Protocol for in-frame deletion mutagenesis

(A. Beliaev, S.B. Reed, D. Stanek, D. Saffarini, M. Romine)

Step I: Generation of a deleted copy of the target gene using a two-step asymmetric/crossover PCR amplification (Fig. 1)
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I.1. Primer Design and Amplification: 

     Design PCR primers to amplify the regions flanking the target gene.  These amplified flanking fragments should be 500-1000 bp in length.  Subsequent to amplification, these flanking regions are fused together via a complementary “tag” region that is added to the 5’ end of each inner primer.  This tag region should be unique, thus giving each mutant its own “barcode” for future work and identification.  This fusion product will then be inserted into the cloning vector pDS3.1.  The primers for the 5’-end fragment primers are 5o (outside) and 5i (inside) and the primers for the 3’-end fragment are 3i (inside) and 3o (outside).  The size of the complementary tags used in our lab is generally ~21 nucleotides (tags may contain a unique restriction site to facilitate insertion of additional markers).  When designing 5i and 3i primers remember to check for predicted secondary structure or dimer formation after the tag has been added.  Because the fusion PCR will be conducted using Taq and subsequently T-A cloned into pDS3.1, PCR primers should be designed with a 5’ G, since Taq leaves a 3’ A-overhang preferentially on DNA ending in a C.  A- overhangs are infrequently added to T 5’-ends (Hu, Mead).  FO and RO primers are designed upstream and downstream, respectively, of the outer primers of the 5’ and 3’ regions and will be use to map insertions in the genome.

For example :
Deletion strategy for SO1779 (omcA)

  1860841 gcgcattacc ttggccgtcg aaatcttcaa ccatttcggc aacgggaacg gtcgttccgt

  1860901 ctgctaattt acccgcagca gaaacaacgt taaagcgttg cgttaattga gcattaaaga

  1860961 ccttattact atcgaaggcg tcgaatttaa aggtatagct accgttttta ttatcgacat R-O
  1861021 agctctttga tgagcctaag ccttgccagt tagcgctatt acctgggcct gtcgcccctt 3-O
  1861081 ccggtattaa ttgcagtgct tttttgattt ctaaatttgc gagaccaatc actggcatgt

  1861141 cggcttcgtt agtggcgaaa acagtgacca taggtgcacc attttcatag cttactttag

  1861201 tgatatctag gtttaacgtc tggatgctac ctgctggctc accaccatca ctaccatcat

  1861261 tgccgttatt accatcgctt ccaccacagc cggttaaggc cattgtgacg gcacttgctg

  1861321 cgagcagcag tgcgattttt gatttttgtg cgttcatcat ttttttccct gcataggttt

  1861381 ggcattgctt aaccgctatg ctctagcgcc aacagattct atgtctgtgt atttgatcac

  1861441 tagaagcgac ttaagtggat gctggaaata gaattcccca aggaaaggct aacccaacat

  1861501 gccgttaaaa tcttctaagc ctttgctaat gtgtgacttg gatctttcta tttctaaaga

  1861561 ggtagttaaa ccacaaggga aaaacaaatt gagagcaaaa aaacaacaga tagtgaggtg

  1861621 gaaataaaaa gagagagggg atacctctct ctttaagttt cgtctctcga ttcagataat 
  1861681 tatatcgacT TAgttaccgt gtgcttccat caattgcgat ggagtatggc acgttgcaca 3-I
  1861741 gctttcagat gcacgagttt gaacatctgc agcactagta ccatttaaga taccgccgtt SO1779
  1861801 agtttcaata tgagacttgg ctgcatcaga cagatacttc tggtggcaac ttaagcatgc omcA
  1861861 gccagcatcg gaagataccc aaattacggc accattgttc ttaatatcgc cgtaaagcca

