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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? NO

2. Does your protocol include software usage? NO

[bookmark: _GoBack]3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
2.3, 2.4; 3.1 and 3.2

4. 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.)
3.34

5. Will the filming need to take place in multiple locations? Y 
If yes, how far apart are the locations? 
2 h 50 min. 170 miles
Cell culture and fraction preparation occurs at the University of Massachusetts Medical School (364 Plantation Street Worcester, MA 01605)
The AAS measurements are performed at Skidmore College (815 North Broadway
Saratoga Springs, NY 12866). Dr. Navea has a high resolution camera, so he can film that part of the process.


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

1.1. DR. TERESITA PADILLA-BENAVIDES: The role of transition metals in mammalian development is largely underestimated. Emerging evidence show how that metal homeostasis continuously changes according to the developmental stage of cells and tissues. Moreover, the specific cellular destinations of metals, also vary during development, and of course it is challenging to identify their location. To date, different analytical techniques have been developed to quantify metals, but most are expensive or inaccessible. Intensive research is focused to improve metal determinations in a more accessible and efficient manner [1]. 
1.1.1. INTERVIEW

1.2. DR. JUAN G. NAVEA: Graphite furnace atomic absorbance spectroscopy (GF AAS) has two main advantages: it provides low limits of detections for zinc, allowing for accurate trace Zn analysis. It is also a technique that does not requires high volumes of sample. Microliters of solution tend to be enough to carry out the analysis. The combination of these two advantages makes GF AAS ideal to quantify trace elements in low volume samples [1].
1.2.1. INTERVIEW


OPTIONAL Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

1.3. Shellaina J.V. Gordon: Several human pathological conditions are related to metals misbalances. Some examples are anemia, acrodermatitis enteropathica, and Wilson’s and Menkes’ diseases. Therefore is important develop efficient and reliable methods to measure the levels of transition metals in biological samples with high sensitivity and accuracy. GF-AAS is an excellent example on a technology that facilitates the determination of any given metal in normal physiological conditions and in pathogenic cases [1].
1.3.1. INTERVIEW

1.4. Yao Xiao: The method is very versatile. It can be applied to many systems and many elements can be analyzed using GF AAS. The challenges are to establish the method: limits of detection and linearity, making sure that the sample fall within these limits. Given the fact that the volume of sample is low, there is not a lot of room for testing, so careful examination of data needs to take place since the very beginning. After the first analysis of the samples, we need to establish what are the dilution factors needed to bring the samples to the limits required for quantification [1].
1.4.1. INTERVIEW


1.5. DR. TERESITA PADILLA-BENAVIDES: Be sure that you are able to fractionate the nuclei properly before going to the AAS. Western blots are always good validation prior to the spectroscopic analyses [1].
1.5.1. INTERVIEW

1.6. DR. JUAN G. NAVEA: While the GF AAS requires low volumes, intracellular pools are in low volumes already. That gives little room for testing: the first measurements need to me carefully done and examined, so the sample treatment necessary can be minimized to just one dilution factor [1].
1.6.1. INTERVIEW






