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28 SUMMARY:
29 A reliable and easily reproducible method for preparation of functionalizable, near-infrared
30  emitting photoluminescent gold nanoclusters and their direct detection inside Hela cells by flow
31  cytometry and confocal laser scanning microscopy is described.
32
33  ABSTRACT:
34  Over the past decade, fluorescent gold nanoclusters (AuNCs) have witnessed growing popularity
35 in biological applications and enormous efforts have been devoted to their development. In this
36  protocol, a recently developed, facile method for preparation of water soluble, biocompatible,
37 and colloidally stable near-infrared emitting AuNCs have been described in detail. This room-
38 temperature, bottom-up chemical synthesis provides easily functionalizable AuNCs capped with
39  thioctic acid and thiol-modified polyethylene glycol in aqueous solution. The synthetic approach
40 requires neither organic solvents or additional ligand exchange nor extensive knowledge of
41  synthetic chemistry to reproduce. The resulting AuNCs offer free surface carboxylic acids, which
42  can be functionalized with various biological molecules bearing a free amine group without
43  adversely affecting the photoluminescent properties of the AuNCs. A quick, reliable procedure
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for flow cytometric quantification and confocal microscopic imaging of AuNC uptake by Hela cells
also been described. Due to the large Stokes shift, proper setting of filters in flow cytometry and
confocal microscopy is necessary for efficient detection of near-infrared photoluminescence of
AuNCs.

INTRODUCTION:

In the past decade, ultrasmall (< 2 nm) photoluminescent gold nanoclusters (PL AuNCs) have
emerged as promising probes for both fundamental research and practical applications'™°, Their
many desirable characteristics include high photostability, tunable emission maxima, long
emission lifetimes, large Stokes shifts, low toxicity, good biocompatibility, renal clearance and
facile bioconjugation. PL AuNCs can provide photoluminescence from the blue to the near-
infrared (NIR) spectral region, depending on the number of atoms within the cluster!! and the
nature of the surface ligand*?. NIR (650-900 nm) emitting AuNCs are particularly promising for
long-term in vitro and in vivo imaging of cells and tissues, as they offer high signal-to-noise ratio
due to minimum overlap with intrinsic autofluorescence, weaker scattering and absorption, and
high tissue penetration of NIR light!3 14,

In recent years, various approaches that take advantage of Au-S covalent interactions have been
developed to prepare NIR-PL AuNCs capped with a variety of thiol-containing ligands*>=17, For
biomedical applications, AUNCs must be functionalized with a biological component to facilitate
binding interactions. Thus, AuNCs with high colloidal stability that are easily functionalizable in
aqueous solvent are highly desirable. The overall goal of the current protocol is to describe a
previously reported!® preparation of AuNCs with a functionalizable carboxylic acid group on the
surface by employing thioctic acid and polyethylene glycol (PEG) in an aqueous environment in
detail and their conjugation with molecules bearing a primary amine following the acid-amine
coupling method. Because of the ease of synthesis and high reproducibility, this protocol can be
used and adapted by researchers from non-chemistry backgrounds.

One of the key requisites for applications of AuNCs in biomedical research is the ability to observe
and measure AuNCs inside cells. Among the methods available to monitor nanoparticle uptake
by cells, flow cytometry (FCM) and confocal laser scanning microscopy (CLSM) offer robust, high-
throughput methods which allow fast measurements of internalization of fluorescent
nanomaterials in large number of cells®. Here, FCM and CLSM method for direct measurement
and analysis of PL AuNCs inside cells, without the need for additional dyes, have also been
presented.

PROTOCOL:
1. Preparation of near-infrared emitting AuNCs (1)
1.1. Add 1.3 mg (6.3 pumol) thioctic acid (TA) and 10 puL of 2 M NaOH to 3.9 mL of ultrapure water

(resistivity 18.2 MQ.cm at 25 °C) and stir (at least 1,000 rpm) until it dissolves completely (~15-
20 min). For faster dissolution of TA, sonicate the mixture. For the synthesis, freshly prepared TA
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solution is recommended.
1.2. Add 1.7 uL of HAuCls-:3H20 (470 mg/mL) of aqueous solution to the solution.

