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Abstract

The interaction of immunostimulating compounds, the peptidoglycan monomer (PGM) and structurally related adamantyltripeptides

(AdTP1 and AdTP2), respectively, with phospholipids in liposomal bilayers were investigated by electron paramagnetic resonance

spectroscopy. (1) The fatty acids bearing the nitroxide spin label at different positions along the acyl chain were used to investigate the

interaction of tested compounds with negatively charged multilamellar liposomes. Electron spin resonance (ESR) spectra were studied at 290

and 310 K. The entrapment of the adamantyltripeptides affected the motional properties of all spin labelled lipids, while the entrapment of

PGM had no effect. (2) Spin labelled PGM was prepared and the novel compound bearing the spin label attached via the amino group of

diaminopimelic acid was chromatographically purified and chemically characterized. The rotational correlation time of the spin labelled

molecule dissolved in buffer at pH 7.4 was studied as a function of temperature. The conformational change was observed above 300 K. The

same effect was observed with the spin labelled PGM incorporated into liposomes. Such effect was not observed when the spin labelled PGM

was studied at alkaline pH, probably due to the hydrolysis of PGM molecule. The study of possible interaction with liposomal membrane is

relevant to the use of tested compounds incorporated into liposomes, as adjuvants in vivo.

D 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction

Adjuvants or immunostimulating compounds are used to

enhance the immune response of the host to an antigen. Such

compounds are particularly required for stimulating the

immune response to weak antigens and vaccines. The search

for new adjuvants has been very intensive in the last decades.

Among others, a series of compounds comprising the ele-

ments of the structure of bacterial peptidoglycans have been

studied and the results so far indicate that several of such

compounds could be considered as potential new adjuvants.

Peptidoglycans are ubiquitous constituents of bacterial cell

walls responsible for the physical integrity of bacteria. They

are composed of glycan chains, which are built of h-1,4-
linked N-acetylglucosamine and N-acetylmuramic acid resi-

dues and peptide units that consist of alternating L- and

D-amino acids. Peptidoglycan fragments exhibit various bio-

logical activities that depend upon the size and composition

of the peptidoglycan fragments [1]. One of the most prom-

inent and well-documented activities is the effect of peptido-

glycans on the mammalian immune system. Low molecular

weight peptidoglycan fragments, either obtained from natural

sources or prepared synthetically, are mostly devoid of the

toxic properties characteristic for large peptidoglycans, but

still retain marked immunomodulating activity [2–6].
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Our studies concern peptidoglycan monomer, GlcNAc-

MurNAc-L-Ala-D-isoGln-mesoDAP(NNH2)-D-Ala-D-Ala

(PGM), the natural compound originating from the Brevi-

bacterium divaricatum peptidoglycan [7] (Fig. 1A) and

synthetic adamantyltripeptides (Fig. 1B). PGM is a water-

soluble, non-toxic and non-pyrogenic substance and its

chemical structure is completely defined [8,9].

Synthetic adamantyltripeptides, D-(adamant-2-yl)-Gly-L-

Ala-D-isoGln (AdTP1) and L-(adamant-2-yl)-Gly-L-Ala-D-

isoGln (AdTP2) [10] comprise adamantyl moiety linked to

the dipeptide L-Ala-D-isoGln, which is the structural element

of the natural peptidoglycans. We have recently shown in a

mice model, using the ovalbumin as an antigen, that PGM

and AdTP2 possess adjuvant properties [11,12]. We have

also shown earlier that these compounds undergo rapid

biotransformation by the action of hydrolytic enzymes and/

or excretion in vivo [13–15]. It could be assumed that a

hydrolysis and excretion would terminate the immunostimu-

lating activity [16].

Therefore, it was of interest to find the appropriate

formulation, like incorporation of studied compounds into

liposomes with the aim to slow down their hydrolytic

degradation and thus achieve the prolonged action and

effect on the immune system. Based on earlier reports

[17–19] concerning the fate and biodistribution of lip-

osomes in the mammalian organism, we have chosen ne-

gatively charged, multilamellar liposomes as carriers for our

compounds.

In order to show how the examined peptides incorporated

into liposomes affect membrane properties, electron spin

resonance (ESR), a spin labelling technique, was used. The

method is based on a dynamic sensitivity of the nitroxide

label to the time-scale of the rotational motions of lipids and

proteins in biological membranes [20–22]. Spin labelling

was successfully applied in the study of interactions of

immunologically active lipopeptides with membranes [23].

