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1. ABSTRACT
The goal of this project was to characterize the seasonally stratified coastal Salt Pond in Falmouth,
MA. Environmental water samples were probed with ion chromatography and various chemical
analyses to determine what nonliving things were present in the environment, and techniques
from light microscopy, 16S ribosomal sequencing, and spectroscopy were used to probe the vast
array of life supported by the physical and chemical gradients present in this environment. A
dramatic shift in the phototrophic community was observed even in the short 2-week timespan
of this project, and sulfate reducing bacteria were successfully enriched and isolated from this
environment. Overall, the information revealed by this mini-project will aid the direction of
future studies that wish to “dig deeper” into the inhabitants of Salt Pond and similar
environments.

2. INTRODUCTION
Salt Pond is a seasonally stratified coastal environment in Falmouth, near Cape Cod,
Massachusetts (Figure 1). Its water column contains strong gradients of dissolved oxygen,
salinity, density, and chemical composition, as seen in Figure 2, a snapshot of environmental data
from early August 2018, provided by researchers from Woods Hole Oceanographic Institution
(WHOI) in their recent efforts to track changes in certain environmental parameters as the pond
becomes more or less stratified at different times of the year. These physical and chemical
gradients make Salt Pond an interesting environment to study, perhaps as an analog of other
stratified marine environments, such as the Black Sea. However, this local environment is not
very well characterized, beyond a couple specific topics such as dimethylsulfide (sulfur
compound) cycling [1–3] and magnetotactic microbes [4–7].

Figure 1. Images from Google Maps for the sampling location: Salt Pond, Falmouth, (Cape Cod),
MA. Approximate location of sampling site is indicated by the red pin, with coordinates:
41°32'37.8"N 70°37'38.1"W.
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Figure 2. Snapshot of YSI probe data obtained at various depths of Salt Pond, Falmouth, MA,
courtesy of Taylor Sehein and Emily Maness from the Edgecomb Lab at WHOI. This graph,
estimated for 8/3/18, is the average of their data from timepoints 7/30/18 and 8/6/18.
By using environmental water samples taken from various depths of Salt Pond from August 3rd
to August 15th, 2018, and using a variety of techniques from light microscopy, 16S amplicon
sequencing, bioinformatics, absorption spectroscopy, ion chromatography, colorimetric
chemical assays, media design, and attempted enrichment of phototrophic, magnetotactic, and
sulfate reducing bacteria, we will address four research questions that characterize Salt Pond and
its inhabitants: 1) Who is there? 2) What is their environment like? 3) How does the phototrophic
community change over time? Lastly, 4) Can we enrich/isolate bacteria from this environment?

3. MATERIALS AND METHODS
3A. Sampling
Sampling occurred at Salt Pond in Falmouth, MA. A rowboat (from the Edgecomb lab, WHOI) was
used to obtain samples approximately from the middle of the pond near the following
coordinates: 41°32'37.8"N 70°37'38.1"W (Figure 1). There, the boat was anchored. A rope was
used to estimate the depth of the pond (i.e., depth of the sediment-water interface) for each
sampling day. A peristaltic pump and rubber tubing (fixed to a rope with cement weight) were
used to collect bulk water samples. See Figure 3 for a summary of sampling depths and dates. All
sampling trips occurred in the morning around 9 am in order to avoid hitting peak wind times,
which makes rowing the boat in the desired direction challenging.
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Figure 3. Diagram illustrating samples obtained from Salt Pond across different sampling dates,
type of sample, and water depths. A) Water samples collected on 8/3/2018. B) Plexiglass
membrane stick used to collect membrane-permeable water samples after equilibrating for 11
days. C) Water samples collected on 8/15/2018.
On August 3, 2018, >1L of water samples were collected at each of six depths (Figure 3A). From
top to bottom: 30 cm, 3 m, 3.75 m, 4 m, 4.25 m, 4.5 m (i.e. 4.2 m, 1.5 m, 0.75 m, 0.5 m, 0.25 m,
and 0 m from bottom). The pond was 4.5 m deep as of this sampling date. Appropriate filtered
or unfiltered samples were filtered immediately for later DNA extraction and chemical assays, to
be stored at -20°C (DNA) or 4°C (chemicals) until further processing.

