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Mass spectrometric study of rhamnolipid biosurfactants
and their interactions with cell membrane phospholipids
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Aim. To examine the formation of supramolecular complexes of biogenous rhamnolipids with membrane
phospholipids that is considered as a molecular mechanism of the biosurfactants antimicrobial action.
Method. In the present work rhamnolipid biosurfactant samples produced by Pseudomonas sp. PS-17 strain
have been investigated by electrospray ionization mass spectrometry for the first time. Results. As a result
of the study, characteristic mass spectra of the rhamnolipid samples were obtained, that can be used as
reference spectra for mass spectrometric identification of the compounds in any biological or industrial
samples. At the next stage of the experiments the pair systems, containing the biosurfactants and a
membrane phospholipid dipalmitoylphosphatidylcholine, have been tested. The cationized noncovalent
complexes of the rhamnolipids with the phospholipid were observed in the spectra. Conclusions. The results
obtained testify to the consideration that rhamnolipids (similar to other membranotropic agents) can form
stable supramolecular complexes with membrane phospholipids that are able to evoke the biosurfactants
antimicrobial action. A great potential of electrospray ionization mass spectrometry for the biosurfactants
identification and study has been demonstrated in the work.
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Introduction. Surface active compounds of natural or
biotechnological origins including rhamnolipids, being
widely investigated in a number of studies [1-8], are
perspective antimicrobial agents for application in
modern technologies in pharmacology, cosmetology,
food industry and agriculture. The biogenic surfactants
are produced by special strains of microorganisms or
plants [1-3, 7]. The advantages of these surfactants as
compared with synthetic ones are non-toxicity,
biodegradability and ecological safety. Biosurfactants
belong to the class of amphiphilic compounds the
molecules of which contain hydrophobic and hyd-
rophilic parts. Owing to the unique physicochemical
properties, these compounds reveal membranotropic
activity [4, 8], and, therefore, the considered molecular
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mechanism of the surfactants antimicrobial action is
their interaction with bacterial membrane structures
[6]. In the present work the samples of rhamnolipid
biosurfactants produced by Pseudomonas sp. PS-17
have been investigated by electrospray ionization (ESI)
mass spectrometry (MS) for the first time.

Materials and Methods. The samples of biosur-
factants studied — mono- (RL1) and di- (RL2) rhamno-
lipids — were obtained from the Department of Physical
Chemistry of Combustive Minerals, Institute of Physi-
cal-Organic Chemistry, NAS of Ukraine, Lviv. The
rhamnolipid biosurfactants were produced naturally by
a bacterial strain Pseudomonas sp. PS-17 and obtained
by the method described in [9]. The extracted mixture
of di- and monorhamnolipids was separated by thin
layer chromatography. However the final sample of
RL1 contained an admixture of RL2 and vice versa that
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Scheme. Rhamnolipid RL1 (¢) and Rhamnolipid RL2 (b)

was shown in the MS spectra. The structures of mono-
and dirhamnolopids, L-Rhamnosyl--hydroxydeca-
noyl-$-hydroxydecanoate (RL1, M, = 504 Da) and L-
Rhamnosyl-L-rhamnosyl--hydroxydecanoyl--hyd-
roxydecanoate (RL2, M, = 650 Da), are presented in the
Scheme a and b, respectively.

Methanol (Super grade), being used as a solvent,
was purchased from Lab-Scan (Ireland).

The synthetic phospholipid dipalmitoylphosphati-
dylcholine (C,,Hy,NO,P, M, = 734 Da) was purchased
from ALSI, the company distributing the SIGMA-
ALDRICH products in Ukraine (Kyiv, Ukraine).

MS data were obtained in the positive ion mode, us-
ing a mass spectrometer API 2000 quadrupole HPLC-
MS/MS (Perkin Elmer Sciex, Canada) equipped with
the Turbo ITonSpray source. This source was operated
in the standard ESI mode. The ESI source temperature
was set to 200 °C. Curtain gas (N2) back pressure of
0.14 MPa (20 units), nebulizer gas (N2) of 0.42 MPa
(60 units) and turbo gas (N2) of 0.21 MPa (30 units)
were applied. Ion source capillary voltage was set to
4 kV. The typical declustering potential value was
35V, focusing potential value —200 V and entrance po-
tential —10 V. ESI spectra were recorded in the mass
range of m/z 100—4000. Data acquisition and proces-
sing were performed using Analyst 1.4.1 software.

