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ABSTRACT: Fourier transform infrared spectroscopy (FT-IR) and temperature programmed desorption mass spectrometry
(TPD-MS) data of O-glycoside MDP in pristine and immobilized on silica surface states indicate that O-glycoside MDP binds
to the silica surface by means of carboxylic and NH moieties of isoglutamine. Moreover, pyrolysis of O-glycoside MDP on
the silica surface proceeds through formation of additional product 3-iminopyridine-2(3H)-one, which identified in mass
spectra as molecular ion with m/z 108 and its fragment ions with m/z 79, 77, 51. FTIR and TPD-MS data confirm existence of
a MDP first B-turn on the silica surface resulting from the formation of a hydrogen bond between the NAc carbonyl and the L-
Ala NH for MDP and its analogs, as reported previously.

INTRODUCTION

Glycopeptides play an important role in various biological processes such as cellular recognition, immune response, cell
growth, cell adhesion and inflammation [1]. Muramyl dipeptide (MDP) is a glycopeptide, the minimal active fragment of
peptidoglycan, which possess all its main properties. It is well known that biological and physicochemical functions of
glycopeptides require their distinct conformational features. MDP is consists of carbohydrate residue of N-acetylmuramic acid
and dipeptide L-alanyl-D-isoglutamine. MDP and its derivatives possess adjuvant, anti-infectious and antitumor activities,
activates immunocompetent cells [2, 3] as their specifically recognized by the pathogen recognition receptor molecule NOD2
(nucleotide-binding oligomerization domain-containing protein 2) [4]. NOD2 regulates cytokine, chemokine, and
antimicrobial peptide production and therefore involved in both adaptive and innate immune systems. Despite that adjuvants
are vital components of certain inactivated vaccines only a few adjuvants licensed for use in human vaccines [5]. Therefore,
creation of new and safe adjuvants is important aim in vaccine development as existing adjuvants are poor inducers of Thl-
type of cellular immune responses [5]. The Modern Covid-19 pandemic revealed of utmost demand in safe and effective
vaccines. However, MDP toxicity hinders its use in vaccines. Efforts of scientists are focused on the synthesis nontoxic,
nonpyrogenic derivatives of MDP with desirable properties.

Novel nanotechnology-based vaccine strategies are the promising way for development advanced vaccines with the induction
of immune responses against infectious diseases including intranasal drug delivery systems [6-8]. Nanomaterial that used as
controllable delivery systems could be organic (biopolymers/polymers, liposomes, micelles, etc.), inorganic (metal oxides,
gold nanoparticles, etc.), carbon-based and hybrid organic-inorganic materials [6-8]. Nanomaterials based on silica and
alumina have unique acid-base surface properties, a smaller particle size, improved stability, and easily functionalizable
structure [9, 10]. Therefore, on their basis, a number of attractive drug/vaccine delivery systems were obtained [11-15].

Silica is attractive adjuvant candidate due to its unique properties such as tunable structural properties, adsorption of specific
biomolecules, low cytotoxicity, easy functionalization ability and molecule anchoring, and potential ability to act as delivery
vehicles for a variety of immunostimulatory agents [16, 17]. The modification of the fumed silica surface with organic moieties
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may result in controlled release and molecular recognition capabilities of fumed silica for drug delivery and biosensing
applications, respectively [18-24]. Fumed silica can serve as carrier of medicines, allowing convenient transport of the active
component into the body. Earlier, researchers used silica as a platform for delivery glucosaminylmuramyl dipeptide (GMDP)
to treat endometriosis [25]. GMDP is a synthetic MDP derivative applied for treatment of secondary immunodeficient disorders
[25]. The topical delivery of GMDP immobilized on the (3-Aminopropyl)triethoxysilane (APTES)-modified silica
nanoparticles significantly enhances drug effect on the macrophages and its phagocyte activity, whereas the immobilization of
GMDP on unmaoadified silica nanoparticles leads to loss of immunomodulatory effect of GMDP. The authors [25] explain loss
of the immunomodulatory effect of GMDP on the silica by inactivating of binding sites of GMDP responsible for its
pharmacological activity due to adsorption on the unmodified silica or conformational changes of the drug molecule. In a
similar way, interaction of MDP with silica surface and its conformational changes can influence on immunomodulatory effect
of MDP.