From July 26 to August 6, 2018, a ~1m long custom made plexiglass “membrane stick”
apparatus (see Figure 3B and Figure 4) was embedded into the sediment at the bottom
of the pond, with the help of divers from WHOI. 3 columns of cylindrical holes (~27
holes per column) have been drilled into this apparatus. Each “hole” holds about 1.5
mL each and are spaced 3 cm center-to-center from other holes above or below. The
holes were filled with water, and both sides of this apparatus were covered with
dialysis tubing (Fisher brand, regenerated cellulose membrane, nominal molecular
weight exclusion is 3500 daltons) so that only things smaller than 3500 daltons (~ 35
amino acids), such as ions or other chemicals from the environment, could permeate
the membrane. About 25 cm of this membrane stick was above sediment, and 50 cm
below. After ~11 days, this sample was retrieved, the membrane was removed, and
water samples were extracted for chemical analyses (stored at 4°C).
Figure 4. Photo of plexiglass “membrane stick” described in Figure 3B.
On August 15, 2018, a third sampling trip was performed (See Figure 3C). Similar to the sampling
trip on August 3, >1L of water samples were obtained from various depths (approx. 3.5, 3.75, and
4 m from surface, or 0.5, 0.25, 0 m from bottom as of this sampling date). They were stored at
4°C until spectral analysis.
3B. Light Microscopy
Light microscopy was performed on wet mounts of each sample obtained on 8/3/18 (Figure 3A)
using a Zeiss Axio Imager A2 microscope with the 100x objective using the transmitted light
(bright field) method.
3C. 16S small subunit ribosomal DNA amplicon sequencing
Sample preservation: While at the sampling site on August 3rd, as much as possible was syringe
pumped through Sterivex 0.22 µm filters to be preserved for 16S amplicon sequencing. A total of
360 mL, 240 mL, 150 mL, 90 mL, 90 mL, and 120 mL were filtered into individual filters for each
of six depths (4.25 m, 1.5 m, 0.75 m, 0.5 m, 0.25 m, and 0 m from bottom - See Figure 3A)
respectively. Filters were placed immediately in sterile 50-mL falcon tubes for transport. Then
they were stored at -20°C until processing for 16S rRNA amplicon sequencing.
Once back at the lab, the filters from each of these 6 water samples were extracted by cutting
open the Sterivex filter’s plastic casing using a razor blade heated in the hottest part of a Bunsen
burner flame (approx. 3 inches above the burner). Each filter was cut in half for DNA extraction.
DNA Extraction & Quantification: DNA for each of these 6 samples (6 samples x 2 halves of each
filter = 12 DNA extractions) was extracted using the QIAamp PowerFecal DNA Kit following the
instruction manual from August 2016 (except that in step 6 we used 13200 xg centrifugation, and
in Step 19 we used 50 uL elution buffer only). The extracted DNA from each of half of each filter
was combined with its other half (12 half filters extracted => 6 final DNA samples). This DNA was

quantified using Quantus DNA quantification machine with the QuantiFLUOR ONE dsDNA kit
(both from Promega). The extracted DNA was stored in -20°C during the remaining ~2 weeks of
the course, to be used as PCR template for the next step. Any DNA left over at the end of the
course was placed in the -80°C freezer.
PCR Amplification, DNA Gel Verification, & Troubleshooting: Then, PCR amplification was
performed. Aliquots of the 6 DNA extraction samples were diluted so that the amount of
template in each PCR run was about the same. Several runs of PCR were performed, followed by
respective DNA gel electrophoresis (1% agarose gels in 1X TAE buffer, with 1 uL of Promega’s
Diamond nucleic acid dye per 100 mL of gel, run at ~100 V for ~1 hour each).
See Appendix I for PCR reaction mixes and thermocycler protocols for each run.
PCR amplification Round 1 protocols were followed using specific primers for bacteria or archaea,
for a total of 12 PCR reactions (6 bacterial runs, 6 archaeal runs). For each subsequent step of
PCR, we tried something different to troubleshoot any of the PCR amplifications that did not
work. For example, in PCR Round 2, we adjusted the concentration of anything that did not work
in Round 1 to ½, 1x, or 2x the template concentration that we had previously used. For PCR Round
3, we tried increasing the number of cycles, and also using 2 uL of the original DNA template
(undiluted). Lastly, for PCR Round 4, we tried a concentration gradient (10, 25, or 50 ng/uL of
template per PCR reaction), and temperature gradient spread across 4 tubes from 45 to 65°C.
Finally, all PCR products that made a clearly visible band on a gel were stored at -20°C until
processed by course TA & Faculty to add bar codes, make libraries, and send out for sequencing
via the HiSeq method.
Data analysis: Sequence data were processed using Qiime 2 using the DADA2 pipeline and
comparing sequences to the 13_8 release of the Greengenes reference OTUs. At the end, taxa
bar plots were generated.
3D. Chemical Analyses
Immediate preservation: At the sampling site on 8/3/18 (Figure 3A), 50 mL of each sample was
immediately filtered through a 0.22 µM filter, to be saved for ion chromatography and other
chemical assays. For 1.2 mL of each filtered sample was added immediately to HPLC vials (2
replicates per sample) containing 0.3 mL of 91 mM zinc acetate, to preserve sulfide for later
analysis. Similarly, 4.5 mL of each unfiltered sample was added to 0.5 mL of 1 M HCl to fix the
iron (prevent oxidation) and save it for later determination of total Fe(II) and Fe(III)
concentration. All materials (except filtrates for DNA processing) were stored at 4°C until later
analysis.
Similarly, for the samples in the “membrane stick” retrieved on 8/6/18 (Figure 3B), the
membrane was removed and samples from each depth (every 3 cm) were aliquoted for zinc

