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Abstract

In order to study the interaction between L-cysteimethyl ester (CM) and
multilamellar vesicles (MLV's) of DPPC, an extersistudy was made by various
techniques such as Infrared and Raman spectroseopy Differential Scanning
Calorimetry (DSC).

Our results revealed by the different techniquesdubat CM interacts with the DPPC
in the region of the polar head, specifying witle fthosphate groups, replacing water
molecules of hydration by modifying the hydratidrtlte polar head.

By Infrared spectroscopy and DSC we observed arease in the main transition
temperature () and a gradual loss of the pre-transitiop) (With the increase of the
molar ratio CM:DPPC.

Of the analyzed, we can conclude that the intevactif CM with DPPC alters the
degree of hydration of the membrane altering pitogeeiof the same as the transition
temperature.

Moreover, the results of the thiol site behaviordM interacting in the CM / DPPC
complex will be reveal the possibility of unknownnttional roles of the lipidic

components of the membrane.
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Introduction

L-cysteine methyl ester (CM) is one of the cystdammily mucolytics, which are
widely used in patients with pulmonary diseases. @dsesses mucolytic activity
towards pulmonary mucus. The mucus component wfagisecretions mainly consists
of high molecular glycoproteins which are synthediand secreted by both goblet cells
in the airway epithelium and submucosal glanddh@lamina mucosae [1, 2]. The acid
glycoprotein (AGP) content of mucus glycoproteigsiprincipal factor in determining
the viscoelasticity of the secretions [3-5]. Theefithiol is the molecular active moiety
of these compounds, this group is susceptible idabwn to give a disulfide bridge
between two CM molecules by a covalent bond or aimpvith other molecules with
disulfide bridges, such as glycoproteins, genegatite mucolytic effect [6]. In many
studies, it was found that low concentrations of C&used a decrease in the total
number of goblet cell which contain glycoproteinglenty [2].

The cysteine derivates, like a CM compound, hdse been shown to exert antifungal
activity: Cys inhibits spore germination Afternaria species [7-9].

For the mentioned applications, it is importantstady how CM and its derivatives
interact with the cell membranes to understanddiverse mechanisms of action in
which this molecule participates for which we régsomodel systems.

In this work, the objective is to study the intdiac of L-cysteine methyl ester (CM)
with liposomes of dipalmitoylphosphatidylcholine®BC) and characterize the role of
CM in the modification of topology and hydrationtbg lipid membrane

The lipid bilayer defects could be ascribed to ladenges in the packing of the polar
head group, because of the difference in hydragidipids in the gel and in the liquid
crystalline state [10].

These model systems are simple representatione@ complex systems such as cells,
where we can study in a controlled system the actesns of CM with lipid bilayer.

In previous works, we studied how the CE and Cysratted with lipids and it was
observed how the degree of hydration around thar pebion of the lipid was modified
with the addition of Cys and CE [11, 12].

In this regard, it is important to bear in mindttti@e changes of water organization at

the lipid interphase could affect some mechanisiaation of biological interest.
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Therefore, analyzing how CM interacts with lipiddlvee important in the context of
water replacement by H bonding compounds. Hencelystg the specific interaction
with carbonyl and phosphate groups is of interdstrwexamining CM lipid insertion in
different phases and hydration states. For thipgee, a detailed analysis of different
techniques has been performed in the gel and tiek dtates of aqueous suspension and
in dry samples of DPPC at different CM/lipid ratios

Different approaches were used to understand apthiaxthe complex interaction of
CM with fully hydrated and lyophilized liposomes @PPC by Infrared Spectroscopy
(FTIR), Raman spectroscopy and Differential Scagi@alorimetry (DSC).

2. Experimental

2.1. Lipids and chemicals

Synthetic 1,2-dipalmitoyl-sn-glycero-3-phosphochel(DPPC) with a purity >99% and
L-cysteine methyl ester.HCI (CM) were purchaseanfrigma-Aldrichinc. (St. Louis,

MO, USA).Purity was checked by thin layer chromaamipy and lipids were used
without further purification. L-cysteine.HCI puritwas checked by FTIR spectra. All
other chemicals were of analytical grade and watelli-Q) was employed in all the

experiments.

