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Introduction

A variety of secondary mineral deposits are known to be associated with bacteria
in caves: moonmilk, nitrates, manganese and iron oxides, and some calcium car-
bonates (see attached draft of a chapter on microorganisms and speleothems).
There is a strong debate concerning whether microorganisms are simply found in
association with these deposits or whether they actively participate in the forma-
tion of secondary mineral deposits in caves. A promising avenue for investigating
this is the study of pool fingers or chenille spar. Hill (1986) notes that a “peculiar
kind of pool spar is ‘chenille,’ a palisade-like form which develops directly below
shelfstone in a cave pool.” Other observers (Queen and Olson, per. comms.)
have noted the presence of filaments on the tips of the chenille spar in various
pools in the Guadalupe Mountains. Traditionally, pool spar has been thought
to form non-biologically. Northup, Melim, and Cunningham (unpublished data)
have found evidence of microbial filaments in thin sections of pool fingers from
Lechuguilla and of isotopic evidence in chenille spar from Pool Hall in Lechuguilla
that indicate a possible biological origin for the latter.

Project Summary

To investigate this phenomenon, we propose to place artificial substrates un-
der active pool fingers, allow microbial growth for six to twelve months, and,
using molecular phylogenetic techniques on the resultant colonies, identify the
filamentous growth associated with the pool fingers. In addition, we will make
thin sections of small samples of chenille spar from dry pool beds and will utilize
an embedding technique perfected by Emily Hoffman to investigate the possible
endolithic nature of associated microorganisms.
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Objectives

The primary goal of this project is to characterize the microbial communities
associated with pool fingers or chenille spar in active and dry pool environments
in caves in the Guadalupe Mountains. To do this we will:

• Put in place artificial substrates under active pool fingers to allow for
microbial growth.

• Use molecular phylogenetic techniques to characterize the microorganisms
present and to possibly infer information about their biochemical capabili-
ties by looking at those associated with their nearest neighbors.

• Study thin sections of small samples of pool fingers/chenille spar from dry
pool beds to look for the presence of microbial filaments or bodies.

• Embed small samples with resin and examine these for evidence of en-
dolithic (within the rock) microorganisms.

• Analyze the results and write them up for publication and dissemination.

Research Procedures

Molecular Phylogenetic Characterization

The artificial substrates to be put in place in active pools will either be glass or
limestone slides, or slices of calcite. These artificial substrates will be anchored
with sterile fishing line or stainless steel. A laminated sign will be put in place
beside the pool that states:

Experiment in Progress

Please Do Not Disturb

The glass slides which you may noticed tethered in the pool are part of an
experiment to look at the bacteria that live in the pool. Please do not disturb
them or handle them, as it would contaminate them.

If you have any questions or notice anything interesting of a biological nature
in the cave, please contact Diana E. Northup, 1601 Rita Drive NE, Albuquerque,
NM 87106 (505)262-0602.

We will leave the slides or calcite in place for 6-12 months, pulling a few
slides at a time to monitor progress. To characterize the microorganisms that
grow on the artificial substrates, we will:
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• Extract the DNA from all the organisms in samples from the different
communities.

• Using Polymerase Chain Reaction (PCR), produce large numbers of copies
of the gene that encodes the small subunit of the ribosome. This gene
is used in a multitude of studies and a large database of sequences from
known organisms exists with which to compare our sequences.

• Purify the PCR products.

• Separate the DNA of different organisms and build a ”library” of these
different organisms (clones).

• Purify the clones using a Qiagen Mini-Prep procedure.

• Identify unique clones for sequencing (RFLP analysis).

• Sequence the small subunit gene of all the unique clones.

• Use the sequences of our organisms and the sequences of their nearest rel-
atives as identified through the Ribosomal Database Program (University
of Illinois-UC) to build a phylogenetic tree. This tree shows the relation-
ships between the organisms and allows one to infer something about the
biochemistry (e.g. energy sources used) of the organisms.

Thin Sections

Using small (1 centimeter squared) samples of chenille spar or pool fingers from
dry pools, we will have thin sections made for examination with a petrographic
scope. When collecting the samples we will look for already broken specimens and
will consult with the cave specialist about the best methodologies for obtaining
the samples.

Embedding Specimens

Emily Jo Hoffman utilized a resin embedding technique to study the microbial
borings in carbonate samples. We will employ her techniques to embed small
specimens of spar with araldite resin, remove the carbonate substrate with acid,
and view the filled microborings with a scanning electron microscope. This allows
us to determine whether the microorganisms present are endolithic (living within
the rock).

Relevance

From the literature we know that bacteria and other microorganisms can be
involved in the formation of secondary mineral formations in caves, but the evi-
dence is still quite limited from caves. The field of geomicrobiology, especially in
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caves, is a rapidly expanding field of interest. This study can provide important
evidence of the presence, or lack thereof, of bacteria in calcitic formations. It
will also provide a characterization of the the microorganisms that are associated
with the exterior of the pool fingers/chenille spar in active pools.

Microorganisms that inhabit caves are subject to selection pressures that pro-
duce chemical substances that are potentially useful as drugs for humans or as
agents to clean-up chemicals in our environment. Because of their long isolation
from the surface, microorganisms present in caves are likely to represent novel
organisms that have never been identified. Our knowledge of microorganisms in
caves, and even our knowledge of microorganisms in general, is very limited. New
molecular phylogenetic techniques are opening up a vast new world of knowledge
of the diversity of microorganisms which was formerly limited to only those or-
ganisms that we could culture (estimated to be less than one percent of the true
diversity).
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