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Outdoor aerosol research commonly uses particulate matter sampled on filters. This procedure enables various characterizations of the
collected particles to be performed in parallel. The purpose of the method presented here is to obtain a highly accurate and reliable analysis

of the endotoxin and DNA content of bio-aerosols extracted from filters. The extraction of high molecular weight organic molecules, such as
lipopolysaccharides, from sampled filters involves shaking the sample in a pyrogen-free water-based medium. The subsequent analysis is based
on an enzymatic reaction that can be detected using a turbidimetric measurement. As a result of the high organic content on the sampled filters,
the extraction of DNA from the samples is performed using a commercial DNA extraction kit that was originally designed for soils and modified
to improve the DNA yield. The detection and quantification of specific microbial species using quantitative polymerase chain reaction (g-PCR)
analysis are described and compared with other available methods.

Video Link

The video component of this article can be found at https://www.jove.com/video/53444/

Introduction

Air sampling on filters is a basic tool in atmospheric aerosols research.’ The sampled filters are the starting point for various chemical, physical,
and biological characterizations of the collected ambient particles.z'11 The advantage of this approach is that various analyses can be performed
off-line on the same sample. Compiling the data from all the different analyses enables the researcher to obtain a good understanding of the
characteristics of the collected particles and aids in solving complex questions in the atmospheric sciences.'?" For example, marine and inland
air-samples taken during the same period can be compared with respect to the sampled particle toxicity and biological composition.14 For this
study, lipopolysaccharides (LPS), components on gram-negative bacterial cell-walls, also known as endotoxins, were extracted from filters
sampled on-shore and at an inland site, and were evaluated using the limulus amebocyte lysate (LAL) test. In parallel, a genomic evaluation of
the bacterial content (total bacteria, gram negative, and cyanobacteria) was performed on the same sample using the quantitative polymerase
chain reaction (g-PCR). The LAL test is based on measurements of turbidity formed following the addition of an aqueous extract of amebocytes
from the horseshoe crab, Limulus pol%phemus, to an aqueous solution containing the endotoxins. The higher the endotoxin concentration in the
sample, the faster turbidity develops. ~ The g-PCR analysis is based on a fluorescence signal emitted as a specific DNA fragment is amplified.
By real time monitoring of the signal during the exponential phase of the PCR reaction and calibrating with a standard curve, the initial DNA
amount can be quantified. The combination of these two analyses together with others, as detailed elsewhere,14 can provide a good estimation
of the levels of endotoxin and the amount of the source bacteria in the samples.

The purpose of the method presented here is to obtain a highly accurate and reliable analysis of the endotoxin and DNA content of bio-
aerosols extracted from filters. While methods for sampling the physical and inorganic chemical characteristics of aerosols are well known and,
more recently, methods have been developed to investigate its organic matter component,17 there has been scant research on the biological
component of aerosols."® The rationale for the current method is to address this gap by presenting in detail a robust method for extracting,
analyzing, and identifying the biological fraction of airborne aerosols.”

The metf;g%detailed here is expected to find wide-spread use in biological indoor and outdoor aerosol research projects involving filter
analysis.”

Protocol

Note: A detailed list of all the materials and instruments used in this protocol is shown in the Materials section.
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1. Air Sampling on Filters

1. Preparation of Filters
1. For high volume sampling, use 20.3 x 25.4 cm? filters. Choose the specific type of filter that best fits the research needs, as well as the
filter cut-off size, if applicable.1 Here, use quartz microfiber filters.
2. Pre-bake filters intended for organic and biological compound sampling to destroy organic residues. To pre-bake the filters, wrap them
individually in aluminum foil and then bake them in a laboratory furnace at 450 °C for at least 5 hr.
3. Store the baked filters at -20 °C until sampling.

2. Instrument Handling and Air Sampling

1. Clean residual dust from the head of the high volume sampler. Wipe the parts with clean paper wipes and allow them to air-dry before

reconnecting them to the sampler.

2. Disinfect the filter cassette with ethanol, and work with gloves and a lab coat at all times.

3. Place a pre-baked filter inside the clean filter cassette, and proceed according to the high volume sampler manual.

4. Mark the date and any unusual weather conditions, if applicable (e.g. rain, dust storm) on the aluminum wrap, and save it in a clean
place until the completion of sampling.
Collect the sampled filter and fold it in half, with the sampled side facing inward.
Wrap the filter in the original aluminum foil and store at -20 °C until analysis.
Note: If the time lag between sampling and analysis is longer than 2 months, store the sample at -80 °C to avoid degradation of the
organic and biological material.

