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	1. Video Title – Basic Tissue Culture: Passaging Cells
Animation & Video
	(A) Start video with JoVE Science Education logo. Then fade on Title. 

(B) JoVE generated animation: Cells densely populating one flask grow to the point when medium changes color, then they are transferred to new flasks where they are at a more “appropriate” density.  

(C) Generic shots from video for 4 panel backdrop: 

(1) 3854:04:31-04:34 PBS being added to flask (keep TEXT)


(2) 4206@05:45-05:50 trypsin being added to cells in petri dish


(3) 4327@07:25-07:30 (plating PBMCs onto MEFs)


(4) 4140@01:21-01:23 (no TEXT) (HeLa cells)

	(A) Passaging, or subculturing, of cells, is a common procedure wherein cells from a given culture are divided, or “split”, into new cultures and fed with fresh media to facilitate further expansion. (B). While the concept itself is relatively simple, in this video we will discuss some of the more important steps for the successful maintenance and expansion of cell lines. (C).


	2. Section title: 

Basic Principles of Subculturing Cells

	
	Toxic metabolites accumulate in cell culture media over time. When expanding cells, it is particularly important to change the media regularly to maintain cell health and to monitor the cell expansion to avoid cell overgrowth – which also can be detrimental to the cells.



	3. Video and Animation
	(A) 4415@08:02/Figure 1: fluorescently-labeled HeLa cells [Panel (A) or (C), no figure labels] OR 4140@01:21-01:23 (no TEXT) 
(B) 3274@04:06
	Generally, two main types of cells are subcultured: immortalized cell lines (A) and stem cell lines (B).



	4. Animation and Video
	(A) JoVE generated animation (Outline of human body, inset magnification of pelvic area, blow up to image of cells, cells are “zapped” and some cells become “zombie cells”) 

(B) 4415@08:02/Figure 1: fluorescently-labeled HeLa cells [Panel (A) or (C), no figure labels] OR 4140@01:21-01:23 (no TEXT) (HeLa cells) (TEXT: with “Ms. Henrietta Lacks in 1951” show “Henrietta Lacks” if possibly, maybe make the unbolded text fade and have the HeLa then merge together)
	Immortalized cell lines are cells that are derived from multicellular organisms that have experienced some type of mutation affecting their cell cycle regulation, allowing them to proliferate indefinitely (A). Perhaps the most famous immortalized cell line is the HeLa cell line, which was derived from a cervical cancer lesion found on a biopsy taken from Ms. Henrietta Lacks in 1951 (B).



	5. Animation
	(A) JoVE generated animation: insets appear over parts of the body where adult stem cells are found.   Also, ES cell 
(B) 3274@04:06
	In contrast to cell lines immortalized by cancer, stem cell lines are generated by isolating self-renewing and multipotent cells from a variety of tissues both from adult, and more controversially, embryonic tissues (A).

Under the right conditions these cells, like the human embryonic stem cells you see here, can be maintained in culture, indefinitely. (B).  



	6. Animation and Video  


	(A) 755@04:14-04:20   
(B) 4140@01:21-01:23 (no TEXT) (HeLa cells)
	Cells are either optimally cultured in suspension, like immortalized cells isolated from blood (A), or they grow best when adhered to a surface, as is the case for many tissue-derived cells (B).   
   

	7. Video
	(A) 1427@01:21-01:26 (keep TEXT)

(B) 4140@01:21-01:23 (keep TEXT)

(C) 1427@09:11 image of overgrown colonies (Figure 2c)

	The growth of these adherent cells must be closely monitored to ensure cell health (A). Depending on the cell type, most adherent cells need to be passaged when they are 70-90% confluent, that is, when they cover 70-90% of the culture container surface. 



	8. 
	From 4(A): JoVE generated animation of regular cells becoming zombie cells
	Bear in mind that cell lines retain many characteristics of the original cell culture, but with each successive passage they can also begin to acquire characteristics unique to the expanded culture. Therefore, consider limiting the number of times you continue to passage an individual cell culture.

