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Project Summary 

-Overview-       

Art has long been a tool to elicit emotion, spark discussion, and engage the viewer. 

However, recently art has been found to have another use – a tool in science (Braund et al. 

2019). These two aspects of art are brought together by the work of Metabolic Studio, including 

one of their ongoing projects, the Owens Dry Lakebed Developed Print Collection. Owens Lake 

was once a large body of fresh water in California that dried shortly after the completion of the 

Los Angeles aqueduct. Due to this rapid desiccation, the lakebed now contains and emits toxins 

and is a patchwork of mitigation efforts, some of which include briny, alkaline pools wherein 

Metabolic Studio fixes their prints. This unique location not only serves as subject for the 

photographs produced by Metabolic Studio, but also contains compounds necessary to help in 

the removal of unexposed silver halide crystals from the film, known as the film fixation process 

(Duke et al. n.d.). Our research will address the question: to what extent does film development 

affect the microbial community in the soil and water, and to what extent does the microbial 

community and chemical conditions within Owens Dry Lakebed affect the variation of the prints. 

We hypothesize that the qualities of the photographs fixed on the lakebed can predict microbial 

populations and salt compositions. Additionally, we will explore the bioremediative capacity of 

microorganisms in Owens lakebed, explicitly those capable of converting methane and arsenic to 

less toxic forms. We will address these research questions by comparing the bacterial diversity of 

pre-film-fixation and post-film-fixation lakebed microbial communities. We will also determine 

how pH, soil texture, thiosulfate concentrations, salinity and salt composition may mediate film 

development and bacterial communities. Our approach will utilize growth cultures, PCR, and 

bioinformatics to elucidate microbial systems as well as a slew of chemical analyses such as 

specific conductivity and inductively coupled plasma – optical emission spectrometry (ICP-OES) 

to explicate how abiotic factors are connected to film development as well as microbial 

biodiversity of each sample. This study provides an avenue to advance the synergy of art and 

science. 

 Intellectual merit: This research promotes unprecedented transdisciplinary inquiry by utilizing 

art to ask and answer scientific questions. The implications of our work will challenge 

conventions and address matters that go beyond each discipline alone.  
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Broader impacts: Collaboration is a foundation of the proposed research – we will be partnering 

with Tristan Duke, Lauren Bon, and Rich Nielsen of Metabolic Studio, the Department of 

Geochemistry and the Department of Ecosystems Science and Management at the University of 

Wyoming, the Microbestiary art/science outreach project, and art students from Laramie High 

School. This research will also highlight the extent of ongoing environmental injustices while 

simultaneously seeking to give agency to Owens Dry Lakebed beyond its reputation as a 

wasteland. It will contribute to our understanding as a society of how humans can affect land, 

and how the land can in turn affect its own effects on us in the form of art and science. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure1: Photograph of Owens Dry Lakebed from Metabolic 
Studio. https:/www.metabolicstudio.org/optics-division 



   
 

   
 

4 

Table of Contents 

 

Title          1 

Project Summary        2-3 

Overview         2 

Intellectual Merit        2 

Broader Impacts        2 

 

Project Description       5-16 

Statement of Problem and Significance     5 

Conceptual Model        8 

Relevant Literature        9 

Preliminary Data        10 

Sample Collection        11 

Future Methods and Materials      12 

Justification of Approach       14 

 

Research Plan                                                                               16-20 

Objectives         16 

Hypotheses and Specific Aims      16 

Research Design Schematic       18 

Analyses and Expected Results      19 

Timeline         20 

 

References and Annotations      21-29 

 

 

 

 

 



   
 

   
 

5 

Project Description 

-Statement of Problem and Significance- 

Owens Dry Lake has long been known as a toxic wasteland — a problem that needs to be 

solved. In 1913, Owens Lake was subjected to an accelerated drying process fueled by the 

rerouting of its water to the new Los Angeles Aqueduct. Due to the human driven desiccation, 

along with the high salinity of the area, toxic, and often carcinogenic, chemicals leach from the 

surface of the lakebed (Levy et al. 1999). The salinity and toxicity of the lake, however, provides 

an extraordinary environment that allows extremophilic microorganisms to thrive and land-based 

art to manifest the distinctive features of the dry lake. This environment—the salinity, basicity, 

toxicity, chemical makeup, and microbiome—can be mapped onto the land, mapped onto the 

body, and mapped onto art, giving a necessary reminder that the land is not simply a human 

health hazard, but a landscape capable of supporting diverse microbial life and creating art in a 

novel way.  