2.1.1 Multilamellar vesicles preparation

Multilamellar vesicles (MLV’s) were prepared follavg Bangham’s method [13]. To
study CM and 1,2-dipalmitoyl-sn-glycero-3-phosphalate (DPPC) interaction.The
phospholipids in chloroform solutions were drieddena nitrogen stream to form a
homogeneousfilm that was left for 24 hours undesuuan to ensure proper solvent
removal. Lipids were rehydrated and suspended byexing in de-ionized, water
(milli-Q) first and in DO solutions of different concentrations of CM inCGH(milli-Q)
first and in BO (25, 50, 75, 100, 150 and 200 mM), at 10 °C highan the lipid
transition temperature (Tm= £L). The mechanical dispersion of the hydrated lipid
film was made under vigorous shaking for 15 minutesulting in an opalescent
suspension of multilamellar vesicles (MLV's). Theaf concentration of the MLV’s

was 50 mg /mL. The anhydrous samples were prefmrégphilization.

2.1.2. FTIR measurements



FTIR measurements were carried out in a Perkin E@spectrophotometer provided
with a DTGS detector constantly purged with dry. &M interaction with the
phospholipid head groups and hydrocarbon chaitiseolfiydrophobicregion in hydrated
state was studied by dispersing the lipid and CMPDPsamples at different molar
ratios, in DO first and in HO. The spectra were acquired in a demountablendt
ZnSe windows for liquid samples. Cell temperatueswontrolled using a Peltier-type
system with an accuracy of +0.5°C. The resolutibthe equipment employed was 1
cmt.All samples were left at room temperature for béfore measurements. The
working temperature range was 30 to 50 + 0.5 °Ctotal of 256 scans were done in
each condition and the spectra were analyzed ubegOMNIC v.8.0 mathematical
software provided by the manufacturer. Mean valoéshe main bands in each
condition (anhydrous and hydrated states) werdrmdarom three different batches of
samples. The standard deviation of the wavenuntiiércalculated from this pool of
data was about 1.5 cmi* in all the conditions assayed.

The Fourier Self Deconvolution algorithm was appli®o define the contours of
overlapping bands. Accurate wavenumbers of theeceftgravity of C=0 stretching
component bands were obtained by using band widthnpeters between 18 and 20
cm ™ and band narrowing factors: 1.6-2.2, followed hyve fitting to obtain band
intensities. The broad CO stretching band contabibé&ed by diacyl glycerolipids is,
in fact, a composite of at least two bands, as&lity demonstrated by resolution-
enhancement techniques (see reference 14).

The shifts of these two populations were studied &snction of CM concentration in
gel (Lg-) and liquid crystalline phase {L. The bands of normal modes corresponding to
C=0 and P@ groups of the CM:DPPC complex, were assigned mparison with the
spectra of pure lipid and CM, in the aqueous sou€M/DPPC spectra were obtained
by dispersing the lipid in CM aqueous solutionsfravhich the spectrum of pure CM

agueous solution was subtracted.

2.1.3. Raman measurements

The vibrational Raman spectra of 1,2-dipalmitoyegdycero-3-phosphocholine (DPPC)
dispersed in a CM aqueous solution. The complesctsp were recorded using a
confocal Thermo Scientific DXR Raman microscopajippged with a high-resolution
motorized platen, a set of Olympus optical objexgiva lighting module bright-

field/dark-field trinocular viewer, an Olympus caraeof 2048 pixels with charge
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coupled device detector and an OMNIC&timapping software of advanced features
cooled by a Peltier module. The confocal system wesd, with an opening/hole
matched with the point of symmetry of the excitatimser. The standard spatial
resolution was better tham.

The samples were placed on gold-coated samplessliderder to achieve a sufficient
signal-to-noise ratio, 100 acquisitions with expestime of 5s were accumulated for all
samples. The laser power was used at 10mW, arlddbewavelength was 532nm. The
liquid sample was placed in a glass cuvette. Adicspscopic experiments were carried
out at ambient temperature. The spectra were agdiyzing the OMNIC™ program for

dispersive Raman.

