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We described a facile method for assembly gold nanochains by using octreotide acetate as template in aqueous environment. In
acidic solution, octreotide acetatewas conferred positive charges and its structure changed to chain-like.Themonodisperse negative
gold nanoparticles were bound to the surface of octreotide acetate template by electrostatic attraction and the interaction of gold
nanoparticles with amino acid residues (tryptophan and lysine). The fabricated gold nanostructure presented chain-like observed
by transmission electron microscopy. The cytotoxicity of gold nanochains was examined by tetrazolium dye-based microtitration
(MTT) assay, which demonstrated significantly less toxicity than that of octreotide acetate alone. TheMTT assay also reflected the
combinative action between the gold nanoparticles with octreotide acetate. Ourwork lays the groundwork for developing octreotide
acetate-templated nanomaterials that can be used as a building block for the creation of nanomaterials. Meanwhile, the harmfulless
gold nanochains have great application prospects in the biomedical filed.

1. Introduction

Gold nanoparticles (AuNPs) have attracted increasing atten-
tion due to their great potential in biological and medical
applications in recent years. AuNPs show excellent stability,
universal biocompatibility, and unique optical, surface, elec-
tronic, and photocatalytic properties [1–4]. The biocompati-
bility and optical property have contributed to the increasing
interest in utilizing AuNPs as optical markers for living
cells [5], colorimetric sensors [6], contrast agent for optical
coherence tomography imaging [7], and vehicles for drug and
gene delivery [8]. The properties of AuNPs attribute to their
surface plasmon resonance (SPR) property which is dependet
upon their particle characteristics (shape and size) [9]. Many
attempts have been made to control the shape and size for
desirable functional properties during metal nanomaterials
synthesis, such as photochemical method [10], electrochem-
ical method [11], rapid microwave heating process [12], and
liquid crystal template [13].

In various methods, biotemplate synthesis has emerged
as an ideal encouraging approach to produce nanomaterials.
The strategy can make AuNPs possessing excellent optical
property by controlling the AuNPs at size and shape. Mean-
while, the biotemplate and AuNPs have high affinity, and the
special morphologies of gold nanostructures were formed by
different biotemplates.The high reproducibility and accuracy
in controlling mineralizations and nanocrystal synthesis of
variousmetals are also themerits of biotemplatemethod [14].
Therefore, various and wide range biomaterials as templates
have become the focus for researchers. Griffin et al. [15]
have made aqueous dispersion of DMAP-stabilized AuNPs
adsorbed on the DNA template and achieved gold nanoscale
wires. Zhang et al. [16] have prepared the periodic square-like
AuNPs arrays functionalized with a layer of T15 sequences
on 2D DNA nanogrids. Cowpea mosaic virus was modified
with poly (allylamine) hydrochloride as template to form
narrowly dispersed AuNPs [17]. However, all the chemical
modification regents used in the preparation of AuNPs are
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not desired. Meanwhile, whether the drug effect of AuNPs
is affected by the biotemplate function did not get atten-
tion.

Therefore, we chose a neoteric strategy, using a new
biomaterial as template to solve the problem of the chemical
modifier. In numerous biomaterials, peptides have excellent
potential as one of morphology-specific ligands due to their
various amino acid sequences [18]. The morphology of the
peptides can be controlled according to their physicochemi-
cal properties.

Octreotide acetate (OCT) is a synthetic octapeptide ana-
logue of nature somatostatin [19], cyclized by a disulfide bond
between the two Cys residues (D-Phe-c(Cys-Phe-D-Trp-Lys-
Thr-Cys)-Thr(ol)) [20].The amino acids composition ofOCT
is simple, and its physicochemical properties are available. To
the best of our knowledge, using OCT as template to prepare
gold nanochains has not been previously reported. The mor-
phology and charges of OCT can be adjusted by experiment
condition. In addition, OCT is a kind of medicine for the
treatment of acromegaly, pancreatic endocrine tumors, and
carcinoid syndrome [21]. The drug effect of template must be
cleared away by our efforts so that the OCT-metal composite
can be used in biomedicine without toxicity.

