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Peptide Coated Quantum Dots for
Biological Applications
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Abstract—Quantum dots (QDOTs) have been widely recognized
by the scientific community and the biotechnology industry, as wit-
nessed by the exponential growth of this field in the past several
years. We describe the synthesis and characterization of visible
and near infrared QDots—a critical step for engineering organic
molecules like proteins and peptides for building nanocomposite
materials with multifunctional properties suitable for biological
applications.

Index Terms—Near infrared (NIR), peptide, quantum dots.

I. INTRODUCTION

T
HE observation that mineralizing organisms make use of

macromolecules such as proteins and lipids to control the

nucleation, assembly, and architecture of inorganic phases has

opened the door to a new paradigm in nanomaterial design,

which has been called molecular biomimetics or biomimetic

nanotechnology [1]–[3]. The central premise of this emerging

field is that inorganic-binding peptides, either in isolation or

when inserted within the structural framework of proteins

displaying useful characteristics (e.g., self-assembly or ability

to bind other macromolecules such as DNA), can be used as

molecular erector sets to direct the assembly of hybrid mate-

rials with control of composition and topology [2]. Because

naturally occurring biomineralization proteins may only be

useful to regenerate the inorganic material that they are associ-

ated with, most efforts have been directed at identifying small

polypeptides that bind with high affinity to inorganic materials

of engineering interest using cell surface or phage display

technologies. Although growing, the available “toolbox” of

inorganic binding sequences remains small and has been ob-

tained using a limited number of display technologies (chiefly

the M13 Ph.D. phage display system commercialized by New

England Biolabs, Beverly, MA). Furthermore, little is known

about the “rules” governing the interaction between short

polypeptides and inorganic compounds. Herein, we discuss the

peptide coating of QDOTs and its potential use in biological

applications.
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Fig. 1. Normalized photoluminescence emission spectra of core CdTe QDOTs
covered with varying CdSe shell. A clear shift from the visible towards the near
infrared spectra can be observed by sequential deposition of Cd and Se shell
precursors.

Fig. 2. Left: Band offsets of Type-I CdSe/ZnS QDOTs as a function of distance
from the center. Electrons (e�) and holes (h+) stay in CdSe after photoexcita-
tion. Right: Band offsets of Type-II CdTe/CdSe QDOTs as a function of distance
from the center. Electrons (e�) are confined in CdSe and holes (h+) confined
in CdTe after photoexcitation.

A. Composition and Properties of Visible QDOTs

Colloidal QDOTs consist of an inorganic particle and an

organic coating that determines their solubility, functionality,

and influences their photophysics QDOTs emitting in the

visible range (500–650 nm) and composed of II–VI semicon-

ductor materials are synthesized in our lab following published

protocols [4], [5]. These include CdSe cores, CdSe/ZnS and
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TABLE I
GRADED CORE SHELLS SHOW SUPERIOR QUANTUM YIELD IN THE ABSENCE AND PRESENCE OF PEPTIDES

CdSe cores overcoated with inorganic shells of various compositions at different stages of peptide exchange.

Ultraviolet annealed graded and peptide coated core shells show higher quantum yield in comparison to

layered core shells. All ADOTs (1–3) have identical core sizes (4.5 nm) except sample 4 (CdSe/CdS,

3.5 nm core). Note: sample 5 has a 5�25 nm core.

CdSe/CdS/ZnS core/shell QDOTs. The ratio of cations (group

II) to anions (group VI) is maintained at 1 : 1. The nucle-

ation and growth of CdSe core and core/shell QDOTs are

performed at high temperature in hydrophobic coordinating

trioctylphosphine oxide (TOPO) solvents using highly reactive

cadmium, selenide, zinc, and sulfur precursors. Synthesis

yields are between 80% and 90% and excess precursors are

purified out by solvent precipitation and dialysis. A standard

synthesis produces about 100 mg of core material that is then

coated with shells to give 30 ml of final QDOT solution in

hydrophobic solvents at 5 M. Various QDOT compositions

and sizes cover the range 500 nm to 1.7 m. They have typical

(symmetric) emission widths of 25–35 nm [full width at half

maximum (FWHM)] in the visible region of the spectrum and

large extinction coefficients in the visible and ultraviolet range

10 M cm . Many sizes of nanocrystals may therefore

be excited with a single wavelength of light, resulting in many

emission colors that may be detected simultaneously.