Section - Protocol
All methods, protocol and studies described here were approved by the Institutional Animal Care and Use Committee (IACUC) of University of Massachusetts Medical School.
2. Mammalian Cell Culture Sample Preparation for AAS (Atomic Absorption Spectrometry): Whole Cell and Subcellular Fractionation 
2.1. To begin, culture the cells of interest in 55 square centimeters plates [1]. Use a vacuum trap to aspirate the culture media [2]. Be sure to remove all traces of media [3]. Use ice-cold PBS free of calcium and magnesium to rinse the cells from desired time points or culture conditions three times [4-TXT].
2.1.1. MED: Talent shows the plates with cells.
2.1.2. CU: Talent aspirates the media.
2.1.3. CU: Shot of the plate with no media.
2.1.4. MED: Talent rinses cells and aspirates media. TEXT: PBS used in the following steps is free of calcium and magnesium.
2.2. Then, add 1 milliliter of ice-cold PBS to the plate, and scrape the cells off the plate [1]. Transfer the cell suspension to a 1.5 milliliter microcentrifuge tube and keep it on ice [2]. Centrifuge for 10 seconds at 10,000 times g [3], and remove the supernatant by aspiration [4].
2.2.1. CU: Talent adds buffer and scrapes cells.
2.2.2. MED: Talent transfers cell suspension to tube and places it on ice.
2.2.3. MED: Talent places the tube in centrifuge.
2.2.4. CU: Talent removes supernatant.
2.3. If metal analysis of cytoplasmic and nuclear fractions is desired, resuspend the cell pellet in 400 microliters of ice-cold PBS, containing 0.1% NP-40 (pronounce as N-P-forty), a non-ionic detergent [1-TXT]. Transfer 100 microliters to a new microcentrifuge tube as the whole cell sample, and store it at -20 degrees Celsius [2].
2.3.1. CU: Talent adds solution to the tube to resuspend cell pellet. TEXT: 0.1% NP-40: Nonidet P-40
2.3.2. MED: Talent transfers 100 microliters to a new tube, and shows the new tube. 
2.4. To isolate nuclei, use a P1000 (pronounce as P-one thousand) micropipette tip to pipette the 400-microliter cell suspension up and down 5 to 10 times on ice [1-TXT].
2.4.1. CU: Talent pipettes cell suspension on ice. Close up of the solution. TEXT: 0.5 % NP-40 is required for nuclei isolation of epithelial cells 
2.5. Then, extract 5 microliters of the cell suspension and transfer it to a microscope glass slide [1]. Place the 5 microliters under a light microscopy using a 40 times objective [2] to verify the nuclei integrity [3-LM].
2.5.1. MED: Talent transfers the cell suspension.
2.5.2. MED: Talent places the 5 microliters under microscopy and adjusts objective.
2.5.3. Figure provided by Author.
2.6. Centrifuge the remaining 395 microliter cell lysate suspension for 10 seconds at 10,000 times g [1]. Transfer the supernatant containing cytosolic fraction to a new microcentrifuge tube [2].
2.6.1. MED: Talent places the tube into centrifuge.
2.6.2. CU: Talent transfers supernatant in the tube. Close up of the pipette tip.
2.7. Next, add 500 microliters of the PBS containing 0.1% NP-40 to rinse the pellet with nuclear fraction [1], and centrifuge for 10 seconds at 10,000 times g [2]. Remove the supernatant and resuspend the pellet containing the nuclei in 100 microliters of the same solution [3]. 
2.7.1. MED: Talent adds solution to the tube containing pellet.
2.7.2. MED: Talent paces the tube into centrifuge.
2.7.3. CU: Talent removes supernatant and adds solution to the tube.
2.8. To lyse the cells, use a bioruptor to sonicate the whole cell and nuclei containing solution three times each for 5 minutes [1-TXT]. Proceed to perform quality control of the purity of the fractions by western blot using antibodies specific for either the nuclear or cytosolic fractions [2-TXT].
2.8.1. MED: Talent sonicates the cell suspension. TEXT: 30 s on/30 s off, 50 kHz, 200 W
2.8.2. WIDE: Talent prepares for the rest of the experiment. TEXT: Nuclear fractions: histones, chromatin remodelers and nuclear matrix proteins; Cytosolic fractions: β-tubulin and β-actin
3. Zn Content Analysis of Whole Cell and Subcellular Fractions of Mammalian Cell Cultures by AAS
3.1. First, add an equal volume of concentrated nitric acid of trace metal grade to the whole cell, cytoplasmic and nuclear fractions containing 100, 500 and 100 microliters of cell suspension in 1.5 milliliter microcentrifuge tubes [1-TXT], and place them in a thermoblock at 80 degrees Celsius to mineralize the cell culture for 1 hour [2].
3.1.1. MED: Talent adds acid into the tubes. TEXT: Caution! Nitric Acid is highly corrosive!
3.1.2. MED: Talent places the container in a thermoblock.
3.2. After that, take out the tubes from the thermoblock and place them in a rack to continue the acid digestion overnight at 20 degrees Celsius [1].
3.2.1. MED: Talent takes out the 1.5 mL microcentrifuge tubes from the thermoblock and place them in a rack.
3.3. Stop the reaction by adding 30% of the sample volume of hydrogen peroxide [1]. Bring the sample volume to 500 microliters with purified water at 18 mega ohms [2]. 
3.3.1. CU: Talent adds H2O2 to the solution.
3.3.2. CU: Talent adds purified water to all the samples. Close up of the measuring volume on the epperndorf tube.
3.4. Next, in a 15-milliliter falcon tube, dilute analytical grade standard nitric acid in purified water at 18 mega ohms to prepare 2 volume percent nitric acid solution as the blank solution during calibration [1]. Then, use the 2 volume percent nitric acid solution to dilute a commercially available 1000 ppm (pronounce as P-P-M) Zinc stock solution to the concentration of 1000 ppb (pronounce as P-P-B) [2-TXT].
3.4.1. MED: Talent dilutes solution.
3.4.2. MED: Talent dilutes the zinc solution. TEXT: ppm: parts per million; ppb: parts per billion
3.5. Prepare working standard solutions from the 1000 ppm zinc standard solution to 1000 ppb solution, then dilute it to 5, 8, 10, 15, 20, and 25 ppb directly with 2 volume percent nitric acid solution [1-TXT].
3.5.1. MED: Talent performs the dilution. TEXT: 5, 8, 10, 15, 20, and 25 ppb
3.6. Place 1milliliter of 0.1% magnesium nitrate matrix modifier into polypropylene sample cups and then load the cups into the autosampler carousel [1]. Program the atomic absorption spectroscopy to automatically add 5 microliters of the matrix modifier to the Zinc standards and the blank [2].
3.6.1. MED: Talent adds matrix modifier into cups and loads into carousel.
3.6.2. MED: Talent changes the settings on the computer.
3.7. Set the same optimized condition on the Atomic Absorption Spectrometry for the standard solutions and samples [1], with introduction flow rate at 250 milliliters per minute, injection temperature at 20 degrees Celsius, and Graphite furnace temperature reaching 1800 degrees Celsius in 4 step processes [2].
3.7.1. MED: Talent adjusts settings on the spectrometry.
3.7.2. CU: Talent adjusts flow rate, injection temperature, and GF temperature on the spectrometry.
3.8. Dr. Juan Navea: All standards and samples of a single experiment should be measured at the same time to avoid mistakes due to calibration difference or evaporation [1]. 
3.8.1. INTERVIEW
3.9. Optimize the lamp C-HCL (pronounce as C-H-C-L) to a current of 20 Amps, wavelength of 213.9 nanometers, and slit of 0.7 nanometers [1]. Pipet the samples into polypropylene sample cups and place them into the autosampler carousel [2].
3.9.1. MED: Talent adjusts settings on the spectrometry.
3.9.2. MED: Talent loads samples.
3.10. The lower limit of detection of Zinc is 0.01 ppb [1-LM-TXT]. By increasing the concentration of the standards, the upper limit of detection of Zinc is determined to be 20 ppb [2-LM]. 
3.10.1. Figure 3. TEXT: LODZn=0.01 ppb
3.10.2. Figure 3
3.11. After Zinc standard curve is obtained, measure the mineralized samples to determine metal content [1]. If the data obtained is beyond the limit of detection [2], dilute the samples with 18 mega ohm purified water treated with 0.01% analytical grade nitric acid [3].
3.11.1. MED: Talent loads samples.
3.11.2. SCREEN: Talent shows the detection beyond limit.
3.11.3. MED: Talent does the dilution.