In this study, a mild, versatile, and controlled method-
ology was used to form OCT-AuNPs chains by assembling
AuNPs with OCT. The morphology of OCT-AuNPs chains
was characterized by TEM, and UV-vis spectroscopy was
used to measure the optical property of OCT-AuNPs chains.
Finally, 3-(4,5-dimethylazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) array was measured to evaluate whether the
OCT-AuNPs chains have the drug toxic effect of OCT. The
result of MTT array demonstrated the potential biomedicine
applications of the obtained OCT-AuNPs chains. Meanwhile,
the OCT-Au complex as contrast was also studied prepared
by reducing the solution of Au (III) precursor and OCT.

2. Materials and Methods

2.1. Materials. Octreotide acetate (C
49
H
66
N
10
O
10
S
2
) was

purchased by Shanghai TASH Biotechnology Co., Ltd.
(Shanghai, China). Gold (III) chloride (AuCl

3
) was obtained

from Chengdu West Chemical Co., Ltd. (Chengdu, China).
Sodium borohydride (NaBH

4
) was purchased from Tianjin

chemistry factory (Tianjin, China). Hydrochloric acid (HCl)
was supplied by Gu’an Chenmical plant (Langfang, China).
3-(4,5-dimeth-ylazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) got from Beyotime Institute of Biotechnology, Ltd.
(Haimen, China). HeLa cells were provided by Cell Resource
Center, IBMS, CAMS/PUMC. Deionized water prepared in
our laboratory is used throughout all experiments.

2.2. Preparation of OCT Biotemplate. OCT powder (0.3mg)
was dissolved into 2mLof 0.01mMHCl at room temperature,
in the dark. OCT was denatured and obtained positive
charges owing to the acidic environment. Then, some bond
sites of OCT were exposed so that its structure converted
from microspheres to chains. Ultimately, OCT nanochains
were prepared.

2.3. Preparation of Monodisperse AuNPs. The monodisperse
AuNPs were synthesized by sodium borohydride reduction
method at differentAu :NaBH

4
molar ratios.TheAuCl

3
(0.10,

0.25, 0.50, 0.75, and 1.00mM, 1mL), and freshly prepared
NaBH

4
(253.0mM, 100 𝜇L) solutions were static for 1.5min

in ice bath and in the dark. Then, the NaBH
4
(253.0mM,

10 𝜇L) solution was separately pipetted into AuCl
3
solution

with different concentration rapidly. Afterwards, the resultant
solution was static for 4min in ice bath. Finally, the yellow-
brown monodisperse AuNPs solution was obtained.

2.4. Preparation of OCT-AuNPs Chains. OCT solution
(200𝜇L) as prepared above was added to the disperse AuNPs
solution. The solution changed color from yellow-brown to
purple was observed promptly. The anionic AuNPs were
allowed to adsorb onto the surface of the OCT nanochains
with positive charges. The mixing solution was incubated for
5min in the dark at room temperature. Ultimately, the OCT-
AuNPs were prepared. The OCT at a pH of 8.0 was also
studied.

2.5. Preparation of OCT-Au Complex. The OCT (0.15mM,
200𝜇L) solution was mixed with light yellow AuCl

3
(5mM,

200𝜇L), in incubation for 24 h. The long incubation time
ensured Au ion combined with the template sufficiently.
Then, the deposition appeared in the bottom of the tube.
Ultimately following the OCT-Au3+ was reduced with freshly
prepared NaBH

4
(253.0mM, 10 𝜇L) solution, and the OCT-

Au complex was obtained.

2.6. Characterizations. Transmission electron microscope
(TEM) images were obtained on a Hitachi model H-7650
instrument operated at an accelerating voltage of 80 kV. The
specimens were prepared for analysis by evaporating a drop
of aqueous product onto a carbon-coated 300 mesh TEM
copper grid and then naturally dried in air. The dates of
AuNP size were calculated from TEM images using particle
size distribution calculation software. The TEM instrument
was used for presenting the crystal spacing of the OCT-
AuNPs (0.5mM) chains (HRTEM) at an accelerating voltage
of 200KV.Meanwhile, its crystallizations were further identi-
fied by the selected area electron-diffraction (SAED) pattern
on a JEM model 2010 instrument. For investigating the
component elements of the OCT-AuNPs (0.5mM) chains, an
energy-dispersive X-ray spectroscopy (EDS) equipped on the
TEM was used.

