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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 using the step numbers listed in this document. __The steps associated with the microalgae growth will and metals sample preparation will be most beneficial.  These steps are 2, 3 and 4 for the growth and 5 and 6 for the sample preparation in the submitted script.

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document.__ Properly inoculating the system represents a challenging process.  Steps  3 and 4. 

E.  Will the filming need to take place in multiple locations? (Y/N) ____Y___ If yes, how far apart are the locations? ___less than 5 minutes by car._____

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

Procedural Narrative:
The overall goal of this procedure is to quantify the impact and end fate of heavy metals introduced into microalgae growth systems as a result of CO2 from coal power plants being used as the carbon source for growth. (Intro)
This is accomplished by first understanding the potential contamination levels based on integrating coal flue gas with microalgae cultivation.  These levels are used as baseline contamination and stocks are made. (P1, Editor, begin with the flue gas generating facility and the skull and crossbones.  Then add in the arrow and bring in the growth system.  For ‘and stocks are made,’ add in a picture of the stock solutions.  The authors will provide image of stock solutions.)
Next, the required inoculum is cultivated and the large-scale growth platform is set up. (P2, Editor, show an image of a flask or plate of an inoculum and then next to it, bring in the square panel under the biomass panel (a growth system that has not been inoculated yet).  Authors will provide  image of inoculum on the day of the shoot.)
Then, the system is inoculated and samples are periodically taken for processing. (P3, Editor, place image of large scale growth system here with talent taking a sample.  Authors will provide image on day of shoot.)
Finally, the biomass is isolated and the end fate of the contaminants is quantified. (P4, Editor, add in the green biomass panel and for ‘the end fate of the contaminants is quantified,’ bring in the  ‘Losses circle, the ‘Media’ circle, and the ‘Biomass’ circle.)
Ultimately, Inductively Coupled Plasma Mass Spectrometry, or ICPMS, is used to determine the metals that are absorbed by the biomass, and combined with optical density measurements, enables the impact of the contaminants on the system to be understood. (P5, Editor, use Figure 3 for the ICPMS and then bring in Figure 2 for the optical density measurements.)
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).  
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Katerine Napan: The main advantage of this technique over existing methods, is the ability to directly quantify the end fate of a multiple metal system.   Though this method can provide insight into the impact of heavy metals from flue gas, it can also be applied to other systems, such as ground water contamination.

1.2. Brian McNeil: This method can help answer key questions in the microalgae field, such as the impact of heavy metals on productivity and the ability of microalgae to be used for bioremediation.  

1.3. Derek Hess: Generally, individuals new to this method will struggle because of the potential for contamination and the required precision in preparing samples and analysis with an ICPMS.

1.4.  Jason Quinn: We first had the idea for this method, when we were trying to understand the potential impacts of metals on algae from flue gas integration.  It was through discussions with fellow researchers at the water research laboratory that we were made aware of the method.

Protocol (read by voice talent at JoVE):

2. N. salina Medium and Inorganic Contaminants Stock Preparation
2.1. After building the microalgae experimental growth system and preparing labware according to the text protocol, partially fill a 20-liter autoclavable container with distilled water and insert a magnetic stir bar.  

2.1.1. WIDE/MED of experimental growth system

2.1.2. MED/CU Labware arranged on bench 

2.1.3. MED Talent finishes filling 20-liter container and inserts magnetic stir bar

2.2. Place the container on top of a magnetic stir plate and one at a time, add the chemicals shown here (TEXT: Table 3 minus the ingredients with *), allowing each to fully dissolve before adding the next.

2.2.1. MED Talent places container on magnetic stir plate and turns on

2.2.2. LAB MEDIA Table 3, Editor, show only the ‘component’ column and compress.   Fade out or remove the bottom three rows with the * and place table on side of talent so that viewer can see talent adding chemicals

2.2.3. MED/CU Talent adds a chemical and it dissolves then adds next chemical

2.3. Autoclave the medium at 120°C for 30 minutes and allow it to cool to room temperature before adding the vitamins (TEXT: refer to Table 3). 

2.3.1. WIDE Talent opens autoclave door and removes container of medium

2.3.2. MED/CU Talent adds vitamins to cooled medium

2.3.3. LAB MEDIA Table 3, bottom three rows with *, Editor, show only the component column of the bottom three rows and overlay with 2.3.2 or place as a split screen with 2.3.2
2.4. To prepare inorganic contaminants stock solutions, with distilled water, partially fill volumetric flasks and add the individual salt listed here (TEXT: refer to Table 4).  Then fill with distilled water to the required volume and mix thoroughly (TEXT: wear protective covering when working with contaminants).

