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Authors, please fill out the brief questionnaire below.   

A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___N______  
Can you record movies/images using your own microscope camera? (Y/N)__N.A._______  
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: __N.A.___________________________________________
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___N_____ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 2.2, 2.3, 3.6, 3.8, 5.3 and 5.7 
D.  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.) _3.8 and 5.7_

E.  Will the filming need to take place in multiple locations? (Y/N) _N______ If yes, how far apart are the locations? ___________________________________________________

1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

A. Experimental Goal: (read by voice talent at JoVE)

The overall goal of this procedure is to characterize the antimicrobial activity of new advanced materials through two complementary methods. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Belén Frígols: This method can help answer key questions in the material engineering field, such as the antimicrobial properties, which are very desirable for many bioengineering applications. 
Videographer note: If I could choose, I would use MVI_9912.
1.2. Miguel Martí: This technique can be utilized as a consistent protocol across laboratories to help less experienced researchers who require in-depth, step-by-step procedures to follow for accurate results.
Videographer note: If I could choose, I would use MVI_9916 or MVI_9918. It’s quite obvious he’s reading, we repeated several times, without success…

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Ángel Serrano-Aroca: We first had the idea for this method when we started looking for antimicrobial protocols applicable to material engineering and realized there were no detailed protocols or visuals in the literature.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)

	N.A.




















Protocol: (read by voice talent at JoVE)

2. Sample Preparation 

2.1. In this study, four advanced materials with different chemical natures and a control material will be tested for antimicrobial activity. [1-MED]

2.1.1. Talent setting out the 4 material samples (labeled M1, M2, M3, M4) and the control material (labeled C). Videographer note: ATTENTION! I made a mistake and I use the wrong number. 7.1. and 7.1.b. which are MVI_9925 and MVI_9926 to film this action: 2.1.1. You can choose between a MED and a CU, or use both. 


2.2. Prepare each material by cutting it into 10-mm diameter disks. [1-CU] 

2.2.1. One of the materials being cut into 10-mm diameter disks with a 10-mm diameter cylindrical punch.

2.3. Next sterilize each specimen by immersion in 70% ethanol for 10 minutes [1-MED-TXT] followed by ultraviolet radiation for 1 hour per side. [2-MED] 

2.3.1. Talent immersing the specimens in 70% ethanol.  TEXT:  70% EtOH; 10 min  
Added shot: 2.3.1.a: MED
Added shot: 2.3.1.b: CU
2.3.2. Talent putting Petri dishes with disks into a laminar flow hood and then switches on a 12.0 W lamp of UV-C radiation. Videographer note: 2.3.2.a: I called “a” but afterwards, we just decided to film one version. 


3. Agar Disk Diffusion Test (Diffusion Method)

3.1. Three different microorganisms will be used to test the antimicrobial activity of the advanced materials: the Gram-positive bacteria Staphylococcus aureus, the Gram-negative bacteria Escherichia coli, and the yeast Candida albicans. [1-MED]

3.1.1. Talent setting out the 3 Petri dishes of the 3 microorganisms in a biological safety cabinet.
Added shot: 3.1.1.a: MED
Added shot: 3.1.1.b: CU


3.2. Using a sterile cotton swab, resuspend a few colonies of each microorganism in 25 mL of tryptic soy broth or TSB contained in a sterile centrifuge tube. [1-CU] Vortex for 1 minute to achieve uniform mixing. [2-MED]

3.2.1. A cotton swab being used to pick up a few colonies from one of the plates and then used to inoculate TSB in a centrifuge tube.
3.2.2. Talent vortexing the centrifuge tube containing the first strain for 1 minute.  Videographer note: We did not filmed during 1 minute.

3.3. Measure the absorbance at 540 nm for each microorganism culture with a spectrophotometer. [1-MED]

3.3.1. General shot of talent at spectrophotometer putting a cuvette into the machine and starting the OD measurement. Please get multiple usable takes; shot will be repeated later. Videographer note: 3.3.1. Miguel. After (5.2.1.), we used Belén’s hands. I did not film a general shot because they didn’t want the numbers on the screen to appear and they said to me the most identifiying from the spectrophotometer is the cuvette. 