  1861921 tgcgcgctct ggcgatctgc ctaaagcgat acccgttact acgttggatt tatcagcagt

  1861981 atgacatgtt gcacaatcgg tttttagtac agtgccagat tgtacgcctg catatttcag

  1862041 ataatggcct tcactttcgt gggctttcca cgcaaagctc gttggaactt tagttcctgg

  1862101 gtaagtgttg tcagttttta aacccttatc aggagtatga caagcttgac agttaacgcc

  1862161 gttgtcataa tgaacaattt ccttgttatg gcaacctgaa cacttagctg tatcgataat

  1862221 cgctctacgt ttttcagcgg cagaattggt atccgttcca ttccatttga aacggaatgg

  1862281 ttggtcttgg atgtaagcgt agcgagtatc ggtagaacat ggggtcgcta caacatcttc

  1862341 aacgccgtat ccacctttgt taaaacaggt tgctacacca gcatacaact caacattcat

  1862401 accagttaga tcagctggca gctttaagtt gctatttgta ctgtcaatag tgaaggtttt

  1862461 agttgcttcg ttgtaagttg aaaccttcga atttgataat gcaaagccac gatcactata

  1862521 tctgctacct gcggtataag cagggtaatc tttatctatt ccccatgaga aatagatact

  1862581 cgatttagtg tatgcactcg gatccgaaat aaattccttg ccgataggtt gatctttatt

  1862641 atcaagaatt tgtacatcga atgttagggc attattttta ataccaatgt tgctgaattt

  1862701 cgctttataa ccaaggctat cgttataagc tttcattaca tcgccatgac gtttagctgc

  1862761 acttcccgta ccgccgtaag gcttggttgc attgtggcaa gccatacaat cagtgctgct

  1862821 atggtgagca gatggttttt cagtgtgaca gccaatacat gcttgattgc ttaaatctgc

  1862881 tttgaacaga tcggcattag caggtgcgcc agcgccttca acgtgacagg ctgcacaatc

  1862941 tgcggctggt ttttgggggt aatgcacttt gccataatcg attaccttac cgccatagcc

  1863001 aataatttta tatggggcag gcacttgtgc accggtagca tcgaaggtat gacgctcgcc

  1863061 acctttatgg atagcatgga tcatataagt aaattcaatg ctattgcctg attctggatc

  1863121 accagaggtt gcagtgtggc aagatgcaca gttttcaata tcgatacgac ggccaccatg

  1863181 cagcgctaag ctttctggtt ggtgacaggt ataacatgct tgaatagaga cgacattgcg

  1863241 agtttgaatg ccttctgttt tacctgttga aggttgccaa tcgaaatgcg cattcgccgc

  1863301 aagttgcggt agctcaagtt ccatggtcgc acgttgagtg gcatctgcac tgtaagtgac

  1863361 ttttaccggc tcagtcacat tggcaacgtt aacttggtat gtataactgt agctaccatc

  1863421 gccatggtct actaaacaag tgtcgcattt attggcagac tcaacgttcg cttgaaactg

  1863481 ggtcgatgga ttgaggttat caacgcctga tggaacggta ccgggttctt tcttggcatt

  1863541 gatataagct tgccattgat aaccgcggtc agcttctgtt tctcccactt tttctttaac

  1863601 gggagttaat tgcgcaatac caaatcgcaa atcgtgatct ttggttaagc ctaatactgc

  1863661 tacaccattg gcattttcta gggtgaagtt gacagtgact ttacctgcat caacagtggc

  1863721 attagtgaat tttgctttta aggttgaggt tgagttgata ttaactccaa caacgcctgg

  1863781 tttaccgtct tcaccatctt taccatcact gccaccgcag ccagtgagaa ggagtgaaag

  1863841 taaaccggca cccaacatcg cttttgttgc ggtattgaaa ttgaaccgtt tcatCATgat 5-I
  1863901 atttccctgc aatagtttta atcatcatta aacacatatc aaataagaac aaatctcatt

  1863961 agtcgtattt aatgtgtgga attagatccc acctgtaagg ctaactaagt cattggtatt

  1864021 tatcagtcac tttaagcggg taatgtgatt gagatctgac tatttctttt gaggtagata

  1864081 acagcatcat ctgagttcct tttatattgg cagttgcagg ccttttgggc ctgcatcatc

  1864141 gagttagttt attggatgga ctttgagtac gtcggcgaca gtgccttgtc cgtggcaaaa SO1780

  1864201 tgcacaggtt tcagtgcctg cggttgcatc ggctttggtt ccggcaaaca ctgcaccttg mtrF

  1864261 ttgcctcata tgattttgag ttgcatcact tgagtgacaa ttgctacata cagcggcaat

  1864321 tggactggtg aaggtgccat tgttaagcgc gagaggttga acggccgcat ttaaggggag

  1864381 ggctacagta gagatacctg tcgaatcgtt gatgtggcat tgggcgcaat taccgatatt

  1864441 cccagggtaa ttgaggtctt caaaacctgc aaattggctg ctatggagcc cgtggattaa 5-O
  1864501 ctgtttaaaa tcaaaagatg tcatcgatgg gttggttgct gtggcgtcgg cgagcatatt F-O
  1864561 cggattgtgg cagagctgac attgacccgc taaatcgttg cgggcgccat ggatgtttaa

  1864621 ttgctgatcg ccatggcagc tagcacattt tgcattactg atgacttcgc gtctgcctgt

  1864681 ggtggttaat gcagacatat tgaagtaact gtgacttgat ttgatcacaa gcacttctgc

  1864741 cagttcggtg ctgcaatcca ctaagacact atcttttgcg cacactcgac cttgaatggc

Amino terminus:

5-O -> 5'-GCTCCATAGCAGCCAATTTGC-3'

5-I -> 5'- gactggcttaggtcgtctctACCGTTTCATCATGATATTTCC-3'

Carboxy terminus:

3-I -> 5'-agagacgacctaagccagtcGAAGCACACGGTAACTAAGTCG-3'

3-O -> 5'-GCCTAAGCCTTGCCAGTTAGC -3'

Crossover PCR product:

Length with 5-O + 3-O:
= 1299 (605 + 20 + 674) (3456 in wt)

Length with F-O + R-O: 
= 1404  (50 + 605 + 20 + 674  + 55) (3561 in wt)

F-O GCAACCAACCCATCGATGAC
R-O CGTCGAATTTAAAGGTATAGCTA

crossover fusion makes 4 AA peptide from omcA SD
MMKR
CGTCGAATTT AAAGGTATAG CTACCGTTTT TATTATCGAC ATAGCTCTTT R-O

GATGAGCCTA AGCCTTGCCA GTTAGCGCTA TTACCTGGGC CTGTCGCCCC 3-O
TTCCGGTATT AATTGCAGTG CTTTTTTGAT TTCTAAATTT GCGAGACCAA 
TCACTGGCAT GTCGGCTTCG TTAGTGGCGA AAACAGTGAC CATAGGTGCA 1861178