2.1.4. DSC measurements

Calorimetry was performed on a Perkin Elmer DSClBebential Scanning Calorimeter.
A scan rate of 2°C/min was used for all samplesn@a runs were repeated at least
three times to ensure reproducibility.

Data acquisition and analysis were done using ftata the DSC by integrating the
peak with Pyris 6 software, provided with the setd Origin software (Microcal). The
total lipid concentrations used for the DSC anaysere about 50 mg/mL for the CM-
phospholipid mixtures, containing about 20 goAy lipid [14].Samples containing CM
alone, dissolved in water (milli-Q) at aminoacichcentrations corresponding to those
of the highest CM/lipid molar ratios studied (233:exhibited no thermal events in the
temperature range 20-75°C. This indicates that Cdésdnot decompose at this
temperature range and that the endothermic evelpgereed in this study arise
exclusively from phase transitions of the phosghdlvesicles FigureS1).

The experiments were carried out usingi20sealed in aluminum sample pans. The
instrument was calibrated with indium standard desmpEnthalpy changes associated
to phase transition temperature of the samplé$) (vere obtained from the DSC data
by integrating the peak using the Pyris 6 softwarevided with the set. Entropy
changes related to phase transition were finallgrdaned with the relatioAS =AH/T.

3. Results and discussion

3.1. Hydrophobic region



The hydrophobic region corresponding to the hydtoma chains was analyzed by
various spectroscopic techniques such as Fourasiorm infrared (FTIR) and Raman
microscopy and thermal techniques like Differentaanning Calorimetry (DSC) in

order to study how this region is modified in is$araction with MC.

FTIR measurements

The infrared spectrum of the 1,2-dipalmitoyl-snegio-3-phosphocholine (DPPC) is
well known and studied. The thermal phase transitian be monitored by following
the changes in the wavelength of the band correspgrio the symmetrical stretch of
the CH group This band is sensitive to temperature changes sangdad to determine
the transition temperature £ of the lipid by FTIR, because of its sensitivity the
changes in mobility in the conformational disordefr hydrocarbon chains.These
changes increase as the acyl chains melt and th#&aeruof gauche conformers
increases [15, 19].

The temperature of transition for the pure DPPC thiedmixtures with CM can see on
the Figure 1, the value reported in the literature for the thpore DPPC is (41.5°C)
and presents significant changes with the increasaolar relations of CM:DPPC.
These values suggest that the interaction of CMh \RIPPC would stabilize the gel
phase, causing the flow towards higher values miperature(Table S1, Supporting
Information) for the CM:DPPC complex at different molar ratiodH,0. This is most
pronounced for the molar ratio 2.93: 1.00, in whictecrease is observed in thetb
jump L,, where the vibrational frequency of the £dtoup in both states approach. This
represents a loss of fluidity of the &tate.

In the spectra obtained experimentally, no dispteax@s were observed in the wave
numbers in the bands corresponding the symmetdcaatisymmetric stretches of the
CH, and CH groups and in the band corresponding to the flexibthe CH group,
within the experimental error in the gel state amgstalline liquid statgTable S2,

Supporting Information).

Raman measurements

Raman spectroscopy is a powerful tool that allowsta analyze and study the
conformational order of the hydrocarbon bands ofligids. The Raman spectrum of a
phospholipid is dominated by vibrations of the lpahrbon chains, with overlap of a
few bands of the head group [20].



By Raman spectroscopy, in the pure DPPC spectruee threas corresponding to the
hydrocarbon chains are clearly observed. The dréfaeaspectrum range from 3000 to
2800 cnt, corresponding to the C-H stretching modEigre 2). The area between
1400 to 1200 cih, corresponding to the C-H deformation modes an@ &tretching
mode (1200 -1000 ch) (Figure 3). The relationships between the intensities o§¢he
bands are very useful for the determinations offifferent chain forms [20, 22].

We observed no significant changes in th€Hs frequencies of the complex with
respect to the pure DPPC because these displacementvithin experimental error,
but we can see a shift towards lower frequencieshi® CH group stretching modes in
dry and gel stat¢Sable S3, Supporting Information).

