Submission ID #: 52956
Editor Name: Brigid Stadinski
Videographer name: Marc Camon
Film Date: 06/04/2015
Authors and Affiliations: 

Claudia Guerrero-Barajas1, Alberto Ordaz1, Selene Montserrat García-Solares1, Claudio Garibay-Orijel1, Fernando Bastida-González2, and Paola Berenice Zárate-Segura1
1Bioprocesses Department, Laboratory of Environmental Biotechnology, Unidad Profesional Interdisciplinaria de Biotecnología, Instituto Politécnico Nacional, Mexico City, Mexico
2Laboratory of Molecular Biology, Escuela Superior de Medicina, Instituto Politécnico Nacional, Mexico City, Mexico

Title: Development of sulfidogenic sludge from marine sediments and trichloroethylene reduction in an upflow anaerobic sludge blanket reactor 

Corresponding Author: 

Guerrero-Barajas, Claudia 

cguerrerob@ipn.mx; claudiaguerrero29@yahoo.com.mx

Co-authors:
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 number. 2.4-2.8, 3.2-3.3, 3.8-3.11, 3.12 and 4.7
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the step by its protocol number. 2.4-2.8 and the constant monitoring and re-feeding of the bioreactor represented by steps: 3.11. The thing is, the most important thing AFTER setting up the bioreactor is to take care of the reaction carried out in it.

E.  Will the filming need to take place in multiple locations? (Y/N) No If yes, how far apart are the locations? ___________________________________________________

1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Conceptual Narrative:
The overall goal of the following experiment is to develop a sulfidogenic sludge from marine sediments in a UASB reactor and to evaluate its performance on reduction of trichloroethylene (pronounced as “trahy-klawr-oh-eth-uh-leen”), or TCE. (Intro)

This is achieved by collecting marine sediments to obtain a pool of a great variety of microorganisms that are enriched in sulfate reducing bacteria when in an environment of the appropriate mineral medium, vitamins, and volatile fatty acids to serve as electron donors. (P1)
Editors, please use P1 of “Graphic-Overview-52956” (see JOVE-52956.psd for a layered version of this figure).  Animate the pouring of the sediments, basal medium and bicarbonate solution, trace metals, vitamins, VFA and sulfate to the reactor in that order to result in something similar to what is shown in P2.
As a second step, the marine sediments are used as the inoculum in a UASB reactor, which is set and maintained under sulfate reducing conditions for several weeks until it reaches steady sulfate reducing activity. (P2)  

Editors, from where the previous illustration leaves off, animate a slight mixing of the content of the reactor to achieve something similar to the illustration in P3.
Next, the consortium in the sulfidogenic UASB reactor is evaluated for TCE reduction in order to assess the capability of the sludge to transform organic pollutants while sulfidogenesis is still active. (P3)
Editors, from where the previous illustration leaves off, animate the pouring of the TCE into the reactor and the slight mixing of the content to achieve something similar to what is shown in P4.
The results show that sulfidogenesis was established in the bioreactor and that the sludge was able to reduce TCE under sulfate reducing conditions based on the analysis of the microbial community, suggesting that the reduction of TCE was carried out in a consortium formed by sulfate reducing and fermentative bacteria. (P4)
Editors, from where the previous illustration leaves off, zoom into a black circle in the reactor and transition to the illustration of the bacteria amplification of the bacteria scheme shown in P4.
Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or PowerPoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   
“Graphic-Overview-52956” (see JOVE-52956.psd for a layered version of this figure
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Claudia Guerrero-Barajas: The main advantage of this procedure over existing methods, like adaptation of methanogenic sludge to sulfidogenesis, is that the sludge obtained is tolerant to higher sulfide concentrations and it does not present competition for substrate with methanogens.   
1.1.1. MED:  Claudia speaks toward the camera, interview style.
1.2. Selene Montserrat García-Solares: Generally, individuals new to this method will struggle because they expect immediate formation of the sludge. They may tend to add the nutrients and sulfate to the bioreactor either less or more frequently than required.  These approaches will only lead to a system imbalance.  It is convenient to carry out periodical analysis for COD, sulfate and sulfide to know the course of the reaction and the right timing for the next feed. 
1.2.1. MED:  Selene speaks toward the camera, interview style. Preferably not to be used; use: 1.2.2 and 6.3.1 / files # 126 and 134 instead if possible.   Due to problems with English pronunciation and uneasy text-reading, Dr. Claudia Guerrero and I decided to re-shoot Selene Montserrat's lines, by Dr. Claudia herself. 
1.2 Claudia Guerrero-Barajas: Generally, individuals new to this method will struggle because they expect immediate formation of the sludge. They may tend to add the nutrients and sulfate to the bioreactor either less or more frequently than required.  These approaches will only lead to a system imbalance.  It is convenient to carry out periodical analysis for COD, sulfate and sulfide to know the course of the reaction and the right timing for the next feed. 

