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a b s t r a c t

Gold nanostructures have been arousing great interest due to their superb optical, catalytic, and chemical
properties, which enable a broad of applications. In this review, on one hand, optical biosensing on basis
of various gold nanostructures are summarized dependent mainly on how nanostructures signify the
recognition and targeting events for specific molecules. On the other hand, sensors based on the
peroxidase-like activity and electrocatalytic properties of gold nanostructures are highlighted. In addition
to dark field and SERS imaging, the gold nanostructures based imaging session is devoted to the discus-
sion of photoacoustic and computer tomography imaging. Finally, current challenges and perspectives on
the gold nanostructures based biosensing and biomedical imaging are envisioned.
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1. Introduction

Gold nanoparticles (AuNPs), especially the anisotropic AuNPs
have been arousing great interest due to their superb optical, cat-
alytic, electronic, magnetic and chemical properties properties,
which are not met for spherical (nonhollow) AuNPs (isotropic).
Compared to isotropic AuNPs, the main attractive feature of most
anisotropic and hollow AuNPs is probably the appearance of a plas-
mon band in the near-infrared (NIR) region [1,2]. Strictly speaking,
almost all nanostructures are anisotropic. A well-known example
for the use of AuNPs is the fabrication of nanoplasmonic Lycurgus
cup dated back to the fourth century [3], showing amazing color
change that depends on light passing through it or not. Actually,
surface plasmon resonance (SPR) properties have been attracted
more attention in many applications such as sensors. Since aniso-
tropic nanoparticles are powerful building blocks that possess unu-
sual properties and have capabilities for many emerging
applications, the scientists from academia show a great interest
on the development of plasmonic AuNPs in recent years [1,4,5].
Astruc and coworkers summarized the synthesis and applications
of anisotropic AuNPs which showed different SPR properties corre-
sponding to their sizes and shapes [2]. Recently, we comprehen-
sively surveyed on the preparation and functionalization
approaches for a wide range of gold nanostructures that exhibit
SPR in the NIR region, including gold nanorods (AuNRs), gold nan-
oclusters (AuNCs), gold nanoshells, gold nanocages, gold nanostars
(AuNSts), branched gold nanostructures and Au@metal (Au@M)
bimetallic nanocomposite [6]. On the other hand, the last few dec-
ades have also witnessed a surge in application of gold nanostruc-
tures for catalysis [7] and biomedical applications such as in vitro
diagnostics, biomedicine and biotherapy [8–15].

The rapid progress in nanotechnology facilitates to provide
good strategies and approaches to meet the increasing demands
of chemical and biological analysis [16–21]. Nanosensor is an
emerging technique that utilizes the novel properties of nanomate-
rials for signal generation and transduction in recognition events.
To date, many nano-biosensors have been constructed based on
the properties of gold nanostructures. Most recent review papers
summarized gold nanostructures based biosensing [22] and
bioimaging [23], mainly focusing on one or several kinds of
approaches [24–27]. However, there are few review articles sys-
tematically investigating on biosensing and biomedical imaging,
especially on biosensors on basis of peroxidase-like activity and
catalytic properties of gold nanostructures.

Herein we present the recent advances on gold nanostructures
based biosensing and bioimaging. We first overview various gold
nanostructures for optical biosensing on basis of SPR, fluorescence
and surface enhanced Raman scattering (SERS). Followed by, sen-
sors based on the peroxidase-like activity and electrocatalytic
properties of gold nanostructures are highlighted. Then we sum-
marize recent advancements in biomedical imaging based on gold
nanostructures. Finally, the perspectives and future directions are
anticipated.

2. Gold nanostructures for biosensor

Depending on the transducers, gold nanostructures based
biosensing is generally categorized into plasmonic, fluorescent,
colorimetric, SERS and electrochemical biosensors. The perfor-
mances of some gold nanostructure based biosensors are
summarized in Table 1, some of which are detailed in the following
sub-Sections 2.1–2.5.

2.1. Plasmonic biosensor

The unique optical properties of plasmon resonant nanostruc-
tures have attracted great attention of the biosensing community.
So far, the plasmonic biosensors have two types of sensing plat-
forms based on either the thin metallic films [104,105] or the indi-
vidual inorganic plasmon resonant nanostructures [106–108]. Gold
is the most common noble metal film attributing to its SPR prop-
erty, which can be interrogated using wavelengths of visible light.
Besides that, gold exhibits relative inertness, easy functionaliza-
tion, etc [105]. The other main category of plasmonic sensing is
the use of localized surface plasmon resonances (LSPRs) of metal
nanostructure. Under resonant excitation, noble metal nanostruc-
tures concentrate free-space electromagnetic waves within the
near-field regions (<100 nm) close to their surfaces. This unique
property endows noble metal nanostructures with multiple out-
standing performances, such as huge light scattering and absorp-
tion, striking photothermal conversion capabilities, etc. Typically,
the light scattering of gold nanostructures can be used in optical
sensing and biological imaging, while the light absorption can be
used in phototherapies of tumor by converting the plasmon reso-
nance to heat [25]. As the tissue and water have lowest absorption
in the wavelength range of 650–900 nm [109], gold nanostructures
with the longitudinal SPR peak in the NIR region are promising in
plasmonic biosensing.

The shift of plasmonic nanostructures in SPR property is often
related to the change in their surrounding dielectric environment.
It can be readily quantified by measuring absorption and even see-
ing color change by the naked eyes [26]. Recently, our group devel-
oped colorimetric immunosensor for pathogenic bacteria using
AuNPs modified with specific phage peptides, in which the SPR
spectra of AuNPs were used as an optical signal [44]. The plasmonic
nanostructures for colorimetric biosensing possesses advantages of
high sensitivity, low cost and easy readout [110]. The linkage of
AuNPs will induce the shift of SPR peaks and change the color of
solution. Moreover, the SPR bands of gold nanostructures exhibit
drastic shift when the coupling distance was smaller than 10 nm
[27]. Consequently, by precisely designing the dimensions, shapes
and the coupling distance of nanoparticles, optical biosensor based
on gold nanostructures can be used to detect biological species
with tunable detection limit and dynamic range. For the first time,
Mirkin and coworkers took advantage of this SPR sensitivity to
construct plasmonic biosensor for DNA by attaching thiolated
DNA onto the AuNPs [111]. By introducing a target sequence to
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