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Interaction of Polysaccharides with Lipid Monolayers
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The interactions of model neutral lipids such as lecithin and
dipalmitoyl phosphatidylcholine (DPPC), and of the positively
charged lipid dioctadecyl dimethyl ammonium bromide (DOMA)
with neutral (dextrans) and acidic polysaccharides (carrageenans
and xanthan), representing the hydrophilic solutes occurring in nat-
ural aquatic systems, have been monitored electrochemically and
by monolayer techniques. Surface pressure-area (-A) and surface
potential-area (AV-A) isotherms have been measured. The values
for compressibility of mixed films and the dipol moments (effective
dipole moment .t and polar head group dipole moment p,) have
been calculated from 7-A and AV-A isotherms, respectively. In
electrochemical experiments lipid-coated mercury electrodes have
been used. The influence of polysaccharides on the monolayers
structure has been studied by capacitance measurements and by
using an electrochemical probe (redox processes of cadmium) with
phase-sensitive ac voltammetry. The results presented here are part
of more general studies of the interaction of organic solutes natu-
rally occurring in the aquatic systems with hydrophobic lipids at
different phase boundaries. These investigations are of great im-
portance for the interfacial properties of mixed monolayers and for
understanding the influence of hydrophilic and hydrophobic sub-
stances on the physicochemical properties of natural surface films.
© 2000 Academic Press
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INTRODUCTION

Natural aquatic systems contain a complex mixture of ofh
ganic substances such as lipids, proteins, peptides, polysac%zﬁ
rides, humic substances, and artificial compounds with different
functional groups and different hydrophobic properties. A lar

with atmosphere, living and nonliving dispersed and particul
matter, and sediment. Due to the accumulation of surface—actb
substances onto the sea surface, the sea surface microlayer, bgép

1 To whom correspondence should be addressed a#fBaiskovic Institute,

the interfacial region where many important biophysicocherr
cal processes and flux of gases are taking place, is forming. T
hydrophobic fraction of surface-active material is expected to |
more enriched in the surface microlayer collected at the natu
air/seawater interface compared to the total surfactants and
tal DOC (dissolved organic carbon) values, as was found in t
investigations of organic surface-active substances in seaw:
and sea surface microlayer samples from the North Adriatic S
(1). However, the hydrophilic fraction in surface-active materi
in the sample of microlayer which was taken during the blool
of diatoms was found to be suprisingly high (1). It is known the
these phytoplankton species excrete high quantities of carbo
drates (2). Many studies and determination of polysaccharic
in marine environment have been done in recent years (3-5) ¢
special attention was paid to the role of polysaccharides deriv
from algal and microbial sources in forming the gelatinous a
gregates (mucilages) observed during the phytoplankton bloo
(6, 7).

In adsorption at interfaces there exist hydrophilic, electr
static, hydration, and hydrophobic interactions which determi
the surface excess of solute species. Among these various in
molecular interactions, hydrogen bonds also play an importe
role in arranging different molecules to large supramolecular ¢
semblies. Although carbohydrates are water-soluble compour
they can form highly insoluble films due to hydrogen bondin
and nonpolar interactions with lipid-insoluble components. |
the case of charged polyelectrolytes the interactions with fur
tional groups of lipid films can be expected too.

Recently, the adsorption behavior of selected model polys:
arides (dextran sulfate, dextrars, A-, (-carrageenans, and
ithan) on different model interfaces such as hydrophil
1,03 particles (8) and hydrophobic mercury electrode su

HPlheen lipid monolayers and the selected polysaccharides,
abt great importance for a better understanding of the influen

drophilic and hydrophobic substances on physicochen
roperties of surface films and the possible mechanism
polysaccharide transformation and deposition from the bulk se
water to the sea bottom.

Center for Marine and Environmental Research, POB 180, HR-10001 ZagrebMonolayer techniques used for the study at the air/water inte
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face provide the methods to organize appropriate molecules i
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planned way and to study the interactions at the interface undePure nitrogen was used for deaeration of the solutions. /
controlled conditions (11). Interactions of lipid monolayers witmeasurements were made in 0.55 mol-dMlacCl as the sup-
various species from the bulk solution can also be studied el@orting electrolyte. Accumulation of polysaccharides was pe
trochemically using lipid-coated mercury electrodes preparésrmed with stirring.

by transferring the lipid films from the air-water interface to

a mercury surface (12-18). lon and charge transfer across @tfemicals

film, as well as the interactions in the film, has been detected by . . . . . ) _

using phase-sensitive alternating current (ac) voltammetry. Thé"p'ds' Dlpalmnoyl phosp.hatldylch.ollne, egg lecithin, anc
lipid-coated electrode represents a very sophisticated systemqk?i‘:t""decyI d!methyl ammonium bromide were purchased fro
studying the structure and functioning of biological membran&ldma Chemical Co. (U.S.A.) and used as received.