The #C-NMR and *H-NMR studies of MDP indicate the possible existence of non-random structures in solution [26-29].
Fermandjian and co-workers [30, 31] proposed that in DMSO solution MDP is consists of two type II adjacent B-turns forming
an S-shaped structure. According to them first B-turn is formed by a Cyo hydrogen bonding between the Ala NH and the
acetamido C=0 of N-acetylmuramic acid. Existence of second B-turn assumes presence of a free carboxamide group of
isoglutamine. The existence of the first B-turn is supported by the nuclear Ovrhauser effect spectroscopy and the H-bond
between Ala-NH and the acetamido C=0 by the temperature coefficient of the Ala-NH proton chemical shift. The second B-
turn was proposed on the ground of *H-'H coupling constants, while the H-bond between NH, group of carboxamide moiety
of isoglutamine and C=0 of lactoyl fragment was not consistent with the temperature-dependence coefficients of the
resonances [30, 31]. Molecular dynamic calculations were used to confirm the presence of the first B-turn [32], however it was
found that the presence of the second B-turn was less advantageable [33, 34]. There is no clear understanding of the MDP
conformational structure.

Nuclear magnetic resonance (NMR) techniques and molecular dynamics are the most common and widely used techniques
to study the conformational features of MDP derivatives, immobilization on surfaces also can be studied using temperature-
programmed desorption mass spectrometry (TPD-MS) to differentiate processes with various activation parameters [35-37].
Infrared (IR) spectroscopy is an important method for the identification surface groups, determination their structure and nature
of appeared bonds. Also, IR spectroscopy is well established experimental technique for the analysis of secondary structure of
polypeptides and proteins in solution and in adsorbed state [38, 39]. It was interesting to examine by TPD-MS and IR-
spectroscopy if MDP O-glycoside would adopt the same bound state in pristine state and adsorbed on silica surface that
influence on conformational structure as MDP in DMSO and water. The interaction of MDP O-glycoside with silica can
influence its bioactivity as spatial organization of biomolecules determine their biological activity. Hence, the presented work
reports the results of our investigation on interaction of MDP O-glycoside with silica surface for the determination of the
binding mechanism and adsorption complexes structure by TPD-MS and IR-spectroscopy. The obtained data and knowledge
are important for the understanding binding mechanisms of MDP and its derivatives to the carrier active sites for the design
MDP-delivery systems.

EXPERIMENTAL SECTION

Samples. Silicon dioxide with the specific surface area of 270 m?/g (Kalush, Ukraine;) was preliminary calcined during 2 h
at 400 °C by heating on air in order remove any organic substances. O-{(4-tert-butylcyclohexyl)-2-acetamido-2,3-dideoxy-f3-
d-glucopyranoside-3-yl}-D-lactoyl-L-alanyl-D-isoglutamine (MDP O-glycoside , the scheme 1) was kindly gifted by the
Department of Biological and Organic chemistry of Taurida National V.l. Vernadsky University [40, 41]. Sample of MDP O-
glycoside with a concentration of 0.6 mmol/g of on the silica surface was obtained by impregnation.
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Scheme 1. Structure of MDP O-glycoside

Soaking of 1 g of silica in the 20 mL of 96% ethanol solution containing 0.378 g of MDP O-glycoside used for obtaining
sample of MDP O-glycoside adsorbed on the silica surface with a concentration of 0.6 mmol/g of on the silica surface. This
concentration was selected in order to cover all isolated silanol groups (the main active cites) on the silica surface. The



thoroughly mixed suspension of modifier and silica left on air at ~20 °C for full evaporation of the ethanol (~ 24 h). Thereafter,
the sample of MDP O-glycoside adsorbed on the silica was studied by TPD-MS and FT-IR-spectroscopy.

