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Executive Summary

What is expected to be there (bacteria) is there and much more. This
study reiterates the versatility and powerfulness of the 16s rDNA sequencing
technology in the identification of microbial community in a natural
environmental setting without prior cultivation. The challenge at hand is to
assess activity and abundance of the culprit and beneficial bacteria in the
groundwater seepage path and develop a knowledge-based strategy for the
reduction of acidity to combat acid mine drainage problem. The importance
of a multidisciplinary approach in this effort cannot be overemphasized.
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Background (with notes from M. Kalin):

Ground water seepage originating from pyritic mining wastes (tailing ponds, waste rock
piles and mine workings) will likely at one point of time emerge as surface water. It is
proposed to treat the seepage while it is contaminated groundwater, resulting in discharge
of greatly reduced contaminants to surface waters. The task at hand is to identify the
microbial consortia which are present in the groundwater seepage path. This prerequisite
information will serve as a base for treatment approaches that can be formulated and a
proposal involving a multidisciplinary team developed for 1997 and beyond.

It is envisaged that technology development will take about 3 years. The South Bay
site outside Toronto is to serve as a test site. In this site, a seepage path from a tailings
pond to an adjacent lake is well defined hydrologically and stratigraphically. Monitoring
methods for changes in seepage quality are also in place. Piezometers have been
monitored for sometime. The anticipated flow of the groundwater is “clean” water at M28
(Fig. l), it then flows to the section where it gets contaminated, in the vicinity of M5, M85.
M39(A) is the deepest part of the “Kalin canyon” from which the water flows towards M80
which is in the gravel pit and Kalin canyon. Then the water flows to M60 which is located
in the muskeg surrounding Mud Lake. From there it flows towards the outflow M63
passing M62.

The present report deals with a molecular analysis of the bacterial consortia in five
water samples collected from sites, M28, M39A.  M60A,  M63 and M80 as described
above. The molecular analysis makes use of 16s rDNA sequencing which is a well
established method for identifying bacteria in the characterization of microbial ecology and
community structure. This method which uses polymerase chain reaction (PCR) to
generate ribosomal DNA (rDNA) of community nucleic acids, has substantial advantages
over traditional culture-based methods since it is not dependent on growth and culturing
conditions and hence it is generally accepted that environmental diversity is better
represented than what cultural diversity is able to portray.

Materials and Methods

Water samples were collected by the Boojum personnel on September 9, 1996. They
arrived in Montreal the same day in a cooler containing 40 X 250-ml plastic bottles which
were completely filled. The cooler was kept in freezer overnight until processed the
following morning. One litre of each water sample was filtered through a Millipore
membrane of 0.22 urn and 5 cm diameter. The filters gave different shades of rusty
orange color, a reflection perhaps on the purity of the water sample. The filters were then
kept in sterile petri dishes at -20 “C. The pH of the filtrates was 7.5 for M28 and 6.5 for
the remaining samples.

Fig. 2 shows a flow chart of the main events leading to the characterization of
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microbial communities without cultivation. For extraction of nucleic acids the membranes
were thawed. One-half of each membrane was processed as follows; the other halves
were kept for further use. The surface of the filterwas washed with 2.5 ml of 0.75 M
sucrose, 50 mM Tris-HCI pH 8.3, 40 mM EDTA and 1 mg/ml of lysozyme onto a sterile
petri dish. With a razor blade materials from the surface of each membrane were
scrapped and the suspension from’each was transferred to individual 15 ml tubes.
Incubate for 30 min at 37°C to mix. Add 400 pg of Proteinase K and SDS at a final
concentration of 0.5%. Incubate for 2 hr at 37’C while mixing every 30 min. Freeze each
mixture in dry ice for 15 min and then thaw at 60°C for 10 min. Adjust the extraction
mixture to 0.7M NaCl with a stock solution of 5M. Add CTAB at a final concentration of
1% (w/v) to precipitate polysaccharides and proteins. Incubate at 65’C for 20 min. Add
an equal volume of phenol:chloroform:isoamyl alcohol (50:49:1),  mix well and spin in a
refrigerated centrifuge (4OC) for 10 min at 7000 rpm. Discard lower phase. Extract
aqueous phase with a volume of chloroform:isoamyl  alcohol (49:1),  mix well and
centrifuge as before. Precipitate nucleic acids with 0.6 volume of isopropanol at -2OOC
overnight. Centrifuge at 8400 rpm at 4’C for 10 min. Wash pellet with 70% ethanol and
resuspend nucleic acids in 100 ul sterile distilled water.

