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ABSTRACT 

 

Although Mars is a hyperarid environment that poses many challenges to any potential 

inhabitants, liquid water is available.  Many believe this liquid water is formed by the 

deliquescence of hygroscopic salts.  Upon absorbing moisture from the atmosphere, these salts 

form saturated liquid brines.  These extraordinary solutions are capable of remaining liquid even 

though the surface of Mars is frigid.  The salts responsible for the formation of liquids also lower 

the freezing point.  This results in the formation of a eutectic solution.  These solutions cannot 

exist at colder temperatures or acquire any more salt.  Even though Mars is dominated by sulfate 

salts, many believe these eutectic solutions contain high amounts of chlorate and perchlorate 

salts as well as iron sulfate.  These hazardous salts form eutectic solutions at colder temperatures 

that would cause a sulfate salt eutectic solution to freeze.  Regardless, magnesium sulfate 

eutectic solutions likely exist at or near the surface of Mars.  Growth of halotolerant bacteria in 

media containing 50% w/v epsomite is well documented.  Bacterial isolates obtained from Hot 

Lake, WA and Basque Lake, BC were capable of growth in saturated (~66% w/v) epsomite 

media at room temperature.  These isolates were also capable of growth in saturated (~56% w/v) 

epsomite solutions at 4°C.  Growth occurred at eutectic temperatures and in eutectic solutions.  

Growth in a eutectic epsomite solution took 50 days.  Growth in a potassium chlorate eutectic 

solution was another attainable goal, given the eutectic point of potassium chlorate occurs at 3% 

wt at -3°C.  Our isolates have demonstrated the ability to grow in 1 M potassium chlorate 

(~12%).  Growth in a potassium chlorate eutectic solution was achieved, another novel 

laboratory demonstration.  Demonstrating that bacteria from Earth are capable of growth in Mars 

relevant eutectic solutions should concern astrobiologists.  The inability to completely sterilize 

spacecraft may lead to the contamination of Mars or an icy satellite such as Europa or Enceladus.   
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INTRODUCTION 

1.1 Extremophiles 

 Microbial organisms are everywhere.  Most environments contain a large diversity of 

microbes. A single gram of soil from a highly-populated environment can contain 109 bacterial 

cells. Typically, a small portion of those contain the cellular machinery to tolerate and survive in 

extreme conditions.  However, a vast majority of those bacteria will only grow under a specific 

set of normal conditions.  On the other hand, some Bacteria and Archaea are not only found in 

the most extreme environments on Earth, but they thrive under such extreme conditions.  An 

organism that thrives under physically or chemically extreme conditions is labeled an 

extremophile (Cavicchioli 2002).  “Extremophiles thrive in ice, boiling water, acid, the water 

core of nuclear reactors, salt crystals, and toxic waste and in a range of other extreme habitats 

that were previously thought to be inhospitable for life.” – Riccardo Cavicchioli 

 When MacElroy devised the term “extremophile” in 1974, it defined any organism able 

to survive environmental conditions usually fatal to most eukaryotic cells (Gerday 2009).  

Nonetheless, extremophiles are found in all three taxonomic domains.  Only one of the seven 

extremophilic categories does not contain a member of Eukarya.  Extremophilic members of 

Archaea, Bacteria, and Eukarya, are potentially categorized as psychrophiles, halophiles, 

alkaliphiles, acidophiles, metallophiles, and barophiles (Gerday 2009).  The seventh category is 

hyperthermophiles and consists of organisms from Archaea and Bacteria.  When an organism fits 

into more than one extremophilic category, it is labeled as a polyextremophile (Rothschild & 

Mancinelli 2001).  One example of a group of polyextremophiles are halophilic 

alkalithermophiles, which thrive in the following combined conditions: extreme salinity, alkaline 
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pH, and elevated temperatures (Mesbah & Wiegel 2012).  As scientists continue to study 

extremophiles on Earth, the idea of microorganisms surviving and adapting to extraterrestrial 

environments, such as those on Mars or Europa, is becoming more plausible (Rampelotto 2010).  

1.2 Halophiles 

 Halophilic prokaryotes were first described in 1919 (Ventosa et al., 1998, Oren 2012).  

This group of organisms has a wide range of habitats, including salted foods, desert and 

hypersaline soils, and saline lakes (Ventosa et al., 1998).  Over the years, the number of 

members in this group of organisms has grown drastically.  In 1972, only two genera and three 

species were recognized within the family Halobacteriaceae.  By November 2011, those 

numbers had grown to 36 and 129, respectively.  Moderate halophiles, defined by Kushner, are 

organisms that grow optimally between 0.5 and 2.5 M salt (Ventosa et al., 1998).  If an organism 

is categorized as an extreme halophile, then it is able to grow in an environment with a salt 

concentration greater than 2.5 M salt (Ventosa et al., 1998).   

 Halophiles living in environments that exhibit desiccating conditions, such as the 

McMurdo Dry Valleys (MDV) of Antarctica, the Great Salt Plains (GSP) of Oklahoma, or the 

Basque Lakes (BL) of British Columbia, are intriguing to astrobiologists.  While the 

environmental conditions at the GSP are not as hostile as those on Mars, they are extreme 

nonetheless.  The GSP is a hypersaline salt flat where the briny remains of an ancient sea rise to 

the surface (Wilson et al., 2004).  High salinity, extreme temperatures, prevailing winds, alkaline 

pH, and UV radiation are responsible for the arid conditions (Wilson et al., 2004).  Under dry 

conditions the brine evaporates, posing a challenge to the microbial inhabitants.  Survival 
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depends upon the improvement of their desiccation tolerance, which is the ability of cells to 

survive nearly complete dehydration via air drying (Musilova et al., 2015). 

 Desiccation, or dehydration, causes disruption of cellular enzymes and electron transport 

chains, resulting in the accumulation of free radicals and subsequent DNA damage.  The 

mechanisms responsible for the extensive repair of desiccation-induced DNA damage are 

considered an evolutionary adaptation (Mattimore & Battista 1996).  Along with desiccation, 

exposure to ionizing or UV radiation also results in the accumulation of free radicals and 

similarly patterned double-stranded DNA breaks (Musilova et al., 2015).  Consequently, 

desiccation-resistant halophiles use the same DNA repair mechanism(s) for damage caused by 

radiation, and therefore, often display a resistance to both types of radiation (Mattimore & 

Battista 1996).  Also, current data indicates that frigid temperatures, as low as -79°C, are 

responsible for increased resistances to desiccation and radiation (Musilova et al., 2015). 

Halophiles that exhibit resistances to desiccation and UV radiation pose the greatest 

threat to forward contamination.  Salty brines on Mars could provide obligate halophiles with a 

high-salt aqueous environment (Litchfield 1998).  These organisms are tremendously robust, and 

thus, are capable of surviving in salt crystals for extended periods of time.  Until recently, the 

metabolic activity of microorganisms in an hyperarid environment, similar to the Martian 

surface, had not been recorded.  In 2015, at a Mars analogue site, scientists discovered an 

endolithic community of microorganisms which demonstrated the ability to undergo carbon 

fixation via oxygenic photosynthesis (Davila et al., 2015).  This community of endoliths was 

found colonizing the halite nodules in fossil continental evaporites, located in the Atacama 

Desert (Davila et al., 2015).   Organisms classified as endoliths live inside rocks or in the pores 

between mineral grains.  Of equal importance, when ammonia was added as an electron donor, a 
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significant increase in net carbon fixation was observed (Davila et al., 2015). The endolithic 

community is sustained by the condensation of atmospheric water triggered by the salt substrate. 

1.3 Psychrophiles 

When a liquid contains higher salt concentrations, the freezing point is depressed.  

Consequently, halophilic organisms able to survive under such conditions are also classified as 

psychrophiles (Rampelotto 2010).  Psychrophiles are microorganisms that have optimum growth 

temperatures below 15°C (Feller & Gerday 2003).  True extremophiles, psychrophiles are faced 

with a number of challenges.  Depending on their environment, some psychrophiles are exposed 

to extremely high pressures, high salt concentrations, strong ultraviolet radiation, low water and 

nutrient availability, and an absence of light (Feller & Gerday 2003).  In order to survive at such 

low temperatures, cells must have cold-adapted proteins, which have increased flexibility, 

decreased thermostability, and increased specific activity (Ronholm et al., 2015).  Organisms 

classified as psychrophiles are targets of future research mainly because of potential industrial 

uses.  The market for thermophilic enzymes is projected to double within the next decade, to put 

things into perspective, the global market in 2013 was approximately $4.8 billion (Siddiqui 

2015).  Cold-adapted enzymes are appealing because they can eliminate energy-requiring heating 

steps, which are expensive.  Psychrophilic enzymes also provide high product yields, stereo-

specificity, and restrict unwanted chemical side-reactions (Siddiqui 2015).   

Scientists are also interested in psychrophilic microorganisms because they serve as 

potential extraterrestrial inhabitants.  Some scientists have theorized that life may have 

originated in cold environments (Levy & Miller 1998).  Regardless, microorganisms are capable 

of surviving in snow, glaciers, frozen lakes, sea-ice, permafrost, cold terrestrial environments, 



6 

and the deep sea.  Under such extreme conditions, psychrophiles are able to retain viability, even 

in the absence of free water (Litchfield 1998).  The lowest recorded temperature for bacterial cell 

division is -15°C (Goordial et al., 2016, Rummel et al., 2014).  While cell division comes to a 

halt at colder temperatures, metabolic activity can continue.  Microbial metabolism, 

demonstrated via ammonia oxidation activity, was observed at -32°C, which is the coldest 

metabolism temperature on record (Rummel et al., 2014).    