(19-21) and for investigating the aquatic chemistry of organic Polysaccharides. The schematic structure of polysaccha
and inorganic micropollutants (22—-24). rides used in this work is presented in Fig. 1.

In this work, the interactions of model neutral lipids such as Carrageenans {«A-, t-) are natural polysaccharides isolate:
lecithin and dipalmitoyl phosphatidylcholine (DPPC) as well agom red algae (Rhodophyta). They are sulfonated glycans ¢
those of the positively charged lipid dioctadecyl dimethyl aneontain A and B units, i.e.8-D- and a-D-galactopyranose
monium bromide (DOMA) with neutral (dextrans) and acidi¢esidues arranged in an alternating sequence {A%5). They
polysaccharides (carrageenans and xanthan), which represkffér in position and number of sulfated groups and in their pro
the hydrophilic solutes naturally occurring in the aquatic syerties regarding the formation of getsCarrageenans form rigid
tem, have been monitored electrochemically and by monolaygsis,A-carrageenans do not form gels, archrrageenans form

techniques. flexible and compiliant gels. Mean molecular weight values f
carrageenans are between 8.50° and 7x 10° (26).
EXPERIMENTAL Xanthan is a water-soluble biopolyméu§ = 2 x 10°) of mi-
) crobial origin having polyelectrolyte properties. It has a fiv
Monolayer Studies sugar repeat unit, two types of carboxyl groups, and a celulc

Lipid films were formed at the air/water and air/polysacPackbone (27).
charide solutions interface and measurements of surface preg30th carrageenans and xanthan were purchased from Sic
sure-area (zA) and surface potential-area{-A) isotherms Chemical Co. Dextrans were obtained from Serva, Heidelbe
were performed in a rectangular Teflon trough enclosed in a tiggrmany. Dextrans are neutral polymers isolated from bacte
box and thermostated. A Wilhelmy balance (15-mm-wide filtdfom theLactobacilleaefamily. In this work we used Dextran
paper) was used to measure the surface pressure, and the suffgcéMw = 4000) and Dextran T-500Mw = 500,000).
potential was measured using a vibrating plate condenser (11).
Measurements have been done at the temperature@f 20  Other Chemicals

Chloroform (HPLC), p.a. grade from Baker Chemicals
Holland, andn-hexan, p.a. grade from Kemika, Croatia, wer

Lipid films were prepared by spreading from hexane solutionged as spreading solvent. Deionized water from a Milli-Q sy
onto the electrolyte solution, and then transferred to the mercugm (Millipore Corp.) was used to prepare the subphase.
surface by vertical dipping of the electrode through the film. The
technique of transferring the lipid film from the air/water inter-
face to the mercury surface is described in more detail elsewhere
(14, 15, 22). Afterward, the films were studied usiogt-of-
phase(capacity current measurements) amgbhase(Faradaic
current measurements) ac voltammetry. The values of differ-1t is reasonable to expect that the difference in the interfac
ential capacitance were calculated from the measured capabigavior of the lipid monolayers formed at the air/water interfa
current. In a separate experiment we calibrated electrochemiaadl at the air/polysaccharides solutions interface, respectiv
instruments with a series of capacitors (precision of capacitardl be reflected in the surface pressure-molecular ared#\)
is +£1%). and surface potential-molecular areaM\) isotherms.

Measurements were performed with a Polarecorder PARThe surface pressure-molecular areaA) isotherms for
170 (Princeton Applied Research Co., Princeton, NJ). A stabPPC and DOMA monolayers spread on water and on st
dard polarographic Metrohm cell of 100 éraquipped with a phases containing different polysaccharides are measured
three electrode system was used. A hanging mercury driye thermodynamic parameters, limiting, specific akgacom-
electrode (HMDE, Metrohm, Switzerland) of the surface argaessional modulus C$and compressibility 1/C$, have been
A=0.0141cm was used as the working electrode, Ag/AgCtalculated (presented in Table 1). The values for surface poter
as the reference electrode, and a platinum wire as the auxiliatyy at=40 mN/m are also given in Table 1. From the measur
electrode. values of surface potential the effective dipole momentis
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FIG. 1. Schematic structure of used polysaccharides.

calculated according to the Helmholtz equation (28), dipole moments,
Ut = g0AV A, HT = o + Uo-

where A is the mean area per molecultY is surface poten- For aliphatic chains only the terminalCHs group contributes
tial, andeg is permittivity of the vacuum. The termt can be to this term and was determined by a partial dipole compen:
subdivided into the head group and the hydrophobic tail regition approach to bt = 0.35+0.01 D (29). With the known