Method of Temperature-Programmed Desorption Mass Spectrometry (TPD-MS). TPD-curves for MDP O-glycoside in
pristine state and on the silica surface were received by MKh-7304A monopole mass spectrometer (Electron, Sumy, Ukraine)
with electron impact ionization. The detail description of experimental work and calculation of kinetic parameters were
reported in previous articles [42-47].
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Figure 1. (A) ESI-MS spectrum of MDP O-glycoside in positive mode; (B) Fragmentation pattern of MDP O-glycoside
under ESI-MS investigation.

FTIR Spectroscopy. FT IR NEXUS spectrometer was used for obtaining FT-IR-spectra (Thermo Nicolet). FT-IR spectra
were run in diffuse reflection mode at a resolution of 4 cm™in the frequency range of 4000—400 cm™at room temperature, and
scan rate 0.5 cm/sec. The milled MDP O-glycoside adsorbed on the silica sample were mixed thoroughly with preliminary
calcined and milled KBr (1:100).

Electrospray mass spectrometry (ESI-MS). Bruker HCT Plus (Bruker Daltonics, Bremen, Germany) equipped with an
electrospray ionization source with an ion trap mass spectrometer was used to obtain ESI mass spectra at 25°C. A 250 pmol/uL
of the analyte methanol solution was used for the analysis.

RESULTS

It was reported that MDP structure consists of two type adjacent B-turns held in S-shaped structure. Biological activity
depends on spatial organization of their molecules. Binding some functional groups of molecules to active site of carrier can
change or totally illuminate their activity. Silica is commonly used as vehicles for bioactive agents in different drug delivery
systems. Currently, researchers across the globe are developing less pyrogenic analogues of MDP that retain their biological
activity. Parfenyuk and co-authors showed that MDP derivative, glucosaminylmuramyl dipeptide (GMDP), lost his biological
effect after immobilization on unmodified silica surface. Obviously, there is an inactivation occurs due to interaction between
silica surface active sites and GMDP groups responsible for its pharmacological activity. Therefore, understanding the
structure-biological activity relationship is important for the creation of new derivatives of MDP as well as for design drug
delivery systems based on them.

A demand arose for confirming structure and stability during storage of MDP O-glycoside as it was synthesized. Moreover,
ion-molecule reactions of molecular ion can in some extend model the reaction pathways of thermally stimulated reactions as
well as biotransformation pathways of MDP in the natural conditions. Chemical structure and stability of MDP O-glycoside
during storage have been confirmed by electrospray mass spectrometry (Figure 1) and *H-NMR [41].

In spectrum we can see peaks at m/z 653, 631, which correspond to sodium [M + Na]+ and proton [M + H]+ molecular ion
adducts, respectively (Figure 1). Moreover, there is spectrum low-intensity peak at m/z 669, which is belongs to potassium

molecular ion adduct [M + K]+ . lon peak at m/z 475 formed under glycosidic linkage cleavage. The elimination of NH, from

ion at m/z 475 lead to ion peak at m/z 459. lon peak at m/z 416 is resulting from detachment of — CH, — COOH fragment from

ion at m/z 475 (Figure 1B). lon peaks at m/z 239 and at m/z 192 are triple-charged ['V' +K+ 2Na]3 % and quadro-charged



M —6H + 6Na + 4H[* ¥ - : -
— bF +biNa + f adducts, respectively. The loss of two water molecule from the ion at m/z 342 led to the formation

+
of the peak ion at m/z 306. Peak ion at m/z 102 is a triple-charged ion at m/z 306 M = Cy1H18N306 — ZHZOFK . All fragment

ions in ESI MS spectra of MDP are coincided with the structure of MDP O-glycoside.