B. Composition of Near Infrared-Emitting (NIR) QDOTs

Various types of QDOTs emitting in the NIR region have

attracted much interest for in vivo biological imaging [6], [7].

We have also successfully developed NIR emitting QDOTs

in our lab (Fig. 1). These include CdTe cores, CdTe/CdSe,

CdTe/CdSe/ZnS, and CdTe/CdSe/CdS/ZnS core/shell emitting

between 750 and 900 nm. III–V elements such as In, P, and As

might also be used for the synthesis of NIR InP, InAs and InAsP

QDOTs (Fig. 1) and are currently in the development phase

in our lab. The near-infrared type-II CdTe colloidal quantum

dots are the result of combination of wave-function engineering

concept and layer-by-layer colloidal epitaxy synthetic methods

(SILAR) [8]. Nucleation and growth of CdTe QDOTs are done

in octadecene with tellurium and cadmium precursors. Similar

to visible QDOT synthesis, NIR QDOT synthesis yields are

between 80 and 90%. Three- to six-nanometer CdTe core

nanocrystals are then coated with two to five monolayers of

CdSe to generate high intensity NIR emission. Subsequently,

three to five monolayers of ZnS are grown to provide both

chemical and photo stability, as well as to minimize the poten-

tial toxicity from cadmium leakage. The synthesized type-II

NIR QDOTs are readily solubilized and functionalized with

synthetic or recombinant peptides developed in our lab.

1) Advantages of NIR QDOTs as Image Contrast Probes:

The sensitivity of cell and in vivo fluorescence imaging is

limited by absorption, scattering, and background fluorescence,

which is very strong in the visible part of the light spectrum.

In the visible range, fluorescence imaging is limited by the

autofluorescence in the visceral tissues, and scattering and

absorption in the skin. However, in the nearinfrared (NIR)

region, between 700 and 900 nm, hemoglobin absorption

drops, and water absorption is low [7], [9], [10]. This increases

the transmission of light into and out of deep tissue, thereby

improving sensitivity. Imaging with NIR fluorescent probes

helps minimize the background from tissue autofluorescence,

which decreases with increasing excitation wavelength [11].

Detection of folate-receptor targeted in tumor mice models

based on optically quenched near infrared fluorescence (NIRF)

probes have enhanced the detection of tumors [12]. Other

experiments using optically quenched NIRF probes were able

to generate strong NIRF signal after enzyme activation by

tumor-associated proteases in vivo [13], [14]. However, no

good organic fluorophores exist in the NIR range and tumor

imaging by NIRF relies extensively on the attachment of

multiple organic fluorophores to obtain sufficient signal.

In order to exploit the lack of autofluorescence in the NIR

spectrum, the choice of wavelength of the NIR QDOT and the

scatter of living tissue is critical for the synthesis of an optimal

biocompatible NIR QDOT. For instance, in rat skin, scatter is

proportional to [15] suggesting a strong wavelength de-

pendence [7] while in postmenopausal human breast, the scatter

is proportional to [16], suggesting weak wavelength de-

pendence [7]. It is evident from published data that a working
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Fig. 3. Left: TEM pictures of CdTe QDOTs covered with varying CdSe shell. Right: TEM of a superlattice formed by CdTe/CdSe with three monolayers of CdSe.

knowledge of the thickness of tissue, photon attenuation (sum of

attenuation due to absorbance and scatter) is a prerequisite to op-

timize the appropriate wavelength of NIR QDOTs for imaging

of tumor tissues.

Hence, with the appropriate choice of composition and size,

QDs can be synthesized to emit in the NIR. NIR QDs should

afford imaging deep in living tissue due to low absorbance and

scattering in the NIR wavelength region. In particular, NIR

QDs such as CdTe/CdSe can be synthesized with precise con-

trol in size using successive ion layer adsorption and reaction

(SILAR). [8] These type-II QDs emit light in the NIR due to

their indirect band gaps (they have a staggered band alignment,

which lowers the energy of emission (Fig. 2). Since color tuning

is achieved by controlling the QD size, the chemical synthesis

and conjugation chemistry of the different color probes is

identical, vastly simplifying matching colors to an application.

C. Engineering Shells for Optimal Photoluminescence and

Peptide Interaction

In 1998 we introduced QDOTs as a new class of fluorophores

that have many advantages over conventional dyes [17]. QDOTs

have been widely recognized by the scientific community and

the biotechnology industry, as witnessed by the exponential

growth of this field in the past seven years [18]. Below we

summarize some of results obtained in our lab. For QDOTs to

be biocompatible, they must be water-soluble, nontoxic to the

cell, and offer conjugation chemistries for attaching recognition

molecules to their surfaces. In addition they should efficiently

interphase and bind to biomolecules, target biomolecules of

interest, be chemically stable, and preserve their high photo-

stability. We have adhered to standard synthesis procedure of

QDOTs in the lab described below.