The hazards of Owens Dry Lake can be visualized through the land. Salt crusts, which 

can be seen from 100km (about 62.14 mi) above the earth using Google Earth, are generated at 

the surface of the lakebed through the evaporation of up flowing groundwater (Levy et al. 1999). 

When high salinities are reached in the surface salts, ground waters indicate that toxins, such as 

arsenic and fluorine, are partitioned into these surface salts from the soil (Levy et al. 1999).  

 

Figure 2: Aerial view of dust storm in 1973 
from the United States Geological Survey. 

https://geochange.er.usgs.gov/sw/im 
pacts/geology/owens/ 
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The harmful chemicals present in Owen’s Lakebed can be mapped onto the body due to 

the health effects caused by the PM-10 pollution on the surrounding populations. By many 

estimates, Owens dry Lake is the largest sole source of PM-10 pollution in the United States. 

Dust storms containing PM-10 particles from the Owens Dry Lakebed can travel to neighboring 

regions (Figure 2). Exposure to PM-10 pollution is demonstrated to have both short- and long-

term effects ranging from worsening of respiratory diseases, high blood pressure, heart attacks, 

and increased risk of cancer (“Inhalable Particulate.” n.d.). Moreover, acute exposure to arsenic 

can alter cellular metabolism, causing problems for both energy production and biosynthesis 

(“Medical Management.” 2014). These effects of PM-10 pollution and chemical exposures can 

be mapped onto the human-body, seen through the effects of the lakebed-produced dust storms 

on the surrounding population. 

Not only are humans affected by the distinctive biome of Owens Dry Lake, but also 

microbial life. The toxic salt crusts of the dry lake offer an unusual microbial environment which 

allows halophilic, halotolerant, and alkaliphilic microorganisms to thrive as well as organisms 

that can utilize or resist the toxic chemicals present such as arsenic. Many of these organisms 

will metabolize arsenic into different, “less toxic” forms (Kabiraj et al. 2022). 

The salts and chemicals of the lakebed not only create a diverse, eye-catching, toxic 

landscape, but also map onto land-based artwork created by Metabolic Studio. In one of their 

ongoing projects, Owens Dry Lakebed Developed Print Collection, Metabolic Studio creates 

land-based photo prints that are fixated in the surface waters on the Owens Lakebed (Duke et al. 

n.d.). These images show unique development patterns, lacking uniformity between the multiple 

images fixed. Different coloration patterns occur, with some veining and cloudiness. These 

images help to show differences in the development process, and potential roles of microbes and 

chemicals in this process. 

Reflection on the ways the Owens Dry Lakebed maps on the land, on life, and on art, 

brings forth both a response to mitigating toxic output and the mechanism of art as a detection 

tool of specific microorganisms, salts, and consequently, portions of the lake with high toxins 

partitioned into surface salts. Knowing that the toxic environment of Owens Dry Lakebed causes 

detrimental human health hazards yet also allows microbial life to thrive, promotes the idea of 

understanding the capacity of, and potentially utilizing, microbes to clean up the toxicity of the 
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lakebed. Isolating the microbes capable of turning the carcinogenic elements present to less toxic 

forms, followed by quantification and analysis of the process, could lead to the microbes being 

used on a large scale to reduce the carcinogenic and toxic materials present in the inevitable dust 

storms caused by the lakebed. Utilizing photo development as a detection tool offers a new 

method to visualize and understand both the toxins of the lake and the microbes, creating a 