TABLE 1

The Calculated Thermodynamic Parameters (Limiting Specific Area A and Compressibility), Measured Values of Surface Potential
(AV) at = =40 mN/m, and Calculated Values of Total Dipole Moment w+ and Polar Head Group Dipole Moment p,, for DPPC and
DOMA Monolayers on Different Subphases

Dipole moment

Ao Compressibility A AV (V) at

Monolayer Subphase (nr?) (m/mN) (nm?) 7 =40 mN/m ut (D) Ua (D)
DPPC Water 0.51 0.007 0.45 0.60 0.72 0.02
Dextran 0.56 0.011 0.47 0.61 0.76 0.06

A-Carrageenan 0.56 0.008 0.47 0.58 0.72 0.02

(-Carrageenan 0.53 0.008 0.46 0.57 0.70 0.00

k-Carrageenan 0.53 0.010 0.45 0.59 0.71 0.01

Xanthan 0.72 0.018 0.59 0.60 0.94 0.24

DOMA Water 0.64 0.030 0.52 1.05 145 0.75
Dextran 0.68 0.040 0.54 0.91 1.30 0.60

A-Carrageenan 0.69 0.020 0.53 0.76 1.07 0.37

(-Carrageenan 0.72 0.035 0.56 0.66 0.98 0.28

k-Carrageenan 0.77 0.016 0.60 0.60 0.95 0.25

Xanthan 1.19 0.034 0.76 0.60 1.21 0.51
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on water. By further compressing, this increase in molecul
area becomes smaller, and in condensed layeest@tmN/m
it is about 0.025 nrh A completely different behavior was ob-
served if xanthan is present in solution. TheA isotherm is
an expanded type without phase transition, and the area/DF
molecule atr =10 mN/mis 0.2 nralarger than that ofthe DPPC

—-- i - carrageenan
K - carrageenan
------ A - carrageenan
---— xanthan

30 1

monolayer on water. From the results presented in Table 1 i
obvious that the values for compressibility, as well as those f
surface potential and surface dipole moment, are almostident
for DPPC monolayers spread on water and on sugar solutic
except in the case of DPPC monolayers spread on xanthan s
tions, where the values for compressibility are about two tim
larger than the values for DPPC monolayers spread on water
on solutions of other polysaccharides. Although the value for t
T surface potential of condensed monolaye=#0 mN/m) is the
1.4 same as for DPPC monolayers at the water surface, both dif
moments are bigger than for DPPC monolayers on water. St
a phenomenon may be interpreted as a partial incorporatior
the polyelectrolyte molecule into the matrix monolayer due to
hydrophobic interaction through hydrogen bonding of the solu
xanthan with the DPPC monolayer.

Specific effects of counterions on the-A isotherms of
DOMA monolayers have been well established and describec
the literature (31, 32). The surface pressure-area)isotherm

surface pressure (mN/m)

T I I * T
06 08 10 12
area/DPPC molecule (nm?)

FIG. 2. Surface pressure-area-4) isotherms for DPPC monolayers on
different subphases. Concentration of polysaccharides in the subphase
100 mg dn73. Temperaturd = 20°C.

contribution ™ per —CHjz group at the monolayer/air inter-
face to the total dipole momenptr, the contributiory,, of the
polar head groups can be calculated from surface potential d 2 DOMA monolaver spread on water is of the liquid ex
The calculated values pfr andu,, for DPPC and DOMA mono- y P g

X . anded type, with a phase transition around 14 mN/m whi
layers on water surface and on polysaccharides solutions are %’ﬁgnges to a liquid condensed state upon compression (Fic
given in Table 1. )

o . full line). The w-A isotherm of a DOMA monolayer on a dex-
The measurements were performed with high concentrati

. . ) P3N subphase (curve 1) did not differ from that on the wat
of polysapchgndes (100 mg drf) to avoid the mflugncg of ki- surface. However, other polysaccharides investigated shov
netics. Kinetics study of cholesteryl/pullulan derivatives (h

Y3 significant influence on the behavior of DOMA monolayer:
drophobized derivative of naturally occurring polysaccharide) at g y

the air/solution interface showed that adsorption kinetics of such
amphiphilic macromolecules was difussion-controlled only

at low solution concentrations 210’5 x 10-6 mol dnmi3) 60 Y
(30). Taking in account the relative molecular masses for pol DAY
saccharides used in thiswork, the concentrations of carrageer= | WL . DOMA on
. ' g 50 AR different subphases

solutions were between 1.3 and 280° mol dm® and those VoS P
of Dextran T-4 and xanthan were 25102 and 5x 103 mol ‘g 10 L \‘ AN T T4
dm3, respectively. We assumed that kinetics will not play any’ NN T - Garrageanan
rule in this high concentration range. Preliminary measuremel 5 "'{‘\ N\ \‘\ """ A- Camageenan
have been done 5 and 30 min after the evaporation of the solve 8 30 N T renan
There was almost no difference in surface pressure and the 12 )
ference in surface potential was negligible, especially at sm 3 201
areas regarding accumulation time, thus the results preser g
here are those measured 5 min after spreading. ”% 10