acetate (1.2 mL of sample in 0.3 mM zinc acetate in HPLC vials), iron assay (0.8 mL sample in 0.1
mL 1M HCl), and phosphate/ammonium assays (remaining ~1.5 mL). A few samples for zinc
acetate were lost due to membrane breakage (caused during transport or membrane removal,
mostly where the membrane was stapled to the plexiglass).
Refractometer measurements: Approx. 1 mL of each depth sample collected on 8/3/18 (Figure
3A) was used to measure density (g/mL) and salinity (ppt) using a refractometer.
Ion Chromatography: Filtered samples from 8/3/18 and 8/6/18 (Figures 3A-B) were diluted 1:100
in distilled water for ion chromatography in a Dionex ICS-2000 machine with an IonPac AS-22
anion exchange column and IonPac AG-22 cation exchange column. This was to determine
concentrations of any lithium, sodium, ammonium, potassium, magnesium, calcium, fluoride,
chloride, nitrite, nitrate, sulfate, bromide, phosphate, and acetate ions that were within range of
detection.
Ammonium assay: Filtered samples from 8/3/18 and 8/6/18 (Figures 3A-B) were tested for
ammonium using a colorimetric phenol-less assay adapted by T. Jewell from Kathleen Treseder’s
“Microplate Nutrient Analysis”, originally from [8]. Standards 0, 0.05, 0.10, 0.20, 0.50, and 1 ppm
ammonium sulfate solution were prepared. A sodium salicylate solution (Solution 1) was
prepared by adding 3.4 g of sodium salicylate, 2.5 g of sodium citrate, and 2.5 g of sodium
tartrate, and 0.0125 g of sodium nitroprusside dissolved in a total of 50 mL of water. A solution
of 1.5 M sodium hydroxide in 2% bleach was also prepared (Solution 2). 40 µL of each standard
or sample was added to a well in a 96 well plate (x 3 wells total for 3 technial replicates). Then 80
µL of Solution 1 and 80 µL of Solution 2 were added to each well. The solutions were incubated
for about 60 minutes at room temperature, then read at 650 nm on a SpectraMax M2 (Molecular
Devices) plate reader. 200 µL of water (x 3 wells per plate) were used as a plate blank.
Iron assay: The Ferrozine assay [9] was used to evaluate unfiltered samples from 8/3/18 and
membrane-filtered (exclusion size 3500 Daltons) samples from 8/6/18 (Figures 3A-B). To
determine total Fe(II) and Fe(III), 0.1 mL of each preserved sample (initially stored in a 9:1 ratio
of sample to 1 M HCl) was added to 0.9 mL of 1 M HCl, mixed, and allowed to incubate at 4°C for
about 20 hours. Standards of 0, 50 mM, 100 mM, 150 mM, and 200 mM ferrous sulfate in 1 M
HCl were also prepared. Then, 10 µL of each sample or standard was added to each of 3 wells
(technical replicates) in a 96 well plate. 90 µL of 10% (w/v) hydroxylamine hydrochloride solution
(in 1 M HCl) and 90 uL of 0.1% (w/v) Ferrozine in 50% (w/v) ammonium acetate solution
(Ferrozine solution stored in dark at 4C) were added to each of the wells and mixed. The solutions
were incubated for about 10 minutes at room temperature, then read at 562 nm on a SpectraMax
M2 (Molecular Devices) plate reader. 200 µL of water (x 3 wells per plate) were used as a plate
blank.
Phosphate assay: Filtered samples from 8/3/18 and 8/6/18 (Figures 3A-B) were tested for
phosphate concentrations using the microplate phosphate assay described by [10], following
their protocol exactly as written, except that standards with higher range of phosphate

