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Alzheimer’s disease (AD) is promoted by the formation of insoluble aggregates
at the synapse level such as extracellular deposition of β-amyloid (Aβ) peptides
and intracellular accumulation of tau protein leading to disruption of synaptic
activity and loss of synapses. Since the interaction of Aβ peptide with metal ions
is known to promote peptides aggregation, compounds which exhibit chelating
properties can be used to prevent the interaction of the amyloid peptide with
metal ions. Therefore, we have synthesized four new peptides sequences derived
from the anti-amyloid NAP peptide (1NAPVSIPQ8). We focused our study on
the sequence of three amino acids 5SIP7, known as active center of the native
octapeptide, where we replaced the serine residue with glycine, alanine, histidine
and tyrosine. The purpose of our peptide design is a better understanding of
disaggregating properties of the NAP peptide and its role as potent inhibitor
against Aβ peptide aggregation. The newly synthesized peptides were purified
by HPLC and characterized by MALDI-ToF mass spectrometry and Fourier
transform infrared spectroscopy (FT-IR). Both HPLC analytical chromatograms
and MALDI-ToF spectra confirmed the synthesis of the desired peptides and
their high purity, while the FT-IR analysis showed that peptide conformation
varies from one peptide to another.

INTRODUCTION∗
During recent years, an increase in the field of
peptide biochemical research was noticed. This
tremendous progression has led to the development
of peptides and proteins as therapeutic agents.1 In
order to grow their specificity towards target
molecules, the new peptide compounds may
require sequence modifications or insertion of nonnatural amino acids.2,3 Peptide synthesis is
considered to be a viable alternative for obtaining
novel designed therapeutic agents. Fmoc solid
* Corresponding authors: gabidr@uaic.ro and brindusa.petre@uaic.ro

phase peptide synthesis (SPPS) is generally the
method of choice for the synthesis of modified
peptides.4–8 This method allows the researcher to
use the imagination and creativity to generate new
peptides capable of giving new biological
activity.9,10 For example, the characteristic of
membrane passing, one of the main problems in
therapeutic efficiency, may be accomplished by the
cell-penetrating peptides.11 Generally, SPPS
involves the use of a resin as support for peptide
chain assembling. The desired sequence is
produced from the C-terminus, which is attached to

536

Ancuţa-Veronica Lupaescu et al.

a solid support, to the N-terminus through
repetitive cycles of amino acids additions.
Moreover, this method requires the use of
“temporary” and “permanent” protecting groups
which are stable to the reaction conditions and can
be removed with the help of piperidine base or
trifluoroacetic acid (TFA), respectively, in order to
ensure the addition of one amino acid per step.1,12
Neuroprotective peptides have been widely
studied for their significant prevention and
improvement of the conditions of degenerative
diseases. Neurodegenerative disorders such as
Alzheimer, Parkinson and Creutzfeldt–Jacob
diseases are associated with protein misfolding.13
Conformational changes are thought to be the
prime mechanism of amyloid plaque formation in
the neurodegenerative diseases by changing the
morphology of the entire brain.14
NAP (1NAPVSIPQ8) is a small active fragment
of the Activity-Dependent Neuroprotective Protein,
ADNP (354-361), which provides neuroprotection
at very low concentrations and arises from studies
of vasoactive intestinal peptides.15 The octapeptide
protects cells by promoting the reorganization of
the microtubular network and facilitates neurite
outgrowth.16 Besides, NAP promotes the
dissolution of amyloid plaques and prevents Aβ
aggregation, one of the main pathological issue in
AD.17,18 Its bioavailability and extend neuroprotection
made this peptide a pharmaceutical candidate for
both intranasal and intravenous routes.19 NAP
derivatives peptides are of scientific and clinical
interest during aging, because they may reduce
tauopathy and provide neuro and cognitive
protection of the brain. In this regard, the D-NAP
active peptide,20 obtained by replacing all L-amino
acids with D-amino acids, and IsoNAP peptide,21
which contains alpha-aminoisobutyric acid instead
of the proline residues to enhance its β-sheet
breaker, have been shown to reduce protein
misfolding. Moreover, Oz et al. and Gozes et al.
showed that NAPVSIPQ interacts with the
microtubule end-binding protein (EB1) through
SIP domain (Ser-Ile-Pro).22,23 Studies involving the
interaction between NAP modified peptides and
metal ions such as iron(III) and cooper(II) showed
the formation of Fe2+-peptide complexes and Cu+peptide complexes providing new information
about the mechanism of interaction with Aβ
aggregates.7,8
In the present study, we have synthesized four
NAP-like peptides via solid-phase peptide
synthesis (SPPS). The goal of this work was also to
investigate the conformational differences among the
five peptides and to examine potential mechanisms
based on structure-properties relationship that

