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Capping agents

Benzoyl-protected mercaptoacetyltriglycine, a synthetic precursor used in the preparation of Techne-
tium-99 m-mercaptoacetyltriglycine, a radiopharmaceutical for renal tubular function and r-cysteine
methylester, a small, non-zwitterionic amino acid derivative, were used as capping agents of gold nano-
particles obtained by borohydride reduction method. The capped gold nanoparticles composites were
prepared from aqueous solutions and characterized by UV-Vis, infrared and Raman spectra and Trans-
mission Electron Microscopy images. The presence of the ligands and its different binding mode to the
particles as a consequence of the benzoyl-protection of the thiol group in benzoyl-protected mercapto-
acetyltriglycine were evidenced from infrared and Raman spectra. The stability on aging in water solution
of the formed composites is discussed from the obtained UV-Vis spectra.

© 2010 Elsevier Inc. All rights reserved.

1. Introduction

The applications of surface functionalized metal nanoparticles
have been explored in a wide variety of areas [1]. Colloidal gold
nanoparticles (AuNPs) have found technologically uses since an-
cient times related to their optical properties, but only in the last
decades their potential biological applications in labeling, deliver-
ing, heating and sensing processes have been demonstrated [2-5].
Among noble metal particles, AuNPs have attracted intensive atten-
tion related to their easy preparative routes available, their low tox-
icity, and the gold surface affinity for the bonding to molecules of
biological interest [5,6]. Gold and other noble metal nanoparticles
have great potential for applications in biochemical sensing and bio-
logical imaging because of their unique optical properties originated
from the excitation of local surface plasmon resonances [7,8]. The
surface plasmon resonance is a coherent oscillation of the surface
conduction electrons excited by electromagnetic radiation. It is sen-
sitive to the local dielectric environment [9]. Typically, local surface
plasmon resonances devices sense changes in the local environment
through a shift for the resonance wavelength. Apart from the envi-
ronmental effect, the surface resonance plasmon of nanoparticles
is dramatically affected by their size, shape, and surface modifica-
tions [7,10]. The highly confined local electric field enhancement
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that accompanies the excitation of the plasmon supports variety
spectroscopic and imaging techniques [11-13].

The synthesis of AuNPs with diameters ranging from a few to sev-
eral hundreds of nanometers in aqueous solution as well as in organ-
ic solvents is well established [10,14-17]. In typical syntheses, Au
salts are reduced by addition of a reducing agent such as sodium cit-
rate or borohydride. In addition, a stabilizing agent (surfactant) is
also required which is either adsorbed or chemically bound to the
surface of AuNPs. The surfactant is typically charged, so that the
equally charged NPs repel each other so that they remain stable in
colloidal state. Most biological or biomedical applications require
that the clusters readily dissolve in aqueous media which is favored
if the aggregation is prevented through electrostatic interactions.
Biological molecules can be attached to the particles in several ways.
If the biological molecules have a functional group which can bind to
the Au surface (like thiols, cyano, amino or specific peptide se-
quences), the biological molecules can replace some of the original
stabilizer molecules when they are added directly to the particles
solution. Studies on the interaction of Au with biomolecules is an ac-
tive research area where useful information is being obtained
[18,19]. Benzoyl-protected mercaptoacetyltriglycine (BzZMAGs) is a
synthetic ligand used in the preparation of Technetium-99 m-mer-
captoacetyltriglycine, a radiopharmaceutical for renal tubular func-
tion [20]. From the conjugation of AuNPs to BZMAGs a useful tool for
imaging or diagnostic of renal tubular function could be obtained.
Furthermore, it opens up several novel possibilities as the BZMAG3
structure could be derivatized because of its free carboxylic group.
Different active groups capable of performing specific functions like



162 0. Estévez-Herndndez et al./Journal of Colloid and Interface Science 350 (2010) 161-167

catalysis, energy transfer, and sensing, could be attached [1]. No
reports on the conjugation of AuNPs to BZMAG; were found. In order
to shed light on the nature of BZMAG; binding to AuNPs surface also
the conjugation of AuNPs to L-cysteine methylester (CysM) was con-
sidered. Both simple molecules could be useful models to study the
interaction of mercapto, amino and amide functions with gold sur-
face.-cysteine methylester is a derivative of L-cysteine, a small ami-
no acid that has been used as capping agent for AuNPs [21-25]. The
aim of the present study is to explore the possible conjugation of
AuNPs to BzZMAGs and to shed light on the AuNPs interparticle inter-
actions in the presence of BZMAGs; in aqueous media. For a potential
application of the formed conjugates for imaging or diagnostic of
renal tubular function, their stability in aqueous media is a required
feature, which was also studied. The formed Au@BzMAG; and Au@-
CysM composites were characterized from X-ray Energy-Disperse
(EDS), UV-Vis, infrared (IR) and Raman spectra and from Transmis-
sion Electron Microscopy (TEM) images.

