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It is clear that cave microorganisms are fundamental to many cave-processes but no projects to date have been undertaken to address the atmospheric movement of microorganisms in caves, based on the personal knowledge of the investigators of the field and a literature search. The atmospheric transport of microorganisms in caves may be common via aerosols generated from aquatic sources, winds, and animal or human activity. One of the concerns regarding cave health is the introduction of non-indigenous microorganisms, via human exploration or visitation. While non-indigenous microflora could potentially disrupt natural cave processes, these microorganisms can be used to identify their sources and/or to demonstrate the influence of certain activities (use of restrooms, storage and consumption of food, etc.). This proposed project will address the distribution of airborne microorganisms (bacteria and fungi) at various points within a cave environment, to access the impact of human activity on natural cave-aeromicrobial diversity.  Our hypothesis is that microbial diversity will differ between areas with heavy human traffic and areas with minimal human traffic, based on an assessment of airborne microorganisms.

Objectives

This study will employ existing aeromicrobiological assays to profile the distribution of airborne microorganisms at various locations between the Natural Entrance and Big Room and between the Lunchroom and Lake of the Clouds in Carlsbad Cavern, Carlsbad Caverns National Park. 

1. Determine aeromicrobial diversity – determine the number of bacteria and fungi at separate points within the identified cave system using culture (to recover viable bacteria and fungi) and molecular based methods (to determine the total number of microbes = culturable and nonculturable).

2. Determine the influence of humans on the presence of viable bacteria and fungi in cave system - genetic sequencing will be used to identify culturable bacteria and fungi in a natural environment (one with little human influence, i.e. Lake of the Clouds and portions of Left Hand Tunnel) versus a human impacted environment (i.e., the Main Corridor, Big Room, and the Lunchroom)

Material and methods

This atmospheric study is non-invasive and will not impact cave health. Samples will be collected on two different days over a four-day period. Culture based studies will be completed in the field and all genetic and microscopy work will be completed in the laboratory. Sterile technique will be used at all times to prevent field and laboratory contamination of samples.
Sample sites
Air samples will be collected every 200 meters along the Main Corridor descent from the Natural Entrance to the Big Room, starting at the cave mouth. Within the Big Room/Lunchroom, samples will be collected at four sites around the cafeteria room and every 200 meters along the Big Room tour path. An additional six samples will be collected in Left Hand Tunnel between the Lunchroom and Lake of the Clouds, areas experiencing much less human traffic. This phase of the sampling will be completed during the first sample day. After 48hours of in-cave incubation, microbial culture data will be used to identify two sites for direct count analysis (the second day of sampling).

Air samples for isolation of microbes 

The air pump system is a hand portable device powered by a 12V automotive battery. Presterilized filter housings containing 47mm diameter, 0.2(m pore-size filter membranes will be used to collect all air samples (Fisher Scientific, Atlanta, GA. Catalog # 09-74030G.). The filter housings are removed from their sterile bags, placed on an analytical filter manifold, lids removed and vacuum applied using a vacuum pump for a set period of time. Airflow rate through the filters is 17 liters/minute for 20 minutes/sample. To control for handling contamination, an additional filter housing will be removed from its bag, placed on the manifold and allowed to sit for 1 minute without removing the lid or turning on the vacuum. Filter housings are then removed from the manifold, lids sealed with parafilm, replaced in their respective bags, sealed with tape until placed on culture media. R2A agar (Fisher Scientific, Atlanta, GA. Catalog # DF1826-17-1) is utilized for microbial culture-based analysis. Filters are placed on R2A sample side up. The filters are then incubated in the dark at cave temperature. Microbial growth is enumerated after 48 and 96 hours of incubation. From two of the sites (to be determined, human influenced versus natural cave) fungal and bacterial colonies will be isolated from each other by isolation streaking on to fresh plates of R2A. Once isolated, colonies will be grown overnight at room temperature on a tabletop rocker set at low speed in Tryptic Soy Broth (Fisher Scientific, Atlanta, GA. Catalog # DF0370-17-3). The following day 1ml of each culture will be transferred to a sterile cryogenic storage tube containing 200(l of sterile glycerol and stored at –70oC.
Genetic identification of microorganisms 
The polymerase chain reaction (PCR) will be used for 16S and 18S rDNA amplification using universal primer sets. DNA extraction will be completed using standard protocols (Qiagen DNeasy Kit for bacteria and Sigma REDExtract-N-Amp Plant PCR Kit for fungi). Five microliters of purified DNA will be used for PCR. PCR master mix recipe will follow established protocol. The PCR amplification profile is: 1 cycle for 2 minutes at 94oC, 40 cycles of [30 seconds at 94oC, 30 seconds at 45oC, 2 minutes at 72oC], one cycle of 10 minutes at 72oC and hold at 4oC. PCR amplicons are cleaned and sequenced (1 strand, 1 reaction) by Northwoods DNA, Inc. (Becida, MN). GenBank Blast search (http://www.ncbi.nlm.nih.gov/BLAST/) is used for amplicon/isolate identification. 

Air samples for direct counts
Pall Gelman 25mm air filter holders (Fisher Scientific, Atlanta, GA) are loaded with an 8.0um pore size support filter (cat. # AAWP02500, Fisher Scientific, Atlanta, GA) and a 0.02um pore size glass Whatman Anodisc filter (Fisher Scientific, Atlanta, GA). Filters/holders are individually wrapped in parafilm, placed in a plastic bag and shipped to the sample site. For sampling, three of the filter holders are unwrapped and placed on the portable air sampler manifold. Air is pumped through the filters for 20 minutes at 17 liters per minute. The filters are then removed from the manifold, wrapped in parafilm and refrigerated until shipment to the USGS St. Petersburg, Florida, laboratory. Upon arrival samples are refrigerated until processing. For processing the filters are placed sample-side up on top of a drop of diluted SYBR Gold nucleic acid stain (Molecular Probes, Eugene, OR: 97.5ul of 0.02um filtered H2O + 2.5ul of a 1/10 dilution of SYBR Gold) and incubated at room temperature in the dark for ~10-15minutes. The filters are then removed from the drop of diluted SYBR Gold, excess stain is removed by blotting the back of the filter on tissue paper, and placed on a glass slide. Twenty-seven microliters of antifade solution (990.0ul 50% 1X PBS/50% Glycerin + 10.0ul 10% P-phenylene diamine) is placed on a coverslip, and the coverslip placed over the filter. The coverslip is lightly pressed to expel any trapped air and the slide is then refrigerated in the dark until counted by epifluorescent microscopy. Ten fields per slide are counted. The average numbers of microbe-like particles are obtained by averaging both field and sample counts.

Investigator Qualifications:

Diana Northup has been studying cave life since 1984 and has concentrated on cave microbiology since 1992.  The bulk of her field studies have taken place in caves in Carlsbad Caverns National Park and she has published several cave microbial studies.  Dale Griffin, a microbiologist with the USGS Center for Coastal & Watershed Studies in St. Petersburg, Florida, has studied microorganisms is dust since the late 1990s, focusing on the effects of African dust.

Expected Results

Results from this study will be shared with the Cave Resources Office at Carlsbad Caverns National Park and will be written up for publication in an appropriate journal.

Timeline

The projected length of this study is one year from the start date (sampling, identification of microorganisms, preparation of manuscript and publication pending National Park Service approval).

