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ABSTRACT:

are supported by quantum chemical calculations performed by

Raman and surface-enhanced Raman scattering (SERS)

using extended Hückel theory method for a model of P37

spectra of the synthetic carboxy terminal peptide of human

interacting with an Ag surface. The P37-metal interaction is

chorionic gonadatropin b-subunit free of carbohydrate moieties

drove by positively charged fragments of selected amino acids,

(P37) are reported. The spectral analysis is performed on the

mainly threonine 109, lysine 122, and arginine in positions 114

basis of our reported Raman spectrum and SERS data of

and 133. Data here reported intend to contribute to the

oligopeptides displaying selected amino acids sequences

knowledge about the antigen–antibody interaction and to the

MRKDV, ADEDRDA, and LGRGISL. SERS samples of P37
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were prepared by coating the solid peptide with metal colloids
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on a quartz slide. This treatment makes possible to obtain high
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components of P37 display net charges and hydrophobic
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characteristics, which are related to particular structural aspects
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of the adsorbate–substrate interaction. The spectroscopic results
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INTRODUCTION

R

aman spectroscopy could afford important information about the mechanism of the aggregation undergone by peptides in aqueous solutions or when
interacting with biological molecules. However, the
application of this technique is highly limited by the
large ﬂuorescence emission of the biologic materials. These
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drawbacks can be overcome when using metal nanoparticles
(NPs) to partially quench the ﬂuorescence emission and to
enhance the Raman spectrum signals by surface-enhanced
Raman scattering (SERS). NPs irradiated with a visible light of
appropriate wavelength can induce a great intensiﬁcation of
the electromagnetic ﬁeld on the surface through localized surface plasmon resonance, which consequently leads to a great
enhancement of Raman signal from molecules adsorbed on
NPs.1,2 SERS has been an active research area with important
applications ranging from surface chemistry to biological
chemistry and biomedical analysis. Biosensors are intrinsically
associated with peptide–metal NP systems.3–5 The peptide–
metal NP interaction also has important consequences on the
optical properties of the NPs themselves. SERS of many amino
acids, peptides, and proteins acquired with various SERS
active substrates have been reported.
Recent results on the application of SERS to peptides have
been published by Podstawka and Proniewicz,6 who compared
the adsorption behavior of bombesin (pGlu-Gln-Arg-Leu-GlyAsn-Gln-Trp-Ala-Val-Gly-His-Leu-Met-NH2) and ﬁve bombesin-related peptides in silver colloidal solution. The peptide–
metal interaction is mainly veriﬁed through the pyrrole ring of
tryptophan and the aromatic ring of the phenylalanine components. They also infer a weak interaction through particular
skeletal fragments of the peptidic chain. These results are
slightly modiﬁed in the series of peptides. Differences in organization and orientation of the peptides on the metal surface by
changing the silver colloidal surface by a silver electrode surface
were inferred. SERS results by Di Foggia et al.7 indicate that for
four alternating polar/non-polar peptides derived from the selfassembling peptide EAK-16 (Ac-Ala-Glu-Ala-Lys-Ala-Glu-AlaLys-Ala-Glu-Ala-Gly-Ala-Glu-Ala-Lys-NH2) the interactions
with TiO2 mainly take place through carboxylate groups and
that the self-assembled structure on the metal surface is predominantly a b-sheet. Mitchell et al.8 used statistical analysis
methods for the peptide detection by SERS. Wei et al.9 registered the SERS spectra of three cysteine (Cys)-containing aromatic peptides and penetratin, bound to nanoshell substrates.
It is concluded that the aromatic amino acid residues provide
the dominant features in the SERS and Raman spectra. Seballos
et al.10 concluded from SERS spectra of several peptides composed by different combinations of proline, tryptophan, and tyrosine that the binding with a silver surface occurs through
both the carboxylic end and the aromatic amino acids moieties.
Infrared techniques polarization modulation-reﬂection
absorption infrared spectroscopy and attenuated total reﬂectance allowed to propose that the peptide L-glutathione (cGln-Cys-Gly) interacts with Au through the cysteine thiol
group in water solution, and through the glycine carboxylate
in ethanol.11 A reﬂection absorption infrared spectroscopic

