Overview of Tetrahymena Protocols

[bookmark: _GoBack]These protocols can be used to implement the Tetrahymena Module we describe and have been adapted from Methods in Cell Biology Volume 109: Tetrahymena thermophila, Ed. Kathleen Collins (2012), the Collins lab at UC-Berkeley and the Lee lab at WWU.  For gaining a broader overview of Tetrahymena thermophila biology and use as model system, we highly recommend the chapters within Methods in Cell Biology Vol 109 which are accessible from NCBI PubMed.  Please don’t hesitate to contact us if you have any specific technical questions.  

Protocols included are:
1) Preparing Growth Media
2) Preparing and Growing from Medium Term cultures – “Soybean stocks” 
3) Long Term stocks stored in Liquid Nitrogen
4) Strain Set-up before Module
5) Counting Tetrahymena with a hemocytometer
6) Culture preparation for Module
7) Aliquoting and fixation of cells for Module
8) Material Ordering information


Tetrahymena Growth Media –SUPP

Overview: Media lacking additives (PPYS-) is initially prepared and autoclaved to sterilize. Once at room temp or below, addition of antibiotics, iron, glucose and antifungal agents (which can breakdown in the autoclave) makes the media ready for Tetrahymena (Tet) cell growth, and is called SUPP.  

Use: for small scale growth and working stocks. SUPP slowly breaks down with time, though media as old as several months can support growth.  That said, so only prep what you think you’ll go through within a few months period, and use freshly prepared media if you need optimal growth.

IMPORTANT: Prep in glass and plasticware rinsed with DI water by hand 3x and autoclaved to dry and sterilize.  Tetrahymena will not grow well in vessels that have been treated with soap.  

For 250 ml PPYS- (PPYS minus Fe):

1) Weigh out:
5 g proteose peptone (Note: Solid is very fine, weigh out slowly and clean up afterwards!)
0.5 g bacto yeast extract

2) Rinse a stir-bar with deionized and distilled (or deionized/distilled) water before placing in a clean beaker with ~150 ml deionized and distilled water. 

3) Add solids to deionized and distilled water slowly while stirring without heating on stir plate until dissolved.

4) Bring volume to 250 ml with deionized and distilled water.

5) Transfer to a glass media bottle, loosening cap by one turn.  

6) Autoclave in bin with surrounding 0.5-1 inch water at 121°C, for 25 min (no more or higher because media will breakdown).  Immediately place in cold room and tighten cap so that it cools down quickly.  
Note: it will take 1.5 hr to cool to ~RT; make sure that it is closer to RT or 30 degrees before using for Tet growth.

7) Store at 4°C until you know you will need it to make SUPP.

To make SUPP:
Additives are added to PPYS- to support optimal growth and limit contamination by bacterial and fungi.  This must be done with sterile technique (working around a flame or in a laminar flow hood, using sterilized pipette tips/glass pipettes and sterile solutions.

8) Once PPYS- media is cooled to at least room temp, add (with sterile technique):
1 ml 3 mM Fe/50% glucose (see below, final 12 m Fe/0.2% glucose)
625 l 100 mg/ml Amp (stock filter sterilized and stored at -20°C in dark, final 250 g/ml)
625 l 100 mg/ml Strep (stock filter sterilized and stored at -20°C in dark, final 250 g/ml)
1.25 ml 200x Fungizone (direct from manufacturer, stored at -20°C in dark, final 1x)
[bookmark: h.gjdgxs]
9) Store media in the dark at room temp (some of the nutrients within are light sensitive), though always check before using to make sure not contaminated.      


3 mM Fe (Iron chloride, anhydrous)/50% glucose – 100 ml
Make 50% (50 g/100 ml) glucose first. Dissolve in ~90 ml sterile water without heat. Will take a long time to dissolve. (More than five hours). Adjust to 100 ml.
Add 48.6 mg Fe (FW 162.21).
Filter sterilize through 0.2 m and store in dark.




Tetrahymena Soybean Stocks

These stocks can be made for medium-term storage of cells (~6 mo).

