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Author Questionnaire
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  Enter Yes or No.  
If Yes, can you record movies/images using your own microscope camera?
Enter Yes or No.  
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit. 
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.
Enter make and model of microscope.
If a dissection or stereo microscope is required for your protocol, please list all shots from the script that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).
Click here to list microscope shots, using the shot numbers from the protocol section of the video script.

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Enter Yes or No.
If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://review.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
As these files are necessary for finalizing your script, please upload all screen-captured video files to your project page as soon as possible.

3. Filming location: Will the filming need to take place in multiple locations?   Enter Yes or No.
If Yes, how far apart are the locations? Click to enter distance between locations.

4. Testimonials (optional): Would you be open to filming two short testimonial statements live during your JoVE shoot? These will not appear in your JoVE video but may be used in JoVE’s promotional materials. Enter Yes or No.

If Yes, please provide the full name and position (e.g., Director of [Institute Name], Senior Researcher [University Name], etc.) of the author willing to participate.
Enter full author name, Enter author position

To ensure that your script can be filmed in one day, the protocol sections are cumulatively restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length
Number of Steps:  15
Number of Shots:  38 

Introduction
Videographer: Obtain headshots for all authors available at the filming location. 

Answers to these questions will become interview statements that you will deliver on camera.
· Introduction: Answer the 1st REQUIRED prompt and 1 additional question; Conclusion: Answer any 3 questions. No more than 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· Speak naturally and avoid reading the lines.
· Limit the length of each statement to 20 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

Authors: Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context

INTRODUCTION:

REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Enter author name.: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
Describe the research contexts or systems in which this protocol can be applied.
1.3. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
CONCLUSION:
What does this protocol allow researchers to study or measure?
1.4. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Describe the most important consideration or challenge when performing this protocol.
1.5. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Are there any additional methods or analyses that can be performed following this procedure?
1.6. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.7. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.


Videographer: Obtain headshots for all authors available at the filming location.


Protocol  
[bookmark: _Hlk188263998]Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The two-digit steps (e.g., 2.1., 2.2.) with purple font are the narration.  JoVE is responsible for the narration of the protocol and results.
· Red italics are pronunciation guides indicating how the word will be spoken. 
· Filming should take no more than 10 minutes per step. If a step takes more than 10 minutes, prepare the product for that step in advance.
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that the videographer will capture. 
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.
2. Azide Functionalization of HP-UiO-66-NH2 NPs (HP-UiO-66-N3 NPs) 
Demonstrator: Click here to enter name of demonstrator(s) 

If the same person is the demonstrator throughout, mention them once here and remove the "Demonstrator" field from the other sections; if the demonstrator changes, retain the field in the respective sections.

2.1. To begin, accurately weigh 50 milligrams of prepared HP-UiO-66-NH2 nanoparticles into a 25-milliliter round-bottom flask [1]. Add 10 milliliters of tetrahydrofuran to the flask [2]. Then, ultrasonicate the mixture for 5 minutes to fully disperse the particles [3], producing a uniform opaque suspension [4].	Comment by Pallavi  Sharma: Authors: Please provide a pronunciation guide for HP-UiO-66-NH2 
2.1.1. WIDE: Talent weighing HP-UiO-66-NH2 nanoparticles and transferring them into a 25-milliliter round-bottom flask.
2.1.2. Talent adding tetrahydrofuran to the round-bottom flask.
2.1.3. Talent placing the round-bottom flask in an ultrasonic bath for sonication.
2.1.4. Close shot of the round-bottom flask showing an opaque but uniform suspension.
2.2. Place the round-bottom flask in an ice-water bath on a magnetic stirrer set to 400 rpm [1]. Using a glass syringe, add 0.4 milliliters of tert-butyl nitrite dropwise over 5 minutes while maintaining the temperature below 5 degrees Celsius [2].
2.2.1. Talent placing the round-bottom flask into an ice-water bath positioned on a magnetic stirrer.
2.2.2. Talent adding tert-butyl nitrite dropwise into the flask with a glass syringe.
2.3. Immediately add 0.35 milliliters of trimethylsilyl azide dropwise under the same cold conditions [1]. A mild effervescence may appear, indicating nitrosation progress [2]. Then, wrap the ice-water bath in aluminum foil to protect the reaction from light [3].
2.3.1. Talent adding trimethylsilyl azide dropwise into the reaction flask with a syringe while the flask remains in the ice-water bath.
2.3.2. Close shot of mild effervescence appearing in the reaction mixture.
2.3.3. Talent wrapping aluminum foil around the ice-water bath.

