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Qdot® nanocrystals: The vision of nanotechnology

Qdot® nanocrystals offer revolutionary fluorescence performance:

— Long-term photostability for live-cell imaging and dynamics studies

— Brilliant colors for simple, single-excitation multicolor analysis

— Fixability for follow-up immunofluorescence after in vivo studies

— Archivability for permanent sample storage in pathology

What are Qdot® nanocrystals?

Fundamentally, Qdot® nanocrystals are fluorophores—substances
that absorb photons of light, then re-emit photons at a differ-
ent wavelength.” However, simple comparisons with organic
fluorescent dyes and naturally fluorescent proteins end there.
The Qdot® products described here combine the revolutionary
fluorescence performance inherent in the nanocrystal structure
with a highly customizable surface for directing their bioactivity,
producing a fluorescent probe that outperforms traditional dyes

in many fluorescence applications.

Anatomy of a Qdot® nanocrystal

Qdot® nanocrystals are nanometer-scale (roughly protein-sized)
atom clusters comprising a core, shell, and coating (Figures 1 and
2). The core is made up of a few hundred to a few thousand atoms
of a semiconductor material (often cadmium mixed with sele-

nium or tellurium). A semiconductor shell (typically zinc sulfide)

surrounds and stabilizes the core, improving both the optical and
physical properties of the material. An amphiphilic polymer coat-
ing then encases this core and shell, providing a water-soluble
surface that we can differentially modify to create Qdot® nano-
crystals that meet specific assay requirements.

For most of the Qdot® nanocrystal products, this amphi-
philic inner coating is covalently modified with a functionalized
polyethylene glycol (PEG) outer coating. The PEG surface has
been shown to reduce nonspecific binding in flow cytometry*
and imaging assays, thereby improving signal-to-noise ratios
and providing clearer resolution of cell populations and cellular
morphology. Qdot® primary and secondary antibody conjugates
(Figure 3), Qdot® streptavidin conjugates, Qtracker® non-targeted
quantum dots, and Qdot® ITK™ amino (PEG) quantum dots, as
well as the reactive nanocrystals provided in the Qdot® Antibody

Conjugation Kit, all utilize this PEG chemistry.



Fluorescence of Qdot® nanocrystals

Qdot® nanocrystals are extremely efficient materials for gener-
ating fluorescence (Table 1). Their intrinsic brightness is often
many times that observed for traditional organic fluorophores,
and their photostability is many orders of magnitude greater.
These extraordinary fluorescence properties can be attributed
to the unique fluorescence mechanism of semiconductor mate-
rials. Unlike organic fluorophores, Qdot® nanocrystals fluoresce
through the formation of excitons, or Coulomb-correlated elec-
tron-hole pairs, upon absorption of a photon of light. Compared
with the excited state of a fluorophore, this exciton typically
exhibits a much longer lifetime (up to ~200 nanoseconds), a
property that can be advantageous in certain types of time-

gated detection studies.’
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Figure 2—Structure of a Qdot® nanocrystal. A. Qdot® nanocrystals containing
core and shell components only are shown in this transmission electron
microscope image (200,000x magnification). B. In this schematic of the over-
all structure of a Qdot® nanocrystal conjugate, the layers represent the dis-
tinct structural elements and are roughly to scale.
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Figure 1—Relative size of Qdot® nanocrystals. Qdot® nanocrystals are roughly protein-sized clusters of semiconductor material.
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Figure 3—Multicolor immunofluorescence imaging with Qdot® secondary anti-
body conjugates. Actin ina mouse intestine section was detected with mouse
anti-actin antibody and Qdot® 655 goat F(ab’), anti-mouse IgG antibody
(red), laminin was detected with rabbit anti-laminin antibody and Qdot® 525
goat F(ab'), anti-rabbit IgG antibody (green), and nuclei were stained with
Hoechst 33342 (blue). Image contributed by Thomas Deerinck and Mark
Ellisman, The National Center for Microscopy and Imaging Research, San
Diego, California, USA.

