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PLEASE READ THE INSTRUCTIONS IN THE GRAY BOXES CAREFULLY AND USE TRACK CHANGES WHILE MAKING ANY EDITS TO THE DOCUMENT. 
This document has several sections on separate pages, so take care to view each page.


Author Questionnaire:
Authors, please fill out the unanswered questions below.  

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? Y  
Can you record movies/images using your own microscope camera? Y
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope.
2. Does your protocol include software usage? Y
If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
Authors, please answer this question with the steps listed here in the Protocol section below for use by the videographerThe most important steps from the protocol section are the following….
1.5. …..
Note: Adjustment of the pH to 7-7.5 is extremely important. Higher pH can result in a blue shift of emission maxima.

2.2. Start the reaction by adding an excess of N-(3-dimethyl-aminopropyl)-N′-ethylcarbodiimide hydrochloride (EDC·HCl) (10 mg, 52 μmol). 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 HCl.

4.2. …..
Note: Addition of high volumes of AuNC solution adversely affects the cell viability. AuNC solutions need to be concentrated. Thus 2 obtained in 2.4 concentrated 100 times. 40 mL AuNC was concentrated to 400 μL. A 25 μL aliquot of this concentrated solution was added to 400 µL cell culture media to obtain the desired AuNC concentration. 


5.9. Use an appropriate program to analyze the flow cytometry data.
Tips & notes:
1. How to change filters on a flow cytometer: 
a) 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.
b) 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.

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



4. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.)
Authors, please answer this question with the steps listed here in the Protocol section below for use by the videographer.One of the most important steps is setting of filters of the flow cytometer. Without the proper filter settings, the gold nanoclusters inside the cells cannot be detected properly. The step is the following…
5.9. Use an appropriate program to analyze the flow cytometry data.
Tips & notes:
2. How to change filters on a flow cytometer: 
c) 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.
d) 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.

Because the AuNCs are most efficiently excited by 405 nm laser. 405 nm laser will generate lots of background. This step is important to detect AuNC signal separating from the background.

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


5. Will the filming need to take place in multiple locations? Y
If yes, how far apart are the locations? 20 to 30 minutes apart by car.


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee. 

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.


1. REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

· The total introduction length (i.e., Required and Optional Interview Statements) cannot exceed 150 words. 
· Restrict the length of each statement to no more than 30 words.
· Please answer the questions below in full sentences to highlight the significance of your protocol. You will be expected to memorize and deliver these sentences as spoken interview statements during filming. 
· Indicate the full name of each author who will give each statement. If only one author is giving the REQUIRED statements, the same author may speak both statements.

Why is your protocol significant? OR What key questions can this method help answer? 

1.1. Author NamePetr Cigler: Over the past decade, fluorescent gold nanoclusters (AuNCs) have witnessed exponential growth in biological research. NIR AuNCs shows large stokes shift over 350 nm. The settings of the commercially available instruments are not appropriate for detection of AuNCs. In addition to the very simple synthetic protocol, detection of NIR AuNCs using commercial set up have been demonstrated. ___________
(Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera).


What is the main advantage of this technique?

1.2. Author NamePetr Cigler: A very simple method of preparation of water soluble, biocompatible, and colloidally stable near-infrared emitting AuNCs with high quantum yield, have been described, which can be reproduced by researchers from non-chemist background. The synthetic approach does not require organic solvents or additional ligand exchange. One of the major advantages of the technique is that the attachment of thiol functionalized ligand and coupling of amine functionalized ligand on the surface of AuNCs does not adversely affect the photoluminescent properties. 

___________(Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)


OPTIONAL Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

· The following OPTIONAL questions may be answered to provide additional introductory information about your protocol. 
· These OPTIONAL statements must be spoken by different authors than those who gave the Required Interview Statements.
· The length of each OPTIONAL statement is restricted to no more than 30 words and contributes to the total introduction length, which cannot exceed 150 words. 
· Indicate the full name of each author who will give each OPTIONAL statement. 

Do the implications of this technique extend toward the therapy (or diagnosis) of a particular disease, disability, or challenge? How so?

1.3. Petr CiglerAuthor Name: Gold has been extensively studied material due to its stable chemical property, facile synthesis, and biocompatibility. AuNCs have an extremely high surface-to-volume ratio and abundance of reactive groups allows for further surface modification. Therefore, it can be envisaged that the combination of intense photoluminescence properties and conjugation with biomolecules (ex. folate, biotin, antibodies etc.) will allow for the in vitro detection of low-concentration analytes, biosensing, cell labeling, and bioimaging.
___________(Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera).