concentrations (0, 0.1, 1, 10, 100 µM potassium phosphate) were used. The solutions were read
at 620 nm on a SpectraMax M2 (Molecular Devices) plate reader. 200 µL of water (x 3 wells per
plate) were used as a plate blank.
Sulfide assay: Filtered samples from 8/3/18 and 8/6/18 (Figures 3A-B) were tested for sulfide
concentrations using the Cline assay [11]. HPLC vials contained 0.3 mL of 91 mM zinc acetate and
1.2 mL of samples that had been filtered on-site. Standard solutions containing 0, 10, or 100 µM
of sodium sulfide were prepared. When ready to assay, a solution of 0.2% DPPDS (N,N-dimethylp-phenylenediamine sulfate) was added 1:1 to a solution of 1% Ferric ammonium sulfate, and
0.5 mL of this mixture was added to all of the sample vials and standards. They were incubated
in the dark for 30 minutes. Then 200 uL of each vial was transferred to a 96 well plate (x 3
replicates each). The solutions were read at 665 nm on a SpectraMax M2 (Molecular Devices)
plate reader. 200 µL of water (x 3 wells per plate) were used as a plate blank. The next day, all
samples and standards were diluted 1:4 in water and re-read on new 96 well plates, since some
were too dark blue (too high OD) for the sensitivity of the instrument(?) – however, immediate
dilution and plate measurement is preferred.
3E. Absorbance spectroscopy
Absorbance spectroscopy was performed on water samples from 8/3/18 and 8/15/18 (Figure 3A,
3C) using a custom built optical setup and a Spectral Evolution PSR-1100f instrument (Serial
number 1794478) with Darwin SP software. After trying several other methods, e.g. absorbance
of light transmitted through 50-mL Pfennig bottles (~3 cm path length) or ~10 cm path length
through large (200-mL) rectangular tissue culture bottles (to extend path length for better signal
of samples with low pigment concentrations), the final method used was absorbance of a light
source shined on to a 25 mm filter (0.22 µM pore size Metricel membrane filter from Gelman
Sciences, Inc). Samples were poured into a 10-mL glass column atop a vacuum filtration
apparatus allowed for efficient collection of cells on filters. Filters were placed on top of a black
agar petri dish (slightly wet, flat, dark environment – the wetness helps the filters to stay flat
instead of drying up and curling), a light source was shined on it, and a fiber optic cable going to
the light detector was pointed at it (See Figure 5) and the absorbance was measured. An empty
membrane filter was used as a blank.

Figure 5. Photo of absorbance spectroscopy setup to measure absorbance of light by pigmented
cells collected on a filter.