The region of the C-H stretching reflect conforraatl order and interchain coupling of
the lipids; In gel state the modes correspondinght® symmetric and asymmetric
stretching corresponding to the €groups decrease 4 &nin the CM:DPPC complex,
which implies a decrease in the C-H force constatite CH group. The chains would
thus have greater freedom of movement [23].

The chain coupling information can also be obtaifredn the intensity ratio of the
bands corresponding t@CH3; andv<CH, (I 2935/l 2851). As the chains decouple (intensity
ratio decrease), the terminal methyl groups expeéeincreased rotational and
vibrational freedom [19, 22]. In this case, thex@o significant shift in the gel state and
dry statg(Table S4, Supporting Information).

The 1[vaCH2)/I[veCHy] (l2ssdl2ss0 intensity ratios among these vibrations are
indicative of the acyl chain rotational disordedantermolecular chain coupling. In
addition, the wavenumbers of tlheCH, andv,CH, bands also reflect conformational
order and interchain coupling (generally, wavenundhgfts toward higher values mean
an increase in the decoupling of the chains) [3), Qurs results show in gel state and
dry state that there is not an increase in thengiig ratio at molar ratios studiéd@able
S4 Supporting Information).

The region at 1200-1000 ¢chincludes the stretching vibrations of the C-C bonfithe
alkyl chains of the phospholipid34ble S4. The peak at 1066 crhis attributed to the
stretching vibration of the C-C bond for thrans conformations of the alkyl chains,
while the peak at 1099 chis attributed to the stretching vibration of thecGond for
the gauche conformations of the alkyl chains. The intensityaa@f these peaks|v(C-

C)clI[V(C-C)r] (l109d11069 also provides information about the disorder andeo



proportion that exists in the conformation of tHkyhchain. Both changes of peak
positions and intensity ratio &fans bands togauche, describe well the conformational
state of alkyl chains and thgauche/trans population conformation of phospholipids.
The increase irrans conformers is indicated by the increase in theievadf I[v(C-
C))/I[UC-C)] [20, 21]. In gel state, at all molar ratios thewvere no significant
changes compared to pure DDPC. In anhydrous stategbserved an increase in the
free rotation of the terminal methyl in the 1.40:iolar ratio and then decrease again
(Figure 4, Table S4 Supporting Information).

In gel state, the CH, and1CH, bands corresponding to CM:DPPC are shifted toward
lower frequencies with respect to the pure DPPCafbmolar ratios Table S3. The
frequency of these modes has also been associdtethes degree of coupling between
alkane chains while the decoupling has been cdéectlaith a frequency increase of this
mode [21]. In this case, the CM:DPPC interacttiows a frequency shift towards
lowers values, which would indicate increase inicloader, due to the presence of CM.
This behavior corresponds to an increase in thesitian temperature above reported
that would indicate a stabilization of the gel phds) [23].

S—H, C-N and C-S stretching modes

The band centered at 2563 tiim the Raman spectrum of the CM solid is assigoed
the S—H stretching mode [24-27]. This band appatashigher wavenumber (2578 cm
) in the Raman spectrum of the substance in soluiEcause solvation of the i6h
disrupts the hydrogen bonding between the H of tt@ecule SH group and the
chlorine atom of HCI. This band is sensitive to tregree of dilution [24, 27]. In the
complex solid state, this band was observed froen 17:1.00 molar ratio. In the
results of the Raman spectrum in the dry statdi@fcomplex, the S—H stretching band
appears at 2563 ¢h{Figure S2.

The 800—600 cfiregion corresponds to the C—N and C—S groups. Aenge band,
which corresponds to the C-S stretching mode ofstiliel pure CM at 677cth is
observed starting at the 1.47:1.00 and 2.39:1.0@mmatio at the solid and gel states,
respectively.

The peak at 720 cfrepresents the stretching vibration of the C—Ndbohthe choline
group of DPPC Kigure 5). A hydrogen bonding formation between water ane t

choline group is not possible due to the positikkarge of the nitrogen. However, the



choline group is associated with water moleculedipple interactions [27], and an
interaction with the CM could cause a shift in fesition of this vibration because of
the zwitterion nature of the amino acid. The intignshanges of the peak at 715-711
cm ! (Table S1Q indicate a significant interaction between thelcte head group and
nucleophilic group of CM, which is of the same sgth, independent of CM
concentration.