study on Ag was performed by Itoh et al.,12 for Langmuir–
Blodgett ﬁlms of the palmitoyl-ornithine and palmitoyl-lysine
peptides. Authors concluded on a particular organization of
the peptides on the surface.
The usefulness of the SERS protocol will be highly dependent on the nature of the oligopeptide, in terms of length
and sequence. The length and the sequence are important
factors related with the three-dimensional conformation of
the oligopeptide, which in turn, determines the accessibility
of the molecules and the adsorption on a metal surface. On
the other hand, the residual electrostatic charge, the hydrophilicity, and the existence of side chains containing chemical
groups, which manifest a high afﬁnity to the metal surface
are key factors, which will determine the interaction strength
of the oligopeptide with a metal surface.
Moreover, the interaction of peptides and oligopeptides
with metal surfaces can occur through different mechanisms:
(a) electrostatic interaction between positive charges in the oligopeptide and the negative residual charges existing on the
metal surface, (b) coordination complexes formed between
very active groups, such as -SH, -COO2, imidazol in hystidine
(His),13 indole in tryptophan (Trp),14 and surface metal
atoms. Besides, the intermolecular interactions between oligopeptides should be considered. In this sense, the hydrophobic
interactions between nonpolar amino acids residues in the oligopeptides also play an important role in both the threedimensional conformation and the adsorption on the metal.
Recent SERS results in our research group dealt with the oligopeptides MRKDV, ADEDRDA, and LGRGISL15; these oligopeptides display different net charges and hydrophobic characteristics, which were related to particular structural aspects of
the adsorbate–substrate interaction. In all cases, the SERS
spectra display signals coming from the guanidinium moiety
of the arginine amino acid (R), which induces the orientation
of the peptides on the metal surface. These spectroscopic
results were supported by quantum chemical calculations.
In this frame, the aim of this contribution deals with the
vibrational study of the synthetic carboxy terminal peptide
(109–145, CTP) of human chorionic gonadatropin (hCG)
free of carbohydrate moieties (P37 polypeptide) by SERS
spectroscopy. Different spectral behavior of P37 respect to
the already studied oligopeptides is expected. In fact, residues
close to the probable metal-interacting molecular fragments
and general physicochemical characteristics and size of P37
are different respect to the oligopeptides.
The hCG belongs to the glycoprotein hormone family,
which includes luteinizing hormone (LH), follicle-stimulating
hormone, and thyroid-stimulating hormone.16 These hormones are formed by two subunits (a and b). The a-subunit
is common to all of them, whereas b, and despite the high
Biopolymers
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FIGURE 1 Secondary structure and amino acid sequence of hCGb-CTP without linked carbohydrates (P37 polypeptide). Molecular mechanic optimized geometry of P37 polypeptide.

degree of homology between them, presents differences that
confer speciﬁcity. Thus, the ﬁrst 110 amino acids of hCGb (bsubunit of hCG) have a 85% homology with LHb (b-subunit
of LH), explaining why the majority of the antibodies against
LH also recognize bhCG. However, the carboxy terminal end
of hCGb is unique; therefore, antibodies directed against this
peptide are speciﬁc for hCG (do not recognize other hormones). Technology based on hCGb-CTP not only has application in the diagnosis, because it is unique to hCG, but could
also have an application in the development of a contraceptive
vaccine.17,18 The consequences of the substitution of arginine
(68) of hCGb with glutamic acid (R68E) are structurally relevant: in fact, the substitution profoundly reduces the crossreactivity while refocusing the immune response to hCGbCTP. Berger et al.19 studied the importance of carbohydrate
moieties of hCG for epitope assembly. Two poorly immunogenic epitopes are located on the hCGb 113–116 and 137–144;
the ﬁrst involves the arginine residue surrounded by neutral
and negative-charged amino acids, and the second displays
carbohydrate moieties on the serine residue. Two antigenic
regions hCGb 20–25 and hCGb 68–77 free of carbohydrate
moieties on the natural polypeptide involve the lysine and arginine residues, respectively.
On the basis of the SERS data, we intend to determine the
inﬂuence of the individual amino acids or in a sequence,
the hydrophobicity and charge of the synthetic peptide, and
the NPs interface characteristics, on the adsorption of the peptide on metal surfaces. To complete the analysis of the SERS
experiments, a theoretical study based on the extended Hückel
Theory (EHT) method for a simpliﬁed molecular model for
the peptide surface interaction is proposed. The general methodology is similar to that used for oligopeptides in a previous
work15 but for a quite structurally different peptide.
Biopolymers

MATERIALS AND METHODS
Samples
Water-soluble synthetic peptide from New England Peptide of analytical grade carboxy terminal polypeptide of hCGb-CTP free of carbohydrates at serine in positions 121, 127, 132, and 138 (P37 polypeptide)
was supplied by GrupoBios S.A (Figure 1). The amino acid sequence
of P37 is H2N-TCDDPRFQDSSSSKAPPPSLPSPSRLPGPSDTPILPQOH; the molecular weight is 3876 g/mol. Stock solutions of the peptide
in water were prepared to a ﬁnal concentration of 1025M. Aqueous
stock solutions of the compound were prepared in nanopure water.