Psychrophiles have attracted the attention of astrobiologists because most planets of the 

Solar System are considered cryogenic, due to their distance from the sun.  Cryogenic 

temperatures, as defined by the National Institute of Standards and Technology, are temperatures 

below -180°C.  Free water on cryogenic planets exists only when high concentrations of solute 

are present (Gilichinsky et al., 2003).  Although not cryogenic, evidence is indicative of free 

water on Mars. Contained within the permafrost, free water is available in the form of brine 

lenses.  The formation of brine lenses, also known as cryopegs, occurred when Mars became dry 

and cold (Gilichinsky et al., 2003).  Previously demonstrated is the ability of microorganisms to 

inhabit cryopegs.  Cryopeg samples obtained on Earth, near the East Siberian Sea coast, 

contained 107 cells/mL (Gilichinsky et al., 2003).  Since all of the isolates were halotolerant, they 

are considered halophilic psychrophiles.  Through the study of halophilic psychrophiles present 

on Earth, astrobiologists hope to gain a better understanding of how these organisms might 

survive and grow under Martian surface conditions.   

1.4 Mars: an Extreme Environment 

 Due to the amount of salt present on Mars, microbial inhabitants of the Martian surface 

must exhibit traits similar to those of halophiles.  The most abundant salts are sulfates, in the 
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form of Mg, Fe, and Ca (Clark & Van Hart 1981).  Although not as abundant, chlorides, 

chlorates, and perchlorates are present in small quantities.  The melting of the underlying 

permafrost could result in the formation of sulfate-rich brines.  The main component of these 

brines is almost certainly MgSO4 because of the compound’s stability at low pH.  A sulfate-rich 

brine is plausible because Martian surface temperatures exceed the brine’s eutectic point, which 

is below 0°C.  “The eutectic point is the point, where the liquid (solution) and the solid phase 

(salt) of the brine are in equilibrium” (Mohlmann & Thomsen 2010).  Since the brine’s eutectic 

point is below 0°C, it is also considered a “cryobrine” (Mohlmann & Thomsen 2010).  

Organisms that are able to survive in high concentrations of MgSO4 are considered 

“epsotolerant” (Crisler et al., 2012; Kilmer et al., 2014).  In contrast, halotolerance is generally 

associated with NaCl, while salinotolerance is associated with a wide range of salts.   

Extremely frigid temperatures and high salt concentrations contribute to possibly the 

most significant limiting factor, low water activity.  Relative humidity (RH), also expressed as 

water activity (aw) which in equilibrium with the atmosphere is equal to the RH divided by 100 

(Martin-Torres et al., 2015), may pose the biggest threat to potential inhabitants.  Water is a 

requirement for life.  There is indirect evidence of transient liquid water on Mars.  Images of the 

equatorial region, paired with data obtained from the Curiosity rover at Gale crater, are indicative 

of the formation of night-time transient liquid brines (Martin-Torres et al., 2015).  The formation 

of the liquid brines occurs via deliquescence.  “Deliquescence occurs when, simultaneously, the 

ambient RH is above the deliquescent RH of the deliquescent salt and the ambient temperature is 

above the eutectic temperature of the resulting solution” (Martin-Torres et al., 2015).  Formation 

of the brines is restricted to the uppermost 5 cm of the subsurface and they evaporate after 

sunrise; however, this may provide enough water to support life.  In the stable upland zone of the 
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McMurdo Dry Valleys (MDVs), a Mars analogue site, 4 bacterial species and 2 fungal species 

were isolated from permafrost soil samples (Goordial et al., 2016).  In this hyperarid 

environment, accessible water is present for approximately 74 hours per year.  In contrast, the 

formation of transient liquid brines can occur nightly, during the 90-day winter season on Mars 

(Martin-Torres et al., 2015).  The availability of water on Mars is not the limiting factor.  When 

water is present, the brines that form likely have an aw lower than that which supports microbial 

life.  For example, a liquid brine composed solely of epsomite will have an aw of 0.78, while 

hexahydrite precipitates at 0.62 (Tosca et al., 2008).  Other potential brine-forming compounds, 

such as halite and kieserite, precipitate at 0.48-0.39 and 0.51, respectively.  The formation of 

pure brines is unlikely, other cations and anions are going to affect the aw value.  To put these aw 

values into perspective, the lowest recorded aw known to support microbial life is 0.61 (Rummel 

et al., 2014).  

There are other potentially limiting factors, such as pressure and radiation.  The average 

pressure on Mars is approximately 600-800 Pa (Rummel et al., 2014). In contrast, the average 

pressure on Earth, at sea level, is 101.33 kPa.  Initially, astrobiologists identified pressure as a 

significant limiting factor.  Recently published data from multiple studies indicates otherwise. To 

date, scientists have identified 34 bacterial species capable of growth at 700 Pa (Schuerger & 

Nicholson 2016).  Similarly, ionizing radiation on Mars is not a hazard.  The amount that reaches 

the surface is negligible.  On the other hand, the amount of UV radiation that reaches the surface 

of Mars is potentially lethal.  Exposure to the levels of UV radiation observed on Mars is lethal 

to all unshielded microorganisms and bacterial spores.  On the other hand, if properly shielded, 

bacterial spores can survive the high levels of UV radiation observed on the Martian surface 

(Newcombe et al., 2005; Rummel et al., 2014).             
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1.5 Mars Analogues on Earth  

By studying Mars-like environments on Earth, scientists can begin to hypothesize 

potential inhabitants of the Martian surface.  There are a number of analogue environments on 

Earth, such as the Atacama Desert, the McMurdo Dry Valleys (MDVs), and the Basque Lakes 

(BLs).  These environments are hostile, only supporting extremophilic microorganisms.  

Although the list of terrestrial analogues is incomplete, each analogue is unique and displays 

features similar to those found on Mars.   

Located in South America, the Atacama Desert is classified as a present-day Mars 

analogue. One of the driest places on Earth, the perchlorate-rich volcanic soils receive less than 2 

mm of precipitation every year.  The soil contains low levels of bacteria and organic materials.  

Also found here are endolithic photosynthetic microbes, inhabiting halite crusts and pore spaces.  

The Atacama Desert is classified as a present-day Mars analogue (Preston & Dartnell 2014). 

The closest terrestrial analogue to Mars is located in Antarctica.  The Antarctic Dry 

Valleys, also known as the MDVs, is one of the coldest and driest environments on Earth.  This 

analogue is inhabited by photosynthetic cryptoendoliths.  The autotrophic bacteria and fungi 

inhabiting the region are exposed to the highest UV-B irradiance levels on Earth (Preston & 

Dartnell 2014). 

Although not currently on the list of present-day Mars analogue sites, the Basque Lakes 

of British Columbia, Canada display similar features to those found on the Martian surface.  

Much like regions on the Martian surface, the BLs are rich in sulfate salts.  Epsomitic sites, such 

as BL, are rare and understudied (Schneegurt., 2012).  Consequently, the brines found here are 

some of the most Mg-rich brines on Earth.  The halophilic organisms inhabiting the region are 
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exposed to a cycle of wet-dry-icy conditions along with rapid changes in salinity, temperature, 

and UV radiation (Foster et al., 2010).  

1.6 Europa 

 As previously mentioned, a common requirement for all organisms is liquid water.  In the 

search for potentially inhabitable extraterrestrial environments, astrobiologists have discovered 

indirect evidence indicative of a subsurface briny ocean on Europa.  A cold and ice-covered 

moon of Jupiter, Europa is divided into three zones: the ice layer, the liquid ocean, and the 

seafloor environment (Marion et al., 2003).  The ice layer is not a habitable environment, it is 

constantly bombarded with ionizing radiation and the surface temperatures range from -187°C to 

-141°C (Preston & Dartnell 2014).  However, the ice layer could shield the liquid ocean from the 

radiation. 

In addition to habitable, liquid water, organisms need a free energy source.  Light energy 

is unavailable to potential inhabitants of the Europan ocean.  The ice layer is too thick, and thus, 

prevents light from reaching the subsurface ocean (Schulze-Makuch & Irwin 2002).  Therefore, 

previously established organisms required an alternative free energy source.  Due to the current 

conditions on Europa, the geochemical cycling is unlikely to provide organisms with a free 

energy source (Schulze-Makuch & Irwin 2002).  However, if life evolved or was transported to 

early Europa, the chemical conditions may have yielded free energy.  To obtain free energy, 

early Europan life forms could have utilized oxidation-reduction chemical reactions (Schulze-

Makuch & Irwin 2002).  Another alternative energy source is Jupiter’s magnetic field.  Early life 

forms could have obtained energy from the interaction of charged particles with the magnetic 
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field (Schulze-Makuch & Irwin 2002).  Once established, these life forms could then adapt and 

persist under the current proposed conditions.      

The subsurface ocean and seafloor may be inhabitable, depending upon a number of 

factors, such as salinity, temperature, pH, pressure, and water activity.  There are multiple 

proposed models for the composition of the brine ocean.  The subsequent eutectic temperatures 

of the models vary from -38.5°C to -23.6°C (Marion et al., 2003).  While these models are 

estimates, the eutectic temperatures are near the lower limit for terrestrial microorganisms.  

However, it is likely that regions of the ocean will be warmer than others due to the presence of 

hydrothermal vents on the seafloor.  Heat from these vents allegedly generates large convection 

cells (Schulze-Makuch & Irwin 2002).  The resulting convection currents reportedly circulate 

warm water from the seafloor to the surface of the brine ocean.  Although the composition of 

hydrated minerals and pH of the subsurface ocean is unknown, the predicted conditions suggest a 

hospitable environment for previously established life forms.   
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RATIONALE 

 To date, astrobiologists are unable to definitively confirm or deny the existence of 

extraterrestrial life.  There are many speculations and theories on this topic.  However, if life 

does exist, it will most likely be in the form of a well-adapted, extremophilic microorganism.  

