Multi-locus sequence typing of Bacillus cereus group bacteria from environmental samples

Authors: Ben Raymond, Samuel K. Sheppard
Authors: institution(s)/affiliation(s) for each author:

Ben Raymond

School of Biological Science

Royal Holloway, University of London

ben.raymond@rhul.ac.uk
Samuel K. Sheppard

Department of Zoology

University of Oxford

samuel.sheppard@zoo.ox.ac.uk

Corresponding author: Ben Raymond
Keywords: MLST, genotyping, Bacillus thuringiensis, isolation, DNA extraction, soil, plants 
Short Abstract: This protocol will efficiently isolate of B. cereus group bacteria from soil and leaves for DNA extraction.  It describes low cost, high throughput methods for PCR and sequencing of strains for MLST. 
Long Abstract: If bacteria were entirely clonal and strains diverged purely by point mutations, single gene genealogies would approximate true bacterial phylogenetic relationships1.  However, given that bacteria can readily exchange long stretches of DNA by horizontal transfer, single gene methods that give equal weight to each nucleotide can result in highly biased phylogenies2.  In addition, indirect methods of characterizing sequence divergence, such as serotyping, rely on flagellin sequences that are under strong selection from bacteriophage.  This strong selection can further bias phylogenetic signal. 

In response to the problem of horizontal gene transfer multi-locus sequence typing (MLST) methods have been developed that allow robust characterization in the face of significant horizontal gene transfer 


3 ADDIN EN.CITE ,4.  MLST allows the repeatable characterization of bacterial genetic variation. In contrast to serotyping, it does not rely on a pre-existing collection of antisera and is applicable to all strains.  It also has advantages in terms of facilitating genealogical and evolutionary analyses and studies of ecological and population genetics.  In previous work, clusters of related lineages identified from MLST sequences have been informative in terms of the biology and ecology of the B. cereus group 


5 ADDIN EN.CITE ,6. Specifically, phylogenetic clades have provided evidence for shared ancestry among lineages with similar serotypes and phenotypic characteristics.  In contrast, strains of B. thuringiensis that share serotypes can be located in different clades on an MLST phylogeny6. The reason for this is not fully understood. While serotyping may under certain circumstance be a useful typing technique, in practical terms serotyping  is of little use for making inferences about the genetic relatedness and evolutionary biology of these isolates.
Here we describe methods, based on commercially available selective media, which are efficient in terms of recovery of B. cereus from environmental samples, isolating up to 106 cfu per gram of soil.  In addition we describe techniques that allow low cost extraction of high quality DNA, and high throughput methods for the PCR and sequencing required for MLST of isolates.

Protocol 

1) Isolation of bacteria from environmental samples
1.1)  For soil samples, scoop approximately 1g of soil from the top 1cm of the soil surface into a sterile 50ml Universal.  Leaf samples (approximately 2x2cm) should be carefully excised from plants with sterilized scissors, and placed carefully in sterile 50ml Universals for transportation to the laboratory.  Scissors should be left to rest in an appropriate sterilant (e.g. 2% Virkon) before being re-used.  Alternatively, plants can be sampled using pre-moistened environmental swabs with soluble alginate tips.

1.2) In the laboratory, add 4ml of sterile saline (0.85% NaCl) to each Universal.  For excised leaf samples add a pinch of autoclaved sand and 4-5 sterile glass balls.  Vortex samples for 30-40 seconds.  Pipette off a 1ml aliquot from each Universal into a microcentrifuge tube.  Pasteurize all 1ml aliquots by heating to 65(C for 20 minutes in a heat block or water bath.   Leaf samples should then be diluted 10 fold in sterile saline; soil samples should be diluted three times in a ten-fold dilution series (ie up to 1000 fold dilution).  
1.3) Plate out the diluted environmental samples in 20(l droplets onto Bacillus cereus selective agar (Oxoid, Basingstoke, UK).  Three droplets each of four dilutions will fit onto a standard 90mm Petri dish; this allows enumeration of B. cereus group density in environmental samples. Incubate at 30(C overnight.

1.4)  B. cereus group bacteria can be identified by the matt blue colouration and flat round colony morphology.  All bacteria in this group with active lecithinase will also produce a blue halo around each colony.  Pick single colonies and dilution streak at least twice before proceeding to DNA extraction

2) CTAB DNA extraction

2.1) Using a single colony inoculate an overnight cell culture in 5ml of a nutrient rich broth (such as LB) and culture at 30(C with aeration and moderate shaking (150rpm).  