5.
6.

2. Endotoxin Analysis

Note: Disinfect the work surface with 70% ethanol and work with pyrogen-free tubes, tips and reagents only. If glassware are used, pre-heating
at 250 °C for 30 min, or 200 °C for 60 min is required.”® Prepare all reagents in a class |l biosafety cabinet and work with gloves and a lab coat at
all times.

1. Reagent Preparation

1. Follow the LAL kit manufacturer's protocol to rehydrate the lysate shortly before use.?® Tap gently on the vial to dislodge LAL remaining
on the bottle walls. Lift the stopper gently to break the vacuum. Using a needled syringe, add 5 ml of pyrogen free water (PFW) to the
vial to rehydrate all the lysate content and mix gently to avoid foam formation.

2. Seal the vial with plastic paraffin film when not in use and store at 4 °C for up to two days. Store any remaining lysate at -20 °C for up
to three months.

Note: This reagent can be frozen only once.

3. Rehydrate the control standard endotoxin (CSE), which contains 0.5 pg E. coli, in accordance with the manufacturer's protocol.27
Determine the specific amount of water to be added to the CSE vial from the manufacturer's website?® by entering the lot number for
the kit where specified on the website. The final concentration of E. coli in the vial, is measured in endotoxin units (EU; where 10 EU =
1 ng). Label this vial EdO.

4. Seal the CSE vial with plastic paraffin film when not in use and store at 4 °C for up to 4 weeks.

2. Standard Curve and Spiked-filter Preparation

1. Inaclass |l biosafety cabinet, prepare 22 pyrogen-free 2 ml centrifuge tubes containing decreasing amounts of CSE (tubes Ed1-Ed11)
or no CSE (the blank tube containing only PFW) to produce a duplicated endotoxin dilution series, as shown in Table 1.
In a biological cabinet with circular flow, cut 22 circular pieces of clean, pre-baked filter using a disinfected 1.12 cm diameter cork borer.
Place the filter pairs into sterile petri dishes.
Spike 50 pl from each member of endotoxin dilution series Ed2-Ed11 and from the blank tube onto a corresponding pair of filters.
Leave the Petri dishes containing the spiked filters open under the hood to dry for 30 min.
Place each filter piece in a pyrogen-free 2 ml tube.

Q0 kwN
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Tube Final endotoxin Standard endotoxin Pyrogen free water total volume (ml)
concentration (EU ml™) volume (ml) volume (ml)

EdO 2,500 stock solution* 5
Ed1 1,000 80 (from EdO) 120 200
Ed2 100 20 (from Ed1) 180 200
Ed3 50 10 (from Ed1) 190 200
Ed4 25 5 (from Ed1) 195 200
Ed5 125 2.5 (from Ed1) 197.5 200
Ed6 6.25 1.25 (from Ed1) 198.75 200
Ed7 3.125 6.25 (from Ed2) 193.75 200
Ed8 1.563 6.25 (from Ed3) 193.75 200
Ed9 0.781 6.25 (from Ed4) 193.75 200
Ed10 0.391 6.25 (from Ed5) 193.75 200
Ed11 0.195 6.25 (from Ed6) 193.75 200
Blank 0 0 200 200

* Prepare the stock solution as per the manufacturer's instructions.

Table 1: Endotoxin Standard Curve. Endotoxin concentration, volume of standard endotoxin and of pyrogen-free water to be added, and the total
volume obtained are detailed for each dilution tube in the calibration curve.

3. Endotoxin Extraction from the Experimental and Spiked Filters
In a biological cabinet with circular flow, cut the sample filters (from Step 1.2) into circular pieces using a disinfected 1.12 cm diameter
cork borer, and place them, together with the spiked standard filters (from Step 2.2), in pyrogen-free 2 ml tubes (i.e., the sample tubes).

1.

2.
3.
4

Add 1 ml PFW to the tubes and shake them for 60 min at room temperature, using a laboratory shaker.
Centrifuge the sample tubes in a microcentrifuge at 375 x g for 10 min.%°

Transfer the supernatant, which contains the endotoxins, into a new pyrogen-free 2 ml tube.