Two coating steps are necessary to render CdSe cores syn-

thesized in organic solvents highly luminescent, water-soluble,

and biocompatible. The first coating step is the chemical de-

position of higher bandgap inorganic shells over QDOT cores

[19]–[21]. These shells, such as ZnS, serve as isolation layers,

protecting the exciton wavefunction from nonradiative recom-

bination processes at surface traps. This shell deposition re-

sults in a dramatic enhancement of the luminescence quantum

yield. The second coating step utilizes ligand exchange such as

Fig. 4. Normalized room-temperature photoluminescence spectra of different
CdTe/CdSe (core/shell) QDOTs. The CdTe core radii and CdSe shell thick-
nesses are 16 �A/19 �A (core radius/shell thickness) 16 �A/32 �A, 32 �A/11 �A,
32 �A/24 �A, and 56 �A/19 �A from left to the right in the spectra.

silanization [17], [22], mercaptoalkanoic acid ligands [23], or-

ganic dendrons [24], amphiphilic polymers [25], phospholipid

micelles [26], and oligomeric phosphines [27] to functionalize

the hydrophobic QDOTs with an amphiphilic organic layer that

serve as an interface between the QDOTs and aqueous solutions.

A novel method developed in our lab for the critical surface

ligand exchange steps for QDOTs using peptides will be de-

scribed in Section I-F below.

D. Shell Composition Effects on Quantum Yield of QDOTs

Reports of increased quantum yield (QY) in QDOT samples

possessing a graded CdS/ZnS shell with reduced lattice mis-

match led us to look at the cumulated effects of graded/layered

shells and peptide coating. Table I summarizes our results: pep-

tide-coating and UV annealing of a graded shell sample allows

an almost complete recovery of the original QY, with the graded

shell resulting in the higher QY. An additional effect worth

noticing is the slight red shift of the emission spectra upon pep-

tide coating of the graded and layered shell samples, indicating

a possible interaction between the excitonic wavefunction and

the peptide molecular orbitals. Experiments performed with
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Fig. 5. Surface coating chemistry of CdSe/ZnS QDOTs with phytochelatin-related�-peptides. Box contains the reactants necessary for producing the final product
- peptide coated QDOTs. prodTMAOH: Tetramethylammonium hydroxide; Cha: 3-cyclohexylalanine.

peptide sequences containing the same adhesive module and

different hydrophilic linkers showed no differences, indicating

that only the amino acids in close contact with the shell play

a role in this spectral shift. This led us to propose that these

pc-QDOTs are amenable to molecular evolution for improved

properties, a strategy that has proven extremely powerful for

the recognition, synthesis and self-assembly of QDOTs [28],

[29]. The composition of shells overcoating CdSe QDOT cores

was shown to strongly affect the photoluminescence of the

QDOTs after the organic surface (TOPO) were exchanged

with phytochelatin-related peptides. CdSe/CdS, layered shell

CdSe/CdS/ZnS, graded shell CdSe/CdS/ZnS, and CdSe/ZnS

were overcoated with peptides and measured for their QYs

(Table I). The varying QY losses after peptide exchange on

QDOTs with different compositions/structures of inorganic

shells can be clearly seen. Table I demonstrates that graded shell

CdSe/CdS/ZnS QDOTs were clearly the optimal QDOTs to use

for peptide coating and were most amenable to enhancement

with UV irradiation to yield the highest final QYs, out of all

the QDOTs studied.

E. Development of Superior NIR-Emitting

Semiconductor QDOTs

Biological imaging should especially be enhanced with

infrared probes due to increased separation from autofluo-

rescence background and increased penetration of excitation

and emission light through tissue. Below we summarize the

strategy employed to synthesize QDOT particles that have

strong photoluminescence in the IR region: the hybrid approach

for CdHgTe/ZnS QDOTs and the SILAR method for Type-II

CdTe/CdSe QDOTs.

