Cells grown in axenic medium have slower growth rates: they have a doubling time of roughly 8 to 12 hours depending on temperature, medium, the presence of selective drugs, and most likely several unknown factors. 

When growing cells, it is important that they remain in exponential phase rather than allowing them to reach stationary phase. Therefore it is important to establish and maintain a reasonable schedule for splitting the cultures to insure an adequate supply of cells that develop well. Cells should never be allowed to grow beyond 3x106 cells/ml if development is going to be analyzed. Cultures of higher densities begin to secrete factors that trigger entry into development, therefore changing the physiology of the culture. On the other hand, it is generally not a good idea to split the cells so that the cell density is less than 1x104 cells/ml. Cultures of lower cell densities lag for a period that can be difficult to estimate. Optimal growth of Dictyostelium is observed at a temperature of 22°C. For maintaining the culture do not allow the cells to grow beyond 5x106 cells/ml.
Do not maintain the same strain for more than a month growing since they might accumulate mutations.  Thaw the strains regularly.  


Determination of Cell Density
Cell density is easily determined by taking an aliquot of the culture and counting it in a hemocytometer. The standard hemocytometer carries a grid that is 3 mm on a side (see image below). Count 5 squares 1 mm on a side. Divide that number by 5 to obtain the average number of cells per sq. mm. Since the coverslip sits 0.1 mm above the surface of the hemocytometer, the volume of the counting chamber is actually 0.1 cubic mm. Therefore, to obtain the cell density in cells per ml, the number of cells counted must be multiplied by 1x104. When the cells approach densities of greater than 1-5x106 it is usually a good idea to do a 1:10 dilution of the culture sample prior to putting it in the hemocytometer. 



Estimation of Growth Rates of Exponential Cultures
Use the following formula to determine either the doubling time, the final cell density given a certain inoculum or the inoculum necessary for a given final cell density:

N = No 2n
where: 

N= final cell density 
No= initial cell density 
n= number of generations 

doubling time: 

http://www.doubling-time.com/compute.php
The equation I have is from "Basic cell culture : a practical approach / edited by J.M. Davis":  (1) Log (final cell number) - Log (initial cell number) x 3.32 (2) Divide by time difference (T2-T1)  (3) Get the inverse (1/n) of this value The answer you obtain is the Population Doubling Time expressed as X hours per doubling.


Axenic Growth
Cells can be axenically grown in HL-5 or in FM media at 22°C, shaking at 180 rpm. Maximum yield is about 2x107 cells/ml.

Cells can be grown in culture plates attached to the substratum. Use 10 ml HL5 for a p100. Usually confluency is achieved by 107cells. Cell´s attachment is weak and can be taken out by pipetting. For splitting the culture simply pipette cells out and inoculate another p100.  


Growth on Bacteria
The two most commonly used bacterial species to grow Dictyostelium are Aerobacter aerogenes (also known as Klebsiella aerogenes) and Escherichia coli B/R. 

Growth in suspension in association with bacteria in SM broth
1. Grow bacteria to stationary phase in SM broth.
2. Autoclave the culture. 
3. Inoculate Dictyostelium cells at 1x104 cells/ml. 

Dictyostelium can be washed relatively free of bacterial cells by three sequential centrifugations of 1500 rpm (4 min.) in an RC-3 or J2 centrifuge. 
Yield is about 1010 cells/ml (600 mg dry weight).

Growth in suspension in association with bacteria in phosphate buffer
1. Grow a bacterial culture of in 1 l of LB.
2. Wash twice in DB.
3. Suspend the bacteria in DB at an O.D. of 8.0.
4. Seed Dictyostelium cells at 3x103 to 1x104 at 22°C, shaking at 180 rpm. 

Yield is about 1010 cells/ml (600 mg dry weight).

Growth on plates 
Dictyostelium can be grown in association with bacteria on SM plates. The bacteria initially produce a confluent lawn of cells. Subsequently the amoebae clear the plate of the bacteria and, after reaching stationary phase, enter development and form fruiting bodies. 
-Mix Dictyostelium cells with 0.2 ml of overnight culture of bacteria per 100 mm plate as follows: 
-If use spores: can use as many as 2-3 spore heads to inoculate each SM plate (ie 2-4x105 cells) because spores take several hours to germinate, which allows plenty of time for the bacteria to divide on the plate.
-If use amoebae: use 1/3, or 8x104 cells.
-In 40 hours the plate should be clearing (ie contain about 109 cells; or about 60 mg dry weight).
-Fruiting bodies are produced after an additional 18-20 hours. 

Clonal isolation (we usually use this method) 
-Clones can be isolated from the fruiting bodies if the density of cells per plate is sufficiently low. 
-Plate 100 or fewer cells on a SM plate; each amoebae will generate a single spot or plaque in the bacterial lawn. 
-Spores from the fruiting bodies produced by an individual clone can be used to inoculate a culture.