UV-vis absorption spectra of the samples were recorded
on a Shimadzu model UV-2550 double-monochromator
spectrophotometerwith 1 cmquartz cuvette.The spectrawere
collected over the range of 200–800 nm. To study the inter-
action between AuNPs and OCT template, the absorption
spectra of monodisperse AuNPs and OCT were measured
to compare with these of OCT-AuNPs chains. For the OCT-
AuNPs chains analysis, the original concentrations of Au
element were 0.10, 0.25, 0.5, 0.75, and 1.00mM and the
samples were diluted with deionized water (1 : 4).

2.7. Cytotoxicity Determination by MTT Assay. The human
cervical carcinoma cell line (HeLa cell) was used to determine
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the cytotoxicity of OCT-AuNPS chains (0.50mM) by a tetra-
zolium dye-based microtitration (MTT) assay. Cells were
cultured in Dulbecco’s modified Eagle’s medium (DMEM)
containing fetal calf serum (10%) at 37∘C in a 5% CO

2

incubator. Cells were plated out in 96-well plates at a density
of 2000 cells per well in 200𝜇L and incubated for 24 h. Then,
the cells were exposed to OCT-AuNPs with different dilution
concentrations (initial concentration 0.25mM, 10−1, 10−2,
10−3, 10−4, and 10−5) in 10 𝜇L for 24 h, and OCT, AuNPs with
the same concentration were used as control. Control cells
were used without any sample treatment. MTT (0.012mM,
10 𝜇L) solution was added to each well, and the plates were
incubated at 37∘C for 4 h in the dark. The medium and MTT
were then removed, and the MTT-formazan crystals were
dissolved in 200𝜇L of DMSO. Then, the absorbance was
measured at 560 nm using an enzyme-linked immunosor-
bent assay (ELLSA) reader. Each sample was performed
independently in triplicate. All date were express as the mean
± SD. The cytotoxicity of OCT-AuNPs chains was calculated
using the following formula:

OD of treated cells −OD of background control
OD of negative control −OD of background control

× 100%.
(1)

2.8. Statistical Analysis. Dates are expressed as the mean and
standard deviation (SD) in all experiments. Statistical analysis
was performed using SPSS version 13.0. ANOVA was used to
analyze statistical comparison between groups. The level of
significance was set at 𝑃 < 0.01.

3. Results and Discussion

3.1. OCT-AuNPs Chains. This procedure yielded AuNPs
with different concentrations (1.0, 0.75, 0.5mM) attached
to the surface of the OCT scaffold was determined by
TEM. Through the analysis of the particle size distribution
calculation software, themeanAuNPs diameter and diameter
distribution histogram were obtained. The dimensions of at
least 200AuNPs recorded on different locations of the TEM
image have been compiled to obtain the date. Representative
TEM images and the corresponding diameter distribution
histograms of AuNPs were shown in Figure 1. TEM images
showed that the structures of all the samples were apparent
chain-like, and the AuNPs diameter was changed with the
molar ratio of Au :NaBH

4
. The average particle diameters

of the OCT-AuNPs samples (0.5, 0.75, and 1.0mM) are 4.18,
4.08, and 9.07 nm, respectively. The diameter of OCT-AuNPs
sample (1.0mM) is different with the others, and the range of
particle diameter is wide from 2.44 nm to 28.74 nm, which is
not what we expected.The reason leading to this result is that
the high molar ratio of Au :NaBH

4
makes the AuCl

3
relative

excess to NaBH
4
, then Au3+ cannot be reduced by NaBH

4

rapidly to form uniform particles. Conversely the reduced
AuNPs provide seeds for the subsequent reduction of AuCl

3
,

and then the AuNPs diameter changed large. Interestingly,
the Au contents of the OCT-AuNPs (0.1, 0.25mM) samples
were too low to form observed AuNPs on TEM.