Tube prep
1) Put 1 dried soybean (from the bulk bins of a grocery store) into each of several black screw-capped ~10 ml glass culture tubes 
· Use tubes that have been rinsed out several times with deionized water and autoclaved (don’t wash with soap, as residual soap can inhibit cell growth)
· Typically need at least a few extra tubes since some will lose their caps or become excessively cloudy during the autoclave process
2) Add 10 mL of deionized and distilled water.
3) Autoclave 20 min.
4) Let sit overnight - if becomes cloudy, discard

Cell prep
5) Grow ~1 ml of cells to log phase (2.5x105 cells/mL) at 30oC. Preference to use sterile 24-well plates without shaking in a humidified chamber.
· See protocol on “Counting Tetrahymena with hemocytometer” 
· To prepare humidified chamber, set a short metal or plastic trivet atop damp paper towels inside a small Tupperware container with lid set loosely on top. 
6) Add 0.5 ml of this to the soybean culture. A dense and robust culture seems to do better than a culture of less density than 2x105 cells/ml.  If this is a newly thawed strain, you typically need to wait at least two days before the culture will be dense enough.
· Overlay with 0.5 ml paraffin/light mineral oil.

Growing cells up from soy stocks
· Take cells from oil-water interface approximately 10% of final volume of culture you are trying to grow – for 1 ml, take ~100 l. 
· Cells seem to recover well in 1 ml volume in 24-well plates, not shaking but kept in humidified chamber.  Some strains may need to recover at room temp before going in at 30°C.
· Before using stock for large-scale culture or mating, take cells through two successive mid-log log-phase growths (2-5x105 cells/ml) at 30oC. 

Soy stock to soy stock transfer
· Culture is supposed to be good for 6 months, but this can be longer, depending on the strain. To transfer to another soybean stock, grow cells in 1 ml cultures to log phase first.




Freezing Tetrahymena

Adapted from Peter Bruns - J. Euk. Microbiology 42 (1995) 510-515.

Freezing

1.	Grow cells in SUPP to ~5x105 cells/ml at 30°C on shaker at 100-150 MAX rpm at low enough culture depth that cells are getting good aeration but that cultures are not starting to foam
· Grow 2-3x as many mls of culture as aliquots wanted. 
· Cultures should be grown in glassware that has been washed well with DI water (but not with soap or bleach) and autoclaved.
2.  Spin at 225 x g for 3 min in sterile Falcon tubes.
3.  Wash once in 10 mM Tris-HCl pH7.4.  
4.  Resuspend in Tris at 1.5x105 cells per ml in a glass flask or in sterile plastic Petri plates.
· Depth of culture should be no more than 0.5-1 cm if in plastic.  If in glass flask, culture should be 1/10 total volume or less but no more than 0.5-1 cm in culture depth. 
5.	Starve at 30°C for 2-3 days without shaking. 
6.  Recount cells before proceeding and note actual volume in order to calculate cell concentrations needed later accurately.
8.	Thaw out 13.3% DMSO if have frozen stocks at -20°C. Otherwise, make up what you need in sterile 10 mM Tris, pH 7.5 using ACS- or Tissue Culture- grade DMSO. 
9.   Spin at 1100 x g for 2 min to concentrate cells.  
· You want to have cells ultimately resuspended in residual Tris at 4.25x106/ml.  Add sterile Tris if you need to.
· Note: cells will try to swim up out of the pellet, so you will need to move fast in removing the supernatant Tris but avoid jolting your pellet. Pour in one continuous, steady stream but stop before you lose a lot of cells.  Likely will need to spin >1x in order to concentrate well, often transferring to a smaller vessel for repeat spins. 2-4 tubes at a time is all that you should try to spin at a time.  
7.	Immediately add 1.5 ml 13.3% DMSO per mL of resuspended cells. Let incubate for a total of at least 30 min before freezing. 
8.  Meanwhile, label cryovials with strain name and date frozen with alcohol resistant marker and aliquot 0.3 mL cell suspension into 2 mL cryovials.
9. Place vials into -1°C constant rate freezing container and place at -80° for 18-24 hours.  
10. Transfer without any warming (transport on dry ice) to liquid N2 cell tank.
11.	After a day or two, thaw one aliquot to check viability, as specified below.

