Isogenic Construct (“Gene Gorging”) Experiment Protocol

This protocol was prepared by Dr. Sean Sleight.

Read the “Gene replacement without selection: regulated suppression of amber mutations in Escherichia coli” by Christopher D. Herring, et al. (Gene 331, 2003, p. 153-163) before using this protocol!

Mutation Detection (to determine if a strain has a particular mutation)

1. If the mutation is an IS element, then a PCR will be sufficient to tell between having the IS element or not due to the size difference of the products.  If the mutation is an insertion or deletion, then adapt the procedure given below (which is for a point mutation) to your particular mutation.  By using a program called Mapdraw or GeneQuest (found in DNA Star software package), enter the sequence with the mutation of interest and wildtype sequence, with at least 50 nucleotides on either side of the mutation (i.e. at least 100 nucleotides long with the mutation near the middle).  Look to see if there is a restriction enzyme that cuts differentially between the mutation and wildtype sequence.  If there is, test to see if this enzyme really does cut either the mutation and wildtype sequences differentially (if this works, the screening is done).  If not, go to step 2.
2. Look to see if the location of the mutation is within a palindromic sequence.  If so, there are any number of enzymes that may cut the mutation sequence differentially compared to wildtype.  If not, try step 3.
3. Use mismatched primers to differentiate between the mutation and wildtype sequences.  To do this, design two forward (upper) primers with a mismatch at the 3’ end – one has the mutant sequence and one has the wildtype sequence.  For instance, if there is a point mutation in the evolved strain of ‘C’ (instead of ‘T’ as wildtype), make one forward primer with the last nucleotide ‘C’ at the 3’ end and one forward primer with the last nucleotide ‘T’ at the 3’ end.  (This procedure could be done using reverse primers as well, but is easier to explain with forward primers.)  The same reverse primer can be used to PCR amplify both the mutation and wildtype sequence.  Thus, the mutation sequence should amplify more efficiently with the ‘C’ primer (and not ‘T’ primer) and vice versa for the wildtype sequence.  It will definitely be beneficial to use both mismatched forward primers on the same strain (with the mutation or wildtype), giving four combinations total, as a way to compare the primer amplification efficiency.  The PCR should be done using a temperature gradient on the primer annealing step (where the left side of the thermocycler is set at the minimum temperature and increasing going to the right where the far right side is at the maximum) because there will be an annealing temperature(s) where the mismatched primer does not amplify as well as the non-mismatched primer.  For example, the mutation sequence may amplify over the range of 50-60C using the ‘C’ (non-mismatched primer), but only 50-55C using the ‘T’ (mismatched primer).  Then, the mutation can be detected by simply PCR amplifying any strain with the ‘C’ primer at 60C (the ‘T’ primer should not amplify using this annealing temperature).  If there is a PCR product, the mutation is there, but the other primer should always be used as a control.
Cloning (the PCR fragment with the mutation into the vector) and Transformation     

1. Since the fragment (that needs to be inserted into the vector) should be about 1 kb, design primers that are between 450-550 bp away from the mutation of interest.  The size should not be too much larger than 1 kb if possible because when the fragment is sequenced from either end, the sequencing data will all be clean (after 500 bp, the sequence data tends to get progressively noisy).  You can design more primers to sequence a longer fragment, but that’s not recommended.  After the primers are designed, one primer (doesn’t matter if it’s forward or reverse) needs to have a meganuclease I-Sce-I restriction site on the 5’ end.  This sequence is: 5’TAG GGA TAA CAG GGT AAT’3
2. PCR amplify the fragment with the mutation using these two primers.  If you are reversing the mutation in the evolved strain, the wildtype sequence fragment needs to be amplified with these two primers since it is the PCR fragment that will eventually recombine with the evolved sequence.  If you are introducing the evolved genotype into the progenitor, then of course you need to amplify from the evolved clone.  It may be helpful to amplify using a temperature gradient of the annealing step (e.g. 45-65C).  
3. Clone this PCR fragment into the vector using the Invitrogen TOPO TA Cloning (Version R) protocol on pages 4-5 (“Setting Up the TOPO Cloning Reaction”).  Use the volumes listed under the “Chemically Competent E. coli” column. IMPORTANT: If the PCR reaction was performed using a proofreading Taq polymerase, this will prevent the 3’ A-overhangs necessary for cloning!  In order to create these overhangs for efficient cloning, follow the protocol “Addition of 3’ A-Overhangs Post-Amplification” on page 22 BEFORE the cloning reaction.  You will need a normal Polymerase (NOT High Fidelity) to make this work.
4. To transform your cells with the vector (that hopefully now contains the PCR fragment that from here on I refer to as the ‘insert’), follow the “Tranforming One Shot DH5 alpha –T1, TOP10, and TOP10F’ Competent Cells” protocol on pages 9-10.  Use the “One Shot Chemical Transformation Protocol.”  Make sure you spread 40 microliters of 40 mg/mL X-Gal (in freezer where hoods are located) on prewarmed Amp+Kam LB plates before plating!  Also make sure you thaw competent cells on ice.  As a control, you might want to due this procedure on a plate without X-Gal.
Checking to determine if the insert got cloned into the vector and has the mutation