2. Experimental
2.1. Materials

The tetrachloroauric (IlI) acid trihydrate (HAuCl,.3H,0, 99.9%),
and the L-cysteine methylester (98%) were purchased from Sig-
ma-Aldrich. Sodium borohydride (96%) was obtained from Fluka.
All chemicals were employed as received and Milli-Q water was
used. BZMAGs; ligand was synthesized according to the method of
Fritzberg et al. [20], m.p. 193-195°C. 'H-NMR (CDCl3/DMSO)
3.75-3.88 (6H, d; —CH,—NH—CO—), 3.90 (2H, s, —CH,—S—),
7.45-7.70 (5H, aromatic) [26].

2.2. Gold nanoparticles preparation

Gold nanoparticles were prepared by sodium borohydride
reduction method [27]. In brief, 100 mL aqueous solution 1074 M
of HAuCl,-3H,0 (0.0105 mmols) was reduced by 0.01 g of NaBH,4
(0.2632 mmols) solved in 5 mL of water at room temperature
resulting in the formation of ruby-red gold colloid. The gold:boro-
hydride ratio was 1:25. The sol was left to react 30 min before
drawing off the capping ligand.

2.3. Au@BzMAG3; composite preparation

0.009 mmols of AuNPs (90 mL) were capped by 10~ M aqueous
solution (10 mL, 0.01 mmol) of BZMAGs. The BZMAG; was added to
the Au colloid solution 30 min after its preparation in order to min-
imize the colloid instability effect on the composite features. The
reaction mixture (1.1 M ratio of BzZMAGs; ligand to Au colloid)
was stirred for 12 h at room temperature, as already reported for
cysteine as capping ligand [21]. The capped AuNPs formed were
separated and washed by repeated centrifugation at 35,000 rpm
for 2 h.

2.4. Au@CysM composite preparation

0.009 mmoles of AuNPs (90 mL) were capped by 10~ M aque-
ous solution (10 mL, 0.01 mmol) of CysM. The CysM was added
to the Au colloid solution 30 min after its preparation in order to
minimize the colloid instability effect on the composite features.
The reaction mixture (1.1 M ratio of CysM ligand to Au colloid)
was stirred for 12 h at room temperature, as already reported for
cysteine as capping ligand [21]. The capped AuNPs formed were
separated and washed by repeated centrifugation at 35,000 rpm
for 2 h.

2.5. Methods

2.5.1. UV-Vis spectra

The UV-Vis absorption spectra of the solutions were studied
using a Varian Cary 50 Conc UV-Vis spectrophotometer, with
10 mm path length quartz cuvettes in the 190-900 nm wave-
lengths range.

2.5.2. EDS spectra

The EDS spectra were collected using an INCAx-sight 7582 mod-
el microanalyzer coupled to a scanning electronic microscope
(SEM) Jeol JSM-6390LV operated at 20 keV.

2.5.3. IR spectra

IR spectra in the range of 4500-400 cm~! were recorded using a
Perkin Elmer Spectrum One FT-IR spectrometer in KBr pressed disks.
In the preparation of the KBr pressed disks were used 0.5 mg of the
sample and 100 mg of KBr. The number of scans used to record the
spectra was 10. Spectra of samples in Nujol mulls using CaF, win-
dows were also run in order to discard a possible reaction between
the sample and KBr matrix.

2.5.4. Raman spectra

Raman spectra were obtained using an Almega XR Dispersive Ra-
man spectrometer. An Olympus microscope (BX51) and an Olym-
pus x 50 objective (NA = 0.80) were used for focusing the laser on
the sample, to a spot size of ~1 pm, and for collecting the scattered
light, a charge-coupled device (CCD) detector thermoelectrically
cooled to —50 °C was used. The Raman spectra were accumulated
over 80 s with a resolution of ~4 cm™!. The excitation source was
the 532 nm radiation line from a Nd:YVO, laser (frequency-dou-
bled). The incident laser power was from 0.1 to 100 mW.

2.5.5. TEM images

Structural and morphological characterization of capped AuNPs
were performed by JEOL JEM 2200 FS Transmission Electron Micro-
scope (TEM) equipped with a High-Angle Annular Dark Field
(HAADF) detector and operated at 200 kV accelerating voltage.
The samples for TEM measurement were prepared by dipping the
TEM copper lacey carbon grid (400 meshes) in a dilute dispersion
of nanoparticles in water.