Figure 5 shows the presence of a low intensity band at &&0, which could be
assigned to theSS mode [28]. The appearance of this band withddeeease in the
intensity of the SH band, could lead to think ttred lipid induces the deprotonation of
the thiol site leading to the formation of the St

3.2. Interphasial region

FTIR measurements

The hydrophilic region [29] may be characterized A} R spectra of the CM:DPPC
systems, This region is strongly dependent on e ®f hydration and are susceptible
to hydrogen bondingrhe bands were assigned to the carbonyl and phtsghoups by
comparison with pure lipids dispersed igand HO, respectively.

I nteraction with C=0 group

The band corresponding to the carbonyl group facyilipids in the FTIR spectra in
the anhydrous state a very intense band was olmsatvé748 cnl it was assigned to
the C=0 stretching mode [19, 30]. In hydratedestit room temperature this band
appears at 1736 ¢h witch the increase of temperature this band mdwebwers
values. InFigure 6, we can see the stretching modes response oftedfoup as a
function of the temperature for the pure DPPC aod the different molar ratios
MC:DPPC. For the pure DPPC we observe how the waweber corresponding to the
stretching of the CO group with the temperatureraase is kept constant to a
temperature value in which the value of the wavenlmer of the CO group abruptly
decreases. This critical temperature value corredpto the transition temperature T
of the pure lipid, passing from the gel state ®¢hystalline liquid state.

With the increase of the molar ratio CM:DPPC, tlaue of the }, moves towards

higher values of temperature, until a value of moddation (1.10: 1.0) where this point



of inflection disappears. This phenomenon couldcexgained as a stabilization of the
membrane caused by the presence of MC molecutég iregion of the CO group.

This band can be decomposed into at least two coems that correspond to the
vibrational modes of non-bonded;JRnd H-bonded @ conformers of the C=0 group.
The non-bonded vibrational mode appears at higrewiumbers (1740-1742 &n
was assigned to the fre&cC=0 groups {C=0r1), whereas the H-bonded vibrational
mode appears at lowers wavenumbers (~1728)cwas attributed to theC=0O
vibration of H-bonded conformera@©=0s,) [29, 31]. InFigure 6, we analyzed the
effect of CM at 30 °C in gel phase and at 50 °qyitil crystalline phase.

This band was deconvolved in three componen&=Gp;, VC=0p, VC=0cy. The
effect of CM on the two populations of the C=0 gvoaf the lipid was studied
following the Rand B populations at different molar ratios in gel amgstalline liquid
states. Assigned to the two populations by decariosl vC=0p; (1739cnt) and
vC=0p; (1724cnt) at 30 °C, andC=0p; (1743cm') andvC=0p, (1729cm') at 50 °C
for pure DPPC in BO (Figures S3, S4; Table S5 (Supporting Informatio)).

The exposure of the carbonyl groups to the aguebase is different for each phase
state. This is observed by the asymmetry that ptesbe band corresponding to the
carbonyl group when it goes from the gel statdéodrystalline liquid [15].

The two band component€=0y; andvC=0p, changed their relative intensity in the
presence of CM in the different states of hydratstudied. For the pure lipid in gel
state, it is observed that the population corredpdo C=@Q; is more intense than the
band corresponding to Cs&)this situation is inverted in liquid crystalliséate.