unique piece of art as a product. This method not only offers microbial and chemical 

information, but also helps to show that Owens Dry Lakebed is not simply a wasteland, but a 

unique environment capable of producing beautiful art. The processes of bioremediation via 

microorganisms and photo development as a detection tool could be used at other desiccated salt 

lakes to get multifaceted results and provide scientific evidence in a method that community 

members can appreciate and understand. The findings from this research could help to guide 

understanding of microbial populations, the capacity of microorganisms to bioremediate, and a 

new method to pinpoint toxic chemical partitioning of other desiccated salt lakes. This research 

will investigate the many ways that Owens Dry Lakebed continues to have agency, despite 

human interventions. 

 

 

 

 

 

 

 

 

 

 

 

 



   
 

   
 

8 

-Conceptual Model- 
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-Relevant Literature- 

Owens Dry Lakebed, like other soda lakes, was formed by the continuous evaporation of 

flowing groundwater and the diversion to Los Angeles. Prior research has determined that salts 

of Owens Dry Lakebed are mostly trona, halite, and burkeite (Friedman et al. 1976); however, 

burkeite, mirabilite, and thenardite are other saline minerals that have been present in the salt 

flats (“Owens Lake, California”). Sodium carbonate specifically has been seen to be the 

dominant salt present in water samples (Herbst et al. 2014). This groundwater lacks magnesium 

and calcium, but is rich in carbon dioxide, resulting in the leaching of sodium from sodium-rich 

rocks (Sorokin et al. 2014). As a result, there is an abundance of sulfate-, carbonate- and 

chloride- salts which generate high basicity and salinity (Ryu et al. 2006). The groundwater also 

contains high concentrations of toxic trace elements, such as arsenic. Arsenic is only partitioned 

from the surface of the lakebed when high concentrations of salts are present, and it can then be 

“readily leached from lakebed salts when exposed to natural precipitation” (Levy et al. 1999). 

This results in higher concentrations of Arsenite (As (III)), the predominant form of arsenic 

found in shallow groundwater (up to 96 mg/L), which is less strongly absorbed, more soluble, 

and more toxic than Arsenate (As(V)) (Ryu et al. 2006). The Arsenate can be bound to miniscule 

soil particles. Thus, significant amounts of PM-10 molecules containing toxic arsenic, fluorine, 

as well as many salts, can be spread through several types of storms. PM-10 pollution refers to 

airborne particulate matter with a diameter of 10 micrometers or smaller — making it possible 

for inhalation and deep deposition of the matter. According to the Environmental Protection 

Agency, as of 2017, Owens Lake emits approximately 300,000 tons of PM-10 yearly with 0.01% 

(30 tons) of this emission being attributed to arsenic. Consequently, creating a health hazard for 

many animals, plants, and humans throughout Owens Valley, and potentially the world. 

While arsenic is highly toxic to many forms of life, certain microorganisms have the 

capacity to tolerate high concentrations of the metalloid, while others can utilize it as a source of 

energy through redox transformations; in anaerobic conditions, specialist bacteria can use 

arsenate as an electron acceptor in place of oxygen (Lloyd et al. 2006). Bacterial arsenic 

tolerance is possible through the ars operon, which uses reduction to convert arsenate to arsenite 

(Kabiraj et al. 2022). Bacteria can also oxidize arsenite to arsenate through a key enzyme called 

arsenite oxidase, which is encoded by aioA and aioB genes (Kabiraj et al. 2022). The 

microorganisms uptake arsenic to perform their metabolic processes because phosphate is 
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chemically similar to arsenate (Kabiraj et al. 2022). As a result, two pentavalent phosphate 

transporters can be utilized for arsenate uptake (Kabiraj et al. 2022). 

