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The “People’s” chemostat considered here had its origins in 1973 at the University of 
Massachusetts, when Bruce Levin and Dennis Searcy constructed it to do low budget 
population dynamic and evolutionary studies with E. coli.  (At the time, Bruce thought E. 
coli was a synonym for bacteria.)  The only relatively costly hardware needed for these 
chemostats are peristaltic pumps and water baths.  Four or even eight chemostats can be 
run at the same time with single 4-channel pumps.  The first published use of these 
chemostats were with studies of the population dynamics of E. coli and its lytic phages 
T2 and T7, respectively (LEVIN et al. 1977) and (CHAO et al. 1977).   The design of the 
chemostat employed in these experiments is included in the appendix of (CHAO et al. 
1977), in ECOLOGY of all places.  The T7 experiment in the latter article provides a 
good example of ability of these “home made” chemostats to run for extended periods 
without contamination, a phage-limited culture was maintained for more than 1200 hours.  
If the reservoir is not contaminated and you are careful sampling, these chemostats can be 
maintained for extensive amounts of time. 
 
Thanks to suggestions by Danny Rozen and Omar Cornejo, since this Disco era origin a 
few improvements have been made on this People’s chemostat.  Included among these is 
the screw top side arm on the chemostat vessel for introducing bacteria and sampling 
(which we do with sterile flexible Pasteur pipettes).   Another improvement is the use of 
twist type plastic connectors for the silicone tubing.  With these connectors and a little 
care (like spraying alcohol) its possible to change the reservoir and remove and 
chemostat vessels.   A list of the equipment and supplies we use for these chemostats, 
some details about putting them together and hints about using them follow this more 
general description of these chemostats and chemostat theory.  
 
Figure 1 is a candid photograph of four chemostat vessels doing their thing.   If you look 
carefully, if you notice the bacteria in the chemostat are Streptococcus pneumoniae.  This 
photo was taken during one of our Pneumo cycling experiments (CORNEJO et al. 2009).   
Figure 2 is the artists’ conception of a single vessel chemostat and the parameters and 
variables of the elements of chemostat theory 
 



 
Figure 1,  The Peoples Chemostats in Action 

 

 
Figure 2. Schematic representation of a single chemostat vessel.  
 

With the definitions of the parameters and variables in Figure 2, the rate of change in the 
density of the cells and concentration of the limiting resource are given by the differential 
equations, 
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where w = Vol/W and e is the amount of the limiting resource needed to produce a new 
bacterium, the “conversion efficiency”(STEWART and LEVIN 1973).  For the ideas behind 
chemostats and resource-dependent growth see (MONOD 1949) and a fine book about 
chemostat theory and its applications see (KUBITZCHEK 1970).    
 
Equilibrium: The principle behind chemostats is very simple. As the bacteria grow N ↑ 
the concentration of the limiting resource declines r↓ and thus the growth rate declines.  
An equilibrium is obtained when the rate of growth of the bacteria is precisely equal to 
the rate of flow, ψ(r) =w.  When ψ(r)>w, the bacteria are growing and when ψ(r)<w the 
density of bacteria would be declining, i.e. the equilibrium is stable.  If ψ(C) < w the 
bacteria cannot grow at a rate sufficiently to be maintained in the chemostat.  In reality, if 
after a chemostat is established and we increase the flow rate so w> ψ(C), as a 
consequence of wall growth, a subpopulation of cells that adhere to the wall and are 
washed out at a lower rate, the chemostat will not be cleared.  A substantial planktonic 
population will be maintained by the release and replication of bacteria growing on the 
walls of the vessels and tubing; a wall-less chemostat would be better, but would leak too 
much.  Assuming a Monod function, we can calculate the concentration of the resource 
and density of bacteria at this “chemostat equilibrium”..  
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or at equilibrium 
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and from the resource differential equation, 
 

 

wNe = w(C − r*)
or

N*=
(C − r*)

e

 

 
For example if v=0.7 hr-1, k=0.25 µg, e=5x10-7 µg, C=500 µg/ml and w=0.2 ml/hr 
(reasonable values for prototrophic E. coli K12 or E. coli B in glucose-limited 



chemostats), at equilibrium, r*  = 1µg/ml and N*= 9.98x10-8, ~109 cells per ml.  In 
practice, e can be calculated as e~ C/N.  
 