Influence of the liposome composition on the bilayer fluid-

ity and adsorption of the liposomes into the skin was

investigated as well, in order to resolve molecular mecha-

nisms by which penetration of liposomal drugs were facili-

tated [24].

Immunostimulating peptides studied in this work are

soluble in water and at pH 7.4 are in the ionized form.

Therefore, one can envisage charge–charge interactions

between the peptides examined and liposomes. Recently,

charge–charge interactions between liposomes and spermine

[25], or glycine [26] were shown by spin labelled fatty acids

incorporated into the liposomes.

In the present work, we have studied ESR spectra of

peptidoglycan monomer (PGM) and adamantyltripeptides

incorporated into liposomes in order to get information of

possible interaction of these compounds with lipids. Also,

Fig. 1. Structural formula of the examined compounds: (A) peptidoglycan monomer (PGM), (B) adamantyltripeptides (AdTP1 and AdTP2).
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the PGM was spin labelled and incorporated into liposomes.

ESR spectra of spin labelled PGM were studied as a function

of temperature.

2. Materials and methods

L-a-Phosphatidylcholine, type XI-E: from fresh egg yolk

(egg-PC), cholesterol from porcine liver (CHL), dicetyl

phosphate (DCPh), the spin labelled fatty acids, n-doxyl-

stearic acids (n-doxyl SA) (n = 5, 7, 16), N,NV-dicyclohexyl-
carbodiimide (DCC) were purchased from Sigma Chemical

Co. (St. Louis, MO, USA) and 3-carboxy-proxyl (3-proxyl)

was synthesized by the procedure described in Ref. [27].

2.1. Peptidoglycan and adamantyltripeptides

GlcNAc-MurNAc-L-Ala-D-isoGln-mesoDAP(NNH2)-D-

Ala-D-Ala, (PGM), was prepared in PLIVA, Chemical and

Pharmaceutical Works (Zagreb, Croatia), according to the

previously described procedure [7]. Two diastereoisomers

AdTP2 and AdTP1 were prepared as described in Ref. [10].

Acetonitrile and trifluoroacetic acid (TFA) were of HPLC

grade (Merck, Darmstadt, Germany). A daily supply of

water was obtained from Simplicity-Personal ultra pure

water system (Millipore, Bedford, MA, USA). All other

chemicals used for buffers were of analytical grade and

purchased from Sigma.

Column chromatography was performed on Sephadex

LH-20, (Pharmacia, Uppsala, Sweden).

Thin-layer chromatography (TLC) was performed on a

Silica Gel 60 (Merck) and detection was performed with

chlorine/o-tolidine reagent or with J2. Two solvent systems:

(A) n-BuOH/HOAc/H2O (6:1.5:2.5) and (B) EtOAc/n-

PrOH/H2O (1:2:2) were used.

Homogeneity and retention time of the tested com-

pounds were determined by HPLC on a Waters 600E HPLC

System utilizing an analytical Merck Lichrosorb RP-18

column (4� 244 mm) and a Merck guard column LiChros-

pher 100 RP-18 under gradient conditions [28]. The flow

rate was 1 ml/min at room temperature, UV detection at

214 nm.

All analyses were performed at ambient temperature. The

gradient solvent systems used were composed of acetonitrile

containing 0.035% TFA and water containing 0.05% TFA.

Two gradient systems were used for the tested compounds.

Each system contained a different percentage of acetonitrile

and the amount of acetonitrile was changed at the indicated

running times. For system Awith a running time 35 min, the

percentage of acetonitrile at 0, 30 and 35 min was 3, 20 and

3, respectively. For system B, with a running time of 20

min, the percentage of acetonitrile at 0, 15 and 20 min was

10, 30 and 10, respectively.

System Awas used for analyses of the free spin label and

for the spin labelled PGM; system B was used for analyses

of adamantyltripeptides.

2.2. Preparation of liposomes

Egg-PC 28.4 mg (0.37 mmol); CHL 9.8 mg (0.25

mmol) and DCPh 2.7 mg (0.05 mmol), giving a molar

ratio of 7:5:1, were dissolved in 4 ml of CHCl3. After

rotary evaporation of the solvent, the remaining lipid film

was dried in vacuum for an hour and then dispersed by

vigorous hand shaking in 2.5 ml phosphate buffered

saline (PBS). PGM or adamantyltripeptides were incor-

porated into liposomes as follows: 1 ml of the ethanol

solution (5 mM) of each compounds, respectively, was

added to the lipids in the chloroform solution and the

procedure confirmed as described above for empty lip-

osomes.