For samples from 8/3/18 (Figure 3A), in the order of top to bottom depths, 70, 110, 35, 35, 25,
and 23 mL of original water samples were filtered. All subsequent samples from 8/15/18 (Figure
2C) and its enrichments were collected with 5 mL filtrate only. For comparisons, all spectra were
normalized to the same volume of filtered sample (i.e. 5 mL).
3F. Phototrophic enrichments
50-mL Pfennig bottles were filled with fresh Salt pond water collected from 3 different depths on
8/15/18 (Figure 3C) and incubated at various wavelengths of light (750, 850, and 960 nm) in order
to enrich for lower light phototrophs. After 4 days, 5 mL of each sample was vacuum filtered onto
a 0.22 µM membrane filter, in order to measure its absorbance spectrum as described above in
Section 3E.
3G. Enrichment and isolation of sulfate-reducing bacteria (attempted enrichments of
magnetotactic bacteria)
Magnetic Enrichment Part 1: On 8/3/18, water from 6 depths of Salt Pond were immediately
placed into 125-mL glass bottles with a magnet taped perpendicularly to the side of the bottle,
behind the rectangular white label, in order to enrich for magnetotactic bacteria from the Salt
Pond environment. The magnet was placed with its south pole facing the bottle, since the south
pole of commercial magnets corresponds to the earth’s North pole, and will attract North-seeking
magnetotactic microbes in the Northern hemisphere. These bottles were incubated at room
temperature covered in foil until a black pellet of cells accumulated inside the bottle at the spot
closest to the magnet.
Enrichment Media: Media to enrich for magnetotactic bacteria (sulfate-reducing or oxygenreducing) was prepared with 1X Salt Water Base (342.2 mM sodium chloride, 14.8 mM
magnesium chloride hexahydrate, 15, 1 mM calcium chloride dehydrate, and 6.71 mM potassium
chloride), 20 mM MOPS buffer, 10 mM ammonium chloride (N source), 5.3 mM sodium sulfate
(S source and electron donor for anaerobic cultures), and 1.4 mM potassium phosphate (P
source), 0.0001% resazurin (oxygen indicator) and 0.5 g/L of dithiothreithol (DTT, a reductant),
brought to pH 7, and autoclaved. After autoclaving, the still-hot medium was immediately
transported to a hot stir plate and degassed with nitrogen gas until the resazurin turned clear
(i.e., the medium is anoxic). Under nitrogen gas, the remaining filter sterilized ingredients were
added to the autoclaved medium: 10 mM sodium succinate (carbon source and electron donor),
0.035 mM of iron(ii) chloride tetrahydrate (to facilitate magnetosome formation by
magnetotactic bacteria), 1X trace elements solution, and 1X vitamins solution. See Appendix II
for the final concentrations of the various trace elements and vitamins that were added.
Magnetic Enrichment Part 2 – Agar shake tubes: The magnetic pellet from magnetic enrichment
bottles 3, 4, and 5 (corresponding to depths 0.25, 0.5, 0.75 m above sediment-water interface,
respectively) were harvested after 1 week by carefully pouring out most of the liquid in the bottle
and resuspending the visible magnetic pellet in the remaining <1 mL of liquid in the bottle. This
was brought to a total of 1 mL by adding appropriate amounts of filtered water from the same

depth. Each resuspension was used to start anoxic and oxygen-gradient agar shake tubes (See
Figure 6). These tubes were prepared in anoxic conditions (under nitrogen gas) by adding 4.5 mL
of anoxic media was placed into each of 24 sterile 10-mL test tubes (3 inocula x 2 conditions x 4
dilution tubes = 24 tubes). 0.5 mL of inoculum was added to the first tube. Then, 1 mL was
pipetted from this tube to the 2nd tube, and so on to the 4th tube. 0.5 mL from the 4th tube was
added to the 1st tube to make the total volume in each 5 mL. Then 1.5 mL of 3% agar (sterile) was
added to make the final agar concentration ~0.75%, and tubes were immediately stoppered and
inverted to mix. After the agar had cooled, about 1 mL of melted candle wax was dripped onto
the tops of 3 of the dilution series (corresponding to the 3 inocula) to seal the tubes from oxygen.
The other 3 dilution series were un-stoppered, in order to allow an O2 gradient to form. (Note:
This is not sterile, so nothing was done with the O2 tubes besides further observation. In future,
leave stoppers on or something equivalent to preserve sterility. The stoppers do not stop oxygen
from entering.) Oxygen gradients could be observed through a pink gradient forming at the tops
of the oxygen tubes. Tubes were incubated at room temperature, covered in foil, and observed
daily for growth.

Figure 6. Diagram of agar shake tubes – anoxic or O2-gradient dilution series
Extraction of anaerobic single colonies and freezer stock preservation: Anaerobic glycerol stocks
were prepared in an anaerobic chamber by resuspending each single colony in 5 mL of filtered
salt pond water from the appropriate depth. This was combined 1:1 with 20% glycerol (final conc
10%), and aliquoted into 5-mL glass flat-bottomed balch tubes and sealed with rubber stopper
and aluminum cap. These were frozen at -80. A total of 5 colonies were saved in frozen stocks.

4. RESULTS AND DISCUSSION
4A. Who is there?
Transmitted light microscopy revealed the vast and fascinating morphological diversity in Salt
Pond, some of those observed on 8/3/18 are represented below in Figure 7 (large objects not to
scale). Perhaps most obvious were the large pigmented algae, as well as the prevalent small rods
that were most likely cyanobacteria like Synechococcus – and oddly, even the larger pigmented
organisms like algae were found even near the bottom of Salt Pond, depths where suitable light
quality might not be expected to penetrate. Another notable feature was the presence of bright
objects within cells, perhaps endospores or sulfur globules. Fascinating was the large flagella-like
filament, about 100 microns in length, that was seen on some of the cells surrounding a large
particle of what is potentially organic matter. Perhaps most mysterious were the long and angular
rod-shaped microbes with bright spots that made them appear like magical swords, found only
at the bottom of the pond (though they may also exist where they were not seen).