1.2.2. MED:  Claudia speaks toward the camera, interview style. {Selene Montserrat spoke but her style may not be good enough.}
1.3. Alberto Ordaz: We first had the idea for this method because we wanted a highly active sulfidogenic sludge to combine organic matter, sulfate and pollutants removal - something that cannot be accomplished under methanogenic conditions, particularly when some of the pollutants are mixed with heavy metals. 
1.3.1. MED:  Alberto speaks toward the camera, interview style.
1.4. Paola Zárate Segura: We used a general method with good equipment for the identification of bacteria in the consortium.  The 16S rRNA gene region was the target of analysis and we found interesting genera of bacteria.
1.4.1. MED:  Paola speaks toward the camera, interview style.
Protocol (read by voice talent at JoVE):
2. Preparation of marine sediments and Bioreactor set up
2.1. To begin this procedure, collect the marine samples as described in the text protocol.  
2.1.1. Title Card
2.2. Once in the lab, take a large portion of the sediment sample and use an appropriate mesh to eliminate the large debris of carbonaceous material from the sediments.
2.2.1. MED:  Talent uses mesh to eliminate the large debris of carbonaceous material from the sediments. 
2.3. After passing the sediment through the mesh, mix the selected portion to ensure that it is homogeneous.
2.3.1. CU:  Selected portion as talent mixes it.
2.4. For the purpose of this work, use an upflow anaerobic sludge blanket glass reactor with a total working volume of 3 Liters.  Ensure that the final volumes of the sediments, basal medium, buffer solution and volatile fatty acids are equal to the final working volume of the reactor.
2.4.1. BROLL:  Obtain several shots of the empty upflow anaerobic sludge blanket glass reactor to cover the narration of this point.
2.5. Prepare a stock solution of basal medium containing phosphate, chloride, nitrogen, magnesium salts, trace metals and vitamins with a bicarbonate buffer solution, taking into account the working volume of the reactor. 
2.5.1. MED:  Talent prepares the stock solution of basal medium.  Use labeled containers.  TEXT Overlay:  see text for basal medium and buffer solution recipe reference
2.6. Next, prepare a stock solution of volatile fatty acids composed of acetate, propionate and butyrate in a 2.5 to 1 to 1 chemical oxygen demand, or COD, proportion.  The final COD concentration in the reactor must be 2.7 grams per liter. 
2.6.1. MED-over the shoulder:  Talent prepares the volatile fatty acid stock solution by adding the different components to the solvent.  Use labeled containers.
2.7. Finally, prepare a stock solution of sodium sulfate in an appropriate concentration to deliver to the reactor a final concentration of 4000 milligrams per liter of the sulfate ion.
2.7.1. CU: Stirring solution as talent adds the sodium sulfate.  Use labeled containers.  
2.8. Once the solutions have been prepared, place the sediments in the reactor mixed with a portion of the basal medium to make sure they reach the bottom of the reactor.  
2.8.1-2.8.2 Bottom of reactor was too dirty, no see-through. Took CU from top view.
2.8.1. MED-over the shoulder:  Talent places the sediments with some basal medium into the reactor, taking care that they reach the bottom of the reactor.  Continue/match action in next shot.
2.8.2. CU:  Bottom of the reactor as the sediments fall into place.
2.9. Mix the rest of the basal medium and buffer solution with the volatile fatty acids solution and the sulfate solution.  Make sure that the solution of volatile fatty acids is poured into the liquid.  Then, add the combined solutions to the reactor.
2.9.1. [2.9.1 to 2.9.3 combined] MED-over the shoulder:  Talent mixes the rest of the basal medium and buffer solution and the sulfate solution.
2.9.2. CU:  Solution in fume hood as talent pours the volatile fatty acids into the liquid.
2.9.3. MED:  Talent pours the combined solutions into the reactor. 
2.10. Set the connections and pipelines of the reactor to the recycling pump.  Then, set the recycling flow rate at 60 milliliters per minute.  Set the bioreactor in the temperature chamber to 34 degrees Celsius.  Regularly check that the temperature variations are small.
