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Author Questionnaire:

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 all set
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. 2.3, 3.2, 4.1


4. 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. We will ensure the transportation. 

1. Institute of Organic Chemistry and Biochemistry of the Czech Academy of Sciences
Flemingovo náměstí 542/2
166 10 Prague 6
Czech Republic

2. Department of Cell Biology
Charles University in Prague,
Viničná 7, 12844 Prague 2, 
Czech Republic



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.


1.1. Petr Cigler: This is a simple protocol for the synthesis of functionalizable, near-infrared emitting photoluminescent gold nanoclusters and their detection using a commercial setup. 

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.2. Petr Cigler: One of the major advantages of this 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 and colloidal stability. 

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


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


1.3. Petr Cigler: It can be envisaged that the combination of intense photoluminescence properties and conjugation with biomolecules will allow for the in vitro detection of low-concentration analytes, biosensing, cell labeling, and bioimaging. Videographer: This statement is optional, if you are running low on time, skip it.

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
  







Introduction of Demonstrator: (Said by you on camera)


1.4. Petr Cigler: Demonstrating the procedure will be Klaudia Kvakova, my PhD student. The flow cytometry will be demonstrated by research assistant Alzbeta Magdolenova. The microscopy part will be demonstrated by Vaclav Bocan, a grad student from Lenka Libusova laboratory [1] [2].
1.4.1. INTERVIEW: Author saying the above 
1.4.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.





Section - Protocol
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]. 
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 ultrafiltration with a molecular weight cutoff of 3 kilodaltons [1] [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]. Videographer: This step is important!
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. Mix the nanocluster 1 solution with TPP [1-TXT], then adjust the pH to 4.5 with 1 molar hydrogen chloride [2]. 
3.1.1. Talent mixing the 1 solution with TPP. TEXT: TPP = 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]. Videographer: This step is important!
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].  Videographer: This step is important!
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. Feel free to film the 5.1.2 – 5.4.1. in one shot, if that is convenient. 
5.A	Prior to acquisition of the sample, make sure that the instrument has the corresponding optical configuration. Place the 780/60 bandpass filter in front of the 405-A detector [1].
5.A.1	Talent changing the filters.
5.1. Filter all samples using a 5-milliliter polystyrene round-bottomed tube with a cell-strainer cap [1]. Specify the cytometer configuration [2]. [3]. 

5.1.1. Talent filtering samples. 
5.1.2. SCREEN: 60388_Screenshot_2.mp4 
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: 60388_Screenshot_3.mp4 0:02-0:07. 
5.2.2. SCREEN: 60388_Screenshot_3.mp4 0:08-0:16 
5.2.3. SCREEN: 60388_Screenshot_3.mp4 0:17-0:32

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: 60388_Screenshot_4.mp4 0:03-0:08
5.3.2. SCREEN: 60388_Screenshot_4.mp4 0:09-0:37 
5.3.3. SCREEN: 60388_Screenshot_4.mp4 0:38-0:57 

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]. Set up the experiment [2] and record the data [3-TXT].

5.4.1. SCREEN: 60388_Screenshot_4.mp4 0:58-2:03 
5.4.2. [Added Shot]: SCREEN: 60388_Screenshot_4.mp4 2:04-2:10
5.4.3. [Added Shot]: SCREEN: 60388_Screenshot_4.mp4 2:11-2:21 TEXT: Record 10,000 events per sample


[bookmark: _GoBack]
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 [1], setting the range of detection wavelengths between 650 and 760 nanometers [2]. 

6.4.1. SCREEN: 60388_Screenshot_1.mp4. 0:15 – 0:31. Video Editor: Important parts are laser being selected at 0:16, 2% power set at 0:21-0:23, and beam splitter selected at 0:29 – 0:31, please emphasize these clicks and speed everything else up as needed. 
6.4.2. SCREEN: 60388_Screenshot_1.mp4. 0:31 – 0:55. Video Editor: Zoom in on the detection wavelengths being set, you can also speed up the video. 

6.5. Set the resolution of the image to 2048 by 2048 pixels [1]. In the acquisition speed setting, aim for a pixel dwell time around 4 microseconds [2] and acquire the image with 2 X averaging [3]. Then, set the pinhole to 1 Airy unit [4] and, for higher sensitivity, use the photon-counting mode [5]. 

6.5.1. SCREEN: 60388_Screenshot_1.mp4. 0:55 – 1:09. Video Editor: Zoom in on the acquisition mode and channels panels for this entire step. 
6.5.2. SCREEN: 60388_Screenshot_1.mp4. 1:09 – 1:18.
6.5.3. SCREEN: 60388_Screenshot_1.mp4. 1:18 – 1:23.
6.5.4. SCREEN: 60388_Screenshot_1.mp4. 1:23 – 1:30.
6.5.5. SCREEN: 60388_Screenshot_1.mp4. 1:30 – 1:37.

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 [1], making sure to set an appropriate beam splitter for the laser wavelength [3-TXT].

6.6.1. SCREEN: 60388_Screenshot_1.mp4. 1:37 – 2:04. Video Editor: Zoom in on the channels panel for this entire step and emphasize the laser selection and power entry. Speed this up as needed.
6.6.2. SCREEN: 60388_Screenshot_1.mp4. 2:04 – 2:16. Video Editor: Emphasize the beam splitter selection. Speed this up as needed. TEXT: Acquire 2 images for each track


Section – Results
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.
8.1. [bookmark: _Hlk23844118]Petr Cigler: When attempting this protocol, it is important to remember that the removal of unreacted and hydrolyzed NaBH4 is very important, otherwise thiolated PEG will not bind to the surface of AuNC. Additionally, the photoluminescence of AuNCs starts from 560 nm. To avoid the background auto-fluorescence in confocal microscopy experiments the photons should be collected above 650 nm. 

8.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 2.3.1. and 2.3.2. for removal of NaBH4 (first sentence), 6.4.2. for setting detection wavelengths (second sentence).
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