 

	9. Section Title:

Common Equipment/Reagents for Passaging Cells

	
	When passaging cells, it is important to use sterile technique and the appropriate reagents and equipment.

	10. Video
	(A) 1026@03:46-03:52 (Adding cells to culture flasks) (no TEXT)

(B) 3274@01:38-01:43 (actually it is media being warmed up to 37°C, but it is not uncommon for FBS to be aliquoted and frozen in 50 ml conical tubes: this could easily be a shot of FBS being heat-treated) (TEXT: FBS, 56°C, 30-60 min)

	It is essential to use the appropriate media for the optimal growth and expansion of your cell line (A). Each cell line will require a specific growth supplement cocktail, however, most cell lines at minimum require supplementation 
with the following: Serum, such as Fetal Bovine Serum, which must be heat-treated to inactivate the bovine complement and which provides vital growth factors for the cells (B),



	11.  Video
	(A) 1137@11:04 (CU: multiple cell culture reagents, please highlight PenStrep bottle in bottom right of frame)
(B) 3274@01:51-01:56 (MED: filtering of FGF for media preparation)
(C) 3274@01:35-1:38 (WIDE: Media being stored in 4°C fridge)

	antibiotics, like penicillin and streptomycin, which help limit contaminating growth in the culture(A)., and other growth factors, like fibroblast growth factor, to help prolong the growth and expansion of the cell lines (B). Store the supplemented, or “complete”, cell culture media at 4°C when you are not using it (C).


	12.  Video
	(A) 1427@00:52-00:54 different colors of media in 50 ml tubes

(B) 1427@00:54-00:56 (possibly highlight tube of orange media) (TEXT: Orange media = healthy media = happy cells!)


	First, take note of the color of the tissue culture media (A). Fresh, cell culture media is rich in nutrients and appears a clear, orange color, partly due to the addition of the pH indicator, phenol red (B). 


	13.  Video
	1427@00:57-01:03 (possibly highlight tube of yellow media) (TEXT: Yellow media = cell overgrowth = unhappy cells)


	As cells begin to use up nutrients in the media, waste and acid begin to build up in the cell culture, lowering the pH. For this reason, many tissue culture medias contain phenol red, which turns the media from orange to yellow when cells turn the culture acidic. Change the media before it turns this color! 


	14.  Video
	1427@01:06-01:09 (possibly highlight tube of pink media) (TEXT: Pink media = low CO2 = unhealthy cells)
	When the phenol red turns the media a pinkish color, indicating that the pH has become too basic for healthy cell growth, it may be time to change your CO2 tank as well as your media.



	15. Video
	(A) 4140@01:21-01:23 (no TEXT) (HeLa cells) (TEXT: Culture containers can be coated/treated to facilitate cell attachment)

(B) 4140@01:07-01:14 (adding HeLa cells to petri dish)

(C) 2969@01:43-01:46 (MEDOTS: one well of 6 well plate being scraped with cell scraper)

	Most adherent cell lines attach naturally to uncoated plastic (A). Therefore plastic cell culture plates, like petri dishes (B) or 6 well plates (C), are frequently used for subculturing cells. 



	16. Video
	(A) 2011@04:42-04:46 (MEDOTS: Cell suspension being added to T25 flask) (no TEXT)

(B) 4450@03:40-03:44 (MED: Glial cell culture being added to flask)


	Plastic cell culture flasks are also used. The T25 cell culture flask, for example, is often used to expand small cell line populations or to start the growth of a slowly expanding cell line (A). T75 culture flasks are commonly used for cell lines that proliferate more quickly or to generate larger numbers of cells than can fit in a T25 flask (B).