Preparation of Silver NPs
Silver NPs (AgNPs) were prepared by chemical reduction of silver
nitrate with both trisodium citrate (AgNPs-cit) and hydroxylamine
hydrochloride (AgNPs-hyd).20 The resulting colloids display a ﬁnal
pH of 5.5 and near 7, respectively. The aqueous solutions used for
the AgNPs formation were prepared by using triply distilled water.
Colloids showed a milky grey color.

Preparation of Raman and SERS Samples

Several drops of aqueous 1025M peptide solution were deposited
onto a quartz slide. Solution samples were dried at room temperature. The Raman spectrum of the solid was obtained from several
evaporations of the solution. The colloidal AgNPs-cit solution was
dropped onto the P37 solid obtained from evaporating one drop of
the solution. Room temperature dried sample was used for the
SERS measurements.

Instrumentation
The SERS spectrum of the peptide was measured with a Renishaw
micro-Raman system (RM2000) using as excitation the 514 and 785
nm laser lines. Plasmon resonant effects were observed using the
514 nm laser line. However, a rapid heating is observed avoiding scan
reproducible spectra. The Raman and SERS reproducible spectral
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data were obtained by using the 785 nm laser line. A lower spectral
intensity compared with the spectra using 514 nm was observed. The
instrument was equipped with a Leica microscope, and an electrically
cooled CCD camera. The signal was calibrated by using the 520 cm21
line of a Si wafer and a 350 objective. The laser power on the sample
was 2 mW. The resolution was set to 4 cm21, and 5–20 scans of 10 s
each were averaged. Spectra were recorded in the 200–4000 cm21
region to observe both the Raman and SERS spectra. The spectral
scanning conditions are chosen to avoid sample degradation.

Spectral Reproducibility
No reproducible SERS spectra were obtained by using the traditional way, that is, by addition of the sample solution to the colloidal suspension or the inverse. The SERS reproducible spectra from
batch to batch were obtained by adding the colloidal AgNPs solution onto the dried analyte sample.

Molecular Models and Calculations
To complete the analysis of the SERS experiments, a theoretical
study was performed. A simpliﬁed molecular model for the analyte–
metal surface interaction is proposed. The silver (Ag) atom’s surface
was slightly different to the one used in our previous studies.21–23
Brieﬂy, a face centered-cubic structure with a 5 0.408 nm was built
and trimmed to get a planar single layer composed of 356 silver
atoms. This is to prevent that any part of the polypeptide could
interact with the border of the metallic layer.
The polypeptide was studied in its full ionized state. Because of
the experimental conditions, molecular mechanics was used to optimize the polypeptide-Ag geometry, keeping the Ag layer geometry
constant for each case. Several different starting geometries for the
polypeptide-Ag layer system were tested; all of them produced the

ﬁnal geometry employed here. EHT was used to calculate the wave
function of the Ag layer, the polypeptide as an isolated system, and the
polypeptide–metal surface system (Figure 2). EHT calculations produce qualitative or semiquantitative descriptions of molecular orbital and electronic properties.24 EHT is the simplest semiempirical
method, but it may be regarded as a method of simulating Hartree–
Fock (HF) calculations by guessing the elements of the HF Hamiltonian matrix through the use of the Wolfsberg–Helmholtz approximation.25 Also, it was shown that within the Hartree–Fock–Rüdenberg picture, EHT is compatible with the nonempirical HF method
in Roothaan’s form.26,27 These facts explain why EHT turned out to
be qualitatively successful. The Hyperchem program was used.28
The combination of EHT with molecular mechanics was able to
give, for example, a qualitative explanation of our previous SERS
works in oligopeptides,15 nanotubes,21 tryptophan,22 lysine,23
humic acids,29 and arginine30 interacting with Ag surfaces.