2.10.1. CU:  Reactor as talent sets the connections and pipelines of the reactor to the recycling pump.
2.10.2. MED-over the shoulder:  Talent sets the recycling flow rate to 60 mL per minute.
2.10.3. CU:  Reactor temperature chamber as talent sets to 34 degrees Celsius. Temperature is dropping below 34C, so better take a still from the video or not use the shot.
2.11. Finally, set the connections to the gas displacement column. 
2.11.1. MED-over the shoulder:  Talent sets the connections to the gas displacement column.
3. Operation of the reactor to promote sulfidogenesis and growth of the microorganisms
3.1. After one week of incubation, take a sample of 5 to 7 milliliters of the liquid to conduct analysis for COD, sulfate and sulfide content and pH following standard methods.  
3.1.1. MED-over the shoulder:  Talent removes a 5-7 mL sample of liquid.
3.2. Analyze the sulfide in the liquid using the methylene blue method.  First, place 5 milliliters of a zinc acetate solution in a 25 milliliter volumetric flask and quickly add 200 microliters of the sample to the zinc acetate solution.
3.2.1. MED:  Talent places 5 mL of zinc acetate solution in a 25 mL volumetric flask.  Use labeled containers.
3.2.2. [3.2.2 to 3.3.2 combined] CU:  Volumetric flask as talent quickly adds 200 microliters of the sample to the zinc acetate solution.
3.3. Then, add 2.5 milliliters of a DMP solution and 125 microliters of an iron three ammonium sulfate solution.  Complete the 25 milliliters of the volumetric flask with distilled water.  
3.3.1. MED:  Talent adds 2.5 mL of a DMP solution and 125 microliters of iron (III) ammonium sulfate solution.  TEXT Overlay (as “DMP” is narrated):  DMP = N,N-dimethyl-p-phenylenediamine oxalate.  TEXT Overlay (following first text overlay):  see text for solution recipes
3.3.2. CU:  Volumetric flask as talent adds water to the volumetric measurement line. 
3.4. Wait 30 minutes for the reaction to occur so that the blue color is stabilized. 
3.4.1. MED-over the shoulder:  Talent starts a timer to count down from 30 minutes and sets next to the flask.
3.5. Once the reaction is complete, wait at least 15 minutes, but not more than 60 minutes, to test the samples in the spectrophotometer.  Conduct the reading of the final blue solution in the spectrophotometer at a wavelength of 670 nanometers.
3.5.1. MED:  Talent brings the completed reaction solution to the spectrophotometer.
3.5.2. CU:  Spectrophotometer as talent conducts the reading of the blue final solution at 670 nm.
3.6. Quantify sulfate as barium sulfate by using a turbidimetric method.  First, place 5 milliliters of a conditioning solution in a 25 milliliter volumetric flask.  Then add 1 milliliter of the sample that has been previously centrifuged at 11,320 times g.  Complete the 25 milliliters of the volumetric flask with distilled water and add 1 gram of barium chloride. 
3.6.1. MED:  Talent places 5 mL of a conditioning solution in a 25 mL volumetric flask.  Use labeled containers.  TEXT Overlay:  conditioning solution = 1:1 hydrochloric acid:water
3.6.2. CU:  Volumetric flask as talent adds 1 mL of the sample to the solution.
3.6.3. MED-over the shoulder:  Talent brings up the volume to 25 mL with water as adds 1 g of barium chloride.
3.7. Mix the solution for 1 minute in a vortex.  Wait for 4 minutes for the barium sulfate to form and read the sample in the spectrophotometer at a wavelength of 420 nanometers.
3.7.1. CU:  Flask as it is vortexed to mix.
3.7.2. MED-over the shoulder:  Talent reads the sample in the spectrophotometer at a wavelength of 420 nanometers.
3.8. To prepare for the COD determination, centrifuge the sample thoroughly to remove the remaining sulfide that may interfere in the COD determination.  
3.8.1. MED:  Talent places the sample into the centrifuge, shuts the lid, and starts the run.  TEXT Overlay:  11320 x g
3.9. Following centrifugation, add 2 milliliters of the sample to a reaction vial of the COD determination kit, seal the vial, and homogenize the mixture by gentle agitation.  Prepare a blank by adding 2 milliliters of distilled water to another reaction vial and homogenize the mixture. 
3.9.1. CU:  Reaction vial as talent adds 2mL of the sample there, seals the vial and gently agitates.