CCATTTTCAT AGCTTACTTT AGTGATATCT AGGTTTAACG TCTGGATGCT 
ACCTGCTGGC TCACCACCAT CACTACCATC ATTGCCGTTA TTACCATCGC 1861278

TTCCACCACA GCCGGTTAAG GCCATTGTGA CGGCACTTGC TGCGAGCAGC 
AGTGCGATTT TTGATTTTTG TGCGTTCATC ATTTTTTTCC CTGCATAGGT 1861378

TTGGCATTGC TTAACCGCTA TGCTCTAGCG CCAACAGATT CTATGTCTGT 
GTATTTGATC ACTAGAAGCG ACTTAAGTGG ATGCTGGAAA TAGAATTCCC 1861478

CAAGGAAAGG CTAACCCAAC ATGCCGTTAA AATCTTCTAA GCCTTTGCTA 
ATGTGTGACT TGGATCTTTC TATTTCTAAA GAGGTAGTTA AACCACAAGG 1861578

GAAAAACAAA TTGAGAGCAA AAAAACAACA GATAGTGAGG TGGAAATAAA 
AAGAGAGAGG GGATACCTCT CTCTTTAAGT TTCGTCTCTC GATTCAGATA 

ATTATATCGA CTTAGTTACC GTCTGCTTC  gactggcttaggtcgtctct  3-I
      ACCG TTTCATCATG ATATTTCCCT GCAATAGTTT TAATCATCAT 5-I

TAAACACATA TCAAATAAGA ACAAATCTCA TTAGTCGTAT TTAATGTGTG 1863978

GAATTAGATC CCACCTGTAA GGCTAACTAA GTCATTGGTA TTTATCAGTC 
ACTTTAAGCG GGTAATGTGA TTGAGATCTG ACTATTTCTT TTGAGGTAGA 1864078

TAACAGCATC ATCTGAGTTC CTTTTATATT GGCAGTTGCA GGCCTTTTGG 
GCCTGCATCA TCGAGTTAGT TTATTGGATG GACTTTGAGT ACGTCGGCGA 1864178

CAGTGCCTTG TCCGTGGCAA AATGCACAGG TTTCAGTGCC TGCGGTTGCA 
TCGGCTTTGG TTCCGGCAAA CACTGCACCT TGTTGCCTCA TATGATTTTG 1864278

AGTTGCATCA CTTGAGTGAC AATTGCTACA TACAGCGGCA ATTGGACTGG 
TGAAGGTGCC ATTGTTAAGC GCGAGAGGTT GAACGGCCGC ATTTAAGGGG 1864378

AGGGCTACAG TAGAGATACC TGTCGAATCG TTGATGTGGC ATTGGGCGCA 
ATTACCGATA TTCCCAGGGT AATTGAGGTC TTCAAAACCT GCAAATTGGC 5-O

TGCTATGGAG CCCGTGGATT AACTGTTTAA AATCAAAAGA TGTCATCGAT F-O
GGGTTGGTTG C 
Primers ordered:

F-O GCAACCAACCCATCGATGAC

R-O CGTCGAATTTAAAGGTATAGCTA
5-O GCTCCATAGCAGCCAATTTGC

5-I GACTGGCTTAGGTCGTCTCTACCGTTTCATCATGATATTTCC
3-I AGAGACGACCTAAGCCAGTCGAAGCACACGGTAACTAAGTCG

3-O GCCTAAGCCTTGCCAGTTAGC

I. 2. Fusion PCR:

Reagents and enzymes and kits:

· DNAzol Reagent, (Invitrogen, #10503035)
· A proofreading polymerase (such as Vent, New England Biolabs, #M0254S)
· Taq DNA Polymerase (Qiagen, #201203)
· TE buffer, pH8.0, autoclaved

· Milli-Q Ultrapure water (or equivalent deionized-water), autoclaved

· LB agar plates, autoclaved (Difco, DF0413-17-2)

· LB broth, autoclaved (Difco, DF0413-17-2)

· 100% (200 proof) ethanol

· 8 mM  NaOH, autoclaved
· 1X TAE buffer
· Genetic Technology Grade Agarose (SeaKemGTG, Cambrex, #50071)
· DNA markers (1KbPlus DNA Ladder, Invitrogen, #10787018).
· DNA gel-extraction kit (UltraClean15 Kit, MoBio, # 12100-300)
Methods:

Genomic DNA Isolation:
· Resuspend primers to a concentration of 100 uM in TE, pH8.0 for a storage stock.  Make working (from 5 uM to 50 uM, depending) stocks of each by dilution in autoclaved Milli-Q water.  Store all primer stocks at -20 oC when not in use and on ice during use.
· Isolate Shewanella oneidensis MR-1 genomic DNA using DNAzol Reagent.  All Shewanella cultures are grown at 30(C.  Broth cultures are incubated with shaking at 150 rpm.

1) Inoculate 5 ml LB broth with a single colony from an 16-48 hr LB plate. Incubate with shaking overnight (about 16-18hrs).

2) Pellet 3 ml of the culture at 2500 rpm, 5m. Decant the supernatant by inversion and dabbing the lip of the tube on a clean KimWipe. 