Tuneability of Qdot® nanocrystals

In addition to these distinctive structural and fluorescence prop-
erties, Qdot® nanocrystals show a direct, predictable relationship
between their physical size and the energy of the exciton (and
therefore, the wavelength of emitted fluorescence) (Figure 4). This
property, referred to as “tuneability,” has allowed us to develop a
series of Qdot® nanocrystals that have a common excitation pro-
file but different fluorescent emission maxima. The tuneability of
Qdot® nanocrystals is being widely exploited in the development

of multicolor nanocrystal-based assays.

What can Qdot® nanocrystals do?

Brightness coupled with photostability for long-term
studies

The remarkable photostability of Qdot® nanocrystals enables
long-term imaging experiments under conditions that would
lead to the photoinduced deterioration of other types of fluo-
rophores.*® Howarth and colleagues have achieved real-time
imaging of the complex formed between a single ligand-labeled
nanocrystal and its target receptor on live neurons,” an approach
whose success these authors attribute in part to the brightness
inherent in the nanocrystal particles. Furthermore, cells and
tissues labeled with Qdot® nanocrystals can be archived per-
manently and re-analyzed with the same level of sensitivity as

achieved in the initial assay.

Table 1—Extinction coefficients of Qdot® streptavidin conjugates at common excitation wavelengths.

Product 350 nm 405 nm 488 nm 532 nm
Qdot® 525 nanocrystals 710,000 M~'cm”™ 360,000 M~'cm™ 130,000 M~'cm™ Not applicable
Qdot® 565 nanocrystals 1,900,000 M™'em™ 1,100,000 M~'em™ 290,000 M'cm™ 139,000 M'cm™
Qdot® 585 nanocrystals 3,500,000 M'em™ 2,200,000 M"'cm™ 530,000 M"'cm™! 305,000 M"'cm™
Qdot® 605 nanocrystals 4,400,000 M"'cm”™’ 2,800,000 M~'cm™ 1,100,000 M'em™ 580,000 M™'cm™

Qdot® 655 nanocrystals 9,100,000 M~'cm™

5,700,000 M'cm™

2,900,000 M™'cm™ 2,100,000 M"'cm™!

Qdot® 705 nanocrystals 12,900,000 M~'cm™

8,300,000 M'cm™!

3,000,000 M'cm™”’ 2,100,000 M"'cm’

Qdot® 800 nanocrystals 12,600,000 M'cm”™

8,000,000 M™'cm™

3,000,000 M~'ecm™ 2,000,000 M~'cm™




Nanocrystal emission series for multicolor analysis

With their broad excitation and narrow, symmetric emission prop-
erties (Figure 5), the Qdot® nanocrystals require only a single exci-
tation source (typically <450 nm), facilitating multiplex analysis of
multiple targets or events in a single sample. For example, Chat-
topadhyay and coworkers used eight different Qdot® nanocrys-
tals in combination with organic fluorophores to achieve 17-color
immunophenotyping by flow cytometry.* Proper filter selection is
critical, however, for resolving individual fluorescent signals arising
from different Qdot® nanocrystals; recommended filter sets are
available from the major filter manufacturers. Because nanocrystals
are particle-based fluorophores, they have intrinsic electron and
X-ray contrast, delivering powerful multimodality for correlative
light and electron microscopy and for imaging studies that utilize

both fluorescence and X-ray or computerized tomography (CT).

Diverse surface chemistries for customization

The surface chemistry dictates many of the important properties
of the Qdot® nanocrystal in biological context. For that reason,
Qdot® nanocrystals are available with a choice of surface reactivi-
ties, from the nonreactive Qtracker® non-targeted quantum dots
for in vivo imaging, to the amine- and carboxyl-derivatized Qdot®
Innovator's Tool Kit (ITK™) quantum dots. We also prepare Qdot®
ITK™ nanocrystals labeled with streptavidin for creating brightly
fluorescent noncovalent conjugates with biotinylated molecules,
as well as Qdot® ITK™ organic quantum dots for applications
requiring organic solvents. The diverse surface functionalities
available in the Qdot® product line offer researchers a multitude

of choices for creating custom nanocrystal conjugates.

