpa cC
MMOBUIIIEHATA WHTEH3UBHOCT Ha OOJIbYBAHE (;[03aTa), KOCTO mpearojara, 4¢ MnpomMsHaTa Ha
€H3MMHAaTa aKTUBHOCT € Jo0303aBucuMa. Crekyiaupaxme, 4e OOIbYBAHETO Ype3 HIKAKbB
HCU3BCCTCH MOJICKYJIAPECH MCXAaHU3bM BOJAU A0 AUCOLUAIMA Ha Bunokcunosus KoMmIjiekc U
BIIOCJICACTBHUEC OO0 IIOBHIICHA JIMIIOJIUTHUYHA AKTUBHOCT, KOATO 3aBUCHU OT YBCIIHMUYCHUA 6pOI>'I
aucouuupanu oT BunokcunoBus komiuieke PLA, cyOeauHuIm.

CpaBHsBallKM JTaHHWTE, NIOJIyYEHHU 10 BpeMe Ha XHAposin3ara Ha Bumnokcus 3 vaca n 72
qaca cJieq 00IBbYBAHETO HA pa3TBOPUTE Ha BI/IHOKCI/IH, YCTaHOBUXMEC, Y€ PLA2 AKTUBHOCTTA Ha
npobute Ha Bunokcun, ob6nwvyeHu ¢ no3a ot 0,1 Gy u cnen 72 vaca, JIEKO c€ € yBeIUuuiIa UiH €
OCTaHaJla HCIPOMCHCHA B PAMKHTC Ha TI'pPCIIKATa HAa U3MCPBAHC, JOKATO AKTUBHOCTTA Ha
Bunoxkcun, o6mpuen ¢ no3a ot 1 Gy u 10 Gy, e Hamamsuta. EqHo o0sicHeHMe Ha Te3H pe3ynTaTu
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MO3Ke J1a ObJIe, Ue HaMaJIsiBaHETO Ha eH3UMHATa aKTUBHOCT Ha BUMOKCHUH Hali-BEPOATHO € pe3yTaT
0T 00paTHOTO CBbp3BaHe Ha HeroBuTe akTUBHU PLA2 u HeaktuBHM VAC KOMIIOHEHTH C aKTUBEH
xerepoauMepeH BunokcruHoB komiieke. Ta3u XUmnoresa € B CbOTBETCTBHE C Pe3yiATaTUTE, KOUTO
JOKJIaJJBaXM€ IO-PaHO 3a JIMIOJUTUYHATA AaKTMBHOCT Ha BUIOKCHMHOBUTE KOMIUIEKCH,
BB3CTAaHOBEHU OT mpeaBaputenHo mHkyoupanu VAC/PLA. cmecu, KOUTO ca JOCTHTHAIW II0-
BHCOKHM CTOMHOCTHU Ha rjo0ajgHaTa KWHETHYHA KOHCTaHTa Qm ¥ MOBBPXHOCTHATA aKTUBHOCT SA*
B CpaBHEGHHE C Te3M Ha HaTUBHUA BunokcmHoB kommiekce (Mircheva et al., 2019).
Kondopmannonuure u CTPyKTypHH NPOMEHH B XETEPOAUMEpPHHUS KOMIUIEKC BUIOKCHH U
HeroBute oTAenHu akTBHU PLA> u HeakTuBHU VAC CcyOeqUHUIIM OMPEACISAT PEryjIaTOpHHUTE
MEXaHM3MH 332 HETOBHUTE TOJIKOBA BaKHU €H3MMHHM (aKTHBEH IIEHTHP M MSCTO Ha CBbP3BaHE Ha
MOBBPXHOCTTA) U (papMaKOJIOTHYHH (MSCTO Ha CBBbp3BaHE Ha peuenTtopa) pyHkuuu. [1o npunmumm,
pe3yinraTtuTe, NpPEICTaBEHM B TOBAa U3CJIE/BaHE, pa3KpUBAaT 3HAYCHHWETO HA WHTUMHATa
MOJIEKYJISIpHa CTpyKTypa Ha BumokcuH 3a pa3OupaHeTo Ha pEryjJaTOpPHUTE MEXaHU3MU Ha
HEroBoTo AeiicTBue. ToBa MoOXe CHIIO Ja MPOBOKUPA HSAKOM HMHTPUTYBAIIM BBIIPOCH OTHOCHO
poJjisiTa Ha MHOHM3HMPAIIOTO JbUEHUE B EBOJIIOLIMOHHOTO pAa3BUTHE Ha TE3W MEXaHU3MH U
YCBBBPIICHCTBAHETO HA MPOTEMHOBUTE KOMIUIEKCH KaTO IISUIO.
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