4. Limulus Amebocyte Lysate (LAL) Test
Determine the endotoxin concentration in the samples by performing the LAL test in a pyrogen-free 96-well microplate with a flat

1.

2.

bottom and a lid.

Plan the plate array in advance, as shown in Figure 1. Include a standard curve prepared directly from endotoxin standard solutions
Ed2-Ed11 (and thus covering the concentration range of 100-0.195 EU/mI (see section 2.2)) in every running plate. The standard curve
should occupy wells 1-10 of rows A and B of the plate. Set aside wells 11-12 in these rows for blank samples (making a total of four

blanks).

Turn on the microplate reader and program it for a kinetic reaction involving incubation of the microplate at 37 °C and shaking every 5
min, followed by absorption measurements at 405 nm. Repeat 18 times for 1.5 hr.
Determine the efficiency with which the endotoxins are extracted from the sample filters (i.e., the samples obtained from the spiked
standard filters) via division of the calculated endotoxin amount by the original amount spiked.
Start the assay by placing 50 pl of the standard endotoxin solutions (from step 2.4.2), or of the spiked filter extract and its blanks (from
section 2.3), or of the experimental samples and its blanks (also from section 2.3), as per the planned plate-array (Figure 1) and close

the cover.

To each well, quickly add 50 pl of LAL solution, and gently shake the plate horizontally while it is placed on the table before lifting it into

the reader.

Place the plate in the plate reader and start the experimental run.
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Figure 1: Endotoxin array plate. An example of an endotoxin analysis array in a 96-well microplate.

3. Genomic Analysis

Note: For DNA extraction, disinfect the work surface with 70% ethanol and work with sterile tubes, tips and reagents only. For g-PCR analysis of
DNA, disinfect the work surface with surface DNA-decontaminant. Prepare all reagents in a class Il biosafety cabinet and work with gloves and a
lab coat at all times.

1. Preparation of the DNA Primers and Probes
1.

2.

Prior to DNA extraction, either order a commercially-available set of primers and a probe (if the hydrolysis probe method is applied), or
design a new set of primers and a probe using primer designing computational tools.*

Rehydrate the primers according to the manufacturer's protocol using either 10 mM Tris-0.1 mM Ethylenediaminetetraacetic acid
(EDTA) (TE buffer) or PCR-grade water.

Note: It is recommended to dissolve the initial PCR primer stock in TE buffer with low EDTA (0.1%) as it prevents primer degradation
when kept for longer times. Use PCR-grade water for subsequent dilutions to reduce EDTA amounts that might inhibit PCR reactions.

3. Prepare aliquots of 50 pl or 100 pl of the primer and probe in sterile 0.5 ml tubes and store at -20 °C until analysis.

2. Standard Cell Concentration Evaluation Prior to DNA Extraction
1.

2.

3.

In a suitably sized centrifuge tube, prepare a standard cell solution of the microbial species of interest (tube Od0, Table 2A). Mix the
cell suspension by pipetting it up and down in the tube 7-10 times using a pipette with a small bore.

If the cells are colored (e.g. certain fungal spores), do not perform a staining grocedure. If cell staining is required, dilute the cell
suspension in a suitable dye for microscopic detection of the cells of interest. !

Clean the cover slip and hemocytometer with ethanol. Moisten and affix the cover slip to the hemocytometer.

Load about 8 pl of the cell suspension into both hemocytometer chambers by carefully touching the edge of the cover slip with the tip of
the pipette and filling the chamber by capillary action. Do not over/under fill the chamber.

Determine the number of cells by viewing them under a microscope at 400X magnification (40X in objective and 10X in ocular). Nine
squares measuring 1 x 1 mm? and arranged in a 3 x 3 grid should be seen. Focus the microscope on one of the four corner squares of
the grid (a higher magnification can be used). The 1 x 1 mm? square should contain 16 smaller squares.

Count all the cells in the four 1 x 1 mm? corner squares, as well as in the middle square of the 3 x 3 grid. If there are too many or too
few cells to count, repeat the procedure, either concentrating or diluting the original cell suspension as appropriate (15-50 cells should
overlay a singling 1 mm~ area).

Calculate the concentration of the cells (cells ml'1) in the standard cell suspension Od0 from the cell count averaged across the five
counted squares as follows: Cell count ml’ = Average cell count square'1 Dilution Factor 10*.

3. Evaluation of DNA Extraction Efficiency
1.

2.
3.
4

5.

6.

