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specific cleavage products on an agarose gel. We used all 30 PCR products described above and mixed them in
a 1:1 ratio with the sequence-validated laboratory strain of P. aeruginosa. Following the formation of
heteroduplexes and subsequent Cel1 digestion, we separated the products on an agarose gel to determine if
any point mutants (mutations?) exist. To our surprise, all 30 of our isolated P. aeruginosa strains had at least
one point mutation compared to the laboratory strain. Both the S and R strains had at least one mutation as
well. This suggests that there is great heterogeneity within even the same species of bacteria. These data show
that even though the majority of P. aeruginosa strains are senstitive to the antibiotic rifampicin, these strains
still contain polymorphisms in the genome that do not result in antibiotic resistance.
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Discussion

Over the last fifty years the use of antibiotics has allowed us to treat a broad range of bacterial pathogens that
were previously untreatable. However, the widespread use of these drugs has recently resulted in the
emergence of bacteria that are resistant to many or all forms of
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current antibiotic therapy. Presently, the majority of these antibiotic resistant strains can be found in hospital
settings, where the use of antibiotics is high. In this study, we wanted to determine the frequency of antibiotic
resistance in environmental bacterial populations that have not been exposed to antibiotics. We chose to
isolate several strains of the bacterium Pseudomonas aeruginosa from various locations around the Boston
area. P. aeurginosa is an opportunistic bacterial pathogen that is notoriously antibiotic resistant. By examining
environmental strains of a clinically relevant species, we hoped to gain insight into the underlying mechanisms
of antibiotic resistance. From fifty unique sampling locations, we were able to isolate 30 different strains of P.
aeurginosa using selective agar media. We re-isolated all 30 strains as clonal populations for this study
individually for future use. While using these types of selective media is not always 100% effective for
identification, we have the advantage that P. aeurginosa strains smell subtly of grapes as well as confirmation
through a bacterial identification striP. We were able to use these attributes as secondary tests to confirm that
the strains growing were indeed P. aeruginosa. While 30 strains of a single bacterial species is by no means an
exhaustive examination of environmental bacteria, these experiments lay the groundwork for expanding these
studies to other environmental species.

We were curious whether these unique strains would be sensitive to the antibiotic rifampicin. We hypothesized
that since these strains had never been exposed to antibiotics in a clinical setting, they would all be sensitive to
this drug. To our surprise, we were able to identify two different strains that were resistant to this antibiotic in
both liquid culture and when grown on agar plates. This means that even in environmental settings there may
be an underlying antibiotic resistant population of bacteria. This is an important finding for clinics, where
giving a single antibiotic treatment may not yield the desired result. This suggests that giving multiple
antibiotics as a cocktail may be a more effective strategy in order to eliminate these naturally occurring
antibiotic resistant strains. However, these results confirmed our original prediction that the majority of
environmental strains would be sensitive to antibiotics.