underlie such differences. Such peptides could be of
particular interest in investigating the relationship
between metal ions and peptides or proteins involved
in neurodegenerative diseases. Here, the newly
synthesized peptides were investigated by mass
spectrometry
using
a MALDI-ToF
mass
spectrometer, whereas their conformation was
studied by FT-IR spectroscopy. In addition, the
properties and spatial distribution of the five peptides
were theoretically anticipated with the help of the
GPMAW software and Chem3D Ultra software.
RESULTS AND DISSCUSION
Peptide synthesis and characterization
The characteristics of native NAP peptide
synthesized in our study are presented in Table 1.
In principle, the syntheses targeted the 5SIP7 (SerIle-Pro) sequence of native peptide NAP
considered by some researchers as its active
center.22 Fig. 1 shows the amino acid sequence that
forms the basic skeletons of the NAP peptides. As
observed there, all the peptides contain similar
structures except for the fifth amino acid
(highlighted with red). More exactly, by replacing
serine with glycine (5S→G) a new peptide with the
structure H2N-(Asn-Ala-Pro-Val-Gly-Ile-Pro-Gln)COOH was obtained (abbreviated NAPG). In the
case of NAPA peptide, the synthesis was carried
out on using alanine instead of serine (5S→A) and
thus, the H2N-(Asn-Ala-Pro-Val-Ala-Ile-Pro-Gln)COOH peptide was synthesized. Similar to the
previous cases, other two peptides (NAPH: H2N(Asn-Ala-Pro-Val-His-Ile-Pro-Gln)-COOH
and
NAPY: H2N-(Asn-Ala-Pro-Val-Tyr-Ile-Pro-Gln)COOH) containing histidine (5S→H) and tyrosine
(5S→Y) as substitutes for the serine amino acid
were obtained.
The synthesis and purification of peptides by
RP-HPLC chromatography were performed
according to the method described in the
experimental section. Since each peptide presents a
specific hydrophobicity as determined by its
structure, they eluted from the C18-analitical
column as major peaks with specific retention
times (see Table 1). For example, NAPG (5S→G)
peptide was the most rapidly eluted at 9.72 min
and 57.5% B while NAPY (5S→Y) peptide was
eluted at 10.187 min corresponding to 62% solvent
B using the same separation conditions. Since the
obtained chromatograms contained only the peak
characteristic to the pure peptides, no further
purification steps were required.
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Table 1
Retention time of peptides analysed by HPLC
Peptide
structure
H2N-(Asn-Ala-Pro-Val-Ser-Ile-Pro-Gln)-COOH

Peptide
code
NAP

Retention time
(min)
9.777

Eluent
%B
58.0

H2N-(Asn-Ala-Pro-Val-Gly-Ile-Pro-Gln)-COOH

NAPG

9.720

57.5

H2N-(Asn-Ala-Pro-Val-Ala-Ile-Pro-Gln)-COOH

NAPA

9.813

58.2

H2N-(Asn-Ala-Pro-Val-His-Ile-Pro-Gln)-COOH

NAPH

9.753

57.7

H2N-(Asn-Ala-Pro-Val-Tyr-Ile-Pro-Gln)-COOH

NAPY

10.187

62.0

The first experimental step after performing the
synthesis was to confirm the molecular weight of
the resulting peptides. Matrix-assisted laser desorption/ionization time-of-flight mass spectrometry
(MALDI-ToF MS) is an efficient method to
analyse small proteins and peptides by providing
accurate determination of molecular weight
measuring ionized molecules.24 By comparing the
theoretical m/z values with the experimental
molecular mass values (Table 2), it was possible to
confirm the synthesis of the desired peptide
sequences.
Figure 2 shows the MALDI –ToF mass spectra
of all five NAP peptides here synthesized. The
peptide signal corresponding to the molecular ion
[M+H]+ was observed only in the NAPH mass

spectrum at m/z 875.80. In the case of all the other
NAP peptides, different peaks, which were
assigned to the [M+H-16]+ ion, were present in
their mass spectra. A proposed mechanism to
describe the formation of [M+H-16]+ ion is
depicted in Figure 3. The possible nucleophile
attack rearrangement that leads to peptide
deamination and pyroglutamic acid formation is
favoured by the C-terminus glutamine residue. The
rule “N-terminal Q → Q[−17.027]” applies only to
N-terminal glutamine peptides.25 In addition, the
mechanism of deamination is photochemical
favoured by the laser light source. This process
occurs during the peptide ionization and thus, it
can be considered as a post-source decay
mechanism.