The microorganisms inhabiting Owens Dry Lake interact with these exclusive 

environmental conditions for their important metabolic and physiological processes. The major 

process regulating redox conditions for microorganisms in Owens Dry Lakebed is sulfate 

reduction (Ryu et al. 2006). The biological sulfur cycle is integral to microbial metabolism 

because it is connected to many other main element cycles such as nitrogen, carbon, and metal 

cycles (Sorokin et al. 2011). Sulfate reduction is also extremely sensitive to the presence of 

abundant minerals and salt saturation, both of which are characteristic of Owens Dry Lakebed 

(Kulp et al. 2007). This imposes several chemical shifts in the cycle. Consequently, sulfide and 

insoluble sulfur can interact, forming soluble polysulfides that are stable in extremely alkaline 

conditions (Sorokin et al. 2011). These polysulfides can then be rapidly oxidized to thiosulfate, 

which acts as a favorable electron donor (Sorokin et al. 2011). Obligatory anaerobic and 

obligatory haloalkaliphilic bacteria perform these reactions, and they can also obtain energy by 

thiosulfate or sulfite disproportionation (Sorokin et al. 2014). 

In photographic processing, an image is fixed (made permanent) after soaking in a 

solution containing thiosulfate (Pope. 1959). Sodium thiosulfate, a salt that is the most important 

ingredient in fixation, inactivates light-sensitive silver halide crystals that were unexposed during 

the prior developing step (Duke. n.d.; University of Houston n.d.). During fixation, a silver 

thiosulfate complex is formed which eventually decomposes to produce silver sulfide, and the 

rate of this reaction depends on the composition of the fixing bath, temperature, and acidity 

(Pope. 1959). The degree of this reaction during fixation effects the permanence of the image 

and excessive reactions and formation of silver sulfide can cause the image tone to become 

brown (Pope. 1959). 

-Preliminary Data- 

In addition to sample collection, preliminary water chemistry data were collected July 

27th, 2022, post photo fixation on the Owens Lakebed. A YSI meter was used to gather general 

water chemistry information at the photo fixation sites. Multiple readings were taken at each of 

the four lakebed sites. The measures of importance for this research are specific conductivity, 

pH, and temperature.  
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 Preliminary data has shown a range in specific conductivity of the four sample sites (Fig. 

3a). Sample sites 1 and 4 had similar conductivity, averaging 173,612.67 uS/cm and 177,096.5 

uS/cm, respectively. Sample site 2 had the lowest conductivity averaging 144,446 uS/cm, while 

sample site 3’s conductivity was in the middle of this range at 162,193.2 uS/cm. Variations in 

conductivity suggest differences in salt concentrations and the saline minerals present between 

sample sites. Figure 3b illustrates the pH average of 10 with an outlier in Sample 1. Similar 

temperatures for the four sample sites at around 40 °C (Fig. 3c.); however, sample site 3 is 

somewhat of an outlier at 37.36 °C. Differences in temperature of the sample sites could be 

reflected in the microbial species present. To determine the averages for conductivity and 

temperature for the sample sites, gross outliers were Q-tested out ("Q Test for Outliers.” n.d.). 

Each site had three to five readings taken and averaged.  

-Sample Collection-  

Four treatments were designated (Figure 4). No-rinse indicates the film was removed 

from the stop-bath which contained 2% acetic acid and laid in the lakebed. Rinse indicates the 

film was rinsed in water after the stop-bath and before being laid in the lakebed. Treatment 4 had 

no pre-fixation processing. To prevent contamination of the samples were collected as follows: 

the shovel was first cleaned with vinegar to remove chemical residues followed by a cleaning 

with 95% ethanol and air-dried for sterilization. The wind at the site prevented the use of flame 

sterilization of the shovel. Each sample is between 4-5 shovels-full and was placed into large 

sterile Whirl-Paks. Three water samples in 50 mL falcon tubes were collected for each treatment. 

All four treatments of the photos can be viewed in supplemental pre-film fixation soil samples 

were collected randomly at each of the four treatments for the future burial site of the 

Figure 3(a) Specific conductivity of each sample from each treatment. 3(b) pH of each sample from 
each treatment. 3(c) Temperature of water of each sample from each treatment. 
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photographs on July 27th, 2022, at 17:30 PST. Post-film-fixation soil samples were taken from 

Owens Dry Lake on July 27th, 2022, at 21:45 PST in the same manner as above.   