Thawing

1.	Pre-heat water bath and 1.7 ml SUPP per vial to 37-42°C. 
2.   Set up a humidifying chamber using a short metal or plastic trivet atop damp paper towels inside a small Tupperware container with lid set loosely on top. 
3.   Set up 10 cm sterile Petri plate with 15 ml SUPP.
4.   Transfer cryovials with cells to dry ice to transport from liquid N2 tank over to water bath if thawing more than 2 tubes.  Otherwise, can simply plan to act fast.
5.	Swirl cryovial in 37-42°C water bath gently until the edges of cell stock start to thaw.
6.   Immediately add 1.7 mL 37-42°C SUPP and pipette up and down gently until thawing is complete (~45 sec.).
7.	Pipet contents to petri plate set up with SUPP at room temperature and swirl very gently to disperse.
8.	Place in humidified chamber and incubate at 30° overnight without shaking. 
· Cells should swim in 60 min and culture should be visibly growing in 24 hrs.  



Tetrahymena Strain Set-up and Maintenance in Preparation for Module

1) Thaw cell strains out into 10 cm sterile Petri dishes at 30o C, not shaking (see “Long Term Liquid Nitrogen Stocks” Protocol) or revive from soy stocks (see “Soybean Stocks” Protocol).
· Use sterile (aceptic) technique to avoid contaminating cells
· Generally, this involves work around a flame, use of autoclaved pipette tips/glass pipet, and work on a surface that has been wiped down with 70% ethanol.  A laminar flow hood is not required. 

2) Once cells have grown in densely (to the point where writing on lid would not be visible if viewed from underside), transfer 20-100 l into 1 ml SUPP, in 24 well sterile plate using proper sterile technique and store in a humidified chamber at room temperature (RT) without shaking.  Culture depth should be no greater than 1 cm.  This is your “RT Stock”.
· Include selective drug if transgenic strain requires it (e.g., Cdt1 overexpressing strain requires 100-400 g/ml paromomycin).
· Maintain in humidified chamber (Tupperware with a rack or trivet on top of moistened paper 
  towels) at RT

3) Every ~4-7 days check to see if RT stocks need to be passaged. To do so, transfer 20-100 l into fresh 1 ml SUPP to maintain culture, again with selective drug if needed. Again, use proper sterile technique in handling cells.
· Passaging is necessary when RT stocks are dense to the point where one can’t see the writing on lid from underside, with the majority of cells still swimming and only a little bit of debris visible at the bottom of the well.
· You can always increase or decrease the amount of cells you use to passage, but should never use so few cells that you would need to wait >1 week for cells to get dense enough to passage.  

**IMPORTANT: Try to plan ahead so that you have at least one dense RT stock per section to draw from for the 1st working stock culture for Weeks 2 and 3 of the module. See “Culture Preparation during Module” which must be started ~2-4 days before first lab class in Week 2.  If drug selection was needed for strain in order to obtain high levels of transgene expression, select for at least 2-4 weeks in regular passage (Step 3 above)** 


Counting Tetrahymena with a Hemocytometer

1. Clean the chambers of a hemocytometer and coverslip with 70% ethanol. Dry and gently fix the coverslip in position.

2. Gently but firmly swirl cultures to make sure any cells that have settled out are back in suspension. Pipet 100 μL of Tetrahymena cells into a microcentrifuge tube. Add 1 μL of formaldehyde and mix by inverting 2-3 times.

3. Add 8-10 μL of the fixed cells to each chamber depression. Do not overfill.

4. Place the chamber in a compound microscope under a 10X objective and adjust the focus to distinguish the cells. Switch to a higher objective if needed.

5. Count the cells the upper left 4x4 or 5x5 gridded square (depicted below with blue and red “cells”) Count another grid or more (until 4 have been done, or you have counted ~100 cells) and average the counts from the grids to # cells/grid.  This average will equal: # cells * 104 cells/ml for your culture. 

NOTE: Cells should be uniformly distributed (and not clump together) as it is assumed that the total volume in the chamber represents a random sample.