3) Resuspend the pellet in 1 ml DNAzol by gently pipetting and transfer to a 1.7 ml eppendorf tube.  Incubate at room temperature (RT), 5 min.

4) Add 0.5 ml of 100% ethanol and invert 6 times.

5) Precipitate 5 min at RT and centrifuge 2 min at 10,000 x g.

6) Wash the pellet twice with 1ml of 70% ethanol, resuspending the pellet each time prior to centrifugation (10,000 x g).  At the last decanting stage, dab the lip of the tube on a clean KimWipe to remove excess ethanol and, leaving the tube in an inverted position, transfer to an eppendorf tube-rack, finally laying the tube on its side horizontally.

7) Allow the pellet to dry 5 min at RT.

8) Resuspend the pellet well in 0.4 ml of 8 mM NaOH by vortexing and pipetting. Pull the DNA through a 1ml syringe attached to a 20-guage needle 10 times.  This will shear the DNA slightly but result in a more homogenous solution that works very well for PCR.

9) Check the concentration DNA on a spectrophotometer using the 8 mM NaOH as the blanking solution.  The DNA 260/280 should be ~1.8.  Dilute this as needed with water, usually to approximately 50ng/ul, or use as is (the 8 mM NaOH does not adversely effect PCR).

PCR-Amplification of Flanking Regions:

· It is important that the two separate inner and outer PCR fragments produced in this amplification step have polished ends (such as produced when using a proofreading enzyme), otherwise the A’s added to the 3’ end of the linker regions (by Taq) will prevent extension in the subsequent fusion PCR.
In two separate reactions, PCR amplify the 5’- (5outer [5o] and 5inner [5i]) and 3’- (3outer [3o] and 3inner [3i]) fragments:

Example:


5.00 ul 10X Thermopol buffer



2.00 ul dNTPs (6.25 mM)



2.00 ul 5o or 3o primer (50 uM)



2.00 ul 5i or 3i primer (5 uM)

1.00 ul MR-1 genomic DNA (50ng/ul)

0.5 ul Vent DNA Polymerase
37.5 ul H20

50.00 ul

Cycling Performed in a Tetrad Thermocycler, MJ Research:

(Example: for each fragment):

1 hold:

94 oC,5 min




 25 cycles:
94 oC,30 sec

    


    
54-60 oC,30 sec (adjust according to specific primer Tm)

    



72 oC,1 min (adjust according to fragment length)
 


1 hold:

72oC,7 min

1 hold:

4oC,(.

Visualize the PCR reactions by loading 5 ul of each on an 0.8% TAE or TBE agarose gel.  A single band of the predicted size should be produced for each.  This PCR product can be used without further purification as template for the fusion PCR.  However, if extraneous products are produced for either fragment, gel-purify by loading the entire PCR reaction on another gel and excise the correct band.  Extract the DNA from the gel using a kit such as MoBio or Qiagen Gel Purification Kit (elute the DNA in approximately 20 ul autoclaved Milli-Q water). 

Gel of PCR flanking regions (used in this un-purified form for the following fusion PCR):

[image: image1.png]



I. 3. Crossover PCR  (produces the deletion fusion product):  

Important notes (!):

· It is helpful if you plan to proceed with the ligation of the fusion product into the digested, purified vector the same day the product is amplified.  Waiting a day or two may decrease the number of PCR products with A-overhangs, decreasing ligation efficiencies.  The pDS3.1 vector can be prepared in advance.  .The crossover PCR, gel electrophoresis-verification, cleaning of the fusion product, gel-comparison of the fusion product and vector and ligation of product and vector can be done in about 4-5 hours.  It is recommended that the ligation be incubated at least 8 hours at 16 oC. 
· Use FastLink ligase and related buffers (Epicentre) in the ligation reaction.  Previous attempts failed when using T4 ligase and related buffers.

· The fusion product must have 3’ A’s for TA cloning.  Either use Taq or use a proofreading polymerase followed by an A-addition with Taq. 
· If using HotStarTaq, take care to note that the initial 94 oC hold must be 15 min.

· In the fusion PCR, the last hold at 72 oC should be at least 10 min to increase the addition of A’s.

· For this ‘crossover PCR’ reaction, I’ve noticed a substantial decrease in extraneous bands when I use less primer than usual (note 0.5 ul each primer is used as opposed to the usual 2.0 ul each primer below [0.125 uM total concentration of each primer in a 50 ul reaction volume]). 
To amplify the final fusion product, use the outside primers (5o and 3o) and a 1:1 mix of the 3’ and 5’ fragments amplified in the initial PCR reaction (Aliquots may be used non-purified unless extraneous product is produced.  If this occurs, continue to optimize the PCR using general optimization procedures or excise the desired band).  Adjust each PCR product to about 80ng/ul with Milli-Q water.  If non-purified, quantification may be best achieved by visualization on a gel next to DNA of know quantity.  Assemble a PCR reaction as follows:

example:
5 ul 10X buffer





2 ul dNTPs (6.25 mM)





0.5 ul 5o (12.5 uM)




0.5 ul 3o (12.5 uM)
1 ul 1:1 mix of 5’& 3’fragments at ~80ng/ul each
0.25 ul Taq polymerase (Qiagen)
40.75 ul H20

50ul

Cycling performed in a Tetrad Thermocycler, MJ Research:

Example:
1 hold:

94 oC,5 min (15 min if using HotStar Taq)
30 cycles:
94 oC,30 sec


 
    
54-60 oC,30 sec (adjust according to specific primer Tm’s)




72 oC,1 min (adjust according to predicted fusion size)


1hold:

72oC,10 min (10 min increases addition of A’s)




1hold:

4oC,(.