 

 

-Future Methods and Materials- 

To determine the microbial biodiversity pre-film-fixation and post-film-fixation, the 

samples used will be water pre-film fixation day, soil pre-film fixation day, water pre-film 

fixation night, soil pre-film fixation night, water post-film fixation, and soil post-film fixation. 

The soil samples have been stored in Whirl-Paks and kept at -80 °C. To characterize microbial 

populations of the soil samples, an Omega E.Z.N.A. Soil DNA Extraction kit will be used to 

isolate the DNA. DNA will be extracted from the water samples utilizing an Omega E.Z.N.A. 

Water DNA Extraction Kit. The extracted DNA will be cleaned and concentrated using a ZYMO 

kit. All extractions will be performed according to the manufacturer's instructions. At this point, 

the samples’ DNA concentrations will be checked with a Nanodrop to confirm that DNA is 

present. The samples will then undergo PCR with primers flanking the V3/V4 region of the 16s 

rRNA gene. PCR will also include barcodes from a 16s Bar Coding Kit for MinION for 

differentiation of the products. The 16s amplicons will be pooled and differentiated by barcode. 

To verify the size and presence of the PCR product, amplicons will be run on an agarose gel with 

Figure 4 illustrates the site of sampling in Owens (dry) Lake, California. Treatment 1 was 
covered with rocks and not rinsed. Treatment 2 was covered with rocks and rinsed. 

Treatment 3 was covered with mud and not rinsed. Treatment 4 was covered with mud and 
rinsed. 
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a DNA ladder standard. These amplicons can then be sequenced using the MinION. Raw data 

will be acquired using MinKnow which is a proprietary software from Nanodrop. From there, 

GUPPY and Epi2Me will determine phylogeny of each bacterium and archaeon. A novel, 

computational software, known as MelonnPan, will then be used to predict the metabolic profiles 

of the microbes identified from the different samples. The predicted metabolic pathways of these 

microbes will be supported by plating the isolated microbes on soil extract agar. We will use this 

soil extract agar to mimic the environment in which these organisms are found, using soil 

directly from the lakebed. This will allow the microbes to grow in an ideal environment for 

determining their unique metabolic pathways. The measurement of the arsenic content found in 

the soil extract agar will be measured before and after streaking the microorganisms to measure 

the effect of the microorganisms on arsenic levels. From this, we can infer some of the arsenic 

metabolic abilities of the bacteria found in Owen’s Lake. Additional analyses will also be used to 

establish patterns against soil abiotic factors such as arsenic.  

We will retest the pH and specific conductivity (EC) to ensure accuracy using the 

Thermo Scientific Orion Star A meter in the Norton Soil Fertility Lab of the Ecosystems Science 

and Management department at the University of Wyoming. To determine the salt compositions 

pre-film-fixation and post-film-fixation, inductively coupled plasma – optical emission 

spectrometry (ICP-OES) will be used to identify the cations present in the salts. Ion 

chromatography (IC) will be used to identify the anions present in the salts. This will be done 

with the support and collaboration of Ellen Polites, a Ph.D. student in Geochemistry and the 

University of Wyoming Geochemistry Lab. To prepare samples for the testing, 1g of sample will 

be dissolved and diluted in buffer.  

We will indirectly measure thiosulfate levels pre-film-fixation and post-film-fixation 

through cyanolysis of thiosulfate and subsequent colorimetric determination of the thiocyanate 

product with help from the University of Wyoming Geochemistry Lab. We will also partner with 

the University of Wyoming Geochemistry lab to determine arsenic concentrations of samples 

using ICP-MS.  

Following determination of microbial biodiversity and chemical makeup, analysis of 

photos developed on the lakebed by Metabolic Studio will be completed. Photos will be analyzed 

utilizing a word bank describing the characteristics of the prints and made in collaboration with 
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Metabolic Studio and local art students, as well as quantification of differences between the 

photos. The quantification of the differences will be determined using the program ImageJ 

(National Institutes of Health. 2012). Finally, the specific salts and microbes discovered will be 

compared to the photo analyses. 