3. Results and discussion

Fig. 1a and b shows the structures of BZMAGs; and CysM, respec-
tively. It is known that thiol groups have a strong affinity for gold
being able to make a covalent bond to gold surface. Since in BZMAG;
the thiol group is benzoyl-protected the interaction with the AuNPs
surface via Au—S bonding is not favored. The strategy of using the
CysM for AuNPs functionalization took into account the presence
in this ligand of a free terminal thiol group. Although CysM bears
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Fig. 1. Structures of BZMAGs; (a) and CysM (b).
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Fig. 2. UV-Vis spectra for: (a) AuNPs (a_1) and Au@BzMAGs; (a_2); (b) AuNPs (b_1)
and Au@BzMAG3; (b_2) solutions as freshly prepared and after 30 days of aging (b_3
and b_4, respectively).

two potential anchoring groups (SH and NH;) that can covalently
bind Au particles, it is well established the superiority of thiol group
to form covalent bond with gold [28]. Because in CysM the thiol ter-
minal group is free, this simple cysteine derivative may be useful to
sense comparatively the interaction with Au surface relative to the
less accessible benzoylmercapto group in BZMAGs;. As already-men-
tioned, in the CysM the existence of zwitterion (internal salt) is not
possible because the carboxylic group is derivatized as methylester.
This fact hinders the nanoparticles assembling through the zwitter-
ions-type electrostatic interactions, which is observed for instance
when cysteine is used as capping ligand [22].

Freshly prepared AuNPs obtained by sodium borohydride
reduction are stable in water and display a characteristic UV-Vis
absorption spectrum with a plasmon band in the 522-525 nm
spectral range (curves a_1 of Figs. 2a and 3a). On aging, a notice-
able 'red shift accompanied of the peak broadening is observed
(discussed below). As already-mentioned, the plasmon resonance
absorption is sensitive to the particles environment. Such effect
was used to sense the AuNPs conjugation to the two considered
capping ligands. For BzMAG; a slight red shift, from 525 to

1 For interpretation of color in Figs. 2 and 3, the reader is referred to the web
version of this article.
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Fig. 3. UV-Vis spectra for: (a) AuNPs (a_1) and Au@CysM (a_2); (b) AuNPs (b_1)
and Au@CysM (b_2) as freshly prepared solutions, and after 30 days of aging (b_3
and b_4, respectively).

528 nm, together of certain peak broadening and a decrease of its
maximum absorbance were detected (curve a_2 in Fig. 2a). Such
spectral variations, without appreciable color changes, were inter-
preted as resulting from the BzZMAG; binding to the Au surface. A
quite different behavior was observed for the CysM ligand interac-
tion with AuNPs. In this case the red shift for the plasmon reso-
nance peak was significantly greater, of about 8 nm (from
522 nm to 530 nm) and the peak broadening is accompanied of a
color change for the colloidal suspension, from ruby-red to blue
(curve a_2 in Fig. 3a).

Such color change in colloidal gold has been ascribed to forma-
tion of AuNPs aggregates [29]. The observed differences in behav-
ior for the interactions of these two ligands with AuNPs were
interpreted as related to the nature of the electrostatic interaction
involved between the capped gold particles; CysM is uncharged
and this ligand de-stabilizes the suspension by reducing the elec-
trostatic repulsion between the gold particles when it adsorbs. In
contrast BzMAGs; is negatively charged (carboxylic group) in
solution at most pH values above four (the measured pH of the
mixture reaction is about 8-9), and when adsorbed through the
amine groups, will retain this negative charge upon adsorption,
thus maintaining the electrostatic repulsion between AuNPs. The
stability of BZMAG; and CysM capped AuNPs in comparison with
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free Au colloid for a month of aging was also studied. For Au@Bz-
MAG3; composite, the wavelength where the plasmon peak maxi-
mum is observed remains stable at 528 nm (curves b_2 and b_4
of Fig. 2b) and without significant peak broadening. This was inter-
preted as formation of a stable composite where the capped nano-
particles preserve their colloidal state (no aggregates formation).
Such behavior results appropriate for potential applications of that
composite for imaging and diagnostic tool. Relative to Au@BzMAGs;
the formed Au@CysM composite shows quite different features on
aging, and also different to those observed for non-conjugated Au
colloidal suspension. On the Au@CysM aging a gradual red shift
from 530 to 544 nm accompanied of peak broadening was ob-
served for the plasmon resonance signal (curves b_2 and b_4 of
Fig. 3b). This was attributed to a progressive nanoparticles aggre-
gation process. It seems the capped nanoparticles interact through
attractive dispersive forces maintaining several nanoparticles to-
gether. Such mechanism must be quite different to that reported
for the aggregation of AuNPs capped with cysteine ligand [22].
As already-mentioned, with cysteine the aggregation process takes
place through zwitterion-type electrostatic interactions, mecha-
nism that is not possible for CysM.

The above discussed UV-Vis results were supported by qualita-
tive information on the chemical composition of the formed com-
posite nanoparticles. From the colloidal suspension nanoparticles
were separated from the mother solution by centrifugation, and
then washed several times with distilled water. For the obtained
powder of dried nanoparticles EDS spectra were recorded. Without
exception, in all the spectra X-ray peaks corresponding to S and Au
were observed (see Supplementary information), although this fact
is not a definitive proof that the capping agent is adsorbed and in-
tact. Manny thiol systems are known to undergo oxidation and
C—S bond scission once adsorbed [30].