Fig. 1 – General structure of designed peptides derived from NAP.
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Fig. 2 – MALDI-ToF MS spectra of the newly synthesized NAP-based peptides: NAP native peptide, glycine-mutant NAPG,
alanine-mutant NAPA, histidine-mutant NAPH and tyrosine-mutant peptide.

Besides the signal of the intact molecular ion
[M+H]+, and deaminated [M-16+H]+ ion (at m/z
809.77 for NAP; m/z 779.83 for NAPG; m/z
793.83 for NAPA; m/z 859.84 for NAPH and m/z
885.87 for NAPY) two additional peaks,
characteristic to Na+ and K+ adducts were also
observed (Fig. 2). Thus, the MALDI-ToF mass
spectrum of the peptide NAP showed a
characteristic peak at m/z 847.73, which was
assigned to the molecular ion [M+Na]+, while the
characteristic addition of +39 Da assigned to the
potassium adduct was observed at m/z 863.70.
Other peaks containing the characteristic additions
of +22 Da were attributed to the double sodium
adduct [M+2Na-H]+ (m/z 869.72) and [M+K+NaH]+ ion (m/z 885.69).

The spectrum of NAPG peptide displayed other
signals corresponding to sodium adduct (m/z
817.78) and potassium ion (m/z 833.76), together
with the peak, characteristic to deaminated peptide
([M-16+H]+ ion, m/z 779.81). Another peak
attributed to [M+2Na-H]+ ion was observed at m/z
839.77. Similarly, the alanine-mutant NAPA
peptide displayed signals associated with [M16+H]+ ion at m/z 793.83, [M+Na]+ ion at m/z
831.78 and [M+K]+ ion at m/z 847.77 in the
spectrum. Some signals of low intensity were
observed at m/z 853.78 and m/z 869.76, being
assigned to [M+2Na-H]+ ion and [M+K+Na-H]+
ion, respectively. The MALDI-ToF mass spectrum
of NAPH peptide contains both signals
corresponding to the molecular ion [M+H]+ (m/z
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875.80) and the deamidated [M-16+H]+ ion (m/z
859.84). Similar to the other peptides, the most
intense signal in the spectrum belongs to the
sodium adduct ion [M+Na]+, found at m/z 897.79.
Other small signals displayed in the spectrum were
attributed to the potassium ion (m/z 913.79),
[M+2Na-H]+ ion (m/z 919.79) and [M+K+Na-H]+
ion (m/z 935.76), respectively. As for NAPY
peptide, the recorded mass spectrum presented an
intense peak at 885.87, which was assigned to
deamidated [M-16+H]+ ion. Other signals, noticed
in the spectrum at m/z 923.83, m/z 939.81, m/z
945.83 and m/z 961.80, were attributed to the
sodium and potassium ions.
Table 2 shows the theoretical and experimental
values of the main peaks found in the mass spectra.
The experimental m/z values displayed by the
MALDI ToF mass spectrometer were in best
agreement with theoretical data obtained using the
ChemCalc program.
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According to the mechanism described above,
the protonated peptide can obey a nucleophile
attack that leads to the cyclization of the glutamine
residue. The resulted compound is stabilized by
removing the ammonium ion.25
FT-IR Study
Infrared spectroscopy is a measurement of
wavelength and intensity of the absorption of IR
radiation by a sample.27 Peptides and proteins contain
chains of amino acids linked via amide bonds. The
frequencies at which amide bond vibrations occur
can be attributed to different secondary structures in
which the amide bonds are present.28 Thus,
modifications in hydrogen bonding among amino
acid residues are reflected in the differences appeared
on amide bonds vibration. Three major spectral
regions (amide I, amide II and amide III)
corresponding to C=O, C-N and N-H vibrations
characterize structurally the peptide chain.29,30

Table 2
Molecular weight of the newly synthesized peptides, as experimentally determined
with a MALDI-ToF instrument or calculated with ChemCalc soft26
Peptide

Molecular Ion

Theoretical (m/z)