Terrestrial analogue studies, such as those conducted at the MDVs or BLs, have yielded 

extremophiles that are the most likely to survive the current conditions on Mars or Europa.  The 

BLs have an ionic composition similar to the hypothesized soil on Mars. Dominated by Mg2+ and 

SO4
2- ions, BL contains one of the most Mg-rich brines in the world (Foster et al., 2010).  Studies 

that present extremophiles with the opportunity to adapt to simulated Europa or Mars conditions 

could provide an abundance of knowledge concerning their survival and adaptation mechanisms.  

 A major concern of future planetary exploration is contamination.  In order to prevent 

forward contamination, the National Aeronautics and Space Administration (NASA) developed 

clean room environments for the construction and assembly of spacecraft.  However, bacteria are 

everywhere, and thus, were isolated from surfaces inside the Jet Propulsion Laboratory 

Spacecraft Assembly Facility (JPL-SAF) (La Duc et al., 2007).  While the number of halophiles 

isolated by La Duc et al was minimal, organisms classified as halophiles pose the greatest threat 

to forward contamination because they are able to survive in extreme salinities and temperatures.  

Some halophiles also contain DNA repair mechanisms that enable them to survive desiccation 

and UV irradiation (Wilson et al., 2004).  By acquiring a better understanding of the underlying 

cellular mechanisms that enable extremophiles to survive and adapt, astrobiologists can develop 

protocols to avoid future contamination events during space exploration.  
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HYPOTHESES 

I. A bacterial isolate from one of the following microbial collections: GSP, HL, BL, or JPL, 

will survive and grow in saturated MgSO4 media.  Isolates from the HL collection have 

previously demonstrated the ability to grow in 60% MgSO4 SP media.  The saturation 

point of MgSO4 is about 66%.  A 6% increase in MgSO4 is unlikely to inhibit growth.   

II. A bacterial isolate from one of the following microbial collections: GSP, HL, BL, or JPL, 

will survive and grow in eutectic temperatures.  Isolates from each collection have 

previously demonstrated the ability to grow at 4°C.  In their natural habitat, isolates from 

GSP, HL, and BL are exposed to temperatures well below 0°C. 

a. The eutectic point for MgSO4 = -3.7°C 

b. The eutectic point for KClO3 = -3°C 

III. A bacterial isolate from one of the following microbial collections: GSP, HL, BL, or JPL, 

will survive in eutectic liquids.  Organisms contained in BL soil samples have previously 

demonstrated the ability to grow in 50% MgSO4 while exposed to temperatures 

fluctuating between 4°C and 0°C.  Isolates from GSP and HL have previously 

demonstrated the ability to grow in 10% wt KClO3.  

a. The eutectic point for MgSO4 is 17.4% wt @ -3.7°C 

b. The eutectic point for KClO3 is 3% wt @ -3°C 
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EXPERIMENTAL SCHEME 

4.1 Screening Microbial Collections 

 Previously obtained data will be used to help screen the four microbial collections.  

Isolates from each collection will be chosen based on salt tolerance and temperature tolerance.  

Filtering the collections based on those two conditions will help address hypotheses I, II, and III.  

Organisms chosen for future experiments must have a temperature tolerance of 4°C.  

Temperature is the first condition that must be met because hypotheses II and III depend upon an 

organism’s ability to survive at temperatures lower than 4°C.  The isolates that met the first 

condition will then be screened again for salinotolerance.  The second condition that must be met 

is an epsotolerance ≥50%, which will help address hypothesis I.  If epsotolerance data is 

unavailable, then the isolate must have a halotolerance ≥20%.  Organisms meeting the first and 

second conditions will be screened for a third condition, 0.5 M KClO3 tolerance.     

4.2 Hot Lake (HL) Bacterial Collection 

 The data from Kilmer et al. (2014) indicates that most of the microbes in this collection 

are extremely epsotolerant.  Data regarding HL isolates with an epsotolerance above 60% is 

available and included in Table 1.  Also, according to the temperature data for this collection, 

almost all of the isolates showed visible growth at 4°C in broth media.  The organisms that met 

the previously mentioned conditions are listed in Table 1.  All Tables are located within 

Appendix A, while all Figures are located Appendix B. 
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4.3 Media Development  

 Various derivatives of Salt Plains (SP) media will be used to measure microbial growth.  

In order to obtain data for hypothesis I, the amount of epsomite needed to reach the saturation 

point of MgSO4·7H2O @ 25°C must be calculated.  Magnesium sulfate heptahydrate will be 

referred to as MgSO4 for the remainder of the thesis. In order to obtain data for hypothesis IIIa, 

the amount of epsomite required to make the epsomite eutectic media must be calculated.  

Lastly, to obtain data for hypothesis IIIb, the amount of potassium chlorate needed to reach the 

eutectic point must be calculated.  

4.4 Selective Basque Lake Enrichments     

 If all previously isolated organisms fail to produce supportive data, then new isolates will 

be obtained from a set of selective BL enrichment cultures.  The previous set of BL enrichment 

cultures were incubated at room temperature in two different types of SP media derivatives, 50% 

MgSO4 and 20% NaCl.  The new set of BL cultures were enriched in the same media; however, 

these cultures were incubated at approximately 4°C.  Organisms isolated from these enrichments 

should be capable of survival and growth in the conditions mentioned in hypotheses II and III, 

further enrichments are necessary.   

4.5 Measurements of Growth 

 Data collection will occur via the following methods: serial plate dilutions and 

absorbance measurements.  Each method is unique and required for future statistical analyses.  

For determination of a culture density (CD), serial spread plate dilutions will be utilized.  After 

spread plating, the number of colony forming units (CFUs) on each dilution plate are counted.  

Then, using the dilution factor and the number of CFUs, the CD value in CFUs/mL is calculable.  
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The CFU/mL values will be used to compare cultures at various time points.  The comparison 

will indicate whether the cell culture is static, growing, or declining.   

 Using a Thermo Scientific Genesys 10S UV-Vis spectrophotometer, optical density (OD) 

values @ 600 nm were obtained.  The spectrophotometer measures the amount of light scattered 

by cells in the liquid culture.  The OD value can then be used to estimate the number of cells 

present in the culture.  
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MATERIALS & METHODS 

5.1 Basque Lake Sampling 

 Soil samples were collected on October 5, 2015.  The coordinates, in decimal degrees, of 

the sampling sites are: BL NW site 1: N50.60057; W121.35920, BL NW site 2: N50.60043; 

W121.35938, BL NW site 3: N50.60025; W121.35952, BL SE site 1: N50.59368; W121.35030, 

BL SE site 2: N50.59366; W121.34995, BL SE site 3: N50.59375; W121.34979.  Sampling areas 

were selected based on the observation that they were seemingly undisturbed by humans.  From 

each location, three subsamples were collected and placed into the same sterile whirl-pack bag.  

Soil from the top 4 cm was collected.  While collecting soil samples, sterile tongue depressors 

and sterile gloves were utilized to keep the samples as clean as possible.  The whirl-pack bags 

were spun closed, twisty tied, labeled, and then placed into a large Ziploc bag for overnight 

shipping.  Samples were shipped overnight on dry ice in a Styrofoam container.   

5.2 Basque Lake Enrichments 

 Upon arrival, approximately 1-2 grams from each collection site was placed into 100 mL 

of sterile media contained in a 250 mL Erlenmeyer flask.  A 50% MgSO4; 1% NaCl (pH=6.3) 

variant of 9.8 SP, and a 20% NaCl variant of 9.8 SP media were used.  Following inoculation, 

flasks were vigorously swirled and placed into a Fisher Scientific Isotemp Chromatography 

Refrigerator – Model 148G.  The temperature of the refrigerator is monitored with a Fisher 

Scientific Traceable Excursion-Trac Datalogging Thermometer, which receives data from two 

Fisher Scientific Stainless-Steel Probes.  The temperature ranges from 0°C-7°C, with an average 

of 4°C.  All enrichment cultures were swirled once a week.  After 30 days, 5 mL from each 

culture was pipette transferred to fresh sterile media.  Nine months later, 5 mL from each 20% 
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NaCl F1 culture was pipette transferred into a third variant of 9.8 SP media, containing 3% 

KClO3 and 1% NaCl, (pH=7.0).  These 3% KClO3 enrichment cultures were stored in a Danby 

Chest Freezer with a modified thermostat.  The temperature of the freezer was set to -4°C. 

5.3 Bacterial Isolation and Characterization 

 Samples from the enrichment cultures were utilized to create streak plates and lawn 

plates.  All streak and lawn plates were conducted on 9.8 SP agar plates and stored at 4°C.  For 

further isolation, colonies were selected based on color.  Upon selection, the colony was 

subsequently streak plated five consecutive times to ensure a pure culture.  All isolates were 

numbered and stored in the dark on 9.8 SP agar slants.  Additionally, pure culture stocks were 

prepared for each isolate, using 50% glycerol, and then stored at -80°C.   

Following the final streak plate, an isolated colony was used to inoculate a 13x100 mm 

tube containing 3 mL of 9.8 SP broth media.  The capped tubes were sealed with parafilm and 

placed into a dark room on a New Brunswick Scientific Innova 2300 platform shaker set at 125 

rpms.  Once the cultures became turbid, they were used to create DNA extracts for PCR 

amplification and DNA sequencing.  The crude extracts were created using a freeze-thaw 

protocol described in Caton et al. (2004).  Following the freeze-thaw cycles, the crude extracts 

were purified using 3M NaOAc (pH=5.5) and 100% EtOH.  The amount of NaOAc added was 

equal to one-tenth of the extract volume.  For 100% EtOH, double the extract volume was added.  