Figure 7. Snapshot of morphological diversity in Salt Pond.
Next, 16S amplicon sequencing and bioinformatics from samples collected on 8/3/18 reveals the
top ~10 or so taxonomic groups (and much more detail, if desired) (Figure 8 and Appendix III).
The most common group of organisms were the cyanobacteria order Synechococcales, which
includes some of the most abundant primary producers on the planet; unsurprisingly, they were
found especially closer to the surface of the pond. Also notable was a group of archaea from the
Parvarchaeal order WCHD3-30, which was seen in 2017 in an oxygen minimum zone near Costa

Rica [12], and is seen now in the oxygen minimum zone of Salt Pond. Other common groups
present include Bacteriodetes (various heterotrophs), Flavobacteriales (some are fish pathogens,
long skinny rods likely also represented in microscopy images), Rhodobacterales (includes purple
non-sulfur bacteria), Desulfobacterales (includes sulfur reducing bacteria, found especially in the
lower depths), Chlorobi & Chloroflexi (includes green sulfur and non-sulfur bacteria), and
Actinobacteria (includes spore formers). Many other groups were unknown (perhaps previously
uncharacterized), or composed smaller percentages of the population.

Figure 8. Snapshot of 16S taxonomic data, broken down into kingdom, phylum, class, and orderlevel taxonomy. These 4 sets of graphs each contain 6 columns which, from left to right, indicate
the depths of Salt Pond sampled from top to bottom. Major groups in each graph are labeled.
Meanwhile, absorbance spectroscopy on water samples obtained on 8/3/18 reflect the presence
and dominance of certain groups of phototrophs (Figure 9). From this we can see peaks
characteristic for chlorophyll a from cyanobacteria and eukaryotic algae (680 nm), and peaks for
bacteriochlorophylls found most strongly in green bacteria such as the green sulfur bacteria
Chlorobi and the green nonsulfur bacteria Chloroflexi (720, 780 nm), and peaks for
bacteriochlorophyll a, which is the dominant peak for purple bacteria such as the purple
nonsulfur bacteria Rhodobacter, all of which were common taxonomic groups also seen in 16S
data. These data indicate that as you go down in depths of the pond, groups that harvest light at
shorter wavelengths (e.g. 680 nm) become less dominant, while deeper levels have more green
and purple bacteria that thrive on longer wavelengths of light capable of reaching deeper waters.

Figure 9. (Left) Spectra of filtered water from various depths of Salt Pond on 8/3/18, normalized
to the volume of sample filtered. A comparison of the different depths indicates that groups of
pigmented microbes who capture light at lower wavelengths decrease in relative abundance as
depth increases. (Right) Photo of the filters.

4B. What is their environment like?
Refractometer measurements of samples from 8/3/18 confirm our expectations that density and
salinity increase across depths (Figure 10).

Figure 10. Graphs of density and salinity measurements from 8/3/18 indicate that they increase
corresponding to increasing depth.

Meanwhile, ion chromatography (Figure 11) indicates that there are very low levels of lithium
and fluoride detected, low to moderate levels of nitrate, bromide, calcium, potassium, sulfate,
and magnesium, and very high concentrations of sodium and chloride. It was interesting that
many of these ion concentrations had a peak increase or decrease close to the oxic-anoxic
interface which is perhaps reflective of the microbes living there. For example, the drop in sulfate
concentration around the 4 meter depth may correspond to peak in sulfate reducing activity,
which provides the very noticeable smell of sulfide in the deeper levels of Salt Pond.

Figure 11. Graphs of ion chromatograph data from 8/3/18 samples, ion concentration vs. water
depth. Data has been organized into three graphs depending on the scale of concentration
(<1mM, 1-60 mM, and 200-800 mM).
The ammonium assay did not work, possibly due to human error (standard curve also did not
work). However, it was also likely that we would not have detected the ammonium
concentrations, as preliminary data from WHOI (Taylor Sehein, unpublished) has found
ammonium concentrations 10-100x smaller than the smallest nonzero concentration in our
standard curve.
The iron assay standards worked, but the assay did not detect any nonzero concentrations of iron
in our samples. This is perhaps because iron in the environment would precipitate out due to the
high concentrations of sulfide in Salt Pond.
The phosphate and sulfide assays worked, indicating that in the water column (8/3/18) there are
low levels until the very bottom, where phosphate and sulfide concentrations dramatically
increase (Figure 12).
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Figure 12. Graphs of phosphate and sulfide concentrations vs. depth.
Ion chromatography and chemical assays were also performed on water samples collected by the
“membrane stick” (Figure 3B) which allowed us to “zoom in” on the area just above and below
the sediment-water interface. Here, we also report its ion chromatography results (Figure 13)
and phosphate and sulfide results (Figure 14), which gave detectable measurements.

