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1. Introduction

1.1 Burkholderia cenocepacia
The Burkholderia cepacia complex (Bcc) is comprised of at least 17 species of genetically and phenotypically related environmental Gram-negative bacteria. Bcc species have large genomes, which facilitates their ability to occupy multiple distinct environmental niches and their inherent resistance to antibiotics. 
Burkholderia cenocepacia is a medically important bacterium belonging to Bcc. B. cenocepacia causes infections in immunocompromised individuals and is a significant cause of morbidity and mortality in Cystic Fibrosis patients (Chen et al., 2001; Coenye & LiPuma, 2003; LiPuma, 2003). Like other Bcc species, B. cenocepacia is multidrug resistant making treatment difficult which often results in poor outcomes for patients infected with this organism (Guglierame et al., 2006; Mahenthiralingam et al., 2008; Holden et al., 2009).  The need for development of new antibiotics against Bcc is prevalent. Whole-cell screenings have identified many antimicrobial compounds that inhibit growth of Bcc strains, however, due to a lack of understanding the mechanism of action, the successful development of these compounds into antibiotics is not promising (Burdine & Kodadek, 2004). 

1.2 Antibiotic development


Determining the mechanism of action of antimicrobial compounds is a major obstacle for the development of novel antibiotics (Burdine & Kodadek, 2004). Haploinsufficiency profiling has been useful for determining the targets of bioactives in yeast (Giaever et al., 1999; Parsons et al., 2006; Oh et al., 2010).  While this has become a very successful tool for screening large molecule libraries in finding bioactive-target interactions in diploid cells, it is not applicable to haploid cells like bacteria. Successful antibiotics target essential gene products (Chalker & Lunsford, 2002; Brown & Wright, 2005), unfortunately, knockout mutants of essential genes in bacteria renders the organism unviable.  
A major development in finding essential gene targets of antimicrobials in bacteria is RNA interference, where conditional expression of antisense RNA results in its binding the mRNA from an essential gene, blocking the translation of the essential gene product and causing the organism to become hypersensitive to bioactive compounds binding that gene product (Forsyth et al., 2002; Donald et al., 2009; Xu et al., 2010). The xylose inducible antisense RNA system developed by the Forsyth group in 2002 has been successfully used in high-throughput antibiotic conditional growth screens in Staphylococcus aureus for the discovery of novel cell wall inhibitors which are thought to target a previously uncharacterized protein, SAV1754 (Donald et al., 2009).
The advent of next generation sequencing (NGS) technologies has allowed for the development of high-throughput evaluation of microbes survival in different growth conditions. Notably, many transposon mutant libraries have been created and screened using NGS platforms to determine the genes essential for survival in a specific growth condition. These assays have led to the elucidation of the genes involved in the resistance mechanism of Pseudomonas aeruginosa to tobramycin (Gallagher et al., 2011), in bile tolerance in Salmonella enterica serovar Typhi (Langridge et al., 2009) and genes essential for  Haemophilus influenzae survival in the mouse lung (Gawronski et al., 2009).
1.3 Conditional growth transposon mutant library of B. cenocepacia K56-2 
Our lab has created a library of 104 B. cenocepacia K56-2 transposon insertion mutants that have a defective growth phenotype in nutrient replete conditions. Each mutant has a single transposon insertion with an outward-facing rhamnose inducible promoter that regulates the expression of an essential gene product downstream from the insertion site (Cardona & Valvano, 2005).  When conditional growth mutants are grown in sub-inducing concentrations of rhamnose, expression of the essential gene product is reduced which consequently inhibits growth in a titratable manner (Cardona et al., 2006).

1.4 Hypersensitivity assay 

Our lab has found that by growing the conditional growth mutants in sub-inhibitory concentrations of antimicrobials specifically targeted against a gene product which is under-expressed by manipulation of the rhamnose inducible promoter, causes that mutant to be hypersensitive to that compound. 
During the creation of the conditional growth mutant library, two independent gyrB insertion mutants were found.  The gyrB mutant can be induced to under-express the target for the antibiotic novobiocin which binds the GyrB subunit of DNA gyrase blocking ATP hydrolysis and preventing the introduction of negative supercoils into the DNA which in turn causes a severe growth defect (Lewis et al., 1996).  When the gyrB mutants growth is inhibited 20% to 70% by titrating the amount of rhamnose available to induce expression of the gyrB gene and incubated in the presence of sub-inhibitory concentrations of novobiocin, a greater than 100-fold reduction is seen when the percent of optimal growth in rhamnose without antibiotic is compared to the percent of optimal growth in the presence of antibiotic.  

This assay provides proof of principle that the conditional growth mutant library can be used to screen antimicrobials as a first step towards determining the MOA.