The TPD-MS is frequently employed technique to monitor surface interactions between adsorbed molecules and substrate
surface. The TPD-MS can be used for the determination of kinetic and thermodynamic parameters of desorption processes or
decomposition reactions. It can be recognized the binding states of the adsorbed species and surface sites responsible for a
given surface thermal transformation. Pyrolysis of carbohydrate fragment, aglycone and peptide fragment of MDP O-glycoside
in the pristine state and adsorbed on the silica surface (Figure 2-4) have been determined by TPD-MS. Earlier we identified
pyrolysis stages of MDP O-glycoside in the pristine state and adsorbed on silica surface [40]. Our study has revealed that
binding of MDP O-glycoside to silica surface occurs by means of peptide fragment but detailed investigation of binding
mechanism haven't done yet. Briefly, the pyrolysis of MDP O-glycoside at the pristine state occurs at two stages (Figures 2-
4). The first stage relates to the simultaneous detachment of peptide fragment (m/z 99, 79, 77, 71) and aglycone (m/z 138, 82)
from pyranose ring of muramic acid (Figures 2, 4). Peak ions at m/z 79, 77 were detected during analysis of TPD spectra
(Figure 4 D, E). But structure of these ions haven't been elucidated in our previous work. Apart from peak ions at m/z 79, 77
observed on TPD-curves of MDP O-glycoside adsorbed on silica surface as it was detected in pristine state additional ion at
m/z 108 (Figure 4C) have been revealed. Fragment ions at m/z 108, 79, 77, 51 (Tmax=80 °C) are derived from peptide fragment
of MDP O-glycoside (Figure 3C-F).
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Scheme 2. Complex of MDP O-glycoside in the pristine state under TPD-MS investigation.
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Figure 2. TPD-curves of aglycone decomposition. (A) TPD-curves of fragment ion (m/z 138) desorption for the samples of
MDP O-glycoside in pristine state (black curve) and on the silica surface (green curve); (B) TPD-curves of fragment ion (m/z
123) desorption for the samples of MDP O-glycoside in pristine state (black curve) and on the silica surface (green curve); (C)
TPD-curves of fragment ion (m/z 82) desorption for the samples of MDP O-glycoside in pristine state (black curve) and on the
silica surface (green curve).




Presumably, removal of peptide fragment and aglycon from muramic acid in the pristine state arise due to glycoside bonds
cleavage during one thermal reaction (Tmax=160 °C). In this case, intermolecular catalysis takes place. Elimination of peptide
fragment from one molecule triggers the removal of the aglycone from neighbor molecule (scheme 2). This causes the second
order of reaction [40]. Both substituents have values of pre-exponential factor of the same order. Activation energies have
close values approximately 132 kJ/mole [40].
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Figure 3. TPD-curves of carbohydrate fragment decomposition. (A) TPD-curves of unsaturated aminosugar (m/z 125)
desorption for the samples of MDP O-glycoside in pristine state (black curve) and on the silica surface (red curve); (B) TPD-
curves of fragment ion (m/z 97) desorption for the samples of MDP O-glycoside in pristine state (black curve) and on the silica
surface (red curve).

The pyrolysis of carbohydrate fragment in the pristine state and on the silica surface takes place at ~250 °C due to glycosidic
linkage disruption and elimination of two water molecules from pyranose ring of MDP O-glycoside with formation of
substance in molecular form with m/z 125 (Figure 3A). This reaction both in pristine state and on the silica surface follows
first order kinetics.

It was found that the thermal decomposition of MDP O-glycoside on the silica surface proceeds in three stages (Figure 2-4).
Thermal decomposition of aglycone and peptide fragment on the silica surface proceeds via another mechanism, then
transformations of carbohydrate fragment. The decomposition of peptide fragment and aglycone on the silica surface occurs
as two different reactions in various temperature ranges and characterized by distinct kinetic parameters of reactions (Figure
2, 4). Most probably, the decomposition of aglycone (Figure 2) and peptide fragment (Figure 4) of MDP O-glycoside on the
silica surface takes place via breaking of hydrogen-bonded complex at silanol surface group. Formation on the surface of
adsorption complexes between MDP O-glycoside molecule and silanol group of the surface and the absence attractive or
cooperative interactions between molecules of adsorbate supports differences in pyrolytic pathways of MDP O-glycoside on
the surface and in the pristine state. Nearest environment plays a decisive role at pyrolysis in the pristine state.

The calculated kinetic parameters for fragments at m/z 108, 79 indicate that process follows first order kinetics (Table 1) as
previously was calculated for peptide fragment pyrolysis on the silica surface. Further TPD-MS data analysis were undertaken
in order to identify structure of ions at m/z 79, 77, which previously weren't known.



