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ABSTRACT

Bacterial spores are forms of bacteria that aralgl@pof surviving in harsh conditions. We have stigated thermal lysis
of the spores and subsequently release of their DM& were able to heat water-based samples at atrressure to tem-
peratures far above 100 °C without boiling, knowrsaperheating process. It resulted in the breadisgores in a matter of
seconds. Successful release of DNA from sporebefjenusBBacillus was confirmed by real-time PCR (polymerase chain
reaction). This process can be used for release DA Anthrax spores, allowing its presence to btected.
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INTRODUCTION

Polymerase chain reaction (PCR) is the state-eith&chnique for identifying the presence of bdet species via their
corresponding DNA. Bacterial spores are evolveavithstand harsh conditions, and so breaking theéil 2o release and
subsequently detect their DNA is a difficult tagkonventional methods to detect and identify micganisms from spore
samples are based on spore germination followezkbyysis, which typically requires a few days.

We have developed a microfluidic system utilizihg tiniaturized virtual reaction chamber (VRC) [Hgre, a droplet of
aqueous sample was placed on a microscope covarsligovered with mineral oil. This VRC was posigd above the mi-
cromachined heater with an integrated temperatmsas (Fig. 1). The VRC was separated from theehdsta coverslip.

-

Figure 1: CAD drawing (left) and photograph (righd) a virtual reaction chamber (VRC). The aqueorgptit (blue)
containing the sample is encapsulated in oil. Tihg-shaped heater/sensor is positioned underndesample.

THEORY

Superheating is a well-known phenomenon, requitfinge factors: absence of nucleation centers, absgitemperature
gradient and no mechanical disturbances, suchasnsh[2]. We have discovered that VRC system il sudted for super-
heating experiments [3]. The VRC does not contaiclgation centers as the coverslip features adefede optical quality
surface, and the oil-water interface naturally ale@s not contain nucleation centers. The temperafadient is minimal
due to the tiny sample volume of QuR.

The release of DNA from spores can be accompliblyeskveral methods such as germination and cédl, Isgore disrup-
tion by laser pulses, or the generation of sheaefoby employing ultrasound or glass beads. Howavall cases it is diffi-
cult to find a balance between the disruption afrep and the recovery of intact DNA. Thermal y&ispores could be an
attractive method but it requires several hourk0& °C to destroy the spores. DNA can also be dathdgring that process.
Currently the most reliable process is also thevsth: germination followed by cell lysis.
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Here we have used the superheating system in trdetease and subsequently detect DNA from battgpores by real-
time PCR. Spores ®&acillus (B.) subtilisvere employed, as a non-pathogenic substituB: ahthracis(Anthrax).

EXPERIMENTAL

A culture ofB. subtiliscells was grown in liquid broth (LB) medium onlsaker at 150 rpm and 37 °C for 2 days. The
culture was then plated on LB agar plates at 37ofG days for cells to sporulate (Fig. 2a). Spavese transferred from the
plates and treated with 10 % hydrochloric acid (H@]. This treatment destroyed all remaining vegjee cells as well as
free DNA to ensure that tH& subtiliss DNA was only presented inside the spores. Tfieiefcy of this step was verified by
real-time PCR and no DNA template was found.

The sample was subsequently washed six times witheswater [4] to remove HCI. The aqueous spame with vol-
ume between 0.2 and 0.5 pl, was then placed ord@plgobic microscope coverslip. The sample dropbet then covered
with mineral oil. Different droplets were heatedtopgemperatures ranging between 120 °C and 18@&c¢h for 20 s. Images
of the samples before and after superheating vagried with an Axiotron Il microscope (Zeiss), &g 2b and Fig. 2c.