Are there any specific areas of research that this method could provide insight into? 

Can this method be applied to any other systems?

1.4. Author NamePetr Cigler: Due to similar chemistry of gold and silver nanocluster, the method described here to prepare AuNC with high quantum yield (QY) can be extend for preparation of high QY silver nanocluster. Instead of thiolated PEG other thiolated biomolecules can be attached to the surface of the AuNCs. The detection method of AuNCs in FCM and CLSM shown here can be extended to AgNCs also. 

___________(Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)


How would you expect an individual who has never performed this technique to struggle? 

Do you have any advice to offer to somebody who is trying this technique for the first time?

1.5. Author NamePetr Cigler: ___________ 
Hydrogen tetrachloroaurate is hygroscopic. It is advisable to store it in desiccator. It can also react with metal so it is advisable to use Teflon coated spatula or plastic spatula while weighing.
Arranging the filter in FCM should be performed by the person who is well familiar with the instrument.
(Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)


Why is visual demonstration of this method critical?

1.6. Author NamePetr Cigler: ___________Many steps described in the protocol are extremely crucial for successful experiment. For instance, arranging the filters in FCM, analysis of FCM data, setting up the detection range in CLSM etc. Some of the steps are also inter-connected. Thus, visual demonstration will provide the viewers step by step guidance and help them to come-up with successful experiments.
(Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)


Introduction of Demonstrator: (Said by you on camera)

· Please use this statement ONLY if any of the individuals who will be demonstrating the procedure on camera have not given a required or optional Introduction interview statement already.
· Include the full name(s) of the person(s) demonstrating the experiment followed by their title (e.g., technician, post doc, grad student, clinician, etc.) 
· Also indicate the full name of the author who will introduce the demonstrator(s). 

1.7. Author NamePetr Cigler: Demonstrating the procedure will be _________ (name of the person or persons), a _________ (technician,Goutam Pramanik, post doc post doc, grad student)  from my laboratory. The microscopy part will be demonstrated by Václav Bočan, grad student from our collaborating laboratory. (Add additional mention of demonstrators as necessary).  
1.7.1. Interview style: Author saying the above 
1.7.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.





Section - Protocol
· Read through the entire protocol carefully to understand what you will need on the filming day and prepare accordingly. 
· The two-digit numbers (e.g. 2.1., 2.2.) represent the “steps” of you protocol and will be read by a professional voiceover talent. 
· The three-digit numbers (e.g. 2.1.1., 2.2.2.) represent the “shots” that our videographer will capture at your lab. 
· To ensure that your protocol can be filmed in a single work day, the protocol is restricted to 30 steps and/or 60 shots.
· It is critical for a smooth and organized shoot that all materials and work spaces are prepared and labeled (if applicable) in advance.   
· Any specimens/samples that require long or overnight incubation steps should be prepared in advance. (i.e. day 0 sample preparation will be filmed on the day of the shoot; day 1 samples should be prepared the day before the shoot so their processing can be filmed on the day of the shoot/after their overnight culture/treatment/etc.) 
2. Preparation of Near-infrared Emitting AuNCs
2.1. Start by adding 1.3 milligrams of thioctic acid and 10 microliters of 2 molar sodium hydroxide to 3.9 milliliters of ultrapure water [1] and stirring the mixture until completely dissolved [2-TXT].
2.1.1. WIDE: Establishing shot of talent at the bench adding reagents into water. 
2.1.2. Mixture being stirred. TEXT: 15 – 20 minutes 
2.2. Next, add 1.7 microliters of hydrogen tetrachloroaurate to the solution [1-TXT] and, after 15 minutes, add 80 microliters of freshly prepared sodium borohydride while stirring vigorously [2-TXT]. Continue stirring the reaction mixture overnight [3]. Authors: Is this how you would refer to HAuCl4·3H2O? If not, how do you pronounce it? Yes, it is fine.
2.2.1. Talent adding HAuCl4·3H2O to the solution. TEXT: HAuCl4·3H2O 470 mg / mL 
2.2.2. Talent adding NaBH4 to the solution while stirring. TEXT: NaBH4 1.9 mg / mL 
2.2.3. Solution stirring. 
2.3. On the next day, purify the solution using 3 cycles of centrifugation [1] and filtration with a molecular weight cutoff of 3 kilodaltons [2]. Then, add thiol-terminated polyethylene glycol to the solution [3], adjust the pH to between 7 and 7.5, and stir the mixture overnight to obtain nanocluster one [4]. Authors: Is it ok to say “nanocluster one”, or would you prefer the Voiceover to just say “one”? Yes, it is ok to say “nanocluster one”.
2.3.1. Talent putting the solution in the centrifuge and closing the lid. Videographer: Obtain multiple reusable takes of this shot because it will be reused in 3.3.2.
2.3.2. Talent filtering solution. Videographer: Obtain multiple reusable takes of this shot because it will be reused in 2.4.1. 
2.3.3. Talent adding the thiol-terminated polyethylene glycol to the solution. 
2.3.4. Solution stirring. 