2.2) Before proceeding to the next step prepare fresh lysis buffer (100 (g ml-1 lysozyme, 200 (g ml-1 Proteinase K, 0.5% SDS in TE buffer).

2.3) Centrifuge 1-2ml of the cell culture in a microcentrifuge (13,000 g  for 10 minutes)

2.4) Resuspend the bacterial pellet in 500 (l of lysis buffer.  Incubate the suspension at 37(C for 45minutes followed by 20 minutes at 55(C.  Prewarm the CTAB stock in the 55(C water bath during this last incubation.  The CTAB stock is 10% Cetyl trimethylammonium bromide in 0.7M NaCl.

2.5) Add 100(l of 5M NaCl and 80(l of the CTAB stock and then incubate at 65(C for 20 minutes

2.6)  Add 700(l of chloroform:isoamyl alcohol (in a 24:1 ratio), shake vigourously for at least 2 minutes to form an emulsion.

2.7)  Centrifuge samples at 13,000 g for 4 minutes.  The organic and inorganic fraction in the sample should separate with protein and other contaminants trapped at the interface. Pipette no more than 600(l from the upper aqueous phase, taking care not to disturb the organic/inorganic interface and transfer this to a fresh microcentrifuge tube.

2.8)  Precipitate the DNA with 360(l of isopropanol, mix by gentle inversion and incubate at -20 (C for at least 30 minutes.  Centrifuge at 13,000 g for 10 minute to pellet DNA and then discard the supernatant taking care not to dislodge the DNA pellet.

2.9)  Wash the DNA pellet with 250(l of 70% ethanol: centrifuge at 13,000 g for 10 minutes and then discard the supernatant.  Dry inverted tubes on paper towel for 5 minutes at room temperature.  More ethanol can be evaporated by drying the open microcentrifuge tubes at 37 (C for 15 minutes, tubes can be loosely covered with cling film or Saran wrap to minimize contamination.  Excessive drying of the DNA pellet, however, can inhibit resuspension of the DNA.

2.10)  Resuspend the DNA by adding 100(l of 10mM Tris pH 8.0 or water, incubate overnight at 4 (C and store at -20 (C

Representative Result: It is generally advisable to check the quantity and purity of DNA with gel electrophoresis and/or with a spectrophotometer. This part of protocol should produce a high yield of pure DNA (in excess of 200ng (l-1).  This concentration may be high enough to inhibit the PCR.  When working with a large number of samples it is convenient to dilute DNA stocks five-fold in water in a 96-well micro-titre plate.  The diluted samples can then be stored at  -20 (C.  Defrosting and refreezing of diluted DNA for multiple PCRs can then be carried out without incurring any risk of degradation in the original DNA extractions.
3) PCR , cleanup of PCR products and sequencing

3.1) CTAB DNA extractions may need to be diluted in nuclease-free DNA to ensure that DNA concentration is approximately 150 ng (l-1.  Set up PCR reactions with 0.25µM of each of the appropriate forward and reverse primers 7, 0.2mM dNTPs (Bioline), 0.625U Taq DNA Polymerase (Qiagen), 2.5µl 10x buffer and 2µl template DNA in a final volume of 25µl.  For large numbers of samples PCR is best conducted in a 96-well plates and stocks more efficiently dispensed with multichannel pipettes.

3.2)  Carry out PCR reactions using the following conditions: initial denaturation at 94˚C for 240s followed by 10 cycles of 94˚C for 30s, 55˚C for 30s and 72˚C for 80 s, followed by 15 cycles of 93˚C for 30s, 53˚C for 30s and 72˚C for 80s, followed by 25 cycles of 92˚C for 30s, 53˚C for 30s and 72˚C for 80s and a final extension period of 72˚C for 480s.  The declining temperature in the denaturation step increases the half-life of the polymerase.  This maximizes yield and helps reduce variation in yield between samples.

3.3)  It is not generally necessary to examine the success of each PCR reaction using gel electrophoresis before proceeding to sequencing.  A sensible compromise is to run out 4µl of PCR from 10-20% of PCR reactions within each 96 well plate in addition to the negative control.  If PCR products are visible in 80-90% of samples it is generally worthwhile to sequence the whole plate

3.4) Precipitation with 20% w/v polyethylene glycolate (PEG, molecular weight 8000) is a very cost effective means of cleaning up PCR reactions prior to sequencing.  This should be made up in 2.5M NaCl solution.  Note that it may take more than 24 hours for the PEG stock to dissolve.  The stock should be warmed only very gently, with very gentle stirring.