 2. Hypothesis
The hypersensitivity assay can be developed into a high-throughput chemical-genomic assay for screening antimicrobial compounds against the conditional growth mutant library, where the fold depletion of mutants is determined by NGS.

3. Objectives and experimental design
3.1 To detect depletion of the mutants under-expressing the essential gene product after incubation with the single-target antibiotic against that product.
A high-throughput, chemical-genomic assay will be developed where mutants exhibiting similar growth phenotypes are grown in a pool with rhamnose concentrations effecting optimal and sub-optimal growth, in the presence and absence of sublethal concentrations of antimicrobials.

After incubation, the genomic DNA from the mutant pool will be isolated and each mutant amplicon will be amplified with primers specific to the transposon insertion site of each mutant by multiplex-PCR.  The individual amplicons will be representative of the individual mutants since the transposon-genome interface is unique to each mutant.  The amplicons will then be quantified by Roche 454 FLX NGS.  Comparison of the amount of each amplicon from the pooled mutants in the control condition (no antibiotic) with those from the pooled mutants passaged in the presence of the antimicrobial compound will identify the underrepresented mutants and hence a gene product or target for that particular antimicrobial compound, facilitating the elucidation of the MOA of that compound.

3.2 To determine that conditional growth mutants are not hypersensitive to antibiotics with unspecific effects.
It is possible that some of the conditional growth mutants may be hypersensitive to many growth inhibitors.  To account for this, conditional growth mutants will be grown in the presence of antimicrobials that act by nonspecific effects, such as increasing cell permeability (DMSO).  Comparison of the fold depletion of specific and unspecific responses of the conditional growth mutants will allow for the adjustment of the experimental design to enhance the sensitivity and specificity of the assay.

4. Materials and Methods

4.1 Binning of mutants
To optimize throughput, the conditional growth mutants will be pooled together to be grown en masse. Since each mutant has a unique growth phenotype and rhamnose sensitivity, the conditional growth mutants will be categorized into bins depending on their similarity in growth phenotype and rhamnose dose response curve. All the mutants belonging to a bin will then be pooled together for growth experiments in the presence and absence of antibiotic. 
4.2 Primer design for multiplex PCR and NGS
Primers will be custom designed by Wubin Qu (Shen et al., 2010) to be used in a multiplex PCR that will amplify the transposon-genome interface which is unique to each mutant. The forward transposon-specific primer will contain a 5’ adaptor sequence necessary for Roche 454 NGS emPCR amplification and sequencing, followed by a molecular identification (MID) sequence that will act as a barcode to identify the condition in which the mutant pool is incubated.  This will allow for the pooling of multiple amplicons together to take advantage of the number of sequence reads capable by the 454 NGS platform. The reverse primer will be genome specific and also contain a 5’ adaptor sequence for Roche 454 NGS emPCR amplification and sequencing. 
Primers that will amplify the rpoB gene will also be designed with the same adaptor sequences to evaluate amplification bias due to the MID sequence on the amplicons.

4.3 Amplification of mutant pool by multiplex PCR 

To determine the starting template concentration of the mutant pools and number of amplification cycles that will give linear amplification of the genomes from the mutant pools, real-time multiplex PCR using a Bio-Rad IQ5 thermocycler with SYBR Green (Bio-Rad). Briefly, mutants from each bin will be pooled, the genomic DNA isolated and quantified, then two-fold dilutions will be performed. Amplification of the rpoB gene using primers without adaptor sequences will be used as a reference gene. Evaluation of any affect the MID may have on the amplification of amplicons during PCR amplification will be done by comparing the amplification of the rpoB gene with primers containing the Roche 454 NGS 5’ adaptor sequences and each MID.
4.4 Amplicon sequencing
4.4.1 Recovery of mutants by Roche 454 NGS 
To first determine the ability to recover mutants by NGS and any biased or unspecific amplification of amplicons, equimolar amounts of the mutant genome preparations will be combined and amplified by multiplex PCR, then pyrosequenced by Roche 454 NGS. This will be done for all MID sequences with the rpoB amplicon as well to account for biased emPCR amplification or sequencing.
4.4.2 Assaying antibiotics with specific targets  
As in the low-throughput hypersensitivity assay done previously in our lab, the gyrB mutant will represent the target for the antibiotic novobiocin. Briefly, the binned mutant pools will be incubated in titrated amounts of rhamnose, with and without sub-inhibitory concentrations of the antibiotic novobiocin, in parallel. After incubation, the OD600nm will be measured, and genomes isolated and quantified. Multiplex PCR will be performed using forward primers with MIDs specific to each growth condition (3 rhamnose concentrations: high, mid, low; 4 antibiotic concentrations: high, mid, low and none). The DNA will then be gel purified and quantified using Quant-it PicoGreen (Life Technologies). Since it is important that DNA from different amplicon pools are accurately combined in equimolar amounts, the DNA concentration will be normalized using Sequalprep from Invitrogen (Harris et al., 2010). The equimolar amounts of the amplicons will then be pooled together and sequenced by Roche 454 NGS.  The fold reduction of the mutants grown in the presence of novobiocin when compared to the control will be determined and compared to the fold reduction found previously by the hypersensitivity assay.

