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Allelic Exchange in Cellulophaga algicola using SacB  
Purpose:  This protocol describes the use of the PompA-sacB carrying suicide pYT313 (1) to generate an in-frame gene deletion (in gene “B”) in C. algicola wild-type strain or other background by allelic exchange. This method can also be used to generate other gene replacements such as point mutations or inserting DNA fragments to the genome. 

Maps:
[image: ]Map of pYT313.  pYT313 is the C. algicola suicide vector pLYL03 with PompA-sacB cloned into the EcoRI site. Another version of pYT313 with different MCS, pYT354, is also available (1).   
Map of genes ABC.  PCR products from P1 - P2 and P3 - P4 are cloned into pYT313 to generate the deletion construct.  The region to be deleted is between P2 and P3 in gene B.  PCR screening to identify the deletion is performed with primers P5 and P6 or P7 and P8
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Procedure:
1. Primer Design: For an in-frame gene deletion, design primers (P1, P2, P3 and P4) with the appropriate restriction sites (for cloning into pYT313) to amplify approximately 2 kbp upstream and 2 kbp downstream of the region to be deleted.  

2. Cloning: Amplify the upstream and downstream regions and clone into pYT313 to generate deletion construct.  Typical restriction sites used for pYT313 are BamHI for P1, SalI for P2, SalI for P3 and SphI for P4. 
                                                                                                                                                                                    
3. Conjugation:  Transfer deletion construct to C. algicola strain CA2 by triparental conjugation or conjugation using E. coli S17-1 lamda pir as the donor strain (2). 

4. First Recombination (plasmid integration): Spread cell mixture of C. algicola and E. coli on Cytophaga agar with 50 µg/ml erythromycin and incubate at 15oC for 7-14 days.  

5. STREAK COLONIES FROM FIRST RECOMBINATION FOR ISOLATION before proceeding to next step

6. Second Recombination (loss of plasmid and region of interest): Inoculate 3 ml of Cytophaga medium with an isolated colony from step #5 in the ABSENCE of erythromycin to allow for the second recombination and loss of the plasmid. Incubate 2 days at 15C with rotation. Prepare 10-fold dilutions of the grown culture to 10-7 in Cytophaga medium and plate 100 µl of each dilution on Cytophaga agar (15 g/L agar) containing 5% (w/v) sucrose. Incubate plates at 15C for 7-14 days.


7. STREAK 10 COLONIES FROM SECOND RECOMBINATION FOR ISOLATION before proceeding to next step: Select 10 well-isolated colonies and streak them for isolation on Cytophaga agar containing sucrose. Incubate at 15C to obtain isolated colonies. This is necessary prior to PCR screening.  PCR screening directly from conjugation plates produces inconclusive results as both wild-type and mutant allele bands are typically amplified (meaning the colonies are contaminated with a few cells that still have the integrated plasmid).

Note: It’s better to patch the same colony on both Cytophaga erythromycin agar and Cytophaga agar only at the same time before PCR screening. Choose those that don’t grow on Cytophaga erythromycin but grow on Cytophaga only for PCR screening. It is possible that some colonies picked from the second recombination plates are still resistant to erythromycin (we call them background colonies) but they should be rare from my experience.    

8. PCR Screening:  Theoretically, loss of the plasmid in the second recombination event should result in 50% of cells carrying the wild-type allele and 50% of cells carrying the mutant allele.  To identify cells carrying the mutation use primers flanking the deleted region (see map: P5 and P6) and perform colony PCR using an isolated colony from each of the 10 plates streaked in step #7.  PCR Controls: For a wild-type allele control use wild-type chromosomal DNA or a wild-type colony lysate as the template and for a mutant allele control use the deletion plasmid construct generated in step #2 as the template.

Note: Primers P1 and P4 used to clone the upstream and downstream region can also be used for PCR screening and amplifying across the deleted region.  However, this results in a much larger PCR product. P5 and P6 can be designed as primers used for 1) conformation of gene B deletion and 2) complementation of gene B. If additional verification is desired, a PCR screen using a primer internal to the deletion can be used.  This will result in no amplification from cells carrying the deletion, while a positive control with wild-type cells will result in amplification. 

9. Confirm deletion: For absolute confirmation could perform Southern blot, or perform PCR confirmation with primers outside of P1 and P4 (P7 and P8) and sequence the product. This avoids false positives from amplification off of plasmid for example, and requires that the plasmid integrated and then was lost.
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