In the different molar ratios CM:DPPC, a non-momitoeffect was observed in both
studied states. In the gel state, we observe h@wrehative intensity of the band
corresponding to the population Cs=@roup decreases with the increase of the molar
ratio, while the relative intensity of the band responding to the population of the
C=Ccwm group increases with the increase of the molao.r&t liquid crystalline state,
we can see how the relative intensity of the pdmnacorresponding to CsQ group
decreases with the increase of the molar ratio GANPO while increasing the relative
intensities of the bands corresponding to G=&ahd C=Qic groups. This effect is due
to liquid crystalline state, molecules is in a mbved and relaxed state where the water
molecules could access more easily to the regiothefcarbonyl groups, thereby
facilitating hydrogen bondindg-{guresS3 and S4 (Supporting Information).
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A significant shift of the bands of both populaoto higher wavenumbers was
observed with an increase in the CM:DPPC molao ratitwo operating temperatures.
This may be because the polar groups are more ifiuidquid crystalline state, making
water displacement easier for CM. Fiigure 7 (Table S6, Supporting Information
the wavenumber displacements in connection witle iRPPC may be seen in the two
states. A displacement towards higher wavenumb#hsam increase in the CM:DPPC
molar ratio for both C=0 populations was observedyel state. In liquid crystalline
state, there is a wave number large increase in@@»; andvCOr, populations as the
CM:DPPC molar ratio increases in all ranges. Theces of CM on the C=0 groups in
DPPC liposomes in the liquid crystalline state rm@e noticeable than observed in the
gel state. There is a maximum shift of about 12*cfor both populations. This
behaviour would suggest a displacement of hydratieeter molecules without
subsequent formation of CO--CM hydrogen bondsdaliteon, conformational changes
in the head groups may contribute to the differermgserved in the C=0 spectra [11,
12].

I nteraction with PO, group

The region of the infrared spectrum between 130 H90O0 crifcorresponds to the
stretching of the phosphate groupgure 8 shows the FTIR spectra corresponding to
pure DPPC and to CM:DPPC hydrated liposome complarethe region of the
stretching mode of the phosphate group at 30 °Csfgee) and 50 °C (liquid crystalline
state). In this region, we observe the band at 12B0'corresponding to the
asymmetrical stretching of the phosphate greyO,) and the band at 1088 tm
'corresponding to the symmetrical stretching of phesphate groupv{ PO, in gel
state(Table S7, Supporting Information). The PQ asymmetric stretching appear at
1230 cnt like a broad and intense band with a shoulde2a# km' corresponding to
the wagging of the CH30, 32].

It is widely accepted that the wavenumber of the B&ymmetric stretchingy{ PGy)
vibration is very sensitive to lipid hydration mbirbecause of direct H binding to the
phosphatechargedoxygen. The hydration of the aolgdiipids displaces the band of
the asymmetric phosphate stretching to lower fregeswith increasing H-bonding
[30- 38].
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When CM was added to hydrated DPPC bilayers instgle a shift towards lower
wavenumbers was observed, the aminoacid displduwesband of the asymmetric
phosphate stretching until 6 €mat 2.93:1.0 Figure 9, Table S8, Supporting
Information), thus suggesting that the CM/phosphate interactsotike the water-
phosphate interaction in both states. In liquidstalline state, the change induced by
CM is more attenuated. The POsymmetric stretching vibration band is slightly
affected within the experimental error in both case

Figure S5shows the asymmetric and symmetric stretching ®ahthe pure DPPC, for
a temperature range between 30 ° - 50 ° C. It easelen clearly how the band shape of
the phosphate stretch changes when the liposonmgetdrom gel to liquid crystalline
phase. This occurs in the thermal range of thd h@nsition temperature.

For the CM: DPPC complexes with 1.47: 1.00, 2.2001and 2.93: 1.00 molar ratios,
the change in the shape of the band at higher teiyves than the transition
temperature is observed. This is due to the replané of the structural water by the
CM, producing also a stabilization of the phase This behavior is more evident for
the greater molar ratio studied, for which the geaof form of the band is observed at
the temperature of 49 Figure S6).

In gel state, the CM molecules could occupy thgdar number of sites in the region of
the phosphate groups so that in the liquid crystlstate there would not be as many
sites for the CM molecule to interact with the phiwate groups. The results suggest that
CM would induce two effects: dehydration of the gploate groups and H-bond

subsequent formation.

Differential Scanning Calorimetry Study

Differential Scanning Calorimetry (DSC), are thedwoamic techniques which have
proven of great value in studies of the thermotrdpehavior of lipids in model and
biological membranes. DSC is mainly used to stidythermally induced transition of
lipid bilayers and biological membranegel state existing at lower temperatures to a
relatively ordered, liquid crystalline state at lneg temperatures. This gel to liquid
crystalline phase transition, which arises fronoaperative melting of the hydrocarbon
chains of the phospholipid molecules [39- 41].