1) Synthesis of NIR QDOTs By SILAR: The ability to syn-

thesize almost-perfect artificial quantum structures afforded

the engineering of confined electronic wavefunctions in a

manner never possible before. In the past, two-dimensional

(2-D) quantum well structures formed a perfect “labora-

tory” for the exploration of fundamental quantum mechanical

phenomena. Now, the ability to synthesize zero-dimesional

Fig. 6. (a) Gel electrophoresis of green (530 nm), yellow (565 nm) and red
(617 nm) CdSe/ZnS QDOTs. (b) Size exclusion HPLC separation of the same
three pc-QDOTs. The diameter of the pc-QDOTs calculated from elution
volumes: 129.4 �A (15%), 150.3 �A (16%), and 164.8 �A (14%) for the green,
yellow, and red samples, respectively.

artificial quantum heterostructures in solution gives us the

opportunity to apply wavefunction engineering relevant for bi-

ological applications. In particular, we have engineered type-II

band alignment so that they may emit in the NIR region, which

is of interest for in vivo imaging.

Most QDOTs used for biological labeling are visible-emit-

ting type I structures of cores and core/shell QDOTs in which

both the electron and hole wavefunctions are mostly confined to

the core after excitation beyond the bandgap energy. In contrast,

core/shell type-II semiconductor QDOTs have band offsets
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Fig. 7. Fluorescence correlation spectroscopy of various QDOT samples. (A) Normalized FCS curves. black: pc-CdSe/ZnS, red: pc-CdSe/ZnCdS, green:
phospholipids coated CdSe/ZnS, dark blue: 25 nm bead, light blue: 605nm Quantum Dot Corp. FCS fits provide (B) hydrodynamic diameter (nm) and
(C) brightness per particle (relative brightness). A missing histogram for bead is deliberate in (C) as fluorescence intensity measurement is not necessary due
to its extreme bright fluorescence.

between the core and shell resulting in the spatial separation

of electron and hole wavefunctions after excitation. Because

of their indirect band structures, photoluminescence emissions

shift from the visible range in CdTe core QDOTs to the near IR

(Fig. 3) with increasing thickness of CdSe shell. These QDOTs

are usually characterized by both their red-shifted emissions

compared to CdTe and their longer fluorescence lifetimes. Cur-

rent methods to synthesize these types of QDOTs in solution

utilize dangerous precursors and yield materials with larger size

distributions and smaller QYs than desired. Their emissions

cover a larger spectral range than desired, making it difficult to

have multicolor imaging without spectral overlap. In order to

synthesize higher quality NIR QDOTs, we employed a method

that allows layer-by-layer molecular epitaxy in solution. SILAR

utilizes less dangerous precursors and allows half monolayer

control of the shell grown on top of the cores, producing parti-

cles with excellent size distributions (Fig. 3) and QYs. Briefly,

CdTe cores are prepared by mixing Se-TBP (tributylphosphine)

with Cd-TDPA (CdO converted with tetradecylphosphonic

acid) in 1-Octadecene at high temperature (230 C–320 C).

Following a brief purification by extraction, CdTe is reloaded

into the reaction flask with oleic acid and octadecene. The

temperature is raised to 130 C–270 C after degassing the

system. Calculated amounts of Cd and Se precursor solutions

for the corresponding layer are injected alternatively towards

the desired number of layers. An optional second shell (CdS or

ZnS) could be overgrown in the same way. These CdTe/CdSe

QDOTs show strong photoluminescence ranging from 700

to 1000 nm depending on the core size and shell thickness.

The QYs of type-II emissions above 800 nm are up to 50% in

organic solvents.

2) Absorption/Photoluminescence Spectra of NIR QDOTs:

To study the effects of shell growth on fixed size cores, CdTe

cores of 5.9 nm diameter were coated with one, two, three, or

four monolayers of CdSe shell. There are clear differences in the

absorption spectra of CdTe with additional monolayers of CdSe.

The absorption peaks continually redshift and lose their defi-

nition after each additional injection of shell precursors. After

the addition of three shell monolayers, the excitonic features are

completely lost. The spatially indirect nature of type-II transi-

tions is responsible for the weaker absorption at the band edges.