DPPC spread on water exhibitsapAisothermwitha LE/LC
phase transition around 5 mN/m (Fig. 2, full line). The isother 0 s
of the DPPC monolayer shows only small differences if sprei n T T T | x |

0.4 0.6 0.8 1.0 1.2 1.4 1.6

on solutions of- and«-carrageenans; i.e., the phase transitic
is present and the increase in area/DPPC molecule is
most negligible. A DPPC monolayer spread on dextranjand
carrageenan, respectively, also shows the phase transition aLiNG: o (ful line), Dextran T-4 (1)-carrageenan (2k-carrageenan (3)-
same pressure, and the area/DPPC molecwel@t mN/m iS  carrageenan (4), and xanthan (). The concentration of polysaccharides ir
larger by only 0.05 nrhon the solutions of these sugars thasubphase was 100 mg drh Temperaturd = 20°C.

area/DOMA molecule (nm°)

IG. 3. Surface pressure-area-4) isotherms for DOMA monolayers
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The isotherm of the DOMA monolayer spread on the subph: 1.2

e i DOMA on
containingi- andi-carrageenans (curves 2 and 4) shows a cc diff t suboh
traction with respect to DOMA monolayers spread on wat 1.0 Ifierent subphases
at the areas\> 0.65 nn? (x =25 mN/m). Further compres-< " T4
sion until A=0.55 nn¥ leads to a strong increase in surfac— ;g | ' - Carageenan
pressure, and no LE/LC phase transition of monolayer was .8 e D T anangeenan
served. The area/DOMA molecule for the monolayer spread GC) T e, Tl

. . . — 0.6 > N e Te.l
solution of - and A-carrageenans in the tightly packed sta's AN PR,
is almost identical to that of DOMA spread on water. Ssu 5\"‘--.,\4"‘- TN N
face pressure data indicate thatind A-carrageenans adsorp O 0.4 Nl s B
. . o o © - -
tion drives the liquid expanded to liquid condensed phase tr+ TN, el
sition in the DOMA monolayer by decreasing the availab @ 0.2 PN
area per lipid, being thus equivalent to mechanical compr ‘-\
sion of the monolayer. The condensation of the DOMA mon 0.0+ = g o IMTEEARIEES
layer isotherm can be attributed to the decrease in repuls | | | | | : ' |
forces between the head groups of DOMA due to the neutrali 04 06 08 10 12 14 16 18
tion of positive charge via electrostatic interaction with GSC area/DOMA molecule (nmz)

from carrageenans in solution. The influencerafarrageenan
and xanthan in the subphase on the behavior of DOMA monoFIG. 4. Surface potential-area (A-A) isotherms for DOMA monolayers
layers is observed not only in the expanded phase but alsdfn/ae" (ull ine), Dextran T-4 (1) carrageenan (2)-carrageenan (3-
. carrageenan (4), and xanthan (5). Concentration of polysaccharides in the :

the condensed phase of the monolayer. Zhé isotherm of  n.ce was 100 mg dri. Temperaturg = 20°C.
the DOMA monolayer spread on the subphase contairing
carrageenan (curve 3) shows a contraction with respect to the
DOMA monolayer spread on water only at very large areags,
between 1.15 and 1.25 RorBy further compression at higher
surface pressures, an expansion of the DOMA monolayer sprea@he interaction of lipid monolayers with polysaccharide
on subphase containingcarrageenan with respect to DOMAfrom the bulk solution was also studied electrochemically wit
spread on water is observed. The expansion of the DOMhase sensitive ac voltammetry using lipid-coated mercury ele
isotherm in the whole range of the areal(4 nn?) is ob- trodes. All investigated lipid monolayers transferred to the me
served for the DOMA monolayer spread on xanthan solutiaury surface show in the potential region fren®.6 V toward
(curve 5). more negative potentials a capacitance minimum and cape

Such expansion of - A isotherms as a result of lipid/solutetance peaks which are influenced by the presence of polys
interaction has usually been interpreted in terms of penetratidmarides in solution. The capacitance-potential curves for t
or incorporation of solute molecules in the monolayer (33—35nonolayer of lecithin (surface concentration of 0.485 g ém
However, an expansion of the area can also be observed wi@med on the solution of 0.5 mol dri NaCl (full line) and on
electrostatically adsorbed multivalent molecules are located uhe solutions of Dextran T-500 (dashed line) and-().) carra-
derneath the lipid monolayer, pulling the lipid molecules apagennans (dotted line) are shown in Fig. 5.
(36—39). The strong interaction of DOMA monolayers with neg- Regarding the behavior of lipid layers the decrease in c
atively charged solutes from the subphase was expected andgatitance for lipid monolayers at the potential-6d.6 V with
be attributed to electrostatic binding. respect to the capacitance of the pure electrolyte provides inf