The variation in surface morphology before and after the
mix of the AuNPs and OCT biotemplate was also examined
by TEM. Figure 2 showed the TEM images of monodisperse
AuNPs (Figure 2(a)), OCT-AuNPs chains (Figure 2(b)). TEM
images clearly indicated the morphology difference between
the monodisperse AuNPs and OCT-AuNPs chains. The
AuNPs had good dispersion without aggregation, and the
OCT-AuNPs chains presented distinct chain-like morphol-
ogy. The different morphological structure between AuNPs
andOCT-AuNPs chains confirmed themonodisperse AuNPs
were conjugated with OCT template to form nanochains.
OCT changed the natural microsphere into branch chain at
the pH 2.0, which provided the scaffold for the AuNPs assem-
bling. It has been found that all the AuNPs are successfully
combined with the OCT because of the clean background.
On the contrary, Figure 2(c) shows that the phenomenon that
AuNPs did not anchor to the surface of OCT template at
alkaline environment (pH8.0), despite that theOCT template
presented ideal chain-like frame.

3.2. Formation Mechanism of OCT-AuNPs Chains. OCT is
a synthetic octapeptide analogue of nature somatostatin,
cyclized by a disulfide bond between the two Cys residues
(D-Phe-c(Cys-Phe-D-Trp-Lys-Thr-Cys)-Thr(ol)). OCT is a
charged molecule, containing nonpolar amino acids (Phe,
Trp), polar uncharged amino acids (Cys, Thr), and alkaline
amino acid (Lys). In aqueous solution, OCT is ionized to
form zwitterions. So, we can control the electronic charges of
OCT by adjusting the pH of solution. According the report
that OCT exhibits a net 2+ charge at pH 5.5 [21], and OCT
presents positive charges at pH 2.0 evidently. The surface of
monodisperse AuNPs conjugates covering layer of AuCl2−,
which makes AuNPs show negative charges. The negative
charges of the AuNPs exclude mutually to form a passivating
on the surface. Then, the passivating makes AuNPs possess
good dispersion. Accompanying the mixing between OCT
and AuNPs, AuNPs bound to the surface of OCT by elec-
trostatic force. In the meantime, AuNPs could not absorb
on the negatively charged OCT template at pH 8.0, which
also proved that the combination of AuNPs and OCT by
electrostatic interaction at acid environment on the opposite.

In addition, Tan et al. has reported that all the amino acids
have different capping capability for the AuNPs. There are
many other reportsmentionedAuNPs can interactwithmany
amino acid residues, such as tyrosine [22], lysine, cysteine,
histidine [14], and aspartic acid [23]. Hence, the amino acid
residues on the OCT can be used as capping agents to form
OCT-AuNPs chains.

3.3. OCT-Au Complex. Preparation of OCT-Au complex as
the control experiment was researched. The TEM image
(Figure 3) showed that the OCT-Au complex presented seri-
ous agglomeration and its morphology offered a depressing
picture. Many reports have put forward the preparation
methods: incubation of the biomaterials with Au (III) solu-
tion was reduced by reducing regent. However, we found
the structures of the biomaterials used as templates in the
literature were pretty stable and constant, such as DNA [24],
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Figure 1: Representative TEM images (left) and the corresponding diameter distribution hist-ograms (right) of OCT-AuNPs chains with
different concentrations: (a) 1.0, (b) 0.75, and (c) 0.5mM.
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(a) (b) (c)

Figure 2: TEM images of dispersion AuNPs (a), before and after mixed with OCT template at pH 2.0 (b), and pH 8.0 (c).

Figure 3: TEM image of OCT-Au complex prepared by the co-
incubation of OCT and AuCl

3
.

virus [25], and CNTs modified with peptide [14]. This made
these materials endure nasty drastic regents. The reason for
such frustrated image may be that the effect of the reducing
regent (NaBH

4
) on OCT changes its structure.

There has been reported some amino acids including Try
own reductive capability [26], which may also lead to the
despairing result.

3.4. Microstructure and Compose of OCT-AuNPs Chains. The
microstructure of AuNPs (0.5mM) absorbing on the OCT
nanochains was checked by HRTEM technique.TheHRTEM
image (Figure 4) exhibited clear fringes with spacings of
0.234 and 0.123 nm, which agrees well with the {111} and
{311} lattice planes in face-centered cubic (fcc) Au. The good
lattice structure was future confirmed by the corresponding
selected-area electron diffraction (SAED) pattern given in the
inset of Figure 4. SAED pattern of AuNPs was similar with
Figure 1(D) of literature [27], showing the ring patterns with
intense spots assigned to (111), (200), (220), (311), and (222)
planes of Au fcc crystals. Both the HRTEM image and SAED
pattern confirmed that the prepared AuNPs displayed in the
form of polycrystalline state and structurally uniform.