1.3. After 15 min, add 80 uL of NaBHa4 (1.9 mg/mL) under vigorous stirring (at least 1,000 rpm)
and stir the reaction mixture under the same conditions overnight.

1.3.1. Freshly prepare the NaBHs solution in ice-cold ultrapure water and add to the reaction
mixture immediately after preparation.

NOTE: The synthesis of AuNCs is easily scalable. Up to 2 L of AuNCs was synthesized in a single
batch, without any change in the optical properties of the particles.

1.4. (Critical) The next day, purify the solution by applying three cycles of centrifugation/filtration
using a membrane filtration device with a molecular weight cut-off of 3 kDa. Without this
purification procedure, the following step does not work properly.

1.5. Add thiol-terminated polyethylene glycol (MW 2,000; 2.6 mg; 1.3 umol) to the solution,
adjust the pH to 7-7.5 and stir the mixture overnight to obtain 1. Purify the dispersion by applying
three cycles of centrifugation/filtration using a membrane filtration device with a molecular
weight cut-off of 3 kDa.

NOTE: Adjustment of the pH to 7-7.5 is extremely important. Higher pH can result in a blue shift
of emission maxima.

2. Conjugation of 3-(aminopropyl)triphenylphosphonium bromide (TPP) on the surface of 1

21. Mix the 1 solution (4 mL) prepared in the previous step and 3-
(aminopropyl)triphenylphosphonium bromide (2 mg, ~5 pmol). Adjust the pH to 4.5 with 1 M
HCI.

NOTE: 3-(Aminopropyl)triphenylphosphonium (TPP) bromide salt was prepared as described in
the literature®.

2.2. Start the reaction by adding an excess of N-(3-dimethyl-aminopropyl)-N'-ethylcarbodiimide
hydrochloride (EDC-HCI) (10 mg, 52 umol). The pH of the solution will increase and should not be
allowed to go beyond 6. Monitor the pH of the reaction mixture for the first hour. If the pH
increases above 6, reduce it to 4.5-6 by adding 1 M HCI.

2.3. Stir the reaction mixture overnight at room temperature.

2.4. Purify the dispersion by applying three cycles of centrifugation/filtration using a membrane
filtration device with a molecular weight cut-off of 3 kDa to obtain 2. Dilute 2 obtained here with



130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172

ultrapure water to the initial volume of 4 mL. The concentration of Au in the solution is 200
ug/mL.

3. Cell culture

3.1. Culture Hela cells (HPA culture collection) in Dulbecco’s modified Eagle’s Medium
supplemented with 10% fetal bovine serum in 5% CO; at 37 °C.

3.2. Split and passage the cells when they reach ~80% confluence. To minimize acquisition of new
mutants, the number of cell propagations should not exceed 30.

4. AuNC internationalization into Hela cells

4.1. Seed the cells in a 12-well plate at a density of 20,000 cells/mL (1 mL/well). The goal is to
achieve ~50% confluence after 48 h.

4.2. At 48 h post-seeding, aspirate the culture medium and add 400 uL of complete culture
medium (for untreated controls) or 500 pg of nanoparticles in 400 pL of complete cultured
medium (for treated samples) to each well. Return the cultures to a 37 °C incubator.

NOTE: Addition of high volumes of AuNC solution adversely affects the cell viability. AUNC
solutions need to be concentrated. Thus 2 obtained in step 2.4 is concentrated 100 times. 40 mL
AuNC was concentrated to 400 uL. A 25 pl aliquot of this concentrated solution was added to

400 pL cell culture media to obtain the desired AuNC concentration.

4.3. After 2 h of internationalization, detach the cells by standard trypsinization according to the
manufacturer’s protocol.

