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Alzheimer’s disease (AD) is the most common cause of dementia and one of its major 
neuropathological features is the extracellular deposition of fibrils composed of amyloid-β 
peptides (Aβ). Our investigation started with a small fragment of Aβ, namely the amyloid Aβ(9-

16) peptide (9GYEVHHQK16). Here, we report on the synthesis of four new peptides obtained 
by replacing with glycine or phenylalanine some amino acid residues in the sequence of the 
above-mentioned Aβ(9-16) peptide, in order to use them to study the oligomerization and 
fibrillation processes in the presence of metal ions. The following peptides were synthesized 
by Fmoc/t-butyl solid-phase synthesis (SPPS) strategy: Aβ(9-16) (9GYEVHHQK16), Aβ(9-16)G 
(9G10GEVHHQK16), Aβ(9-16)F (9G10FEVHHQK16), Aβ(9-16)GG (9G10YEV13G14GQK16) and 
Aβ(9-16)GGG (9G10GEV13G14GQK16). The newly synthesized peptides were purified by RP-
HPLC and characterized by MALDI-TOF mass spectrometry and Fourier transform infrared 
spectroscopy (FT-IR) as well as, theoretically, using the GPMAW software. Mass 
spectrometric spectra confirmed the successful synthesis of the desired peptides, while the 
hydrophobicity parameter, simulated with the GPMAW software, was shown to be dependent 
on the structure of each peptide. Infrared spectroscopy showed that the conformation of 
peptides differs from a peptide to another. Such analogs of Aβ(9-16) peptide fragment are 
supposed to be of interest in searching the role played by certain amino acids in AD aetiology 
and, in general, in neurodegeneration.  
 
 

 
INTRODUCTION∗ 

Alzheimer’s disease (AD) is the most common 
neurodegenerative disease and one of the leading 
causes of death among the old people.1-7 AD is 
currently an incurable disorder that affects millions 
of human beings around the world. About 50% of 
persons aged 85 or older are at risk for developing 
this neurodegenerative disease for which currently 
there is no cure or prevention.8 
                                                 
 

The aggregation of amyloid-β peptides (Aβ), 
one of the primary pathological hallmarks of AD, 
plays a key role in the AD pathogenesis. In this 
regard, Aβ aggregates have been considered as 
both biomarkers and drug targets for diagnosis and 
therapy in AD. Various Aβ-targeted metal 
complexes have exhibited promising potential as 
anti-AD agents due to their fascinating 
physicochemical properties over the past two 
decades.9,10 The metal-peptide complexes were 
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classified into three groups based on their potential 
applications in AD, including therapy, diagnosis 
and theranosis.11 

On the other hand, although the etiology of AD 
is not completely understood, significant evidence 
showed that the aggregation of Aβ is the pivotal 
event and causative factor in the occurrence and 
development of AD.  According to the so-called 
“amyloid cascade hypothesis”, the accumulation of 
Aβ triggers further pathological events, such as 
dyshomeostasis of metal ions, oxidative stress and 
mitochondrial dysfunction, as well as 
hyperphosphorylation of tau and formation of 
neurofibrillary tangles, resulting in neuronal death 
and ultimately in AD.12 The Aβ peptides, produced 
by proteolytic cleavage of the amyloid precursor 
protein (APP), have also become a major 
therapeutic target in AD.13 Therefore, most 
experiments aim to reduce the levels of Aβ 
peptides in the brain. However, the molecular 
mechanism of Aβ neurotoxicity has not thoroughly 
been elucidated. Moreover, metal ions such as 
those of copper, iron and zinc are considered to 
accelerate the initial formation of amyloid fibril of 
Aβ peptides.14,15 In fact, AD is characterized by 
intracerebral deposition of Aβ, the neurotoxicity 
being mainly mediated by Aβ(1-40) and especially  
Aβ(1-42), which are misfolded Aβ peptides found 
within the AD brain.3,4,16-18 The 42-amino acid 
Aβ(1-42) is most toxic, possibly upon self-
association into oligomers.19-21 Nevertheless, it is 
unclear which amino acid residues are involved in 
peptide oligomerization. Among the 20 amino 
acids present in peptides and proteins, only five are 
electroactive: tyrosine Y, histidine H, methionine 
M, cysteine C and tryptophan W.22 However, the 
hydrophilic N-terminal region of Aβ contains high 
affinity metal binding sites, particularly the 
histidine H-rich region of 1–16 residues. In a 
previous paper, we demonstrated that the 9-16 
region is also very active in metal binding.23 
Among the metal coordination sites, the N-
terminal histidine residues (His6, His13, and His14) 
and several oxygen ligands such as alanine (Ala2), 
aspartic acid (Asp7), glutamic acid (Glu3, Glu11) 
and tyrosine (Tyr10) residues have been proposed.24  