This can also be seen from the surface potential-area isothenation about the adsorption of lecithin present on the top of tl
presented in Fig. 4. In the whole area range, the values\f electrolyte solution, while the presence of three ac voltammet
are less positive for DOMA monolayers on subphases containiwgves at the potentials 6f0.9, —1.3, and—1.47 V indicates
polysaccharides compared to DOMA monolayers on water. Ttiee reorientation of the layer on the electrode (14, 15). Howev
smallest difference is observed for DOMA on dextran (curveeaks at the potential more negative thah3 V are not simply
1), which is a neutral molecule, and electrostatic interactionsorientation peaks. There is evidence that they are represe
are not expected. From the results of the surface potential d@ivet of a ferroelectric-type transition (40) in the lipid film which
dipole moments collected in Table 1, it is obvious that DOMA&an be understood as switching processes (14). Low capa
monolayers in the condensed phase show a pronounced decreakees at the potential 6£0.6 V also indicate that lecithin is
in the potential values and dipole moments on polysaccharidésorbed in this region with the hydrocarbon chains orient
solutions in comparison to the value for DOMA monolayers oroward mercury. However, there is some contradiction betwe
water, due to the neutralization of positive charge of DOM#heoretical values for capacity if all hydrocarbon chains are o
polar head groups. The strongest effect is observed with canted toward mercury and the measured values. We found
rageenans, which decrease the positive charge of head groeggsacity value of 3.2.F cnm? which is higher than the calcu-
more than 50%. lated capacity value of 0.ZF cn2, which was expected for a

ercury Surface
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FIG.5. Capacity-potential curves for a monolayer of lecithin, surface con- FIG. 6. Capacity-potential curves for DOMA monolayers, surface concet
centration 0.485:.g cmi2, on the solution of 0.55 mol di? NaCl (full line)  tration 0.45:g cm 2, on the solution of 0.55 mol dn¥ NaCl (full line) and on
and on the solutions of 18 mg drh Dextran T-500 (dashed line) and 80 mgthe solutions of 36 mg dn? (-carrageenan (dashed line), 89 mgdhtc + A)-
dm~3 (x + 1)-carrageenans (dotted line). Accumulation potential wlss V.  carrageenans (dotted line), and 30 mgdmanthan (dashed-dotted line). Ac-
Accumulation time was 60 s. cumulation potential was-0.6 V vs Ag/AgCl. Accumulation time was 60 s.

2.5-nm-long carbon chain perpendicular to the mercury and aMuch stronger effects of polysaccharides on the structt
dielectric constant of-2. A similar discrepancy between meaof lipid monolayers are observed with DOMA monolayers
sured and calculated capacity values for a condensed layefc@pPacity-potential curves for DOMA monolayers on water (fu
lecithin (Cq ~ 2 «F cn 2 ) was also observed by A. Nelson andine) and on solutions of carrageenans, xanthan, and dextr
I. R. Miller (14, 40). This may be explained by folding ancre shown in Figs. 6 and 7. The capacity-potential curve f
overlapping of the hydrocarbon chains on the mercury surface,

resulting in thinning of the layer, and consequently in an increase

in capacitance.

Inthe presence of Dextran T-500, the capacity of the lipid layer
at—0.6 V decreases negligibly and the reorientation waves are
moved toward more positive potential by about 50 mV. In the
presence of (& A) carrageenans, the capacity increases neg-
ligibly and the reorientation peaks are moved toward negative
potential by ca 50 mV. All of these changes are not significant,
and therefore those polysaccharides do not have any important
influence on the lecithin monolayer. At potentials more negative
than—1.6V, curves for lecithin monolayers on polysaccharides
show higher capacity values in comparison to the curves for
pure lecithin and for electrolyte. Such behavior can be ascribed
to the faradaic process. It is known that saccharides can be re-
duced on the mercury electrode at potentials more negative than
—1.5 V due to the presence of keto or aldehydic groups (42).
The influence of some other polysaccharides, such as dextran L L
sulfate, Dextran T-4, xanthan, amdtarrageenan on the struc- -0.6 -08 -1.0 -6 -1.8  -2.0
ture of lecithin monolayers has also been studied (data not shown potential vs. Ag/AgCl (V)
here), and very similar results have been obtained. In general, it
can be concluded that the influence of the investigated polysad='® 7 _Capacity-potential curves for DOMA monolayers, surface conce

. S L . . tration 0.45..g cn2, on the solution of 0.55 mol dn? NaCl (full line) and
charides on lecithin monolayers was not significant; i.e., in theJf .« solutions of 12 mg dni Dextran T-4 (dashed line) and 44 mg d#n

presence only a negligible effect on the reorganization and th&tran T-500. Accumulation potential wa®.6 V vs Ag/AgCl. Accumulation
capacity of the layer is observed. time was 60 s.

capacity (UF/cm?)