The photoluminescence emission spectra of CdTe/CdSe were

also taken with the same series of different shell thickness sam-

ples from a single reaction (Fig. 4). As more layers of CdSe are

deposited on CdTe cores, the emission of the QDOT redshifts,

originating from the spatially indirect bandedge transition. This

redshifted emission gives a direct measure of the energy differ-

ence between the valence band edge of CdTe and the conduc-

tion band edge of CdSe. The high QY and narrow emissions

indicate that the NIR emission from SILAR prepared CdTe/

CdSe is not from trap state photoluminescence. Large redshifts

of both the absorption profile and photoluminescence emission

with additional layers of CdSe provide evidence that type-II

QDOTs have been indeed synthesized. The SILAR method de-

scribed better control over shell compositions and structures be-

cause precursors are injected and adsorb on the surface half

a monolayer at a time. This method is also compatible with

many ligand systems such as amines, phosphines, phosphine

oxides, and carboxylic acids. This precise control allows tai-

loring the interaction between type-II QDOTs and their envi-

ronment and optimizing photophysical properties. The resultant

inorganic NIR QDOTs were also peptide-coated rendering them

water-soluble, monodisperse, and bioconjugatable.
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Fig. 8. Peptide “toolkit.” Boxed segment contains necessary reactants to make a monofunctional to multifunctional QDOT. The purple segment is common to
all peptides and contains cysteines and hydrophobic amino acids. S: solubilization sequence, P: PEG (stabilization), B: biotin, R: recognition/targeting sequence,
Q: quencher, D: DOTA (1,4,7,10-tetraazacyclododecane-1,4,7,10-tetraacetic acid) for radionuclide and nuclear spin label chelation. (B) or using peptide recogni-
tion sequences (R), or chemical moieties. Quencher linked to QDOT (Q) via a cleavable peptide link. Chelation of PET/MRI probes achieved by DOTA.

F. Peptide Coating and Functionalization of

Semiconductor QDOTs

We employed two strategies to solubilize and functionalize

QDOTs: silanization and peptide-coating. Initially, we have

used a number of ligands to functionalize the nanocrystals

[21], and ultimately settled with a thin polymerizable shell of

siloxanes to completely coat the nanocrystals and introduce

functional groups onto the surface [22], similar to strategies

published for gold and CdS nanocrystals [30], [31]. Atomic

force microscopy (AFM) and electron energy-loss spectrom-

etry (EELS) microscopy indicated that the siloxane shell

was 2–4 nm thick yielding a final particle size of 10–15 nm.

High-performance liquid chromatography (HPLC) and 0gel

electrophoresis suggested that the solution was composed of

90% of monomers and dimmers, however, with a wide charge

distribution. This approach was successful at introducing thiol

and/or amine functional groups while preserving the quantum

yield. Using this strategy, QDOTs have been covalently conju-

gated to a number of biological reporter molecules, including

small molecules, proteins, antibodies, and nucleic acids [32]

and successfully used in biological in vitro assays [32], [33].

However, we found that the reproducibility of the silanization

technique was not good, that the size distribution of the particles

significantly increased after the modification of the surface and

that the wide charge distribution on the QDOTs surface was re-

sponsible for considerable non-specific binding that will impair

their use in biological in vivo labeling experiments. Because of

these shortcomings, we developed an alternative approach that

attempted to “disguise” QDOTs into soluble proteins. This was
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achieved by covering the QDOT’s shell surface with synthetic

peptides [34] that mimicked the natural formation of pep-

tide-coated QDOTs (pc-QDOTs) during heavy metal detoxifi-

cation processes in plants and yeasts [35]–[38]. These so-called

phytochelatin related peptides had been used as templates for in

vitro nucleation and growth of ZnS or CdS QDOTs [38], [39].

Inspired by these naturally occurring organic–inorganic hybrid

materials, we rationally designed synthetic phytochelatin-like

peptides that solubilize and bioactivate tri- -octylphosphine

oxide (TOPO)-coated CdSe/ZnS in aqueous buffer. These

peptides comprise a metal-chelating and hydrophobic domain

ensuring binding to the QDOT surface, and a hydrophilic tail

that provide solubilization and stability in buffers. A single

binding domain of the peptide containing cysteines (C) and hy-

drophobic unnatural amino acids such as 3-cyclohexylalanines

(Cha) is responsible for surface recognition and attachment to

QDOTs, while the variable more hydrophilic domain provides

solubilization and functional groups.

This surface chemistry is achieved in a single reaction step

(Fig. 5). The binding of the peptides on the ZnS layer is triggered

by forming cysteine thiolates anions with the addition of tetram-

ethylammonium hydroxide (TMAOH) base. Upon binding of

the peptides, the nanoparticles precipitate out of the co-solvent,

and are redissolved in dimethylsulfoxide (DMSO) and water.