Therefore, this paper aims at presenting the 
synthesis and characterization of four peptides 
derived from Aβ(9-16) peptide fragment, in order to 
study their binding capacity toward heavy metal 
ions.23 We have characterized them by mass 
spectrometry and infrared spectroscopy as well as 
theoretically with GPMAW software. 

RESULTS AND DISSCUSION 

Peptide synthesis and characterization 

Figure 1 shows the amino acid residues 
replaced in the native sequence in order to generate 
the new analogue peptides.  The following 
sequences of peptides were synthesized: 1) H2N-
(Gly-Tyr-Glu-Val-His-His-Gln-Lys)-CONH2 (Aβ(9-

16), which is the native sequence); 2) H2N-(Gly-
Gly-Glu-Val-His-His-Gln-Lys)-CONH2 noted as 
(Aβ(9-16)G); 3) H2N-(Gly-Phe-Glu-Val-His-His-
Gln-Lys)-CONH2, for short (Aβ(9-16)F); 4) H2N-
(Gly-Tyr-Glu-Val-Gly-Gly-Gln-Lys)-CONH2, in 
brief (Aβ(9-16)GG); and 5) H2N-(Gly-Gly-Glu-Val-
Gly-Gly-Gln-Lys)-CONH2 denominated as (Aβ(9-

16)GGG), respectively. 
All five peptides were manually synthesized on 

a Rink Amide resin as solid support using the 
fluorenylmetoxycarbonyl chemistry. After removal 
from the resin and deprotection, all samples were 
purified by RP-HPLC chromatography on a C18 
column. Depending on the specific hydrophobicity, 
each peptide eluted at various elution times, as 
shown in Table 1. For example, Aβ(9-16) eluted at 
13.70 min, and Aβ(9-16)G eluted most rapidly at 
4.66 min. Thus, the analytical RP-HPLC 
chromatograms of the five peptides showed major 
peaks at different retention times, possibly due to 
their different hydrophobicity degree, which seems 
to be dependent on each peptide sequence. 
Individual peaks were selected and each elute was 
collected and analyzed by MALDI-TOF mass 
spectrometry.  

The structure of the newly synthesized peptides 
was confirmed by determining their molecular 
weight on a MALDI-TOF mass spectrometer. We 
used the MS technique because the MALDI 
spectrometers have rapidly become one of the most 
important instruments for peptide and proteins 
analysis.25 In addition, this method allows not only 
the exact determination of molecular weight, but 
also the purity of peptides.26 By comparing the 
theoretical m/z values with the experimental mass 
spectra (Table 1), it was possible to confirm the 
successful synthesis of desired peptides. Figure 2 
shows the mass spectra of all five Aβ(9-16) peptides. 
The signals corresponding to the molecular ions 
([M+H]+) were observed at m/z 996.83 (Aβ(9-16)), 
m/z 890.81 (Aβ(9-16)G), m/z 981.89 (Aβ(9-16)F),  
m/z 836.75 (Aβ(9-16)GG), and m/z 730.67  
(Aβ(9-16)GGG), respectively. In addition to the 
intact molecular ion signal [M + H]+, there were 
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also identified two additional peaks characteristic 
of the adducts with Na+ and K+ (Fig. 2). Thus, the 
characteristic signals at m/z + 22 Da and m/z + 38 
Da, where m/z was the molecular ion of Aβ(9-16), 
were observed at m/z 1018.45 and m/z 1034.43, 
being attributed to sodium and potassium adducts. 
The signal for the molecular ion [M+H]+ of Aβ(9-