3.9.2. MED-over the shoulder: Talent prepares a blank by adding 2 mL of distilled water to another reaction vial and homogenizes the mixture.
3.10. Place the vials in the digestion reactor at 150 degrees Celsius for 2 hours.  Then, remove the vials and let them cool down in the dark.  Take the readings of the vials in the spectrophotometer at a wavelength of 620 nanometers. 
3.10.1. CU:  Digestion reactor as talent places the vials there.
3.10.2. MED-over the shoulder:  Talent removes the vials.
3.10.3. CU:  Spectrophotometer as talent measures the wavelength of the sample at 620 nm.
3.11. Next, obtain the gas volume from the gas displacement column.  Once sulfate is consumed, supply fresh medium and new nutrients for each batch as done before. 
3.11.1. MED-over the shoulder:  Talent measures the gas volume from the gas displacement column.
3.11.2. CU:  Reactor as talent supplies fresh medium and new nutrients to each batch. Several handheld shots in 1 take, (not well done and due to time-limitations) shot is to be reused for 4.1.1 and 4.6.1.
3.12. When sulfate consumption is over 80 % in less than 24 hours and this occurs for more than one week, switch the operation of the reactor to continuous mode.  For the continuous mode, set the hydraulic retention time, or HRT, to 24 hours by adjusting the flow in the pump and maintain the sulfate concentration at 4 grams per liter and the COD at 10 grams per liter. 
3.12.1. [3.12.1 and 3.12.2 combined] MED:  Talent approaches the reactor and switches the operation of the reactor to continuous mode. 
3.12.2. CU:  Reactor as talent sets the HRT to 24 hours. MED: Talent approaches the reactor and switches the operation of the reactor to continuous mode while setting the HRT to 24 h.
4. Sulfate reducing activity test and Trichloroethylene (TCE) reduction test
4.1. At any given day, stop the reactor after one HRT cycle and supply fresh medium and new nutrients for each batch as done before, using a COD concentration of 10 grams per liter.
4.1.1. MED:  Talent stops the reactor and begins to supply fresh medium for each batch. {similar to shot 3.11.2}
4.2. Once the bioreactor is fed, take 5 to 7 milliliter samples of the liquid and perform analysis for COD, sulfate, sulfide and pH every hour.  Also record the gas volume produced.
4.2.1. CU:  Bioreactor as talent takes samples. {similar to shot 3.1.1}
4.3. For the TCE test, prepare a stock solution of TCE, taking into account that the final concentration of this compound in the liquid phase of the bioreactor must be 300 micromolar.  
4.3.1. MED-over the shoulder:  Talent calculates the amount of TCE needed in a lab notebook, taking into account that the final concentration of this compound in the liquid phase of the bioreactor must be 300 micromolar.
4.4. Consider the partitioning of the compound to the headspace by using the Henry´s Law dimensionless constant for TCE at 34 degrees Celsius.
4.4.1. CU:  Lab notebook as talent performs the calculations to obtain the Henry´s Law dimensionless constant.  TEXT Overlay:  see text protocol or calculations unintentionally slated as  4.3.1 take2, and I'm not sure if 'Henry's law' is well represented here.
4.5. Next, prepare standard curves on the gas chromatograph for each of the compounds to be analyzed using the methods referenced in the text protocol.
4.5.1. MED or WIDE:  Talent working at the gas chromatograph to prepare standard curves.  TEXT Overlay:  TCE, cis, 1-2, dichloroethylene, trans, 1-2, dichloroethylene, vinyl chloride and ethane.   
4.6. At any given day, stop the reactor after one HRT cycle and supply fresh medium and new nutrients for each batch as done before, using a COD concentration of 10 grams per liter. 
4.6.1. MED-over the shoulder:  Talent supplies fresh medium and new nutrients for each batch. {similar to shot 4.1.1}
4.7. Once the bioreactor is fed, add the TCE directly to the liquid in the bioreactor from the stock solution; the final TCE concentration in the liquid phase of the bioreactor must be 300 micromolar.  Set the HRT to 12 hours. 
4.7.1. CU:  Bioreactor as talent adds the TCE directly to the liquid from the stock solution.
4.7.2. MED-over the shoulder:  Talent sets the HRT to 12 hours.