Restriction Enzyme Digest

1. Pick up to 10 white (NOT blue!) colonies and grow them at 37C overnight in 10 mL LB media (with 10 microliters of 100 mg/mL ampicillin).  Try to find large colonies that don’t have microcolonies growing around them if possible.   
2. Purify the plasmid using the Promega Wizard Plus SV Miniprep DNA Purification System.
3. Digest purified plasmid with EcoR1 (14.5 microliters H2O, 2 microliters 10X EcoR1 buffer or NEBuffer1, 3 microliters purified plasmid, 0.5 microliters EcoR1 enzyme) and incubate at 37C for 1 hour to determine if the insert got cloned into the vector.  Run 1.5 microliters or so of the undigested plasmid in a gel along side 10 microliters of the digested plasmid mix (should be equal amounts of DNA in both).  Look if there is a fragment about the same size as the PCR fragment insert – it should be slightly larger since it will cut a very small amount of the plasmid DNA adjacent to the insert.  If there is the correct size fragment, then you did the cloning and transformation successfully.
PCR

1. Another method to check or double check that the insert got cloned into the plasmid is to do PCR using both the primers used to amplify the insert.  Concurrently, a PCR reaction using both the M13 forward and reverse primers on the plasmid should be performed.  The PCR product using the M13 primers should be about 150-200 bp larger than the insert.
Sequencing the insert in the plasmid 

1. After being sure the insert has been cloned into the plasmid, sequence the plasmid with the M13 forward and reverse primers.  GTSF can supply the M13 primer, so you just have to give them (as of this point in time) 1 microgram (1000 nanograms) of plasmid in 6 microliters total volume.  After sequencing, it should be clear whether the insert got into the vector (see the vector diagram in the Topo TA Cloning manual), the restriction site for I-Sce-I (designed with one of the primers to make the insert) is still there (no mutations occurred), and the orientation of the insert.  Also, check to make sure no other mutations occurred anywhere else in the insert.
Electroporating Competent Cells and Gene Gorging 