DSC measurements were performed to obtain a marglete picture of the phase
behavior of the different CM: DPPC molar ratios foydrated liposomes. The
parameters analyzed in the thermograms obtained WerAH, AT12 andAS (Table

12



S9, Supporting Information). Phase transition temperature, generdlly is the one
where specific heat excess reaches a maximum. Bgmanetric curve, J represents
the temperature at which the transition from thétgethe liquid crystalline state is
complete. The area below the DSC thermogram cun\e direct measurement of the
calorimetric determination of the phase transigmthalpy,AH.,. The cooperative unit
is the ratio of van’'t Hoff and calorimetric enthip. Cooperativity or sharpness of the
phase transition from gel to liquid-crystalline calso be evaluated. Phase transition
sharpness is often expressed as the width of then rheight of the main transition,
ATy The entropic change associated to phase tramsii@y be calculated with the
following formula: AS=AH /T [38].

Pure 1,2-dipalmitoyl-sn-glycero-3-phosphocholine PEL) thermograms and the
different mixtures are shown iRigurel0 where it is possible to appreciate how the
analyzed parameters change when the CM: DPPC madlarincreases. The pure DPPC
thermogram Kigure 10) clearly shows two sharp endothermic peaks ofeckfft
intensity: the lower one at 35.5 °CpfTand the higher one at 41.5 °CyfT which
correspond to the pretransitiong(lto B) and main (R to L) phase transitions,
respectively. The first peak presents a low tramsienthalpy (9.82 J/mol) attributed to
the phospholipid polar head mobility, while the @t enthalpy is assigned to the
hydrocarbon chain movemernitable S9, Supporting Information) [39].

The pre transition peak at 35.5 °G,)(@isappears when increasing CM concentration.
Its presence produces a displacement towards highgreratures with respect to the
main transition 41.5 °C ¢J) for pure DPPC(Table S9, Supporting Information).
These results are in agreement with those obsdsyyedTIR (Table S1, Supporting
Information) .

With the increase of temperature of the main tteors(T,,) induced by the presence of
CM, we observed an increase in the value\®f,, which would indicate a loss of the
cooperativity of the lipid hydrocarbon chains. Fois loss of cooperativity, the system
CM:DPPC needs more energyHca) to step from the gel state to the liquid crystall
state(Table S9, Supporting Information).

4. Conclusions
Interactions of CM-DPPC occur at the level of tlaéap head. In the hydrophilic region
of the lipid, polar head the observed shifts in B@® asymmetric vibrations can be

understood as changes in the order of the wateeaulas in the hydration shell of the

13



head group. The CM effect on the phosphate groubserved: P©--CM interaction
would be higher than the BGH,0 interaction replacing hydration water molecules
more easily in the gel state.

A water molecule displacement without later formatof a hydrogen bond is observed
in gel and in liquid crystalline states in both Cg@up populations in the interphase
region.

DSC shows the transition temperature displacenwmards higher temperatures, the
pretransition loss and a diminishing cooperativitghe membrane with the CM: DPPC
molar ratio increase. Our FTIR and DSC results akagea DPPC and CM interaction
that was evidenced by theg, @isplacement towards higher temperatures, suggettat
stability in the DPPC gel phase increases becauS&Igartition in the lipid.

The results of the behavior of the thiol site ia ©M complex: DPPC show the red shift
of the SH band and the occurrence of the SS bamd.\Would reveal the possibility of
unknown emerging functions of the lipid componesftshe membrane on the thiol site