A B
5 m/z 99 5 m/z 71
5 — pristine state 5 — pristine state
= —_— SIO2 5 —_ SIO2

100 200 300 40%500 600700 100 200 300 400 500 600 700
C ’ D '
5 m/z 108 5 m/z 79
5 — pristine state 5 — pristine state
= —_ SIO2 = — SIO2

100 200 300 400 500 600 700 100 200 300 400 500 600 700

°C T, °C
E F
5 m/z 77 5 m/z 51
5 — pristine state 5 — pristine state
= — SiO, = —Si0,
W o TUA L
100 200 300 400 500600 700 100 200 300 40%500 600700

1 1

Figure 4. TPD-curves of peptide fragment decomposition. (A) TPD-curves of fragment ion (m/z 99) desorption for the
samples of MDP O-glycoside in pristine state (black curve) and on the silica surface (blue curve); (B) TPD-curves of fragment
ion (m/z 71) desorption for the samples of MDP O-glycoside in pristine state (black curve) and on the silica surface (blue
curve); (C) TPD-curves of fragment ion (m/z 108) desorption for the samples of MDP O-glycoside in pristine state (black
curve) and on the silica surface (blue curve) (D) TPD-curves of fragment ion (m/z 79) desorption for the samples of MDP O-
glycoside in pristine state (black curve) and on the silica surface (blue curve); (E) TPD-curves of fragment ion (m/z 77)
desorption for the samples of MDP O-glycoside in pristine state (black curve) and on the silica surface (blue curve); (F) TPD-
curves of fragment ion (m/z 51) desorption for the samples of MDP O-glycoside in pristine state (black curve) and on the silica
surface (blue curve).

Table 1. Kinetic parameters (temperature of the maximum reaction rate Tmax, reaction order n, activation energy E?, pre-
exponential factor ko, change in activation entropy AS*) of thermal transformations of MDP in pristine and adsorbed on silica
surface state

Fragment | Tmax ('C) m/z n E#, (kJxmol™?) ko, (s1) AS?, R?

(calxKtxmol?)

Adsorbed state
peptide 3-iminopyridine-2(3H)-one
Jragment 90 108 1 72 2.6%10° -20 0.950
90 79 1 75 9.0x108 -18 0.963

The IR-spectroscopy data of MDP O-glycoside investigations in the pristine state and adsorbed on the silica surface are in a
good agreement with the TPD-data (Figure 4). FTIR spectrum of silica is illustrated on Fig. 5A (curve 2, black line). The
narrow band at 3745 cm™ is assigned to the stretching mode of isolated silanol groups (Figure 5A, curve 2 (black curve), 3
(blue curve)). The wide absorption band between 3000 and 3700 cm™ corresponds to overlapping of water O—H and Si-OH
stretching vibrations. Absorption bands at 1980 cm™, 1867 cm™ characterize the overtones and combination modes of the silica
matrix. The peak at 1624 cm is attributed to the bending vibrations of physically adsorbed molecular water at the silica surface
(Figure 5A, curve 2). The intense band at ~1083 cm and the shoulder at ~1197 cm™ associated with the asymmetric Si—-O-Si



stretching vibrations (the transversal optical and longitudinal optical modes, respectively or assigned to asymmetric stretching
vibrations of the Si-O-Si. The band at ~806 cm™* caused by symmetric Si-O-Si vibrations.

FT-IR spectra of MDP O-glycoside in pristine state exhibit bands in the range 4000-3100 cm™ resulting from the O—H
stretching bands and the symmetric and asymmetric N-H stretching modes. IR spectra of MDP O-glycoside adsorbed on the
silica surface in the range 4000-3100 cm™ are also dominated by absorption arising from —OH and N-H stretching mode,
which are partially overlapped by the bands of the silica matrix (Figure 5A).
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Figure 5. (A) FTIR spectra from MDP O-glycoside (1; red line), fumed silica (2; black line) and MDP O-glycoside
immobilized on the silica surface (0.6 mmol/g) (3; blue line); (B) FTIR spectra in the range between 1400 and 1800 cm! from
MDP O-glycoside (1; red line) and MDP O-glycoside immobilized on the silica surface (0.6 mmol/g) (2; blue line).