Experimental (m/z)*

NAP
(H2N -NAPVSIPQ-COOH)
C36H60N10O12

[M-16+H]+
[M+H]+
[M+Na]+
[M+K]+

809.42
825.44
847.42
863.40

809.77
847.73
863.70

NAPG
(H2N –NAPVGIPQ-COOH)
C35H58N10O11

[M-16+H]+
[M+H]+
[M+Na]+
[M+K]+

779.42
795.43
817.42
833.39

779.83
817.78
833.77

NAPA
(H2N –NAPVAIPQ-COOH)
C36H60N10O11

[M-16+H]+
[M+H]+
[M+Na]+
[M+K]+

793.43
809.45
831.43
847.41

793.83
831.78
847.77

NAPH
(H2N –NAPVHIPQ-COOH)
C39H62N12O11

[M-16+H]+
[M+H]+
[M+Na]+
[M+K]+

859.45
895.47
897.45
913.43

859.84
895.80
897.79
913.76

NAPY
(H2N –NAPVYIPQ-COOH)
C42H64N10O12

[M+H]+
[M-16+H]+
[M+Na]+
[M+K]+

885.46
901.47
923.46
939.43

885.87
923.83
939.81

*(-) not present in the MALDI-ToF mass spectra
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Fig. 3 – Proposed mechanism for [M+H-16]+ ion formation.

The IR spectra of NAP peptides presented in
Figure 4.a reveals four major peaks between 1800
cm-1 and 1000 cm-1. The similarities presented in
the spectra are generated by their peptide chains
that differ only through one amino acid. However,
differences regarding the bands intensity and peak
values can be easily spotted in all the spectra. For
example, the peak displayed in the range 12001100 cm-1, characteristic for C–N stretching and
C–C–N bending contains from three to two
maxima depending on the type of peptide. Thus,
NAP peptide contains three peaks in the band area
at 1198 cm-1, 1172 cm-1 and 1138 cm-1, while
NAPG peptide displays only two peaks at 1161
cm-1 and 1142 cm-1, respectively. Similar peaks
were observed in the NAPA peptide spectrum,
where another peak can easily be observed at 1165
cm-1, alongside with that maximum at 1198 cm-1.
The histidine modified peptide had two peaks at
1162 cm-1 and 1136 cm-1, while the tyrosine
peptide was characterized by two maxima at 1197
cm-1 and 1167 cm-1.
The amide I band found between 1700 and
1600 cm−1 is usually the most intense infrared band
of the proteins. This signal is primary governed/
mainly caused by the stretching vibrations of the

C=O and is directly related to the backbone
conformation and the hydrogen bonding pattern.
For all peptides, the amide I band was
characterized by an intense signal with one or two
maxima. Thus, the native NAP peptide displayed
one intense signal at 1625 cm-1 corresponding to βsheet conformation and another one around 1653
cm-1 characteristic to α-helix structure. The
glycine-mutant peptide (NAPG) presented two
signals: one at 1623 cm-1 and another one at 1655
cm-1 with slight changes compared to the signals of
the native peptide. The alanine modified peptide
(NAPA) contains only a maximum at 1625 cm-1
without any other at 1653 cm-1. In the case of
NAPH and NAPY peptides, the absorption bands
displayed values of the maxima shifted to smaller
wavenumbers. More exactly, NAPH gave maxima
at 1623 cm−1 and 1650 cm−1, while NAPY peptide
showed intense signals at 1622 cm−1 and 1646
cm−1. In conclusion, excepting the alanine
modified peptide NAPA, which had one intense
signal at 1625 cm−1, the other peptides were
characterized by two main peaks, one around 1650
cm−1 assigned to α-helical structures and another
one around 1623 cm−1 corresponding to β-sheet
conformation.

Anti-amyloid NAP peptide
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Fig. 4 – FT-IR spectra (1800–1000 cm-1) of the newly synthesized NAP-derived peptides (a)
and their amide I band second derivative spectra (1700–1600 cm-1) (b).

The region 1580-1510 cm−1 is characteristic to
amide II band and derives mainly from in-plane N-H
bending and C–N stretching. This band is not as
sensitive as the amide I and III bands to the variation
in secondary structure content. However, its inclusion
with amide I band increases the accuracy of the
secondary structure prediction in statistical regression
methods. The α-helix structure was confirmed in the
case of NAP and NAPG peptide since the amide II
band presented maxima at 1542 cm−1 and 1540 cm−1,
respectively. In the case of NAPA and NAPH
peptides, the values from 1536 cm−1 and 1530 cm−1
can be attributed to β-sheet conformation only. As for
the NAPY peptide, another signal can be spotted at
1514 cm−1 that partially overlaps the amide II band.
However, being short peptides, the conformational
studies are rather difficult to carry out.
No signal corresponding to the amide III band
(1301−1229 cm−1, CN stretching, NH bending)
was observed in the spectra. Around 1444 cm−1, a
relative intense band can be detected in all five
spectra, which could be assigned to CH3
asymmetric bending vibration.31