Figure 4—Tuneability of Qdot® nanocrystals. Five different nanocrystal solutions
are shown excited with the same long-wavelength UV lamp; the size of the
nanocrystal at the angstrom scale determines the color.
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Figure 5—Absorption and emission profiles of Qdot® nanocrystals. Qdot® nano-
crystals are characterized by broad absorption spectra and narrow, symmetri-
cal, and discrete emission profiles. Note that the absorption profiles shown
here for these Qdot® nanocrystals are identical to their excitation profiles.
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Figure 6—Comparison of organic fluorophore-labeled antibody conjugates and
Qdot® nanocrystal-labeled antibody conjugates. A. The fluorescence spectra of
a typical organic fluorophore (Texas Red® dye) are shown below a schematic
of an organic fluorophore-labeled IgG antibody with a typical number of dyes
per IgG. B. The fluorescence spectra of the Qdot® 605 nanocrystal are shown
below a schematic of a Qdot® nanocrystal-labeled IgG antibody with a typical
number of antibody molecules per nanocrystal. Both antibody conjugates are
drawn roughly to scale, and antibody conjugates are available containing whole
antibodies, F(ab’), fragments, or Fab fragments. Organic fluorophore-labeled
antibodies are smaller in size, which may be important in some applications
where accessibility of the antigen is an issue. Qdot® nanocrystal-labeled anti-
bodies show good separation between excitation and emission wavelengths
(Stokes shift shown in red) and are available with different fluorescent emission
maxima for single-excitation multicolor analyses.

Figure 7—Multicolorimmunofluorescence imaging with Qdot® secondary detection
conjugates. Tubulin fibers in fixed Hela cells were labeled with rat anti-a-tubu-
lin antibody, biotinylated goat anti-rat IgG antibody, and Qdot® 525 strep-
tavidin (green); Golgi bodies were labeled with rabbit anti-giantin antibody
and Qdot® 585 goat F(ab’), anti-rabbit IgG antibody (yellow); and nuclei were
labeled with mouse anti-nucleosome antibody and Qdot® 655 goat F(ab’),
anti-mouse IgG antibody (red).

Qdot® nanocrystal products

Qdot® secondary antibody and streptavidin
conjugates

Detecting low-abundance antigens with even the best conven-
tional dye conjugates can be a challenge when photobleaching
restricts your ability to effectively observe and record staining.
Although smaller in overall size and therefore better at penetrat-
ing some tissues, fluorescent dye conjugates are typically limited in
their single-excitation multicolor applications by their small Stokes
shift (Figure 6). The exceptional photostability of Qdot® secondary
antibody and streptavidin conjugates, as well as their expansive
multiplexing capabilities, can provide substantial benefits for anti-
gen detection by fluorescence microscopy, flow cytometry, west-
ern blot analysis, or microtiter plate-based assays.

Qdot® secondary antibody conjugates combine the spectral
characteristics of Qdot® nanocrystals with the selective binding of
the F@@b’), fragment from affinity-purified, highly cross-adsorbed
secondary antibodies, enabling multicolor analysis and long-term
sample stability in a wide range of immunochemical applications
(Figures 7 and 8). Likewise, Qdot® streptavidin conjugates have
proven extremely useful for visualizing biotinylated probes in
fluorescence microscopy (Figures 7 and 9) and flow cytometry,
and for preparing noncovalent conjugates with biotinylated pro-
teins. Six of the seven Qdot® streptavidin conjugates are available
together in the Qdot® Streptavidin Sampler Kit (525, 565, 585,
605, 655, and 705 nm emissions). As with all of the Qdot® pro-
tein conjugates, both the Qdot® antibody and Qdot® streptavidin

conjugates utilize the PEG linker chemistry to ensure high-quality



staining with low background levels in standard physiological
buffers (pH 6-9) in a wide range of salt concentrations.
Biotin-labeled Qdot® 605 and Qdot® 655 nanocrystals con-
taining the PEG outer coating are also available for detecting
streptavidin probes and for creating noncovalent conjugates
with streptavidin-labeled molecules or with other biotinylated

molecules using a streptavidin bridge.