The sample was then pipetted out from the oil drpphixed with 20 pl sterile water and centrifug&tie supernatant
was transferred into a new tube and concentratedSpeedVac 5301 vacuum centrifuge (Eppendorf)l, tinet final volume
of 1 pl was reached. Finally the sample was mixéld ¥ SYBR Green | PCR Master Mix containing TAQypoerase (Fer-
mentas), forward [TTGGAGAAGTTATCGGGAAAT] and reverTAGTTGAAATCCTGAGCCATT] primers, to a final
concentration of 50 pM. PCR with this primer sebud result in amplicons with a length of 85 basérp (bp). Real-time
PCR was performed using a LightCycler 1.5 (RocAdyitionally, the PCR product specificity was vexd by melting curve
analysis as well as by gel electrophoresis.

RESULTS AND DISCUSSION
We have proven that the superheating method caaseIDNA from spore sample in 20 sec and we hawefoptimum
condition for the process.

Purification of sporesAn intermediate step in the analysis was to enthatall DNA released by superheating process
originated only from the spores. This was importsthe real-time PCR of untreated spore solutaghdihown that this solu-
tion does contain either free DNA, vegetative cetlboth. The spore solution was therefore trewi¢id 10 % HCI to destroy
all remaining cells together with free DNA moleauléfter this procedure no specific amplificatiop teal-time PCR was
observed. This confirmed that DNA detected aftgreshieating could only originate from spores. Alsgpection by optical
microscope using spore-cell contrast staining naghpyoved that cells were efficiently removed (R2g.and b).

Figure 2: Confocal microscope images (Zeiss Axiotlp employing a 150x lens. (a) B. subtilis cutwafter induction of
sporulation. Vegetative cells (green) are rod-stthmpores (blue) are dome-shaped and smaller. (l8ys sporulating cul-
ture after HCI treatment does not show any vegegatells. (c) Spores after exposure to superheatiriglO °C for 20 s. The

picture indicates that number of intact spores wigmificantly reduced.

DNA extraction from bacterial spores and PCRie spore solution was exposed to a range of teatyes from 120 °C
to 180 °C. Two experiments were performed for esethof conditions. Comparisons of the images bedme after super-
heating suggests that the spores were indeed thsrby superheating (Fig. 2b and cjllsolution of each sample was add-
ed to PCR master mix and real-time PCR was perfor(R@. 3a). The specificity of PCR was verified imglting curve
analysis as well as gel electrophoresis. It wasdahat the PCR product melting temperature wa® 82.+ 0.1 °C, as per
analysis by Roche software, and was identical &itpe control results. Also, the results of gedattophoresis showed the
DNA products yielded lengths of 85 bp as expected.
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As a control experiment, spores were exposed to°COdr more than 2 h, with samples taken everynirh No specific
PCR product was found in these controls, indicatiad no DNA was either released from spores orrhadaged to survive
the conditions [5].

Optimization of DNA extraction from bacterial spsr&esults from real-time PCR analysis demonstratatithe expo-
sure of spores to superheating successfully optredpore shells and released the DNA (Fig. 3a).aééme that DNA
might be partially damaged during exposure to héghperature. Indeed higher temperature should break spores in the
same time period but consequently destroy more DB&Ssed on the critical threshold from the real-tir@@R we have found
that the highest yield of harvested DNA occuredveen 160 °C and 170 °C with an exposure time of(EQy. 3b).
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Figure 3a: Real-time PCR data of superheated spama- Figure 3b: Critical threshold (¢ vs. superheated tempera-
ples. The positive control was cellular genomic DIRER  ture. The highest yield was found to be at abo®t 15 for
amplification was achieved from all superheated giasn 20 s exposure time. Below 165 °C the spore breafing
with different critical thresholds (dotted red IneThe cess was not as efficient, while at temperaturesvab
spores after HCI treatment did not show amplifioatiof 165 °C DNA was damaged to a greater extent.

taroet DNA

CONCLUSION

The superheating process has been demonstratesirapla, fast and effective method for the disruptdf spores of the
genusBacillusin order to release their DNA for detection. Optiation of DNA extraction has been achieved by wayyex-
posure time and temperature, finding that an exgome of 20 s at 165 °C temperature results ghdst DNA yield. This
method can be applied as a front-end tool for sampptparation in order to detect presence of patimguch as Anthrax.
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