1

1 1
-1.2 -14
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DOMA monolayers on NaCl is completely different from thosenonolayers is in competition with the interaction with mercury
of phospholipids. The capacity of 1.78 cn 2 at the potential thus diminishing the condensation process. By comparing t
of —0.6 V is lower than the capacity values for lecithin, and iadsorption of DOMA at the mercury surface with its adsorptio
much closer to the value of the capacity when all hydrocarbamair/water and air/solution interfaces the following can be co
chains are oriented toward the mercury surface. At the potentialaded. At the free air/water interface there is no charge whi
between-0.8 and—1.1V, a marked pit appears which is causedan contribute to the condensation of DOMA monolayers; hov
by compact film formation due to strong intermolecular intera@ver, at subphases containing carrageenans the condensatic
tions between DOMA molecules, thus indicating a condensati&@®MA monolayer was noted.
process in DOMA monolayers. Such two-dimensional conden-Additional investigations on the influence of polysaccharide
sations are well known and described in the literature (42—485hn the structure of DOMA monolayers have been done by U
At more negative potentials a reorientation of the DOMA monadng an electrochemical probe. We chose cadmium as a mo
layer is taking place (probably because of its positive charge)ectrochemical probe for its very good polarographic chara
resulting in reorientation peaks atl.3 V. In the region be- teristics and since itis a potential pollutant in aquatic systems.
tween—1.45 and—1.9 V, where desorption occurs, a new pitoltammograms of cadmium in sodium chloride solution with
appears, indicating that a condensation of the reoriented monat and with DOMA monolayers are shown in Figs. 8a and &
layer is taking place. This condensed layer has a higher capa¢ayrves 0 and 1). It is obvious that DOMA monolayers decrea
(4.6 uF cn?), probably due to overlapping of hydrocarborthe height of voltammogram of cadmium, showing that an inh
chains. Itis obvious that the DOMA monolayer adsorbed at tihition of electrode reduction of cadmium is taking place in th
mercury electrode undergoes marked structural changes depgmdsence of DOMA monolayers. It can also be seen that af
ing on the applied potentials. Adsorption of DOMA on mercurthe cadmium wave at0.67 V another wave at the potential of
is very strong in the whole region of potentials, frerf.6 Vto —0.85V is appearing. We know that at this potential, capacit
the desorption at-1.9 V, resulting in much lower capacitancepotential curve for DOMA monolayer has a reorientation wave
values compared to the capacity of sodium chloride. The mdFaerefore we assume that at this potential, due to reorientat
condensed monolayers of DOMA may be caused by hydrogefthe monolayer, the transport process of cadmium is chang
bonding between the head groups and by saturated hydrocarblomever, on the current-potential in-phase curve for a DOM
chains (46). It is also known that the longer the hydrocarbanonolayer in the absence of cadmium in solution (data n
chains, the lower the capacitance at the equilibrium spreadisigown here) this wave is appearing too, indicating that at tt
pressure (47). potential not only reorientation but also some faradaic proce
All the investigated polysaccharides showed a strong inflof the layer is taking place. More detailed studies of this ph
ence on the structure of DOMA monolayers. Since xanthan andmena will be done in the near future.
carrageenans are negatively charged polysaccharides, a signif-
icant interaction with positively charged DOMA monolayers
was expected. The influence of carrageenans and xanthan -~
DOMA monolayers can be seen from the results presented
Fig. 6. The pits observed with the DOMA monolayer have dis:
appeared, indicating that the condensation of the monolayer
prevented in the presence of carrageenans or xanthan in so
tion. The capacity is increased in the whole region of potentials
and desorption of the monolayer is taking place at more pos
tive potentials compared to the monolayer at the water surfac
Similar behavior (disappearing of pits and higher capacity ¢
the potentials more negative tharl.0 V) has been observed
with DOMA monolayers on solutions of dextran sulfate (date
not shown here). In all these cases, the effects should be cau—"—"—"—"—""—"—"—"—"-
by electrostatic interactions. However, DOMA monolayers or 05 <0709 -1 05
the solutions of noncharged dextrans (Fig. 7) also show a sin potential vs. Ag/AgCl (V)
ilar behavior (disappearing of pits and higher capacity values