Conventional and High Resolution TEM (HRTEM) images were
used to obtain structural information on Au@BzMAG; and Au@-
CysM composites. For Au@BzMAG3; HRTEM images revealed nano-
particle sizes with mean diameters in the 2-7 nm range (Fig. 4a
and b). The HRTEM images also show that these nanoparticles
are single crystalline, as clearly indicated by atomic lattice fringes
(Fig. 4b) and the corresponding interatomic planes distance which
match to the {1 1 1} family of planes.

On the other hand, a difference in contrast observed around iso-
lated nanoparticles of Au@CysM composite suggests the presence
of CysM linked to the Au surface (Fig. 5a).

For non-aged Au@CysM colloidal solutions (Fig. 5b), the mean
particle diameter was found to be in the 2-9 nm range for non-aged

Au@CysM colloidal solutions (Fig. 5b). HRTEM micrographs show
that small nanoparticles are single crystalline, but the bigger ones
have structural defects (Fig. 5c) as is indicated by the FFT of the par-
ticle. The most common family of planes observed corresponds to
{11 1}. Nevertheless, even for samples without significant aging,
the HRTEM images revealed a marked trend to aggregates formation
(Fig. 5¢), which is more pronounced when the sample is exposed for
some minutes to the electron beam effect.

The vibrational spectrum of molecular species is affected by its
interaction with a given surface. From this fact the IR and Raman
spectra can be used as sensors for BZMAG3 and CysM bonding to
the gold particles surface. In addition, the vibrational spectrum
contains information on the functional groups available in the con-
sidered molecule and this allows their identification and possible
interactions through the corresponding absorption band positions
(vibration frequencies). From the IR spectrum valuable information
on nature of the bonding interactions that are involved in the
Au@BzMAG; and Au@CysM composites formation was obtained.
Usually IR and Raman spectra of the ligands-capping nanoparticles
are compared to those obtained from the free ligands.

The frequency shift and changes in the bands intensity corre-
sponding to the ligand functional groups serve as sensor of those
groups that are participating in the bonding interactions. Fig. 6
shows the IR spectra for Au@BzMAG; and BzMAGs; as free ligand,
respectively. In general, both spectra are similar, although the
ligand shell formation contributes to the broadening and blurring
of spectral features. These are typical changes reported in the liter-
ature for ligands-surface interactions [31-36]. For BZMAGs; such
changes were interpreted as evidence of occurrence of a bonding
interaction to the surface of AuNPs. For BzZMAGs; backbone the
infrared-active modes are expressed in the amide bands [31]. The
frequency changes for these bands are evident when the two spec-
tra are compared (Table 1, Fig. 6). The N—H stretching bands fall in
3300 cm™!, for free NH, and at 3083 cm™!, for associated NH. In
compounds containing the amide groups (HNCO) these fundamen-
tals are known as Amide bands A and A’ [31,32,36,37], respectively.
Nevertheless, for BZMAG; the Amide A’ band could be merged with
the aromatic CH stretch band of the benzoyl group. It can be in-
ferred from the recorded spectra (Fig. 6) that the secondary amide
functions participate in the bonding of the ligand to the surface, as
already found by other authors for peptides [31,36,37]. This is con-
cluded from the shift of the centered secondary amide band from
3300 cm~! in the free BZMAG; ligand (spectrum a) to 3437 cm™!
in the Au@BzMAG; composite (spectrum b). Besides the A’ band
at 3083 cm™! is absent in the spectrum of the Au@BzMAGs. The

Fig. 4. HRTEM images of Au@BzMAGs; composite: (a) conventional TEM micrograph showing the 2-7 nm size range of the particles; (b) image of Au@BzMAGs and the

corresponding FFT that shows {1 1 1} reflection of crystal planes for Au.
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Fig. 5. (a) Conventional TEM micrograph showing the AuNPs embedded in the CysM layer; (b) HRTEM image of isolated Au@CysM nanoparticles of size in the 2-9 nm range;
(c) Au@CysM and the corresponding FFT that shows {1 1 1} reflection of crystal planes for Au.
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Fig. 6. IR spectra for BZMAGs; (spectrum a) and Au@BzMAGs; (spectrum b).

broadening observed in this spectral region (3500-2500 cm™') was
attributed to the contribution from the O—H stretching vibrations
of carboxylic groups. The band observed in the free ligand as a
shoulder at 1703 cm~! (spectrum a) corresponds to C=0 stretching
vibration from carboxylic groups [20,38]. For the Au@BzMAG;
(spectrum b) that band is not observed because of the mentioned
spectral broadening on the surface complex formation. On the
other hand, the Amide I band have a large contribution of from
C=0 stretching motion [36,38] and it appears as a broad intense
band which shifts from 1645 to 1636 cm™! on the conjugate forma-
tion. This was interpreted as evidence that carbonyl groups are not

participating in the BZMAGs bonding to the gold particles surface.
The Amide II band that have contributions of both N—H in-plane
bending and C—N stretching [36,38] centered near 1552 cm™! is
not observed in the Au@BzMAGgs IR spectrum. This suggests a prob-
able interaction of the secondary amide groups with the gold sur-
face [36].