The analysis of FT-IR spectroscopic data is
rather complicated since the absorption peaks often
overlap with each other. There are some
restrictions encountered in this region that limits
the spectral analysis of peptides. For example, the
OH vibrations belonging to liquid water can
generate signals in the same region. Thus, from the
acquired IR spectra much information about their
conformation cannot be used. However, since the
FTIR analysis of peptides was performed on solid
samples, the restriction generated in this region by
the OH vibrations can be neglected. Furthermore,
overlapping peaks can encumber the bands
assignment. For example, both α-helix and random
coils exhibit signal around 1650–1655 cm−1.29
Thereby, we have calculated the second derivative
of spectra that brings more details about the IR
absorbance of the studied peptides. This method
enhances the separation of overlapping peaks and
thus, offers a practical and more specific
compositional information than the usually
absorption spectrum analysis methods. The clearly
resolved peaks can be more easily associated to αhelix, β-sheet or β-turn.
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Fig. 5 – Possible spatial structures of the newly synthesized peptides.
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Fig. 6 – Hydrophobicity index for the five peptides as calculated by the GPMAW software.

Thus, the second derivative of the FT-IR
spectra of NAP peptides was calculated in the
range from 1700 to 1600 cm-1 of amide I band. As
shown in Figure 4.b, the second derivative
confirmed the presence of alpha-helix conformers
in the structure of all peptides. Thus, an intense
signal at 1655 cm-1 (α-helix) can be easily noticed
both in the NAP and NAPG spectra. The α-helix
conformation suggested by the peak at 1651 cm-1
was found mostly in NAPY peptide and less in
NAPA or NAPH molecules.
The band at 1687–1682 could be assigned either
to β-turn or β-sheet populations. Since the molecule
is small and cannot form β-sheet structures, the
signal was unambiguously assigned to β-turn
conformers. From the intensity of these signals in
the second derivative of the spectrum, it is possible
to deduce the proportion of the conformers of these
molecules. Thus, NAP, NAPG and NAPY peptides
are predominantly found as alpha-helix conformers,
while NAPA and NAPH are in the ratio of 50%
beta-turn and 50% alpha helix.
Spatial structure of peptides
Using Chem3D Ultra 10.0 software, we
calculated the space arrangement as well as the
energy and chemical bonds distances to find
possible structures of the peptides (Fig. 5). Our
computer simulation studies showed that the
peptides are different one from another. As
observed in Figure 5, the peptides displayed
predisposition
towards
torsion
structures.
Moreover, the FTIR analysis revealed that the
peptides structure exhibited a higher tendency for
α-helical and β-turn conformation. However, since
the peptides are formed only from eight amino
acids, their structure is not as stable as that of the
large proteins. For instance, they are highly