3.4. Adjust the concentration of each microorganism to a suitable number of colony forming units or CFU per mL. [1-MED-TXT]  

3.4.1. Talent diluting one of the cultures to the desired OD540. TEXT: ~1.5 x 108 CFU/mL for bacteria

3.5. Vortex the microbial suspension for 5 seconds to improve the microorganism dispersion and briefly submerge a sterile cotton swab in this microbial suspension. [1-MED] Remove the excess liquid from the swab by pressing the swab against the tube wall containing the culture. [2-CU]

3.5.1. *film as written for one microorganism.
3.5.2. *film as written.

3.6. Evenly streak each microbial broth suspension with the sterile cotton swab onto the surface of a tryptic soy agar or TSA plate in 3 planes to cover the whole surface with the microorganism. [1-CU] Let the plates dry for 5 minutes after the inoculation. [2-CU] Leave the microbial broth suspensions on the bench top for use later to check microbial suspension concentration and purity. [3-MED] 

3.6.1. *film as written for one microbial broth suspension. Videographer note: We worked with just 1 plate (not necessary all of them).
3.6.2. Talent leaving the 5 plates to dry.  Videographer note: We filmed 3.6.2. and 3.6.3. together. One in CU and another in MED from behind. 

3.6.3. Talent leaving the microbial broth suspension on the bench top.

3.7. Sterilize a pair of tweezers by immersing it in a beaker with 96% ethanol and then flaming with an alcohol burner.  [1-MED] 

3.7.1. *film as written.

3.8. Use the sterile tweezers to place the sample disks to be tested at the center of the TSA plates. [1-CU]

3.8.1. Tweezers being used to pick up one disk and to place it at the center of a TSA plate.

3.9. Incubate the TSA plates in an inverted position at 37 °C for 24 hours. [1-MED-TXT]

3.9.1. Talent putting the 5 plates with the first microbial strain containing the 4 sample disks (M1, M2, M3 and M4) and the control disk (C) into the incubator in an inverted position. TEXT: 37 °C; 24 h  
Videographer note: ATTENTION!! I did a mistake and I used the following numbers for this action: 

5.9.1.a: MED
5.9.1.b: CU

The clip’s names are: MVI_9946 and MVI_9947. 


3.10. To analyze the diffusion test results, measure the diameter of the inhibition zone [1-LM] and the sample disk diameter with a digital caliper, or by taking a photograph and using a suitable image processing software. [2-LM]

3.10.1. Show Figure1_halo_measurement2.tif. Highlight the diz arrow. 
3.10.2. Figure1_halo_measurement2.tif. Highlight the d arrow.



4. Checking of Microbial Suspension Concentration and Purity 

4.1. This procedure is necessary for verifying that the microbial concentrations determined earlier are correct, and ensuring the absence of microbial environmental contamination. [1-MED] 

4.1.1. Talent setting out TSB, microcentrifuge tubes and autoclaved tips on the work surface.

4.2. Using a micropipette with suitable autoclaved tips in aseptic conditions, dispense sterile TSB into sterile microcentrifuge tubes.  Include a sample that will be utilized as a negative control. [1-CU]

4.2.1. Sterile TSB being pipetted into microcentrifuge tubes including one tube for a negative control.
Added shot: 4.2.1: CU
Added shot: 4.2.1.b.: super CU (to see better the negative) 


4.3. Perform 6 decimal serial dilutions with the microbial broth suspensions utilized earlier for streaking the TSA plates. [1-MED]  

4.3.1. Talent making serial dilutions for one of the microbial broth suspensions (from 3.6.3) into sterile microcentrifuge tubes containing TSB prepared in 4.2.  Please get microcentrifuge tubes for all dilutions in frame. Videographer note: Talent said: Between the 2nd and the 3rd there is a little stop that if you can avoid, better! 