2.4.1. LAB MEDIA Table 4, Editor, show for first part of first sentence, then shrink the table down to an inset for 2.4.2 then expand for 2.4.4

2.4.2. MED Talent fills flasks with distilled water

2.4.3. MED/CU Talent begins to add salts from Table 4, 

2.4.4. LAB MEDIA Table 4, Editor, use just ‘Salt source’ column from Table 4 and place side by side with 2.4.3 for ‘individual salt listed here’

2.4.5. MED/CU Talent fills to volume with water

2.4.6. MED Talent places on stir plate stirs by hand
2.5. Sterilize the inorganic contaminant stocks by passing the solutions through a sterile 0.2 um syringe filter and collect the filtrates in sterile tubes.

2.5.1. MED/CU Talent passes a stock solution through filter into a tube - have other filled tubes labeled and in view here
3. N. salina Inoculum Production
3.1. To prepare N. salina inoculum, after growing colonies in sterile petri dishes according to the text protocol, inoculate 200 ml of previously prepared nutrient rich medium in baffled Erlenmeyer flasks with N. salina colonies and incubate them on an illuminated shaker table (TEXT: 1000 rpm).    Allow the culture to grow until the medium becomes green.

3.1.1. MED/CU Talent at bench picks up a Petri dish of N. salina for camera

3.1.2. CU Talent inoculates flask of medium

3.1.3. MED/CU Talent places flask next to other flasks on illuminated shaker table and turns on

3.1.4. MED/CU Talent picks up flask with green culture and holds for camera
3.2. Transfer the microalgae to a 1.1 liter sterile photobioreactor, or PBR.  Place the PBR in an inoculums water bath illuminated at 200 umol m-2/sec with T8 fluorescent lights and use a recirculating chiller and automated heating recirculating water bath control to maintain at 23 degrees C.

3.2.1. MED/CU Talent transfers microalgae culture to a 1.1 liter sterile PBR

3.2.2. MED/CU Talent places PBRs in illuminated water bath

3.2.3. CU Talent adjusts chiller/heating control to 23 degrees C

3.3. Adjust the air and CO2 rotometers to 2.5 L/min and 25 cc/min, respectively.  Grow and harvest the microalgae according to the text protocol.

3.3.1. CU Talent adjusts the air and CO2 rotometers to values shown

3.3.2. MED of talent placing culture into centrifuge to harvest

4. Experimental Reactors
4.1. Using 70% ethanol, sterilize a calibrated pH meter and check that the pH is ~7.0.  

4.1.1. CU Talent disinfects pH meter with 70% ethanol 

4.1.2. CU Talent checks calibration and pH reads 7.0

4.2. To each previously prepared PBR, add 1 ml of each of the sterile inorganic contaminant stocks to reach a final concentration shown in this table (TEXT: add sterile distilled H2O to control PBRs).

4.2.1. MED/CU Talent adds series of stock contaminant to a PBR from labeled containers

4.2.2. LAB MEDIA Table 4, ‘Analyte’ column and ‘Analyte concentration’ columns only, Editor, place side by side with 4.2.1 when mentioned

4.3. Next, add the concentrated microalgae inoculum to the experimental PBRs at an initial culture density of 1 gram per liter.  Then turn on the high intensity lights (TEXT 984 µmol m-2 s-1) and pH controllers and adjust CO2 to 30 cc per minute.

4.3.1. CU Talent adds concentrated microalgae inoculum to PBRs

4.3.2. MED Talent turns on high intensity lights

4.3.3. MED/CU Talent turns on pH controllers and adjusts CO2 to 30 cc per minute

4.4. After growing the cultures for 7 days according to the text protocol, harvest the biomass by centrifugation at 9936 x g.  Collect both the biomass and supernatant medium and preserve at -80°C.   

4.4.1. MED Talent removes 7 day cultures from lights

4.4.1B Filling small bottles

4.4.1C Balancing
4.4.2. MED Talent places centrifugation tubes of culture into centrifuge

4.4.2B Setting Centrifuge
4.4.3. CU Tubes of biomass and separate tubes of supernatant

4.4.4. WIDE Talent places samples into -80 freezer

4.5. Then freeze dry the biomass at 0.1 mbar and -50 degrees C overnight.  Use a spatula inside the centrifuge tube to powder the biomass.