7.
8.

Prepare nine sterile 0.5 ml tubes according to Table 2A.

Dilute the standard cell solution (Od0) to contain about 10" cells mI™ in a total volume of 20 pl (Od1).

Add 18 pl of sterile nuclease-free PCR-grade water (NFW) to tubes Od2-Od8 and 20 pl to the blank tube, Od9.

Transfer 2 pl of the cell solution from Od1 into Od2. Pipette gently to mix and transfer 2 pl from tube Od2 to Od3. Continue diluting the
cells in the same manner along the tubes up to and including tube Od8 to obtain a serial dilution of 10"-10° cells mI™.

In a biological cabinet with circular flow, cut 18 circular pieces of clean, pre-baked filter, using a disinfected 1.12 cm diameter cork
borer. Place the filters in pairs into sterile Petri dishes.

Spike 10 I from dilutions Od1 to Od8 and from the blank tube Od9 onto each of the paired filters, such that there is one filter pair
corresponding to each standard cell concentration.

Leave the Petri dishes open under the hood and let them dry for 30 min.

Place each filter piece in a sterile screw-top 2 ml tube and extract the DNA according to the procedure detailed in section 3.4.

4. DNA Extraction from the Experimental and Spiked Filters
Note: For DNA extraction from filters, use commercial kits designed for DNA extraction from soil according to the manufacturer's protocol with
the following modifications.
1.

For each filter sample (Od1-Od8), prepare a mixture of acid-washed glass beads in a 0.5 ml sterile tube. Use 0.1 g beads having a
diameter of 425-600 um and 0.3 g beads having a diameter of <106 uym.
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2. In a biological cabinet with circular flow, cut three circular pieces from randomly-selected locations on each filter sample using a
disinfected 1.12 cm diameter cork borer, and place them in screw-top 2 ml tubes.

Add the glass bead mixture to the tubes.

Add the cell-lysis buffer supplied with the extraction kit to each tube in the biological cabinet, with the amount indicated in the
manufacturer’s protocol.

Prepare a bucket of ice and disrupt the cells mechanically using a bead beater.

Beat the beads for 1 min and then place them on ice for 1 min. Repeat five times.

Proceed with the kit supplier's protocol from the post-lysis step.

After elution with the supplied elution buffer (contains 10 mM Tris buffer) or NFW, reload the eluted sample through the column again to
improve DNA yield.

Note: If not analyzed on the same day as the DNA extraction, samples can be stored at -20 °C until analysis.

bl

N>

A- Preparation of Standard Cell Dilution Series

Tube Final cell concentration (cell | Standard cell volume (ml) | Nuclease free water volume | Total volume (ml)
mi™) (ml)
0do determine with Hemocytometer counting chamber
Od1 should be eluted to the range of 107 cells ml”* 20
0d2 10" od1 2 of Od1 18 20
0d3 102 0d1 2 of Od2 18 20
0Od4 10 Od1 2 of Od3 18 20
0d5 10™ Od1 2 of Od4 18 20
0d6 10”° Od1 2 of 0d5 18 20
od7 10" Od1 2 of Od6 18 20
0d8 107 Ood1 2 of Od7 18 20
Blank 0 0 20 20
B- Preparation of DNA Standard Curve
Tube Final DNA concentration Standard DNA volume (ml) | Nuclease free water volume | Total volume (ml)
(mg ml™) (ml)
DdO determine with NanoDrop
Dd1 should be eluted to the range of 10’ mg ml” 20
Dd2 10" D41 2 of Dd1 18 20
Dd3 102 Dd1 2 of Dd2 18 20
Dd4 10 D1 2 of Dd3 18 20
Dd5 10™ Dd1 2 of Dd4 18 20
Dd6 10° Dd1 2 of Dd5 18 20
Dd7 10 D41 2 of Dd6 18 20
Dd8 107 D41 2 of Dd7 18 20
Blank 0 0 20 20

Table 2: DNA Standard Curve. Standard microorganism cell dilution series (A) detailed for the standard cell volume, NFW volume, and the total
volume in each dilution tube. DNA standard curve preparation (B), detailed for the standard DNA volume, NFW volume, and the total volume in
each dilution tube.

5. DNA Standard Curve Preparation

1. Extract DNA directly from a standard sample of the microorganism of interest (Dd0) using the same procedure as described for the
experimental filters in step 3.4.

