
Wheeler and Wolstein Contract Program Summer 2020 

3Bar Biologics Contract Proposal: Gene editing of the Pseudomonas genome 

  

We are seeking a student with molecular biology skills to independently take on the project described 
below. Student can be an undergraduate or graduate student with the molecular biology lab skills to 
complete tasks similar to those described below. The student would review available literature and 
provide recommendations to expand the proposed project scope, working with supervisor Dr. Becky 
Williams-Wagner, lead microbiologist for 3Bar Biologics. 

Background 

Pseudomonads are known for many plant growth promotion capabilities including phosphorus 
solubilization, and some strains have antifungal properties such as the production of 2,4-
diacetylphloroglucinol (DAPG).  Production of organic acids, such as gluconic acid, are known to be 
involved in phosphorus solubilization.  The gcd and gad genes that encode glucose dehydrogenase and 
gluconate dehydrogenase, respectively, are involved in the periplasmic conversion of glucose to gluconic 
acid and 2-ketogluconic acid.  Deletion of the gad gene increased gluconic acid production, and this 
deletion did not decrease the growth rate or colonization ability of the mutant strain relative to the wild 
type (de Werra et al, 2009).  Further, deletion of the gcd gene increased production of DAPG with only a 
moderate decrease in growth rate and similar root colonization capabilities to the wild type strain (de 
Werra et al, 2009).  

 The following proposal describes a strategy for deleting (1) the gad gene, which may allow 
increased production of gluconic acid and increased phosphorus solubilization and (2) the gcd gene, 
which may promote increased DAPG production but will eliminate gluconic acid production.  The strains 
produced could be used in products that promote nutrient use efficiency primarily through phosphorus 
solubilization (gad deletion), and biocontrol of fungal pathogens through increased DAPG production 
(gcd deletion).  Upon construction of each strain, validation will be required to show that growth rate is 
not decreased, colonization is maintained, and phosphorus solubilization is affected as expected. 

 The method described here could be expanded for other genes.  For example, regulatory 
regions of the genes may be altered to eliminate regulation of gene expression based on environmental 
cues to the microbe (increase acid phosphatase production; increase gcd expression; etc.) 

  



 

Materials and Equipment required for inactivation of gluconate dehydrogenase gene in Pseudomonas 

Materials 
High fidelity DNA polymerase - NEB 
50 rxns  
https://www.neb.com/products/m0491-q5-high-fidelity-dna-polymerase#Product%20Information 
*May need to order 2 kits depending on success of producing PCR product 
Cheaper Taq DNA polymerase for screening – Invitrogen 
100 units  
https://www.thermofisher.com/order/catalog/product/10342020 
*May need to order 2-3 kits depending on success of generating construct 
DNA primers for PCR amplification - Integrated DNA Technologies 
<20 primers  
Plasmid to insert PCR products 
pEX18Tc plasmid 
https://www.lifescience-market.com/plasmid-c-94/pex18tc-p-108051.html 
 
Ethidium bromide or safer gel stain – VWR 
https://us.vwr.com/store/product/22070434/safe-imagetm-green-dna-stain-biovision 
Agarose – VWR 
https://us.vwr.com/store/product/7437635/vwr-life-science-agarose-itm 
TAE buffer – VWR 
1L 50X concentrated buffer 
https://us.vwr.com/store/product/10071558/tae-50x-tris-acetate-edta 
100bp and 1Kb DNA ladders 
https://www.neb.com/products/n0551-quick-load-purple-100-bp-dna-
ladder#Product%20Information 
 
https://www.neb.com/products/n3232-1-kb-dna-ladder#Product%20Information 
PCR clean up kit (QIAquick) 
https://www.qiagen.com/us/products/top-sellers/qiaquick-pcr-purification-
kit/#orderinginformation 
Genomic DNA 
https://www.qiagen.com/us/products/discovery-and-translational-research/dna-rna-
purification/dna-purification/genomic-dna/dneasy-blood-and-tissue-kit/#orderinginformation 
Necessary restriction endonucleases (3-4) – NEB 
https://www.neb.com/products/r0101-ecori#Product%20Information 
Gibson Assembly master mix – NEB 
https://www.neb.com/products/e2611-gibson-assembly-master-
mix#Product%20Information_Properties%20&%20Usage 
Antibiotics for selection (tetracycline for pEX18) – VWR 
https://us.vwr.com/store/product/10070755/tetracycline 
Miniprep kits  (Qiagen) 
Qia prep spin miniprep kit 
https://www.qiagen.com/us/products/top-sellers/qiaprep-spin-miniprep-kit/#orderinginformation 
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E. coli DH5α competent cells 
https://www.zymoresearch.com/collections/mix-go-competent-cells/products/mix-and-go-
competent-cells-dh5-alpha 
 