Qdot® anti-dye conjugates

In addition to these antibody and streptavidin conjugates, we
offer Qdot® 565 and Qdot® 655 conjugates of goat anti-fluores-
cein antibody and a Qdot® 655 conjugate of rat anti-dinitrophe-
nyl @nti-DNP) antibody. Although widely used as a fluorochrome,
fluorescein is also an excellent hapten that can be recognized
by anti-fluorescein antibodies, providing an alternative to the
traditional biotin—avidin system in applications such as in situ
hybridization, enzyme-linked immunosorbent assays (ELISA), and
western blot analysis. Similarly, the DNP chromophore serves as
a convenient alternative to the biotin hapten in bioconjugates
because it is easy to determine the degree of substitution using
the dye’s visible absorption. Moreover, unlike biotin, which is an
endogenous ligand in mitochondria, the fluorescein and DNP
haptens allow background-free staining of cells and tissues using
anti-fluorescein and anti-DNP conjugates, respectively. Many
primary or secondary detection reagents, such as proteins and
nucleic acid probes, can be effectively linked to fluorescein or
DNP and subsequently detected with the corresponding Qdot®

anti-dye conjugates.

Figure 8—Multicolor immunofluorescence imaging with Qdot® secondary antibody
conjugates. Laminin in a mouse kidney section was labeled with a rabbit anti-
laminin primary antibody and visualized using green-fluorescent Qdot® 565
F(ab'), anti-rabbit IgG secondary antibody. PECAM-1 (platelet/endothelial
cell adhesion molecule-1, CD31) was labeled with a rat anti—-PECAM-1 pri-
mary antibody and visualized using red-fluorescent Qdot® 655 F(ab'), anti-rat
IgG secondary antibody. Nuclei were counterstained with blue-fluorescent
Hoechst 33342. Image contributed by Stuart Shand, Center for Biologic
Imaging, University of Pittsburgh.

Figure 9—Multicolor immunofluorescence imaging with Qdot® streptavidin conju-
gates. Multiplex labeling of mRNA and protein in mouse brain was performed
using Qdot® 525 and Qdot® 605 streptavidin conjugates. After in situ hybrid-
ization, the same tissue sections were then processed for immunohisto-
chemistry. A. Vmat2 mRNA-positive neurons in substantia nigra were probed
with a biotinylated oligonucleotide and labeled with Qdot® 525 streptavidin
conjugate. B. The same cell was labeled with anti-tyrosine hydroxylase (TH)
antibody in conjunction with biotinylated secondary antibody and Qdot® 605
streptavidin conjugate. The Vmat2 mRNA signal is restricted to the cytoplasm,
whereas the labeling of TH is extended to the whole cell body and processes
(arrow). C. Cell nuclei were labeled with DAPI. D. Overlay of all three stained
images shows the different subcellular distributions of Vmat2 mRNA and TH
immunoreactivity. Scale bar = 15 um. Images contributed by Stuart Sealfon,
Mount Sinai School of Medicine, and reprinted with permission from Nucleic
Acids Res 33:e161 (2005).
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Qdot® primary antibody conjugate

Although secondary detection methods can provide consider-
able signal amplification, a directly labeled fluorescent primary
antibody often produces lower background levels and less non-
specific binding. The Qdot® 655 conjugate of goat anti—glutathi-
one S-transferase (anti-GST) can effectively detect and localize
GST-tagged protein fusions using fluorescence microscopy, west-

ern blot analysis, or microtiter plate—based assays.