	17.  Animation & Video
	(A) JoVE generated animation (cell just above petri dish surface with proteins extending to attached to plate bottom, proteins are cleaved, cell smiles and floats gently up)

(B) 3854@04:45-04:51 (PBS and trypsin bottles in frame, then trypsin being added to flask)

(C) JoVE generated animation (cell above petri dish surface with proteins attached to plate bottom, proteins are cleaved, along with chunks of cell’s face, cell is sad as floats up)


	When removing adherent cells, the proteins that bind the cells to the plastic must first be cleaved (A). For this purpose, the digestive enzyme trypsin is frequently used (B). It is important to carefully time the trypsin exposure, as treatment for too long can result in damage to other cell surface proteins (C). 



	18.  Animation & Video
	3854:04:31-04:34 PBS being added to flask (keep TEXT)



	Cell culture media can contain trypsin neutralizers. Therefore, phosphate buffered saline, or PBS, is often used to wash the cells before trypsinization.



	19.  Video
	(A) 1137@09:43-09:50 (CU: Trypsin-EDTA being added to top petri dish, dishes then swirled) (keep TEXT)


	EDTA, a calcium chelator, is sometimes also used to enhance the proteolytic function of trypsin.



	20. Video
	1524@03:06-03:15 MED putting flask into incubator (Keep 5% CO2, 95% humidity, 37°C TEXT, no 24 hrs TEXT)


	For expansion of the cell colony, the freshly-passaged cells are then grown in a cell culture incubator under the conditions appropriate to that cell line, typically at about 37°C, 5% CO2, and 95% humidity. 



	21. Section Title:

How to Passage Cells

	
	Now let’s passage some cells!

	22.  Video
	1427@01:21-01:26 (keep TEXT)

 
	Before you begin, it is important to understand how frequently your cells should be monitored, which will depend on how fast your cells proliferate.   



	23. 
	



	


	24.  Video
	1427@00:48 (keep TEXT)

	Now that your media is a happy orange color, observe the other culture conditions, such as whether or not the culture is cloudy – possibly indicating contamination, the size and density of the cell colonies and the overall quality of the cells.

 

	25.  Video
	(A) 4140@01:21-01:23 (keep TEXT)

(B) 1427@04:43-04:48 (CU: media aspirated from MEFs/stem cells)

(C) 1427@07:06-07:14 (Washing [adding then swirling] with PBS w/o Ca2+/Mg2+)

	If the cells have reached about 90% confluency 
(A), remove the tissue culture media (B) and wash the cells with calcium- and magnesium-free PBS (C).



	26.  Video
	(A) 4206@05:45-05:50 trypsin being added to cells in petri dish (TEXT: Trypsin: ~5 min, 37°C) 
(B) 755@02:09-02:12 (SCOPE: detached cells)
(C) 4206@05:51-05:55 trypsin being neutralized in petri dish (TEXT: Stop proteolysis with fresh media)
	Now incubate the cells at 37°C with trypsin (A). After about 5 minutes, confirm that the cells have detached (B), and then stop the proteolysis by adding fresh tissue culture media (C).



	27.  Animation
	1427@04:02-04:18 cell suspension centrifuged, supernatant removed, pellet resuspended 
	Wash the now suspended cells in extra tissue culture media, carefully remove the supernatant without disturbing the pellet, and then resuspend the cells in fresh media.



	28.  Video
	(A) 2066@04:52-4:57 MED – Talent at microscope counting, round hemacytometer visible

(B) 3201@04:43-04:40 (MED: Talent placing tubes from rack into cold box in -80°C freezer; remove “freezing details” TEXT; keep “Freeze and store cells at 

-80°C” TEXT)


	Count how many cells you collected (A) and then seed the cells according to the density appropriate for immediate or later expansion, respectively (B).

	29.  Section Title: 

Applications:
(Video)
	 Below section title fade on insets of different applications:

(1) 4327@06:26-06:34/35 (plating MEFs)

 
(2) 1427@02:02-02:14 (graphic: tool picking differentiated colonies) 

(3) 2969@01:43-01:46 (MEDOTS: one well of 6 well plate being scraped with cell scraper)

(4) 3418@02:07-02:14 cells being added to multilayered flask


	Now that you know how to passage cells, let’s look at some different applications of the method.