Figure 4: HRTEM image of OCT-AuNPs (0.50mM) chains, and the
inset image shows the SAED pattern, corresponding to (111), (200),
(220), (311), and (222) planes of Au fcc crystals.

0 2 4 6 8 10 12 14 16 18 20
(keV)

Figure 5: EDX analysis of OCT-AuNPs (0.50mM) chains.

The composition of OCT-AuNPs chains (0.5mM) was
analyzed by energy-dispersive X-ray spectroscopy (EDS). A
typical EDS spectrumwas shown in Figure 5.The appearance
of various prominent peaks of gold confirmed the presence
of gold element. The C signal arose from the carbon-coated
copper grid and the OCT peptide. The presence of oxygen
was attributed to the OCT peptide and water adsorbed on the
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Figure 6: UV-vis spectra of OCT, AuNPs, and OCT-AuNPs chains.

grid. Besides the Cu peaks coming from the copper grid were
removed. Finally, the EDS spectrum confirmed that theOCT-
AuNPs chains contained gold, carbon, and oxygen elements.

3.5. UV-Vis Spectrophotometry of OCT-AuNPs Chains. To
confirm the interaction of OCT and AuNPs, the UV-Vis
absorption spectra of OCT, AuNPs, and OCT-AuNPs were
shown in Figure 6. In Surujpaul’s research, the UV-vis spec-
trophotometry of the [Tyr3] octreotide protected with Boc
was reported, the absorption peak wavelengths of TOC-Boc
were at 278, 289, and 273 nm [28]. In our study, the OCT
peptide showed an absorption spectrum with maximum of
279 nm and defined negative peak at 289 nm pertaining to
the phenyl groups of tryptophan residue. Our results are
basic consistent with that of the literature except the peak
wavelength at 273 nm causing by Tyr3 residue. The UV-vis
spectrum of monodisperse AuNPs was at 512 nm between
500∼600 nm, assigned to the surface plasmon resonance
of small AuNPs [29]. Compared with the spectra of OCT
and AuNPs, the absorption spectra of OCT-AuNPs chains
appeared evident wavelength shift, which can be attributed to
the AuNPs binding to Try residue. Therefore, the conclusion
of AuNPs adsorbed onto the surface of OCT can be proved.

The UV-Vis absorption spectra of OCT-AuNPs chains
with different concentrations are presented in Figure 7. The
spectra absorbance increased as the increase of AuNPs con-
centration. The samples of high gold concentrations showed
two dominant absorption peaks: the absorption peak of OCT
at above 270 nm and the SPR peak of AuNPs around 520 nm.
No absorption of the samples with low gold contents can be
observed in the 520 nm region due to the development of
surface plasmon band.This is consistent with many literature
reports of the absences of the surface plasmon band for
AuNPs of diameter less than 2 nm [30].

On the other hand, the AuNPs absorption peaks dis-
played red shift along with the increase of concentrations
in general except the sample (0.75mM). The phenomenon
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Figure 7: UV-vis spectra of OCT-AuNPs chains with different
concentrations.

is relative to the SPR of AuNPs. The AuNPs with different
particle diameters produced different SPR effects, leading to
the red shift in the absorption peak. The mean diameter of
sample (0.75mM) is slightly smaller than that of the sample
(0.5mM), so the sample (0.75mM) became a special case.
The special case also proved the theory that the surface
plasmon resonance (SPR) property of AuNPs depended upon
their particle characteristics (shape and size) [31, 32]. In
addition, there was an evident color-changing phenomenon
accompanying with the increase of gold concentrations.
Figure 8 showed the color-changing of the monodisperse
AuNPs (Figure 8(a)) and OCT-AuNPs chains (Figure 8(b)).
The colors of the solutions were darkened from right to left in
sequence. The color distinction of AuNPs and OCT-AuNPs
chains also testified that AuNPs andOCThad interacted with
each other at the same time.

