
BRED: CREATING FIRST PLAQUES 

Grow host strain 

1. Grow strain with defective prophage to mid-log phase at 30◦C (see Basic Protocol 1, step 6), 

except supplement the LB medium with 0.4% maltose (added from 10% w/v maltose stock solution). 

6. Add ∼0.5 ml of the overnight culture to 35 (paper used 100) ml of LB-amp medium in a 250-ml 

(baffled) Erlenmeyer flask. Place the flask in the 30◦C shaking water bath and grow cells at 30◦C with 

shaking for ∼2 hr.  

-The cells are ready when the A600 is between 0.4 and 0.6. It is important not to over-grow the cells, 

since stationary phase cells do not express the recombination functions well. 

Adsorb bacteriophage 

2. Harvest the cells by centrifuging 7 min at 4600 × g, 4◦C. Resuspend pellet in 1 ml Tris-magnesium 

(TM) buffer. Infect the cells with the phage to be engineered at a multiplicity of 1 to 3 phages per 

cell. The cells will be at ∼1 × 108/ml before concentration.  

3. Let the phage adsorb to the cells for 15 min at room temperature. Phages other than λ may 

require different adsorption conditions (possibly 30 mins for T4) 

Induce recombination functions and phage DNA entry; electroporate cells 

4. Transfer the infected cells to 5 ml of 30 degrees medium and induce lambda red on pdk46 by 

adding L-arabinose at 0.1 concentration for 15-30 mins. Shake vigorously for 15min. At end of 

incubation, chill rapidly on ice. 

This serves to both induce the Red functions and allow phage infection to proceed. 

5. Make electrocompetent cells and introduce transforming DNA (i.e., introduce PCR product with 

mutation of interest; see Basic Protocol 1, steps 8 to 14) 

Basic protocol steps 8 -14 

 8. Immediately after inducing for 15-30 min, rapidly cool the flask in the icewater slurry with gentle  

swirling. Leave on ice for ≥5 min. Follow the same cooling protocol with the uninduced culture. 

While the cells are on ice, precool the centrifuge to 4◦C and chill the necessary number of 35- to 50-

ml plastic centrifuge tubes, labeled for induced and uninduced cells. 

9. Transfer both the induced and uninduced cultures to the appropriately labeled chilled 35- to 50-

ml centrifuge tubes. Centrifuge 7 min at 4600 × g (6700 rpm in a SorvallSA-600 rotor), 4◦C. Aspirate 

or pour off supernatant. 

10. Add 1 ml ice-cold distilled water to the cell pellet in the bottom of each tube and gently 

resuspend cells with a large pipet tip (do not vortex). Add another 30 ml ice-cold distilled water to 

each tube, seal, and gently invert to mix, again without vortexing. Centrifuge tubes again as in step 

9. 



All subsequent resuspensions of cells through step 16 should be done gently and without vortexing. 

Preparation of the cells for electroporation washes out any added chemical inducing agent. 

11. Decant the 30-ml supernatant very carefully from the soft pellet in each tube and resuspend 

each cell pellet in 1 ml ice-cold distilled water. Remove tubes from the centrifuge promptly. The 

pellet is very soft and care should be taken not to dislodge it, especially when processing multiple 

tubes. 

12. Transfer resuspended cells to microcentrifuge tubes. Microcentrifuge 30 to 60 sec at maximum 

speed, 4◦C. Carefully aspirate supernatant. In each of the tubes, resuspend the cell pellet in 200 μl 

cold distilled water, which will provide enough material for four or five electroporations. 

For routine procedures when optimal recombination frequency is not necessary, e.g., when selection 

is used to find recombinants, electrocompetent cells can be stored at −80◦C after resuspending the 

cell pellet in 15% (v/v) glycerol. For highest efficiency, use freshly processed cells. 

Introduce DNA by electroporation 

13. Chill the desired number of 0.1-cm electroporation cuvettes on ice. Turn on the electroporator 

and set to 1.80 kV. 

Brands of cuvettes and electroporator other than Bio-Rad may work, but have not been tested in the 

authors’ laboratory. 0.2-cm cuvettes may require different elctroporation conditions (consult 

electroporator instruction manual) and standardization to obtain optimal recombination 

frequencies. 