RESULTS AND DISCUSSION
Physicochemical Properties of the P37 Polypeptide
Table I contains physical and physicochemical properties of
the studied peptide. The zeta potential of AgNPs is negative
in a large pH range.31 From the net charge values and hydrophobic or hydrophilic characteristics was possible to infer
about the peptide–metal interaction for ADEDRDA,
LGRGISL, and MRKDV.15 SERS spectra were observed for
the three peptides by coating them with AgNPs. Spectra are
dominated by signals coming from the amino acid residues,
mainly Arg (R) in MRKDV; the other amino acid compo-

FIGURE 2 Predicted molecular model for the P37-Ag interaction.
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Table I Properties of the Carboxy Terminal Polypeptide of
hCGb-CTP Free of Carbohydrate Moieties (P37); Structural
Amino Acid Components, Hydrophilicity Index,45 and net
charge46
Amino Acids Position Peptide Hydrophilicity Index Net Chargea
P37
Thr T
Cys C
Asp D
Asp D
Pro P
Arg R
Phe F
Gln Q
Asp D
Ser S
Ser S
Ser S
Ser S
Lys K
Ala A
Pro P
Pro P
Pro P
Ser S
Leu L
Pro P
Ser S
Pro P
Ser S
Arg R
Leu L
Pro P
Gly G
Pro P
Ser S
Asp D
Thr T
Pro P
Ile I
Leu L
Pro P
Gln Q

109

114
115

120
122

125

130

133
135

140

145
a

0.3
20.4
21.0
3.0
3.0
0.0
3.0
22.5
0.2
3.0
0.3
0.3
0.3
0.3
3.0
20.5
0.0
0.0
0.0
0.3
21.8
0.0
0.3
0.0
0.3
3.0
21.8
0.0
0.0
0.0
0.3
3.0
20.4
0.0
21.8
21.8
0.0
0.2

21
0
0
21
21
0
þ1
0
0
21
0
0
0
0
þ1
0
0
0
0
0
0
0
0
0
0
þ1
0
0
0
0
0
21
0
0
0
0
0
0

Calculated at pH 7.

nents in ADEDRDA and LGRGISL are also expressed, being
their aliphatic and carboxylic fragments responsible of the
most intense spectral signals. The amino acid structural characteristic of the Arg moiety rather than its position in the
context of a polypeptidic sequence plays an important role in
the peptide–AgNPs interaction.
On the basis of the experimental and theoretical data of the
reference peptides15 and the partial and net charge and hydrophilicity index of P37, we could infer about both the possibilBiopolymers
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ity that this peptide displays a SERS spectrum and that the
peptide metal interaction, if occurs, takes place through the
positively charged amino acid moieties. P37 displayed a net
charge equal to 21 at pH 7. The average hydrophilicity is 0.3,
and the ratio of hydrophilic residues/total number of residues
is 46%. Physicochemical data in Table I suggest a nonevident
adsorbate–substrate interaction. However, we could expect
that at least three fragments of the peptide P37 interact with
the metal surface through the positive-charged fragments of
arginine (R) in positions 114 and 133 (Arg-114 and Arg-133),
and lysine (K) in position 122 (Lys-122), respectively. Numbering is in concordance with description given for the natural
polypeptide.16,19 This proposition could be modiﬁed by a
detailed analysis of the neighboring amino acid characteristics.
In the ﬁrst case (DPRFQ segment), Arg-114 is surrounded by
neutral and negative charges of hydrophilic amino acids,
which make improbable the interaction with the metal. This
situation is less drastic in the case of Lys-122 (SSKAP) and
Arg-133 (PSRLP), where the closest amino acids are neutral
and low charged, and some of them, Ala-123 and Leu-134,
displaying rather hydrophobic characteristics (Table I).
These hypotheses were conﬁrmed. In fact, it was possible
to obtain a net SERS spectrum for P37. The high negative
value of the zeta potential in the case of AgNPs-cit accounts
for the absence of the carboxylate bands and the intensiﬁcation of particular spectral signals of the positively charged lysine and arginine residues.