1. Make competent cells using the strain you want to make the isogenic construct with.  If you are reversing the genotype of an evolved clone, then of course you want to make competent cells using this evolved clone.  If you are putting an evolved genotype into the progenitor, then you need to make competent cells with the progenitor.  Ask Neerja for protocol or to do the procedure for you.  If the latter, she will give you several tubes of competent cells that must be kept in the -80C freezer until use.  40 microliters in each tube works well.
2. Make Cam (chloramphenicol) + Kan (kanamycin) LB plates (about 20 should be enough), LB plates, and Cam + LB plates.
3. Make LB media.
4. Make 20% L-arabinose, if not already available.
5. Make a stock solution of 25 mg/ml Cam, if not already available.
6. To prepare for electroporation (double transformation of the donor and mutagenesis plasmid), make sure you have 1 microliter per reaction available of plasmid pACBSR (“mutagenesis plasmid”) and 1 microliter per reaction of your purified plasmid with the insert (“donor plasmid”).  (This is assuming that your plasmids are at a normal concentration.  There is some evidence that it is better to have a high donor plasmid:low mutagenesis plasmid ratio than the other way around.)  If you don’t have enough plasmid, grow the appropriate clone overnight and purify more.  
7. Also, get five 1.5 mL eppy tubes and label them, put Cam+Kan LB plates in 37C incubator (to pre-warm), and put 90 microliters of saline into an eppy tube for a 1:10 dilution later.
8. Near the micropulser machine, put SOC medium, a box of blue (large) pipette tips, and a waste container.
9. Put a box of yellow tips in the -80 freezer.
10. Fill an ice bucket with ice and put both plasmid tubes on ice.
11. Take a cuvette out of the ‘UV Crosslinked’ box near the micropulser, label if necessary, and put on ice.
12. Adjust settings to ‘bacteria’ and ‘EC2’ (with up arrow).
13. Thaw competent cells on ice.  To see if they are thawed, flick the tube.  You should be able to tell if it’s completely thawed and will probably take 15-20 minutes with 40 microliters of competent cells.  Turning the tube sideways or upside down won’t help since the culture is so thick.
14.  When competent cells are thawed completely, take tips out of freezer, then add 1 microliter of mutagenesis plasmid and 1 microliter of donor plasmid to the competent cells.  Add entire competent cells + plasmids mix to the cuvette on ice. 
15.   Hit ‘pulse’ on micropulser
16.   If the micropulser reads “arch” then start procedure over with fresh competent cells and plasmids
17.  If the number of ms (milliseconds) is higher than 3 (the higher the better), then the resistance probably built up enough to allow for the electroporation to occur.  If not, try again with fresh components or plate anyway if you want to take a chance (it may still work when the number is as low as 2.5).
18.  Immediately after electroporation, add 0.5 mL SOC media to cuvette.
19.  Transfer 100 microliters to each of five 1.5 mL eppy tubes and incubate at 37C for one hour.
20.  Plate 50 microliters from each tube on five Cam+Kan LB plates and 10 microliters into 90 microliters saline (for a 1:10 dilution) from each tube on five other Cam+Kan LB plates.  Also, as a positive control, dilute 10 microliters from one tube into 0.9 mL of saline (1:100 dilution) and plate 50 microliters of this on a TA plate.  As a negative control, if you have a spare tube of competent cells, thaw on ice, dilute 10 microliters into 0.9 mL of saline (1:100 dilution), and plate 50 microliters on a Cam+Kan LB plates.  Save the leftover electroporated cells in the fridge.
21.  Incubate plates at 37C overnight 
22.  Pick three well isolated colonies and grow in 5 mL LB + 50 microliters of 20% L-arabinose + 6.25 microliters 20 mg/mL Cam (to select for the mutagenesis plasmid, but not the donor plasmid since it should be linearized and therefore chomped to bits by nucleases and won’t be able to express the enzyme required for kanamycin resistance) for between 8-16 hours.  Save the plates in the fridge.
23.  Dilute culture via 2 dt (two 1:100 dilutions) and plate 100 microliters on LB + Cam and LB (as a control) plates (also TA and minimal glucose plates can be used if you’re feeling ambitious) – incubate plates overnight at 37C.
24.  Save LB + L-Ara + Cam cultures with 15% glycerol.  You will be using these cultures again to plate out more and more colonies to find successful reconstructs.
25.  Take your LB + Cam plates and with a toothpick, touch the top of well isolated colonies lightly and streak gently on an LB plate (with either a A1-D12 or E1-H12 template underneath).  You can fit 48 colonies on a single plate this way and by using both templates can do 96 at a time if you wish.  Remember to uniquely name the plate and mark the top of the plate (on the side with agar) closest to where A1 is on the template – this will mark the orientation so that you know where A1, etc. is later.  Grow colonies at 37C overnight.  Save the LB + Cam plates in the fridge for more clone picking later.
26.  Now you should have 48 or 96 different clones on your LB plate(s) and each one is assigned a letter and number – these letters and numbers correspond to a 96 well plate used for PCR amplification.  If you have an IS element mutation, do a PCR reaction using either the same primers you used to amplify the insert (or primers designed 100-200 bp outside of the insert region on the chromosome).  If it’s a point mutation, deletion, or insertion, then use the primers designed according to the ‘Mutation Detection’ section above.  Using 10 microliters total reaction in a 96 well plate will actually be sufficient in most cases to yield a PCR product, but usually the more volume, the better the reaction works.  Also, tubes often work better than in a plate, but of course if you do 96 at a time, the plate is much easier to use.  For the DNA template, gently touch the top of each colony on your plate and stick it into the correct well in your 96 well plate having the PCR master mix.  As a positive control, use 1 microliter of a 1:10 dilution of extracted DNA from the clone you made the competent cells from.
27.  Identifying whether you have any successful reconstructs is going to be different depending on what kind of mutation you have.  You may need to just look at the PCR product size, run the PCR reaction using a specific annealing temperature, or do an enzyme digestion. 
28.  Once you identify a successful reconstruct, you will want to grow that clone overnight in LB, redo the PCR reaction using 1:20 dilution of that culture as the template (as verification you have the correct genotype), whatever test for checking for the correct reconstructed genotype, and save the culture with glycerol.  You may want to also restreak the colony (to avoid colonies with mixtures of cells that have the genotype of interest or not) and then test different clones to make sure that all have the reconstructed genotype.
29.  You can then do competition experiments with the successful reonstruct clone, an unsuccessful reconstruct clone (as a control since it went through the same gene gorging procedure), progenitor clone, evolved clone, all against the ancestor (as a pairwise competition) to see if the isogenic reconstruct has higher or lower fitness than the evolved clone or progenitor.  If your mutation is an IS element that you are reversing, you can’t reintroduce it very easily (to see if it has the same fitness as it did to begin with and therefore no secondary mutations were made) since it may recombine with another IS element, so instead you will want to make three independent reconstructs and see if they all have similar fitness.  If so, then the reconstruct probably does not have any other mutations that were introduced during the gene gorging procedure.  If the mutation is not IS related, then you will want to reverse the mutation back to its original state and test to see if it is the same fitness as the original clone you started with to verify that no secondary mutations were made.