NOTE: Mix the cell suspension thoroughly by flicking side of tube before taking a sample to count, as the sample will not be representative if the cells start settling before a sample is taken.
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Culture preparation during Weeks 2 and 3
Growing tips:
Growing Tetrahymena can sometimes feel a little tricky as doubling times for a given strain may vary depending on starting density, age of the growth media, depth of culture and particular strain genotype.  It may take a few rounds of growth with inoculation at different densities from working stocks (see Strain Set-up protocol for making working stocks) before the optimal growth conditions and actual doubling times have been identified.

In pilot growth studies, you will want to establish doubling times for your strains of interest by setting up cultures from the working stock with different inoculation volumes to check cell concentrations over time. To do this, you can simply follow the steps outlined below for Week 1 of our Module, noting the initial cell concentration of the culture you set up on Day 2 and again after it has grown up on Day 3.  This should be repeated until you have consistent numbers for doubling times (i.e., the amount of time that it takes a culture to double in cell concentration). Online calculators such as this one can be handy for this: http://www.doubling-time.com/compute.php.  Doubling times will typically range from 2-12 hrs, depending on the genotype of the strain.

To ensure proper growth, don’t use media older than a few months that has been stored at room temperature.  If you must make media several months ahead of time, store at 4°C in order to extend lifetime. 

Culture depth should be no more than 1/5 volume of vessel if grown shaking at ~100-150 rpm or no more than 1/10 volume of vessel or ≤1 cm culture depth if grown without shaking for proper aeration.  In culture tubes (25x150 MM, VWR # 89000-512), keep culture to 3 ml or less and shaking at ~100-150 rpm.  Cells will grow fastest at 30°C, but cells will be fine growing more slowly at room temp, if desired.

High purity distilled and/or deionized water should be used in making all media, and dedicated glassware should be set aside solely for use in making and storing media. It is critical to ensure that no soap or acid residue remains on the surface of the glassware following washing. It is highly advisable to wash and rinse bottles and flasks used for making and storing media by hand, ending with several careful rinses with high-purity distilled/deionized water. 
To obtain cultures of a particular desired density (say, for comparing two different strains), it is best to routinely set up a few starting cultures that vary with the amount of cells used for inoculation.  In this way, it will ensure that you will have a range of cultures to choose from should they overgrow or undergrow compared to expectation.

Growing cultures for the Module:
DAY 1: Two days before start of Module, Week 2 - Making initial working stocks for wildtype/control cells
In the midafternoon, set up 3 ml cultures of each cell strain under study (ex. WT CU428 strains) in culture tubes using SUPP media to establish healthily growing cultures in a shaker-incubator at 150 rpm, 30°C.
· Use RT stock of Tetrahymena from 24 well plate (must be a dense and healthy stock) to inoculate 3 ml culture. 
· Pipet cells from top of RT stock to get healthy, swimming (not dead) cells. 
· ~300 l used to inoculate cultures should be sufficient to obtain a mid-log culture (~2-5x105 cells/ml) the following day
· Note that when piloting the growth of Tetrahymena strains to determine optimal growth densities, you should try a range of volumes for inoculation, as this is a variable that must be optimized for every strain, especially transgenic strains
· If slower growing cultures are desired in order to grow over a weekend, for example, use a smaller volume to inoculate cultures and/or grow at temperatures as low as room temperature.  However, it is important to not drop too low in initial cell concentration, or the cells will not grow in.  This is another variable to test out in piloting runs.
DAY 2: One day before start of Module, Week 2 - Setting up classroom cultures of wildtype/control strains
Using whichever of yesterday’s working stock is in mid-log (~2-5x105 cells/ml), make a new 3mL culture for each strain under study in the midafternoon.  
· Use empirically established doubling times to determine how much of your working stock cultures to use to set up classroom cultures with the goal of having mid-log cultures for student analysis the next day. 
· Make sure that your cells are fully in suspension by gently but firmly swirling the working stock tube before drawing out amount desired for inoculation. 
DAY 3: Two days before start of Module, Week 3 - Making initial working stocks for wildtype/control and experimental strains (ex. Cdt1 overexpression strain)
Follow protocol used on Day 1, but include experimental strain as well.
· If transgenic strains require selective drug treatment to maintain genotype, include in media.  For example, Cdt1 overexpressing strains require 100-400 g/ml paromomycin.
DAY 4: One day before start of Module, Week 3 - Setting up classroom cultures of wildtype/control and experimental strains
Follow protocol used on Day 2, but include experimental strain as well, setting control and experimental cultures up with the same initial cell density if it is intended that students analyze differences in growth between different strains.  
· Selective drug can often be omitted at this step for transgenic lines that require it, if desired, and for strains that depend on CdCl2 for transgene expression, add 3 l of 1mg/ml CdCl2 (final concentration 1 g/ml) at this point.
· For example, in the study of Cdt1 overexpression strains, we included CdCl2 in the cultures.  We also included CdCl2 in wildtype (CU428) cultures as a control, and omitted CdCl2 in a second culture of Cdt1 overexpression strains as a second control.  Students were given the choice between these two controls for their experiments. 