Amplifications of 16s rDNAs from the various samples were carried out by polymerase
chain reactions (PCR) as follows: the eubacteria primers 27F and 1492R (15
pmole/reaction)  which would amplify near full length 16s rDNA were used for each
genomic preparation (15 ul DNA/reaction). In each reaction mixture of 100 pl volume add
100 uM dNTPs, 10X Taq polymerase buffer (Pharmacia) and 5U of Taq polymerase
(Pharmacia). Conditions of amplification are: 1 cycle of 2 min at 94°C and 35 cycles of
1 min at 94’C, 1 min at 50°C and 2 min at 72’C. Keep reactions at 4’C.

Universal 16s small subunit (SSU) rDNA library construction: The PCR amplified
products were separated on 0.8% agarose gel in 1X TBE buffer. The desired -1.4 kb
bands were excised from the gels and purified with QIAEXII resin which was purchased
from QIAGEN. pBlueScriptKSll  vector (3.199 kb; Promega) which provides blue-white
selection was used for cloning after digestion with EcoRV to linearize the plasmid and
addition of a thymine to the 3’ cohesive ends. Ligation with the PC!? amplified fragments
was carried out by routine procedures and the mixture was transformed in Escherichia
co/i DH5 cells. Recombinants  were selected as white colonies when plated on XGal-
containing media. The recombinants  were then screened for the presence of 4.6 kb
plasmids  by direct lysis on gels. Positive candidates containing the expected plasmid size
were purified on QIAprep8 columns (QIAGEN).

Using 27F oligomer as primer these DNAs were sequenced with an Applied
Biosystems model 373A automated fluorescent sequencer and the AmpliTaq  DNA
polymerase FS system from Applied Biosystems (Perkin Elmer Canada Ltd.). The 300-
500 bp generated sequences were analyzed by the BLASTN program available from the
National Center for Biotechnology Information (NCBI). Phylogenetic trees were not
constructed since we are only interested in the identity of the bacterial samples.
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Results and Discussion

The number of recombinants from each transformation varied from 4 to 135. In
descending order these numbers are in the following parentheses according to sampling
sites: M28 (135),  M63 (85), M39 (47), M60 (27) and M80 (4). The “clean” M28 sample
gave the highest number of colonies. Whether this is a reflection of ease of preparation
of nucleic acids from this relatively clean sample is not clear.

A total of 105 sequencing reactions were carried out. Forty of these actual 16s rDNA
sequences are provided in Appendix I. In each case the five sequences (with their
corresponding database and accession numbers) which gave the highest scores and
probability according to the BLASTN search program are given. Table 1 lists the most
probable bacterial species in each of the given sample according to their location.
Complete files of these searches are available upon request. A list of bacteria with the
number of occurences is shown in Table 2.

Some general observations:

1. No apparent fucarya. As this represents the eukaryotic arm (fungi, plants, animals)
of the life’s three domain tree absence of these memebrs may not come as a surprise.

2. No apparent Archaea. Members of the Archaea include Sulfolobus,  Mefhanococcus,
Thermococcus etc. This domain has been referred to as “life’s last domain” or “the third
form of life” as a result of sequence analysis of the first archaeal complete genome viz.
that of Mefbanococcous jannaschii. This group of supposed bacteria (initially termed
archaebacteria) as Carl Woese predicted is neither typically bacteria nor typically
eukaryotic, but in between.

In this study, no apparent archaea was detected. This would be expected since one of
the two PCR primers used for amplification was not specifically designed to pick up
members of this domain. Several archael sequences have been found recently in soil.

3. Bacteria (of the interesting kind) galore.

i) Zooglea/Cytophaga/Flexibacter/Flavobacterium.

[Descriptions of the bacteria listed below are according to Bergey’s Manual of Determinative Bacteriology].