4.4, Collect the samples in polypropylene microcentrifuge tubes and centrifuge for 5 min at 350
xgat4°C.

4.5. Prepare the following FCM buffer: pre-chilled phosphate buffered saline (PBS; 137 mM Nacl,
2.7 mM KCl, 4.3 mM Naz;HPOg, 1.47 mM NaH;POs, pH 7.4) supplemented with 2% bovine serum
albumin at 4 °C.

4.6. Wash the pellets with 1 mL of FCM buffer and centrifuge for 5 min at 350 x g at 4 °C.

4.7. Resuspend the pellet in 500 pL of FCM buffer and store samples at 4 °C prior to analysis.

5. Flow cytometry analysis

5.1. Filter all samples using a 5 mL polystyrene round-bottom tube with a cell-strainer cap.
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5.2. Before acquiring data using the instrument software, specify the cytometer configuration.
5.3. Format all dot-plots and histograms for ‘Acquisitions’.

5.4. Plot a two-parameter dot plot of the forward scatter area (FSC-A) and side scatter area (SSC-
A) to show distribution of cells. To exclude doublets, create a two-parameter dot plot of FSC
height (FSC-H) vs. FSC-A. To monitor the relative fluorescence intensity in the sample, plot a
single-parameter histogram for the fluorescent channel area (FL-A). Use a linear scale to depict
FSC and SSC data, and a logarithmic scale for all fluorescent parameters.

5.5. Acquire untreated sample (without nanoparticles) at a low flow rate to minimize coincident
events (if allowed by the instrument). During acquisition, adjust the photomultiplier tube (PMT)
voltages to get the untreated population on scale on the FSC vs SSC plot. If necessary, adjust PMT
voltages for the FL channel to place the unstained population on the left corner of the histogram.

5.6. Select the specific ‘gate tab’ in the software and draw an appropriate gate around the
desired population. Cells inside the gate will move to the next checkpoint.

5.7. Record 10,000 events per sample.
5.8. Record all samples under the same instrument settings.
5.9. Use an appropriate program to analyze the flow cytometry data.

NOTE: Octagon and trigon arrays are located in the left side of the instrument, and up to two
trigon arrays are located in the front doors.

5.10. To change filters on a flow cytometer, open the drawer and remove the filter with the
detector array in the required position. Replace the filter with a filter of choice. Verify that the
filter with the longest wavelength is in position A and the one with the shortest wavelength is in
the last position.

5.11. Save and reload the experiment to preserve the instrument settings and gating strategy. A
side scatter height (SSC-H) vs. side scatter area (SSC-A) plot can be also used for doublet
exclusion. This type of gating can be more sensitive as the FSC detector is not usually a PMT.

6. Internalization of 2 into Hela cells for confocal laser scanning microscopy (CLSM)

6.1. Seed the cells onto a 4-chamber glass bottom 35 mm dish at a density of 250,000 cells/mL
(0.5 mL/chamber). Keep the chamber in a 37 °C incubator with 5% CO, atmosphere. The goal is

to achieve ~50% confluence after 24 h.

6.2. At 24 h post-seeding, add 100 ug of 2 (or 10 pL from the stock solution of 10 mg/mL) to each
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dish chamber containing 0.5 mL of medium with the cells (for treated samples).

6.3. Return the dish to the incubator. Let the cells internalize the AuNCs for 24 h prior to using
them for CLSM.

6.4. After the internalization period, discard the medium and wash the cells with pre-warmed
fresh medium for 5 min. Repeat the washing step once more. Then fill each chamber with 800 pL
of fresh medium.

7. CLSM Imaging of live Hela cells labeled with 2

7.1. For microscopic imaging, use 63x oil (n = 1.518) objective lens (NA = 1.4) in a confocal
microscope with Plan-Apochromat.

7.2. Mount the dish on the microscope inverted stage with the chamber warmed to 37 °C and
supplied with humidified 5% CO, atmosphere.