4.8. At the end of one HRT cycle, take samples of the liquid and conduct analysis for COD, sulfate and sulfide.  Also, take samples of the headspace and conduct analysis in the gas chromatograph.
4.8.1. MED:  Talent takes samples of the liquid.
4.8.2. CU: Bioreactor as talent takes samples of the headspace.  TEXT Overlay:  Analyze: TCE, cis, 1-2, dichloroethylene, trans, 1-2, dichloroethylene, vinyl chloride, ethane 
5. Results: Development of the sludge, sulfidogenesis over time and reduction of TCE in the UASB reactor
5.1. A typical behavior of the sulfate reduction in the bioreactor is shown here.  It is important to notice that during the first weeks of operation, sulfate reduction will be slow.  The different periods indicate that sulfate reduction was increasing its rate over time until 4000 milligrams per liter of sulfate were consumed in less than 24 hours.  Then the reactor was operating under continuous regime. 
5.1.1. LAB MEDIA: Figure-5-video-52956.tiff.  Editors, please trace-highlight the curve in the “Batch 1” period as the second sentence is narrated.  Then as the second sentence is narrated, highlight each of the periods (starting with batch II) separated by dotted lines in a sequential fashion through IV Batch.  Then as the last sentence is narrated, highlight the last period (V Continuous).
5.2. The development of the sludge is shown in the reactor. 
5.2.1. LAB MEDIA:  Figure-reactor-video-52956.tiff   Several ECU's of sludge in reactor, if possible to be used instead of lab media tiff.{Additional photos of the reactor with the sludge formed were taken for you to decide if those taken by Marc are better than the one I sent you.}
5.3. Representative results on sulfate reduction, sulfide concentration, COD consumption, and pH variations over time are shown here. These results were obtained in experiments conducted after the bioreactor was under continuous regime for several weeks. 
5.3.1. LAB MEDIA: Figure-6-video-52956.tiff.  Editors, as “sulfate reduction” is narrated, please highlight the curve in the top plot made up of empty diamonds and the y-axis on the left of the plot.  Then as “sulfide concentration” is narrated, highlight the black circle curve on the top plot and the y-axis on the right side of the plot.  As “COD consumption” is narrated, highlight the middle plot following this format and as “pH variations” is narrated, highlight the bottom plot in this format.
5.4. For the experiment in which the sludge was tested on the capability to reduce TCE, the results obtained are shown here. The sulfate reducing activity obtained was slightly lower than that obtained before the TCE addition. 
5.4.1. LAB MEDIA:  Table-1-video-52956-tiff.  Editors, as the second sentence is narrated, please highlight the row of the “Sulfate reducing activity” parameter.
5.5. The gas chromatograph revealed that approximately 80% of the TCE was reduced to ethene. 
5.5.1. LAB MEDIA:  TCE-chromatograph-52956.tiff
5.6. Sulfate reducing bacteria, fermenting bacteria and dehalogenating bacteria were identified in the sludge developed by using this protocol.  The genera of bacteria such as Desulfovibrio (pronounced as “dee-sul-foh-vib-ree-oh”), Desulfomicrobium (pronounced as “dee-sul-foh-mahy-kroh-bee-uh m”), Desulfitobacterium (pronounced as “dee-sul-fahyt-oh-bak-teer-ee-uh m”), Clostridium (pronounced as “klo-strid-ee-uh m”), Dehalobacter (pronounced as “dee-hal-oh-bak-ter”) and Sulfospirillum (pronounced as “suhl-foh spahy-ril-uh m”) have been related to sulfate reduction and biodegradation of chlorinated compounds. 
5.6.1. LAB MEDIA:  Table-2-video-52956.tiff.  Editors, please highlight the 1st and 7th rows as “Desulfovibrio” is narrated; the 2nd, 3rd and 4th rows as “Desulfomicrobium” is narrated; the 9th row as “Desulfitobacterium” is narrated; the 6th row as “Clostridium” is narrated; the 8th row as “Dehalobacter” is narrated; and the 10th and 11th rows as “Sulfospirillum” is narrated.  
6. Conclusion (said by authors on camera)
6.1. Alberto Ordaz: Once mastered, this technique can be done in a similar way with different marine sediments if it is performed properly.  The span of time for the sludge to develop may depend on the source of the sediments.