This solution was then centrifuged for 2 min @ 12,200 rpm.  The supernatant was then decanted 

and 1 mL of 70% EtOH was added.  The extract was centrifuged again for 2 min @ 12,200 rpm.  

Again, the supernatant was discarded.  Finally, a quick spin and pipette removal of any 

remaining EtOH was conducted.  The extract was allowed to air dry for 2 min at room 
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temperature.  The DNA pellet was then resuspended in 200 µL of 10mM Tris (pH 8.0).   The 

genomic DNA in the extracts was the target of PCR amplification.  The following bacterial 

primers were used for PCR amplification: EUBPA (5’-AGAGTTTGATCCTGGCTCAG-3’) and 

EUBPH (5’-AAGGAGGTGATCCAGCCGCA-3’).  Using an Eppendorf Mastercycler, the PCR 

amplification protocol described in Kilmer et al. (2014) was followed.  PCR amplicons were 

shipped overnight to Eurofins Genomics for DNA sequencing.   

Following the establishment of a pure culture, the Basque Lake enrichment (BLE) 

isolates were subjected to multiple characterization tests, including: gram staining, carbohydrate 

fermentation, oxidase, catalase, anaerobic nitrate respiration, SIM, amylase, gelatinase, and salt 

tolerances.  All characterization tests that require media were supplemented with 1% NaCl and 

1% MgSO4, unless stated otherwise.  Isolates were gram-stained using a Fisher Diagnostics kit, 

the manufacturer protocol was followed.   

5.4 Media Development 

 To meet all experimental objectives, novel 10% NaCl SP media derivatives were 

developed.  Each derivative will contain a reduced amount of NaCl, 10.0 g/L.  The amount of 

epsomite needed to reach the saturation point of MgSO4·7H2O @ 25°C must be calculated.   

This was determined by averaging previously obtained values, which are expressed in kg 

epsomite/100 kg free water.  The average of the following values: 119.14, 120.22, and 120.66, is 

120.01 (Mydlarz & Jones 1991).  The following equation is a conversion of this value to a 

weight/weight percentage: 

120.01 𝑘𝑔

(120.01 𝑘𝑔 + 100 𝑘𝑔)
×100 = 54.55% 
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This percentage is then used to calculate the number of moles needed, which is 5.455 mol.  Now, 

the amount of epsomite needed for 1 L of media is calculable: 

120.366 𝑔

1 𝑚𝑜𝑙
× 

5.455 𝑚𝑜𝑙

1 𝐿
=

656.596 𝑔

1 𝐿
 

Following autoclave sterilization, media from six replicate flasks was shipped to Dr. Fadi 

Aramouni (Food Science Institute professor at Kansas State University) to determine the water 

activity.   

For the testing and characterization of microbial growth in a saturated MgSO4 solution at 

4°C, the 4°C Sat. MgSO4 SP variant was developed.  The saturation point of epsomite at 4°C is 

22% wt.  This converts to 542.036 g/L, or ~54% w/v. 

 For the testing and characterization of microbial growth in a eutectic epsomite solution, 

the Eutectic MgSO4 SP media was developed.  Given the eutectic point of anhydrous magnesium 

sulfate, 17.4% wt @ -3.7°C (Pillay et al 2005).  A conversion to the heptahydrate is required.  

Since the eutectic point occurs at 17.4% weight, this converts to 0.144559 moles of anhydrous 

magnesium sulfate.  This value is then used to convert from anhydrous magnesium sulfate to 

magnesium sulfate heptahydrate.  For every 35.63 g of magnesium sulfate heptahydrate, 64.3 mL 

of 1.0% NaCl SP media (w/out MgSO4·7H2O) is required. 

 For the testing and characterization of microbial growth in a eutectic potassium chlorate 

solution, the Eutectic KClO3 SP media was developed.  Given the eutectic point of potassium 

chlorate, which is 3% wt @ -3°C, every 3 g of KClO3 requires the addition of 97.25 mL of 1.0% 

NaCl SP media.  
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5.5 25°C Media Testing 

 Prior to conducting any growth experiments at 4°C and below, obtaining data indicative 

of growth in the novel eutectic medias, at 25°C, is essential.  A total of four broth medias were 

utilized: both types of eutectic media, 25°C Sat. MgSO4 media, and 10% NaCl media.  The 

media was aliquoted into 13x100 mm tubes.  Each tube contained 2 mL of media.  The capped 

tubes were then autoclaved on Liq 25.   

 After cooling, the tubes were labeled and inoculated in triplicate.  Each tube was 

inoculated, via micropipette, with 20 µL of stationary phase cells from the following 9.8 SP 

broth cultures: HL 11, HL12, HL 54, HL91, BLE 1, BLE 4, BLE 6, BLE 7, JPL 4, JPL 15, JPL 

19, and JPL 32.  The tubes were then placed on a New Brunswick Scientific Innova 2300 

platform shaker set at 125 rpm.  OD values were obtained on days 0, 1, 2, 3, 6, and 10.  Tubes 

containing sterile media served as the negative control and blank.  

5.6 25°C Sat. MgSO4 SP Media Testing 

All experimental trials were conducted using 250 mL Erlenmeyer flasks.  Each flask 

contained 100 mL of 66% MgSO4 media, pH=6.3.  Following media distribution, foam stoppers 

were placed into the neck of the flask and then covered with aluminum foil.  All flasks were 

autoclaved on Liq 30.  After the flasks cooled, they were inoculated and placed onto a New 

Brunswick Scientific Innova 2300 platform shaker set at 125 rpm.  The room in which the shaker 

operates is a dark room.  Exposure to light occurred upon removal from shaker and while 

removing 1 mL samples for absorbance measurements.   
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5.6.1 Hot Lake (HL) Collection Screening 

 All HL isolates are stored on 9.8 SP agar slants.  Using a sterile loop, 13x100 mm tubes 

containing 2 mL of 9.8 SP broth were inoculated with the following HL isolates: 3, 6, 10, 11, 12, 

20, 21, 26, 51, 54, 62, 64, 68, 69, 70, 76, 80, 82, and 91.  The inoculated tubes were then 

parafilmed and placed onto the previously identified platform shaker.  After 7 days, 20 µL 

samples from each tube was transferred via micropipette into another 13x100 mm tube 

containing 2 mL of 21% MgSO4 SP broth media.  These were then parafilmed and placed onto 

the same shaker.  After 4 days, 1.6 mL from each tube was pipetted into 250 mL Erlenmeyer 

flasks containing the 66% MgSO4 SP media.  OD values were obtained before and after 

inoculation and on days 7, 14, 21, and 28.  On day 21, 1 mL from HL 12, HL 51, and HL 70 was 

used to inoculate triplicate 250 mL Erlenmeyer flasks containing 100 mL of 66% MgSO4 SP 

media.  Absorbance values for the newly inoculated cultures were obtained prior to inoculation, 

immediately after inoculation, and on days 3, 7, 10, and 14. 

5.6.2 Further Characterization of HL 12 Growth 

 All data collected prior to this section consists solely of absorbance values @ 600 nm.  

Another method is needed to confirm growth.  Serial dilution plate counts were conducted 

alongside absorbance measurements @ 600 nm.  For the serial dilutions, autoclave sterilized 

deionized water was aliquoted via micropipette into 900 µL and 990 µL blanks.  Spread plating 

was conducted on 9.8 SP agar plates.   

 Using a stationary phase 66% MgSO4 HL 12 culture, 100 µL was transferred via 

micropipette into each of the 6 250 mL Erlenmeyer flasks containing fresh, sterile 66% MgSO4 
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SP media.  Serial dilution spread plating occurred once the OD values were obtained on days 0, 

1, 2, 4, 6, 8, 10, and 13. 

5.6.3 BLE Collection Screening 

 Similar to the inoculation, incubation, and transfer procedure previously mentioned, BLE 

agar slant cultures were used to loop inoculate 2 mL of sterile 9.8 SP media and then placed onto 

the previously identified platform shaker set at 125 rpm.  Upon reaching log or stationary phase, 

determined by turbidity, 40 µL was transferred into 2 mL of 30% MgSO4 SP media.  After 

incubating for 9 days on the shaker, 1 mL from each culture was transferred into a 250 mL 

Erlenmeyer flask containing 100 mL of 50% MgSO4 SP media.  Absorbance values for 50% 

MgSO4 turbid cultures were obtained on day 7.  Upon confirmation of growth, 1 mL was 

transferred into triplicate 66% MgSO4 SP media.  Absorbance measurements were obtained on 

days 0, 1, 3, 5, 7, 10, 14, 18, and 21.  On day 18, 1 mL from BLE 3-2 and BLE 4-2 was used to 

inoculate triplicate 250 mL Erlenmeyer flasks containing 66% MgSO4 SP media.  OD values 

were recorded prior to inoculation and on days 0, 2, 3, 4, 5, 7, 10, 14, 21, and 28.   

5.6.4 JPL Collection Screening 

 The same inoculation and incubation procedure utilized in the screening of the BLE 

isolates was used to screen some of the JPL isolates.  Upon reaching late log or stationary phase, 

1 mL from a 50% MgSO4 culture was transferred into a flask containing 66% MgSO4 SP media.  