7.3. To detect internalized AuNC, use a 405 nm laser set at 2% power with an appropriate beam
splitter. Set the range of detection wavelengths between 650 and 760 nm.

7.4. Set the resolution of the image to 2048 x 2048 pixels. In the acquisition speed setting, aim
for a pixel dwell time around 4 ps. Acquire the image with 2x averaging (line mode, averaging
method mean). Set the pinhole to 1 Airy unit (for 405 nm light). For higher sensitivity, use photon-
counting mode.

7.5. For correct illumination in transmitted light with differential interference contrast (DIC), use
Kohler’s setting of the condenser and the field stop. For acquisition of transmitted light, use a
488 nm laser at 0.7% power without any fluorescence detector assigned. Set an appropriate
beam splitter for the laser wavelength.

7.6. Acquire two images for each track (red fluorescence and DIC). Track AuNCs by their red
fluorescence; cell boundaries are easily determined in the transmitted light with DIC pictures.

REPRESENTATIVE RESULTS:

NIR PL AuNCs were prepared from Au3*in the presence of TA, and then thiol-terminated PEG
(MW 2,000) was bound on the AuNC surface to obtain 1 following the workflow shown in Figure
1. Amidic coupling between 1 and 3-(aminopropyl) triphenylphosphonium (TPP) bromide
provided 2. As expected, absorption spectra (Figure 2a) indicated that AuNCs 1 and 2 do not have
a characteristic surface plasmon band and show broad emission from 550 nm to 850 nm (Figure
2b). After attachment of TPP to the surface of 1, the PL increased strongly. Emission from AuNCs
was also visible under UV light (365 nm, Figure 2b inset). The emission from AuNCs is stable and
emission wavelength is independent of excitation wavelength (Figure 2c). However, the emission
intensity is maximal when excited with UV light.
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2 was detected inside Hela cells by monitoring the PL on a flow cytometer. Hela cells were
incubated for 2 hours with 2 at media concentrations between 0.5 mg/mL and 2 mg/mL. FCM
data confirmed uptake of 2 by Hela cells. NIR fluorescence (>720 nm) was dependent on both
time (Figure 3a) and concentration of 2 (Figure 3b). Maximal intensity was observed with the
780/60 bandpass filter.

AuNCs within cells were imaged non-invasively by using a standard confocal laser scanning
microscope. Figure 4 shows the confocal image of Hela cells stained with 2 (200 pg/mL). After
24 h of incubation bright red photoluminescence of 2 inside the cells was observed.

FIGURE LEGENDS:
Figure 1: Synthesis of the gold nanoclusters. Workflow of the preparation of 1 and 2.

Figure 2: Optical properties of the gold nanoclusters. Normalized (a) absorption spectra (Inset:
Photograph of the aqueous solutions of 1 and 2 under white light) and (b) photoluminescent
spectra of 200 pg/mL aqueous solutions of 1 and 2 (Inset: photograph of the AuNC solutions
under UV light (365 nm)). (c) Excitation-emission PL map of 2. Excitation is shifted by 10 nm steps.
The emission peak around 750 nm is very stable (does not shift with excitation) and shows an
enormous Stokes shift from excitation. The most efficient excitation occurs around 340 nm.

Figure 3: Detection of gold nanoclusters inside the Hela cells by flow cytometry. Internalization
of 2 into Hela cells was studied using FCM. The histograms show (a) time- and (b) concentration-
dependent uptake of AuNCs by Hela cells. In the time-dependent experiment, Hela cells were
untreated (control; 0 h) or treated with 1.28 mg/mL 2 and incubated at 37 °C for the indicated
times. The cells were then washed with PBS and analyzed by FCM. In the concentration-
dependent experiment, Hela cells were untreated (control; 0 mg/mL) or treated with the
indicated concentrations of 2 and processed in the same way.