16)G peptide was found at m/z 890.81, whereas the 
characteristic signal of [M+Na]+ appeared at m/z 
912.78, alongside with the signal of [M+K]+ at m/z 
928.77. The MALDI-TOF mass spectrum of the 
peptide Aβ(9-16)F showed the molecular ion [M+H]+ 
at m/z 981.89, and characteristic signals for 
[M+Na]+ and [M+K]+ at m/z 1003.87 and m/z 

1019.85, respectively. In the case of Aβ(9-16)GG 
peptide, the molecular ion [M+H]+ was found at 
m/z 836.75. Similarly, the peaks corresponding to 
sodium and potassium adducts were also observed 
at m/z 858.73 and m/z 874.71, respectively. The 
MALDI-TOF mass spectrum of Aβ(9-16)GGG 
displayed a peak for the molecular ion [M+H]+ at 
m/z 730.67 and a signal corresponding to [M+Na]+ 

ion at m/z 752.65. The theoretical data obtained 
using the ChemCalc software were consistent with 
the m/z values obtained with the MALDI-TOF 
mass spectrometer for all peptides, as shown in 
Table 2. 

  
 

 
Fig. 1 – General structure of peptides derived from Aβ(9-16).  

 
Table 1 

Retention time of peptides analysed by HPLC 

Peptide  
structure 

Peptide 
abbreviation 

Retention time 
(min) 

H2N-(Gly-Tyr-Glu-Val-His-His-Gln-Lys)-CONH2 Aβ(9-16) 13.70 

H2N-(Gly-Gly-Glu-Val-His-His-Gln-Lys)-CONH2 Aβ(9-16)G 4.66 

H2N-(Gly-Phe-Glu-Val-His-His-Gln-Lys)-CONH2 Aβ(9-16)F 18.52 

H2N-(Gly-Tyr-Glu-Val-Gly-Gly-Gln-Lys)-CONH2 Aβ(9-16)GG 14.89 

H2N-(Gly-Gly-Glu-Val-Gly-Gly-Gln-Lys)-CONH2 Aβ(9-16)GGG 4.91 
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Fig. 2 – MALDI-TOF MS spectra of the newly synthesized analogs of Aβ(9-16) peptide:  

Aβ(9-16), Aβ(9-16)G, Aβ(9-16)F, Aβ(9-16)GG and Aβ(9-16)GGG, respectively.  
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Table 2 

Molecular weight of the newly synthesized peptides, experimentally determined  
with a MALDI-TOF instrument and calculated with ChemCalc software 

Peptide Molecular Ion Theoretical (m/z) Experimental (m/z) 

Aβ(9-16) 
(H2N-GYEVHHQK-CONH2) 

C44H66N15O12 
 

Aβ(9-16)G 
 (H2N-GGEVHHQK-CONH2) 

C37H60N15O11 
 

Aβ(9-16)F 
 (H2N-GFEVHHQK-CONH2) 

C44H66N15O11 
 

Aβ(9-16)GG 
 (H2N-GYEVGGQK-CONH2) 

C36H56N11O12 
 

Aβ(9-16)GGG 
 (H2N-GGEVGGQK-CONH2) 

C29H52N11O11 

[M+H]+ 
[M+Na]+ 
[M+K]+ 

 

[M+H]+ 
[M+Na]+ 
[M+K]+ 

 