. . . FIG.8. (a) ac voltammetric wave of 1§ mol dn23 cadmium in 0.55 mol
at the potentlals more negative thad.3 V) which cannot be dm~2 NaCl (curve 0), in the presence of a DOMA monolayer without polysac

ascribed to electrostatic interactions but probably to hydroph@ryride in subphase (curve 1) and in the presence of a DOMA monolayer spr
bic and hydrogen binding contributing to the interaction. Then the solution of (i A)-carrageenans (curve 2) andarrageenan (curve 3).
condensation of DOMA monolayers occurring in adsorptioficcumulation potential wa50.45VvsAgéAgCI.AccumuIation time was 60 s.
of DOMA molecules at the mercury electrode can be ascrib& 2 voltammetric wave of 16 mol dm* cadmium in 0.55 mol dm* NaCl

lectrostatic interaction of positivelv charaed DOM curve 0), in the presenc_:e of a DOMA monolayer without polysaccharide
tO' strong e ec p y g . subphase (curve 1) and in the presence of DOMA monolayer spread on the
with negatively charged mercury. If some other solutes like SUgion of Dextran T-4 (curve 2) and xanthan (curve 3). Accumulation potenti
ars are present in the subphase, their interaction with DOMvs—0.45 V vs Ag/AgCI. Accumulation time was 60 s.

2
3
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-09 -1.1

-0.7



LIPIDS-POLYSACCHARIDES INTERACTIONS 217

Although a DOMA monolayer inhibits the reduction of cad-5. Liu, Q., Parrish, C. C., and Helleur, Riar. Chem 60,177 (1998).
mium, the inhibition is not complete; i.e., at full coverage of6. Myklestad, S. M.3ci. Total Environ165,15 (1995).
the surface with a monolayer the ratiplo (current of cadmium /- Mopper. K., Zhou, J., SriRamana, K., Passow, U., Dam, H.G., and Drape

D. T., Deep-Sea Red2,47 (1995)
when monolayer is present/current of cadmium in the absence of Plavéic, M. Cosovic, B., andkudar, J.Croat. Chem. Actd0,111 (1997).

the monolayer) is 0.41. This means that a condensed monolay:jer,:qa\,s.C M., and;oso\,lc B.Croat. Chem. Actd1, 233 (1998).
of DOMA is partially transparent for cadmium ions in contrasto. Cosovi, B., and Vojvodi¢, VElectroanalysisl0, 429 (1998).

with lecithin mono|ayers which Comp|ete|y inhibit the reductiod1- Kuhn, H., and Mobius, Din “Investigations of Surfaces and Interfaces.
of cadmium (15) Part B. Physical Methods of Chemistry Series,” 2nd ed. (B. W. Rossiter a

. . . . R. C. Baetzold, Eds.), Vol. IXB. Wiley, New York, 1993.
Mixed layers of DOMA with polysaccharides have dlﬁereniZ Miller, I. R., Rishpon, J., and Nenenbaum, Bipelectrochem. Bioenerg.

effects on cadmium reduction. In the presence of carrageenans 3 528 (1976).

the inhibition of cadmium is not changed (Fig. 8a, curves 2 and. Pagano R. E., and Miller, I. Rl, Colloid Interface Sci45,126 (1973).
3), indicating that carrageenans do not increase the inhibition &- Nelson A., and Benton, AJ, Electroanal. Chen202,253 (1986).
fects of a DOMA monolayer although the structure of the layap: <0zarac, Z., Kiari¢, R., Dragtevit, D., afsovic, B. Colloids Surf56,

279 (1991
is modified. If Dextran T-4 and xanthan are present in solutiopy, Kozérac %Cosowc B., Ahuja, R. C., Mébius, D., and Budach, ang-

the ac voltammetric wave of cadmium is much more suppressed muir 12,5387 (1995).

with mixed layers than with pure DOMA monolayers (Fig. 80}7. Kozarac, Z.Cosovi¢, B., Budach, W., and Mobius [Croat. Chem. Acta
curves 2 and 3). It is known that xanthan does not inhibit cad- 70.125(1997). . _

mium reduction in the absence of the DOMA monolayer sincg' Miller, I. R., and Dall, L. Bioelectrochem. Bioenerg4,129 (1990).

C . Zaba, B. N., Wilkinson, M. C., Taylor, D. M., Lewis, T. J., and Laidman
I /1o=10.94 (48). Dextran T-500 shows an inhibition effect antji D. L., FEBS Lett213,49 (1987). Y

thel /1o =0.43 (49). From the results shown here, the inhibitiopn, Moncelli, M. R., and Becuccu, LBioelectrochem. Bioenerg9, 227
effect of a mixed layer of DOMA and xanthanliglo = 0.14 and (1996).

that of mixed layer of DOMA with Dextran T-500/ 1o = 0.06 in 21. Miller, I. R., and Ya\{in, E.Bioelectrochem. Bioenerd9,557 (1988).
comparison with the effect of pure DOMA, whichliglo = 0.52. 22 Nelson, A.Anal. Chim. Actel94,139 (1987).