Visualize the PCR reaction by loading 5 ul on a gel.  A single band, twice the size of each separate 5’ and 3’ fragment should be produced.  If extraneous products are produced, gel-purify by loading the PCR reaction and excise the correct size band.  Elute the DNA in ~20-30 ul autoclaved Milli-Q water.  For setting up the ligation, quantify using a spectrophotometer or compare the fusion product (insert) to the digested, purified pDS3.1 (vector) by loading 1-2 ul each on a gel and comparing band intensity.  You may ligate the un-purified PCR fusion product directly into the prepared pDS3.1 vector if no extraneous bands are produced. 
Gel of PCR product of fusion fragment before and after gel-purification:
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[image: image3.png]



Step I: Cloning the Fusion Product into pDS3.1
Important Notes(1):
· To facilitate the cloning procedure, the suicide vector pCVD442  (R6K ori, RK2 mob, sacB) was modified by adding a Gm-resistance marker and lacZ carrying a polylinker (2 TA-cloning, Xcm sites, resulting in pDS3.1).

· It is important to only allow the XcmI digest of pDS3.1 proceed 2hrs at 37C.  Longer incubation times have often resulted in multiple fragments.
II.1. Vector digestion and purification


pT lacZ_MCS sequence:

GGAAAGCCGGCGAACGTGGCGAGAAAGGAAGGGAAGAAAGCGAAAGGAGCGGGCGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGCGCGTAACCACCACACCCGCCGCGCTTAATGCGCCGCTACAGGGCGCTCCATTCGCCATTCAGGCTGCGCAACTGTTGGGAAGGGCGATCGGTGCGGGCCTCTTCGCTATTACGCCAGCTGGCGAAAGGGGGATGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAGTC










    M13F (-40)
ACGACGTTGTAAAACGACGGCCAGTGAATTGTAATACGACTCACTATAGGGCGAATTGGGCCCGACGTCGCATGCTCCCGGCCGCCATG

   M13F (-20)

GTT[TTGTTGGCCATGTTA]TCCATGGCCGCGGGATATCACTAGTGCGGCCGCCTGCAGGTCGACCATATGGGAGAGCTCCCAACGCGT
XcmI

     XcmI

tgGATGCATAGCTTGAGTATTCTATAGTGTCACCTAAATAGCTTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCC








M13R

gcTCACAATTCCACACAACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTG
Reagents and enzymes:

· XcmI (New England Biolabs)
· plasmid prep Kit (example: Qiaprep Plasmid Miniprep Kit, Qiagen)
· LB broth and agar plates
· gentamycin sulfate salt (example: Sigma, #G4793)
· 2,6-Diaminopimelic acid, 98 %
583-93-7C7H14N2O4, MFCD00002637 (example: Sigma, #271470)
· FastLink Ligation Kit (Epicentre)* important to use!
· DNA gel-elution kit (example: Qiagen Mini Elute Kit)
· PCR purification kit (example: Qiaquick PCR Purification Kit, Qiagen, #28104)
Plasmid Preparation:
· Isolate pDS3.1 from E.coli strain EC100D using a plasmid prep kit column such as Qiaquick by Qiagen.  All E.coli cultures are grown at 37(C.  Broth cultures are incubated with shaking at 150 rpm. 

· Linearize 500 ng to 1 ug of pDS3.1 with XcmI. Use about 5 U of XcmI per 1 ug of DNA. This will result in T-overhangs, suitable for TA cloning with the Taq-generated PCR fusion product.
8 (l pDS3.1 (if 60 ng/ul; about 500 ng)

    
0.5 (l XcmI  [5 U/ul]

 
3 (l 10X NEB XcmI buffer

  
18.5 (l Nuclease free H20

30 (l total- digest  incubated at 37(C, 2 hrs
· Purify the digested vector:
Gel-purify the entire plasmid digest.  Elute the DNA in about 40 ul of 55(C elution buffer or water.  Run 1-2 ul on a gel with the fusion products to compare concentration of vector to insert.

Gel of pDS3.1 before and after gel purification (500 ng plasmid digest is divided between 2 lanes in the first image.  The second image contains 1 ul of gel-purified product from a 40 ul elution using Qiagen’s Mini Elute column for purification):

[image: image4.png]FE
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II.2. Ligation

· Verify the relative concentration of PCR fusion product (insert) and digested, purified plasmid (vector) by loading equal volumes of each on a 0.8% TAE agarose gel.  Gel quantification works well for this purpose.  In general, a 4:1 molar ratio of insert to vector is preferred for the ligation. 
Gel image of 1 ul each of pDS3.1 (digested and gel purified) and fusion products (each gel purified) prior to ligation:
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1. Mix 1 ul of the vector and 1 ul of a 101 dilution of the insert.  Use the protocol for Fast-link ligase (0.5 ul ATP, buffer to 1X, vector, insert, 1 ul ligase and water to 15 ul total). 