Infrared-active modes attributed to skeletal motions and out-of-
plane vibrations from the substituent groups include C—H stretch-
ing modes of the CH, groups at 2939 (asymmetric), 2867 (symmet-
ric) cm~! and OH deformation of the carboxylic group at 1419 cm™!
[20,38]. An aromatic C—C stretching at 1208 and C—H out of plane
deformation at 664 cm~! were assigned to the aromatic benzene
ring of the benzoyl group [20,38]. Although these infrared modes
are conserved in the Au@BzMAG; composite formation (spectrum
a), the majority of the bands in the 1500-500 cm ™! region are broad,
blurred and reduced in intensity. This indicates that the interaction
of the BZMAGg3 ligand with gold surface produces a global change in
the ligand electronic structure. The C—S stretching vibration in the
free ligand (BzZMAGs, spectrum a) was localized at 612 cm™! [38]
but not observed once the Au@BzMAG3; composite is formed (spec-
trum b).

Fig. 7 shows the IR spectra of CysM and Au@CysM. The bands
observed in the spectra (Table 1) were identified as follow: the
week band for CysM (spectrum a) at 3469 cm™! corresponds to
N—H stretching mode of the amino group [38,39]. The bands in
the 3250-2750 cm™! region are broad, but it was possible to be as-
signed to C—H asymmetric stretching of the methyl group at
2954 cm™! and the C—H symmetric stretching of the methylene
group at 2857 cm™' [38-40]. Fortunately, the S—H stretching
vibration was visible in the IR spectrum of free CysM (spectrum
a, black arrow) as a very weak band near 2561 cm™! [21,38,40].
The most intense band at 1741 cm~' was assigned to the C=0
stretching [38-40]. A band at 1515 cm™! was ascribed to N—H
bend [38]. Another infrared-active modes include the C—0, C—N

Table 1

Infrared spectral mode assignments of BZMAG3, Au@BzMAGs3;, CysM and Au@CysM.
BzMAG3 Au@BzMAG3 Assignment CysM Au@CysM Assignment
33007 3437 Amide A 3469 3451 NH str
3083 Amide A 2954 CH; Vas
2939 2929 CH> Vs 2928 CH> Vs
2867 2866 CH, Vs 2865 CH; Vs
1703 C=0 str 2857 CH, Vs
1645 1636 Amide [ 2561 SH str
1552 1497 Amide II 1741 1733 C=0 str
1419 1439 OH def 1515 1497 NH def
1208 C—C str (aromatic) 1246 CO str
1028 1054 CO str 1075 1054 CN str
664 CH def 616 619 CS str

2 Values in cm™".
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Fig. 7. IR spectra for CysM (spectrum a) and Au@CysM (spectrum b).

and C—S stretching at 1246, 1075 and 616 cm™!, respectively [38].
The Au@CysM composite formation leads to some spectral changes
relative to the free ligand (CysM), such as broadening, reduction
and increase for the intensity of various bands (spectrum b). The
band of the N—H stretching appears broader and it was slightly
shifted to lower frequency (3451 cm™!). It indicates that the amino
group is not involved in the interaction with the AuNPs surface.
However, the bands corresponding to stretches of C—H groups
(methyl and methylene) were sharper. These two bands were as-
signed as asymmetric stretching of the methylene group at
2928 cm~! symmetric stretching of the methyl group at
2865 cm . It seems the interaction of the CysM with gold surface
changes the active modes of vibration of methyl and methylene
groups, probably due to the nearby of the methylene fragment to
the SH group. Similar changes were observed in the IR spectrum
of the cysteine capped gold nanoparticles where the bands of the
CH, group of cysteine ligand is absent [21]. The weak band of the
S—H stretching mode at 2561 cm™! is not seen for the Au@CysM
and this confirms the S—Au bond formation. On the other hand,
the band of the C=0 stretching appears as a broad band that
slightly shifts to lower energy (1733 cm™!). All these spectral
changes support the CysM bonding to the Au surface through the
terminal thiol group [21].

Raman spectra were also recorded in order to compare the dif-
ferent vibration modes for free BZMAG3; and CysM ligands and in
the Au@BzMAG3 and Au@CysM composites. Signals from motions
of heavy atoms (with a highly polarizable electronic structure) ap-
pear with relatively high intensity in the Raman spectra. In conse-
quence, vibrations involving motions of the C—S and S—H groups
will be present in Raman spectra with a more prominent intensity
than in IR spectra. These facts have been used specially to investi-
gate the mercapto bonds in the conjugated samples. Concerning to
the number of bands and their intensity, the Raman spectra are
simpler. In Fig. 8 the Raman spectra of the BZMAG3 (spectrum a)
and Au@BzMAGs; (spectrum b) are shown. It is clear from these
spectra that after conjugation with AuNPs several bands of
BzMAG; disappear (spectrum b). The doublet representing the
Amide A and A’ bands from N—H stretching mode was localized
at 3298 and 3066, respectively in free BZMAG; (spectrum a). The
N—H stretching vibration for Au@BzMAGs3; (spectrum b) was found
at 3248 cm~!. This weak band is probably a combination of the
Amide bands A and A’ after the interaction with the gold surface.