Raman and SERS Spectra
The analysis of the Raman spectrum of P37 was performed on
the basis of data concerning our published results (Ref. 15 and
references Therein) and others’ related molecules.32–43 Table II
contains the proposed bands assignment. There are bands
observed only in the Raman spectrum of the peptide, which are
ascribed to vibrational modes involving the identical amino
acidic functions in all the amino acids: 1678 (mC¼
¼O, dNH am2
ide I), 1327 (mCN, CH def), 1103 (dNHþ
),
725
(qCH
2, COO
3
21
def), and 406 cm (dCN). Other bands are characteristics of
phenylalanine (1007 cm21) and aspartic acid (882 cm21).
When it was possible to obtain a SERS spectrum in colloidal AgNPs solution for the peptide, a unique and reproducible
spectrum was not achieved. The reproducible SERS spectrum
of the peptide in solid, that is, the analyte coated by the metal
nanostructures, was succeeding. The spectral analysis of the
SERS spectra was performed on the basis of previous and own
Raman and SERS band assignments for most of the amino
acid residues of the present peptide.32–36 The Raman and
SERS spectra of the peptide are displayed in Figure 3, whereas
the SERS of lysine and arginine are displayed in Figure 4.
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Table II Raman and SERS Frequencies (cm21) of P37 and the
Most Probable Band Assignment; SERS Frequencies of Lysine23
and Arginine30
Raman
P37

SERS
P37

1678

1710
1629
1578

Amide I mC¼
¼O þ dNH

1457

K

1381
1360
1337

A msCOO2
S
L
mCN, CH def
L
K
R
S
dNHþ
3
R
F
R
R
D
L
R
S
A
qCH2, COO2 def
S
K
A
A
qCO, xNH2, K
K
dCN

1461

1339
1327
1257
1206
1131
1103
1054
1007
924
882
835
794

1273
1196
1112
1051
998
954
867
821
795
770

725

600
484
406

672
652
611
594
563
460

Assignmenta

2
dNH, dNHþ
3 , mCOO

SERS
Lysine

SERS
Arginine

The following SERS spectral discussion is performed in
terms of both the general spectral features and the spectral
behavior of amino acid sequences involving the arginine and
lysine residues.

PSRLP (131–135) Segment
1639

1447
1402
1355

1653
1569
1479
1444
1412
1355
1325

The arginine SERS bands observed at 1051, 998, 954, and 821
cm21 are ascribed to vibrations of the guanidinium moiety.
Leucine (L) bands are observed at 1337, 1273, and 867 cm21.
Serine (S) bands are identiﬁed at 1360, 1112, 795, and 672
cm21. Proline (P) signals are not observed. This spectral
behavior suggests that at least the SRL fragment interacts
with the metal surface. Thus, the discussed Arg signals come
from the amino acid residue in position 133.

1280
1207
1169
1127
1032

1088
978
934

847
796
773

SSKAP (120–124) Segment
Lysine (K) bands are expected at 1457, 1196, 652, 563, and
460 cm21. The alanine (A) bands are assigned to the very
weak bands at 1381, 770, 611, and 594 cm21. This spectral
situation plus the presence of the serine bands already
described in segment PSRLP indicates that the lysine residue

839
781

665
611
535
460

a
Most probable assignment expressed mainly in terms of the amino acid
symbol: R, arginine; K, lysine; D, aspartic acid; L, leucine; G, glycine; I, isoleucine; S, serine; A, alanine. For the speciﬁc normal modes involved in the
vibrations, please see Refs. 33 and 34.

Table II contains the most probable assignment expressed in
terms of the amino acid symbol. Details of the corresponding
normal modes are given by Stewart and Fredericks.33,34
A broad and multiple band is observed around 1600 cm21
with maxima at 1629 cm21 and 1578 cm21 in the SERS spectrum of P37. These bands are attributed to carboxylate
þ
stretching and NH and NHþ
3 deformation modes. The NH3
deformation bands should correspond to the Thr-109, placed
in the amino-terminal part of the peptide (Figure 2), and
Lys-122 amino acids. The existence of such bands is the ﬁrst
evidence of the interaction of those amino acid fragments
with the metal surface.

FIGURE 3 (a) Raman and (b) smoothed SERS spectra of P37.

Biopolymers

SERS Spectra of hCGb-CTP Free of Carbohydrate Moieties

141

with normally observed skeletal bands in the 960–900 cm21
region is not characteristic of any clear conformational structure. A rather disordered conformation is induced by the
high number of proline residues (10 residues) existing in
P37, which act as structural disruptors of the sequence.44

Theoretical Aspects

FIGURE 4

SERS of (a) arginine30 and (b) lysine.23

in position 122 drives the orientation of this fragment of the
peptide to the metal surface.