Figure 13. Graphs of ion chromatograph data from 8/6/18 samples, ion concentration vs. depth
above or below the sediment-water interface. Data has been organized into two graphs
depending on the scale of concentration.

Figure 14. Graphs of phosphate and sulfide concentrations from the “membrane stick” vs. depth
above or below the sediment-water interface.

4C. How does the phototrophic community change over time?
By comparing absorbance spectra (Figure 15) from filters of water samples obtained at the
bottom 0 m, 0.25 m, and 0.5 m depths on 8/15/18 with those taken from 8/3/18, it becomes
clear that the phototrophic community has changed over time of this 2-week period. Previously,
the dominant phototrophic pigment belonged to chl a of cyanobacteria & algae (680 nm), but
this peak is almost disappeared after two weeks and instead the major peak for green bacteria
(720 nm) becomes dominant instead. Other peaks, including the other green bacterial feature at
780 nm, and the purple bacteria at ~880 nm, also become more pronounced. A large drop in
carotenoids (400-550 nm) is also observed. Overall, the phototrophic community became redshifted during this two-week period.
Enrichment of lower-light phototrophs (peaks >750 nm) was attempted by incubating 8/15/18
samples at 750, 850, and 960 nm. Spectroscopy results (Figure 16) suggest that the enrichment
period (3-4 days) was too short to see noticeable changes in pigments detected. Instead, the
dominant phototroph even after these enrichments was the peak at 720 nm (green bacteria ex.
Chlorobi), which was slightly unexpected due to the non-optimal light quality. Perhaps more time
would have enriched for other types of phototrophs.

Figure 15. (Left) Photo of the filters from 8/3/18 and 8/15/18 used for this comparison. (Right)
Spectra of those filters. Arrows indicate how major pigments changed over this two-week period.

Figure 16. (Left) Photo of the filters from 8/15/18, and after enrichments for 3-4 days at various
light qualities, filtered on 8/19/18. (Right) Absorbance spectra of those filters.

4D. Can we enrich/isolate some bacteria from here?
Sulfate reduction produces sulfide and reacts with iron in the medium, producing a visible black
iron sulfide precipitate. After 5 days, a black band of this precipitate was observed in anoxic agar
tube 1 (most concentrated), which had been inoculated with magnetic enrichment from depth 3
(0.75 m above sediment as of 8/3/18). After transferring the agar containing this band to a Balch
tube filled with anoxic media and incubating at room temperature for 3 days, the inside and
edges of the agar chunks became coated with a thin layer of black precipitate, indicating that
more sulfate reduction had occurred. Thus, successful enrichment of a sulfide reducing
community had been successful (Figure 17).

Figure 17. Photos documenting the enrichment of sulfate reducers, as seen by the black iron
sulfide precipitate that occurs as a result of sulfide reacting with iron in the medium.
A similar band of black precipitate was also observed in the oxygen-gradient tube corresponding
to the same sample described above. Since it appeared just below the bottom of the oxygen
gradient, where the resazurin becomes clear, the enrichment was possibly microaerophilic.
However, this was not observed until it was too late to start a new enrichment. Also, though the
medium was designed in hopes of capturing magnetotactic bacteria using magnetic enrichments
as inocula, due to time limitations, we do not know if these are magnetotactic or not.
After ~8 days of agar tube incubations, 7 single colonies were observed in anoxic agar tube 1
(most concentrated) of the dilution series inoculated by the magnetic enrichment from depth 5
(0.25 m above sediment). Anaerobic glycerol stocks were prepared after extracting the bottom 5
colonies in anoxic conditions (the other 2 colonies got lost when trying to remove the wax plug).
In summary, microbes from Salt Pond were successfully enriched and isolated(?), though further
work needs to be done to verify their complete isolation and their sequence identity before
subsequent characterization can continue.