flexible and solvated to a greater extend compared
to globular protein.
GPMAW study
Using the GPMAW program, the MS/MS
fragmentation, theoretical mass and pI (the
isoelectric point), absorption, charge, and HPLC
elution times of studied peptides can be estimated.
The hydrophobicity index of NAP peptide and its
mutants, simulated with the GPMAW software, is
shown in Figure 6. Although all peptides exhibit
hydrophobic properties, their hydrophobicity
depends on each structure. Indeed, their
hydrophobicity was found closely related to the
number of hydrocarbon groups present in their
structure. The native NAP peptide contains a
predominantly hydrophobic moiety. However, the
most hydrophobic was the peptide NAPA (5S → A),
followed by NAPG (5S → G). Both peptides have in
their structure a nonpolar amino acid compared to
the native peptide, hence it is expected to display a
more pronounced hydrophobicity. The peptides
modified with histidine and tyrosine displayed a
lower hydrophobicity compared to the native
peptide, the least hydrophobic being the NAPH
peptide. The hydrophilic character of NAPH and
NAPY peptides was supposed to be related to the
presence of the imidazole moiety of histidine in
NAPH and the phenol OH group characteristic to
tyrosine in NAPY.
EXPERIMENTAL
Materials
Peptide synthesis was performed on Fmoc-Gln(Trt)-Wang
resin with a binding capacity of 0.4-0.8 mmol amino acid/g of
resin (Fig. 1). The amino acids required for synthesis were α-
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amide group protected with Fmoc group (9-fluorenylmethyloxycarbonyl). The Fmoc-amino acids: Fmoc-L-Asn(Trt)-OH,
Fmoc-L-Ala-OH, Fmoc-L-Pro-OH, Fmoc-L-Val-OH, FmocL-Ser(tBu)-OH, Fmoc-Gly-OH, Fmoc-His(Trt)-OH, FmocTyr-OH, Fmoc-L-Ile-OH, Fmoc-L-Gln(Trt)-OH, Fmoc-LCys(Trt)-OH were obtained from GL Biochem (Shanghai).
Dichloromethane (DCM) and diethyl ether were purchased
from Scharlab S.L. (Barcelona, Spain). Dimethylformamide
(DMF) was obtained from Carl Roth GmbH (Karlsruhe,
Germany). Piperidine (PYP), 4-methylmorpholine (NMM),
triisopropylsilan (TIS), trifluoroacetic acid (TFA), bromophenol blue, ethanol, acetonitrile (ACN) and the activator HBTU
[2-(1H-benzotriazole-1-yl)-1,1,3,3-tetramethyluronium
hexafluorophosphate] were achieved from Merck (Germany).
α-cyano-4-hydroxycinnamic acid matrix (HCCA) was
purchased from Sigma-Aldrich (Germany). The solutions were
prepared using deionized water (18.2 MΩ·cm) from a Milli-Q
system (Millipore, Bedford, MA). All reagents were used
without further purification.
Instruments
The obtained peptides were purified using a Dionex
UltiMate 3000 UHPLC chromatographic instrument from
Thermo Scientific, Breman, Germany. Separation was
performed on a Vydac analytical C18 column of 4.6 mm and a
length of 250 mm. Spectrum processing was performed using
Chromeleon ™ 7.2 Chromatography Data System (CDS).
Chromatograms obtained were then adjusted in PowerPoint.
MALDI-ToF MS analysis was performed on a Bruker
Ultraflex MALDI ToF/ToF mass spectrometer operated in
positive reflectron mode and equipped with a pulsed nitrogen
UV laser (λmax 337 nm). The samples were loaded onto a 384spot target plate of the MALDI-ToF instrument using the
dried-droplet method: the sample and the matrix solution (2,5dihydroxybenzoic acid) were mixed on the target and allowed
to dry in the ambient air. The obtained spectra were processed
using Bruker´s FlexAnalysis 3.4 software.
FT-IR spectra were recorded with a Bruker Alpha-P FTIR
spectrometer (Bruker Optic GmbH, Ettlingen, Germany)
equipped with a deuterated triglycine sulphate (DTGS)
detector, a temperature-controlled single-bounce diamond
attenuated total reflectance (ATR) crystal, and a pressure
application device for solid samples. The obtained spectra
were processed using the Bruker’s OPUS software.
Synthesis of octapeptides
Manual synthesis of peptides by the solid phase method
was performed in a fritted plastic syringe. The installation for
synthesis required the connection to a vacuum pump to
remove the washing solutions. Peptide synthesis was

H C
C N
H2C
CH2
O
HC
O
C O
N
O
H

performed in dimethylformamide (DMF) medium. Protecting
groups such as Fmoc or tert-butyl, used to protect the amino
acids at the N-terminus or the side chain, were removed with
20% piperidine in dimethylformamide.
The following five peptides (100 micromoles) were
synthesized:
H2N-NAPVSIPQ-COOH
(NAP),
H2NNAPVGIPQ-COOH (NAPG), H2N-NAPVAIPQ-CONH2
(NAPA), H2N-NAPVHIPQ-COOH (NAPH) and H2NNAPVYIPQ-COOH (NAPY), respectively. Peptide synthesis
was performed manually from the C-terminus of the peptide to
the N-terminus by the Fmoc/tBu Solid Phase Synthesis (SPPS)
method. Due to the use of a Fmoc-Gln (Trt) -Wang resin in
which the first amino acid is attached to the solid supporter,
the obtained peptides exhibit free carboxyl group -COOH
upon the final cleavage.
After weighing 250 mg resin, the theoretical amount to
synthesize 100 μM peptide, the resin was allowed to swell in
the syringe in DMF for 30 min. The first activated amino acid
was added after removing the Fmoc protecting groups on the
resin with a solution of 20% piperidine in DMF. The
deprotection step requires the successive replacement of the
deprotection solution at 2, 2, 5, 10, 2 and 2 minutes,
respectively. Washing was carried out 6 times using DMF
solution.
Activation of the new amino acid was accomplished by
adding 190 mg of HBTU and 110 μL of N-methylmorpholine
to the amino acid solution dissolved in DMF. The coupling
procedure was performed for 50 minutes for each amino acid.
This step needs to be repeated twice in other to achieve a highefficiency coupling. The degree of coupling was checked by
reaction of resin with blue bromophenol (yellow colorationcomplete coupling, blue coloration-incomplete coupling).
Each amino acid in the sequence was subjected to the same
wash-deprotection-activation cycle.
Finally, the deprotected peptide was washed 6 times with
DMF, 3 times with DCM and 3 times with ethanol, then
subjected to lyophilization and weighing. Final cleavage of the
peptides from the resin was performed in the dark for 3 hours
with a TFA: TIS: H2O solution (95: 2.5: 2.5). The amounts
used varied according to the yield of the synthesis.
The precipitation of peptides was performed cold (-20 °C)
in a solution of ethyl ether left overnight in the freezer.
Collection of fractions required the preparation of a filtration
plant consisting of a conical filter bottle, a frit funnel and a
rubber stopper, the peptide was removed from the filter by
successive washings with volumes of 3 mL of 5% acetic acid
solution. The resulting fractions were collected in Eppendorf
vials, lyophilized and weighed. Crude products were
characterized by analytical RP-HPLC and MALDI-ToF and if
necessary purified by semipreparative RP-HPLC.