2.4. On the following day, repeat the 3 cycles of centrifugation and filtration to purify the dispersion [1]. 

2.4.1. Use 2.3.2. 

3. Conjugation of TPP on the Surface of 1 
3.1. [bookmark: _GoBack]Mix the nanocluster 1 solution with 3-(aminopropyl)triphenylphosphonium bromide [1], then adjust the pH to 4.5 with 1 molar hydrogen chloride [2]. Authors: Should the VO say the full chemical name, or do you refer to 3-(aminopropyl) triphenylphosphonium bromide in some other way?May be first time we can say the full name and then we can say in short “TPP”. We can also show the structure.
3.1.1. Talent mixing the 1 solution with 3-(aminopropyl)triphenylphosphonium bromide. 
3.1.2. Talent adjusting pH with HCl. Videographer: Obtain multiple reusable takes of this shot because it will be reused in 3.2.3.
3.2. Start the reaction by adding an excess of EDC-HCl (spell out ‘E-D-C-H-C-L’) [1] and monitor the pH of the mixture for the first hour [2]. If the pH increases above 6, reduce it by adding hydrogen chloride [3]. 
3.2.1. Talent adding EDC HCl to the mixture. 
3.2.2. Talent checking the pH of the mixture. 
3.2.3. Use 3.1.2.
3.3. Stir the reaction mixture overnight at room temperature [1]. On the next day, perform 3 cycles of centrifugation and filtration as previously described to obtain nanocluster two [2]. Dilute two with ultrapure water to a volume of 4 milliliters [3]. 
3.3.1. Reaction stirring. 
3.3.2. Use 2.3.1. 
3.3.3. Talent diluting 2. 

4. AuNC Internalization into HeLa Cells 
4.1. Seed the cells in a 12-well plate at a density of 20,000 cells per well [1-TXT]. Incubate them for 48 hours, then aspirate the medium and add 400 microliters of complete culture medium with or without 500 micrograms of nanoparticles per well [2]. Return the cells to the 37 °C incubator for nanocluster internalization [3].  
4.1.1. Talent seeding cells into a few wells. TEXT: 1 mL per well 
4.1.2. Talent aspirating the medium and adding new medium to one or two wells. 
4.1.3. Talent putting the plate in the incubator and closing the door. 
4.2. After 2 hours, detach the cells with standard trypsinization [1], collect them in polypropylene microcentrifuge tubes [2], and centrifuge for 5 minutes at 350 x g and 4 degrees Celsius [3].
4.2.1. Talent adding trypsin to cells. 
4.2.2. Talent transferring the cells into microcentrifuge tubes. 
4.2.3. Talent putting the tubes in the centrifuge and closing the lid. Videographer: Obtain multiple reusable takes of this shot because it will be reused in 4.3.2.
4.3. Prepare FCM buffer according to manuscript directions and use 1 milliliter of the buffer to wash the cell pellets [1]. Centrifuge the cells for another 5 minutes [2], then resuspend them in 500 microliters of the FCM buffer [3] and store them at 4 degrees Celsius [4]. 
4.3.1. Talent adding the FCM buffer to the cells. 
4.3.2. Use 4.2.3.
4.3.3. Talent resuspending the cells with FCM buffer.
4.3.4. Talent putting the tubes in the fridge. 
5. Flow Cytometry Analysis 
Videographer: For all steps in section 5, film the screen as talent performs all SCREEN shots. 
5.1. Prior to analyzing the cells with flow cytometry, filter all samples using a 5-milliliter polystyrene round-bottomed tube with a cell-strainer cap [1]. Specify the cytometer configuration [2] and format all dot-plots and histograms for acquisition [3]. 