2. As a control, set up the same reaction, excluding insert and adding water in place of the insert you used in step 1.

3. Ligate overnight at 16oC.
II.3. Transformation

The suicide plasmid carrying the deleted gene fragment can be maintained only in E. coli strains producing the lambda pir protein (β2155/( pir , JM 109/( pir, S17-1/( pir, EC100D/( pir).  For white/blue selection on X-gal/IPTG plates, the ligation mixture can be transformed into E. coli EC100D pir (EC100D pir-116 cells can be purchased from Epicenter: TransforMax EC100D pir-116 Electrocompetent E. coli.  However, in my hands plasmid transfer has been most successful when making this cell line chemically competent with RbCl).  Since EC100D is not a mobilizing strain, after verification the suicide construct should be moved into E. coli β2155/( pir, a diaminopimelic acid (DAP) auxotroph.  Past attempts to clone directly into E. coli β2155/( pir have been unsuccessful.
CHEMICALLY COMPETENT E.COLI CELL PREP (RUBIDIUM-CHLORIDE METHOD)

Adapted from D. Hanahan by A. Caplan, S.B Reed.  For review, see Hanahan, D.  1985 Techniques for transformation in E. coli. In: “DNA cloning, a practical approach”, Vol I, D glove (Ed.). Oxford, IRL Press, 109-135.)

Procedure:

1. Grow cells overnight on an LB or PSI media plate.

2. In the morning, inoculate 3ml PSI medium with a single colony of E.coli cells from the overnight plate.  Shake at 37C until an OD550 of 0.3-0.4 is reached.

3. Pre-chill TfbI and II buffer, eppendorf tubes, centrifuge bottles, centrifuge and rotor, and a few 25ml and 10ml disposable pipettes.

4. Inoculate 100ml (in a 1L sterile flask) PSI medium 1:100 with the 3ml culture. Shake at 37C until OD550 = 0.3-0.4. 

5. Chill culture on ice, 5min.  From this point forward, cells will need to be kept very cold!
6. Aliquot 50ml into each of 2, 250ml centrifuge bottles.  Spin 5 min at 2500 X g at 4C.

7. Decant supernatant and gently resuspend cells in a total of 40ml ice-cold Tfb I buffer (20ml each bottle of pelleted cells).  Combine resuspended cells into one bottle, use the other bottle as a balance, and leave cells on ice for 5min.

8. Spin 5 min at 2500 x g at 4C.

9. Decant supernatant and resuspend cells quickly (but gently) in a total of 2ml of ice-cold Tfb II buffer (so, maybe only add 1.8ml since some residual TfbI buffer will be left in the bottle), leave cells on ice for 15min.

10. Aliquot 100 ul into each pre-chilled eppendorf tube.  Quick freeze with liquid nitrogen and store at -80°C. 

Optional: Procedure to test efficiency of EC100D pir-116 cells (originally obtained from Epicentre), using Epicentre’s R6K Km-resistant control plasmid (they send with their e-comp EC100D pir-116 cells):

1. Thaw 1 vial of EC100D RbCl comp cells on ice.

2. Dilute the pR6Kan control DNA 1:10 with sterile, distilled water.  Add 1 ul (10pg) to 50μl of cells, mix gently and incubate on ice, 15min.

3. Heat-shock the cells/DNA at 42°C for exactly 30sec.  Immediately transfer to ice for 2min.

4. Add 250 ul SOC and shake 1hr at 37°C, with the tube laying on its side for plenty of aeration.

5. Plate 50 ul of full-strength, 1:10 and 1:100 dilutions on LB Km25 plates and incubate overnight at 37°C.  Your efficiency should be around 6-7 x 108/ug of plasmid (50 μl of full strength, 1:10 and 1:100 dilutions represent 1.67 pg, 167 fg and 16.7 fg respectively). 

Medium and Buffers

PSI Medium (quality is essential), 500ml

2% bacto-tryptone (Difco)
10g

0.5% yeast extract (Difco)
2.5g

10 mM  NaCl

0.3g

2.5 mM  KCl


0.093g

10 mM  MgCl2

1.17g

10 mM  MgSO4

1.23g

adjust pH to 7.6 with KOH and filter sterilize (do not autoclave).

Tfb I: Transformation Buffer I, 250ml

10 mM  MES, pH 5.8
E. coli β2155/( pir 0.49g

100 mM  RbCl2

3.02g

10 mM  CaCl2

0.37g

50 mM  MnCl2

2.47g

Add MES, RbCl2, CaCl2, and pH to 5.8.  Then add the MnCl2.

TfbII: Transformation Buffer II, 50ml

10 mM  PIPES, pH 6.5

0.17g

75 mM  CaCl2


0.55g

10 mM  RbCl2


0.06g

15% (v/v) Glycerol

7.5ml

Transformation Procedure:

1. Remove 2 aliquots of EC100D pir-116 RbCl competent cells (100μl each) from the –80°C freezer and thaw on ice, 5-10 min.

2. To each thawed aliquot, add 2μl of either the ligation or control ligation mix and swirl to mix.
3. Incubate on ice, 15min.