. . . Eﬁ Nelson, A., Auffret, N., and Readman,Anal. Chim. Acte207,47.
This shows that the transport of cadmium is strongly blockesl, Neison, A, and van Leewen, H.,Electroanal. Chen®73,183 (1989).

since the change of the DOMA monolayer structure due to the Ppainter, T. Jin “The Polysaccharides” (G. O. Aspinal, Ed.), Vol. 2, p. 195
interaction with xanthan and dextran, respectively, causes the Academic Press, New York, 1983.
formation of completely nontransparent film. 26. Booth, E.,in“Chemical Oceanography,” 2nd ed. (J. P. Riley and G. Skirro
Eds.), Vol. 4, p. 219, Academic Press, San Diego.
27. Rinaudo, M., and Milas, MCarbohydr. Polym2, 264 (1982).
28. Davies, J. T., and Rideal, E. K., “Interfacial Phenomena.” Academic Pre
New York, 1963.
Vogel, V., and Mobius, DJ. Colloid Interface Scil26,408 (1988).
The results described here are part of more general studles(pf Demé, B., Rosilio, V., and Basckin, ACplloids Surf. B4, 357 (1995).
the interaction of hydrophilic solutes naturally occurring in thel. Marra, J.J. Phys. ChenB0, 2145 (1986).
aquatic systems, like polysaccharides, with hydrophobic lipid&- AhUJa R. C., Caruso, P-L., and Mdbius, Dhin Solid Films242, 195
These observations are of greatimportance both to the mterfa%gal 1994).

Verger, R., and Pattus, Ehem. Phys. Lipid30,189 (1982).
properties of mixed lipid-polysaccharide monolayers and to thg e -wiinassian Saraga, ILangmuirl, 391 (1985),

underStandlng of the influence of hydrophlllC and hydrophObiﬁ Ivanova, M. G., Verger, R., Bois, A. G., and PanaiotovCb]loids Surf.
substances on the physicochemical properties of natural surfaces4,279 (1991).
films. 36. Mobius, D., and Gruniger, HBioelectrochem. Bioenerd2,375 (1984).
37. Ahuja, R. C., Caruso, P. L., Mobius, D., Wildburg, G., Ringsdorf, H., Phily
D., Preece, J. A., and Stoddart, J.LRngmuir9, 1534 (1993).
38. Kozarac, Z., Ahuja, R. C., and Mdbius, Dangmuirl1,568 (1995).
ACKNOWLEDGMENTS 39. Martin Romero, M. T., Prieto, I., Camacho, L., and MobiusLRngmuir

We thank Werner Zeiss for technical assistance. Financial support to 4 ]-Bzuﬁsgtdjf?:?,G‘?I.:erroelectrics.” van Nostrand, New York, 1967.
Kozarac from the Osteuropa-Verbindungsbiiro des BMBF bei der DLR, Bongy jjier, |. R., in “Topics in Bioelectrochemistry and Bioenergetics” (G.
within the bilateral agreement between the Federal Republic of Germany and Milazzo, Ed.), p. 161. Wiley, Chichester, 1981.

Republic of Croatia (Project KRO-011-97) is gratefully acknowledged. Thg,
work was also funded by the Ministry of Science and Technology, Republic of

CONCLUSION

Heyrovsky, J., and Kuta, “Principles of Polarography,” p. 553. Czechos|
vak Academy of Sciences, Praque, 1965.

Croatia. 43. Lorenz, W.Z. Electrochemistr$2,192 (1958).
44. Krznaric, D., Valenta, P., and Nurnberg, H. \W.Electroanal. Chen65,
86 (1975).
REFERENCES 45. Levie, R.Chem. Re\88,599 (1988).
46. Miller, I. R.,J. Membr. Biol.101,113 (1988).
1. Vojvodic, V., andCosovi¢, B.Mar. Chem54,119 (1996). 47. Miller, I. R., and Rishpon, Jin “Electrical Phenomena at the Biological
2. Myklestad, S., Holm-Hansen, O., Varum, K. M., and Volcani, B. E. J., Membrane Level” (E. Roux, Ed.), Elsevier, Amsterdam, 1979.
Plankton Resl1, 763 (1989). 48. Miri¢, V., Bsc thesis, Zagreb, 1994.
3. Myklestad, S. M.Sci. Total Environ165,155 (1995). 49. Vojvodi¢, V., Cosovi¢, B., and Miric, V.,Anal. Chim. Acta295, 73

4. Skoog, A., and Benner, R.imnol. Oceanogr42,1803 (1997). (1994).



	INTRODUCTION
	EXPERIMENTAL
	RESULTS AND DISCUSSION
	FIG. 1.
	TABLE 1
	FIG. 2.
	FIG. 3.
	FIG. 4.
	FIG. 5.
	FIG. 6.
	FIG. 7.
	FIG. 8.

	CONCLUSION
	ACKNOWLEDGMENTS
	REFERENCES