Qdot® lectin conjugate

Fluorescent conjugates of wheat germ agglutinin (WGA), a
36,000-dalton protein that binds to N-acetylglucosamine and
N-acetylneuraminic acid (sialic acid) residues of glycoproteins
and glycolipids, are commonly used for labeling cell surfaces and
for measuring retrograde neuronal transport. Our Qdot® 655 con-
jugate of WGA provides highly sensitive labeling of these carbo-

hydrate residues with very low nonspecific binding.

Qdot® Antibody Conjugation Kits

Qdot® Antibody Conjugation Kits, which contain amine-deriva-
tized, PEG-coated nanocrystals and the amine—-thiol crosslinker
SMCC, allow you to conjugate your own antibodies to any of
seven different fluorescent colors of Qdot® nanocrystals (525, 565,
585, 605, 655, 705, or 800 nm emission). The conjugation reaction
can be completed in a few hours and is based on the fast and
efficient coupling of thiols to reactive maleimide groups, which
are present on the nanocrystals after SMCC activation. In addition
to antibodies, other thiol-containing molecules can be coupled
to Qdot® nanocrystals using these kits. Invitrogen also offers cus-
tom conjugation services for covalently attaching your antibody
or other protein of interest to Qdot® nanocrystals; please email us

at probescustom@invitrogen.com for more information.

Qdot® Western Blotting Kits

In many cases, Qdot® nanocrystal fluorescence technology offers
significant advantages over colorimetric and chemiluminescence
methods traditionally used for western blotting. The Qdot® West-
ern Blotting Kits are simple and easy to use, provide exceptional
sensitivity and a broad linear range of detection, and produce
two-color fluorescent western blots that can be analyzed using
a simple digital camera as well as most gel documentation imag-
ing systems. Each kit includes two compatible Qdot® secondary
antibody conjugates (one anti-mouse IgG antibody and one
anti-rabbit IgG antibody) for use with a pair of primary antibod-
ies (one mouse IgG and one rabbit IgG) chosen by the researcher,
along with buffers and low-autofluorescence PVDF membranes
that have been optimized to produce a highly sensitive multi-
color western blot (Figure 10). Two Qdot® Western Blotting Kits
are available, containing either Qdot® 565 and Qdot® 655 second-
ary antibody conjugates or Qdot® 605 and Qdot® 705 conjugates.
These secondary antibody pairs have been chosen to minimize
spectral overlap between the fluorescence emissions of the Qdot®
conjugates regardless of the imaging system used. Optimized fil-
ter sets allow higher levels of multiplexing—including use of the
two Qdot® Western Blotting Kits simultaneously—increasing the
amount of information obtained from a single blot without any
stripping and reprobing steps.

The Western Blotting Accessory Kit contains the same buf-
fers and PYDF membranes supplied in the Qdot® Western Blotting
Kits but without the Qdot® antibody conjugate pairs. This kit is
designed for use with any Qdot® nanocrystal-labeled primary or
secondary antibody conjugate, either purchased from Invitrogen
or, foreven greater flexibility, prepared using Qdot® Antibody Con-
jugation Kits. On western blots, the signal amplification achieved

using secondary detection methods can be significant. Using an



unlabeled anti-GST primary antibody in conjunction with a Qdot®
secondary antibody conjugate, we have detected 4-8 pg of GST
per lane on a western blot, compared with 40-70 pg/lane using a

Qdot® primary antibody conjugate (data not shown).