[M+H]+ 
[M+Na]+ 
[M+K]+ 

 
[M+H]+ 
[M+Na]+ 
[M+K]+ 

 
[M+H]+ 
[M+Na]+ 
[M+K]+ 

996.47 
1018.45 
1034.43 

 
890.45 
912.44 
928.41 

 
981.09 

1003.07 
1019.18 

 
836.91 
858.89 
875.00 

 
730.79 
752.77 
768.88 

996.93 
1018.92 
1034.89 

 
890.81 
912.78 
928.77 

 
981.89 

1003.87 
1019.85 

 
836.75 
858.73 
874.71 

 
730.67 
752.65 

- 

 
FT-IR Study 

 FT-IR spectroscopy is an analytical technique 
that can be used to identify compounds and 
structures using the infrared range of the 
electromagnetic spectrum. However, the infrared 
spectra display distinct IR signals for differently 
folded peptides and proteins. Thus, the peptides 
have a number of characteristic features in their 
FT-IR spectra, also called amide bands. Among 
these, amide bands I and II are the most prominent 
vibrational bands and are found between the 
following wavenumber ranges: amide band I 
(1600-1690 cm-1, C=O stretch), amide II (1480-
1575 cm-1, amide III (1229-1301 cm-1, CN 
stretching, NH bending) are the most commonly 
used IR bands to disclose conformational changes 
of proteins and peptides.27 

 The IR spectra of Aβ(9-16) peptides presented in 
Figure 3A reveal four major peaks in the range 
from 1800 cm-1 to 1000 cm-1. The similarities and 
differences presented in the spectra are generated 
especially by the peptide chains and the amino acid 
residues. For example, in the range 1200-1100 cm-1, 
characteristic for C–N stretching and C–C–N 
bending, two important bands were found 
regardless the type of peptide. Therefore, the Aβ(9-

16) peptide, used here for comparison, contains two 
peaks in the band area at 1194 cm-1 and 1133 cm-1, 
while Aβ(9-16)G peptide where tyrosine (Tyr, Y10) 
was replaced by glycine (Gly, G10), the two peaks 

were noticed at 1176 cm-1 and 1130 cm-1, respec-
tively. Similar peak was observed at 1164 cm-1 and 
another one at 1133 cm-1 in the case of Aβ(9-16)F 
peptide, where tyrosine (Tyr, Y10) was replaced 
with phenylalanine (Phe, F10). The Aβ(9-16)GG, 
where the two histidine residues (His, H13,14) were 
modified with two glycine residues (Gly, G13,14), 
two peaks at 1173 cm-1 and 1133 cm-1 were 
identified. The Aβ(9-16)GGG peptide, where 
tyrosine (Tyr, Y10) was replaced by glycine (Gly, 
G10) and the histidine residues (His, H13,14) were 
replaced by glycine (Gly, G13,14) displayed the 
1174 cm-1 and 1128 cm-1 peaks. 

The signal for amide I band is produced by the 
stretching vibrations of the C=O and directly 
related to the backbone conformation. The native 
Aβ(9-16) peptide showed two intense peaks at  
1627 cm-1, in the amide I band, which are currently 
thought to correspond to β-sheet conformation and 
another one around 1662 cm-1, characteristic to 
random coil structure. The peptide Aβ(9-16)G 
modified with glycine (Gly10) presented two 
signals, slightly changed, in comparison with the 
signals of the native peptide, one at 1625 cm-1, 
characteristic to β-sheet conformation and another 
one at 1660 cm-1, characteristic to random coil 
structure. The peptide Aβ(9-16)F modified with 
phenylalanine (Phe, F10), displayed also two 
signals, namely a highly intense one at 1627 cm-1, 
characteristic to β-sheet conformation and another 
signal of low intensity at 1657 cm-1, characteristic 
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to random coil structure. As for the peptide Aβ(9-

16)GG containing in its sequence two glycine (Gly, 
G13, G14) instead histidine, it showed only one 
intense signal at 1631 cm-1, which corresponds to 
β-sheet conformation. In the case of glycine rich 
Aβ(9-16)GGG peptide, (Gly, G10, G13, G14), an 
intense signal at 1630 cm−1 was noticed, which 
may suggest a β-sheet conformation. In brief, 
excepting the peptides modified with two or three 
glycine (Aβ(9-16)GG and Aβ(9-16)GGG), which had 
intense signals at 1631 cm−1 and 1630 cm−1, 
respectively, the other peptides presented two 
signals, one around 1662-1657 cm−1 and another 
one around 1627-1625 cm−1, which probably is 
associated with a β-sheet conformation. However, 
these peptides are too short to be properly 
characterized conformationally. They are 
especially of interest for metal binding and less for 
conformational studies.  

