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Abstract
This protocol provides a liquid production method for the propagation of bacteriophages (phages),
wherein bacteria and phages are co-incubated in liquid medium under constant agitation. The
advantages of this protocol are its easy use and the low costs, as there is no specialized equipment
required. Besides the fact that not all phages can be propagated using a liquid approach, another
disadvantage of this protocol is the strong dependence on the bacterial growth rate which will result in
different protocol durations (e.g., 25:15 h for P. aeruginosa).

Introduction
Phage propagation constitutes one of the central pillars of working with phages. There are two main
approaches for the propagation of phages, which are a liquid medium approach (this protocol) and a
solid agar-based approach. Depending on the concrete phage-host bacteria combination either one of the
two approaches might be better suited, and both should therefore be tested out, before deciding on one
and re�ning it to the speci�cities of the phage-host bacteria interaction (see Troubleshooting). 

Reagents
1.     Tryptic soy broth (TSB, 3% w/v; USBiological, Salem, USA; cat. no.: T8727-10)

Equipment
1.     Centrifuge (e.g., Eppendorf 5430 R; Eppendorf, Hamburg, Germany; cat. no.: 5428000205)

2.     Centrifuge tube (50 ml; Falcon® Corning Inc., Corning, USA; cat. no.: 352070)

3.     Cuvettes (VWR International, Pennsylvania, USA; cat.no.: 634-0676)

4.     Inoculation loop (optional) (VWR International, Pennsylvania, USA; cat.no.: 612-9358)

5.     Orbital shaker incubator (e.g., New BrunswickÔ Excella® E24; New Brunswick Scienti�c, New Jersey,
USA; cat. no.: M1352-0002)

6.     Pipettes and pipette tips (200 µl)

7.      Pipette controller and serological pipettes (5 ml and 10 ml)

8.     Refrigerator

9.     Spectrophotometer (e.g., BioPhotometer 6131 Spectrometer; Eppendorf, Hamburg, Germany; cat. no.:
6131 000.012)

10.  0.45 µm Syringe �lter (VWR International, Pennsylvania, USA; cat. no.: 514-0063)
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11.  0.22 µm Syringe �lter (Merck Millipore, Massachusetts, USA; cat. no.: SLGSM33SS)

12.  20 ml Syringe (BD; New Jersey, USA; cat. no.: 300629)

Procedure
1.     Prepare a bacterial culture by pouring an appropriate volume of TSB broth (e.g., 5-10 ml) into a
centrifuge tube and adding a frozen aliquot of bacteria or, using an inoculation loop, selecting an isolated
colony from the media plate and shaking the loop in the TSB broth media until the fragment has come
loose.

2.     Seal the centrifuge tube with the lid and incubate it overnight (approximately 12-14 h) at 37 °C and
150 rpm in an orbital shaker.

3.     Prepare a bacterial culture by adding 2 ml of overnight grown bacterial culture and 19 ml of sterile
TSB in a 50 ml centrifuge tube and incubate at 37 °C and 150 rpm in an orbital shaker. Duration of
incubation period depends on growth characteristics of bacterium used. 

4.     Measure the optical density of the culture at a wavelength of 600 nm. When the OD600 reaches a

value of 0.4 add 100 µl of phage stock at 106 PFU/ml (concentration in solution: 105 PFU/ml) to the
bacterial culture.

5.     Co-incubate the bacteria and phage culture for 21 h (or, alternatively, until bacterial culture clearing is
observed, if any) at 37 °C and 150 rpm in an orbital shaker.

6.     Centrifuge the culture solution for 20 min at 4 °C and 7000 g. 

7.      Filter the supernatant with a 0.45 µm syringe �lter and consecutively with a 0.22 µm syringe �lter
into a sterile centrifuge tube. 

8.     Store the solution in a refrigerator at 4 °C until further use. 

Troubleshooting
Arising from the immense diversity of phages, there is not one optimal production method for all phage-
host bacteria combinations. Therefore, it is advisable to test different production methods and adjust the
parameters (see below) to the growth characteristic of the phage-host bacteria combination.

 

Step: 2 & 3

Problem: Temperature
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Possible reason: Different bacteria have differing optimal growth temperatures

Solution: Increase/decrease the incubation temperature accordingly

Step: 4

Problem: Phage concentration

Possible reason: Different phages work best at differing MOIs (multiplicity of infection)

Solution: Increase/decrease the starting concentration of the phages

Step: 4

Problem: Bacterial density

Possible reason: Different bacteria have different growth characteristics

Solution: Use an OD between 0.4 to 0.6 to control the number of bacteria

Step: 5

Problem: Incubation time

Possible reason: Some phage-host bacteria combinations might need different co-incubation times

Solution: Increase/decrease the duration of co-incubation from a few hours to 72 h

Step: 5

Problem: Agitation

Possible reason: Hindering phage adsorption to bacteria

Solution: Decrease the rpm
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Further adaptations may include the supplementing of the medium with divalent cations (e.g., CaCl2,
MgCl2), the use of chloroform or -80 °C to liberate phages, as well as NaCl (up to 2.5M) to detach the
phages from the bacteria. The phage-bacteria co-incubation time can also be coupled with culture
clearance (generally after a few hours), as phages propagate and lyse bacterial host cells. 

Time Taken
The duration of the protocol strongly depends on the time needed for the bacterial culture to reach an
OD600 of 0.4 and the phage-bacteria co-incubation time. 

For our usage, with 3:30 h needed until an OD600 of 0.4 is reached, 25:15 h should be calculated with
24:50 h wait time.   

Anticipated Results
With the protocol, phage concentrations of 109 to 1010 PFU/ml are expected to be reached for several P.
aeruginosa myoviruses, while the outcome for P. aeruginosa podoviruses could be poorer. 
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