Qtracker® Cell Labeling Kits
Qtracker® Cell Labeling Kits, which contain the reagents needed to
deliver highly fluorescent Qdot® nanocrystals into the cytoplasm
of live cells, provide a powerful tool for real-time cell tracking
studies. To gain access to the cell cytoplasm, the Qdot® nanocrys-
tals contain a selective targeting peptide noncovalently bound to
the nanocrystal. Once internalized by the cell, these Qdot® nano-
crystals exhibit intense, photostable fluorescence that can be
observed using continuous illumination without time constraints
due to photobleaching or degradation. The Qdot® nanocrystals
are distributed in vesicles throughout the cytoplasm (Figure 11)
and are passed to daughter cells through at least six generations.
Moreover, the Qdot® nanocrystals are not transferred to adjacent
cells in the population, and their fluorescence is maintained in
complex cellular environments and under various biological
conditions, including changes in intracellular pH, temperature,
and metabolic activity. In addition, experiments indicate that
Qtracker® labeling does not significantly affect cell proliferation
or cellular enzyme activity. These properties make the Qtracker®
Cell Labeling Kits important tools for long-term studies of live
cells and their functions, including adhesion, migration, motility,
morphology, and transplantation.

Each Qtracker® Cell Labeling Kit contains Qdot® nanocrystals
in one of seven brilliant fluorescent colors (525 nm, 565 nm, 585 nm,
605 nm, 655 nm, 705 nm, or 800 nm emission). These Qtracker® Cell

Labeling Kits can be used together for multiplexing applications

Figure 10—Multicolor western blotting using Qdot® secondary antibody conju-
gates. Total ERK (extracellular signal-regulated kinase) and phosphorylated
ERK were labeled on blotted cell lysates with Qdot® 565 (green) and Qdot®
655 (red) nanocrystal conjugates, respectively, through indirect detection
with secondary antibody reagents.

Figure 11—Distribution of Qdot® nanocrystals in cytoplasmic vesicles after label-
ing cells with the Qtracker® Cell Labeling Kit. HeLa cells were labeled with the
Qtracker® 655 Cell Labeling Kit and then observed using a Leica TCS SP2 con-
focal microscope (excitation at 488 nm). This representative image shows the
Qdot® nanocrystals distributed in vesicles throughout the cytoplasm.
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and are compatible with a variety of instrument platforms, includ-
ing flow cytometry, fluorescence and confocal microscopy, fluores-

cence microplate readers, and high content screening systems.

Qtracker® non-targeted quantum dots

Qtracker® non-targeted quantum dots are designed for small ani-
mal in vivo imaging, and especially for studying vascular struc-
ture after microinjection. These nanocrystals exhibit extremely

intense fluorescence, red-shifted emission for increased tissue

Selected references

Small animal imaging
B. Ballou et al. (2004) Noninvasive imaging of quantum dots in mice. Bio-
conjug Chem 15:79-86.

Live-cell labeling and assays

B.C. Lagerholm et al. (2004) Multicolor coding of cells with cationic pep-
tide coated quantum dots. Nano Lett 4: 2019-2022; L.C. Mattheakis et al.
(2004) Optical coding of mammalian cells using semiconductor quantum
dots. Anal Biochem 327: 200-208.

Ligand-receptor tracking

D.S. Lidke et al. (2005) Reaching out for signals: Filopodia sense EGF and
respond by directed retrograde transport of activated receptors. J Cell Biol
170: 619-626; M. Dahan et al. (2003) Diffusion dynamics of glycine recep-
tors revealed by single-quantum dot tracking. Science 302: 442-445.

Fluorescence and electron microscopy

B.N. Giepmans et al. (2005) Correlated light and electron microscopic
imaging of multiple endogenous proteins using quantum dots. Nat
Methods 2: 743-749; P. Chan et al. (2005) Method for multiplex cellular
detection of mRNAs using quantum dot fluorescent in situ hybridization.
Nucleic Acids Res 33: e161.
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D. Geho et al. (2005) Pegylated, steptavidin-conjugated quantum dots
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etry using near-ultraviolet laser diodes. Cytometry A 61: 9-17; S.P. Perfetto
et al. (2004) Seventeen-colour flow cytometry: unravelling the immune

system. Nat Rev Immunol 4: 648-655.

penetration, and a PEG surface coating specially developed
to minimize nonspecific interactions and reduce any immune
response by the tissue. Because the PEG surface coating does
not contain reactive functional groups, the Qtracker® non-tar-
geted quantum dots are retained in circulation longer and can
be imaged for up to 3 months without additional injections.
Qtracker® non-targeted quantum dots—available with 565 nm,
655 nm, 705 nm, or 800 nm emission—can reveal highly detailed

vascular structure at all levels of magnification (Figure 12).

