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INTRODUCTION
In present, it is not known quite well the formation of metal-peptide
complexes and their role in neurodegenerative diseases, especially due to
variations in physiological pH. Therefore, the objectives pursued in this thesis
are:
Study of conformational changes of polypeptides in presence of
dinitrophenol pesticides;
Obtaining short peptide sequences using continuous solution-phase
synthesis method;
Synthesis of mutant peptide sequences of amyloid peptide Aβ 1-40;
Obtaining metal complexes with natural peptides and synthetic ones;
Peptides and their complexes characterization using FT-IR and
circular dichroism (CD) techniques;
Peptides and peptide-metal complexes studies by atomic force
microscopy (AFM);
Behavior study of natural peptides in the presence of metal ions at
physiological pH variations, for elucidating the pathological and
physiological aspects of degenerative diseases.
Synthesis of gold and silver nanoparticles stabilized by short
peptides;
Nanoparticles characterization by UV-VIS spectroscopy, FT-IR,
AFM;
Biological activity testing

of metal complexes

and obtained

nanoparticles on plants and microorganisms.
The thesis is divided into two main parts: Part I - "Reference study" and
Part II - "Original results".
The research results are reported in 18 tables, 85 figures, 5 schemes and
are presented in 4 original published

papers and 3 ones submitted to ISI

journals.
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PART II. Original results

________________________________________________________________
CHAPTER II. Synthesis and characterization of
polypeptides adducts
DICHROISM CIRCULAR (CD)STUDIES

Figure II.5.1.1. Circular dichroism spectra wich show the effect of 2.6-DNP, DNG and
DNOC on albumin conformation (solid line bold: molar ellipticity of albumin, dotted line:
molar ellipticity of 1/1 adduct 2,6-DNP, DNG, DNOC with albumin,segmented line:
ellipticity of 5/1 adduct of 2,6-DNP,DNOC DNG with albumin) (Drochioiu et al., 2009).
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Figure II.5.1.4. Circular dichroism spectra wich show the effect of DNP-Glutathione (DNPGSH), DNP-β-Alanine (DNP-β-Ala) and sodium dodecyl sulphate (SDS) on ovalbumin
(Ovalb) conformation
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Figure II.5.2. Circular dichroism spectra wich show the effect of DNP-Glutathione (DNPGSH), DNP-β-Alanine (DNP-β-Ala) on casein (Cas) conformation

**
From the data presented in this chapter can make the following conclusions:


Comparing the results obtained for ovalbumin and bovine serum
albumin was found that the effect of dinitrophenols is strongly
manifested when polypeptides have a high content of α-helix forms.



Also, casein presented total conformational changes in the presence
of DNP-glutathione.



Our results suggest that albumin could be a protective agent against
pesticide dinitrophenols,

and this ones can may be considered

disruptive factors of secondary structure.
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____________________________________________________________

CHAPTER III. SYNTHESIS AND CHARACTERIZATION OF PEPTIDES
AND THEIR COMPLEXES
CHARACTERIZATION OF PEPTIDES AND THEIR COMPLEXES BY CIRCULAR
DICHROISM (CD)

Figure III.5.1. Circular dichroism spectra of P19-3 peptide, and its complexes
with zinc (Murariu et al., 2009).

Figure III.5.2. Circular dichroism spectra of P19-3 peptide, and its complexes
with iron (III), molar ratio 1:1 and 1:10
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Figure III.5.3. Circular dichroism spectra of P19-4 peptide, and its complexes
with zinc (Murariu et al., 2009).

Figure III.5.4. Effect of silver ions on the secondary structure of peptide P19
(Murariu et al., 2011).
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Figure III.5.6. CD spectra of amyloid-β peptide 1–40 (Aβ, 0.2mM) and in
presence of silver ions and SDS (1:10 and 10:1 molar ratio)
(Murariu et al., 2011).

Figure III.5.7. Conformational changes of bradykinin (Brd) in presence of
SDS (Brd+SDS, 1:10) and silver ions (Brd+SDS+Ag+, 1:5:5)
(Murariu et al., 2011).
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+

Figure III.5.8. Effect of silver ions (Ag ), sodium dodecyl sulfate (SDS), and
their mixture on the conformation of casein (Cas).

FT-IR SPECTROSCOPY CHARACTERIZATION OF PEPTIDES AND
THEIR COMPLEXES

Figure III.6.1. FT-IR spectra of P19-1 and P19-3 complexes with iron (II) metal
ions.
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Figure III.6.2. FTIR spectra of peptide P19-1 (P1) and its complex with silver
ions (Murariu et al., 2011).

-1

Figure III.6.3. FTIR spectra (500-2000 cm ) of amyloid- peptide (Aβ1-40)
and ovalbumin (Alb) and second derivative spectra
(Adochiţei and Drochioiu, 2011)
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Figure III.6.4. FT-IR spectra (500-4000 cm ) of serinon

**
With the data obtained in this chapter can conclude the following:


CD and FT-IR spectra showed completely different conformations for
peptides P19-3 and P19-4 and showed that only P19-3 is able to
bind heavy metal ions to form complexes with an altered
conformation.