-Justification of Approach- 

Our first approach using the amplification process known as polymerase chain reaction 

(PCR) is used globally by microbiologists. The 16s rRNA gene is a highly conserved region of 

both bacteria and archaea. The changes in this gene are usually random and provide information 

about evolution (Janda et al. 2007). According to the National Institute of Health, the function of 

this gene has not changed over time, and it will provide phylogenic information, perhaps to the 

species level. To allow our research group the opportunity to learn more about the amplification 

process, we will use the MinION and its associated pipeline to provide phylogeny. Additionally, 

we have designed our own primer to detect the methanogenesis of archaea since primer 

specifications must be precise. Moreover, to determine transcription levels of the 

methanogenesis target gene, we will utilize reserve transcription polymerase chain reaction (RT-

PCR) (Mo et al. 2012). This method is widely used in biomedical and other research fields to 

provide semiquantitative information. We will also utilize primers created by a group of applied 

microbiologists at the Mie University in Japan as they have been successful at detecting the ars 

operon (Suzuki et al. 1998). With our genetic information we will employ several bioinformatic 

techniques. 

Beta diversity will be used to determine how similar or how dissimilar the diversity of 

species in each sample and summarize these finding an NMDS graph (Syms. 2008). In an 

NMDS graph, the closer two samples are to each other, the more similar the microbial 

community is to each other. This information may elucidate nuances in the niches of each 

sample. This analysis is widely used in ecological studies. Melonpann is a computational 

package developed for R Studio used to predict which metabolites microorganisms can and will 

use. MelonnPan works by inferring the total number of metabolites. It does this by enabling data-

driven identification of set of predictive microbial features, as well as quantification of the 

accuracy of metabolite predictions (Mallick. 2022). This novel approach provides our team a 

safe way to determine the metabolism of toxic compounds such arsenic. ImageJ is traditionally 
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used in the biomedical field and has been supported by the National Institute of Health for over 

10 years (Ferreria. 2012). However, we believe we can use this computational method to identify 

miniscule differences between the developed film prints. 

Figure 5 illustrates the soil ribbon test, which is an adopted, standardized approach that 

has been used for more than 40 years by the United States Department of Agriculture (USDA) to 

determine soil texture and is a free method (USDA. 2022). We will perform this test to determine 

the percent of clay, silt, and sand for each sample. Measuring the salinity and pH of each sample 

can illustrate the heterogeneity of each sample. These data are used in determining soil fertility, 

and this information can be incredibly useful in understanding the complete microcosm of each 

sample. To determine the composition of salts, IC will be used to determine the anions that 

comprise the salt. This method has high sensitivity and a wide operating range (Pohl. 2005) 

making it a useful approach. ICP-OES data will provide us an exhaustive list of cations present 

in our samples even at trace levels. This test has been adopted by chemists in multiple fields 

including geochemistry (Planeta. 2021). This is a novel approach to fully interpret the 

microcosms of our samples which influence both the microbial ecology and the film-fixation 

process. Moreover, this analysis provides our team with an opportunity to work alongside the 

Department of Geochemistry at the University of Wyoming. 

 

Figure 5 illustrates how to perform the soil ribbon test and how to determine the soil fraction 
percentages of the soil sample. 

https://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/edu/?cid=nrcs142p2_054311 
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To measure arsenic concentrations, we will use ICP-MS. This is a particularly valuable 

tool used in modern physics and chemistry. ICP-MS stands for inductively Coupled Plasma Mass 

Spectrometry and the way it works is by pushing the sample, which is fed into the fog and is 

atomized in the ICP channel at 7000 K. These ions are then accelerated and focused into the 

mass spectrometer and is then analyzed with different mass to charge ratios, to analyze the 

different elements that will be found in the soil, including arsenic. This technique has better 

precision values when compared to other instruments such as the Atomic Absorption 

Spectroscopy instrument (Planeta. 2021). 