We will also investigate other potential antibiotic-target interactions within the mutant library or that could be constructed to also be used to confirm hypersensitivity of mutants that are under-expressing antibiotic targets as has been done in RNAi assays (Forsyth et al., 2002; Donald et al., 2009; Xu et al., 2010).

4.4.3 Assaying antibiotics with unspecific targets
To determine if the mutants are inherently hypersensitive to unspecific growth inhibitors, the high-throughput assay will be repeated with antibiotics that have unspecific or unrelated targets, such as DMSO, which increases membrane permeability (David, 1972), and chloramphenicol, which inhibits protein synthesis by binding the 50S ribosomal subunit (Wilson, 2011).
4.4.4 Amplicon sequencing using the Ion Torrent NGS platform 
To validate the assay results from pyrosequencing with the 454 platform, the hypersensitivity assay will be repeated and mutant library amplicons will be sequenced using the Ion Torrent (Life Technologies) platform, which employs nucleotide addition detection by pH change and requires adaptors and MIDs unique from the 454 platform.
5. Progress

5.1 Binning of mutants
Each of the 104 conditional growth mutants has been binned according to their rhamnose sensitivities. Bins were determined such that each mutant within a bin displays growth within the range of 30-80% at a specific rhamnose concentration (Figure 1).
[image: image1.png][ TETT—— |

T4ETD

1015 20 25 3035 40 45

0 05 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85

Rhamnose concentration (mM)




Figure 1. Distribution of conditional growth mutant strains into 5 bins.  The horizontal minima and maxima of each bar represent the concentration of rhamnose required to effect 30% and 80% growth, while the transition point of light to dark color represents the concentration of rhamnose required to effect 50% growth (EC50).  Mutants (y axis) are arranged by increasing EC50 values determined by non-linear regression analysis of dose response curves. The inset shows a portion of the mutants (14 out of 43) within the bin which includes a gyrase B mutant, 58-14E1.  Mutants within this bin are hypersensitive to target-specific antibacterial compounds at rhamnose concentrations ranging from 1.25 to 2.25 mM.

5.2 Primer design for multiplex PCR and 454 NGS
The primers containing the 5’ adaptor sequences for use with the 454 platform have been designed to be compatible for use in multiplex PCR.  Each of the 13 forward primer MID sequence is a 6mer which are recoverable from two substitution events (Figure 2).

5’- CGTATCGCCTCCCTCGCGCCATCAG CGCTAT CCCTGAGCAAAGACCCCAAC-3’
5’- CGTATCGCCTCCCTCGCGCCATCAG CGTGTA CCCTGAGCAAAGACCCCAAC -3’
5’- CGTATCGCCTCCCTCGCGCCATCAG CTGTGA CCCTGAGCAAAGACCCCAAC -3’
5’- CGTATCGCCTCCCTCGCGCCATCAG CTCATG CCCTGAGCAAAGACCCCAAC -3’
5’- CGTATCGCCTCCCTCGCGCCATCAG CTAGCT CCCTGAGCAAAGACCCCAAC -3’
5’- CGTATCGCCTCCCTCGCGCCATCAG CATCGT CCCTGAGCAAAGACCCCAAC -3’
5’- CGTATCGCCTCCCTCGCGCCATCAG TGCAGA CCCTGAGCAAAGACCCCAAC -3’
5’- CGTATCGCCTCCCTCGCGCCATCAG TGTCAG CCCTGAGCAAAGACCCCAAC -3’
5’- CGTATCGCCTCCCTCGCGCCATCAG TCGCTA CCCTGAGCAAAGACCCCAAC -3’
5’- CGTATCGCCTCCCTCGCGCCATCAG TCAGAC CCCTGAGCAAAGACCCCAAC -3’
5’- CGTATCGCCTCCCTCGCGCCATCAG TAGTCG CCCTGAGCAAAGACCCCAAC -3’
5’- CGTATCGCCTCCCTCGCGCCATCAG AGACTC CCCTGAGCAAAGACCCCAAC -3’
5’- CGTATCGCCTCCCTCGCGCCATCAG ACGAGT CCCTGAGCAAAGACCCCAAC -3’
Figure 2. Transposon-specific forward primers (black) with 454 5’ adaptor (blue) and MID sequence (red).
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