O

O

Fig. 7 – Schematic representation of resins Fmoc-Gln(Trt)-Wang Resin used for peptide synthesis.
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Chromatography

FT-IR spectroscopy

The obtained peptides were purified using a Dionex
UltiMate 3000 UHPLC chromatographic instrument from
Thermo Scientific, Bremen, Germany. Separation was
performed in aqueous-organic medium on a Vydac analytical
C18 column of 4.6 mm and a length of 250 mm. The mobile
phase used consisted in an aqueous solution of 0.1% TFA in
redistilled water (v / v) as solvent A and 80% ACN, 0.1%
TFA in redistilled water (v/v) as solvent B. The peptides (0.1
mg/mL) were dissolved in solvent A, filtered and
automatically injected into the chromatographic system.
The separation was performed at a flow rate of 1 mL per
minute using in the first 2 min a mixture of 5% B and 95% A
followed by a short linear gradient of 5% to 20% B over the
next 3 min and a longer one (10 min) from 20% to 100% B
during which the peptide elution occurs. The UV detector was
set at 215 nm, characteristic for the amide bond and the
working temperature was set at 25 °C.

Fourier transforms infrared spectroscopy (FT-IR) is an
instrumental method used to construct and interpret spectra
obtained as a result of some atomic vibration transitions in
molecules. This method consists in determining the
wavelength and intensity of infrared absorption of
electromagnetic radiation by a sample.34 The field of infrared
radiation represents the part of the electromagnetic spectrum
between the field of visible and microwave radiation.
Absorption in this area is due to the contact between the
electrical component of the incident electromagnetic radiation
and the electrical dipoles of the molecules.35
Functional groups may be associated with characteristic
infrared absorption bands corresponding to the fundamental
vibrations of functional groups. A normal vibration mode is
active in infrared (it absorbs incident infrared light) if there is
a change in the dipole moment of the molecule during the
vibration. Thus, symmetrical vibrations are usually not
detected in infrared. Instead, asymmetric vibrations of all
molecules are detected. This lack of selectivity allows us to
investigate the properties of all chemical groups in a single
sample, and especially amino acids and water molecules that
can hardly be observed by other spectroscopic techniques.
Strong infrared absorptions of permanent dipole groups (i.e.,
polar bonds) are observed. As such, the carbonyl groups of the
polypeptide chain contribute greatly to the infrared absorption
spectra of the proteins.35
Devices used to obtain infrared spectra are called IR
spectrophotometers. They use electromagnetic radiation
belonging to the infrared range to excite molecules and create
vibrational transitions that can then be transposed into the
spectrum and associated with a functional group. The obtained
spectra are used in the qualitative and structural determinations of
organic or inorganic substances.
Attenuated Total Reflection (ATR) is an easy-to-use FTIR
sampling method that can provide surface-sensitive analysis
and is ideal for both solid and liquid samples. The principals
of ATR are based on measuring the modification that appear
in the internally reflected IR beam when it comes in contact
with the samples. The infrared light is passed through a crystal
situated in direct contact with the sample. The diamond crystal
is the ideal material for ATR since it can withstand pressure
application up to 30000 psi, prevents the possibility of
scratching the crystal and is compatible with high and low pH
samples.36
The FTIR spectra of the peptides were recorded in
solid state on a Bruker Alpha-P FTIR spectrometer (Bruker
Optic GmbH, Ettlingen, Germany) equipped with a deuterated
triglycine sulphate (DTGS) detector, a temperature-controlled
single-bounce diamond attenuated total reflectance (ATR)
crystal, and a pressure application device for solid samples.
All FTIR spectra were recorded with a spectral resolution
better than 2 cm-1, with wavenumber accuracy of 0.01 cm-1.
Processing of the FTIR data was performed using Bruker
OPUS software.