OD values were recorded prior to inoculation and on days 0 and 28.  JPL 27 was selected for a 

more in-depth characterization.  Using a stationary phase 66% MgSO4 culture, five replicate 

flasks were each inoculated with 1 mL.  OD values were recorded prior to inoculation and on 

days 0, 2, 3, 7, 14, 21, and 28.   
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5.7 4°C Sat. MgSO4 SP Media Testing 

 The aforementioned saturation concentration of MgSO4 at 4°C is approximately 54% 

w/v.  However, due to the lack of precipitating salt crystals this was increased to 56% w/v.  Each 

of the 250 mL Erlenmeyer flasks contained approximately 100 mL of 56% MgSO4 SP media.  

The refrigerator identified in section 2.2 was utilized for conducting experimental trials. After 

distribution and autoclave sterilization, the flasks were allowed to cool before placing into a 

rectangular Styrofoam box containing three inches of sand.  Prior to the addition of flasks, the 

Styrofoam box containing sand was placed into the refrigerator, and given adequate time to 

acclimate.  Temperature monitoring was achieved by placing two Fisher Scientific Stainless-

Steel probes into opposite corners.   

 Using the culture transfer procedure described in 2.6.3, 50% MgSO4 cultures were 

created.  Two weeks later, the 50% MgSO4 cultures were removed from the room temperature 

platform shaker, and placed into the 4°C refrigerator.  The inoculum cultures were stored in this 

environment for an additional two weeks.  From the one month old inoculum cultures, 1 mL was 

pipette transferred into approximately 100 mL of 56% MgSO4 SP media.  Absorbance values 

were obtained @ 600 nm before inoculation and on days 0, 14, 28, 54, and 70.  On day 70, serial 

plate dilutions were created.  The serial dilution blanks consisted of sterile 21% MgSO4 SP broth 

media.   

5.8 21% MgSO4 SP Media Testing @ -4°C  

 Close to the eutectic concentration, 21% MgSO4 SP media was utilized for experimental 

trials at -4°C.  Each of the 250 mL Erlenmeyer flasks contained approximately 100 mL of 21% 

MgSO4 SP media.  After autoclaving on Liq 30, the flasks were allowed to cool and then placed 
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into Styrofoam box, stored inside a Danby chest freezer, model # DCF081A1WDD, with a 

modified thermostat.  The temperature inside of the chest freezer was monitored with four Fisher 

Scientific Bottle Probes.  After adding three inches of sand, the probes were placed into the 

corners of the rectangular Styrofoam box, taking care to avoid the flasks.  

 Following acclimation, the flasks were inoculated with 2 mL of 21% MgSO4 SP cultures.  

The inoculum cultures were loop inoculated using 9.8 SP agar slant cultures.  They were then 

incubated at room temperature, for two weeks, on a platform shaker set at 125 rpm.  The 

inoculum cultures were then stored at ~4°C for an additional two weeks.  The inoculum cultures 

were one month old at the time of inoculation.  Spread plate dilutions and optical density (OD) 

values were recorded on days 0, 7, 14, 21, and 28.  The serial dilution blanks consisted of 21% 

MgSO4 SP broth media. 

5.9 Eutectic MgSO4 SP media Testing 

 The following isolates were utilized in the initial eutectic MgSO4 SP media testing: BLE 

1, BLE 3, BLE 6, HL 12, HL 51, HL 64, and HL76.  The flasks containing approximately 100 

mL of eutectic MgSO4 media were inoculated with 1 mL of stationary phase cells from a 50% 

MgSO4 culture stored at 4°C.  Each flask contained a foam stopper in the neck and was covered 

tightly by aluminum foil.  Serial spread plate dilutions, using 9.8 SP agar plates and 21% MgSO4 

SP broth blanks, were created on day 0 and day 103.   

5.9.1 BLE 4 and BLE 7 Eutectic MgSO4 Cultures 

 These two organisms were selected for more in-depth observations.  For BLE 4, triplicate 

flasks, each containing 100 mL of eutectic MgSO4 media, were inoculated with 1 mL of log 

phase cells from a 56% MgSO4 culture stored at 4°C.  The same protocol was followed for BLE 
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7, except the inoculum culture was 21% MgSO4 and stored at -4°C.  Following inoculation, the 

foam stoppers were placed back into the neck of the flasks and then recovered with aluminum 

foil.  Then, the flasks were placed into the aforementioned chest freezer.  OD readings were 

recorded on days 0, 31, 50, and 65.  Serial spread plates dilutions were conducted on days 0, 50, 

65, and 80.  The serial spread plate dilutions were created using 9.8 SP agar plates and sterile 

21% MgSO4 SP broth blanks. 

5.10 BLE 7 Eutectic KClO3 SP Media Testing 

 The only isolate used in this trial was BLE 7.  Each flask contained 100 mL of sterile 

eutectic KClO3 SP media.  Prior to autoclave sterilization, a foam stopper was inserted into the 

neck of the flask which was then tightly covered with aluminum foil.  Each of the six flasks was 

inoculated with 500 µL from a stationary phase eutectic KClO3 BLE 7 culture.  Multiple 16x125 

mm tubes, each containing 4 mL of sterile media, were loop inoculated with BLE 7 and then 

parafilmed and stored at -4°C.  The inoculum culture was five months old.  Absorbance 

measurements were obtained before inoculation and on day 0, 50, 65, 80, and 100. 

5.11 Dilution and Pipetting Error Test 

 The purpose of this test is to experimentally determine any error in the dilution blanks 

and micropipettes.  All blanks used contained 900 µL of 9.8 SP broth media.  The organism 

utilized for this test was HL 12.  The flask culture used was in late log phase.  Using 9.8 SP agar 

plates, 6 replicate serial spread plate dilutions were created.  When colony growth was visible, 

the plate was counted every day for 3 days.    
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RESULTS 

6.1 BLE Isolate Characterization 

 All characterization test results are located within Table 2.  Only 1 of the 7 isolates was 

gram positive.  The only gram positive organism belongs to the Marinococcus genus, while the 

remaining six organisms are Halomonas.  Catalase production was demonstrated by 6 of the 7 

isolates.  Only 2 of the 7 isolates are capable of oxidase production.  Of the 7 isolates, only 2 

demonstrated anaerobic nitrate reduction.  None of the isolates produced amylase. Fermentation 

of glucose occurred in 6 of the 7 isolates, only one of which produced gas.  The ability to 

ferment sucrose was demonstrated in 4 of the 7 isolates, half of those also produced gas.  Only 2 

of the 7 isolates are capable of lactose fermentation, one of which produced gas.  In a 0.1% NaCl 

solution, only 3 of the 7 isolates were capable of growth.  All isolates were capable of growth in 

1.0%-20% NaCl.  In 10%-50% epsom solutions, all isolates were capable of growth.  However, 

only 2 of the 7 were capable of growth in 66% epsom.  Of the 7 isolates, 6 are considered 

psychrophiles and demonstrated the ability to grow at -4°C.  None of the isolates were capable of 

growth at 50°C; however, all isolates did demonstrate the ability to grow at 37°C.   

6.2 25°C Media Testing Results 

The threshold for positive growth is 0.1 OD.  All 12 of the isolates tested were capable of 

growth in 10% NaCl.  The growth rate, k, and generation doubling time, tgen, for each isolate is 

displayed in Table 3.  Of the 12 isolates tested, 11 were capable of growing in 21% MgSO4.  The 

growth rates and doubling times are displayed in Table 4.  Table 5 contains the growth rates and 

doubling times for the 7 isolates capable of growth in 3% KClO3.  The only isolate capable of 

growth in 66% MgSO4 was HL 12.  Growth rates and doubling times for this type of media will 
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be included later.  Located in Figures 1-12 are the growth curves for each organism in all four 

types of media. 

6.3 25°C Sat. MgSO4 Results 

 As shown in Table 6, a majority of the flask cultures exhibited decreased OD values.  

Given the threshold for positive growth at 0.1 OD, only 3 of the 19 HL isolates tested grew in 

66% epsomite media.  For confirmation, triplicate cultures of HL 12, HL 51, and HL 70 were 

created and subsequently monitored.  The corresponding growth data is displayed in Figure 13.  

Upon growth confirmation, an in-depth characterization of HL 12 growth in 66% epsomite was 

conducted.  The data obtained from HL 12 growth characterization in a saturated epsomite 

solution is presented in Figure 14.  This data was also used to display the correlation between 

OD and CD values for 66% epsomite cultures.  A scatter plot containing all HL 12 data points is 

displayed in Figure 15.  A logarithmic line of best fit is also included.  The equation of the line 

is: y = 0.0784ln(x) - 0.7828, with an R2 value of 0.8377. 

Following the thorough characterization of growth in 66% epsomite, the BLE isolates 

were screened for growth in 66% epsomite media as well.  Of the 7 isolates, only 2 were able to 

survive and replicate in the media.  Figure 16 contains the growth data for both isolates.  A total 

of 6 JPL isolates were also screened for growth in 66% epsomite media.  Only 4 of the 6 

demonstrated significant growth.  OD values were not obtained for JPL 24 or JPL 26 because the 

cultures lacked visible growth.  Table 7 contains the initial and final OD values for the isolates 

which demonstrated growth.  The data demonstrating JPL 27 growth is displayed in Figure 17.  

Displayed in Table 8 are the growth rates and doubling times for all isolates capable of growth in 

66% epsomite media.  The average Aw for 66% epsomite media is 0.903. 
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6.4 4°C Sat. MgSO4 Results 

 Out of the 6 isolates tested, BLE 3 and BLE 1 were the only organisms capable of 

surviving and growing in saturated epsomite media at 4°C.  The threshold for positive growth is 

0.1 OD.   The growth curves for all six organisms are shown in Figure 18.  Table 9 contains the 

growth rates and doubling times for 4 of the 6 isolates tested. 

On day 70 and day 85, triplicate serial spread plate dilutions were created for all cultures.  