Raman Intensity

(b) hvad

(a)
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Fig. 8. Raman spectra for BZMAG3; (spectrum a) and Au@BzMAGs; (spectrum b).

The band at 2947 cm~! in the BZMAG; (spectrum a) was assigned
to the symmetric stretching of the CH, groups. This vibration ap-
pears in the conjugate as a weak band at 2951 cm™!. Other signif-
icant bands in the BzZMAG; spectrum are the Amide band I (C=0
stretching mostly) at 1666 cm™!, an aromatic C—C stretching from
the benzoyl group at 1601 and 1218 cm™}, a trigonal ring “breath-
ing” from the monosubstituted benzene at 1005 cm™!, the C—N
stretching at 891 cm~! and the C—S stretching at 603 cm™!, respec-
tively [38].

The two most intense Raman bands for Au@BzMAGs (Fig. 8, spec-
trum b) were observed at 1581 and 1350 cm™! assigned to aromatic
C—C stretching from the benzoyl group and Amide IIl band, a more-
complex combination of C=0 and C—N stretchings, respectively. The
Amide I band (C=0 stretching mostly) observed in the free ligand at
1666 cm~ ! is absent for the conjugated; however, the Amide Il band
appears with a relatively high intensity for Au@BzMAGs. Such spec-
tral change on the surface complex formation was interpreted as
resulting from a symmetry change for BZMAG; caused by its interac-
tion with the surface of AuNPs. This agrees with the above discussed
results from IR spectra.

Raman spectra were also recorded for CysM and Au@CysM
(Fig. 9). The spectrum (a) of CysM shows the C—H asymmetric
and asymmetric stretching modes of the methyl and methylen
groups at 2955 and 2868 cm ™', respectively. The band attributed
to thiol group S—H was observed at 2561 cm™~! [21]. Additionally,
C=0 stretching mode of the methylester fragment and the C—N
band were detected at 1741 and 859 cm ™, respectively. Two bands
from the C—S stretching mode were detected at 675 cm™! and
612 cm~' [38]. The Raman spectrum of the Au@CysM-A (b in
Fig. 9) shows only two intense bands at 2885 and 2850 cm™!
attributed to symmetric C—H stretching of the methyl and methy-
lene groups, respectively [21,38].

Additionally, a weak band at 1457 cm™! due to the usual super-
position of the scissor deformation motion of the methylene group
and the asymmetric bending of the methyl group was observed
[38]. The S—H stretch is absent for the conjugated product confirm-
ing the S—Au coordination bond formation, a spectral feature al-
ready-reported for other molecules containing the S—H when
they are coordinated to gold surface [21,25]. Significantly, the
C=O0 stretching is no longer seen in the spectrum of Au@CysM,
nevertheless, the O—Au interaction is discarded from IR spectra.
The base line of the spectrum exhibits a pronounced enhancement
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Fig. 9. Raman spectra for CysM (spectrum a) and Au@CysM (spectrum b).

of the Raman intensity. It is known that molecules adsorbed at
roughened noble metal surfaces can show the surface-enhance-
ment Raman scattering (SERS) effect [11]. This fact is another
evidence of the effective CysM conjugation to AuNPs.

4. Conclusions

In this contribution, a systematic study to identify the possible
conjugation of AuNPs to BZMAG; and CysM capping ligands was car-
ried out. UV-Vis spectra were used as primary sensor for the Au@Bz-
MAG; and Au@CysM composites formation. For BzMAG; the
obtained conjugate results stable in aqueous solution for at least a
month of aging, a behavior quite different to that observed for Au@-
CysM where evidence of aggregation was obtained. The change in
color on aging for the formed Au@CysM composite also suggests
the appearance of nanoparticles aggregates. These results from
UV-Vis were also suggested by the structural study from TEM and
HRTEM images. IR and Raman spectra provided conclusive informa-
tion on those functional groups involved in the bonding with the
gold particles surface. For BZMAG; the amide groups are able to
interact with gold because the mercapto group is benzoyl-protected.
However, for CysM the free thiol moiety is available to form a coor-
dination bond and, in consequence, it results a very effective site to
interact with gold. The results herein discussed are considered as
preliminary for a more advanced study on the potential applications
of Au@BzMAG; composite as an imaging and diagnostic tool for re-
nal tubular function.
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Abstract