2.3. Spin labelling of liposomes

Liposomes were spin labelled with n-doxyl SA (n = 5, 7,

16) by a thin film of the spin labels (1% with respect to the

phospholipids of liposomes) formed after evaporation of the

organic solvent under reduced pressure [17]. Eight liposome

spin labelling preparations were studied.

2.4. Preparation of spin labelled peptidoglycan monomer

2.4.1. Preparation of symmetrical anhydride of 3-carboxy-

proxyl

Activation of carboxyl group of 3-proxyl was achieved

by condensation of acid (51.4 mg, 0.29 mmol) in the

presence of DCC (65.0 mg, 0.32 mmol). The urea derivative

was removed by filtration and, upon evaporation of filtrate,

the crude anhydride was used in the next step without

further purification.

Spin labelled PGM was prepared by condensation of

unprotected PGM (35.9 mg, 0.04 mmol) with an excess of

symmetrical anhydride of 3-proxyl acid in the presence of

30 Al triethylamine in 2 ml dimethylformamide. The reac-

tion was monitored by TLC in solvent system B. After

removal of DMF in vacuum, the residue was dissolved in

water and dicyclourea was removed by filtration. Crude

product was applied to a column of Sephadex LH-20

(2.5� 90 cm) and eluted with water/ethanol (1:1 v/v).

Absorbance of the fraction was measured at 230 nm and

the fractions corresponding to spin labelled PGM were

pooled and evaporated to dryness. Final purification was

achieved by repeating the chromatography on Sephadex

LH-20 (2.5� 90 cm) and was eluted with water/ethanol

(1:1 v/v).

The purity of the obtained spin labelled PGM was

checked by high-pressure liquid chromatography (HPLC)

and its composition confirmed by total hydrolysis.

2.5. ESR measurements

ESR measurements were done on Varian E-9 spectrom-

eter (10 GHz) equipped with a Bruker variable temperature
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control unit. The spectra were recorded with digital acquis-

ition, EW-ESR ware [29]. Sample capillaries were inserted

into the standard 4 mm diameter ESR quartz tubes and

centred in a TE102 ESR cavity. At each temperature, the

samples were left for about 10 min for temperature equili-

bration.

ESR spectra of doxyl stearic acids in liposomes reflect

motional properties of the lipid bilayer. One important

motional component of the lipid bilayer is ‘‘wobbling’’ of

the long molecular axis about a direction near perpendicular

to the bilayer surface. This motional effect is measured by

the ESR experimental parameters: a maximal hyperfine

splitting Amax (mT ), and a minimal hyperfine splitting Amin

(mT ), respectively (Figs. 2a and 3a), from which the order

parameter S [30–32] was calculated by the Eq. (1):

S ¼ 3ðAmax � AminÞ=ðAmax þ 2AminÞ � 0:5396 ð1Þ

The line widths (DH/mT) of the ESR spectra of the spin

labelled PGM were fitted with Simfonia program (Bruker)

Fig. 2. ESR spectra, taken at 290 K, of the spin labelled liposomes with n-doxyl SA: a—n= 5; b—n= 7; c—n= 16, prepared with the entrapped AdTP1 (full

lines) and empty liposomes (dotted lines).
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by Eq. (2) describing the line widths dependence on the

magnetic moment of the nitrogen nucleus [33,34]:

DH ¼ Aþ BmN þ Cm2
N ð2Þ

where A=DH(0) =Dm(0)h/gb is the central line width. From

the line shapes of the ESR spectra fitted with parameters B

and C, a rotational correlation time, s2, the parameter of the

motion of the spin labelled PGM was calculated by Eq. (3)

[34]:

s2 ¼ �1:22� 10�9B ð3Þ
the parameter B being the only one varied by temperature

changes. It might be supposed that the spin labelled PGM

molecule describes Brownian motion. From the Stokes–

Einstein relation, the rotational correlation time of the PGM

molecule can be approximated by Eq. (4) [33]:

s2 ¼ 1=kVeff ðg=TÞ ð4Þ

where Veff is the effective volume of the PGM molecule,

g the viscosity of the solvent, k the Boltzmann constant

and T temperature. If the molecule of the PGM retains

one conformation in the whole temperature interval exam-

ined, s2 as a function of 1/T should be a straight line,

with the slope proportional to the effective volume (Veff)

of the spin labelled PGM. Changes of the slope of the

Fig. 3. The comparison of ESR spectra, recorded at 310 K, of the spin labelled liposomes (n-doxyl SA: a—n= 5; b—n= 7; c—n= 16) with entrapped AdTP2