E. coli S17-1 donor strain for conjugation 
https://cgsc2.biology.yale.edu/Strain.php?ID=128828 
 
2 mm gap electroporation cuvette  
https://www.sigmaaldrich.com/catalog/product/sigma/z706086?lang=en&region=US&cm_sp=Insite-
_-prodRecCold_xviews-_-prodRecCold3-2 

 

Equipment 
Thermal cycler  
Agarose gel electrophoresis equipment and UV light  
Microcentrifuge  
Incubators 
Speed vac  
Electroporation device  
DNA sequencing 
May need to sequence up to 10 reactions per construct/strain made 

 

Proposed method 

A. Construction of deletion construct (approx. 1 week, but may take longer depending on if the 
construct can be made on the first try) 

1. PCR amplify approximately 500 bp of DNA upstream and downstream of the gene to be 
inactivated in separate reactions.  Include appropriate regions of overlap between the 
PCR amplicons and vector 

2. Linearize the vector pEX18Tc by restriction digest 
3. Combine PCR amplicons and linearized vector, and assemble contruct via Gibson 

Assembly 
4. Insert construct into chemically competent E. coli DH5α cells for replication 
5. Screen constructs for accuracy via plasmid isolation (Miniprep kit) and PCR screen 
 

B. Transfer construct into donor E. coli strain (approx. 1 week) 
1. Make E. coli strain chemically competent 
2. Perform transformation reaction to introduce plasmid into E. coli strain 
3. Screen constructs for insertion by plasmid isolation (miniprep kit) and PCR screen 
 

C. Biparental mating between donor E. coli and recipient Pseudomonas strains and merodiploid 
selection (approx. 1 week) 

1. Grow individual cultures of the donor and recipient strains 
2. Combine cultures in puddle mating protocol 
3. Plate on to LB plates overnight 
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4. Scrape colonies from overnight plate onto VBMM plates + Tc for 48 h to isolate 
merodiploid Pseudomonas strains 

5. Counter select for double recombination events by streaking several merodiploid 
colonies onto no-salt LB + 15% sucrose agar, incubate at 30°C 36-48h 

6. Make a 50µl suspension of each clone to be screened.  Spot 3µl onto three media types 
(LB, PIA and LB + Tc).  Candidates for sequencing will grow on PIA but not on LB + Tc 
plates.  Use remaining suspension in colony PCR to screen for unmarked deletion 
mutants.  Confirm by sequencing.  Purify colonies for storage that are confirmed 
deletion mutants. 

Total estimated time to construct 3-4 weeks 

     Alt. B.   Insert construct directly into Pseudomonas via electroporation (approx. 1 week) 

1. Resuspend Pseudomonas cells in MgSO4, mix cells with DNA construct from A 
2. Transfer DNA into cells by electroporation following conditions outlined in Huang and Wilks, 

2017. 
3. Recover cells in BHI medium (very rich medium to promote recovery from electroshock) 
4. Plate cells on BHI + Tc plates at 30°C 2-3 days 
5. Screen colonies for single recombination by colony PCR 
6. Counter select colonies for double recombination on no-salt TY + sucrose 
7. Purify candidate, and verify deletion by sequencing 

Total estimated time for following A and alt. B is 2 weeks 

 

Note:  Construction of deletion mutant following procedures A, B and C as outlined in Hmelo et al. 
(2015) will require purchasing a strain of E. coli for conjugation.  This method will take longer to 
complete, but conjugation efficiencies are significantly higher, which indicates increased possibility for 
success.  Following procedures A and alt. B as described by Huang and Wilks (2017) will save significant 
time, but will require purchase of electroporation cuvettes but the electroporation efficiency is lower, 
and may require repetition. 

  



Resources 

 

1. Hmelo, L. R., Borlee, B. R., Almblad, H., Love, M. E., Randall, T. E., Tseng, B. S., ... & Siehnel, 
R. J. (2015). Precision-engineering the Pseudomonas aeruginosa genome with two-step allelic 
exchange. Nature protocols, 10(11), 1820. 
 

2. Huang, W., & Wilks, A. (2017). A rapid seamless method for gene knockout in Pseudomonas 
aeruginosa. BMC microbiology, 17(1), 199. 
 
 

3. de Werra, P., Péchy-Tarr, M., Keel, C., & Maurhofer, M. (2009). Role of gluconic acid production 
in the regulation of biocontrol traits of Pseudomonas fluorescens CHA0. Appl. Environ. 
Microbiol., 75(12), 4162-4174. 