MALDI-ToF mass spectrometry
The Matrix-Assisted Laser Desorption Ionization Time-ofFlight (MALDI-ToF) technique is based on the acceleration of
a set of ions to a detector where all the ions received the same
amount of energy.32 As any mass spectrometer, it consists of
three functional units: the nitrogen laser source that pulses in
the UV field (337 nm) and is responsible for the ionization and
the transfer of sample ions into the gaseous phase. The mass
analyser known as ToF (time of flight) is based on the rate at
which the ions pass the distance between the ionization
chamber and the detector. Although the ions are accelerated
with the same energy, they are separated according to their
mass-charge ratio (m/z). The detector identifies the ions and
converts their signals into electrical ones. Mass determination
accuracy vary from 0.01% to 0.1% depending on the sample
preparation technique and the method of choice for
calibration. Results were expressed as atomic mass units (Da).
In order to analyse the peptides through the MALDI MS
technique, the samples were co-crystallized with an excess of
organic matrix capable to absorb at 337 nm and volatilize
under the action of laser radiation. Thus, a saturated solution
of α-cyano-4-hydroxy-cinnamic acid (HCCA) dissolved in a
solution containing 2:1 ACN: 0.1%TFA in MilliQ was used
for peptide mapping. Using the dried drop method, that
implies adding first 1 µL of sample and over it 1 µL of freshly
prepared matrix solution, the mixture was deposited on a
conductive metallic plate called target and allowed to dry.
After co-crystallization, the metal plate was introduced into
the mass spectrometer and bombarded with short laser pulses.
The desorbed and ionized molecules were accelerated by an
electrostatic field and discharged through a high-fly metal
flight tube. Depending on their mass, ionized molecules reach
the detector at different times, the flight time being in the
order of milliseconds.33
The spectra were recorded in the positive reflecton mode
using the following parameters: 20 kV acceleration voltage,
40% grid voltage, 140 ns delay, low mass gate of 500 Da and
an acquisition mass range of 600–3500 Da. Into the final mass
spectrum were accumulated 300 shots per acquisition.
External calibration was carried out using the
monoisotopic masses of singly protonated ion signals of
Bradykinin(1-7) (m/z 757.4), Angiotensin II (m/z 1046.5),
Angiotensin I (m/z 1296.7), Substance P (m/z 1347.7),
Bombesin (m/z 1619.8), Renin Substrate (m/z 1758.9), ACTH
clip(1-17) (m/z 2093.1), ACTH clip(18-39) (m/z 2465.2) and
Somatostatin(28) (m/z 3147.5).

Computer programs
For the calculation of exact mass (monoisotopic mass), the
application web ChemCalc was used. In addition, the userfriendly web interface of this application allows to predict the
isotopic distribution graph and calculate peptide
fragmentation. Similar information can be obtained using the
General Protein/Mass Analysis for Windows (GPMAW,
Lighthouse Data, Denmark) program. Besides, this soft is
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capable to generate the hydrophobicity graph, characteristic to
the studied peptide.
The Chem3D Ultra 10.0 software was used because it
allows the calculation of the space arrangement, the energy
and chemical distances in order to find possible structures of
the compounds. All images were processed using PowerPoint.

CONCLUSIONS
In this study four new NAP-based peptides
were designated, synthesized and characterized.
The MS spectra of the newly synthesised peptides
confirmed the expected sequences while the HPLC
method revealed their purity. FT-IR spectra of the
eight amino acid peptides afforded some
information on their conformation; on analysing
the second derivative spectra additional data
associated to α-helical and β-turn conformations
were acquired. Besides, the spatial structure of
peptides performed using Chem3D Ultra 10.0
software revealed a peptide affinity for the torsion
structures.
We aim to specifically examine NAP mimetic
peptides and their role in preventing the
aggregation of amyloid-β peptides associated with
Alzheimer’s disease. Consequently, further studies
are required in order to determine the peptide
structure, interaction, and function alone or in the
presence of metal ions.
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