4. Heat-shock cells/DNA at 42°C for 30 sec and transfer immediately to ice for 2min.

5. Add 4 volumes SOC and recover, with shaking, 1-2 hrs at 37C.

6. Plate on LB gm15 + X-gal in 50 and 100 ul aliquots and incubate 16-18 hrs (overnight) at 37C.  Screen white colonies the next day.
II.4. Identification of correct suicide constructs
NOTE:  One can attempt colony PCR (using 5o/3o primers, M13F/R primers, or both) at this point or isolate plasmid DNA from a few white cfus for screening.  Using colony PCR on cells from the transformation plate is an easy, quick way to screen the same day that the colonies appear on the transformation plate.
Colony PCR:

1. Add 25 ul sterile water to each of about 12 PCR tubes.

2. Using a sterile toothpick, pick a decent amount of cells (so you can see them on the end of your toothpick) and put each toothpick containing cells from a separate, white cfu into its own well.  Leave each toothpick there until all 12 have been picked and placed in the tubes.  Remember to use a negative control (for instance, cells from the vector-only ligation plate) and a positive control (for instance, MR-1 cells or MR-1 genomic DNA).

3. When finished, spin each toothpick around a bit in the water to make sure you get a cell-suspension that makes the water relatively turbid (it should look about half as turbid as an average overnight broth culture).
4. Use 1 ul of each cell suspension as template to screen that individual cfu for the correct insert.  Use the same cycling conditions you did for making the fusion construct and use either M13F/R (vector primers flanking the XcmI cloning site) or the outer primers of the fusion product (5o & 3o), or both, to screen for insert.  The best results have been achieved using Taq polymerase.  Remember to use a colony from the no-insert control plates as a negative control.
5. Run about 5-10 ul of each PCR reaction on a gel.

6. Choose a colony that produced the expected band in the PCR reaction(s) and grow a 5ml LBgm15 broth culture overnight.  Isolate plasmid DNA from the culture the following day and verify the construct by restriction digest.  SphI will linearize the plasmid (one of the few enzymes that only cuts the vector only once) so you can verify that the plasmid construct is relatively the right size.
7. Be sure to streak the verified construct in EC100D on LBgm15 as well as on LB minus NaCl plus 10% sucrose.  The construct should be sucrose-sensitive and therefore no growth should occur on the sucrose plate.

8. Transfer this isolated plasmid into (2155 by whatever method is preferred. 
It is extremely rare that the plasmid recombines when transferred into (2155, but I usually isolate plasmid from the colony I use in the conjugation and run a quick digest/PCR just to be sure.  Remember to use DAP at 100ug/ml whenever growing (2155, including in the SOC recovery mix you use when transferring the plasmid into * Use same PCR program as crossover PCR, but extend the elongation time based on the size of the expected product in wild-type.  Verify sucrose sensitivity again after the construct is transferred into (2155.
Step III: Integration of the suicide plasmid into the S. oneidensis MR-1 chromosome by homologous recombination (single crossover event)














 






III.1. Conjugation: 
For conjugal transfer of the suicide plasmid construct, mate the(2155/( pir cells harboring the suicide plasmid construct (donor) with the MR-1 wild-type strain (recipient).  

Conjugation protocol 
Conjugation Protocol for Mating S. oneidensis MR-1 with E. coli  β2155 

Reference: Victor De Lorenzo, Marta Herrero, Ute Jakubzik,

And Kenneth N. Timmis  J. Bac 1990, 172:6568-6572 
1. Grow the donor (E. coli β2155; (pir+, DAP auxotroph)) on LB + necessary selection  for β2155 harboring a pDS3.1 construct, (Gm @ 15 ug/ml and DAP* (diaminopimelate) @ 100 ug/ml) and recipient (S. oneidensis MR-1) strains for 18hrs at 37°C and 30°C, respectively.
2. Mix 100 ul of each culture in 4 ml of filter-sterilized 10 mM  MgSO4; filter the cell suspension through a 25 mM  diameter Millipore type HA 0.45 microfilter (or an equivalent).  (Note: Filter within 15 min of adding cells to the MgSO4 as they don’t do well for long periods of time in MgSO4).

3. Place the filter, cell-side up, on the surface of an LB-DAP100 plate and incubate, inverted, 16-18 hours at 30°C. 

4. Resuspend the cells in 2ml of sterile LB  by placing the filter in the LB and vortexing until the cells are in solution.  Plate ~ 2-6 plates, in 100 μl aliquots, on LB Gm 7.5  μg/ml (NO DAP!!).  (Note: do not use Gm 7.5 μg/ml plates if they are more than 2 weeks old!)

5. Incubate 24-48 hours at 30°C (or up to 72 hrs at room temperature).  Red colonies (MR-1) will appear in many different sizes.  Be sure to screen larger the colonies in particular.  You shouldn’t see much, if any, cream-colored E.coli background, but may get more with extended incubation times or old plates.  Patch about 60 red colonies onto LB Gm 15 μg/ml and screen for integration by cell lysis -PCR.

β2155 genotype:  thrB1004 pro thi strA hsdS lacZ(M15 (F9 lacZ(M15 laclq traD36 proA1 proB1) (dapA::erm (Ermr)

pir::RP4 [::kan (Kmr) from SM10].  ref: J. Bact. 1997, 179:538–540.