Table 2. Absorption frequencies of amide I, amide Il bands and N-H stretching modes of MDP in pristine state (Pr) and
andorbed on silica surface (Ad)

Amide I, v (cm™) Amide I, v (cm™) VN-H, (cm?)
Pr Ad Pr Ad Pr Ad
MDP 1686 1659 1531 1547 3525 3614
1693 1689 1551 1562 3575 3644
3599 3656

Table 3. The amide I, amide Il bands frequencies and assignments to the secondary structure of peptides and proteins (according

to literature)

Assignment Amide I, v (cm™) Amide 1, v (cm™) Reference
a-helix 1663 1537 [48, 49]
1660-1662,1665 1531-1533 [50]
1650-1658 § [51]
B-sheet 1670-1690, 1620-1640 - [50]
1620-1640 - [51]




B-turn 1659; 1686; 1689; 1693 1531; 1547, 1562 [52]
1659, 1686, 1689, 1693 1531, 1551, 1547 [49]
1660-1690, 1635-1645, - [50]
1693, 1659
random coil 1640-1648, 1650-1660 - [50]

The stretching vibrations of terminal silanol groups of silica appeared at 3745 cm™ in IR-spectra. The intensity of band at
3745 cm™ is decreased after immobilization of MDP on the silica surface. That fact indicates on the hydrogen-bonding of MDP
molecule with free silanol surface groups.

In the IR-spectrum of MDP O-glycoside in the pristine state, the lines at 2862 and 2920 cm™ are attributed to the symmetric
and antisymmetric stretching vibrations of C—H bonds in a methylene group. At the same time in the IR-spectrum of MDP O-
glycoside on the silica surface the lines at 2858 cm™ and 2928 cm™ is also caused by the symmetric and antisymmetric
stretching vibrations of C—H bonds in a methylene group.

Bands at 1709 cm™ (dimer of carboxylic group) and 1724 cm™ (hydrogen-bonded carboxylic group, associated carboxylic
group) referred to stretching vibrations of C=0 bonds in carbonyl group. Detected shift of these bands to lower wavenumbers
(1709 cm™) provide evidence for surface complex formed by C=0 of MDP O-glycoside carbonyl group (Figure 5, Table 2).
The bands observed in the 1500-1200 cm™ region arise from deformation vibrations. Amide 111 band at 1234 cm that derives
from deformation vibrations of N—H bond, wasn't detected in IR-spectrum of MDP O-glycoside on the silica surface. Region
1400-1200 cm™ are characterized by overlapping deformation vibrations of C—H bond in methyl and methylene groups of
peptide fragment, stretching vibrations of C-O bond in carbonyl group, deformation vibrations of O—H bond in hydroxyl group
and stretching vibrations of C—N bond. The region between 1800 and 1500 cm? is dominated by the conformational-sensitive
amide | and amide Il bands, which are the most intensive bands in the spectra of MDP O-glycoside in pristine and adsorbed
state. Amide | is mainly induced by the stretching vibrations of the C=0 of peptide bond and describes vibration produces a
change of C=0 bond length, that encodes the secondary structure of a protein [38, 39]. The amide | band contour have a
complex composite because it consists of many overlapping component bands representing alpha helices, B-sheets, B-turns and
random structures. Amide | band of MDP O-glycoside in pristine state is consists of two separate component peaks at 1686
and 1693 cm™ (Figure 5B). It indicates that MDP O-glycoside molecule has unequal C=0 bonds [53-55]. The peaks at 1659
and 1689 cm™ in the spectra of MDP O-glycoside adsorbed on silica are related to the amide I band (Figure 5B, Table 2); hence
it is observed that amide | band is shifted to lower wavenumbers (Figure 5B, Table 2). This testify that binding to the silica
surface occur due to peptide fragment resulting in changing of its conformation under adsorption. The amide Il band represents
mainly the out-of-phase combination of the N—H in-plane bend and the C-N stretching vibration. Amide Il band of MDP O-
glycoside in pristine state shows also a complex structure: 1531, 1551 cm™ and on the silica surface: 1547, 1562 cm™,
respectively [53-55] (Figure 5B, Table 2).