3.5)  Add 30µl of PEG solution to each 25µl PCR reaction.  Briefly centrifuge at 500 g to ensure the mix is at the bottom of the well, then incubate at room temperature for one hour or overnight at 4˚C.

3.6) Pellet the PCR products by spinning for 1 hour at 2750 g and at 4˚C.

3.7) Discard the supernatant by gently inverting onto blue roll, or flicking into a sink,  and remove the excess by spinning briefly up to 500g, with the 96 well plate inverted on to a piece of Whatman 3MM paper.  

3.8)  Wash the DNA pellet twice by adding 150 (l of cold 70% EtOH and spinning at 2750(g for a further 10 min.  Discard the supernatants as before by inversion and by spinning up to 500g.  Store at -20(C. Resuspend the dried PCR products in 5-10 μl sterile H2O, or according to strength of PCR product.

3.9) Sequencing reactions should be set up with 0.2µM of the appropriate forward or reverse primer, 0.33µl Big Dye Terminator v3.1 mix (Applied Biosystems), 2µl 5x buffer and 2µl hydrated PCR product in a final volume of 10µl.  Cycling parameters should be set up as follows: initial denaturation of 96˚C for 120 s followed by 38 cycles of 96˚C for 20 s, 50˚C for 10 s, 60˚C for 240 s and a final extension of 72˚C for 240 s.  Sequencing products can precipitated with 5M sodium acetate or any other suitable method.

Representative result:  In order for sequencing in 96 well plates to be cost effective and efficient at least 80% of the wells in a plate should yield around 500bp of good sequence.  Primers in the 7 loci in the B. cereus MLST scheme (http://pubmlst.org/bcereus/) target sequence at least 50 bp either side of the locus.   This ensures that sequence data at the beginning and end of each read, which tend to have higher error rates, are excluded from the trimmed sequence.  All loci should be sequenced in both forward and reverse directions and alignment of the two reads should be possible without ambiguities before proceeding to analysis or submission of sequence to a public database.
Discussion

It is possible to recover B. cereus from leaf material without Pasteurization using B. cereus specific agar 


8 ADDIN EN.CITE .  By not heat treating the sample it is possible to increase the recovery rate of B. cereus group bacteria as the protocol will recover both spores and vegetative cells.  However, efficacy will then depend on the background density of other bacteria on the leaf surface, a high density of competing bacteria can impair isolation completely.  This density can vary widely between plant species and over a growing season.

DNA extraction is the most time-consuming component of this proctocol.  Preparations of simple boiled cell suspensions have been used successfully as template for PCR in many MLST studies


9 ADDIN EN.CITE  but did not give reliable results for B. cereus.  Kit based methods for DNA extraction and purification improved the efficiency of the PCR but significantly increase the cost of DNA preparation


10 ADDIN EN.CITE  . Better methods based on boilates or colony PCR could be developed.  However, high quality DNA does store much better than colony boilates, which has advantages if it is necessary to repeat PCRs, or use DNA extractions in additional work.
One of the main advantages of MLST over other typing methods is that data on the variation at housekeeping genes positioned around the genome provides a basis for nucleotide and allele based analyses. This can include: (i) the reconstruction of phylogenetic trees to infer the ancestral interrelatedness; (ii) estimation of recombination between lineages to quantify gene flow; (iii) Probabilistic inference of population structure based upon allele frequencies. In combination these methods can provide a genetic context for phenotypic variation. 
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Table of specific reagents and equipment:
	Name of the reagent
	Company
	Catalogue no.
	Comments 

	Environmental swab -  alginate tip
	Copan
	SRK 903C
	

	Bacillus cereus specific agar base
	Oxoid
	 CM0617
	 also requires polymyxin (SR0099)  & egg yolk emulsion (SR0047)

	PEG 8000, molecular biology grade
	Fluka
	81268
	

	Taq DNA polymerase
	Qiagen
	201203
	

	dNTP mix 10mM total
	Bioline
	BIO-39044
	PCR efficiency does not appear to be sensitive to source of dNTPs

	BigDye Terminator v3.1 mix
	Applied Biosystems
	4337455
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Figure 1-  Overall scheme of protocol for isolation of B. cereus from environmental samples and processing for DNA extraction, PCR and sequencing.
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