DPRFQ (112–116) Segment
The phenylalanine (F) characteristic intense SERS band normally observed close to 1007 cm21 is not present. SERS proline (P) bands expected near 1170 and 1080 cm21 and others
from the glutamine (Q) near 1430, 1400, and 1070 cm21 are
also not observed. The aspartic acid (D) bands are not
observed excepting that at 882 cm21, appearing only in the
Raman spectrum of the peptide. These results and those of
the already discussed segments suggest that Arg-114 is probably far from the metal surface.
The most relevant frequency shifting between Raman and
SERS spectra in Table II mainly concern vibrational modes
involving residues interacting with the metal surface. Thus,
the most probable orientation of the peptide on the metal surface is governed, besides the Thr-109 residue, by the fragments
where the Arg and Lys residues are surrounded by positive or
neutral amino acids displaying the lower hydrophilic index.
The SERS spectral proﬁle of the peptide in the amide I
(1675–1655 cm21) and III (1280–1230 cm21) regions along
Biopolymers

P37–Metal Interaction. For the isolated Ag layer, the highest
occupied molecular orbital (HOMO)–lowest unoccupied
molecular orbital gap is 0.03 eV, and the occupied and empty
molecular orbitals are highly packed, indicating that the proposed surface structure is an acceptable model of a metallic
Ag cluster. The ﬁnal polypeptide-Ag surface system is shown
in Figure 2. The positive charged groups closest to the silver
surface are NHþ
3 of Thr-109 and Lys-122, and the guanidinium groups of Arg in positions 114 and 133. The N atom of
the NHþ
3 group of Thr-109 is located at 3.65 Å from the surface. The N atom of the NHþ
3 group of Lys-122 is at about
2.9 Å from the silver surface. In the guanidinium group of
Arg-114, one of the N atoms is at about 3.8 Å from the surface and the N atom bonded to the alkyl chain is at about 3.3
Å. In Arg-133, one of the N atoms is at about 4.0 Å of the silver surface, whereas the other is at about 3.3 Å. All these
groups are located close to the Ag surface in which the electronic density of the ﬁrst two HOMO and HOMO-1 of the
surface are zero. This is a suitable position for a guanidinium
group, which has an overall positive charge but with two
N atoms carrying negative net charges because it minimizes
the electron–electron repulsion. Because the empty p molecular orbitals of the two arginine groups are perpendicular to
the HOMO of the Ag layer, they do not overlap. Therefore,
no charge transfer is expected between the polypeptide and
the Ag layer.
Two carbonyl oxygen atoms of Ile-142 and Gln-145 are
located in the 3.1–3.3 Å range from the silver surface. They
are close to surface areas where the electronic density of the
Ag layer lowest unoccupied molecular orbital is very low,
precluding, therefore, a charge transfer between these moieties. Thus, these results strongly suggest that the polypeptide–silver layer interaction is of an electrostatic type, and
that this interaction takes place predominantly through the
Arg-133 and Lys-122 residues, together with the amino terminal Thr-109 amino acid (Figure 2).

CONCLUSIONS
The analysis of the net charge values and hydrophilic characteristics of the synthetic CTP of hCGb-CTP without Olinked carbohydrate moieties at serine in positions 121, 127,
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132, and 138 (P37) makes possible to infer about the SERS
activity, and then to propose an idea about the way how
this polypeptide could interact with a metal surface. Propositions are conﬁrmed by experimental SERS data. SERS
spectra were observed for the polypeptide by coating it with
AgNPs; this innovation also allows obtain reproducible
spectra. The SERS spectrum of P37 is dominated by signals
coming from the amino acid residues, mainly arginine (R)
in position 133 and lysine (K) in position 122; other amino
acid components leucine (L), alanine (A), and serine (S),
surrounding arginine and lysine, are also expressed. The
amino acid chemical characteristics of the arginine and lysine residues and their position in the context of a determined peptide fragment play an important role in the polypeptide-AgNPs interaction. Moreover, it is expected that
post-translational modiﬁcations on determined serine residues with carbohydrates for instance, could modify the peptide metal interaction, involving other molecular segments.
Theoretical results conﬁrm the inductive effect imposed by
the guanidinium moiety of arginine and the ammonium
group of lysine and threonine. The proposed structural
model for the polypeptide Ag surface system suggests that
the P37-Ag interaction is almost totally electrostatic. The
SERS spectral proﬁle of the polypeptide in the amide I and
III regions along with the skeletal bands do not allow propose a deﬁnitive conformational structure under the present experimental conditions.
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23. Aliaga, A. E.; Osorio-Román, I.; Garrido, C.; Leyton, P.; Cárcamo, J.; Clavijo, E.; Gómez-Jeria, J. S.; Diaz-Fleming, G.; Campos-Vallette, M. M. Vib Spectrosc 2009, 50, 131–135.
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