Even though the majority of the strains have the same phenotype (sensitivity to rifampicin), we wondered
whether these strains had identical DNA sequences in the target of this drug, RNA polymerase. We
hypothesized that there would be no differences between these strains at the DNA sequence level especially
considering the essential nature of RNA polymerase. In order to test this we used Cel1 digests that allow for the
sensitive detection of mismatches between DNA fragments without the need of DNA sequencing. We used PCR
to amplify the RNA polymerase gene from all 30 strains and made heteroduplexes of each product with the
RNAP gene from a laboratory strain. Interestingly, all 30 strains showed varying point mutations throughout
this gene product, regardless of whether the strain was resistant or sensitive to rifampicin. However, a major
limitation to the Cel1 digest approach is that this technique does not identify the exact location of the
mutation within the gene. Even so, these results suggest that even in the environment, bacterial strains are
developing new mutations in their DNA sequence. The majority of these mutations, however, are silent
mutations that have no functional impact on gene products, in this case RNA polymerase. Furthermore, in two
of these cases this low-level mutation frequency allowed for the development of antibiotic resistant strains
even though they had not been exposed to rifampicin in a clinical setting. This important finding means that
bacterial species are constantly mutating and evolving while our treatment drugs (antibiotics) have remained
static for the last decade. This study paves the way for future more expansive studies across many different
bacterial species that will help us gain more insight into the underlying mechanisms of acquiring antibiotic
resistance.
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Bacterial strains and growth conditions
Environmental samples of Pseudomonas aeruginosa strains were collected from multiple locations in the
Boston area using swabs. P. aeuriginosa specimens were cultured from these swabs by inoculating Cetrimide
Agar plates (BD Biosciences) and streaking to obtain single colonies. Cetrimide selectively inhibits the growth of
bacteria other than P. aeruginosa and enhances the production of a P. aeruginosa-specific blue-green pigment,
facilitating the identification of the desired strains. For rifampicin-sensitivity assays, environmental and
laboratory P. aeuriginosa strains were grown in Luria-Bertani (LB) rich medium for both liquid-culture and
agar plate-based assays. When required, P. aeruginosa strains were grown in the presence of rifampicin.
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We used the P. aeruginosa PAO1 genome sequence (GenBank accession number AE004091.2) to design
forward and reverse primers to amplify the gene encoding the protein target for rifampicin, a subunit of RNA
polymerase known as ! (encoded by the gene rpoB). The sequence of the forward primer is 5’
ATGGCTTACTCATACACTG 3’; that of the reverse primer is 5’ TTATTCGGTTTCCAGTTCG 3’. We used a high-fidelity
DNA polymerase (PhusionTM, Finnzymes) for the PCR amplification of the rpoB gene in the 30 environmental
and two control P. aeruginosa strains to ensure that no mutations were introduced during the amplification
process.

Cel1 Preparation

We prepared Cel1 enzyme directly from celery juice as described in REF. Essentially we juiced 4 lbs? of celery
to produce 1.5 liters of celery juice. To each liter of celery juice we added 50ml of 2M Tris, pH 7.7, and 1ml of
.1M PMSF (a protease inhibitor). The solution was centrifuged at 15,000 g for 20 min at 4 C. The supernatant
was saved; we added 144 g of (NH4)2SO4 to each liter of supernatant. This solution was mixed gently for 1
hour at 4 C. We centrifuged the solution at 15,000 g for 45 minutes at 4 C. We added 390 g of (NH4)2SO4 to
each liter of supernatant. This solution was mixed gently overnight at 4 C. The solution was then centrifuged at
15,000 g for 90 minutes at 4 C. The supernatant was discarded and the pellet, which contained the proteinprecipitate, was saved at 4 C. We thoroughly resuspended the protein pellet in 150 mls of Buffer B: .1M Tris,
pH 7.7, 0.5M KCl, 0.01% Triton X-100, and 100uM PMSF. We extensively dialyzed the protein solution in to 5 L
of Buffer B (with 5-6 exchanges). The dialyzed protein was aliquoted and stored at -80 C.

Cel1 Digest

Heteroduplexes were formed by mixing wildtype PCR products and mutant PCR products at a 1:1 ratio; the
samples were then heated at 98 C for 5 minutes to denature the strands and then slowly cooled to room
temperature to re-anneal the strands. The digests were performed with 5 ul of the heteroduplex (or
homoduplex control) mixed with 5 ul of the Cel1 digestion solution. The Cel1 digestion solution was made up
of a 1/10 dilution of 10x Cel1 digestion buffer (100 mM HEPES (pH7.5); 100 mM MgSO4; 0.02% (w/v) Triton X100; and 200 ng/ml BSA) in H2O with Xng of Cel1 enzyme.

Primers and PCR amplification of P.
What I’ve been doing is making 100 uL of a Cel1 mix that contains 20uL 10x buffer, 1 ul of a 1:10 dilution of
the Cel1 aliquots in the -80, and 79 ul of H2O.
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and run Cel1Dig program.

Finally, I add 10 ul of a stop solution containing 75 mM EDTA (ph 8), and 2.5 M NaCl, and run the results on a
gel.

Rifampicin sensitivity assays

To assess the sensitivity of the environmentally-isolated and laboratory strains of P. aeruginosa in liquid
culture, we inoculated culture tubes containing LB broth in the absence of rifampicin with a single colony of
each strain and incubated overnight at 37°C to allow the cultures to become saturated. We then made a 1:100
dilution of the saturated overnight cultures into fresh LB broth lacking rifampicin and grew these diluted
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