The signal for amide II band is related to the N-
H bending and C–N stretching in-plane. The 
investigated peptides showed numerous amide II 
bands. The native Aβ(9-16) peptide showed a signal 
at 1534 cm−1, suggesting a β-sheet conformation, 
while the signal from 1516 cm−1 can be safely 
assigned to tyrosine.28 Only one peak was seen at 
1525 cm−1 in the spectra of Aβ(9-16)G and Aβ(9-16)F 
peptides, which probably can be associated with 
the β-sheet conformation.  The glycine enriched 
peptides Aβ(9-16)GG and Aβ(9-16)GGG presented a 
peak at 1514 cm−1 and a shoulder of variable 
intensity at 1534 cm−1 that suggest the presence of 
β-sheet populations and even a possible 
aggregation.  

From the investigation carried out on the amide 
I and II region from the IR spectrum, important 
information regarding peptide structure can be 
obtained. Thus, all peptides may have a large 
population of β-sheet conformers and a small 
proportion of random coil structure in the case of 
Aβ(9-16), Aβ(9-16)G and Aβ(9-16)F peptides. However, 
since all investigated peptides are formed from 
only eight amino acids, being thus small peptides, 
they hardly form stable β-sheet conformation. 
Consequently, we extended our research on the 
second derivative of the FT-IR spectra. The second 
derivative enhances the separation of overlapping 
peaks and thus offers more specific information 
than the primary IR absorption spectrum. 
Therefore, the resolved peaks in the second 
derivative spectra can be more easily associated to 
various conformations. As shown in Figure 3B, the 
second derivative FT-IR spectra of the newly 

synthesized Aβ(9-16) peptides were evaluated in the 
range from 1700 to 1600 cm-1. Thus, the signals 
assigned to β-sheet secondary structure can be 
easily observed at 1690 cm−1 (for the peptides Aβ(9-

16), Aβ(9-16)G, Aβ(9-16)F and Aβ(9-16)GG), at 1648 
cm−1 (for the peptides Aβ(9-16)F, Aβ(9-16)GG and 
Aβ(9-16)GG) and at 1630 cm−1 (for the peptides 
Aβ(9-16)GG and Aβ(9-16)GGG). Another signal 
assigned to β-turns structure was more easily 
observed at 1675 cm−1 in the second derivative 
spectra of Aβ(9-16) and Aβ(9-16)G peptides. 
Furthermore, the signal at 1640 cm−1 suggested the 
presence of random coil conformers in the 
structures of peptides modified with glycine (Aβ(9-

16)GG and Aβ(9-16)GGG). However, the signal at 
1620 cm−1 can be assigned to either β-sheet 
structure and aggregated peptides, being 
characteristic to Aβ(9-16), Aβ(9-16)G and Aβ(9-16)F 
peptides. Thus, these peptides were found to form 
predominantly β-sheet structures. However, since 
the molecules are small and cannot form complex 
structures, probably large populations of molecules 
are random coil or β-sheet. Nevertheless, 
depending on the chemical structure of each 
peptide, both the secondary structure and the 
presence of specific amino acid residues can be 
revealed in the infrared spectra. 

GPMAW study 

The GPMAW program provides details about 
peptides, such as: molecular weight, elemental 
composition, hydrophobicity, isoelectric point, 
enzyme cleavage, MS fragmentation etc. The 
hydrophobicity parameter of the Aβ(9-16) peptide 
and its analogs, simulated with the GPMAW 
software, is shown in Figure 4. The native peptide 
Aβ(9-16) had a higher hydrophilic character 
compared to all other mutant peptides, due to the 
tyrosine residue in its sequence, an amino acid 
whose (-OH) group increases the hydrophilic 
character of the peptide. In addition, the lower the 
number of polar groups present in the peptide 
structure, the lower their hydrophilicity. 

