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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___No______  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: __
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__No____ 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.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps by their protocol numbers. Please do not list entire sections of the protocol. If your protocol contains highlighting, make sure these steps are highlighted. ____2.1, 2.2, 2.3, 2.4, and 2.5, and 3.1 __
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 to be filmed by their protocol numbers. (Please do not list an entire section.) __No single aspect of the protocol is particularly difficult, but the most important aspects are to ensure i) that section 2 (the virus binding portion of the protocol) is done under 4 degree C conditions to ensure virus is not endocytosed and ii) that RNA is protected from endonuclease degradation by keeping samples cold and using endonuclease free equipment/reagents. Also, it is critical that pre-pcr precautions are taken thoughout the protocol to eliminate false positive detection of contaminating amplified target sequences. So no particular steps need to be filmed, but these reminders should come through in the script.___

E.  Will the filming need to take place in multiple locations? (Y/N) ___No, all will be done in at TSRI in La Jolla, CA___ 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 protocol is to quantitatively measure arenavirus particle attachment to host cells. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Joseph Klaus: This method can help determine whether select host proteins and/or antiviral molecules can influence the ability of virus particles to attach to host cells. 

1.2. Joseph Klaus: The main advantages of this technique are that it is highly sensitive and can be adapted to additionally measure virion endocytosis as well as the release of the virus genome into the cytoplasm following fusion.  

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.3. Joseph Klaus: Though this method can provide insight into arenavirus attachment, it can also be applied to other families of viruses provided the PCR reagents are tailored for the viruses in question.

Protocol (read by voice talent at JoVE):

2. Prepare Medium, Seed Cells in 48-well Plates, and Carry Out Virus-cell Attachment
2.1. To begin, to make complete DMEM [2.1.1-WIDE], to a 500 ml bottle of DMEM, add 50 ml of heat inactivated fetal bovine serum [2.1.2-MED/CU] and 5 ml each of 100X Penicillin-Streptomycin and 100X HEPES buffer [2.1.3-MED/CU-TXT].
2.1.1. Talent at hood places bottle of DMEM on bench

2.1.2. Film as written

2.1.3. Talent adds 5 ml of pen-strep and 100x hepes buffer is visible in background (TEXT: store at 4°C)

2.2. At the end of the day, seed 2.5 x 104 Vero E6 cells per well in triplicate for each virus in a 48-well tissue culture plate in a final volume of 500 ul of complete DMEM [2.2.1-MED/CU].  Incubate the plate at 37°C in a humidified incubator with 5% CO2 for 10 to 18 hours [2.2.2-WIDE].
2.2.1. Talent plates Vero cells in wells of 48-well plate with complete DMEM 

2.2.2. Talent places plate into incubator

2.3. Under a class II biosafety cabinet, using ice-cold complete DMEM, dilute the Junin Candid 1 virus samples to be tested to 200 to 2000 focus forming units, or PFUs [2.3.1-MED/CU].  For example, to inoculate with 50 ul of 2000 PFUs in duplicate, add 4800 PFUs into a total volume of 120 uL of medium [2.3.2-CU].  Store on ice until ready to add to the Vero cultures [2.3.3-CU-TXT].
2.3.1. Complete DMEM on ice and talent picks up container of labeled virus and begins to open container

2.3.2. Talent adds virus to 120 ml of complete DMEM in tube

2.3.3. Talent places on ice (TEXT: refer to text protocol for alternate medium)

2.4. Remove the plates from the 37°C incubator [2.4.1-WIDE] and place on ice or at 4°C for 15 minutes to inhibit the ability of the plated cells to carry out endocytosis [2.4.2-MED/CU].

2.4.1. Film as written

2.4.2. Talent places plates on ice
2.5. Next, aspirate the complete DMEM from each well [2.5.1-CU] and use 100 ul of ice cold PBS to rapidly wash each well twice [2.5.2-CU-TXT].  Then add 50 ul of the prediluted virus samples to the appropriate wells [2.5.3-CU].