4.4. Using a pre-sterilized Drigalski spatula, spread 100 µL of each selected dilution on a TSA plate. [1-CU] Spread 100 µL of TSB medium without microorganism on a TSA plate as a negative control. [2-CU]

4.4.1. One dilution of one microbial broth suspension being spread on a TSA plate. Please get multiple usable takes; shot will be repeated later.
4.4.2. TSB medium being spread on a TSA plate as a negative control.
Videographer note: ATTENTION: We filmed 4.4.1. and 4.4.2 together. But in reality, when we say 4.4.1. + 4.4.2. and 4.4.1. + 4.4.2.b, we are talking about 4.4.1. 

After, we reapeated 4.4.2. itself and the correct ones are:

4.4.2: CU
4.4.2.b: super CU


4.5. Incubate the TSA plates at 37 °C for 24 hours. [1-MED-TXT]

4.5.1. Talent putting the four TSA plates (3 TSA plates with three different serial dilutions necessary for the first microbial strain and 1 TSA plate as a control with only medium) into the incubator. TEXT: 37 °C; 24 h   
Added shot: 4.5.1.a: MED
Added shot: 4.5.1.b: CU


4.6. On the following day, count the number of colonies to check that the CFU/mL is similar to that determined earlier. [1-MED] Check the negative control plate to confirm that there is no microbial environmental contamination. [2-CU]

4.6.1. Talent removing the lid of one TSA plate to look at the colonies and count them.
Added shot: 4.6.1: CU, the action itself 
Added shot: 4.6.1.b: MED, to illustrate the arrival “on the following day”

4.6.2. A CU shot of the negative control plate to show that there are no colonies. Please get multiple usable takes; shot will be repeated later.


5. Measurement of Antimicrobial Activity on Material Surfaces (Contact Method)

5.1. Begin this procedure by culturing the different microorganisms to be tested in TSB in an orbital shaker at 37 °C overnight. [1-MED] 

5.1.1. Talent putting tubes into the orbital shaker in a 37 °C incubator or in a warm room.
Added shot: 5.1.1: MED
Added shot: 5.1.1.b: CU


5.2. On the following day, measure the OD540 of each overnight culture [1] and then dilute each culture in 20 mL of TSB in a 50-mL pre-sterilized centrifuge tube to a concentration of approximately 106 CFU/mL. [2-MED-TXT]

5.2.1. Use shot from 3.3.1. Videographer note: You can use 5.2.1.Belén, because we filmed two options in order to not mix the talents (Belén and Miguel). 

5.2.2. Talent making a dilution of one of the cultures in a 50-mL centrifuge tube. TEXT: ~106 CFU/mL

5.3. Place 4 disks of each type of material and 4 control disks in separates wells of a sterile 48-well plate. [1-CU]

5.3.1. 20 disks being placed in separate wells in a 48-well plate.
Added shot: 5.3.1.a: MED
Added shot: 5.3.1.b: CU


5.4. Pipette 150 µL of the microbial suspension onto each disk surface. [1-CU] Incubate the plate in the 37 °C incubator for 24 hours. [2-MED-TXT]

5.4.1. One of the microbial suspensions being pipetted onto each disk.  Please get all 20 disks in the 48-well plate in frame.
Added shot: 5.4.1.a: MED
Added shot: 5.4.1.b: CU

5.4.2. Talent putting the 48-well plate into the incubator.  TEXT: 37 °C; 24 h

5.5. After the 48-well plate has been incubated for 24 hours, [1-MED] pipette 850 µL of sterile PBS onto the surface of each of the 4 sample disks and 4 control disks and mix it with the microbial suspension. [2-CU]

5.5.1. Talent taking out the 48-well plate from the incubator.
5.5.2. *film as written.  Videographer note: One of each, not 4 of each!

5.6. Collect each PBS/microbial suspension mixture and each disk from the 48-well plate and transfer to a 15-mL pre-sterilized tube. [1-MED]

5.6.1. *film as written for one sample.

5.7. Vortex the PBS/microbial suspension mixtures and disks for 1 minute, [1-MED] sonicate at 50 Hz for 5 minutes [2-MED] and vortex again for 1 minute to ensure that no viable microorganisms remain adhered to the material surface. [3-MED]

5.7.1. *film as written for one disk. Videographer note: Not filmed a full minute.  
5.7.2. Talent putting all tubes into the sonicator. 
Added shot: 5.7.2.a: MED
Added shot: 5.7.2.b: CU

5.7.3. *film as written. Videographer note: The same. Not filmed a full minute. 