5.1.1. Talent filtering samples. 
5.1.2. SCREEN: Configuration specified. 
5.1.3. SCREEN: Dot plots and histograms formatted for acquisition.
 
5.2. Plot a 2-parameter dot plot of the FSC-A and SSC-A to show distribution of cells [1]. To exclude doublets, create a 2-parameter dot plot of FSC-H versus FSC-A [2], and plot a single-parameter histogram for the fluorescent channel area to monitor the relative fluorescence intensity in the sample [3]. 

5.2.1. SCREEN: FSC-A and SSC-A dot plot created. 
5.2.2. SCREEN: FSC-H and FSC-A dot plot created. 
5.2.3. SCREEN: Histogram for the fluorescence channel area plotted.

5.3. Acquire untreated sample at a low flow rate to minimize coincident events [1]. During acquisition, adjust the PMT voltages to get the untreated population on scale on the FSC versus SSC plot [2]. If necessary, adjust the PMT voltages for the FL channel to place the unstained population on the left corner of the histogram [3]. 

5.3.1. SCREEN: Untreated sample data acquired. 
5.3.2. SCREEN: PMT voltage adjusted to get untreated population on scale. 
5.3.3. SCREEN: PMT voltage adjusted to place unstained population on the left corner of the histogram. 

5.4. Then, select the specific ‘gate tab’ in the software and draw an appropriate gate around the desired population. The cells inside the gate will move to the next checkpoint [1-TXT].

5.4.1. SCREEN: ‘Gate tab’ selected. TEXT: Record 10,000 events per sample 

6. CLSM Imaging of Live HeLa Cells Labeled with 2 

6.1. At 24 hours post-seeding, add 100 micrograms of two to each dish chamber containing 0.5 milliliters of medium with HeLa cells [1]. Return the dish to the incubator and allow the cells to internalize the nanoclusters [2]. 

6.1.1. Talent adding the NCs to a few dish chambers with cells. 
6.1.2. Talent putting the dish into the incubator and closing the door. 

6.2. Then, discard the medium and wash the cells with pre-warmed fresh medium [1-TXT]. Fill each chamber with 800 microliters of fresh medium and proceed with imaging [2].  

6.2.1. Talent aspirating medium and adding fresh medium. TEXT: Wash 2 X
6.2.2. Talent filling a few chambers with the medium.

6.3. To image the cells, use a confocal microscope with Plan-Apochromat and a 63 X oil objective lens [1]. Mount the dish on the inverted stage with the chamber warmed up to 37 °C and supplied with a humidified 5% carbon dioxide atmosphere [2]. 

6.3.1. Confocal microscope setup. 
6.3.2. Talent mounting the dish. 

6.4. Detect internalized gold nanoclusters by using a 405-nanometer laser set to 2% power with an appropriate beam splitter, setting the range of detection wavelengths between 650 and 760 nanometers [1]. Authors: The resolution of the mp4 files provided is too low to be able to see the user interface of your software. Please upload higher resolution footage to your project page. The native resolution of your monitor should be enough.  We have uploaded captures with higher resolution.

6.4.1. SCREEN: Screen capture 7.3.mp4. 

6.5. Set the resolution of the image to 2048 by 2048 pixels. In the acquisition speed setting, aim for a pixel dwell time around 4 microseconds and acquire the image with 2 X averaging. Then, set the pinhole to 1 Airy unit and, for higher sensitivity, use the photon-counting mode [1]. 

6.5.1. SCREEN: Screen capture 7.4.mp4.

6.6. For correct illumination in transmitted light with DIC, use Köhler’s setting of the condenser and field stop. To acquire transmitted light, use a 488-nanometer laser at 0.7% power without any fluorescence detector assigned, making sure to set an appropriate beam splitter for the laser wavelength [1-TXT].