The results obtained for casein by circular dichroism and infrared
spectroscopy confirmed that there is a synergistic process between
sodium dodecyl

sulphate (SDS)

and silver ions to induce

conformational changes from β-folded forms in α-helix ones.


Serinon proved to have similar results with glutathione.



AFM images obtained for P19 peptides showed roughness at
addition of mercury ions, the formations appeared on film showed
fibrils and specific plaques, results that are correlated to the data
obtained by circular dichroism.
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______________________________________________________
CHAPTER IV. SYNTHESIS AND CHARACTERIZATION OF METALNANOPARTICLES CONJUGATED WITH PEPTIDES
AFM CHARACTERIZATION

Figure IV.5.1. AFM images: a) glutathione; b) silver nanoparticles.
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Figure IV.5.2. Nanoparticle diameter as determined from AFM images of multilayers of
Au-NPs. Histograms of (a) monolayer, (b) double layer and (c) triple layer of Au-NPs, after
dabbing with blotting paper. An average diameter of 18.7 nm (d) was obtained for four
2
layers of Au-NPs using the equation y = 2x -36.2x+31.5, where x = 4, y = nanoparticle
diameter.
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Figure IV.5.3. AFM phase images of some selected Au-NPs (a), and
corresponding cross section profiles (b).

BIOLOGICAL TESTS

Figure IV.7.1. Biological activity of gold nanoparticles: 1-Control; 2-CuSO4, 3 mM;
3+

3-Au-NPs, from 3 mM Au ; 4- GS-Au-NPs; 5- Au-NPs:Cu(II); 6- GS-Au-NPs:Cu(II).
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Figure IV.7.2.1. The effect of Au-NPs and GS-Au-NPs on E. coli growth

Figure IV.7.2.2. The effect of Ag-NPs and GS-Ag-NPs on E. coli growth

**
From the data presented in this chapter can make the following
conclusions:


The Ag-NPs thus prepared tend to aggregate together upon
+

addition of Ag due to the strong coordination bond between
+

Ag and – NH2, –COOH of glutathione modifier.
17



Gold nanoparticles and gold nanoparticles containing copper
showed inhibitory effect on the development of plantlets.



Tests on gold and silver nanoparticles in the presence of E. coli
showed aggregation process (even at 2 hours after inoculation
with

silver

nanoparticles),

an

important

process

for

understanding their biological properties.


The results showed no toxicity of gold nanoparticles on
bacterial growth.



Silver nanoparticles stimulated the growth of microorganisms at
-6

10 M concentration.

GENERAL CONCLUSIONS
Based on research presented in this paper we can highlight the
following general conclusions:
1.

We studied methods of peptide synthesis and we synthesized several
new peptides, such as:


Fragments

of

amyloid

peptide Aβ

1-40, respectively

sequences 1-16, containing alanine and serine residues,
using solid phase synthesis.


A

tripeptide,

glutathione

analogue,

by

replacing

the

remaining cysteinyl residue with the serinil, using continuous
solution-phase synthesis. The continuous solution-phase
synthesis led to obtain pure peptides and higher productivity
than peptides obtained by solid phase synthesis. Thus, was
designed and synthesized by this method a tripeptide called
serinon.
2.

Characterization of newly synthesized peptides was performed by
MALDI-TOF mass spectrometry type, respectively GC-MS.
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3.

In MS spectrum were identified the fragments Aβ 1-16-Ala and Aβ 116-Ser wich confirm obtained sequences.

4.

Spectrometric measurements of peptide serinon proved that GC-MS
can be applied to short peptide sequences (such tripeptide). Thus, we
compared the results obtained by GC-MS of serinon with those of
glutathione and were observed structural similarities.

5.

We studied the interaction of polypeptides such as bovine albumin,
ovalbumin and casein, with dinitrophenols and related compounds, as
well as heavy metals, to understand more deeply the mechanisms of
conformational changes of polypeptides, in different environments. The
following conclusions are:


BSA had a slightly altered conformation in the presence of
dinitrophenol derivatives, representing a return rate of
conformers β-turn much lower compared to the control,
which indicated the tendency to maintain polypeptide
chain in linear form.



casein was more deeply affected by the presence of
dinitrophenol derivatives, circular dichroism spectrum of its
adduct with DNP-β-Ala presenting β-folded forms and
disordered structures, although the presence of alanine
would normally indicate α-helix conformers.



dinitrophenols are disruption factors of the secondary
structure of polypeptides investigated.

6.

We studied other peptides and their complexes with heavy metal ions,
which were previously synthesized or purchased from specialized
companies.

7.