(full lines) with the empty liposomes (dotted lines).
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Fig. 4. ESR spectra of the spin labelled PGM entrapped in the liposomes (spectrum a, s2 = 367 ps), in PBS buffer at pH 7.4 (spectrum b, s2 = 349 ps), in the

phosphate buffer at pH 10.0, (spectrum c, s2 = 274 ps) and of the free spin label (3-carboxy-proxyl) at pH 7.4 in PBS buffer (spectrum d, s2 = 76.4 ps). The

spectra were taken at 290 K. The line shapes of the experimental spectra (full lines) were fitted with the Simfonia program (Bruker) (dotted lines) from which

the rotational correlation time, s2, was calculated [33].

R. Frkanec et al. / Biochimica et Biophysica Acta 1611 (2003) 187–196192



straight line would suggest a change of the peptide con-

formation.

3. Results

3.1. Interactions between peptides examined and the

multilamellar liposomes

The compounds examined are well soluble in water but

not in the nonpolar solvents. At pH 7.4 these compounds are

presumably present in an ionized form while liposome of

chosen composition (egg-PC/CHL/DCPh, 7:5:1) bears the

negative charge. So charge–charge interactions between

peptides examined and the liposome surface may be envis-

aged. Hydrophobic interaction might be expected for the

two adamantyltripeptides, since adamantan moiety has the

lipophilic character, which could facilitate the adsorption of

the peptides on the surface of the liposomes.

In order to check a possible adsorption of the tested

compounds entrapped into multilamellar liposomes, spin

labelled liposomes (with n-doxyl SA; n= 5, 7, 16) were

prepared in the presence and in the absence of two ada-

mantyltripeptides examined, AdTP1 and AdTP2, respec-

tively, as well as in the presence of PGM. ESR spectra of the

spin labelled liposomes were studied at two different tem-

peratures, 290 K (17 jC) and 310 K (37 jC).
In Fig. 2, ESR spectra, taken at 290 K, of the spin

labelled liposomes (n-doxyl SA: a—n= 5; b—n = 7; c—

n = 16) prepared with the entrapped AdTP1 (full lines) are

compared with the empty liposomes (dotted lines). An

increase of 2Amax, with a concomitant decrease in 2Amin

was determined in the spectra of all the three spin labels in

the liposomes with entrapped AdTP1 as compared to the

spectra of the empty liposomes. This was reflected as an

increased order parameter S calculated from the spectra.

In Fig. 3, ESR spectra, recorded at 310 K, of the spin

labelled liposomes (n-doxyl SA: a—n = 5; b—n = 7; c—

n = 16) with entrapped AdTP2 (full lines) are compared with

the empty liposomes (dotted lines). As in the case of

AdTP1, an increase in 2Amax with concomitant decrease in

2Amin was detected.

No change in the motional properties of all the spin labels

was observed when PGM was incorporated into liposomes.

In Table 1, the order parameter S, calculated from the

ESR spectra taken at 37 jC (the average values of the three

different liposome preparations and of the eight spin label-

ling) with entrapped peptides are compared to the empty

liposomes. An increase in the order parameter S was

calculated for all the spin labelled fatty acids when ada-

mantyltripeptides were entrapped in the liposomes, while

there was no change in the order parameter S in the case of

PGM entrapped into liposomes.

3.2. Spin labelled PGM

In order to study conformational properties of PGM and

to check if there are some effects of the liposomes on the

conformation of the entrapped PGM, the glycopeptide mol-

ecule was spin labelled at the gamma-NH2 group of the

mesodiaminopimelic acid.

In Fig. 4, ESR spectra of the spin labelled PGM entrap-

ped in the liposomes (spectrum a), in PBS buffer at pH 7.4

(spectrum b), in the phosphate buffer at pH 10.0, (spectrum

c) and of the free spin label (3-proxyl) at pH 7.4 in PBS

buffer (spectrum d) are shown. The line shapes of the

spectra (full lines) were fitted with the Simfonia program

(Bruker) (dotted lines) from which the rotational correlation

Fig. 5. The rotational correlation time, s2, of the spin labelled PGM, as a function of 1/T, in PBS buffer at pH 7.4 (black circles), in PBS buffer at pH 10.0,

(white triangles), as well as the s2 of the free spin label (white circles).
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time, s2, was calculated [33]. It was supposed that the

rotational correlation time, s2, well described the motion

of the whole spin labelled glycopeptide molecule.