	30.  Subsection Title: Feeder cells
(Video)


	(A) 3854@03:48 image of MEFs (no TEXT)

(B) plating MEFs (4327@06:26-06:34/35) 
(C) 4327@07:25-07:30 (plating PBMCs onto MEFs)

	As mentioned earlier, human embryonic stem cells are a type of cell that must be passaged (A). They are typically cocultured with mouse embryonic fibroblasts (B) or MEFs which provide factors that help stem cells retain their pluripotent state (C).

  

	31.  Subsection Title: Picking colonies
	(A) 4237@08:45-08:53 (MED: Talent at microscope, picks then transfers colonies)

(B) 1427@02:02-02:14 (graphic: tool picking differentiated colonies) OR 1427@03:23-03:27 (CU: glass took picking in 6 well plate) [skip (C) if 2nd is used)

(C) 1427@02:50 (glass picking tool) 

(D) 1427@03:45-03:47 (hESC media/cells being added to 6 well plate)
	Stem cell colonies grown on feeder cells need to be “picked” once they’ve reached the proper stage of development. They can be selected by micropipette (A) or by gentle scraping (B) with a glass picking tool (C) and then plated in a new culture for expansion (D).

 

	32.  Subsection Title: Mechanical detachment

(Video & Animation) 
	(A) 1427@00:49 (no TEXT)

(B) 2969@01:43-01:46 (MEDOTS: one well of 6 well plate being scraped with cell scraper) 

(C) 1427@05:32-05:45 CU: scraping cells for passaging
(D) JoVE generated animation (cell above petri dish surface with proteins attached to plate bottom, sledge hammer comes along and bashes in side of cell’s face, protein falls off, cell is sad as it floats up)

	Some cell lines are sensitive to enzymatic digest or they are so tightly adherent they can’t be resuspended with trypsin treatment alone (A). A cell scraper can be used to gently remove the cells from the bottom of the culture plate (B). If the cells are particularly adherent, try moving a serological pipette in a firm scraping motion while rinsing the bottom of the cell container with media or another appropriate solution (C). Take care with this method, as delicate cells can be damaged by this mechanical method of dissociation (D).

 

	33.  Subsection Title: Multilayer flasks 
	3418@02:07-02:14 cells being added to multilayered flask
	To more quickly and reproducibly scale up the expansion of your cells than can be achieved in single layer flasks, multilayer flasks, which can expand cell cultures 3-5 fold compared to single layer flasks, can be used.


	34.  Section Title:

Summary
(Video & Animation)
	(A) Multipaneled graphic of general generic cell passaging shots:

(1) 4140@01:15-01:20 (HeLa cells into incubator: ) (keep TEXT)


(2) Cell lifter: 4140@01:40-01:44 (cells being scraped off plate)


(3) media aspirated from MEFs/stem cells: 1427@04:43-04:48


(4) Aspiration of supernatant/pellet: 1427@07:32-07:37
(B) Transition panels to relevant shots/animation as they are being discussed and then go to freeze frame:

(1) 4140@01:21-01:23 (no TEXT) (HeLa cells) 


(2) 1427@04:15-04:30 (tube with cell suspension, then cells leaving pipette and entering 6 well plate) 
(3) 1427@02:02-02:14 (graphic: tool picking differentiated colonies) 


(C) 1427@00:54-00:56 (possibly highlight tube of orange media) (TEXT: Orange media = healthy media = happy cells!)

	You’ve just watched JoVE introduction to passaging cells (A).  In this video we reviewed: what a cell line is, how to subculture one, and some different applications of passaging cells (B). Thanks for watching and remember to keep your media fresh (C)!   


�A lot of classic media already contain glucose so I am not sure if it is a commonly added as a supplement as well; some reports suggest too much glucose can be detrimental to cell lines. I honestly don’t’ know enough of cell lines to know whether it is commonly added to cell line culture media or not.


�Defined in 7