Results and Discussion. At the first stage of the
study solutions of the samples of RL1 and RL2 in
methanol with the final concentration of 250 uM were
investigated by ESI MS and characteristic spectra of
the biosurfactants were obtained. The spectra regis-
tered are in a good agreement with the MS spectra of
rhamnolipid samples produced by another strains of
microorganisms and investigated in [10, 11]. The peaks
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of cationized molecules of rhamnolipids were regis-
tered in our spectra: [RL1:Na]" at m/z 527, relative
abundance (RA) 100 %, [RL1:K]" atm/z 543, RA 19 %
for the monorhamnolipid (Fig. 1, 4); [RL2:Na]" at m/z
673, RA 100 %, [RL2:K]" at m/z 689, RA 39 % for the
dirhamnolipid (Fig. 1, B). Cationization as a way of ion
formation is characteristic for the electrospray method
of ionization [10, 12]. These peaks of the compounds
can be used as reference peaks to reveal rhamnolopids
in any biological samples or biotechnological products
by ESI MS method and to study the compounds in-
teractions with target biological molecules.

At the next stage of the experiments the interaction
of these biosurfactants with membrane phospholipid
dipalmitoylphosphatidylcholine (PL) was examined.
The spectra of the systems RL1 + PL (1:1) (Fig. 2, 4)
and RL2 + PL (1:1) (Fig. 2, B) contain ions related to
the individual components of the mixtures, namely the
peaks of the above cationized rhamnolipid molecules
and the peaks originated from PL: [PL:H]" at m/z 735,
[PL:Na] at m/z 757, [PL:K]" at m/z 773.

However, the most interesting result from the
biophysical point of view relates to the observation in
the spectra of the ions of noncovalent complexes of the
rhamnolipids with the phospholipid molecules:
[RL1:PL:Na] atm/z 1261, RA 8 %; [RL1:PL:K]" at m/z
1277 with RA 4 % for RL1 (Fig. 2, 4) and
[RL2:PL:Na]’, m/z 1407, RA 12 %; [RL2:PL:K]", m/z
1423, RA 4 % for RL2 (Fig. 2, B). The experimental
detection of the stable cationized supramolecular com-
plexes of rhamnolipid and phospholopid molecules in
the mass spectra is a nontrivial result which confirms a
high stability of the complexes being sprayed from the
solution under high ion source capillary voltage (4 kV).
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Fig. 1. ESI mass spectra of RL1 (4) and RL2 (B) sample
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Fig. 2. ESI mass spectra of the RL1 + PL (4) and RL2 + PL (B) mixture in MeOH

In ESI MS, which is widely used for investigating
noncovalent complexes, it is assumed that the ions of
supramolecular complexes registered in the spectra
reflect the composition of the liquid sample and can be
used to characterize the complexation processes
occurring in the solution [12]. The formation of the
noncovalent complexes of membranotropic rhamno-
lipids with membrane phospholipids is considered as a
possible molecular mechanism of antimicrobial ac-
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tivity of the biosurfactant studied. The supramolecular
complexes of the rhamnolipids with phospholipids can
affect the liquid-crystalline state of the membrane lipid
matrix of microorganisms and disturb some membrane
processes, including cells transport and breathing, like
it was reported for another membranothropic agent,
bisquaternary ammonium compound decamethoxi-
num, having been studied in our previous investiga-
tions [13].
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Conclusions. In the present study the biogenic
rhamnolopid biosurfactants produced by Pseudomonas
sp. PS-17 have been investigated by the ESI MS for the
first time. In the spectra of rhamnolipid samples
solutions in MeOH the intensive peaks of cationized
molecules of the compounds were registered that de-
monstrates the great potential of ESI MS method for
the identification of biosurfactants in different samples.
As aresult of the ESI MS investigation of the mixtures
of rhamnolipids and dipalmitoylphosphatidylcholine
(1:1), the cationized noncovalent complexes of the
biosurfactant and phospholipid molecules were obser-
ved. The formation of stable supramolecular comp-
lexes of the membrane phospholipids with the bio-
surfactants revealed in the experiments is considered as
the molecular mechanism of their antimicrobial
activity.
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Mac-creKkTpoMeTpUYHe TOCIHIiIKCHHS paMHOIII JHIX
6iocypdakranTiB Ta iXHBOI B3aeMoii 3 pocdomiminamu