The excess of unbound peptides is then removed by dialysis

or centrifugal filtration and the purification is assessed by size

exclusion liquid chromatography (SE-HPLC) and SDS-PAGE

gel electrophoresis (Fig. 6). This approach: 1) protects the

core-shell QDOT from degradation; 2) solubilizes QDOTs in

aqueous buffer; 3) maintains the original QDOTs photophys-

ical properties; 4) provide a biological interface to QDOTs;

5) allows multiple functions to be easily incorporated; and

6) maintains the overall size of the QDOTs relatively small

(8–13 nm). The resulting particles have excellent colloidal and

photophysical properties, and are biocompatible as proven by

ensemble and single molecule spectroscopy, HPLC, gel elec-

trophoresis, AFM, transmission electron microscopy (TEM),

FCS and fluorescence antibunching [34]. Fig. 6 shows that three

sizes of peptide-coated CdSe/ZnS QDOTs could be separated on

a SE-HPLC column. This separation by size was also observed

by gel electrophoresis where the QDOTs have different relative

migration distances (Fig. 6). The narrow bands in the gels and

the Gaussian shape of SE-HPLC elution peaks reflect narrow

size distribution of pc-QDOTs, indicating uniform coating with

lack of aggregation (confirmed by AFM and TEM studies) as

opposed to the first generation of silanized QDOTs. It was also

shown that pc-QDOTs are stable between pH 4.0–10.0, and their

photophysical properties (absorption and emission spectra)

are unchanged after peptide coating [34]. An important out-

come/advantage is their superior inertness since the pc-QDOTs

show minimal aggregation and nonspecific binding [40]. Fi-

nally, one of the most interesting observations relevant to this

proposal is that the peptide coating results in the smallest par-

ticles ( 12 nm, compared to 18 nm for phospholipid-coated

QDOTs, and 30 nm for commercial QDOTs protected by a

polymer coat as shown in Fig. 7 as assessed by FCS.

II. SUMMARY

A. Towards a “Peptide Toolkit” for the Generation of

Multifunctional QDOT Nanocomposite

As discussed above, one of the advantages of the peptide

approach relies on those QDOT surface properties that are

easily controlled and tuned by reacting various peptide-coating

combinations (Fig. 8). The peptide exchange chemistry can be

modified to produce a large variety of functional groups that are

exposed at the particle surface, allowing a number of covalent

modification techniques for conjugation. In general, the pres-

ence of amines and/or thiols on the QDOT surface allows for

most common conjugation strategies [41], [42] and sidesteps

the need to chemically prepare specialized linker molecules.

For example, one can easily activate pc-QDOTs with biotin.

The QDOTs could be activated via the direct coating of the

particles with synthesized biotinylated peptides or via the

conjugation of amine reactive biotinylation reagents (such

as succinimidyl ester biotin) on a terminal lysine amino acid

residue of pc-QDOTs. These QDOT/biotin conjugates show

excellent reactivity with streptavidin [34]. Importantly, this

bioactivation approach maintains small diameter particles and

is particularly suitable for targeting and detecting individual

proteins in a living cell. For example, QDOT/biotin conjugates

were used to target avid in fusion to glycosylphosphatidyl-in-

ositol CD14 cell surface receptor (CD14-Av) in cultured HeLa

cells [34]). This approach demonstrated the specific recog-

nition of the CD14-Av proteins on the cell membrane. The

brightness and high saturation intensity of pc-QDOTs [40], [43]

allows the use of an inexpensive CCD camera (CoolSnap cf,

Princeton Instruments, Trenton, NJ) and rather short exposure

time (100 ms). This gives access to the high-resolution spatial

and temporal information afforded by single-molecule fluores-

cence tracking, but also to the very high-resolution structural

information, unique to electron microscopy.

In conclusion, the preliminary results generated in our

lab have successfully demonstrated a QDOT solubilization

approach based on the rational design of peptide modules

accomplishing different functions: NC surface recognition,

solubilization, functionalization and targeting [43]. This trial

and error approach has led to the discovery of a few peptide

sequences having a common surface recognition sequence

(SRS) containing tandem repeats of a Cha–Cys–Cys motif,

where Cha is cyclohexyl-alanine, an unnatural AA. There are

several advantages of using peptide chemistry: 1) (natural and

unnatural) peptide chemistry is well established and automated;

2) the catalog of physicochemical properties of individual

amino acids is almost limitless; 3) the resulting coating layer

helps camouflaging the inorganic NC and reducing its recogni-

tion as a foreign object by the cell; and 4) molecular evolution

techniques can be used to screen the enormous phase space of

possible properties.
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