* DAP (diaminopimelate) should be made as a 500 X stock (50 mg/ml) by suspending powder in water and adding 1 M NaOH dropwise until it just goes into solution. Stable at 4°C for several months.
III.2. Mapping of the insertion: 

Correct integration of the suicide vector is verified by PCR.  PCR confirmation is accomplished by comparing the sizes of the products amplified from wild-type and mutant DNA using combinations of outside primers flanking the insertion sites (Fo and Ro) and outer primers used to amplify the fusion product (5o & 3o).  Refer to Fig 2 to calculate the expected product sizes).

For each possible ex-conjugant (I usually screen about 24 to begin with), first set up a colonyl-PCR as described above using Fo and Ro primers.  Include wild-type MR-1 as positive control.  If integration occurred at the correct site, no product should amplify due to the large size of the plasmid.  So, assuming the wild-type control works correctly, the cfus producing no product are screened further with different primer pairs to ensure correct integration.
Rxn#1:
37.75 ul Nuclease free H2O


 5 (l  10X PCR buffer


 0.25 (l  Taq Polymerase (Qiagen Taq)

 2 (l  dNTPs (6.25 mM  each)

 1 (l  template (prepared from suspended cells; see colony PCR, II.4)

 2 (l  Fo primer (12.5uM)
 2 (l  Ro primer (12.5uM)
50 (l total volume 

* Use same PCR program as crossover PCR, but extend the elongation time based on the size of the expected product in wild-type.
If the suicide construct integrated into the target site, no fragment should be seen for the ex-conjugant



Rxn#2:
37.75 ul Nuclease free H2O


 5 (l  10X PCR buffer


 0.25 (l  Taq Polymerase (Qiagen Taq)

 2 (l  dNTPs (6.25 mM  each)

 1 (l  template (prepared from suspended cells; see colony PCR, II.4)

 2 (l  FO primer (12.5uM)
 2 (l  3o primer (12.5uM)
50 (l total volume 


* Use same PCR program as crossover PCR, but extend the elongation time based on the size of the expected product.
Rxn#3:
37.75 ul Nuclease free H2O


 5 (l  10X PCR buffer


 0.25 (l  Taq Polymerase (Qiagen Taq)

 2 (l  dNTPs (6.25 mM  each)

 1 (l  template (prepared from suspended cells; see colonly PCR, II.4)

 2 (l  5o primer (12.5uM)
 2 (l  RO primer (12.5uM)
50 (l total volume 


* Use same PCR program as crossover PCR, but extend the elongation time based on the size of the expected product.
If the suicide construct integrated into the target site, one of the reactions should generate a smaller product for the ex-conjugant, while the product of the other reaction should be the same as the wild type.

Step IV.  Resolution of the integrated plasmid by sucrose counter-selection.


IV.1. Sucrose counter-selection:

1. Start a 3-4 ml culture of the MR-1 ex-conjugant in LB minus NaCl (no antibiotic); grow overnight (16-18hrs) at 30oC. 

2. The next day, inoculate 4ml of fresh LB minus NaCl 1:100 with the overnight culture & grow at 30 oC to an OD550 of about 0.4 (about 2-3 hours).
3. Make a 10-1 and 10-2 dilution of the 2-3 hr culture and plate 100 ul of the full-strength culture, as well as each dilution, onto NaCl-less LB+10% sucrose plates (do not autoclave the sucrose in with the agar, add when cooled to 55-60 as you would when adding antibiotic).

4. Incubate for 16-18 hrs at 30oC. 

5. Pick the colonies & patch onto LB/sucrose and LB/Gm at the same time.  I usually patch approximately 60 cfus.
6. Select those colonies that grew on LB/sucrose and did not grow on LB/Gm to PCR-screen for a mutant (typically about 20-40% of the cfus patched will have lost resistance to Gm.  Of these, about 10% are usually mutants; the rest presumably reverted to wild-type when the plasmid looped-out).
IV.2. Screening for deletion mutants:

The excision of the suicide plasmid and the wild-type allele is verified by colony PCR.  Confirmation is accomplished by comparing the sizes of the products amplified from wild-type and mutant DNA using the outside primers flanking the insertion sites (Fo and Ro).  Refer to Fig. 2 to calculate the expected product sizes.  Basically, the mutant band produced should be smaller than the wild-type by the size of the deleted area.

For each Gm-sensitive, Sucrose-resistant recombinant, set up a 50-(l reaction as shown below; include a wild-type MR-1 as positive control.



37.75 ul Nuclease free H2O


 5 (l  10X PCR buffer
0.25 (l  Taq Polymerase (Qiagen Taq)

 2 (l  dNTPs (6.25 mM  each)

 1 (l  template (prepared from suspended cells; see colony PCR, II.4)

 2 (l  FO primer (12.5uM)
 2 (l  RO primer (12.5uM)
50 (l total volume 

* Use same PCR program as crossover PCR, but extend the elongation time based on the size of the expected product in wild-type.
The size of the product in the deletion mutant should be smaller than the WT by the amount that was deleted.
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Figure 1.  Generation of a deletion fusion product using crossover PCR





Recombination A





Grow the recombinant strain in the presence of 5% sucrose to resolve the suicide plasmid (in the absence of NaCl and antibiotics)
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Figure 3. Generation of in-frame deletion during the excision of the suicide plasmid
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Figure Fig 2. Integration of the suicide plasmid during a single crossover event. Depending on whether the recombination occurred between the 5’ fragments or the 3’ fragments, you will obtain one of the above insertion patterns (A or B).
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