Generation time.  If we define generation time as the amount of time required for the 
population to double, we can calculate the generation time, T, for a chemostat at 
equilibrium.  Under these conditions the cells are growing at a rate of w per hour, or 
  
ewT = 2.0  
 
and  
 
T=ln(2)/w  
 
In the above example with w= 0.2, T ~ 3.5 hours.   
 
Equipment, Supplies, Instructions and Hints 
 
Peristaltic pumps:  The peristaltic pumps we currently use are made by Ranin  Inc, 
Model RP1 Digital Peristaltic PumpsTM.  They are convenient to set up, easy to control 
an, in our experience accurate and reliable.   We have both four and eight channel 
versions of these pumps, but recommend the four.  The array of tubing for eight 
chemostats in a single water bath run off of a single pump looks like and handles 
spaghetti.   We expect other brands of peristaltic pumps would work as well. 
 
Water Baths -  Any water bath will do, probably even a hot tub with Jaccuzzi, especially 
in California.  The key is to be sure they hold their temperature and to watch out for 
evaporation.   To reduce the rate of evaporation, we add a layer of plastic balls about the 
size of those used for ping pong.   
 
Tubing – While vinyl other autoclave resistant plastic tubing will do the trick for most of 
the tubing, profligate us prefer silicone.   The tubing we currently use for the medium 
flowing through the chemostat is platinum cured (whatever that is) silicone which we 
purchase from Nalgene.   For the flow of medium from the reservoir we use size 15 
(4.8mm) and for the inflow of air we use size 16 (3.2mm).  Silicone tubing is essential for 
the section that goes through the pump.  For that section, we use tubing purchased from 
Ranin, which includes stops so the tube doesn’t run through the pump (inner diameter 
1.52 mm, Blue). 
 
Chemostat Vessels, input and output :  The chemostat vessels we use are made by a 
Glassblower who adds the screw-top side-arm used for introducing bacteria and 
sampling.  The vessel size we most commonly employ is 20mm x 2.5mm.   By adjusting 
the height of the outflow tube, we can modify the volume of the vessel, which is usually 
between 10 and 40 ml.   Greater volumes could be achieved by using long neck flasks for 
the vessels.   For the glass input and output tubes, we use disposable pipettes, which can 
easily be shaped by heating with a Bunsen burner.   These tubes go through a rubber 
plug, into which we drill holes.  To be sure all is well sealed, we use GE Sink and 



Bathtub SealTM, which works great for chemostats, but we don’t know about bathtubs.  
The below photograph (Figure 3) illustrates the different “characters” in this continuously 
flowing play and their positions on the stage.   
 
Setting the chemostat up:  The trick is to autoclave the reservoir with the outflow tubes 
suspended in the medium and the plug slightly ajar so it won’t blow off. The connectors 
should all be covered in aluminum foil If you add stuff to the medium after autoclaving, 
do it right after you remove the reservoir from the autoclave.   Be careful.  The 8 liter 
jugs we use for reservoirs are a bit of a handful, really glove full, right after they are 
autoclaved.  The chemostat vessels with the inflow and outflow tubes including the 
connecting tubing that goes through the peristaltic pump are autoclaved as a whole.  The 
ends of the connectors should be covered in aluminum foil.  We add the 0.45 or 0.22 
micron filters as we set them up.   To minimize contamination, we spray the connectors 
with ethanol, when we are doing our connecting thing.   
 
Once all is connected, turn on the vacuum and peristaltic pump at a high rate to get the 
medium into the vessels and the vessels bubbling. This can be done even before the 
medium cools.  Be sure all of the chemostats are bubbling away and medium is flowing 
through nicely before adding the bacteria.   
 
 

 
 
Figure 5.  Chemostat vessel, inflow, air, and outflow tubes.   



 
Enjoy, publish and let us know if you have any questions, 
 
Bruce and Omar 
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