Lanreotide, a somatostatin analogue peptide used for peptide receptor mediated therapy in
metastatic neuroendocrine tumors, was used as capping agent of gold nanoparticles (GNPs)
obtained by citrate reduction method. The displacement of the citrate groups from the GNPs
surface by lanreotide (LAN) molecules was evidenced by infrared and Raman spectra. The
nanoparticles system, Au@LAN, was characterized from HRTEM (High-Resolution Transmission
Electron Microscopy) and Z-contrast images, and UV-Vis, EDS spectra. The stability on aging in
water solution of the composite is discussed from the UV-Vis spectra. The affinity constant of
Au@LAN conjugate, calculated from Capillary Zone Electrophoresis data, was found to be 0,52. All
the experimental evidence supports that the gold nanoparticles are effectively capped by the
Lanreotide molecules through relatively strong covalent interactions. This result opens the
possibility of combining the optical properties of gold nanoparticles and of Lanreotide molecule to

form a bifunctional system for potential biomedical applications.
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Anexo 3

Comprobacién erogaciones del presupuesto otorgado para el Proyecto.
SEGUNDA ETAPA

a) Datos del Estudiante:

a-1) Nombre | a-2) Especialidad a-3) Apoyo otorgado $ a-4) Descripcion de su funcién
dentro del proyecto.
Importe mensual | Acumulado
Adela Lemus Santana ‘Posdoctoral 6,000 12,000|Apoyo al proyecto en lo relativo en la
preparacion de muestras
12,000
b) Servicios:
b-1) Concepto | b-2) Cantidad b-3) Importe b-4) Funcién o aplicacién dentro del
proyecto
Importe Unitario | Importe Total
Edilso Fco Reguera Ruiz
Estafeta Mexicana S.A. de C.V. 1 185.99 185.99|Envi6 de muestras para
caracterizacion en el exterior
Estafeta Mexicana S.A. de C.V. 1 184.88 184.88|Envi6 de muestras para
caracterizacion en el exterior
370.87
d) Viajes realizados:
d-1) Personal que viaja d-2) Dias d-3) Importe d-4) Motivo del viaje y funcién para
el desarrollo del proyecto.
Importe por P. Importe Total
Jorge Roque de la Puente 5 al 9 de julio 5,330.01 5,330.01|Asistir a la Habana, Cuba como
ponente oral a la "Escuela y Taller
sobre Nanotecnologias México-
Cuba".
Adela Lemus Santana 4 al 14 julio 5,770.34 5,770.34|Asistir como profesor a la Escuela
Cubano-Mexicano de Nanociencia y
Nanotecnologia que sesioné a
Universidad de la Habana donde
imparti6 la conferencia.
Manuel Avila Santos 20 al 28 de marzo 10,434.30 10,434.30(Visita al Laboratorio Nacional de Luz
Sincrotron en Campinas, Brasil.
Sr. Andreas Stein Zhenzhen Stein 08 de febrero del 8,693.71 8,693.71|Conferencia a temas relacionados con
(Pasaijes) 2011 el proyecto
Sr. Andreas Stein Zhenzhen Stein 12 de enero del 5,660.80 5,660.80|Conferencia a temas relacionados con
(Hospedaje) 2011 el proyecto
35,889.16
e) Compras asociadas al proyecto
e-1) Concepto e-2) Cantidad e-3) Importe e-4) Funcién o aplicacién dentro del
proyecto
Importe Unitario | Importe Total
Edilso Fco Reguera Ruiz
Infra, S.A. de S.V. 1 9,237.04 9,237.04|Material para sintesis y
caracterizacion de muestras.
Infra, S.A. de S.V. 1 25,519.95 25,519.95|Material para sintesis y
caracterizacion de muestras.
Sigma Aldrich, S.A. de C.V. 1 4,027.52 4,027.52|Material para sintesis y
caracterizacion de muestras.
Sigma Aldrich, S.A. de C.V. 1 846.80 846.80|Material para sintesis y
caracterizacion de muestras.
Office Depot 1 426.00 426.00|Material para sintesis y
caracterizacion de muestras.
Alejandro Aguilar Nava 1 1,999.99 1,999.99(Material para sintesis y
caracterizacion de muestras.
Edilso Fco Reguera Ruiz Material para sintesis y
caracterizacion de muestras.
Infra, S.A. de S.V. 1 9,237.08 9,237.08|Material para sintesis y
caracterizacion de muestras.
Infra, S.A. de S.V. 1 4,746.64 4,746.64|Material para sintesis y
caracterizacion de muestras.
Cerrajeria plata 1 65.61 65.61|Material para sintesis y
caracterizacion de muestras.
Digital Print Defensa 1 219.82 219.82|Material para sintesis y
caracterizacion de muestras.
El Crisol S.A. de C.V. 1 2,998.72 2,998.72|Material para sintesis y
caracterizacion de muestras.
Sigma Aldrich, S.A. de C.V. 1 1,873.40 1,873.40(Material para sintesis y
caracterizacion de muestras.
Sigma Aldrich, S.A. de C.V. 1 2,607.68 2,607.68|Material para sintesis y
caracterizacion de muestras.
Sigma Aldrich, S.A. de C.V. 1 1,933.72 1,933.72|Material para sintesis y
caracterizacion de muestras.