6.1.1. MED:  Alberto speaks toward camera, interview style.
6.2. Claudia Guerrero-Barajas: While attempting this procedure, remember that the most important thing to do is to periodically check the mass balance on the COD, sulfate and sulfide.  The more active the sludge formed, the higher the possibility to use it for the reduction of TCE and eventually for the degradation of any other toxic compound that may be degraded under sulfate reducing conditions.
6.2.1. MED:  Claudia speaks toward camera, interview style.
6.3. Selene Montserrat García-Solares: After watching this video, you should have a good understanding of how to develop a sulfidogenic sludge from marine sediments in a UASB reactor and to evaluate its performance on reduction of TCE.  You should understand how to inoculate the reactor, how to follow the sulfate reduction reaction over time and how to conduct a test on TCE reduction.  
6.3.1. MED:  Selene speaks toward camera, interview style. 1.2.2 and 6.3.1 / files # 126 and 134 instead if possible.   Due to problems with English pronunciation and uneasy text-reading, Dr. Claudia Guerrero and I decided to re-shoot Selene Montserrat's lines, by Dr. Claudia herself.
6.3   Claudia Guerrero-Barajas: After watching this video, you should have a good understanding of how to develop a sulfidogenic sludge from marine sediments in a UASB reactor and to evaluate its performance on reduction of TCE.  You should understand how to inoculate the reactor, how to follow the sulfate reduction reaction over time and how to conduct a test on TCE reduction.  

6.3.2. MED:  Claudia speaks toward camera, interview style. {Selene Montserrat spoke but her style may not be good enough}
6.4. Paola Zárate-Segura: Following this procedure, other methods like pyrosequencing or other gene analysis can be performed in order to answer additional questions like how many bacteria we have per genera?, or, how the consortium can degrade TCE in a sulfidogenic environment?
6.4.1. MED:  Paola speaks toward camera, interview style. unintentionally slated as 6.3. From the footage files # 054 and 055 are the correct ones. (two takes within each)
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:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

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.
Graphic-Overview-52956 (see JOVE-52956.psd for a layered version of this figure)
Figure-5-video-52956.tiff
Figure-reactor-video-52956.tiff
Figure-6-video-52956.tiff
Table-1-video-52956-tiff
TCE-chromatograph-52956.tiff
Table-2-video-52956.tiff.  
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, as well as an introduction to your videographer, closer to your filming date.
( 2013, Journal of Visualized Experiments