The Zoogloea genus occurs free-living in organically polluted fresh water and in waste
water at all stages of treatment. The type species in Z. ramigera. These organisms are
actively motile. Although aerobic, growth can occur anaerobically in the presence of
nitrate (nitrate respiration). Denitrification occurs with the formation of nitrogen.

The genus Cytophaga  is strict aerobe or facultative anaerobe. Some may use nitrite
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(NO;) as terminal acceptor. These chemoorganotrophs are commonly found in soil,
decomposing organic matter, freshwater and marine habitats.

Hexibacter genus is also chemoorganotrophic. Like cytophaga these species are
strictly aerobic or facultatively anaerobic. They are also found widely distributed in soil
and freshwater.

Flavobacteria are aerobic but nonmotile. They are chemoorganotrophic and are also
widely distributed in soil and water, although also found in raw meats, milk and other
food.

ii) Gal//one//a ferrughea.  This stands out in the crowd as well. G. ferruginea is a type
species of the genus Gallionella.  These are strictly aerobic and microaerophilic.
Chemolithoautotrophic. Only Fe2’ serves as electron donor. It is typically found in
oligotrophic ferrous iron-bearing waters; optimally Eh +200 to +300 mV. This is one of the
most important iron bacteria, forming large masses of ferrihydrite in bodies of water and
water supply systems. This is probably one of the major culprits for the dirty water
samples.

iii). Thiobacihs ferrooxidansand Acidophilum.  These are culprits as well. Bad to have
but good to see them as an indication that the 16s rDNA technique which negates
cultivation of the organisms works. Acidiphilium is common in acid mineral environments
such as pyritic mine drainage and copper and mine tailings. It may be isolated with T.
ferrooxidans in Fe*’ enrichment cultures, and a common contaminant in these cultures.
Acidiphilium is chemoorganotrophic unlike Thiobacillus  which may be obligately
chemolithotrophic.

iv) Desolfitobacferium. These species are reported to be most commonly found in
anoxic marine or brackish sediments. A number of types have been found in anoxic
frshwater sediments. These are strictly anaerobic. Sulfate and in some cases also sulfite
and/or thiosulfate are reduced to hydrogen sulfide. Sulfate reducing beateria (SRBs) are
good to have since a common strategy of reducing acidity is to promote the growth of
SRBs.

v) Nitrosolubus/Azorcus.  Nitrosolobus (type species N. multiformis) was reported to be
isolated exclusively from soil. This cannot be completely true. These strains utilize urea
as ammonia source and can assimilate limited amounts of organic compounds. Azorcus
is a recently described genus for a special group of denitrifiers capable of metabolizing
toluene.

vi). Paracoccus denitrificans. This is a type species of Paracoccus. Paracocci are
nonmotile and aerobic. Nitrate is reduced to nitrous oxide and molecular nitrogen under
anaerobic condition. Although not halophilic, this genus is found to occur in soil and
presumably in natural and artificial brines.
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Conclusions.

Results of this study reiterate the versatility and power of 16s rDNA sequencing in the
characterization of microbial community in their natural settings without the need for prior
cultivation of the cells which may be dependent on growth and selective media and in
some cases simply unculturable. This study provides a sampling of bacterial diversity
present in the groundwater seepage path. Correct identification of the individual strains
and assemblage into phylogenetic trees, however, will require near complete sequencing
of the 16s rDNAs and additional criteria or polyphasic approaches.

Knowledge and identification of the microbial consortia which are present in the
groundwater seepage path will likely provide a sound footage for development of possible
treatment approaches for the universally occurring acid mine drainage problems. Future
research and technical objectives to be sought include: i) quantification of selective
microorganisms present in the groundwater seepage path using probes directed against
specific rRNA; ii) further assessment of microbial community present in the groundwater
seepage path using denaturing gradient gel electrophoresis (DGGE). DGGE separates
different rRNA genes on the basis of their G+C contents. Metabolically active cells contain
more rRNA than resting or dormant cells. Hence, the DGGE patterns of PCR-amplified
rRNA conceptually represent the metabolically active rRNA-rich bacterial populations.

It is anticipated that promotion of alkalinity and reduction of acidity in groundwater will
be solved by microbial solutions through a better understanding of the physiology and
biology of the beneficial or culprit organisms, and also through multidisciplinary
approaches.
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