Thiosulfate concentrations will be determined based on cyanolysis of thiosulfate and 

colorimetric determination of the thiocyanate product through a partnership with the University 

of Wyoming Geochemistry Lab. This technique has been used for decades and it supplements 

the addition of ferric ions to prevent the interference of other reducing compounds – an issue that 

exists in other methods (Sorbo. 1957).  

 

Research Plan  

-Objectives-      

Our objectives are: to identify the bacterial and archaeal species of the Owens Dry 

Lakebed film photo fixation site (H1), to elucidate the extent to which these microbial 

communities are impacted by the salt concentrations and compositions, basicity, and soil texture 

(H2), to identify the chemicals present and how these factors influence the microbial 

communities and their metabolism (H3), to use computational methods to visualize microbial 

diversity and predict microbial metabolism (H4), to investigate the possibility of photo fixation 

as a detection tool, and product, of specific microbes and salts (H5), and to identify bacteria 

capable of bioremediation (H6).  

-Hypotheses and Specific Aims- 

H1: Microbial biodiversity will differ pre-film-fixation and post-film-fixation. We will compare 

microbial biodiversity before and after lakebed film-fixation using 16S rDNA sequencing. 

Moreover, the pmoA and the ars operon will help us determine metabolic capabilities of specific 

groups of microbes present in our soils to have a comprehensive knowledge of the community. 



   
 

   
 

17 

H2: The film and microbial communities will differ with differing salt compositions and 

concentrations, thiosulfate levels, pH, and soil texture. We will compare salt concentrations 

before and after lakebed photo fixation using a specific conductivity meter and compositions 

using ICP-OES and IC. We will indirectly compare thiosulfate levels before and after lakebed 

photo fixation using cyanolysis of thiosulfate and subsequent colorimetric detection of 

thiocyanate product. We will compare the communities of bacteria and archaea present in each 

sample along with the soil pH, texture, and concentrations of salts and thiosulfate to find 

patterns.  

H3: There will be an inverse relationship between the number of microorganisms present on the 

soil extract agar plates and the tryptic soy agar. We will use both tryptic soy agar and soil 

extract agar plates and the DNA extract kit and the 16s rDNA extraction kit to identify the 

variety of microbes between the two plates.  

H4: The use of computational methods will allow us to predict if the microbes found within the 

lakebed samples are capable of arsenic metabolism leading to decreased overall arsenic 

concentrations. We will use a novel computational method to predict metabolic profiles of 

microbes present in the lakebed samples. This method, known as MelonnPan, works by inferring 

the total number of metabolites.  

H5: The qualities of photos post-fixation can predict microbial population and salt compositions. 

We will analyze photos fixed on the lakebed using a word bank made in collaboration with 

Metabolic Studio and local art students, as well as quantification of differences between the 

photos utilizing the program ImageJ. The photo analyses will then be compared with the 

chemical profiles and microbial populations to determine if there are significant correlations.  

H6: The microbes capable of metabolizing arsenic will prove to remediate and lower the 

concentration of arsenic on the soil extract agar plates. We will take the plates and microbes 

found that grow on the soil-extract agar plates and will measure the amount of arsenic pre and 

post growth to find how much arsenic was metabolized over the course of growth. 

H7a: Archaea are present in the soils and at least one of the species present has the genes 

required for methane oxidation. We will use PCR of 16s ribosomal DNA sequences specific to 

the domain to confirm the presence of Archaea species.  
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H7b: Genes related to methane oxidation are being expressed in lakebed populations. Combined 

with the results of the 16s ribosomal DNA PCR, RT-PCR will be then used to confirm the 

expression of the pmoA gene.  PmoA is a subunit of the particulate methane monooxygenase 

enzyme necessary for methanotrophs to convert methane into methanol for metabolic purposes. 

H7c: If the genes for methane oxidation are present in the bacterial soil samples, then the lake is 

source of methane emissions.  By confirming the presence and expression of the pmoA gene, we 

can deduce that methane is being generated in the lakebed and that is being consumed by 

bacteria as an alternative source of energy. 