We obtained peptide-complexes with Zn, Fe (II), Fe (III), Ag, Cu (II)
ions of peptides with 19 amino acid residues (sequences of glycine,
histidine and alanine, respectively, in different positions ), serinoncomplexes, bradykinin, Aβ 1-40, ovalbumin and casein, and were
19

characterized by circular dichroism, infrared spectroscopy and atomic
force microscopy.
8.

FT-IR spectroscopy has been applied to the structural characterization
of peptides and polypeptides, in different environments. Amide I band -1

between 1600 and 1700 cm - was the most intense absorption band
of all peptides and proteins investigated and it was associated with the
extent of vibrational C = O group and directly related peptide or protein
conformation.


The obtained data show that FT-IR spectra of ovalbumin
peptide Aβ 1-40 and have much in common, but there are
also important differences, which occur mainly in the region
of amide I band.



Also, tripeptide serinon newly synthesized showed similar
structure and some properties of glutathione, as well as its
relationship with metals.



Bradykinin, which presented only β-sheet structures, the
addition of SDS showed a certain proportion of α-helix.
While the proportion of unordered conformers remained
unchanged, a combination of SDS and silver ions had a
synergic effect on the formation of both α-helical and β-turn
conformers.



Aβ 1–40 in the fresh aqueous solutions was found as a
mixture of random β-sheet and β-turn forms. On adding
silver ions, the peptide conformation changed severely from
β-sheet to α-helix. SDS had the same effect



FT-IR results for casein showed a synergic effect between
SDS and silver ions on the formation of β-sheet to α-helix
conformers.
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9.

Circular dichroism technique revealed the conformational changes
occurring peptide molecules, even with the change of a single amino
acid residue position, in the primary structure.
Circular dichroism spectra in the far UV indicate that albumin
has a slightly altered conformation in the presence of
dinitrophenol derivatives. The results suggest that albumin
may be a protective agent against dinitrophenol pesticides.
CD spectra showed completely different conformations for
peptide P19-3 and P19-4. Results suggest that peptide P193 is able to bind heavy metal ions to form complexes with
altered

conformation.

Because

of

the

rigid

structure

demonstrated by CD, P19-4 peptide cannot bind all kind of
metal ions. Consequently, the spectra of P19-4/metal ion
were similar to those of pure peptide.
In aqueous solutions, P19-1 showed β-turn conformers and unordered
populations, and was found to contain almost only β-turn populations in
a 50% TFE solution. On adding silver ions to P19 prepared in aqueous
solutions, at pH 7.4, the peptide conformation severely changed. Silver
ions transformed unstructured peptide molecules into

α-helical

conformers and stabilized β-turn structures.
10. Atomic force microscopy showed that the secondary structure of peptides and
formation

of

nanostructures

by

self-assembling

peptide

conformation

dependent on peptide conformation. By atomic force microscopy it has
revealed similarities and differences between peptides. AFM images obtained
for P19-3 and P19-4 peptides were different, depending on the metal used.
Thus, on addition of mercury ions was observed fibrils and specific plaques.
11. We prepared and characterized gold and silver nanoparticles conjugated with
short

peptides

(glutathione).

Characterization

nanoparticles led to the following results:

21

of

newly

synthesized

-Morphological analysis of surfaces confirmed the formation of nanoparticles,
which crowded when allowed to stay for 48 hours in aqueous suspensions,
forming relatively large aggregates (30-150 nm) with different shapes.
- Height of gold nanoparticles (Au-NPS) was relatively constant, ranging
between 14 and 18 nm, located in range of 20-30 nm diameter.
- SEM photographs confirmed that the average size of the gold nanoparticles
was found to be about 20 - 50 nm, but some other aggregates sized over 200
nm.
-FT-IR results showed the formation of a S-Ag bond and a S-S one.
- Intense absorption of nanoparticles in the UV-VIS spectra suggested the
aggregation process and plasmon absorption phenomen.
12. Results of biological activity of gold nanoparticles and nanoparticles
conjugated with glutathione led to the following conclusions:


stimulates germination process;



stimulate further development of plantlets;



nanoparticles containing copper and gold nanoparticles with
copper stabilized with glutathione, inhibit the growth of
seedlings;



reveal their nature without toxicity on E. coli;



Au-NPs had a complex effect on E. coli, indicating an
aggregation process at 2 hours after inoculation.

13.

Results of biological activity of silver nanoparticles and nanoparticles
conjugated with glutathione led to the following conclusions:


showed no toxic effect as long as they were kept in
suspension for 48 hours at concentrations of 10

-5

M or

less;


stimulated

the

growth
-6

concentration of 10 M;
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of

microorganisms

at

a



caused a significant decrease in bacterial density,
probably

due

to

aggregation

on

the

surface

of

nanoparticles.
14.

The results of this paper are published in 2 articles ISI, 3 articles

submitted to ISI journals, 2 articles published in CNCSIS journals and 7
presented papers on national conferences.
15.

The objectives proposed were accomplished.
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