2. Use a spectrophotometer to determine the DNA concentration of the standard DNA sample (Dd0) at 260 nm.

3. Prepare nine sterile 0.5 ml tubes from which to prepare a DNA standard curve, as shown in Table 2B.

4. If necessary, dilute the standard DNA solution DdO to within a concentration range of 1-10 pg mi™ in the first tube (Dd1) in a total
volume of 20 pl.

5. Add 18 pl of NFW to tubes Dd2-Dd8 and 20 pl to the blank tube.
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6.

Transfer 2 pl of the standard DNA solution from Dd1 into Dd2. Pipet gently to mix and then transfer 2 pyl from Dd2 to Dd3. Continue
diluting the DNA in the same manner along the tubes to achieve a serial dilution of 10°107 in tubes Dd2-Dd8 together with a blank
tube containing only NFW.

Note: If not analyzed on the same day of extraction, store samples at -20 °C until analysis.

6. Quantitative-PCR Analysis

1.

Switch on the g-PCR instrument in advance to warm up.

2. In anew program file, insert the details for the g-PCR run in the instrument-operating software as detailed in Table 3.
Note: Different instruments have different optimal timing for each thermal cycle step. This input is specified in the instrument's manual.
3. Disinfect the work surface with surface DNA-decontaminant and work only with sterile tubes, tips, and reagents.
4. Prepare a bucket of ice next to the working bench. Store Tag-polymerase mix on ice.
5. Calculate the total number of reaction wells that will be occupied in the plate. Make theoretical allowance for extra reactions (5%) and
multiply the enlarged number of reactions by the volume per reaction to calculate the total reaction volume.
6. Prepare the reaction mixed pool, starting from NFW, primers, probe, and lastly the Taq polymerase mix. See example for the volume
calculations for the mixed pool in Table 4.
7. Store the reaction mix in the dark and on ice until use.
8. Place 1 pl of standard DNA, sample DNA, or NFW (as a negative control) inside the wells in the g-PCR microplate in triplicates.
9. Ensure that the plate is in a plate holder to prevent it from touching the working surface and to keep it clean.
10. Add 9 pl of the mixed pool (Table 4) into each reaction well.
11. Cover the plate with optical adhesive film and seal it tightly from all sides.
12. Spin down the plate in a centrifuge with plate buckets for 1 min at 1,000 x g before placing it in the q-PCR device.
13. Place the plate into the instrument and activate the running program.
Parameter Details Comments
Detection method Quantitative hydrolysis probe
Thermal cycling conditions
Initial denaturation and enzyme activation 95 °C for 10 min
Denaturation 95 °C for 15 sec repeat 45 times
Annealing and extension 60 °C for 60 sec
Plate array
Standard curve Dd1 - Dd8 3 repeats per dilution in 1-8 wells at the top 3
rows
Non-template control (NTC) Nuclease free water (NFW) 3 repeats in the 9" well at the top 3 rows.
Analyzed samples DNA extracted from filters 3 repeats per sample at the remaining wells.
Primer set per each well
sample volume 10 ml
Table 3: Details for q-PCR operating software. Details of the analysis parameters to be entered into the g-PCR program file.
Reagent Volume per reaction (ml) | Number of reactions Allowance for error (5%) | Total volume mix (ml)
Taq polymerase mix 5 50 52.5 262.5
F primer (10 mM) 0.5 50 52.5 26.25
R primer (10 mM) 0.5 50 52.5 26.25
Nuclease free water 3 50 52.5 157.5
DNA - 1 ml will be added directly into the target wells in the 96 plate.

Table 4: Quantitative-PCR Reaction Mix Calculation. VVolume per reaction, number of reactions, allowance for error, and the total calculated
volume to be added into the reaction mix per reagent are detailed.

Representative Results

It is common to study atmospheric aerosols using "off-line" analyses of sampled filters (see Figure 2).32 Chemical analyses of the sampled
matter include organic (e.g. protein, hydrocarbon molecules, saccharides) and inorganic (e.g. metals, salts) content. Biological analyses include
viable and non-viable microorganism content, species identification using a DNA approach or microscopy, as well as DNA-based quantification.
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Figure 2: Filer sample analysisflow chart. Filter after air-sampling (A), preparation of the filter for downstream analyses (B), and analysis of
the sample components (C).