Figure 4: CLSM imaging of Hela cells labelled with the gold nanoclusters. Hela cells were
incubated with 2 (200 pg/mL) for 24 h and imaged with CLSM. (a) Represents red fluorescence
channel (650-760 nm); (b) transmitted light channel (DIC) and (c) is overlay of (a) and (b). Scale
bar, 50 um.

Supplementary Figure 1: Stability test of 1. Photoluminescence spectra of 1in 1 M NaClat 0 h
and after 72 h. The intensity was normalized to the maxima.

DISCUSSION:

NIR-emitting AUNCs were synthesized using a bottom-up approach in which the gold precursor
solution (HAuCls) was treated with suitable thiol ligands, followed by reduction of Au3*. Reduction
of metal ions in aqueous solution tend to aggregate and results in large nanoparticles rather than
ultrasmall NCs?!. To prepare ultrasmall (€2 nm) PL AuNCs, the synthetic conditions were adjusted
to prevent formation of large particles and promote formation of ultrasmall clusters. The nature
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of the ligands used to cap the AuNC surface also plays an important role in influencing the
structure, electronic and optical properties of the particles'22230, Therefore, choosing suitable
ligands capable of stabilizing ultrasmall clusters is the key to obtain highly fluorescent AuNCs.
Thiol-containing ligands are the most commonly used stabilizers in synthesis of AuNCs, owing to
the strong covalent bonding between thiols and gold. A previous report3! indicates that
multithiol-based ligands are far superior to monothiol ligands in stabilization of PL AuNCs. Multi-
thiol ligands provide enhanced colloidal stability to AuNCs because of the higher number of
binding sites between ligand and AuNC surface. Bidentate thiol TA was used for synthesis of NIR
PL AuNCs because it provides much improved colloidal stability to AuNCs over a broad range of
adverse conditions compared to monothiol ligands3?. TA also provides aqueous phase growth of
nanoparticles with discrete size control, and most importantly, it offers a carboxylic acid group
on the surface of the nanoparticles that can be utilized for conjugation of biologically relevant
molecules3334,

TA stabilizes AuNCs by electrostatic repulsion caused by deprotonated carboxylate groups on the
surface3®. However, in acidic solutions, TA-protected AuNCs become colloidally unstable due to
protonation of the carboxylate group. Nanoparticles can be stabilized electrosterically, rather
than purely electrostatically. This approach provides colloidal stabilization even in the presence
of high salt concentrations and pH changes, which is important for biomedical applications. To
confer electrosteric stabilization to the TA-AuNCs, the clusters were subsequently functionalized
with thiol-terminated PEG (MW 2,000) at a 5:1 molar ratio of TA:PEG, yielding 1 (Figure 1). For
successful attachment of thiol-terminated PEG, TA-AuNCs must be purified. Functionalization of
AuNC with PEG has improved the aqueous solubility at acidic pH and an increase in colloidal
stability in high ionic strength media. It is important that the attachment of thiol-terminated PEG
is carried out at pH 7.0-7.5. Higher pH would result in blue shift of the emission maxima. Unbound
ligands were removed by centrifugation/filtration using a membrane filtration device with a
molecular weight cut-off of 3 kDa. The ligands that are associated with nanoparticles experience
significant line broadening in 'H NMR compared to free ligands, which can obscure peak
assignments and integration3®. Significantly broad *H NMR peak associated with thioctic acid and
thiol-modified polyethylene glycol suggests the ligands are bound to the AuNC surface and
removal of free ligands®®. Successful integration of luminescent AuNCs into a biological
environment requires stability over conditions, such as high ionic strength because biological
media is rich in excess of ions. The stability of 1 was verified by monitoring the
photoluminescence in 1 M NaCl over a period of 72 h. No significant change in
photoluminescence properties in 1 M NaCl indicates high stability of the AuNCs (Supplementary
Figure 1). AuNCs were stable in buffered solution for more than a year without any evidence of
precipitation (data not shown).