14. In microcentrifuge tubes on ice, mix 100 to 150 ng of salt-free PCR fragment (from step 3) or 10 

to 100 ng of single-stranded oligonucleotide with 50 to 100 μl of the suspension of induced or 

uninduced cells (from step 12). Do the mixing and subsequent electroporation rapidly; do not leave 

the DNA-cell mixes on ice for extended periods. Be sure to include the following electroporation 

reactions and controls: 

a. Induced cells plus DNA. This is the culture that should yield the designed recombinants. 

b. Induced cells without DNA. This is a control to identify contamination, determine the reversion 

frequency, and obtain some idea of the efficiency of the selection. 

c. Uninduced cells plus DNA. This control tells whether there is some contaminating factor in the DNA 

that is contributing to the selected colonies (for example, intact plasmid template from the PCR 

reaction will give rise to drug-resistant colonies here). 

15. Introduce the DNA into the cells by electroporation 

Outgrow infected cells to allow phage production 

6. Recovered cells in 5ml SOC for 1-2 hours at 37 degrees 200 rpm,  

7. Add 0.25 ul chloroform to completely lyse infected cells and sterilize media. 

8. Make dilutions of resulting media up to 10-8 with phage buffer 

9. Mix each diluted suspension with 3ml soft agar, 100ul E. coli RecD culture, pour on plates and 



incubate overnight at 37 degrees. 

 

Step in BRED: Screening Plaques: 

Screen plaques (see also Figure 1): 

- Pick individual plaques into 100 μl phage buffer; make sure CaCl2 is added to 1 mM. 

- Pick ~18-25 initially; this is often enough to find positives, but in some cases, you may need to 

check more. 

- Incubate at room temperature for 1-2 hr or at 4°C overnight; store plaques at 4°C. 

- Aliquot 1 μl of each plaque to use as a template for PCR with the flanking primers. 

• Always set up a control reaction with WT phage DNA (5-10 ng). 

-Run PCR and examine on (1 or 1.5%) gel whether mutant plaque is detected.  

• Positive ‘mixed’ plaques will have a faint mutant band of the expected size in addition to the wild-

type band. 

• Mutant band can be difficult to see; so you may have to increase UV intensity. 

Successful transformation: 

- Once mixed plaques containing the deletion are identified: 

• Serially dilute plaque (10-3, 10-4, and 10-5) in phage buffer, and infect ~300 μl fresh M. smegmatis 

(no Tween) with 10 μl of each dilution in sterile tubes. 

• Adsorb at room temp for ~30’ and make top agar overlays→ In sterile vessel combine ~2.5 ml 

molten MBTA + ~2.5 ml 7H9 + 50 μl CaCl2. per plate. Add ~4-5 ml to each tube and plate on 

7H10/CB/CHX. 

- Pick at least 18 individual ‘secondary’ plaques from plate(s) with isolated plaques, and make a 

lysate from the plate containing ~1000 plaques (typically 10-3 plate). 

• Lysates are made by flooding plate with 3-5 ml phage buffer (with 1 mM CaCl2), allowing this to 

stand for at least 1 hr, then collecting the buffer in a sterile tube. 

Secondary PCR 

- Perform PCR with flanking primers as before on 1 μl of each purified plaque and 1 μl of the lysate. 

• If the mutant is viable, a number of these will contain only the mutant product, indicating that this 

plaque is a pure mutant. 

• If the deletion band can no longer be visualized in the lysate PCR, the mutant is likely not viable. 

• If the mutant product is present in the lysate but all of the secondary plaques are WT, you may 

need to pick more individual plaques to find a pure mutant. 

• For difficult to isolate mutants, it may be helpful to pick pools of 5-10 secondary plaques at a time 

(in at least 250 μl of buffer), thus allowing you to screen more plaques at once. When a pool 



containing the mutant is found, it can be re-plated and again, individual plaques should be screened 

by PCR. 

• In this case, use at least 5 ml of buffer, and make sure to collect as much as possible from the 

plate. 

 

Purifying pure mutant plaque: 

- Once a pure mutant plaque is identified, re-plate this, and make a lysate from a plate containing a 

good pattern of webbing. This lysate should be filter sterilized and confirmed to contain only mutant 

phage by PCR. 

 

 

Figure 1: Steps in BRED. 
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