2.5.1. Film as written

2.5.2. Talent adds ice cold PBS to wells (TEXT: pH 7.4)

2.5.3. Film as written

2.6. Wrap the plate in plastic [2.6.1-CU] and immediately place it back on ice or at 4°C for 60 to 90 minutes to allow virus attachment to occur [2.6.2-MED/CU].  Keep the wash buffer and virus samples at 4°C throughout this step [2.6.3-WIDE/MED].

2.6.1. Film as written

2.6.2. Film as written

2.6.3. Talent places buffer and samples in fridge

2.7. After the incubation, aspirate the virus inoculum [2.7.1-CU] and use 200 ul of ice cold PBS to wash each well three times [2.7.2-CU].  
2.7.1. Film as written

2.7.2. Talent adds PBS to wells
3. Viral RNA Extraction
3.1. To extract viral RNA from Junin Candid 1 particles, use a commercial RNA isolation kit according to the manufacturer’s protocol for purification of RNA from animal cells using spin technology as follows [3.1.1-MED-TXT].

3.1.1. Talent places RNA extraction kit on bench and begins to open it (TEXT: RNeasy Mini Kit)
3.2. Lyse the cells as directed by adding 350 ul of lysis buffer RLT directly to each well.  Mix the buffer several times to ensure cell lysis [3.2.1-CU-TXT].  Then use an inverted microscope to ensure lysis by the absence of cells [3.2.2-MED]. 

3.2.1. Talent adds lysis buffer RLT to wells  and mixes a well several times (TEXT: step 1B)

3.2.2. Talent at scope checking for lysis

3.3. At this point, the virus has been neutralized so the remaining steps can be performed outside of the class II biosafety cabinet, provided kit tubes were not contaminated [3.3.1-WIDE/MED]. Transfer the lysate to the kit column and follow the rest of the protocol as described [3.3.2-MED/CU].  

3.3.1.  Talent moves to bench outside of biosafety cabinet

3.3.2. Talent transfers lysates to kit columns

3.4. Include the optional step 9 from the manufacturer’s protocol [3.4.1-CU] which is an additional centrifugation of the spin column to eliminate any possible carryover of Buffer RPE [3.4.2-MED].
3.4.1. Shot of protocol booklet listing step 9

3.4.2. Talent places samples into centrifuge for an additional spin
3.5. For the final step, use 30 ul of nuclease-free ddH2O to elute the purified RNA from the spin column [3.5.1-CU/ECU].  Store the RNA at -80°C or use directly in the qRT-PCR assay [3.5.2-WIDE-TXT].

3.5.1. Talent adds nuclease free water to columns

3.5.2. Talent places samples into -80 freezer (TEXT: refer to text protocol for additional details)
4. qRT-PCR Measurement of Viral Genome
4.1. To convert JUNV C#1 S segment RNA into cDNA for qPCR, set up a 50 ul RT reaction master mix using the reagents listed in the text protocol [4.1.1-MED/CU]. 

4.1.1. Talent setting up master mix

4.2. Gently mix the RT master mix and then aliquot 40 ul into individual 0.2 ml PCR tubes [4.2.1-CU].  Next, add 10 ul of viral RNA to each tube [4.2.2-CU].  Include a no template control tube and a no RT enzyme control tube to screen for contamination of RT reagents [4.2.3-CU].  

4.2.1. Talent gently mixes master mix and then aliquots into pcr tubes

4.2.2. Film as written

4.2.3. Talent points out the no template control and no RT enzyme

4.3. Include RNA extracted from uninfected cells with the full RT master mix to control for assay specificity in the presence of cellular RNA [4.3.1-CU].  Also include a known positive viral RNA sample with the full master mix to verify the quality of the RT reagents [4.3.2-CU].  
4.3.1. Talent adds RNA from uninfected cells to a tube with master mix