The averages of those values are displayed in Table 10.  Using all of the plate count data and 

absorbance data obtained on day 70 and day 85, a scatter plot was created to show the correlation 

between CD and OD values.  The scatter plot is displayed in Figure 19.  The scatter plot was also 

fitted with a polynomial line of best fit.  The equation of that line is: y = -3E-20x2 + 4E-10x + 

0.2809, with an R2 value of 0.9444. 

6.5 -4°C 21% MgSO4 Results 

 Out of all the isolates tested, BLE 7 was the only organism capable of significant growth, 

determined by a growth threshold of 0.1 OD.  Table 11 contains all final and initial OD values.  

Although BLE 7 was the only isolate capable of significant growth, six other isolates were able 

to survive in 21% epsomite media @ -4°C.  The number of cells present at the beginning and end 

of the experiment is presented in Table 12, values are expressed as CFU/mL.  Displayed in Table 

13 are the growth rates and doubling times of all isolates tested.  Only 4 of the 11 isolates had 

negative values, which do not incorporate cell counts.  The negative values indicate a decrease in 

cell numbers.  
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6.6 Eutectic MgSO4 Results 

 The initial screenings yielded slow growth, as indicated by the culture densities listed in 

Table 14.  The culture density values are expressed as CFU/mL.  A decrease in CFU/mL was 

observed in 3 of the 6 isolates tested.  Preliminary observations indicated that BLE 4 and BLE 7 

were ideal candidates for in-depth characterizations of growth in eutectic epsomite solutions.  

While BLE 4 was unable to thrive, the data in Figures 20-21 indicate that BLE 7 is capable of 

survival and growth in the eutectic epsomite solution.   

6.7 Eutectic KClO3 Results 

 Due to the long incubation times, characterizing growth was difficult.  Preliminary 

observations indicate that there are a number of isolates capable of survival and growth in a 

eutectic potassium chlorate solution.  However, BLE 7 is the only isolate utilized for 

characterization of growth in a potassium chlorate eutectic solution.  Given the 0.1 OD growth 

threshold, the data included in Figure 22 demonstrates BLE 7 growth.     

6.8 Pipette and Dilution Error Test Results 

 All prior plate count data was obtained from plates containing between 30-300 colonies.  

The serial dilution plate count data displayed in Table 15 confirms there is minimal deviation for 

the 10-6 plates.  The amount of deviation is acceptable for the intended purpose of the plate 

counts. All values, except for DF and % DEV, are expressed in CFUs. 

6.9 Analysis of Temperature Data 

 The thermometers recorded temperature values every minute.  As previously mentioned, 

the refrigerator, contained most of enrichment cultures and all 4°C 56% epsomite cultures.  Two 



33 

probes were placed inside of the 56% epsomite incubation box.  The data from those two probes 

was subjected to a single factor ANOVA data analysis, Table 16 contains the results.  The 

average temperatures were 4.5°C and 4.9°C with respective variances of 1.4°C and 0.6°C.  These 

were deemed acceptable for the purposes of the experiments.  

 The chest freezer in which all -4°C cultures were incubated, including all potassium 

chlorate eutectic cultures, contained four probes.  The temperature values were recorded every 

minute.  The data from all four probes was subjected to a single factor ANOVA data analysis, 

Table 17 contains the results.  The average temperatures were -3.4°C, -3.4°C, -3.6°C, and -3.8°C, 

all probes had a 0.1°C variance.  These values were deemed acceptable for the purposes of the 

experiments.  
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DISCUSSION 

7.1 Knowledge Gained from 25°C Media Trials 

 The purpose of these trials was to acquire a general understanding of how organisms 

grow in the novel medias.  Isolates from JPL and BLE were randomly selected.  The selected HL 

isolates met all conditions shown in Table 1.  As expected, all 12 isolates grew in the 10% NaCl 

SP media.  Each of those 10% NaCl cultures, except for HL 54, was in late-log or stationary 

phase by day 6.  All isolates except for BLE 6 were capable of growth in the 21% epsomite 

media.  The lack of growth from BLE 6 in 21% epsomite media during these media trials is odd.  

Salt tolerance test results confirmed BLE 6 is capable of growth in 50% epsomite media.  

Overall, growth rates in the 21% epsomite media are slower compared to those in 10% NaCl.  

Only 6 of the 12 isolates demonstrated the ability to grow in the 3% potassium chlorate media.  

With the exception of HL 54, growth rates in 3% potassium chlorate are similar to the rates 

observed in 10% NaCl.  The absence of growth from BLE 6 is unexpected because it was 

isolated from a 3% potassium chlorate enrichment culture.  Lastly, all isolates, except HL 12, 

failed to show significant growth in 66% epsomite media.  This was unexpected since the 

characterization of HL 12 growth in 66% epsomite flasks was already underway.  Flask cultures 

were in stationary phase by day 6, while the HL12 culture tubes barely exceeded the 0.1 OD 

growth threshold on day 10.  This discovery led to the following conclusion.  Due to the low Aw 

of the 66% epsomite media, the aeration in the 13x100 mm capped tube is inadequate for the 

development of growth curves.   
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7.2 Shockingly Salty Information 

 Only 3 of the 19 HL isolates tested were capable of making the adjustment from 21% 

epsomite to 66% epsomite.  However, 11 of the 19 HL isolates have previously demonstrated the 

ability to grow in 60% epsomite media while the remainder are capable of growth in 50% 

epsomite media.  Based on these observations a change in protocol was deemed necessary.  To 

increase the likelihood of success, isolates were incubated in medias with lower epsomite 

concentrations and then subcultured into media with an increased epsomite concentration.  This 

protocol was adopted for two reasons.  First, when transferring bacteria from conditioned media 

to fresh sterile media, there is an initial shock to the organisms, this is known as the lag phase.  

During the lag phase, the bacterial cell is adjusting to the new environmental conditions.  Some 

of the cells die due to this initial shock.  If the new culture conditions are drastically different, the 

initial shock may kill all of the cells.  Second, as the salt concentration of the media increases, 

the cell must intake more salt to adjust to the hypertonic media.  Smaller adjustments lead to a 

reduced initial shock, increasing the likelihood of survival and replication. 

 Another important observation during the screening of the HL isolates was the 

precipitation of epsomite crystals.  This precipitation indicates the solutions are fully saturated 

with epsomite.  When precipitation occurred, OD values decreased below the initial OD values 

obtained immediately after inoculation.  To prevent epsomite precipitation, the amount of 

epsomite used to make the 66% epsomite media was reduced to 655.400 grams.  This change 

was implemented following the characterization of HL 12 growth in 66% epsomite media.   



37 

 Overall, 32 isolates from three culture collections were tested for growth in 66% 

epsomite media.  Only 2 of the 7 BLE isolates tested were capable of growth.  While 4 of the 6 

JPL isolates tested were capable of growth in the saturated epsomite solution. 

7.3 Growth @ 4°C in Saturated Epsomite Solution 

 As if growth in a saturated epsomite solution was not stressful enough, bacterial growth 

in a cold saturated epsomite solution proves to be even more difficult.  Out of the 6 isolates 

tested, half of them are capable of growth in 66% epsomite media at room temperature.  

Nevertheless, BLE 3 and BLE 1 were the only isolates capable of growth in the 4°C saturated 

epsomite media.  Given the 0.1 OD positive growth threshold, a longer incubation period or 

heavier inoculum may result in significant growth from HL 76 and BLE 5.   

 At some point between day 0 and day 14, 5 of the 18 cultures developed epsomite 

precipitate.  All three HL 12 cultures, BLE 3-1, and BLE 4-1 contained salt crystals.  The 

formation of salt crystals indicates that the solutions are fully saturated.  When salt crystals form, 

a decrease in OD is observed.  Consequently, day 14 was omitted from Figure 18 because of 

error bar overlap.  There is a significant correlation between CD and OD values regardless of salt 

crystal formation.  The precipitation and formation of salt crystals does not appear to 

significantly impact bacterial growth.  Future growth experiments in saturated epsomite @ 4°C 

should lower the amount of epsomite used to avoid the formation of salt crystals.      

7.4 Demonstration of Bacterial Growth in Eutectic Solutions     

 Bacteria are truly remarkable, capable of growth in such diverse and extreme 

environments.  A prime example is BLE 7, ruler of eutectic solutions.  This Halomonas sp. 
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possessed the correct cellular machinery which enabled it to survive and grow in both eutectic 

solutions. Of all the organisms tested, BLE 7 was the only isolate capable of growth in a eutectic 

epsomite solution.  However, if the BLE 6 and HL 76 eutectic cultures received an inoculum 

containing increased cellular numbers, demonstration of significant growth is likely.  Small or 

suboptimal inoculations may have played a role in the long incubation periods.  Regardless, 

growth rates at sub-zero temperatures are painfully slow.  Demonstration of growth in a eutectic 

potassium chlorate solution required 100 days before the 0.1 OD growth threshold was exceeded.  
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CONCLUSION 

 Bacteria are among the most abundant and resilient organisms on Earth, capable of 

adapting to and surviving in the most extreme environments.  The growth of BLE 7 in eutectic 

solutions is a testament to that statement.  As society continues making technological 

advancements, the likelihood of finding forms of life on planets or moons increases.  Through 

the study of extremophiles, isolated from extreme environments on Earth, scientists continue to 

develop simulation experiments.  Simulation experiments like the one conducted by Fox-Powell 

et al. (2016) typically expose Earthly cells to Martian environmental conditions.  While these are 

fantastic experiments, a vital component is absent.  These experiments do not take into 

consideration the adaptability and resilience of an organism.  When introduced to multiple 

environmental stressors simultaneously, the cells are unable to overcome the initial shock and 

die.  Evolving and adapting to new environmental conditions is typically a slow process.  