Qdot® ITK™ quantum dots

Innovative science requires versatile tools. Qdot® Innovator’s Tool
Kit (ITK™) quantum dots enable researchers to custom-label Qdot®
nanocrystals with nearly any biomolecule of interest (Figure 13).
Qdot® ITK™quantum dots are available with three different surface
chemistries—carboxyl groups, amino (PEG) groups, and organic-
soluble groups—and eight different fluorescent colors (525 nm,
545 nm, 565 nm, 585 nm, 605 nm, 655 nm, 705 nm, or 800 nm
emission) for a multitude of labeling options.

The reactive Qdot® ITK™ quantum dots provide a remarkable
platform for the development of nanocrystal-based assays, allow-
ing researchers to experiment with any number of functional sur-
face modifications. The Qdot® ITK™ carboxyl quantum dots, which
contain a carboxyl-derivatized amphiphilic coating, can be coupled
to amines, hydrazines, or hydroxylamines in aqueous solution using
an EDAG-mediated reaction. Kim and coworkers effectively used
Qdot® ITK™ carboxyl quantum dots conjugated to a 13—amino acid
peptide to characterize the preferential binding, internalization,

and localization of this peptidic ligand and its payload in cancer



cells.® The Qdot® ITK™ amino (PEG) quantum dots, which contain
an amino-derivatized PEG outer coating covalently attached to
the amphiphilic inner coating, efficiently react with amine-reac-
tive groups such as isothiocyanates, succinimidyl esters, and other
active esters. The Qdot® ITK™ organic quantum dots have a lipo-
philic surface coating instead of an amphiphilic polymer coating.
They are provided as a suspension in decane and are specifically
designed for applications requiring organic solvents.

We also offer Qdot® ITK™ streptavidin quantum dots, which
contain streptavidin covalently attached to the inner amphiphi-
lic coating without a PEG linker, for binding biotinylated probes
in applications such as fluorescence resonance energy transfer
(FRET). Qdot® 605 ITK™ streptavidin conjugates linked to DNA
probes have been used to capture Cy®5-labeled DNA targets for
the sensitive, homogeneous FRET-based detection of very low
concentrations of DNA? In addition, the Qdot® 585 ITK™ strepta-
vidin conjugate has been used as a FRET donor, with Cy®5 dye as
FRET acceptor, to probe single-molecule structural dynamics.”

The customizable surfaces of Qdot® ITK™ quantum dots
should prove particularly useful in the preparation of nanocrystals

with multiple surface functionalities for powerful, data-rich assays.
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Figure 12—Chick embryo injected through the major vitelline vein with Qtracker®
non-targeted quantum dots. Following a few minutes of circulation of the
Qtracker® 705 non-targeted quantum dots, fluorescence images of the
embryo were captured at increasing magnification using 460 nm excitation
and a digital imaging system equipped with appropriate emission filters.
These Qtracker® reagents revealed highly detailed vascular structure at all
levels of magnification. Images contributed by Greg Fisher, Carnegie Mellon

University.
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Figure 13—Coupling of Qdot® ITK™ quantum dots. Qdot® ITK™ amino (PEG) quan-
tum dots can be coupled to biomolecules using a wide variety of standard
amine-reactive crosslinking chemistries. Qdot® ITK™ carboxyl quantum dots
can be coupled to biomolecules using standard EDAC (carbodiimide) activa-
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Qdot® nanocrystals product selection guide

Fluorescence emission maximum

Product 525nm 565 nm 585nm 605 nm 655 nm 705 nm 800 nm

Streptavidin and secondary antibody conjugates

Qdot® streptavidin conjugate Q10141MP Q10131MP Q1011TMP Q10101MP Q10121MP Q10161MP Q10171MP