KIITHHHUX MeMOpaH

Pesome

Mema. Ilepesipumu modiciugicmes Gopmy8anus cynpamorexyiap-
HUX KOMRJEKCi6 OI02eHHUX pAMHONINIOI6 ma MeMmOpanHux ¢goc-
Gdoninidis, wo po3ensi0aemovcs K MOJNEKYIAPHUL MEXAHIZM aH-
mumikpobnoi 0ii yux 6iocyppaxmanmis. Memoou. YV npeocmas-
JleHill pobomi 3pasku pamHoAiniOHux biocypgakxmanmis, npooyko-
eani wumamom Pseudomonas sp. PS-17, enepwe docnioscero 3a do-
NnOMO2010 Memooy Mac-CneKmpomempii 3 [OHI3ayie enekxmpoc-
npeem. Pesynomamu. Ompumano xapaxmepucmuini Mmac-cnexmpu
PAMHORINIOIG, AKI MOICHA BUKOPUCMOBYBAMU SIK pehepenmHui cnex-
mpu 0as Mac-cnekmpomempuunoi ioenmugpikayii yux cnoayk y
PpisHuXx 6ionociunux ma mexumono2iynux 3pasxkax. Ha nacmynnomy
emani excnepumermis 8UGYANU NAPHI CUCMeEMU 3A3HAYEHUX Diocyp-
paxmanmie 3 membpannum gocgoninioom ounarvmimoingocega-
MUOUNXONIHOM. YV cnekmpax 3apeecmpoeano KamioHi308aHI He-
KOBANEeHMHI KOMALEKCU pAMHONINIOIE 3 poconinioom. Bucnosxu.
Ooeporcani pesyromamu niomeepoAHCyIOms MOHCIUBICTNG GOpMY-
6AHH CMABIILHUX CYNPAMONLEKYNAPHUX KOMNIEKCI8 MEMOPAHHUX

Gocghoniniois 3 pammoninioamu (max camo, siK i 3 IHUUMU MeMOpa-
HOMPONHUMU A2eHMAMU), WO NO8 A3VIOMb 3 AHMUMIKPOOHOIO Jicio
yux biocyppaxmanmie. Iloxazano nepcnekmugnicms UKOPUCHIAH-
HSL MEmMOoOy Mac-cnekmpomempii 3 ionizayieio enekmpocnpeem oas
i0enmughikayii ma eusuenns oiocypghaxmanmis.

Knwouoei crnosa: pamuoniniou, ¢ocghoniniou, mac-cnekmpome-
mpis, ionizayis enexkmpocnpeem (ESI), HekosaneHmui Komniekcu.
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Macc-CreKTpOMETPHYECKOE HCCIETOBAHNE PAMHOIUITHIHBIX
6uocyphakTaHTOB U MX B3auMoaelcTBus ¢ hochonunuaamu

KJIETOYHBIX MeMOpaH

Pesrome

Henw. Ilpogepums 803MOACHOCHL POPMUPOBANUSL CYNPAMOLEK)-
JISIPHBIX KOMNJIEKCO8 OUO2EHHBIX PAMHOAUNUOOE U MEeMOPAHHBIX
Gocghorunuoos, umo paccmampugaemcs Kak MOJIEKYIAPHLLI Mexd-
HUBM  AHMUMUKPOOHOU AKMUBHOCIMU IMUX OUOCYPPAKMAHMOS.
Memoo. B nacmosaweil pabome obpasyvl pamHOIUNUOHBIX OUOCYD-
paxmanmos, npodyyupyemvie wimammom Pseudomonas sp. PS-17,
enepebvle U3yueHbl MemoOOM MACC-CNeKMpoOMempul ¢ uoHuzayuei
anekmpocnpeem. Pesynomamul. [lonyuenvt xapakxmepucmuyecxue
MAcc-CneKmpvl pAMHOIUNUO0B, KOMOPbLE MOJICHO UCHOLb308AMb
Kak pegepenmuvle cnekmpovl O MACC-CREKMPOMEempuieckoil
udeHmuGuKrayuy IMux coeOUHeHUll 8 Pa3IUYHbIX OUOIOSUYECKUX
unu mexuonozuveckux oopaszyax. Ha credyowem smane sxcnepu-
MEHMO8 AHANUZUPOBANU NAPHBIE CUCMEMbL PAMHOIUNUIOE U MeM-
b6pannoeo Qocporunuda Junarsmumounpochamuourxoruna. B
CHeKmpax 3ape2ucmpuposanbl KAMmuoHUUPOBAHHblE HeKOGAeH-
mHble KOMIILEKCbl PAMHOIUNUO08 ¢ Gochorunudom. Beteoowt. I1o-
JYYeHHble Pe3VIbmamvl NOOMEEePICOAION B03MONCHOCIL 00pA30-
6aHUsL CMAOUTLHBIX CYNPAMOLEKYTAPHBIX KOMNIEKCO8 MEMOPAHHbIX
Gochonunuoos u pammorunudos (nodobHo opyaum memoéparnom-
PONHBIM A2EHMAM), YMO CEA3bIBAIOM C AHMUMUKDPOOHBIM Oeticmeu-
em smux 6uocypgaxkmanmos. Ilokazana nepcnexmueHocms uc-
NOAb308AHUS MEMOOA MACC-CREKMPOMEMPUY ¢ UOHUZAYUEU DIIeK-
mpocnpeem 01a uoeHmugurkayuu u usydenus 6uocyp@PaKxmanmos.

Knwouegvie cnosa: pamumonunudel, ¢ocghorunudsi, macc-cnex-
mpomempus, uonusayus snekmpocnpeem (ESI), nexosanenmmuovie
KOMNIEKCb.
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