-Research Design Schematic- 
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-Analyses and Expected Results- 

Data will be recorded in laboratory notebooks and stored in Google Sheets for ease of 

access among team members. It is expected that bacterial biodiversity will depend on arsenic, 

thiosulfate, and salt concentrations of the site/sample; and due to the microbes interacting with 

the chemicals in the film, microbial communities will differ pre-film-fixation and post-film-

fixation. We expect to find archaea capable of methane oxidation, halophilic bacteria, 

alkaliphilic bacteria, and halotolerant bacteria. We also expect to find bacteria which metabolize 

arsenic and produce thiosulfate. It is also expected that salt concentrations and compositions will 

differ pre-film-fixation and post-film-fixation. We anticipate that the samples with increased 

salinity will also have increased thiosulfate levels. Photos from samples with low thiosulfate 

levels may contain black metallic spots or darkened areas due to the light-sensitive silver halide 

crystals not being completely dissolved in the fixation process (Pope. 1959). Whereas photos 

from samples with high thiosulfate levels are expected to have more brown toning due to 

excessive silver sulfide being formed from thiosulfate (Pope. 1959). Post-fixation, we expect to 

see an increase of chloride and a decrease of sulfate. There is also a link between what microbial 

species are present to the salt concentrations and the toxins partitioned into the salts. The photos 

developed on the lake are expected to act as a detection tool of what microbes and salts are 

present. We do not expect the chemical profile and microbial diversity of each treatment (1-4) to 

be the same and we also do not expect pre-film-fixation samples and post-film-fixation samples 

to be the same. Moreover, we do not expect to find halo-intolerant nor arsenic-intolerant bacteria 

to be present in our samples. We also do not expect salinity and arsenic concentrations to be 

noticeably low. Unexpected results or results not described may indicate that there are other 

factors contributing to the fixation process occurring in Owens Dry Lakebed or that the methods 

described may need to be revised.  
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-Timeline- 

Week To Dos Overarching Goals 
Pre-0 (Sept. 26th-30th)  • Make media 

• Have finalized evolving 
draft complete 

• Order materials 
• Find recipe for SEA 
• Streak for initial growth 

of microbes 

Ensure that everything needed to 
complete lab is ordered, 
planned, and is capable of being 
executed (excluding time) 

0 (Oct. 3rd – 7th ) • Plan plating 
• Finishing Rough Draft 

of Proposal 

Getting started: plan drying, 
plating and DNA work 

1 (Oct. 10th – 14th ) • Dry Soil 
• DNA Extraction 
• Plate agar 
• Streak Microbes 

Prepping to start the media 
development and prep for the 
extraction of DNA from soil and 
water samples. 

2 (Oct. 17th – 21st ) • Begin data analysis 
• Streak microbes on 

TSA/ SEA 
• Measure pH, EC, and 

texture 

Begin streaking and continue 
with data analysis via DNA 
extract. 

3 (Oct. 24th - 28th ) • Replate for isolation and 
DNA extraction 

• Continue data analysis 
and DNA analysis 

• Prepare samples for 
Geochemistry analysis 

Analyze microbial growth on 
plates and measure and view the 
genetic information for diversity 
and specific genes and primers. 

4 (Oct. 31st – Nov. 4th ) • Data analysis for 
geochemistry of soil and 
water samples 

• Computational analysis 
of metabolic pathways 

• Salt makeup and 
development analysis 

• Begin poster and 
presentation to 
stakeholders 

Run and prepare samples for 
geochemistry readings and 
analysis. Prepare our 
presentation for stakeholders. 

5-9 (Nov. 7th – Dec. 10th ) • Finalize report, poster, 
speech, etc. 

Finalize our presentation for 
stakeholders and prepare for a 
public audience. 

10 (Dec. 15th ) • Communicate our 
findings and explain our 
poster 

Communicate our findings with 
the public at the art exhibit. 
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