6.6.1.  SCREEN: Screen capture 7.5.mp4. TEXT: Acquire 2 images for each track





OPTIONAL – Critical Step Statement:
· An OPTIONAL brief statement may be submitted for further elaboration of the best way to perform the required technique for the single most critical step of this procedure. 
· If there is no single critical step, then there is no need to fill out this statement.
· This will be an interview style shot interjected after the relevant step within the Protocol section of the video. 
· This statement is limited to 30 words or less. 
· Please indicate the full name of the Author who will give this statement and the step of the protocol to which the statement pertains using the step numbers from the Protocol section (above).
Fill in the details below based on the instructions above for the “Critical Step Statement”
Author name, Step            :           (Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)


Section – Results
The Results section is restricted to 200 words of narrative. Please read through the results as presented to make sure that it accurately represents your findings. If you would like to highlight other data, please revise this section accordingly, keeping in mind the word count restriction. Please note that we cannot include narrative without an accompanying visual. 

7. Results: Gold Nanoclusters inside HeLa Cells 
7.1. Absorption spectra indicated that gold nanoclusters one and two do not have a characteristic surface plasmon band [1] and show broad emission from 550 to 850 nanometers [2].
7.1.1. LAB MEDIA: Figure 2 A. 
7.1.2. LAB MEDIA: Figure 2 B. 
7.2. The photoluminescence strongly increased after attachment of TPP to the surface of one [1]. Emission from the nanoclusters was also visible under 365-nanometer UV light [2]. 
7.2.1. LAB MEDIA: Figure 2 B. Video Editor: Emphasize the difference between curves 1 and 2. 
7.2.2. LAB MEDIA: Figure 2 B. Video Editor: Zoom in on the inset. 
7.3. The emission was stable and its wavelength was independent of the excitation wavelength, but the intensity was maximal when excited with UV light [1].
7.3.1. LAB MEDIA: Figure 2 C. 

7.4. Flow cytometry was used to confirm nanocluster two uptake by HeLa cells [1]. NIR fluorescence was dependent on both incubation time [2] and concentration of nanocluster two [3]. 

7.4.1. LAB MEDIA: Figure 3. 
7.4.2. LAB MEDIA: Figure 3 A. 
7.4.3. LAB MEDIA: Figure 3 B. 

7.5. The gold nanoclusters within cells were imaged non-invasively with a standard confocal laser scanning microscope [1]. The cells were stained with nanocluster two, and after 24 hours of incubation bright red photoluminescence was observed inside the cells [2]. 

7.5.1. LAB MEDIA: Figure 4. 
7.5.2. LAB MEDIA: Figure 4. Video Editor: Emphasize A and C.  



Section - Conclusion
8. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

· Below are questions for statements that can be used to further emphasize the significance of your protocol. At least one statement is required.
· Each statement is limited to 30 words.
· Answer the questions in full sentences, as you will be expected to memorize and deliver the sentences as spoken interview statements during filming. 
· Indicate the full name of the author who will give each Conclusion Interview statement. 
What is most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section this advice correlates to.
8.1. Author NamePetr Cigler: The removal of hydrolyzed product of NaBH4 is very important otherwise thiolated PEG will not bind to the surface of AuNC. (Step 1.4)____ (Step: __)
Appropriate filter setting in FCM is very important for efficient detection of photoluminescence signal from AuNCs. (Changing of filter - Tips & notes: 1) 
The photoluminescence of AuNCs starts from 560 nm. To avoid the background auto-fluorescence in CLSM experiments the photons should be collected above 650 nm (Step: 7.3.…Set the range of detection wavelengths between 650 and 760 nm)
 (Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
8.2. Author NamePetr Cigler: The chemistry of ____ gold and silver nanocluster are quite similar. The method described here to prepare AuNC with high quantum yield (QY) can be extend for preparation of high QY silver nanocluster. The detection method of AuNCs in FCM and CLSM shown here can be extended to AgNC also. This will demonstrate that the method is very general.
 (Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
8.3. Author NamePetr Cigler: ____ The AuNCs are photostable and can be useful probes for super resolution microscopy. However, for application in STED microscopy higher brightness and faster photoluminescence decay (in nanosecond range) is needed.  More study is needed on improving the brightness and faster photoluminescence lifetime.
(Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)
Are any of the reagents or instruments hazardous? If so, please use this interview statement to remind viewers of what precautions they should take.
8.4. Author NamePetr Cigler: The reagents or instruments used are non-hazardous. 
___(Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)

Thank you for following the instructions and addressing our questions. We will incorporate your answers/suggestions and send you the finalized script before your shoot. You will also receive detailed shoot preparation instructions in the email accompanying the finalized script.
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