65,739.97




Anexo 3

Comprobacién erogaciones del presupuesto otorgado para el Proyecto.
CONCENTRADO FINANCIERO FINAL

a) Datos del Estudiante:

a-1) Nombre a-2) Especialidad a-3) Apoyo otorgado $ a-4) Descripcion de su funcién
dentro del proyecto.
Importe mensual | Acumulado

Adela Lemus Santana Posdoctoral 6,000 6,000(Apoyo al proyecto en lo relativo en la
preparacion de muestras

Adela Lemus Santana Posdoctoral 6000 6,000({Apoyo al proyecto en lo relativo en la
preparacion de muestras

12,000

b) Servicios:

b-1) Concepto b-2) Cantidad b-3) Importe b-4) Funcién o aplicacién dentro del
proyecto
Importe Unitario | Importe Total

Edilso Fco Reguera Ruiz

Estafeta Mexicana S.A. de C.V. 1 185.99 185.99(Envié de muestras para
caracterizacién en el exterior

Estafeta Mexicana S.A. de C.V. 1 184.88 184.88(Envi6 de muestras para
caracterizacion en el exterior

370.87

d) Viajes realizados:

d-1) Personal que viaja d-2) Dias d-3) Importe d-4) Motivo del viaje y funcién para
el desarrollo del proyecto.
Importe por P. Importe Total

Blanca Zamora Reynoso 1 afio 11,000.00 11,000.00|Asistir a un adiestramiento en técnicas
para estudios de superficie en la
universidad de Southampton,
Inglaterra.

Jorge Roque de la Puente 5 al 9 de julio 5,330.01 5,330.01|Asistir a la Habana, Cuba como
ponente oral a la "Escuela y Taller
sobre Nanotecnologias México-
Cuba".

Adela Lemus Santana 4 al 14 julio 5,770.34 5,770.34|Asistir como profesor a la Escuela
Cubano-Mexicano de Nanociencia y
Nanotecnologia que sesioné a
Universidad de la Habana donde
imparti6 la conferencia.

Manuel Avila Santos 20 al 28 de marzo 10,434.30 10,434.30| Visita al Laboratorio Nacional de Luz
Sincrotron en Campinas, Brasil.

Sr. Andreas Stein Zhenzhen Stein 08 de febrero del 8,693.71 8,693.71|Conferencia a temas relacionados con

(Pasaie) 2011 el provecto

Sr. Andreas Stein Zhenzhen Stein 12 de enero del 5,660.80 5,660.80|Conferencia a temas relacionados con

(Hospedaje) 2011 el proyecto

46,889.16
e) Compras asociadas al proyecto
e-1) Concepto e-2) Cantidad e-3) Importe e-4) Funcién o aplicacion dentro del
proyecto
Importe Unitario | Importe Total

Edilso Fco Reguera Ruiz

Infra, S.A. de S.V. 1 9,237.04 9,237.04(Materiales para sintesis y
caracterizacién de muestras.

Infra, S.A. de S.V. 1 25,519.95 25,519.95|Materiales para sintesis y
caracterizacién de muestras.

Sigma Aldrich, S.A. de C.V. 1 4,027.52 4,027.52|Materiales para sintesis y
caracterizacién de muestras.

Sigma Aldrich, S.A. de C.V. 1 846.80 846.80| Materiales para sintesis y
caracterizacién de muestras.

Office Depot 1 426.00 426.00|Materiales para sintesis y
caracterizacién de muestras.

Alejandro Aguilar Nava 1 1,999.99 1,999.99(Materiales para sintesis y
caracterizacién de muestras.

Edilso Fco Reguera Ruiz Materiales para sintesis y
caracterizacién de muestras.

Infra, S.A. de S.V. 1 9,237.08 9,237.08|Materiales para sintesis y
caracterizacién de muestras.

Infra, S.A. de S.V. 1 4,746.64 4,746.64|Materiales para sintesis y
caracterizacién de muestras.

Cerrajeria plata 1 65.61 65.61(Materiales para sintesis y
caracterizacién de muestras.

Digital Print Defensa 1 219.82 219.82|Materiales para sintesis y
caracterizacién de muestras.

El Crisol S.A. de C.V. 1 2,998.72 2,998.72|Materiales para sintesis y
caracterizacién de muestras.

Sigma Aldrich, S.A. de C.V. 1 1,873.40 1,873.40|Materiales para sintesis y
caracterizacién de muestras.

Sigma Aldrich, S.A. de C.V. 1 2,607.68 2,607.68|Materiales para sintesis y
caracterizacién de muestras.

Sigma Aldrich, S.A. de C.V. 1 1,933.72 1,933.72|Materiales para sintesis y
caracterizacién de muestras.

65,739.97
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