1 offers carboxylic acid on the surface. Carbodiimide based coupling reagents are widely used to
covalently link carboxylic acids to amines via formation of amide bond3’. The most commonly
used carbodiimide based coupling reagent in aqueous solution is 1-ethyl-3-
(dimethylaminopropyl) carbodiimide hydrochloride (EDC-HCI). EDC-HCl has been used for
covalent coupling of TPP bromide with 1 to obtain 2. One of the major advantages of this protocol
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is conjugation of molecules with a primary amine group via amide bond formation without
compromising fluorescence and colloidal stability. High-resolution transmission electron
microscopy (HRTEM) characterization showed that the AuNCs 1 and 2 both have an average
diameter of 1.15 + 0.2 nm, which indicates the functional coupling do not alter the core size of
the AuNCs*8. Alternatively, the free carboxyl groups can be activated using EDC and Sulfo-NHS32.
Solutions of 1 and 2 excited with a UV lamp (365 nm) fluoresce bright red (Figure 1b, inset), while
they appear light yellow under ambient lighting (Figure 1a, inset). TPP conjugation increases the
AuNC PL due metal-to-ligand charge transfer (MLCT)?8,

Nanoparticles can cause adverse biological effects which can limit their applications in biology.
To evaluate the cytotoxicity of 2 on Hela cells, XTT (sodium 2, 3-bis (2-methoxy-4-nitro-5-
sulfophenyl)-5-[(phenylamino)-carbonyl]-2H-tetrazolium inner salt) cell viability assay was
performed. Hela cells treated with 2 (200 pug/mL) for 48 h showed no loss of cell viability
compared to control cells. This observation suggests AuNCs are biocompatible, which makes
them promising candidates as fluorescent probes for application in biological research.

When excited with a 405 nm laser, 2 provides a broad emission with a maximum around ~750
nm. The extremely large Stokes shift (¥350 nm) allows the emitted light to be reliably
distinguished from the exciting light source; however, the FCM filter setting needs to be
configured appropriately. For 2, the 780/60 nm bandpass filter is ideal because of the broadness
of the filter and the fact that the emission maximum of AuNCs is in the same region. It is very
important to use broad bandpass filters at the region of emission maxima for efficient detection
of PL3°*2, The time- and dose-dependent fluorescence signal from cells treated with 2 suggests
that FCM can be used to conveniently monitor cell studies using AuNCs. When the incubation
time was increased to 24 h, a 40 pg/mL concentration of 2 was sufficient to detect AuNCs by
fluorescence in FCM (data not shown). However, for short incubation times (1-2 h), higher
concentrations of AUNCs are needed. This method of detecting AuNCs by NIR fluorescence signal
with a standard flow cytometer will help further broaden the potential applications of AuNCs in
biomedical science. The approach described here could be used to assess rates and mechanisms
of cellular uptake!?, relationships between nanoparticle concentration and cellular toxicity, or
effects of surface chemistry on nanocluster uptake in a quick and quantitative manner using FCM.

Cellular uptake of 2 by Hela cells was imaged by CLSM. After 24 h of incubation bright red
emission of 2 was detected upon excitation with 405 nm laser. However, a 405 nm laser also
excites the intrinsic fluorophores inside the cells. To distinguish the signal of AuNC from
autofluorescence, the emission from AuNC was collected above 650 nm. The attractive
properties, such as bright near-infrared Iluminescence, high colloidal stability, good
biocompatibility and above results demonstrate that the AuNCs are promising imaging agents for
biomedical and cellular imaging applications.
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Author(s):

Goutam Pramanik, Alena Keprova, Jan Valenta, Petr Cigler

ltem 1: The Author elects to have the Materials be made available (as described at

http://www.jove.com/publish) via:

QStandard Access

Item 2: Please select one of the following items:

D Open Access

QThe Author is NOT a United States government employee.