Qdot® Streptavidin Sampler Kit

(50 ul each of 6 colors) Q10151MP Q10151MP Q10151MP Q10151MP Q10151TMP Q10151MP

Qdot® biotin conjugate Q10301MP Q10321MP

Qdot® goat F(ab’), anti-mouse IgG conjugate (200 pl) Q11041MP Q11031MP Q1101TMP Q11001MP Q11021MP Q11061MP Q11071MP
Qdot® goat F(ab’), anti-mouse IgG conjugate (100 pl) * Q11032MP Q11002MP Q11022MP Q11062MP

Qdot® goat F(ab"), anti-rabbit IgG conjugate (200 pl) Q11441MP Q11431MP Q141IMP Q11401MP Q11421MP Q11461MP Q11471MP
Qdot® goat F(ab’), anti-rabbit IgG conjugate (100 pl) * Q11432MP Q11402MP Q11422MP Q11462MP

Qdot® goat F(ab'), anti-rat IgG conjugate Q11631MP Q11601MP QNe21MP

Qdot® goat F(ab’), anti-human IgG conjugate QN231MP Q11201MP QN221MP

Qdot® goat F(ab’), anti-chicken IgG conjugate Q14421MP

Qdot® rabbit F(ab'), anti-goat IgG conjugate Q11821MP

Anti-dye conjugates

Qdot® goat anti-fluorescein conjugate Q15431MP Q15421MP

Qdot® rat anti-dinitrophenyl (DNP) conjugate Q17421MP

Primary antibody conjugate

Qdot® goat anti-glutathione S-transferase (GST)

Conjugate Q14621MP

Lectin conjugate

Qdot® wheat germ agglutinin Q12021MP

Antibody conjugation kits and western blotting kits

Qdot® Antibody Conjugation Kit Q22041MP Q22031MP Q22011MP Q22001MP Q22021MP Q22061MP Q22071MP
Qdot® Western Blotting Kits (with two Qdot® Q24011MP Q24021MP Q24011MP Q24021MP

secondary antibody conjugates per kit) ** (anti-mouse I9G) (anti-mouse IgG)  (anti-rabbit1gG)  (anti-rabbit IgG)

Nanocrystals for cell, tissue, and small animal in vivo labeling

Qtracker® Cell Labeling Kit Q25041MP Q25031MP Q25011MP Q25001MP Q25021MP Q25061MP Q25071MP
Qtracker® non-targeted quantum dots Q21031MP Q21021MP Q21061MP Q21071MP
Nanocrystals for customizing surface properties

Qdot® ITK™ carboxyl quantum dots *** Q21341MP Q21331MP Q21311MP Q21301MP Q21321MP Q21361MP Q21371MP
Qdot® ITK™ amino (PEG) quantum dots *** Q21541MP Q21531MP Q2151MMP Q21501MP Q21521MP Q21561MP Q21571MP
Qdot® ITK™ organic quantum dots *** Q21731MP Q2171MMP Q21701MP Q21721MP Q21761MP Q21771MP
Qdot® [TK™ streptavidin conjugate *** Q10041MP Q10031MP Q10011MP Q10001MP Q10021MP Q10061MP Q10071MP

*Specifically sized for 10 mini western blots. ** The Qdot® Western Blotting Accessory Kit (Q24001MP) contains the same buffers and PVDF membranes supplied in the Qdot® Western Blotting Kits but
without the Qdot® antibody conjugates. ***These Qdot® ITK™ products are also available with 545 nm emission: Qdot® 545 ITK™ carboxyl quantum dots, Q21391MP; Qdot® 545 ITK™ amino (PEG) quantum
dots, Q21591MP; Qdot® 545 ITK™ organic quantum dots, Q21791MP; Qdot® 545 ITK™ streptavidin conjugate, Q10091MP.

For current prices and more information, visit probes.invitrogen.com/products/qdot.
For inquiries about custom or bulk Qdot® nanocrystals, please contact us by email at probescustom@invitrogen.com.
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