Spatial structure of peptides 

Using Chem3D Ultra 12.0 software, we 
calculated the arrangement of molecules in space 
for the theoretical structures of the peptides 
represented. The structure of peptides containing 
more glycine residues seems to be more flexible.  
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Fig. 3 – FT–IR spectra of the newly synthesized Aβ(9-16)-based peptides. 

 
 

 
Fig. 4 – Hydrophobicity index of the five Aβ peptides as calculated by the GPMAW software. 
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Fig. 5 – Possible spatial structures of Aβ(9-16) analogue peptides as calculated with the ChemDraw Ultra software. 

 
Further research using additional techniques is 

needed, such as circular dichroism spectroscopy,29 

to monitor changes in the main-chain conformation 
of these peptides. Previously, a combined 
technique based on IR, MS and CD spectra was 
applied to study the conformation of some 
different histidine-containing peptides.30  

EXPERIMENTAL 

Materials 

Peptide synthesis was performed on Rink amide resin with 
a binding capacity of 0.8-1.0 mmol amino acid/g of resin, 
purchased from Sigma Aldrich (Fig. 6). The amino acids were 
protected at the α-amide group with Fmoc (9-
fluorenylmethyloxycarbonyl): Fmoc-Lys(Boc)-OH, Fmoc-
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Gln(Trt)-OH, Fmoc-His(Trt)-OH, Fmoc-L-Val-OH, Fmoc-
Glu(OtBu)-OH, Fmoc-Tyr-(tBu)-OH, Fmoc-L-Gly-OH, 
Fmoc-L-Phe-OH, and were purchased from GL Biochem 
(Shanghai). Dimethylformamide (DMF) was obtained from 
Carl Roth GmbH (Karlsruhe, Germany), while 
dichloromethane (DCM) and diethyl ether were purchased 
from Scharlab S.L. (Barcelona, Spain). Piperidine (PYP), 4-
methylmorpholine (NMM), triisopropylsilan (TIS), 
trifluoroacetic acid (TFA), bromophenol blue, ethanol, 
acetonitrile (ACN) and the activator PyBOP (benzotriazol-1-
yl-oxytripyrrolidinophosphonium hexafluorophosphate) were 
achieved from Merck (Germany), whereas α-cyano-4-
hydroxycinnamic acid (HCCA) was purchased from Sigma-
Aldrich (Germany). All solutions were prepared using 
deionized water (18.2 MΩ·cm) from a Milli-Q system 
(Millipore, Bedford, MA). 

Instruments 

The obtained peptides were purified using a Dionex 
UltiMate 3000 UHPLC chromatographic instrument from 
Thermo Scientific, Bremen, 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). 

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 384-
spot target plate of the MALDI-TOF instrument using the 
dried-droplet method: the sample and the matrix solution α-
cyano-4-hydroxycinnamic 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 Bruker’s OPUS software. 

Synthesis of the Aβ(9-16) octapeptides 

Manual synthesis of peptides by the solid phase method 
was performed in a fritted plastic syringe. The installation for 
synthesis was connected to a vacuum pump to remove 
washing solutions. Peptide synthesis was 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 DMF. 

The following peptides (100 micromoles) were synthesized: 
H2N-GYEVHHQK-CONH2 (Aβ(9-16)), H2N-GGEVHHQK-
CONH2 (Aβ(9-16)G), H2N-GFEVHHQK-CONH2 (Aβ(9-16)F), 
H2N-GYEVGGQK-CONH2 (Aβ(9-16)GG) and H2N-
GGEVGGQK-CONH2 (Aβ(9-16)GGG), respectively. Peptide 
synthesis was performed manually from the C-terminus of the 
peptide to the N-terminus by the Fmoc/tBut Solid Phase 
Synthesis (SPPS) method.  