Clean-up
Any unneeded cell cultures can be disposed of by pouring into a secondary vessel for light bleaching and pouring down the sink. 

Rinse tubes and caps 5 times w/ DI water by filling up completely and dumping. Use a scrub brush followed by several rinses if there is residue that clings to the inside of the tube.  

Store tubes upside down to allow water to drain and autoclave to resterilize for reuse.





Tetrahymena aliquoting and fixation for day-of-class

General notes:
· Unfixed cells can survive for up to two hours without shaking, and at RT. 
· Fixed cells are OK for 6 hrs 
· Once students add the dye for nuclear staining, cells are only OK for ~30 min.

To fix Tetrahymena:
For fixation, it is important to use 8% methanol-free formaldehyde. For each class of 24 students, plan to fix two 1 ml tubes of each culture. 

1) Resuspend culture by pipetting gently with a P1000.

2) Aliquot 1 ml of culture into each of two microfuge tubes.

3) Add 100 l 8% formaldehyde.

4) Recap microfuge tube and invert 5 times, flicking to ensure cells are uniformly distributed.

5) Aliquot 100 l of fixed cells into individual tubes marked “fixed” (or “Fixed WT”/ “Fixed Mutant” (e.g., “Cdt OE” for Cdt overexpressing strain) for student use. Resuspend culture between making each aliquot by gently inverting the fixed culture.

To aliquot live (unfixed) cells:
Cells settle quickly, so aliquoting or dispensing needs to be done with a resuspended culture to ensure uniform results. To help resuspend cultures, swirl gently but firmly before pipetting.  Visually, the culture should look homogenous – no cells should be settled on the bottom. Swirl to resuspend every few aliquots!  

Aliquot 100 l of fixed cells into individual tubes marked “live” (or “live WT”/ “live Mutant”) for student use. Roughly 10 aliquots can be prepared for the students and more made during lab if needed. 
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Ordering	
  Sheet	
  for	
  TetraLab	
  Materials