of the amino acid.
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ratios: Cys: DPPC in ¥ and DO (Table S1); Effect of CM on the ChH CHs
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vibrational bands and GHleformation band in gel (A) and liquid crystallipbase (B),
at 30 °C and 50 °C respectively by FTIR measurem@rable S2); Effect of CM on
the CH, CHs vibrational stretching bands of the CM:DPPC by Rammeasurements at
room temperature in gel stafBaple S3); Effect of CM on thevC-C region by Raman
measurements in gel stat@able S4); The C=0 stretching mode (gel (A) and liquid
crystalline (B) state) at 30 °C and 50 °C respetyi(values of the FTIR spectra)
(Table S5); Effect of CM on the C=0 stretching mode by FTIR sw@aments in
anhydrous state (at room temperature), gel (30#@)Iliguid crystalline (50°C) states
(Table S6); PO, stretching mode by FTIR measurements in gel (3G¢@) liquid
crystalline (50°C) stateglable S7; Effect of CM on the P@ stretching modes by
FTIR measurements in anhydrous state (at room tetnpwe), gel (30°C) and liquid
crystalline (50°C) statgg able S8); Calorimetric parameters analyzed for the different
samples studied; Tm: transition temperatuket.,: transition enthalpyATi: mean
height width of the principal transitio&S: transition entropy anflH,: Van't Hoff
enthalpy(Table S9); DSC heating and cooling scans of DPPC alone antingeand
cooling thermograms illustrate the effect of thep@sure to high temperature on the
thermotropic phase behavior of DPPC multilamellesigles at a lipid/aminoacid molar
ratio of 2.93:1.0. The heating scan of the 200 mM €blution is illustrated in A, B and
C, respectively, for comparisofigure S1); FTIR spectral bands of carbonyl groups of
CM:DPPC in gel state (30°C). Raman spectrum of IiPC, CM and different
CM:DPPC molar ratios in solid statgigure S2); The solid line represents the contours
of the spectra acquired and the dashed lines mpresir estimates of the position and
relative intensities of the component bands afesrodvolution and fittindFigure S3).
FTIR spectral bands of carbonyl groups of CM:DPRdquid crystalline state (50°C).
The solid line represents the contours of the speatquired and the dashed lines
represent our estimates of the position and raatitensities of the component bands
after deconvolution and fittingFigure S4); Infrared spectra of the symmetric and
asymmetric P@ stretching vibrational mode for the DPPC as a tionc of the
temperaturegFigure S5; Figure S1- Infrared spectra of the symmetric asgmmetric
PO, stretching vibrational mode for the 2.93:1.00 (OMPC) molar ratio as a
function of the temperaturéBigure S6).
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Figures Captions:

Figure 1: Changes in the wavenumber of the €xinmetric stretching in CM:DPPC (at
different molar ratios) liposomes as a functiornha temperature.

Figure 2: Raman spectra for the stretching moddabefCH and CH groups, and for
pure CM and DPPC and CM:DPPC (all molar ratio)th@ anhydrous (above) and gel

(below) states.

Figure 3: Raman spectra in the C-C stretching regiche anhydrous (above) and gel

(below) states of CM:DPPC at different molar ratios

Figure 4. Intensity ratio ofvadCHy)2881 10 vo(CHa)2846 v(C—C) to v(C-C)r; and
vs(CHz3)2933 t0 v(CHy)2846 @s a function of the molar ratio of CM:DPPC in wpatous

and gel states.

Figure 5: Raman spectrum of the DPPC, CM and &iffetCM:DPPC molar ratios
ingelstate.

Figure 6: Changes in the wavenumber of the C=Qcstireg in CM:DPPC (at different
molar ratios) liposomes as a function of the terapee.

Figure 7: Wavenumber variation of the CO stretchingonnection with the increasing
CM:DPPC molar ratio in gel (30°C) and liquid cryfte (50°C) states.

Figure 8: Infrared spectra of the symmetric andramgtric PQ stretching vibrational
mode as a function of the CM: DPPC molar ratioehand liquid crystalline states.

Figure 9: Infrared spectra of the symmetric andrasgtric PQ stretching vibrational
mode as a function of the CM: DPPC molar ratio & @0°C) and liquid crystalline
(50°C) states.

Figure 10: DSC thermograms of pure DPPC hydramastmes and in different molar
ratios with CM.
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Study of the interaction between CM and DPPC.

CM replacing water molecules of hydration of the bilayer polar head.

The interaction aters the degree of hydration of the membrane.

The thiol site behavior in CM shows the interacting in the complex CM/DPPC.