5.8. Perform decimal serial dilutions of the sonicated cultures in sterile microcentrifuge tubes containing TSB. [1-MED]

5.8.1. Talent making a serial dilution for one sonicated culture.  Please get the sterile microcentrifuge tubes for all the dilutions for all cultures in frame.
Added shot: 5.8.1.: MED
Added shot: 5.8.1.b: CU

Videographer note: 5.8.1.b is the continuation of 5.8.1. The actions were way too long for that sentence. In 5.8.1.b. some problems with focus… Sorry! 

 
5.9. Spread 100 µL of each dilution on a TSA plate [1] and incubate the plates aerobically at 37 °C for 24 hours. [2-MED-TXT]

5.9.1. Use shot from 4.4.1.
Videographer note: We filmed 5.9.1. and 5.91.b. These are Belén’s ones. Do not mix up with the Migue’ls ones. The clip’s names are: MVI_9980 and MVI_9981. 

Added shot: 5.9.1: MED
Added shot: 5.9.1.b: CU

5.9.2. Talent putting all (total of 61) TSA plates into the incubator. TEXT: 37 °C; 24 h

5.10. After 24 hours, count the number of colonies and express this number in CFU/mL. [1-MED] The contact method results are then analyzed as described in the text protocol. [2-MED]

5.10.1. Talent examining a TSA plate and counting the number of colonies. 
5.10.2. General shot of talent at computer performing calculations.
Added shot: 5.10.2.a: CU
[bookmark: _GoBack]Added shot: 5.10.2.a: MED



6. Results: The Diffusion Method and the Contact Method Can Test Anti-microbial Activities of Advanced Materials

6.1. The results of the agar disk diffusion tests show non-antimicrobial activity for the first material [1-LM] and increasing antibacterial activity against S. aureus and E. coli for the other 3 materials. [2-LM]

6.1.1. Figure_2.tif. Emphasize the two M1 plates.
6.1.2. Figure_2.tif. Emphasize the six M2, M3 and M4 plates.

6.2. This graph shows the normalized “halo” for each material disk against S. aureus and E. coli after 24 hours of incubation. [1-LM]

6.2.1. 57710fig3v2large.jpg (uploaded 4/12/18)

6.3. The results of the contact method also indicate non-antimicrobial activity for the first material [1-LM] and increasing antibacterial activity against Gram-positive and Gram-negative bacteria for the other 3 materials. [2-LM ‘C’ is the viable bacteria recovered from the control disk after 24 hours of incubation. [3-LM]

6.3.1. 57710_Figure 4_FINAL_5-17-18.tif. (uploaded 5-17-18) Emphasize the two M1 plates.
6.3.2. 57710_Figure 4_FINAL_5-17-18.tif. Emphasize the six M2, M3 and M4 plates.
6.3.3. 57710_Figure 4_FINAL_5-17-18.tif. Emphasize the two C plates.

6.4. This graph shows the percentage loss of viability for the 4 materials against S. aureus and E. coli on the material surfaces. [1-LM] Sample M1 exhibited no antimicrobial activity.  [2-LM] Although not shown here, none of the 4 materials are able to inhibit the growth of the yeast Candida albicans by either method. [3-LM]

6.4.1. 57710fig5v2large.jpg (uploaded 4/12/18)
6.4.2. 57710fig5v2large.jpg. Emphasize the two ‘M1’ with no bar.
6.4.3. 57710fig5v2large.jpg.


7. Conclusion (said by authors on camera)
7.1. Ángel Serrano-Aroca: After watching this video, you should have a good understanding of how to determine the antimicrobial activity of new advanced materials by these two complementary methods.
   

Provided Media

3.10. Figure1_halo_measurement2.tif.
6.1. Figure_2.tif.
6.2. 57710fig3v2large.jpg (uploaded 4/12/18)
6.3. 57710_Figure 4_FINAL_5-17-18.tif (uploaded 5-17-18)
6.4. 57710fig5v2large.jpg (uploaded 4/12/18)


General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions are included in the email accompanying the finalized script.
 2018, Journal of Visualized Experiments