Item Purpose Example	
  Supplier Catalog	
  #
24	
  well	
  sterile	
  plates To	
  maintain	
  RT	
  cell	
  stocks Fisher 12-­‐556-­‐006
10	
  cm	
  petri	
  dishes To	
  thaw	
  out	
  frozen	
  cell	
  stocks VWR 25373-­‐100
Proteose	
  Peptone SUPP	
  media	
  ingredient VWR EM1.07229.1000
Bacto	
  Yeast	
  Extract SUPP	
  media	
  ingredient VWR 90004-­‐092
Iron	
  chloride,	
  anhydrous SUPP	
  media	
  ingredient VWR AA12357-­‐09
Dextrose	
  (glucose) SUPP	
  media	
  ingredient VWR 215510
Ampicillin SUPP	
  media	
  ingredient Fisher BP1760-­‐25
Streptomycin SUPP	
  media	
  ingredient VWR 97061-­‐532
Fungizone SUPP	
  media	
  ingredient VWR 82026-­‐728
CdCl2 Culture	
  additive Fisher C10100
Paromomycin Culture	
  additive Sigma P5057-­‐1G
Cryovials For	
  Freezing	
  down	
  cells VWR 66021-­‐942
DMSO For	
  Freezing	
  down	
  cells VWR 97061-­‐250
Tris For	
  Freezing	
  down	
  cells Fisher BP153-­‐1
50	
  ml	
  conical	
  tubes For	
  Freezing	
  down	
  cells VWR 89039-­‐662
15	
  ml	
  conical	
  tubes For	
  Freezing	
  down	
  cells VWR 89039-­‐670
Sterile	
  glass	
  or	
  plastic	
  pipettes:	
  25ml,	
  5	
  ml For	
  setting	
  up	
  cultures VWR 53300-­‐421
Wide	
  culture	
  tubes	
  (25x150mm) For	
  setting	
  up	
  cultures VWR 89000-­‐512
Tube	
  rack	
  for	
  culture	
  tubes For	
  setting	
  up	
  cultures VWR 89498-­‐048
Small	
  screw	
  cap	
  tubes For	
  Medium	
  Term	
  storage	
  of	
  cells VWR 89001-­‐480
Glass	
  Media	
  bottles To	
  store	
  SUPP	
  Media VWR 89000-­‐238
Sterile	
  pipette	
  tips	
  and	
  micropipetters	
   For	
  various	
  pipetting	
  needs -­‐-­‐
Hemacytometer For	
  setting	
  up	
  cultures VWR 15170-­‐208
Methyl	
  Green/Pyronin	
  Y	
  Dye	
   For	
  Lab	
  module Sigma HT70116-­‐500ML
Formaldehyde	
  (methanol	
  free) For	
  Lab	
  module Fisher PI28908
Tupperware	
  or	
  Storage	
  bin	
  with	
  lid To	
  maintain	
  RT	
  cell	
  stocks Target



Tetrahymena thermophila strains
Direct from investigators, upon request, 
or from Tetrahymena stock center 
https://tetrahymena.vet.cornell.edu/










Ordering	Sheet	for	TetraLab	Materials

Item

Purpose Example	Supplier Catalog	#

24	well	sterile	plates

To	maintain	RT	cell	stocks Fisher 12-556-006

10	cm	petri	dishes

To	thaw	out	frozen	cell	stocks VWR 25373-100

Proteose	Peptone SUPP	media	ingredient

VWR EM1.07229.1000

Bacto	Yeast	Extract SUPP	media	ingredient

VWR 90004-092

Iron	chloride,	anhydrous SUPP	media	ingredient

VWR AA12357-09

Dextrose	(glucose) SUPP	media	ingredient

VWR 215510

Ampicillin SUPP	media	ingredient

Fisher BP1760-25

Streptomycin SUPP	media	ingredient

VWR 97061-532

Fungizone SUPP	media	ingredient

VWR 82026-728

CdCl2 Culture	additive

Fisher C10100

Paromomycin Culture	additive

Sigma P5057-1G

Cryovials For	Freezing	down	cells

VWR 66021-942

DMSO For	Freezing	down	cells

VWR 97061-250

Tris For	Freezing	down	cells

Fisher BP153-1

50	ml	conical	tubes For	Freezing	down	cells

VWR 89039-662

15	ml	conical	tubes For	Freezing	down	cells

VWR 89039-670

Sterile	glass	or	plastic	pipettes:	25ml,	5	ml For	setting	up	cultures

VWR 53300-421

Wide	culture	tubes	(25x150mm)

For	setting	up	cultures VWR 89000-512

Tube	rack	for	culture	tubes

For	setting	up	cultures VWR 89498-048

Small	screw	cap	tubes For	Medium	Term	storage	of	cells VWR 89001-480

Glass	Media	bottles To	store	SUPP	Media

VWR 89000-238

Sterile	pipette	tips	and	micropipetters	 For	various	pipetting	needs

--

Hemacytometer For	setting	up	cultures

VWR 15170-208

Methyl	Green/Pyronin	Y	Dye	 For	Lab	module

Sigma HT70116-500ML

Formaldehyde	(methanol	free) For	Lab	module

Fisher

PI28908

Tupperware	or	Storage	bin	with	lid To	maintain	RT	cell	stocks

Target

Tetrahymena thermophila strains

Direct from investigators, upon request, 

or from Tetrahymena  stock center 

https://tetrahymena.vet.cornell.edu/