5. CONCLUSIONS
From this mini-project, we were exposed to the vast morphological diversity in Salt Pond, and
saw interesting correlations in how certain species were reflected in microscopy, prokaryotic
community composition, and spectroscopy. Using an assortment of chemical techniques, we saw
where certain environmental parameters change dramatically. We saw that the phototrophic
community shifted within the two-week timescale of this project, and we were capable of
enriching and perhaps isolating some of the sulfate-reducing bacteria from this environment.
Overall, the chemical, physical, and biological gradients found in Salt Pond make it an exciting
environment for discovery. Hopefully, information learned from this mini-project will inspire
others and help to inform future studies on “where to look” if interested in specific processes or
organisms.
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Appendix I – PCR protocols
PCR mix 1 and 2
Volume

Units

Ingredient

25

uL

GoTaq Green 2x Master Mix

22

uL

PCR water

1

uL

F primer 10 uM stock (515F-ENP)

1

uL

R primer 10 uM stock (926R-ENP for
Bacteria or 958R-ENP for Archaea)

1

uL

Template DNA

Temp

Time

1

95C

5 min

2

95C

1 min

3

55C

1 min

4

72C

1 min 30 sec

5

Go to Step 2 25 more times

6

72C

10 min

7

4C

Forever

Temp

Time

1

95C

2 min

2

95C

30 sec

3

55C

30 sec

4

72C

1 min 30 sec

5

Go to Step 2 24 more times

6

72C

10 min

7

12C

Forever

Units

Ingredient

25

uL

GoTaq Green 2x Master Mix

21

uL

PCR water

1

uL

F primer 10 uM stock (515F-ENP)

1

uL

R primer 10 uM stock (926R-ENP for
Bacteria or 958R-ENP for Archaea)

2

uL

Template DNA

PCR Thermocycler protocol 1
Step

PCR Thermocycler protocol 2
Step

PCR mix 3
Volume

Cont. Appendix I – PCR Protocols
PCR Thermocycler protocol 3
Step

Temp

Time

1

95C

2 min

2

95C

30 sec

3

55C

30 sec

4

72C

1 min 30 sec

5

Go to Step 2 29 more times

6

72C

10 min

7

12C

Forever

Units

Ingredient

uL

GoTaq Green 2x Master Mix

uL

PCR water (Adjusted to Template DNA
for final PCR reaction volume of 50 uL)

1

uL

F primer 10 uM stock (515F-ENP)

1

uL

R primer 10 uM stock (926R-ENP for
Bacteria or 958R-ENP for Archaea)

uL

Template DNA - GRADIENT 10 ng/rxn,
25 ng/rxn, or 50 ng/rxn

Temp

Time

1

95C

5 min

2

95C

1 min

3

GRADIENT, 4 temperatures 45-65C

1 min

4

72C

2 min

5

Go to Step 2 29 more times

6

72C

10 min

7

10C

Forever

PCR mix 4
Volume
25
x

x

PCR Thermocycler protocol 3
Step

Appendix II.
Trace Elements Final Concentrations
20 uM
7.5 uM
0.48 uM
0.5 uM
6.8 uM
1.0 uM
12 nm
0.5 uM
23 nM
150 nM

HCl
FeCl3⋅6H2O
H3BO3
MnCl2⋅4H2O
CoCl2⋅6H2O
NiCl2⋅6H2O
CuCl2⋅6H2O
ZnCl2
Na2SeO3
Na2MoO4

Vitamins Final Concentrations
10 uM
0.1 ug/mL
0.03 ug/mL
0.1 ug/mL
0.1 ug/mL
0.1 ug/mL
0.1 ug/mL
0.1 ug/mL
0.1 ug/mL
0.1 ug/mL
0.1 ug/mL
0.1 ug/mL
0.1 ug/mL
0.01 ug/mL

10 mM MOPS
pH 7.2 Riboflavin
Biotin
Thiamine HCl
L-Ascorbic acid
d-Ca-pantothenate
Folic acid
Nicotinic acid
4-aminobenzoic acid
pyridoxine HCl
Lipoic acid
NAD
Thiamine pyrophosphate
Cyanocobalamin

Appendix III. 16S taxonomic data represented at the “order” level, with a more detailed legend.
The bar graph depicts data from various depths of Salt Pond from top to bottom (bars left to
right). The legend proceeds from most abundant to less abundant (top to bottom) and is broken
into two pieces (left to right) since there was not enough space on the page.