For the endotoxin extraction, filter sub-samples (1.12 cm2) are shaken in 1 ml PFW for 60 min at room temperature. The samples are then
centrifuged for 10 min at 375 x g. Different centrifugation speeds can result in different extraction efficiencies, as indicated in Figure 3A.

A preliminary test for extraction efficiency should be conducted for the specific filter chosen and protocol performed. In Figure 3B, higher
extraction efficiencies are obtained from spiking clean compared with sampled quartz filters, and both of these efficiencies are lower than that
achieved via direct detection of the standard solution. As discussed elsewhere, the nature of the ambient aerosols sampled on the filter can also
affect the endotoxin extraction efficiency.m'33

Centrifugation speed (x g) Filter load
] [
—_ ——0xg A —o— Mo filter B
E 5| —=—375xg — 54| —@— Clean filter
[Ty} —&— 9391 xqg —w— Sampled filter
¥ . l//
—_'E 3
E
=
£ 2
c
]
a
™
=2
o g
o]

Endotoxin concentration (EU mL")
Figure 3: Endotoxin extraction efficiency. The effect of centrifugation speed (A) and filter load (B) on endotoxin extraction efficiency. Error
bars represent standard deviation. Please click here to view a larger version of this figure.

The reaction for endotoxin detection involves a 1:1 ratio of LAL reagent to the endotoxin standard, the sample-extracted endotoxins, or the
blanks. It is recommended to use triplicates for sample analysis. However, for standard curves, duplicates are sufficient. When the absorption
readings (at 405 nm) are completed, the resulting optical density (OD) is analyzed after exporting it into a data-analysis spreadsheet program for
further analysis of the data.

Extraction of DNA from the air-sampled filter is performed directly from portions of sub-sampled filters. DNA extraction is performed using a
commercial soil-sample DNA isolation kit, with some modifications to increase the DNA yield. Thus, glass beads are added to agitate the filters
in a bead-beater to improve the release of DNA into the solution. To prevent sample heating (which may lead to denaturation of the DNA),

this step is divided into five 1 min intervals, with the tube cooled on ice between intervals. The extraction can then continue according to the
manufacturer's procedure.

As in the endotoxin extraction, it is important to perform a preliminary analysis of the DNA extraction efficiency under the specific experimental
conditions. This is done by spiking a known amount of a standard organism cell solution onto a piece cut from the filter, following the DNA
extraction protocol described above. >

The concentration of the target microorganism extracted from the sampled aerosols is determined using g-PCR. Here the thronsis probe
technique is used, which has the advantage of high specificity, because of the additional probe bound to the template DNA. ® The SYBR green
method can also be applied for this purpose.
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Calibration curves are derived from DNA extracted from the chosen organisms of interest, using the extraction method described above. A mixed
pool of the reaction compounds, excluding the DNA sample, standard, or control, is prepared and kept in the dark and on ice until required.
Then, an aliquot of the mixed pool is added into each well in a 96 microwell optical plate. The DNA standard, sample, or control is added after
the reaction mix according to the plate array. After all reagents have been inserted into the plate, it is sealed with an optical adhesive film and
spun down to collect all droplets at the bottom of the wells. The plate is than inserted into the g-PCR instrument for thermal cycle amplification
and signal detection.

The output data consist of PCR Ct values, which are defined as the cycle number at which the amplified DNA amount reaches the threshold
level. Using the calibration curve values, the concentration of target DNA can be obtained (see Figure 4).36 The microorganism's cell
concentr3a7tions can be calculated from the Ct values of the extraction efficiency compared with a hemocytometer count of the standard organism
solution.

A Amplification Plot
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Figure 4: Quantitative-PCR amplification plot. (A) and calibration curve ranging between 2 x 10™-2 x 102 (B) performed for representative
gram negative bacterial DNA. Please click here to view a larger version of this figure.
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This work describes extraction and detection methods for quantifying both endotoxins and DNA present in aerosol samples collected on filters.
The methods require accurate routines and can be performed easily as long as the experimentalist adheres to a few essential and important
points discussed here.

For the endotoxin detection step, note that the lysate solution is quite viscous and tends to produce bubbles upon pipetting. It is difficult to
remove thee bubbles, and they lead to changes in the microplate-reader values. Therefore, it is important to first place the sample in the plate
and only after ensuring that all the bubbles disappeared, continue with the addition of the lysate solution. A helpful technique to prevent bubble
formation in this step is to work slowly with the pipette, and not to press it all the way when draining the lysate into the wells. As a reaction start
immediately once the lysate is being added to the endotoxin extract, it is essential to start the reading as soon as possible. To shorten the lysate
addition step, a multichannel pipette can be used. Note that i |n some kits and protocols there is an additional pre-incubation step of the samples
at 37 °C for 10 min, after it is placed in the micro titter plate OnIy after this step, the lysate can be added.