Section – Results
4. Results: Purity of Subcellular Fractions and Zinc Levels in Different Mammalian Cultured Cells
4.1. In this rapid isolation of nuclei protocol, representative western blot from differentiating primary myoblasts shows the purity of subcellular fractions [1]. 
4.1.1. Figure 2
4.2. The chromatin remodeler enzyme Brg1 (pronounce as bee ar gee one) was used to identify the nuclear fraction [1], and tubulin was used to identify the cytosolic fraction [2]. 
4.2.1. Figure 2 – Video editor: emphasize the band at Nuc in the first image.
4.2.2. Figure 2 – Video editor: emphasize the band at Cyt in the second image.
4.3. This figure shows representative light micrographs for proliferating and differentiated or confluent monolayers of each cell type [1] and the corresponding Zinc content in whole cell extracts, cytosolic and nuclear fractions [2]. 
4.3.1. Figure 4ABCD – Video editor: emphasize the images on the left
4.3.2. Figure 4ABCD – Video editor: emphasize the charts on the right
4.4. All the cell lines analyzed in this study showed Zinc concentrations in the nanomolar range [1]. Differentiated primary myotubes exhibited higher levels of Zinc [2] than proliferating cells [3].
4.4.1. Figure 4ABCD – Video editor: emphasize the charts on the right, and emphasize the y axis
4.4.2. Figure 4ABCD – Video editor: emphasize Figure 4A, and emphasize the black columns
4.4.3. Figure 4ABCD – Video editor: emphasize Figure 4A, and emphasize the white columns
4.5. A similar subcellular distribution of Zinc was detected in the neuroblastoma derived cell line N2A (pronounce as N-two-A) [1]. On the other hand, the established 3T3-L1 (pronounce as three-T-three el-one) cell line [2] exhibited higher levels of Zinc when the pre-adipocytes were proliferating [3] than when they were induced to differentiate [4]. 
4.5.1. Figure 4ABCD – Video editor: emphasize Figure 4B
4.5.2. Figure 4ABCD – Video editor: emphasize Figure 4C
4.5.3. Figure 4ABCD – Video editor: emphasize Figure 4C, and emphasize the white columns
4.5.4. Figure 4ABCD – Video editor: emphasize Figure 4C, and emphasize the black columns
4.6. MCF10A (pronounce as M-C-F-ten-A) cells showed equal levels of Zinc between cytosolic and nuclear fractions in proliferating cells [1]. Once MCF10A cells reach confluence, a 40% decrease in whole cell Zinc levels was detected [2], and the metal was found to be most concentrated in the cytosolic fraction [3]. 
4.6.1. Figure 4ABCD – Video editor: emphasize Figure 4D, and emphasize the second and third white columns
4.6.2. Figure 4ABCD – Video editor: emphasize Figure 4D, and emphasize the first two columns one by one.
4.6.3. Figure 4ABCD – Video editor: emphasize Figure 4D, and emphasize the second black column.