4.5.1. CU Talent begins freeze dry sample

4.5.2. CU/ECU Talent uses spatula to powder biomass in a tube

5. Microwave Assisted Digestion of Samples
5.1. To prepare samples for Inductively Coupled Plasma Mass Spectrometry, or ICPMS, begin by using soap and water to wash Teflon microwave digestion vessels and let them air dry.  
5.1.1. MED/CU Talent washes a vessel with soap and water 
5.1.2. [combined with 5.1.1] MED/CU Talent places vessel on bench or drying rack to air dry with other vessels
5.2. After removing trace metals according to the text protocol, to digest the biomass, add 50 mg of freeze dried biomass to the microwave digestion vessels.  
5.2.1. MED/CU Talent picks up tube of biomass (with trace metals removed)
5.2.2. CU Talent adds biomass to digestion vessels
5.3. For quality control, prepare two laboratory fortified blank, or LFB, vials containing either 5 ml of Level 7 ICPMS standard or 5 ml of Level 7 Hg cold vapor atomic absorption spectrophotometry, or CVAAS, standard.    Leave another vial empty to be used as the laboratory reagent blank, or LRB.
5.3.1. CU Talent transfers standard to two LFB vials with ICPMS and CVAAS standards labeled and visible
5.3.2. CU Talent places empty vial next to two blanks Changing pipette tip
5.4. Next, to each vial, add 7 ml of concentrated trace metal grade nitric acid and 3 ml of hydrogen peroxide.  Then swirl the solution to homogenize before digesting the contents of each vial and analyzing according to the text protocol.  
5.4.1. CU Talent adds nitric acid to vials
5.4.2. CU Talent adds hydrogen peroxide to vials when mentioned
5.4.3. CU Talent swirls vials to homogenize, Videographer, get enough footage for the entire last sentence here
6. Results: Biomass Yields and Quality Control Assessment of Inorganic Contaminant Quantification 
6.1. This figure shows the average N. salina 7 day culture densities for control reactors and multi-metal contaminated reactors with very small standard error based on sampling from three independent PBRs.
6.1.1. LAB MEDIA Figure 2A, Editor, for control reactors, point out the solid black circles and for metal contaminated, point out the open circles.
6.2. To ensure this was not an isolated result, three more batches were grown and the combined results for all four batches are illustrated here.  This study shows that there is a statistically different and negative impact of inorganic contaminants on N. salina production from 2 days onwards compared to controls. 
6.2.1. LAB MEDIA Figure 2B, Editor, for the ‘negative impact of inorganic contaminants…’ point out the open circles along the lower dashed line and for the controls, point out the filled in circles with the solid line above
6.3. Twelve of the fourteen elements analyzed were fully recoverable after digestion as shown by the LFB %R with %R near 100%, indicating no losses, no gains and no cross-contamination of analytes during digestion. 
6.3.1. LAB MEDIA Table 10, Editor, when mentioned, point out the LFB %R column
6.4. The concentrations of heavy and inorganic contaminants found in the biomass for the 12 elements analyzed are shown here.  Combining data from triplicate PBRs from 4 batches consistently shows that inorganic contaminants are present in the biomass.
6.4.1. LAB MEDIA Figure 3A
6.4.2. LAB MEDIA Figure 3B, Editor, bring in next to 3A for the last sentence 
6.5. Results from triplicate PBRs for batch #1 show that most contaminants were localized to the biomass rather than the supernatant, with several sample concentrations close to the MRL of the instrument.  Results for all four batches are presented here.

6.5.1. LAB MEDIA Figure 4A

6.5.2. LAB MEDIA Figure 4B, Editor, bring in this panel for the last sentence.
7. Conclusion (said by authors on camera)
7.1. Derek Hess: While attempting this procedure, it’s important to remember to be meticulous in maintaining a clean system as contaminants can be detrimental to the results.

7.2. Brain McNeil Following this procedure, other conceptual growth questions can be performed in order to answer additional questions like the impact of light or nutrients on growth system contaminated with heavy metals or the potential for microalgae to be used for bioremediation.
7.3. Jason Quinn: After watching this video, you should have a good understanding of how to not only cultivate algae but also prepare samples for ICPMS.
7.4. Katerine Napan: Don't forget that working with heavy metals can be extremely hazardous and precautions such as gloves and use of a fume hood 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:

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.

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