Therefore, the key to success for future simulation experiments is to introduce environmental 

stressors one at a time.  For optimal results, the cells should be exposed to a gradually increasing 

gradient of the stressor.  Results from a similarly designed experiment are more useful when 

hypothesizing which organisms have the potential to inhabit extraterrestrial environments.  

Regardless, if life does exist on Mars or Europa, it is unlikely that it will resemble an Earthly 

organism.  The current environments found on these worlds are considered extreme.  Yet, at one 

point in time, Mars and Europa reportedly exhibited conditions favorable for the formation of 

life.  Microorganisms present on these worlds could lie dormant, waiting for conditions to 

become more favorable.  Or, instead of dormancy, previously established life has adapted and is 

thriving under the current environmental conditions.  Regardless, the search for extraterrestrial 

life continues. 
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APPENDIX A 

IDENTIFICATION OF HL ISOLATES THAT MAY SURVIVE IN SATURATED AND/OR 

EUTECTIC SALT SOLUTIONS  

 

TABLE 1 

4°C Tolerance 

1-27, 29-35, 38, 39, 41-49, 51, 53, 54, 56, 

58, 60, 62, 64, 65, 67, 69-71, 74-77, 80-

85, 87-91, 93, 94, 96, 97, 99 

Epsotolerance ≥50% 
1-17, 19-54, 56-71, 76, 80, 82, 84, 87, 88, 

90, 91, 94, 97, 99 

Epsotolerance ≥60% 

2-4, 6-7, 9-10, 12, 22-25, 27, 29, 31-32, 

38-39, 41-43, 47-48, 54, 64, 67, 70, 76, 

80, 82, 87-88, 90, 91, 94, 97, 99 

0.5 M KClO3 tolerance 
11, 12, 14, 20, 54, 55, 64, 68, 76, 80, 82, 

91 

Organisms meeting all 

conditions 
11, 12, 14, 20, 54, 64, 76, 80, 82, 91 
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BASQUE LAKE ENRICHMENT ISOLATE CHARACTERIZATION AND 

IDENTIFICATION 

 

TABLE 2 

Isolate # BLE 1 BLE 2 BLE 3 BLE 4 

BLAST Hit 

Halomonas 

sp. str. HL60 

(Hot Lake) 

Halomonas 

arcis. HL48 

(Hot Lake) 

Halomonas 

sp. str. HL71 

(Hot Lake) 

Marinococcus 

tarijensis. HL 6 

(Hot Lake) 

Culture 

Condition 
20% NaCl 20% NaCl 20% NaCl 50% MgSO4 

Gram - - - + 

Colony Color c  lp c o 

Colony Shape rsc rsc rsc rsc 

Catalase + - + + 

Oxidase - - - - 

Amylase - - - - 

Anaerobic 

Nitrate 

Reduction 

- - - - 

Glucose 

(acid/gas) 
(+/+) (-/-) (+/-) (+/-) 

Sucrose 

(acid/gas) 
(-/-) (-/-) (+/-) (+/+) 

Lactose 

(acid/gas) 
(-/-) (-/-) (-/-) (-/-) 

0.1% NaCl - - - + 

1.0% NaCl + + + + 

10% NaCl + + + + 

20% NaCl + + + + 

10% Epsom + + + + 

20% Epsom + + + + 

30% Epsom + + + + 

50% Epsom + + + + 

66% Epsom - - + + 

minus 4°C + - + + 

4°C + + + + 

25°C + + + + 

37°C + + + + 

50°C - - - - 

Notes: for colony color, c=cream, lp=light pink, o=orange.  For colony shape, rsc=round smooth convex 
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TABLE 2 (continued) 

Isolate # BLE 5 BLE 6 BLE 7 

BLAST Hit 

Halomonas 

sp. str. HL59 

(Hot Lake) 

Halomonas 

variabilis. GSP45 

(Great Salt Plains) 

Halomonas 

boliviensis. M6-20C 

(Mono Lake) 

Culture 

Condition 
50% MgSO4 3% KClO3 3% KClO3 

Gram - - - 

Colony Color c c c 

Colony Shape rsc rsc rsc 

Catalase + + + 

Oxidase - + + 

Amylase - - - 

Anaerobic 

Nitrate 

Reduction 

+ + - 

Glucose 

(acid/gas) 
(+/-) (+/-) (+/-) 

Sucrose 

(acid/gas) 
(+/+) (-/-) (+/-) 

Lactose 

(acid/gas) 
(-/-) (+/-) (+/+) 

0.1% NaCl - + + 

1.0% NaCl + + + 

10% NaCl + + + 

20% NaCl + + + 

10% Epsom + + + 

20% Epsom + + + 

30% Epsom + + + 

50% Epsom + + + 

66% Epsom - - - 

- 4°C + + + 

4°C + + + 

25°C + + + 

37°C + + + 

50°C - - - 

Notes: for colony color, c=cream, lp=light pink, o=orange.  For colony shape, rsc=round smooth convex 
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TABLE 3 

 

10% SODIUM CHLORIDE GROWTH RATES AND DOUBLING TIMES CALCULATED 

USING THE GROWTH CURVES GENERATED FROM THE ROOM TEMPERATURE 

MEDIA TRIALS 

Isolate k (OD/h) tgen (h) 

HL 11 0.125 8.016 

HL 12 0.205 4.868 

HL 54 0.105 9.530 

HL 91 0.181 5.540 

BLE 1 0.111 9.014 

BLE 4 0.100 9.962 

BLE 6 0.234 4.271 

BLE 7 0.199 5.016 

JPL 4 0.226 4.417 

JPL 15 0.229 4.363 

JPL 19 0.118 8.442 

JPL 32 0.245 4.088 
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TABLE 4 

 

21% EPSOMITE GROWTH RATES AND DOUBLING TIMES CALCULATED USING THE 

GROWTH CURVES GENERATED FROM THE ROOM TEMPERATURE MEDIA TRIALS 

Isolate k (OD/h) tgen (h) 

HL 11 0.044 22.6 

HL 12 0.218 4.6 

HL 54 0.048 20.8 

HL 91 0.128 7.8 

BLE 1 0.044 22.9 

BLE 4 0.040 24.8 

BLE 7 0.133 7.5 

JPL 4 0.115 8.7 

JPL 15 0.189 5.3 

JPL 19 0.049 20.3 

JPL 32 0.082 12.2 
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TABLE 5 

 

3% POTASSIUM CHLORATE GROWTH RATES AND DOUBLING TIMES CALCULATED 

USING THE GROWTH CURVES GENERATED FROM THE ROOM TEMPERATURE 

MEDIA TRIALS 

Isolate k (OD/h) tgen (h) 

HL 12 0.229 4.375 

HL 54 0.019 52.242 

HL 91 0.108 9.242 

BLE 7 0.211 4.747 

JPL 4 0.266 3.760 

JPL 15 0.212 4.723 

JPL 32 0.258 3.878 
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TABLE 6 

 

ABSORBANCE VALUES OBTAINED ON DAY 0 & DAY 28 FOR HL ISOLATES IN 

SATURATED EPSOMITE SHAKER FLASKS 

HL # Initial Final Δ 

3 0.312 0.167 -0.145 

6 0.394 0.199 -0.195 

10 0.280 0.165 -0.115 

11 0.270 0.157 -0.113 

12 0.301 1.631 1.33 

20 0.374 0.433 0.059 

21 0.328 0.323 -0.005 

26 0.359 0.311 -0.048 

51 0.318 1.806 1.488 

54 0.285 0.193 -0.092 

62 0.378 0.392 0.014 

64 0.282 0.146 -0.136 

68 0.281 0.141 -0.14 

69 0.278 0.156 -0.122 

70 0.308 0.981 0.673 

76 0.321 0.157 -0.164 

80 0.321 0.199 -0.122 

82 0.285 0.136 -0.149 

91 0.276 0.160 -0.116 

(-) control 0.296 0.137 -0.159 
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TABLE 7 

 

ABSORBANCE VALUES OBTAINED ON DAY 0 & DAY 28 FOR JPL ISOLATES IN 

SATURATED EPSOMITE SHAKER FLASKS 

JPL # Initial Final Δ 

JPL 10 0.326 1.506 1.18 

JPL 12 0.322 1.543 1.221 

JPL 27 0.358 1.593 1.235 

JPL 30 0.332 1.223 0.891 

(-) 0.327 0.172 -0.155 
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TABLE 8 

GROWTH RATES AND DOUBLING TIMES GENERATED FROM ABSORBANCE DATA 

OBTAINED FROM 66% EPSOMITE SHAKER FLASK CULTURES 

Isolate k (OD/h) tgen (h) 

HL 12 0.047 21.2 

HL 51 0.028 35.1 

HL 70 0.021 46.7 

BLE 3 0.061 16.5 

BLE 4 0.064 15.7 

JPL 27 0.104 9.6 
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TABLE 9 

 

GROWTH RATES AND DOUBLING TIMES GENERATED FROM ABSORBANCE DATA 

OBTAINED FOR STATIC 4°C 56% EPSOMITE FLASK CULTURES 

Isolate k (OD/h) tgen (h) 

BLE 1 0.0030 338 

BLE 3 0.0035 282 

BLE 5 0.0020 508 

HL 76 0.0016 628 
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TABLE 10 

 

CULTURE DENSITIES OBTAINED VIA PLATE COUNTS FOR STATIC 4°C SATURATED 

EPSOMITE FLASK CULTURES ON DAY 70 & 85 

Isolate 

Day 70 

AVG 

(CFU/mL) 