After weighing 125 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 required the successive replacement of the 

deprotection solution at 2, 2, 5, 10, 2 and 2 minutes, 
respectively. Washing was carried out 6 times with a DMF 
solution.  

 

O

HN O

O H3CO OCH3  
Fig. 6 – Schematic representation of resin Rink amide resin 

Sigma Aldrich used for peptide synthesis. 
 

Activation of the new amino acid was accomplished by 
adding of 260 mg of benzotriazol-1-yl-oxytripyrrolidinophospho-
nium hexafluorophosphate (PyBOP) and 110 μl of N-me-
thylmorpholine (NMM) to the amino acid solution dissolved 
in DMF. The coupling procedure was performed for  
50 minutes to attach each new amino acid. This step was 
repeated twice in other to achieve a high-efficiency 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 precipitation of the peptide 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 a volume of 3 mL of 5% acetic 
acid solution. The resulting fractions were collected, 
lyophilized and weighed. Crude products were characterized 
by analytical RP-HPLC and MALDI-TOF and, when 
necessary, purified by semipreparative RP-HPLC. 

Chromatography 

The newly synthesized 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 
milliQ-grade water (v/v), as solvent A, and 80% ACN, 0.1% 
TFA in milliQ-grade 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 
and the UV detector was set at 215 nm, characteristic for the 
amide bond, while the working temperature was set at 25 °C.  
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MALDI-TOF mass spectrometry 

For MALDI-TOF MS analysis, the samples were co-
crystallized with an excess of organic matrix capable to absorb 
at 337 nm and volatilized under the action of the laser 
radiation. A saturated solution of α-cyano-4-hydroxy-cinnamic 
acid (HCCA), used as organic matrix, was dissolved in a 
solution containing 2: 1 ACN: 0.1% TFA in MilliQ and 
applied for peptide mapping. Using the dried drop method, 
that implies first adding of 1 µL of sample and over it 1 µL of 
freshly prepared matrix solution. Then, 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, the 
ionized molecules reach the detector at different times, the 
flight time being in the order of milliseconds.  

The spectra were recorded in the positive reflectron 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. A number of 300 
shots per acquisition were accumulated to result the final mass 
spectrum. 

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). 

FT-IR spectroscopy 

The FT-IR spectra of 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 FT-IR 
spectra were recorded with a spectral resolution of 2 cm-1, 
with wavenumber accuracy of 0.01 cm-1. Processing of the 
FT-IR data was performed using the Bruker OPUS software. 

Computer programs 

Confirmation of the peptide structure was possible by 
comparing the signals obtained in the mass spectra with the 
theoretical ones, calculated using the application web 
ChemCalc.31 The same information can be obtained using the 
General Protein Mass Analysis for Windows (GPMAW, 
Lighthouse Data, Denmark) program. Besides, this soft is 
capable to generate a hydrophobicity graph characteristic to 
the studied peptide.32 Computer simulation was done with the 
Chem3D Ultra 12.0 program.33 

CONCLUSIONS 

Here, we have synthesized four new mutant 
peptides derived from the Aβ(9-16) peptide fragment. 
Both the native peptide and its analogs were 
characterized by MALDI-TOF mass spectrometry 
and Fourier transform infrared spectroscopy  

(FT-IR). Both mass spectrometry and infrared 
spectroscopy confirmed the new sequences of the 
peptides. The peptides were also investigated using 
the GPMAW software, which revealed that the 
peptide Aβ(9-16) has a higher hydrophilic character 
compared to all the other investigated peptides, 
probably due to the tyrosine residue in its 
sequence, whose hydroxyl group increases its 
hydrophilic character. Computer simulation was 
done with the Chem3D Ultra 12.0 software, which 
suggested that the structure of peptides containing 
more glycine residues is more flexible. New 
research is needed to find other important 
properties of the newly synthesized peptides, 
followed by their interaction with metal ions. 
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