DThe Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

DThe Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: “Agreement” means this Article and
Video License Agreement; “Article” means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; “Author”
means the author who is a signatory to this Agreement;
“Collective Work” means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of other
contributions, constituting separate and independent
works in themselves, are assembled into a collective whole;
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the
terms and conditions of which can be found at:
http://creativecommons.org/licenses/by-nc-

nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version,
sound recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may
be recast, transformed, or adapted; “Institution” means
the institution, listed on the last page of this Agreement, by
which the Author was employed at the time of the creation
of the Materials; “JoVE” means Mylove Corporation, a
Massachusetts corporation and the publisher of The Journal
of Visualized Experiments; “Materials” means the Article
and / or the Video; “Parties” means the Author and JoVE;
“Video” means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JoVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion

of the Article, and in which the Author may or may not
appear.

2. Background. The Author, who is the author of the
Article, in order to ensure the dissemination and protection
of the Article, desires to have the JoVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize
in this Agreement the respective rights of each Party in and
to the Article and the Video.

3. Grant of Rights in Article. In consideration of JoVE
agreeing to publish the Article, the Author hereby grants to
JoVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, (b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and(c) to license others to do any
or all of the above. The foregoing rights may be exercised in
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in Item 1 above, JoVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.
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4. Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE’s copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

5, Grant of Rights in Video — Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in Item 1 above or if no box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JoVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE.

6. Grant of Rights in Video — Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in Item 1 above. In consideration of JoVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum
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rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute,

8. Protection of the Work. The Author(s) authorize
JoVE to take steps in the Author(s) name and on their behalf
if JoVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author’s name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

1. JoVE Discretion, If the Author requests the
assistance of JoVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JoVE may, in its sole
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12 Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JOVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to
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the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author's expense. All indemnifications provided herein
shall include JoVE’s attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JoOVE must receive payment before production and
publication of the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE's successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.

CORRESPONDING AUTHOR
Name:

Petr Cigler
Department:

Synthetic Nanochemistry Research Group

Institution: Institute of Organic Chemistry and Biochemistry of the CAS, Flemingovo nam. 2,
Prague 8, Czech Republic. PIN-16000.
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Dear Dr. Bing Wu,

Please find enclosed our updated manuscript. We thank you for your suggestion and
comments. We have revised the manuscript according to your suggestion. Please consider our revised
manuscript, “Synthesis of Near-Infrared Emitting Gold Nanoclusters for Biological Applications”, for
publication in the JoVE.

The manuscriptis in track change mode. We have highlighted the portion in yellow to be featured in the
video. We have also included a point-by-point response to your comments. If any further changes are
needed please let us know and we will be glad to make the necessary changes. Thank you again for
consideration of our updated manuscript.

Sincerely,

Petr Cigler

Flemingovo nam. 2 +420 220183 333 IC: 61388963 Petr Cigler, Ph.D. Assistant: Zuzana Chumova
166 10 Praha 6 uochb@uochb.cas.cz DIC: CZ61388963 +420 220 183 429 +420 220 183 256

Czech Republic www.uochb.cz cigler@uochb.cas.cz zuzana.chumova@uochb.cas.cz
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Response to the Editorial Comments:

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no
spelling or grammar issues.
We have thoroughly proofread the manuscript and tried to avoid spelling or grammar issues to our best.

2. The highlighted protocol steps are over the 2.75 page limit (including headings and spacing). Please
highlight fewer steps for filming.

We have reduced the extra spacing in between the lines. We have highlighted the portion in yellow to
be featured in the video.

3. For in-text referencing, the superscripted reference numbers should be inserted before a comma or
period.

We thank the editor for the suggestion. The superscripted reference numbers have been inserted before
a comma or period.

4. Step 5.3: Please write this step in the imperative tense.
We have modified the tense of this step to imperative tense.

5. Step 7.1: Please write this step in the imperative tense.
We have modified the tense of this step to imperative tense.

6. Step 7.3: Please write this step in the imperative tense.
We have modified the tense of this step to imperative tense.
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