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ABSTRACT

With the advent of powerful new molecular profiling tools and
ever growing rates of microbial infection, there is intense interest
iIn understanding biofilm metabolism. Biofilms are incredibly
robust microbial communities that rival some multicellular
organisms in complexity, resiliency, and adaptation. Limited
antibiotic penetration, the presence of persister cells, and
increased horizontal gene transfer contribute to the near 1000-
fold increase in antibiotic resistance seen in biofilms. The
metabolic changes contributing to biofilm resilience have yet to
be fully understood. An ongoing project here at MSU seeks to
resensitize biofilms to antibiotics by characterizing and
comparing the transcriptomes and metabolomes of three
bacterial species in three modes of living; planktonic, biofilm, and
biofilm treated with antibiotic. This work focuses specifically on the
uptake of amino acids, phosphate, and central carbon metabolites
from the growth media via gas chromatography-mass spectrometry

(GC-MS). One notable aspect of the project seeks to provide
data for the Department of Defense’s biofilm computer models.
However, this project’s true scope is much broader in that it will
serve to elucidate the dramatic differences in metabolic
regulation seen in biofilims and bring about novel methods to
resensitize biofilms to antibiotics.

INTRODUCTION

Acinetobacter baumannii is a coccobacillus Gram negative

METHODS

Samples must be derivatized prior to GC-MS analysis

100 uL of effluent was dried down under N,

Excess ACN and silylating reagent N-tert-Butyldimethylsilyl-N-
methyltrifluoroacetamide (MTBSTFA) was added to the neat
samples

Vials were heated at 50°C for 30 minutes

Figure 3. Reaction diagram of MTBSTFA. Derivatization caps
polar moieties (mostly hydroxyls and amines), thus
decreasing intermolecular interactions and increasing
volatility for GC analysis.

GCMS Method parameters

« Columm- Zebron 5SMS 30m x 250 ym x 0.25 uym

 Flow- 1.5 mL/min

« Carrier gas- He, constant flow

* Inlet temp- 325 °C

» Detector temp- 325 °C

« Oven- 60 °C for 2 min, 20 "C/min to 120 "C. Then 6
"C/min to155 'C. Then 14.5 "C/min to 300 "'C and hold
for 10 min (30.83 min total run time)

The metabolic differences between planktonic, biofilm, and
biofilm treated with antibiotic are studied here. The results show
specific metabolites have statistically significant fold changes.
Because the media contained relatively small amounts of carbon
energy sources, it follows logically that no positive fold changes
were observed for the amino acids, phosphate, and lactate.
Comparison of the three experimental groups shows promising
differences in metabolite uptake between the life stages and
possible areas for targeting.

Seventeen amino acids, lactate, and phosphate were detected in
the effluent after derivatization. Succinate, acetic acid, and
formic acid were also detected in the effluent but have yet to be
quantified. The retention time (RT) is listed for each metabolite
along with the unique m/z that was used to generate the EIC that
was used for quantification. The original concentration of each
metabolite in the media is listed as 1x. Biofilm and planktonic
groups were run with five biological replicates, Tigecycline
treated biofilms were run with four biological replicates. Averages
of these replicates are reported below (Table 1).

Table 1. Final concentrations of the observed metabolites.

DISCUSSION/RESULTS

Figure 5. Select standard curves for serine, tyrosine, phosphate, and leucine.
Dilutions of 0.25x, 0.5x, and 1x of the original media concentration were used. Linear
lines of best fit were generated and used to calculate final concentration of each
metabolite.
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CONCLUSIONS
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A. baumannii is a potent biofilm former. A. baumannii biofilms « After the total ion chromatogram (TIC) was acquired, peaks FUTURE WORK

were cultured in a drip flow reactor (Figure 1c). A media was
developed to mimic the exudate from a chronic wound. This
media was run over the biofilms and then collected. Media doped .
with tigecycline was also used. .

were identified using the NIST database and retention times

were recorded

Unique m/z’s were determined for each metabolite

Extracted ion chromatograms (EIC) were then performed for

each metabolite and peaks were manually integrated with

Qualitative Analysis software

« Dilutions (0.25x, 0.5x, and 1x) of the media were used to
create standard curves and lines of best fit (Figure 5)

« Using the lines of best fit, the final concentration of each
metabolite in the effluent was calculated

* Perform the same metabolomics analysis with
Staphylococcus aureus biofilms

» Quantify central carbon metabolites

« EXxpand the scope of analysis to include fatty acids

Figure 2. Biofilm formation is a complex process.
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