The spectra of the spin labelled PGM were studied as a

function of pH at: 4.2 s2 = 320 ps; 5.84 s2 = 319 ps; 7.04

s2 = 320 ps; 8.1 s2 = 314 ps; 10.0 s2 = 307 ps, in 0.1 M

phosphate buffer, at 278 K. The values of s2 were obtained
by the spectral simulations. Up to pH 8.1 the rotational

correlation time of the spin labelled PGM remained

unchanged within the experimental error. An increase of

the motional freedom of the spin labelled PGM was detected

only at pH 10.0 (under conditions of the alkaline hydrolysis

of PGM [7,35]).

In Fig. 5, the rotational correlation time, s2, of the spin

labelled PGM, as a function of 1/T, in PBS buffer at pH 7.4

(black circles), in phosphate buffer at pH 10.0, (white

triangles), as well as the s2 of the free spin label (white

circles) is displayed.

If the molecule of the spin labelled PGM retains one

conformation in the whole temperature interval examined,

the straight line of s2 on 1/Tshould be obtained, with the slope
proportional to the effective volume of the spin labelled

molecule.

The temperature dependence of s2, of the spin labelled

PGM at pH 7.4 (black circles) cannot be approximated by a

straight line. Above 303 K, the spin label motion does not

reflect the increase of the temperature any more. This

suggests the increase of the constraint on the spin label

motion above 303 K by some part of the PGM molecule,

due to a conformation change. The straight line of s2 on 1/T

was obtained for the free spin label (white circles), with the

smaller slope of the straight line suggesting a smaller

effective volume of the solvated free spin label than the

spin labelled PGM. At pH 10.0, the straight line of s2 on 1/T

was also obtained (white triangles) suggesting smaller

effective volume of the spin labelled peptide formed by

alkaline hydrolyses from the whole spin labelled PGM

molecule and no change of the conformation.

In Fig. 6, dependence of s2 on 1/T of the spin labelled

PGM in buffer at pH = 7.4 (black circles), and incorporated

into liposomes (white circles) is displayed. Incorporation

into the liposomes has only a small effect on the slope of the

function s2 on 1/T, but does not affect the temperature of the

intersection of the two straight lines, suggesting that lip-

osomes have no effect on the temperature dependent con-

formation change of the PGM molecule.

4. Discussion

In several studies reported earlier, different compounds

comprising the elements of peptidoglycan structure were

incorporated into liposomes. Most of these studies concern

the synthetically prepared derivatives of muramyldipeptide

[36–38]. Liposomal preparation of such compounds in

some cases exhibited markedly better biological activity

[39]. The liposomal preparation of muramyltripeptide phos-

phatidylethanolamine (L-MTP-PE) has been applied suc-

cessfully in cancer therapy and is undergoing clinical trials

[40,41]. Our former study concerned the incorporation of

PGM into negatively charged multilamellar liposomes and

the amount of the entrapped material was determined using

C-14 labelled PGM [42]. The amount of the entrapped

peptidoglycans or derivatives of muramyldipeptide varied

with regard to their lipophilicity and the type of liposomes.

However, to the best of our knowledge, the interaction of

the entrapped material with the lipid membrane using ESR

has not been studied or reported so far. Such studies could

be carried out using the spin labels either on the lipid

portions of liposomal membrane, or on the compound

Fig. 6. Dependence s2 on 1/T of the spin labelled PGM in buffer at pH= 7.4 (black circles), and incorporated into liposomes (white circles).
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incorporated into liposomes. It should also be pointed out

that spin labelling of peptidoglycans or structurally related

compounds have not been reported so far.

In this work we have, therefore, studied the possible

interactions of three structurally related, biologically active

compounds, namely PGM, AdTP1 and AdTP2, respec-

tively, with the lipids in negatively charged multilamellar

liposomes.

Our choice of large multilamellar, negatively charged

liposomes could be explained as follows. According to the

previously published reports [19], the negative charge and

the larger size of liposomes favours the interaction with the

reticuloendothelial systems. Negative charge is recognised

by the receptors found on immunocompetent cells, includ-

ing macrophages. Upon subcutaneous administration used

in our model systems in mice, large multilamellar liposomes

are expected to remain trapped for a prolonged period at the

injection site and serve as a drug depot. Our recent prelimi-

nary studies of immunostimulating activity of PGM incor-

porated in negatively charged multilamellar liposomes

demonstrated the efficacy of chosen liposomal preparations

(unpublished results).