An important point for environmental sample extraction of endotoxins is the presence of inhibitors in the samples (e.g. in high poIIutlon air
sample). In this case, dilution becomes critical, and can prevent false enhancement, typically observed for non-diluted sample. 8

Similarly, there are several points of importance to ensure the success and reliability of the g-PCR detection. 1) As the volume of the solutions is
very small, if they are not placed at the bottom of the well, the water content in the DNA drop could be reduced by evaporation while arranging
the samples on the plate. To prevent this problem, place the DNA sample at the bottom of the well, cool the plate by placing it on ice or another
cooling platform, and prepare everything in advance to quicken this step as much as possible. 2) When preparing the g-PCR reaction mix (Table
4), cover the tube with aluminum foil to prevent photo-degradation. 3) The present experiment describes the preparation of a 10 pl reaction.
Nevertheless, in some g-PCR instruments, the reaction volume is 20 pl and then the volume of each reagent is multiplied accordingly. 4) The
optimal thermal cycle conditions may change for different primers and polymerase mixes.> For example, the annealing temperature should

be set at around the melting temperature of the primers, and is determined empirically as the temperature at which amplification occurs most
efficiently. For this reason it is also important to prepare a calibration curve for each analyzed g-PCR plate, to ensure that the quantification

is accurate. Calibration curves as well as standard-spiked filters serve also as a positive control, to ensure that no inhibition occurs. To avoid
inhibition, it is recommended to use extraction kits designed to remove inhibitors from environmental samples. 5) The number of thermal cycles
in this experiment was set to the maximum number, 45, in order to increase sensitivity as the DNA concentrations from the filter extracts were
very low. 6) Ensure that the Cycles to Threshold (Ct) values for all DNA samples are within the dynamic range of the calibration curve. Also
ensure that any amplification of a negative control sample is at least eight cycles greater than that of the DNA samples. 7) If working with the
SYBR Green reagent, make sure that there are no multiple melting temperature peaks per reaction.

For turbidimetric test, two endotoxin quantification methods are available: the kinetic method and the endpoint chromogenic method. In the
kinetic approach, as performed in this protocol, the time required for the sample to reach maximal absorbance is measured. Here, a shorter
reaction interval indicates a higher endotoxin concentration in the sample. In the endpoint chromogenic method, light absorption is measured
after a defined incubation time to determine the endotoxin concentration. Both methods require a standard calibration curve for quantification. 40

Although the precision and accuracy of the endotoxin extraction described above is very high,14 the extraction efficiency could be improved. It is
possible that a different type of filter or the addition of a detergent (such as Polysorbate 20) to the extraction procedure could improve the yield of
endotoxin extracted from the filter. Endotoxin extraction efficiency may also be influenced by different particles sampled in parallel on the filter. %
For our experimental setup, the method's limit of detection is estimated to be 0.001 EU m™

Techniques for quantifying the DNA extract that could serve as an alternative to g-PCR include cloning approach and digital droplet PCR (DD-
PCR). The advantages of g-PCR over the cloning approach for species identification are its greater sensitivity and that it requires a lower DNA
concentration for the initial amplification step. In addition, unlike g-PCR, the cloning method WhICh is labor-intensive and time-consuming, is
not quantitative. An alternative method for the quantification of the DNA extract is DD- PCR." The advantage of this technique is that it does not
require a calibration curve, as the detection is based on a single DNA strain in each droplet. However, for environmental samples, no reliable
method exists so far for droplet-detection of DNA extracted from filters.

The efficiency with which DNA is extracted from the filter, as well as the accuracy and precision of the DNA measurements, can be influenced
by factors such as filter type, target microorganisms, and instrumentation. 34 Therefore it should be defined prior to the sample analysis. In our
experimental setup, the limit of detection can reach down to 3.5 genome m>

To conclude, the method described here is applicable for the identification and quantification of air-sampled biological species from both

anthropogenic and natural sources. Precise use of the appropriate assay enables valuable investigations of complex environmental questions to
be undertaken.
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