Day 85 

AVG 

(CFU/mL) 

Δ 

HL 12 5.83E+06 4.83E+06 -1.00E+06 

HL 76 1.52E+06 2.81E+06 1.29E+06 

BLE 1 5.60E+07 1.09E+08 5.33E+07 

BLE 3 1.36E+09 2.43E+09 1.06E+09 

BLE 4 9.73E+04 8.98E+04 -7.50E+03 

BLE 5 1.94E+07 3.00E+07 1.06E+07 
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TABLE 11 

 

INITIAL AND FINAL ABSORBANCE VALUES OF STATIC 21% EPSOMITE FLASK 

CULTURES @ -4°C 

Organism Initial Final Score 

BLE 1 0.080 0.088 - 

BLE 2 0.084 0.075 - 

BLE 3 0.095 0.152 - 

BLE 5 0.081 0.076 - 

BLE 6 0.088 0.115 - 

BLE 7 0.126 0.413 +++ 

HL 12 0.087 0.090 - 

HL 64 0.090 0.137 - 

HL 76 0.086 0.110 - 

JPL 16 0.094 0.086 - 

JPL 17 0.089 0.085 - 
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TABLE 12 

 

INITIAL AND FINAL CULTURE DENSITIES OBTAINED VIA PLATE COUNTS FOR 

STATIC -4°C 21% EPSOMITE CULTURES 

Organism Initial   Final Δ 

BLE 1 1.72E+06 2.89E+06 1.17E+06 

BLE 2 8.00E+02 2.51E+04 2.43E+04 

BLE 3 5.40E+06 3.90E+06 -1.50E+06 

BLE 5 5.00E+03 1.14E+04 6.40E+03 

BLE 6 2.00E+04 3.49E+06 3.47E+06 

BLE 7 2.85E+07 3.70E+08 3.42E+08 

HL 12 2.38E+06 1.47E+06 -9.10E+05 

HL 64 2.21E+06 3.40E+06 1.19E+06 

HL 76 2.12E+06 6.40E+06 4.28E+06 

JPL 16 1.10E+06 4.20E+05 -6.80E+05 

JPL 17 1.19E+06 7.40E+05 -4.50E+05 
Notes: The Day 0 value for BLE 2 was unavailable, shown above is the Day 7 value. 
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TABLE 13 

 

GROWTH RATES AND DOUBLING TIMES GENERATED FROM THE ABSORBANCE 

VALUES OBTAINED FROM THE STATIC -4°C 21% EPSOMITE CULTURES 

Isolate k (d) tgen (d) 

BLE 1 0.005 203.6 

BLE 2 -0.006 -171.2 

BLE 3 0.024 41.3 

BLE 5 -0.003 -304.6 

BLE 6 0.014 72.5 

BLE 7 0.061 16.3 

HL 12 0.002 572.4 

HL 64 0.022 46.2 

HL 76 0.013 78.8 

JPL 16 -0.005 -218.2 

JPL 17 -0.002 -422.0 
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TABLE 14 

 

CULTURE DENSITIES OBTAINED VIA PLATE COUNTS FOR STATIC EUTECTIC 

EPSOMITE CULTURES ON DAY 0 AND DAY 103 

Isolate # Day 0 Day 103 Δ 

HL 12 1.19E+06 1.14E+06 -5.00E+04 

HL 51 1.50E+05 9.70E+04 -5.30E+04 

HL 76 1.57E+06 1.35E+07 1.19E+07 

BLE 1 4.70E+06 3.79E+06 -9.10E+05 

BLE 3 9.03E+06 1.19E+07 2.87E+06 

BLE 6 2.35E+05 2.65E+07 2.63E+07 
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TABLE 15 

 

SERIAL DILUTION HL 12 PLATE COUNTS UTILIZED TO DETERMINE THE PIPETTE 

AND DILUTION ERROR VALUES 

DF 1 2 3 4 5 6 AVG 
STD 

DEV 

STD 

ERROR 
% DEV 

10^-5 1149 1315 1150 1386 1410 1412 1303.67 124.49 50.82 9.5490 

10^-6 222 197 198 244 195 222 213.000 19.637 8.017 9.2191 

10^-7 40 23 34 34 28 17 29.3333 8.3825 3.422 28.5768 

10^-8 4 8 6 3 4 2 4.50000 2.1679 0.885 48.1766 
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TABLE 16 

 

ANALYSIS OF REFRIDGERATOR TEMPERATURE DATA TO DETERMINE THE 

AVERAGE TEMPERATURE AND VARIANCE 

SUMMARY             

Groups Count Sum Average Variance 

 

  

Probe 1 96065 429849.4 4.474568 1.444064 

 

  

Probe 2 96065 467203.9 4.863414 0.585299 

 

  

  

     

  

  

     

  

ANOVA 

     

  

Source of 

Variation SS df MS F 

P-

value F crit 

Between Groups 7262.552 1 7262.552 7157.469 0 3.841507 

Within Groups 194948.8 192128 1.014682 

     

      Total 202211.3 192129 
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TABLE 17 

 

ANALYSIS OF FREEZER TEMPERATURE DATA TO DETERMINE THE AVERAGE 

TEMPERATURE AND VARIANCE 

SUMMARY             

Groups Count Sum Average Variance 

 

  

Probe 1 209994 -718941 -3.42362 0.098068 

 

  

Probe 2 209994 -716279 -3.41095 0.075588 

 

  

Probe 3 209994 -762321 -3.6302 0.143547 

 

  

Probe 4 209994 -797273 -3.79665 0.104338 

 

  

  

     

  

  

     

  

ANOVA 

     

  

Source of 

Variation SS df MS F 

P-

value F crit 

Between Groups 21341.56 3 7113.852 67503.18 0 2.60492 

Within Groups 88520.82 839972 0.105385 

     

      Total 109862.4 839975 

     

  



65 

APPENDIX B 

 

 

Figure 1. Displays all HL 11 growth curves obtained from the RT Media Trials.  Growth was 

observed in 2 of the 4 types of media over a 10-day period. 
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Figure 2. Displays all HL 12 growth curves obtained from the RT Media Trials.  Growth was 

observed in all 4 types of media over a 10-day period. 
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Figure 3. Displays all HL 54 growth curves obtained from the RT Media Trials.  Growth was 

observed in 3 of the 4 types of media over a 10-day period. 
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Figure 4. Displays all HL 91 growth curves obtained from the RT Media Trials.  Growth was 

observed in 3 of the 4 types of media over a 10-day period. 
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Figure 5. Displays all BLE 1 growth curves obtained from the RT Media Trials.  Growth was 

observed in 2 of the 4 types of media over a 10-day period. 
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Figure 6. Displays all BLE 4 growth curves obtained from the RT Media Trials.  Growth was 

observed in 2 of the 4 types of media over a 10-day period. 
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Figure 7. Displays all BLE 6 growth curves obtained from the RT Media Trials.  Growth was 

observed in 1 of the 4 types of media over a 10-day period. 
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Figure 8. Displays all BLE 7 growth curves obtained from the RT Media Trials.  Growth was 

observed in 3 of the 4 types of media over a 10-day period. 
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Figure 9. Displays all JPL 4 growth curves obtained from the RT Media Trials.  Growth was 

observed in 3 of the 4 types of media over a 10-day period. 
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Figure 10. Displays all JPL 15 growth curves obtained from the RT Media Trials.  Growth was 

observed in 3 of the 4 types of media over a 10-day period. 
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Figure 11. Displays all JPL 19 growth curves obtained from the RT Media Trials.  Growth was 

observed in 2 of the 4 types of media over a 10-day period. 
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Figure 12. Displays all JPL 32 growth curves obtained from the RT Media Trials.  Growth was 

observed in 3 of the 4 types of media over a 10-day period. 
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Figure 13. Displays the confirmation of growth in 66% epsomite @ 25°C. All three isolates (HL 

12, HL 51, and HL 70) demonstrated growth over a 14-day period. 
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Figure 14. Displays a comparison of HL 12 growth between two methods of measuring culture 

density.  The growth curve produced from absorbance measurements is very similar to the 

growth curve obtained from standard plate counts. 
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Figure 15. Displays a scatterplot comparing CFU/mL and OD values for saturated MgSO4 

cultures at 25°C. 
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Figure 16. Displays 4-week growth curves for BLE 3 and BLE 4 demonstrating growth in a 66% 

MgSO4 solution at 25°C. 
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Figure 17. Displays a growth curve for JPL 27 demonstrating growth in 66% MgSO4 over a 4-

week period. 
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Figure 18. Displays growth curves for 56% MgSO4 cultures incubated @ 4°C.  The only isolates 

capable of growth under these conditions are BLE 1 and BLE 3. 
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Figure 19. Displays a scatterplot comparing CFU/mL and OD values for saturated MgSO4 

cultures at 4°C. 

  

y = -3E-20x2 + 4E-10x + 0.2809
R² = 0.9444

0.1

1

1.00E+04 1.00E+09 2.00E+09 3.00E+09 4.00E+09

C
u

lt
u

re
 D

en
si

ty
 (

O
D

 u
n

it
s)

Culture Density (CFU/mL)



84 

 

Figure 20. Absorbance values indicating BLE 7 growth in a eutectic epsomite solution.  The 

growth rate for BLE 7 was 0.073 (OD/d) and the doubling time was 13.7 days. 
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Figure 21. Displays standard plate count data indicating growth from BLE 7 in a eutectic 

epsomite solution.  This data was used to confirm growth indicated by absorbance values.  
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Figure 22. Displays absorbance values obtained over a 100-day period.  The data indicates slow 

growth from BLE 7 in a eutectic potassium chlorate solution. 
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