2.4. Continue stirring the reaction mixture at 0 degrees Celsius [1]. After drying the product, use FTIR (F-T-I-R) spectroscopy to verify the chemical transformation [2].
2.4.1. Talent placing the reaction flask in the ice-water bath on the magnetic stirrer for overnight stirring.
2.4.2. Talent loading the sample in the spectroscope.

3. Haemoglobin Loading and Quantification 
Demonstrator: Click here to enter name of demonstrator(s) 
3.1. Transfer 5 milligrams of HP-UiO-66-N3 nanoparticles into a 2-milliliter centrifuge tube [1]. Then, add 0.5 milliliters of HEPES (Hepes) buffer containing hemoglobin [2] and gently invert the tube several times to fully disperse the nanoparticles [3].	Comment by Pallavi  Sharma: Authors: Please provide a pronunciation guide for HP-UiO-66-N3  
3.1.1. Talent transferring HP-UiO-66-N3 nanoparticles into a 2 milliliter centrifuge tube.
3.1.2. Talent adding HEPES buffer containing hemoglobin into the centrifuge tube.
3.1.3. Talent gently inverting the centrifuge tube several times to disperse the nanoparticles.

3.2. Now, place the tube on a thermoshaker and incubate at room temperature with shaking at 1,000 rpm for 2 hours [1].
3.2.1. Talent placing the centrifuge tube onto the thermoshaker.

3.3. After incubation, centrifuge the tube at 13,500 g for 5 minutes at room temperature to pellet the resulting Hb@HP-UiO-66-N3 nanoparticles [1]. Then, carefully collect the supernatant for quantification of unentrapped hemoglobin [2].	Comment by Pallavi  Sharma: Authors: Please provide a pronunciation guide for Hb@HP-UiO-66-N3 
3.3.1. Talent placing the centrifuge tube into the centrifuge.
3.3.2. Talent transferring the supernatant from the centrifuge tube into a new tube.

3.4. Next, add 1 milliliter of ultrapure water to the pellet to wash the nanoparticles and remove loosely adsorbed hemoglobin [1-TXT]. Then, carefully collect the supernatant of each wash for quantification of unentrapped hemoglobin [2]. Resuspend the final pellet in 0.5 milliliters of ultrapure water for characterization [3-TXT]. 
3.4.1. Talent adding ultrapure water to the centrifuge tube containing the nanoparticle pellet. TXT: Repeat wash 2x
3.4.2. Talent collects the supernatant and transfers it into a fresh tube.
3.4.3. Talent gently resuspending the pellet in the centrifuge tube. Talent resuspending the final nanoparticle pellet in ultrapure water. TXT: Keep samples in refrigerator to prevent oxidation.

3.5. Use the sodium lauryl sulfate hemoglobin assay to determine unentrapped hemoglobin in the collected supernatants [1]. Pipette 10 microliters of each supernatant into a 96-well microplate [2]. Add 100 microliters of sodium lauryl sulfate reagent [3] and incubate for 5 minutes at room temperature in the dark [4]. Using an ultraviolet-visible spectrophotometer, measure absorbance at 412 nanometres [5].
3.5.1. Talent at the bench with the sodium lauryl sulfate hemoglobin assay reagent placed in front.
3.5.2. Talent pipetting supernatant into wells of a 96-well microplate.
3.5.3. Talent adding sodium lauryl sulfate reagent to the wells.
3.5.4. Shot of the microplate incubating in the dark at room temperature.
3.5.5. Talent placing the microplate into a ultraviolet-visible spectrophotometer to read absorbance.

3.6. Afterwards, prepare a standard curve using hemoglobin stock solutions prepared in HEPES buffer to convert absorbance values to hemoglobin concentration [1].
3.6.1. Display the spectrophotometer software generating a standard curve and converting absorbance values to concentration.

4. Fabrication of Hb@HP-UiO-66-PEG NPs: PEGylation via SPAAC 
Demonstrator: Click here to enter name of demonstrator(s) 
4.1. To begin, transfer 10 milligrams of Hb@HP-UiO-66-N3 nanoparticles into a 2-milliliter centrifuge tube containing 0.5 milliliters of ultrapure water [1]. Add 10 milligrams of DBCO-PEG to achieve an equimolar ratio of polyethylene glycol to nanoparticles [2]. Gently vortex the tube until the mixture is homogenized [3].	Comment by Pallavi  Sharma: Authors: Please provide a pronunciation guide for DBCO-PEG 
4.1.1. Talent transferring Hb@HP-UiO-66-N3 nanoparticles into a 2 milliliter centrifuge tube containing ultrapure water.
4.1.2. Talent adding the DBCO-PEG solution to the centrifuge tube.
4.1.3. Talent vortexing the centrifuge tube to mix the suspension.