The physically adsorbed molecular water at the silica surface give absorbance band at 1624 cm (Figure 5A, curve 3). Hence,
amide | and amide Il bands are not obscured by overlapping with absorption bands of physically adsorbed molecular water.

As it was mentioned above, earlier other researchers on the basis of NMR data found that MDP appears in an S-shaped
structure composed of two adjacent type II B-turns [30-32]. B-turns are peptide and protein secondary structural element which
formation plays an important role in protein folding, protein stability and molecular recognition processes.

In FTIR-spectra B-turns give rise to certain absorption bands namely, amide | and partially amide 11 [38] (Table 3). Amide |
and amide |1 are sensitive to the secondary structure content of a peptide or protein because peptide bonds are involved in the
hydrogen bonding that takes place between the different elements of secondary structure[56]. Assignment of amide | has
revealed that peptide fragment of MDP O-glycoside formed by two type II B-turns in pristine and immobilized on silica surface
state.

Amide | band in IR-spectra of MDP O-glycoside immobilized on the silica surface is shifted to lower wavenumbers however
it keeps at the same time the complex structure of the spectral line, which can be assigned to B-turns. First f-turn is due to
hydrogen bonding between C=0 bond of acetamido group of N-acetylmuramic acid and N—H bond of alanine. Second B-turn
involving hydrogen bonds between carbonyl group of the lactyl side-chain of N-acetylmuramic acid and NH2 group of
isoglutamine. Therefore, amide | and amide Il bands in IR-spectra of MDP O-glycoside in the pristine state and adsorbed on
the silica surface have complex structure: include several lines. Amide band frequency splitting indicates that amide groups
participate in the formation of energetically unequal hydrogen bonds. As it was mentioned above, amide Il band is shifted to a
higher wavenumbers and amide | band is shifted to a lower wavenumber in IR-spectra of MDP O-glycoside adsorbed on the
silica surface, which testify that MDP O-glycoside binds to surface by means of carboxyl group of isoglutamine and one of
peptide groups (Figure 5, Table 2). Adsorption of MDP O-glycoside on the silica surface resulted in conformational changes
of MDP O-glycoside molecule.

FTIR and TPD-MS data of MDP O-glycoside in pristine and immobilized on silica surface states that MDP O-glycoside
binds to the silica surface by means of carboxylic and NH moieties of isoglutamine (the scheme 3). Moreover, pyrolysis of



MDP O-glycoside on the silica surface proceeds through formation of additional product 3-iminopyridine-2(3H)-one, which
identified in mass spectra as molecular ion with m/z 108 and its fragment ions with m/z 79, 77, 51 (the scheme 3).

SUMMARY

Investigation of MDP O-glycoside conformation in pristine state and immobilized on the surface is important for
understanding of interactions of biomolecules with different receptors on cell membranes, as glycopeptides include the
enzymes, hormones, immune and plasma proteins. Since MDP O-glycoside is a conformationally flexible molecule, its various
biological activities could be due to interactions of different conformations with stereochemically different receptors.

FTIR and TPD-MS data confirm existence of a MDP O-glycoside first B-turn on the silica surface resulting from the
formation of a hydrogen bond between the NAc carbonyl and the L-Ala NH for MDP O-glycoside and its analogs, as reported
previously. It can be supposed that MDP O-glycoside don’t lose its immunostimulating activity after immobilization on silica
surface as previously a relationship between the expression of such a biological activity and the existence of the first turn has
been suggested. Formation on the surface of adsorption complexes between MDP O-glycoside molecule and silanol group of
the surface causes differences in pyrolytic pathways of MDP O-glycoside on the surface and in the pristine state. Using TPD-
MS and FTIR-spectroscopy has been shown that adsorption of MDP O-glycoside on silica surface takes place via carboxylic
group and —NH group of isoglutamine, not involved in hydrogen-bonded B-turns. The results demonstrate that TPD-MS and
FTIR-spectroscopy may be applied to study conformation of MDP.
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Scheme 3. Decomposition pathway of MDP O-glycoside on the silica surface under TPD-MS investigation.
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