Section - Conclusion
5. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
5.1. Dr. Teresita Padilla-Benavides: Graphite furnace atomic absorption spectrometry is a highly sensitive technique to measure transition and heavy metals in biological and environmental samples. Special care and cleanliness in the preparation of subcellular fractionation should be taken, as minimal contamination will likely interfere with the analyses, due to the sensitivity of the equipment [1] [2].
5.1.1. Use 2.1.3
5.1.2. INTERVIEW
5.2. Juan G. Navea: Given the low volumes and trace levels of metals we have in every experiment, it is difficult to think of a more accurate technique to measure Zn than GFAAS. There are no current techniques that can provide the low limits of detection and low volume required at the relatively low cost of GF AAS [1].
5.2.1. INTERVIEW
5.3. Teresita Padilla-Benavides: Graphite furnace atomic absorption spectrometry is accurate, sensitive, cost effective and accessible; this analytical technique will continue to improve as elemental detection technology continues to advance. Future applications for detection of Zn and other metals by GF AAS will include organs and tissues obtained from animal models, and biopsies from patients with diseases associated with systemic metal imbalances. [1]. 
5.3.1. INTERVIEW
5.4. Juan G. Navea: Nitric acid is an extremely corrosive acid capable of causing severe chemical burns very rapidly. This chemical can also react violently with certain compounds such as metallic powders. Because of the hazards posed by nitric acid, it is important to take strict safety measures whenever handling it. When handling nitric acid, we strongly recommend you wear chemical safety glasses, a face shield for splash protection, gloves, and an approved vapor respirator if ventilation is not adequate. [1].
5.4.1. INTERVIEW
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