3.6. Cytotoxicity of OCT-AuNPs Chains. Just like other drugs,
OCT has some side effects, including nausea, vomiting,
loose/oily stools, and constipation. OCT-AuNPs chains need
to be examined for biocompatibility if they are to be man-
ufactured on a large scale for in vivo usage. So, we used the
MTT assay and HeLa cell lines to detect their drug toxic
effect. The OCT and AuNPs as control were also subjected
to the MTT assay for cytotoxicity estimate at the same dose.
The bar histogram of MTT assay result (Figure 9) performed
the cell viability at different sample concentrations, and
the statistical analysis showed there is significant difference
(𝑃 < 0.01). At each concentration, the cell viability degrees
of OCT, OCT-AuNPs chains, and AuNPs were increased
successively. The AuNPs possessed the highest cell viability,
so we compared all the MTT results with AuNPs at the
corresponding concentration. From the histogram, we can
know that the cell viability of OCT-AuNPs chains was much
higher than that ofOCTandwas similar to theAuNPs (except
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Figure 8: Pictures of dispersion AuNPs solutions (a) and OCT-AuNPs solutions (b) with different concentrations. The concentration
increased from left to right: 0.10, 0.25, 0.50, 0.75, 1.00mM.
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Figure 9: Cytotoxicity of the monodisperse AuNPs, octreotide
acetate (OCT), and OCT-AuNPs chains study by MTT assay. HeLa
cells were incubated with samples with different concentrations
(initial concentrations 1 = 0.25mM), ∗∗𝑃 < 0.01 compared with
AuNPs.

0.25 × 10−3, 10−4mM). For example, the cell viability of OCT-
AuNPs chains (0.25 × 10−5) was up to 79.57%, which accessed
to the AuNPs’ cell viability (82.98%). But, the OCT resulted
in nearly 40% loss of cell viability. The statistical analysis also
proved the conclusion that the significant differences were
observed between OCT template and OCT-AuNPs/AuNPs.
The cell viability of OCT (0.25 × 10−3, 10−4mM) samples
only had slight change compared with the OCT sample
(0.25 × 10−2mM) (𝑃 > 0.05); nevertheless, the cell viability
of AuNPs in different concentrations have been apparently
elevated. These indicated that OCT-AuNPs chains had not
the complete toxic effect of OCT. It is well known that the
AuNPs have good biocompatibility [33], then we analyzed
the phenomenon that biocompatibility ofAuNPsweprepared
was lower than to other reports. Shukla and his research
group used dialysis to remove excess free borohydride ions
and unreduced chloroaurate ions presented in the gold
solution [34], but we did not do the dialysis procedure in our
work. The previous reports have shown Au (III) ions bind
strongly to DNA and nervous systems [35, 36]. Then, our
prepared gold nanochains possessed slight toxicity might be

accounted for the AuNPs/OCT-AuNPs solutions contained
free borohydride ions and unreduced chloroaurate ions.

OCT-AuNPs chains with lower toxicity than OCT can
attribute the success to the interaction of AuNPs with the bio-
logical active sites of OCT.The essential amino acids of OCT
are Phe3, Trp4, Lys5, andThr6, in which Lys is the key active
site of OCT peptide [27]. Lys, one kind of alkaline amino,
brings positive charges at acidic environment. AuNPs bound
with these amino residues, which resulted in the part exter-
mination of OCT toxic effect following. Therefore the MTT
assay proved that AuNPs adsorbed onto the surface of OCT,
which coincided with the above mentioned mechanism.

4. Conclusion

In summary, we have successfully demonstrated that octreo-
tide acetate as biotemplate was used to assemble gold nano-
chains in aqueous environment for the first time. The sig-
nificant findings include that a unique aspect of octreotide
acetate is the ability to change its morphology to chain-like
by adjusting pH value, which makes it attractive scaffolds
for ordered arrays of nanochains. The formation mechanism
of gold nanochains can be summarized as the electrostatic
interaction between octreotide acetate and gold nanoparti-
cles, conjugation of gold with special amino acids, Trp, and
Lys. The [NaBH

4
] to [AuCl

3
] ratio determined the diameter

of gold nanoparticles to change their surface plasmon res-
onance effects. The resulting OCT-AuNPs chains can have
upstanding biomedicine applications because they did not
have the evident toxic effect of octreotide acetate.
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