4.2. Place the tube on a thermoshaker and incubate at room temperature with shaking at 1,000 rpm for 1 hour [1]. 
4.2.1. Talent placing the centrifuge tube onto the thermoshaker.

4.3. Now, centrifuge the tube at 12,000 g for 5 minutes at room temperature to pellet the polyethylene glycol-modified Hb@HP-UiO-66-PEG nanoparticles [1]. Then, discard the supernatant containing unreacted polyethylene glycol [2].
4.3.1. Talent placing the centrifuge tube into the centrifuge.
4.3.2. Talent discarding the supernatant from the centrifuge tube.

4.4. To remove free polyethylene glycol chains and small molecular by-products, wash the pellet with 2 milliliters of ultrapure water [1] and centrifuge under the same conditions as demonstrated earlier [2-TXT].
4.4.1. Talent adding ultrapure water to the centrifuge tube containing the nanoparticle pellet. 
4.4.2. Talent placing the centrifuge tube into the centrifuge. TXT: Repeat wash 2x

4.5. Then, resuspend the purified Hb@HP-UiO-66-PEG nanoparticles in 2 milliliters of ultrapure water [1]. Store the suspension at 4 degrees Celsius [2]. The resulting colloid appears homogeneous and slightly opalescent, indicating good dispersion stability [3]. Then, confirm successful PEGylation (Pegylation) by FTIR spectroscopy [4]
4.5.1. Talent resuspending the purified nanoparticle pellet in ultrapure water.
4.5.2. Talent placing the centrifuge tube in a refrigerator.
4.5.3. Close shot of the centrifuge tube showing a homogeneous and slightly opalescent nanoparticle suspension.
4.5.4. Talent loading the sample in the spectroscope.
4.5.5. 

Results
Please review this section to make sure that it accurately reflects your findings.
· This section will not be recorded by the videographer. It only includes the figures/tables from your manuscript (called LAB MEDIA). 
· Use Track Changes when making edits or revisions. Ensure the voiceover length is below 200 words. Current word count: 105.
· Please note that the video cannot include voiceover without an accompanying visual.

5. Results 
5.1. Surface amino groups were successfully converted to azides [1], as demonstrated by the appearance of a characteristic asymmetric azide stretching band at 2122 (Two-One-Two-Two)  centimeters inverse in the FTIR spectrum of HP-UiO-66-N₃ nanoparticles [2], which was absent in HP-UiO-66-NH₂ nanoparticles [3].
5.1.1. LAB MEDIA: Figure 4A. 
5.1.2. LAB MEDIA: Figure 4A. Video editor: Highlight the peak labelled 2122 on the spectrum for “HP-UiO-66-N₃ NPs”.
5.1.3. LAB MEDIA: Figure 4A. Video editor: Show the spectrum labelled “HP-UiO-66-NH₂ NPs” and indicate that the peak at 2122 is absent.

5.2. Hemoglobin encapsulation was visually indicated by a distinct yellow-to-red color change [1].
5.2.1. LAB MEDIA: Figure 5A. Video editor: Show the particle labeled  “Hb@HP-UiO-66-N₃ NPs” with the red color.

5.3. Nitrogen uptake decreased after hemoglobin loading, indicating occupation of mesopores by hemoglobin molecules [1]. The zeta potential decreased from 42.9 millivolts for HP-UiO-66-N₃ nanoparticles [2] to 20.4 millivolts for Hb@HP-UiO-66-N₃ nanoparticles after hemoglobin encapsulation [3].
5.3.1. LAB MEDIA: Figure 5B. Video editor: Highlight the lower curve labelled “Hb@HP-UiO-66-N₃ NPs” compared with the higher curve labelled “HP-UiO-66-N₃ NPs”.
5.3.2. LAB MEDIA: Figure 5C. Video editor: Highlight the bar labeled 42.9 millivolt above the green particle icon.
5.3.3. LAB MEDIA: Figure 5C. Video editor: Highlight the bar labeled 20.4 millivolt above the orange particle icon.

5.4. Successful polyethylene glycol conjugation was confirmed by the disappearance of the azide stretching vibration at 2122 centimetres inverse [1], and the appearance of polyethylene glycol-associated signals in the FTIR spectrum [2].
5.4.1. LAB MEDIA: Figure 6A. Video editor: Highlight the peak labeled 2122 in the spectrum for “Hb@HP-UiO-66-N₃ NPs”.
5.4.2. LAB MEDIA: Figure 6A. Video editor: Highlight the additional peaks in the spectrum labeled “Hb@HP-UiO-66-PEG NPs”.
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