- Once the plaque has been formed it can be stored at 4º C for several weeks and revive the culture inoculating another SM plate where bacteria has been spread before. If there are mature fruiting bodies the spores may remain viable for months at 4º C on the plate. Take several heads with a loop and plate them on SM-Bacteria.
Initiating axenic cultures from bacterially grown cells 
Take cells with a loop and inoculate 10 ml of HL5 with pen/strep
Cultures can be switch from SM-bacteria/ shaking culture HL5/ Submerge culture HL5 as needed depending on the experiments. 


Development of Dictyostelium
It is best to harvest cells in mid-log phase for development (1-2x106 cells/ml). 

Development on a solid substratum
1. Take an aliquot of cells and determine cell density by counting them on a hemocytometer.
2. Collect 5x107 cells by centrifugation at 1500 rpm for 4-5 minutes. For a culture at 2x106 cells/ml this is 25 ml of cells.
3. Resuspend the pellet in 1 ml of  PDF, and pellet again. 
4. Resuspend the pellet 0.8 ml of PDF and deposit them onto a Whatman filter resting Whatman paper  which have been soaked in PDF. Be sure to remove all air bubbles trapped between the filters. Otherwise the filter is not a flat surface and the cells will collect in puddles in the low spots.
5. Remove any excess liquid. It is fairly important that the cells be evenly distributed over the surface of the filter. Starting at the center of the filter allow the cell suspension to flow onto the filter. Move the pipet tip in an outward spiral while continuing to allow the cell suspension to flow onto the filter. Let the filters set for about 5 minutes, or until all of the liquid has soaked into the filters, leaving a uniform layer of cells on the filter. 
7. Wet a folded paper towel in water and place it in the box with the plate


8. Incubate at 22°C.



Development in solution
Cells can also be developed in suspension. Under these conditions, however, cells will only progress through the first 6 to 8 hours of development. Addition of cAMP pulses to the suspension starved culture will allow development to progress up to about the 12 hour stage.

1. To starve cells in suspension, count the cells, harvest as above and wash three times in PDF. 
2. After the final wash resuspend them at a density of 1x107 cells/ml in DB or PDF and place them in a sterile flask on the shaker at 22°C.
3. Cyclic AMP pulses are added using a timer to control a peristaltic pump that delivers cAMP to the cell suspension through tubing which goes into the flask. The pulsing is started 90 to 120 minutes after the initiation of starvation. The pump is turned on every 6 minutes for 5 seconds. During this 5 second period cAMP is added to a final concentration of 50 nM in a volume corresponding to 0.1-0.2% of the volume of the cell suspension. For example, for a 1.0 liter cell suspension, 0.1-0.2 ml of cAMP may be added at each pulse. 



Preparation and Use of Permanent Dictyostelium Stocks
Freezing Dictyostelium cells 
1. Pellet about 2x107 cells harvested during exponential growth.
2. Resuspend in 1,8 ml HL5 and split in two tubes (0.9 ml each). 


3. Add 0.1 ml DMSO (final concentratiopn 10%) 

Close vials and place in -70°C freezer. Keep them in separate freezers. 


Thawing Dictyostelium cells 
1. Remove vials and keep them in dry ice.
2. With a needle (do not allow the tube to thaw) take few pieces of frozen material and deposit them on SM plates with bacteria. 


3. Incubate at 22ºC.

· Long-term storage of Dictyostelium on silica gel
1. Fill screw-cap glass vials about half full with silica gel (6-12 mesh, grade 40). Bake at 180° C for 90 minutes with the caps off, but covered with foil.
2. Prepare a 5% solution of milk in distilled water and autoclave at 15 lbs for 15 minutes. This solution can be stored at 4°C for several weeks.
3. Cool the mild and silica gel vial on ice for 30 minutes. Considerable heat is produced when the gel is hydrated which can kill spores. Killing of spores can be minimized by this precooling.
4. Take plates with mature fruiting bodies, but which are not too old. The plates should be used as soon as the spores have matured. The plates should not be more than a week old. After this time the viability of the spores decreases rapidly. Harvest the spores by banging the inverted plates on the bench (several plates into the same lid). Resuspend the spores in about 0.4 ml per silica.
5. Pipette the spore-milk suspension into the cold silica gel. Immediately cap the vial and shake vigorously for 5-10 seconds. Put the vial back on ice for an additional 5 minutes.
6. Store vials in desiccant at 4°C. 

Starting cultures from silica stocks
1. Transfer a few granules of silica stock to 1 ml of cold sterile SM broth. 
2. Mix 0.1-0.2 ml aliquots of this solution with 0.4 ml diluted bacteria (made by mixing a loopful of cells with 5 ml SM broth).
3. A full lawn should appear on the next day and plaques in 2-4 days.

Note: A lazy, but more risky way of starting cells from a silica is to spread bacteria on an SM plate and then sprinkle a couple of silica crystals onto the surface of the plate. 



108 Dictyostelium cells contain... 

-3 µg genomic DNA (3.33 x107 bp per genome) 
-30 µg poly A+ RNA (0.3 pg/cell; assuming average message is 1.5 kb)
-3-6 mg total cellular protein
-100 µg nuclear proteins
-1 mg cytosolic proteins; remaining 2-5 mg is membrane proteins 



Recipes 

HL5. From Formedium.  
SM plates (cocina)

SM 