In the first part of the study, spin labelled fatty acids

(n-doxyl SA) with paramagnetic nitroxide moiety posi-

tioned at different carbon atoms were used for liposome

preparations and PGM, AdTP1 and AdTP2 incorporated in

the respective preparations. ESR spectra of spin labelled

multilamellar liposomes were studied at two temperatures:

290 and 310 K. It was observed that the entrapment of

adamantyltripeptides, both AdTP1 as well as AdTP2,

affected motional properties of all lipid spin labels. An

increase of the order parameter S was determined with all

the spin labels in the liposomes prepared with AdTP1 or

AdTP2 as compared to the empty liposomes (Table 1). This

effect of adamantyltripeptides was more pronounced when

the spin labelling and ESR spectra were taken at 310 K.

A nature of a possible ‘‘binding’’ of the adamantyltripep-

tides to the surface of the liposomes examined in this work

could be discussed. The presence of the adamantyltripeptides

influenced even the motional properties of 16-doxyl stearic

acid placed in the hydrophobic core of the liposomes,

although the peptides were not soluble in the organic sol-

vents. This fact may be explained if we suppose that ‘‘bind-

ing’’ of the adamantyltripeptides to the liposome surface

could induce conformation changes of the choline groups

of the phospholipids. The other possibility would be that

adamantyltripeptides induced changes in the lipid domains of

the liposomes [43]. ‘‘Binding’’ of peptides should also

depend on the ionic strength of the buffer. It is of interest to

note that both adamantyltripeptide diastereoisomers showed

the same ‘‘binding’’ to the liposome surface.

Recently, similar effect of the amino acid glycine was

observed on the spin labelled fatty acids in the liposomes of

similar composition [26]. The effect may be of the similar

nature as we observed for the two adamantyltripeptides. On

the other hand, PGM entrapped in examined liposomal

preparations had no effect on motional properties of lipid

spin label regardless of the position of the spin label in the

fatty acid chain. It could be assumed that PGM remains

entrapped between lipid bilayers but has no direct interac-

tion with the lipids.

We have therefore attempted another approach and

prepared spin labelled PGM molecule. The synthesis was

accomplished via anhydride method as described earlier for

two PGM derivatives [43] using unprotected PGM and

taking advantage of the available amino group at diamino-

pimelic acid. ESR spectra of the spin labelled molecule in

buffer were studied first at different temperatures. PGM is a

small glycopeptide, and thus, one can approximate the

motion of the spin labelled molecule with unlabelled mol-

ecule. The rotational correlation time of the spin labelled

PGM has to be linear function of the 1/T if there was no

change in the glycopeptide conformation. Following this

reasoning, we have shown that PGM underwent conforma-

tional change above 300 K. The same effect was observed

when spin labelled PGM was entrapped into liposomes;

again indicating that there was no interaction with the lipids,

as demonstrated in the experiments with liposomes com-

prising spin labelled fatty acids.

Another experiment with spin labelled PGM was carried

out at pH 10. It was shown previously that PGM is unstable

at alkaline conditions and was consequently hydrolysed into

disaccharide and lactylpentapeptide portions [7,34]. In the

case of spin labelled PGM at pH 10, only the peptide

portion retained the spin label. ESR study of such prepara-

tions demonstrated that there was no conformational change

at 300 K. This finding indicates that the disaccharide part of

the integral PGM molecule is essential for the conforma-

tional change at higher temperature. This fact could be

relevant for biological activity of PGM in mammals with

bodily temperatures above 310 K since the right conforma-

tion is the necessary requirement for reactions with cell

receptors.

In conclusion, in this study, we have presented the data

indicating that adamantyltripeptides interact with lipids in

negatively charged multilamellar liposomes, while PGM did

not directly interact with such lipids. Also, using spin

labelled PGM, we have observed the conformational change

in the glycopeptide molecule above 303 K. The conforma-

tional change was observed only with the complete mole-

cule and not with the lactylpentapeptide portion generated in

alkaline media.

Table 1

Order parameter (S ) of ESR spectra of the spin labelled fatty acids, taken at

310 K

Liposomes 5-doxyl-SAa 7-doxyl-SAa 16-doxyl-SAa

Empty liposomes 0.582F 0.05 0.531F 0.08 0.134F 0.08

Liposomes + PGM 0.590F 0.05 0.537F 0.08 0.143F 0.08

Liposomes +AdTP1 0.620F 0.05 0.560F 0.08 0.200F 0.08

Liposomes +AdTP2 0.619F 0.05 0.565F 0.08 0.195F 0.08

a SA—stearic acid.
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