4.3.2. Talent adds a known viral RNA sample to a tube with master mix
4.4. Use the cycling conditions listed below for RT [4.4.1-MED-TXT].  When the program is complete, leave the samples in the thermocycler at 4°C or store them at -20°C [4.4.2-WIDE].  
4.4.1. Talent sets up cycling conditions on thermocycler (TEXT: 25 oC for 10 min, 48 oC for 30 min, and 95 oC for 5 min)
4.4.2. Talent places samples in freezer
4.5. Next, prepare 25 ul qPCR reactions by combining the qPCR master mix, PCR primers, and the qPCR probe as listed in the text protocol [4.5.1-MED/CU].
4.5.1. Master mix, primers, and probe labeled and arranged on bench or on ice and talent picks up master mix and adds to tube
4.6. Gently mix the solution and then add 20 ul to each qPCR well [4.6.1-CU].  Add 5 ul of each RT reaction containing plasmid numbers that fall within the standard curve to the appropriate qPCR wells, in triplicate [4.6.2-CU-TXT].
4.6.1. Film as written

4.6.2. Film as written (TEXT: 5, 50, 5 x 103, 5 x 105, 5 x 107 copies)

4.7. Load the qPCR plate into the thermocycler and run the reaction conditions shown below [4.7.1-TXT]. 
4.7.1. Talent loads plate into thermocycler and runs sets up reaction conditions (TEXT: 95oC for 10 min and 40 cycles of 95oC for 15 sec and 60oC for 1 min)
4.8. Finally, collect and analyze the data to determine the quantity of viral RNA present in each sample according to the manufacturer’s protocol [4.8.1-MED OVER SHOULDER]. 
4.8.1. Talent at computer analyzing data
5. Results: Arenavirus Cell Attachment Measurements 
5.1. As shown here, known quantities of a plasmid encoding the NP gene from Junin virus Candid 1 were subjected to qPCR to demonstrate the sensitivity and dynamic range of the assay [5.1.1-LM].  
5.1.1. LAB MEDIA Figure 2, Editor, for ‘known quantities of plasmid’ add in the arrows with the text for each as shown in original figure 2A.

5.2. In this experiment, various quantities of Junin virus Candid 1 were prebound to Vero E6 cells and quantified by qRT-PCR.  As illustrated in this figure, the assay can detect viral attachment events using as few as 20 or as many as 2 x 106 PFU, which translates to multiplicities of infection of 0.0004 and 40, respectively [5.2.1-LM].

5.2.1. LAB MEDIA Figure 3, Editor, for ‘as little as 20’, point out the far right column of 2 x 101 and then point out the ‘2 x 106’ column on the left when mentioned.

5.3. In this example, the protocol was modified to also measure the rate of amplification of the viral genome over time.  Interestingly, the quantity of viral genome appears to decrease during the first 6 hours following attachment [5.3.1-LM].
5.3.1. LAB MEDIA Figure 4, Editor, when mentioned, point out the 6 hour column that is reduced.
5.4. This suggests that a portion of the viral RNA is degraded. This could happen to particles that fail to be taken into the cell and degrade in the extracellular space or perhaps due to degradation within the endolysosomal network.   The data shown demonstrates that 12 or 18 hr post-infection would be optimal times to screen for active genome replication [5.4.1-LM].
5.4.1. LAB MEDIA Figure 4, Editor, when mentioned, point out the 12 and 18 hour columns.

6. Conclusion (said by authors on camera)
6.1. Joseph Klaus: Once mastered, this technique can be done in a single day if it is performed properly.

6.2. Joseph Klaus: While attempting this procedure, it’s important to remember to use strict pre-pcr techniques and to ensure that all reagents and equipment are free of amplified DNA containing the qPCR target sequence and that appropriate controls are in place to detect such contamination.

6.3. Joseph Klaus: This protocol can be easily adapted to measure virus endocytosis as well as fusion and release of virus genome into host cells. Further, this protocol can be adapted to other viruses provided the PCR reagents are tailored for those particular viruses.

6.4. Joseph Klaus: After its development, this technique paved the way for us to determine that the human protein ERGIC-53 controls arenavirus particle infectivity, in part, by influencing the ability of these particles to attach to host cells.

6.5. Joseph Klaus: After watching this video, you should have a good understanding of how to very simply and accurately quantitate arenavirus particle attachment to host cells.

6.6. Joseph Klaus: Don't forget that working with the described virus can be extremely hazardous and precautions including following an approved institutional biosafety protocol and wearing the appropriate personal protective equipment should always be taken while performing this procedure.   

Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

Any of the figures we have submitted with the manuscript can be used.
Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.

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.
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